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Abstract

Title: Effect of rest duration in explosive strength training of lower extremities

Objectives: This dissertation aims to: i) review the effects of rest durations in explosive
strength training of the lower extremities; ii) test how different inter-repetition rest durations
impact acute onset of fatigue-related performance changes during repeated jumps; iii) assess
the effect of impact forces on cumulative fatigue in intermittent vertical jumps; iv) compare

the take-off and landing parameters of three common plyometric exercises.

Methods: A systematic literature review and two quasi-randomized cross-over data collections
were conducted. The review screened four databases for studies on rest durations in jump
training, including healthy participants of any age, gender, or training level. The first data
collection involved 20 recreationally trained men performing three types of jumps:
countermovement jumps (CMJ), hurdle jumps (HJ), and box jumps (BJ). Ground reaction
forces, movement velocities, and displacements were measured. The second data collection
measured heart rate, blood lactate concentration, and localized muscle contractile properties
before and after 50 CMJs with varying inter-repetition rest durations (0 to 12 seconds) in 14
recreationally trained men. Velocities, displacements, and rating of perceived exertion (RPE)
were also recorded. Post hoc correlation and subgroup analyses were performed to explore the

relationship between jumping performance and participant characteristics.

Results: The review showed that manipulating inter-repetition and inter-set rest intervals, as
well as using rest redistribution can reduce performance loss in demanding plyometric sessions
with specific rest requirements depending on other training parameters (e.g., training volume),
age, and training status. However, forming a recommendation of specific rest durations was
not possible. Our empirical data suggested that CMJ, HJ, and BJ share similar key take-off
characteristics (i.e., concentric velocity, peak vertical and resultant force, rate of force
development, and total impulsion time), with differences including smaller horizontal force
and deeper countermovement in CMJ and lower impact forces in BJ. Outcomes from 30
repeated jumps did not show benefits of reduced impact forces in preventing performance loss
due to cumulative fatigue, although thus effect may have been masked by experimental
limitations. Inter-repetition rest durations of 0 to 4 seconds reduced fatigue-related changes,
including jump height, take-off velocities, heart rate, blood lactate concentration, muscle

contractile properties, and RPE. Correlation and subgroup analyses found some significant
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relationships and differences tied mainly to maximal strength and jumping abilities of our

samples, but these findings are tentative due to small sample sizes.

Conclusion: As little as 4 seconds of inter-repetition rest can effectively mitigate performance
losses in explosive strength training of lower extremities, making long inter-set rest intervals
unnecessary. Optimal inter-repetition rest intervals could enhance training by maintaining
performance over larger training volumes, reducing recovery time, and increasing efficiency
by preventing over-resting. Our findings may apply to other common plyometric exercises like
HJ and BJ due to many kinetic similarities to CMJ. The effect of impact forces on fatigue-
related onset of performance losses in repeated jumps remains unclear. More research should
follow to gain more detailed insights into the effects of very short inter-repetition rest intervals
between 0 and 4 seconds, long-term training effects, and validate our results with larger and

more diverse samples.

Keywords: countermovement jump, plyometrics, fatigue, exertion, recovery, load

management, exercise selection, impact force



Abstrakt

Nazev: Efekt délky odpocinku v tréninku explozivni sily dolnich koncetin

Cile: Tato disertac¢ni prace si klade za cil: 1) pfezkoumat ucinky raznych typi odpocinkt
v kontextu explozivniho silového tréninku dolnich koncetin; ii) otestovat, jak rizné délky
odpocinku mezi jednotlivymi vyskoky ovlivni akutni nastup zmén ve vykonu souvisejicich s
kumulativni inavou v prabéhu série vyskok; iii) posoudit vliv narazovych sil na kumulativni
unavu pii sérii vyskoku; 1v) porovnat parametry odrazu a dopadu u tii ¢asto vyuzivanych

plyometrickych cviceni.

Metody: Byla provedena systematicka literarni reSerSe a dvé kvazi-randomizované zkiizené
vnitrosubjektové sbéry dat. ReSerse hledala studie zabyvajici se intervaly odpocinku v tréninkt
vyskokli se zdravymi tucastniky jakéhokoliv v€ku, pohlavi a trénovanosti napfi¢ Ctyfmi
databazemi. Prvni sbér dat zahrnoval 20 rekreacné trénovanych muza, ktefi provadéli tfi typy
vyskoktli: vyskoky s protipohybem, pieskoky prekazky a vyskoky na bednu. V pribéhu
intervence byly méfeny reakcni sily podlozky, rychlosti a vzdalenosti pohybti. Druhy sbér dat
meéfil srdeéni frekvenci, koncentraci laktatu v krvi a lokalni kontraktilni vlastnosti svali u 14
rekreané trénovanych muza pfed a po 50 vyskocich s protipohybem s riznymi délkami
odpocinku mezi jednotlivymi vyskoky (0 az 12 sekund). V prubéhu intervence byly
zaznamenany rychlosti a vzdalenosti pohybt a po poslednim skoku také subjektivni hodnoceni
miry zat€Zze. Na zavér byly provedeny post hoc korela¢ni a podskupinové analyzy pro
posouzeni vztahu mezi deskriptivnimi charakteristikami UcCastnikii a vykonech ve vyse

popsanych skokanskych intervencich.

Vysledky: ReserSe ukazala, Ze manipulace délky odpocinku mezi jednotlivymi skoky a mezi
sériemi skokt, stejn¢ jako redistribuce odpocinku, mohou minimalizovat pokles vykonu v
naronych plyometrickych tréninkovych jednotkach. Specifické pozadavky na délku
odpo¢inku zavisi na tréninkovych parametrech (napf. tréninkovém objemu), véku a
trénovanosti cvicencll. Nicmén¢, prozatim nebylo mozné formulovat konkrétni doporuceni
ohledné délek odpocinki. NaSe empirickd data naznacuji, ze vyskoky s protipohybem,
pieskoky prekazek a vyskoky na bednu maji podobné kliCové parametry odrazu (napf.
koncentrickou rychlost, maximalni vertikalni a vyslednou silu, rychlost rozvoje sily a celkovou
dobu impulsu), ale i nékolik odli$nosti, jako napftiklad niz§i horizontdlni silu a hlubsi
protipohyb u vyskoki s protipohybem a nizsi narazové sily u vyskoki na bednu. Vysledky 30

opakovanych vyskokli neprokazaly pozitivni efekt snizeni narazovych sil za ucelem
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minimalizace poklesu vykonu vlivem kumulativni unavy, ackoli tento efekt mohl byt
maskovan limitacemi experimentu. Odpocinek v délce 0 az 4 sekund mezi jednotlivymi
vyskoky vyznamné minimalizoval zmény souvisejici s inavou — vysku vyskoku, odrazovou
rychlost, srde¢ni frekvenci, koncentraci laktatu v krvi, svalovou kontraktibilitu a subjektivni
miru zatéze. Korelacni a podskupinova analyza odhalila nékolik vyznamnych vztaht a rozdili,
zejména tykajici se irovné maximalni sily a vykoni v testech maximalniho vyskoku, avSak pii
interpretaci vysledky téchto analyz by méla byt brana v potaz malad velikost vyzkumného

vzorku.

Zavér: Jiz pouhé 4 sekundy odpocinku mezi jednotlivymi vyskoky v sérii mohou efektivné
zmirnit ztraty vykonu v explozivnim silovém tréninku dolnich koncetin, coz znamend, ze
dlouhé intervaly odpocinku mezi sériemi nejsou nutné. Optimalni doba odpocinku mezi
jednotlivymi vyskoky miize podpofit trénink tim, ze zachova vysoky vykon napfi¢ vEtSim
tréninkovym objemem, zkréti dobu potifebnou pro zotaveni a zvysi efektivitu tréninku tim, ze
predejde neadekvatné dlouhému odpocinku. Nase vysledky jsou pravdépodobné aplikovatelné
i na dal$i bézna plyometricka cviceni jako preskoky prekazek a vyskoky na bednu, vzhledem
k mnoha kinetickym podobnostem s vyskokem s protipohybem. Vliv narazovych sil na ztratu
vykonu souvisejici s kumulativni inavou pfi opakovanych vyskocich zlstavéa nejasny. Dalsi
vyzkum by se mél zaméfit na akutni a chronické Uc€inky velice kratkych intervali odpocinku

mezi jednotlivymi vyskoky vrozsahu 0 a 4 sekundy a na ovéfeni naSich vysledki na

riznorodych a vétsich vzorcich.

Kli¢ova slova: vyskok s protipohybem, plyometrie, unava, namaha, zotaveni, regulace zatéze,

vybér cviceni, narazova sila.
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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 Definitions and foundational concepts

As outlined in the introduction, a key objective of strength training across various
athletic disciplines is to enhance explosive strength capabilities. Explosive strength can be
defined as the maximal or near-maximal rate of concentric force production throughout the
range of motion specific for a given movement task (Stone, 1993). While genetic
predispositions play a major role in dictating individual’s explosive strength potential (Beunen
& Thomis, 2006; Calvo et al., 2002; Hughes et al., 2011), it can be improved through well
designed training program (L. Chen et al., 2023; Pajerska et al., 2021; Santos & Janeira, 2008).
In sport settings, explosive strength is often quantified using power output, a scalar quantity
measured as the product of average force and average velocity (McGinnis, 2013). To enhance
power output through training, specific adaptations in key underlying biomechanical factors
must be achieved, such as an increased number and firing rate of motor units or an increased

muscle cross-sectional area (McBride, 2016).

The principle of specificity is one of the core concepts of strength training, often
referred to as the SAID principle, which stands for “specific adaptations to imposed demands.”
This principle indicates that training adaptations are dictated by the nature of the training
stimulus (Sheppard & Triplett, 2016). However, training specificity should not be viewed
binarily — specific or non-specific. Instead, it can be better understood as a spectrum ranging
from less to more specific. For example, to improve vertical jump performance, one could
select a less specific exercise such as the seated leg press or a more specific exercise like the
barbell squat. The similarities in movement patterns between the squat and vertical jump make
the squat more specific than the leg press, though neither exercise perfectly replicates all

aspects of a vertical jump.

There are at least ten factors to consider when assessing the specificity of a training
stimulus: movement pattern, contraction type, muscle length, movement velocity, force of
contraction, muscle fiber recruitment, metabolism, biochemical adaptation, flexibility, and
fatigue (Verkhoshansky & Siff, 2009). Based on these factors, performing a barbell squat for
vertical jump development might provide similar stimulation regarding movement pattern,
contraction type, and muscle lengths, but it will not match the movement velocities achieved

during the vertical jump. This mismatch in movement velocity has been shown to reduce the



training effect (Behm & Sale, 1993). Therefore, other training variables such as movement
velocity, training volume and intensity, proximity to failure, and rest intervals can be equally

important in determining specific training outcomes as exercise selection.

Strength training methods are represented by concrete levels of the aforementioned
training variables, which determine how individual exercise ought to be performed and what
training effects can be expected (Verkhoshansky & Verkhoshansky, 2011). Multiple training
methods, such as plyometrics, weightlifting derivatives, potentiation complexes, eccentric
training, training with variable resistance, and ballistic training, can be used to enhance power
output capabilities (Suchomel et al., 2018). There are important differences in the required
equipment, skill prerequisites, and athlete’s training status for each of these methods to be
effectively implemented in a training process. For example, weightlifting derivatives require
access to special equipment (e.g., barbells, dumbbells, or kettlebells), a higher level of balance
and joint stability, as well as mastering relatively complex exercise techniques before they can
be effectively used to increase maximal power output in an athlete. Conversely, much less
equipment and a lower baseline level of abilities are required to implement and scale

plyometric training.

Plyometric training is characterized by quick, powerful concentric movements
immediately preceded by an eccentric pre-stretch or countermovement, commonly seen in
activities such as jumping, throwing, and running (Potach & Chu, 2016). This movement
sequence, known as the stretch-shortening cycle, provides numerous performance benefits,
including improvements in vertical jump, running speed, agility, and running economy (Booth
& Orr, 2016; Markovic, 2007). Research into the stretch-shortening cycle has identified several
underlying mechanisms, such as a tendon’s ability to store and release elastic energy, the
stiffness and compliance of involved structures, involuntary reflexive processes that regulate
joint stiffness and muscle pre-activation, the proximity to optimal muscle length before the
concentric phase, and the ratio between fast and slow twitch muscle fiber types in the involved

muscels. (Turner & Jeffreys, 2010).

A vertical jump serves as an effective example to demonstrate the influence of stretch-
shortening cycle on augmenting power output. It is well-known that a vertical jump from a
static squat position without countermovement — squat jump (SJ), which limits the impact of
the stretch-shortening cycle, tends to be lower than countermovement jump (CMJ) that utilizes

the stretch-shortening cycle through a rapid descend from a standing position immediately



before take-off. Further enhancement of jump height can be achieved by increasing the
intensity of the stretch-shortening cycle, for example by increasing pre-tension via a faster
eccentric velocity during the countermovement, as seen in a drop jump (DJ) from an elevated
platform (McBride et al., 2008; McCaulley et al., 2007). The potentiating effect of the stretch-
shortening cycle increases with the speed and amplitude of the countermovement (Taube et al.,
2012), as long as the forces from the pre-stretch remain within individual’s capacity to absorb

them (Lees & Fahmi, 1994; Peng, 2011; Voigt et al., 1995).

Since strength training adaptations are velocity-specific (Behm & Sale, 1993; Kanehisa
& Miyashita, 1983; Pareja-Blanco, Rodriguez-Rosell, et al., 2017; Pareja-Blanco, Sanchez-
Medina, et al., 2017) and most sports are performed without additional load beyond the
athlete’s body weight, plyometric training has great potential to serve as an effective, activity-
specific, high-velocity, bodyweight training tool in many strength and conditioning programs.
However, each training stimulus that results in fitness improvements simultaneously induces
some amount of fatigue. This fatigue can temporarily mask some or all of the positive effect of

training, a concept known as the fitness-fatigue model (Chiu & Barnes, 2003).

Multiple definitions of fatigue are used in research and training practice, which can
complicate comparisons and communication of outcomes. For example, some common
definitions include: “a loss of maximum force-generating capacity”, “failure to maintain the
required or expected force”, “failure to generate output from the motor cortex”, “failure to
continue working at a given exercise intensity”, and “progressive reduction in voluntary
activation of muscle during exercise” (Phillips, 2015). These varied definitions can lead to
practical problems, as depending on the task at hand, there might be a large gap between the
points at which capacity to generate maximum force is lost, expected force cannot be

maintained, and the motor cortex fails to generate output.

Fatigue in sport and exercise is studied using various methods, including data collected
directly during sport competitions and during sport simulations. These methods are
ecologically valid but technologically and logistically limited. In contrast, laboratory-based
methods such as repeated muscle contractions and artificial muscle stimulation provide large
amounts of data, although they are bound to laboratory environments, which are far from sport-

specific conditions (Cairns, 2013).

Currently, there is no single definitive marker of fatigue, so researchers must use

various markers depending on the nature of the activity and available methods. Useful markers



for detecting elevated fatigue include biochemical markers (e.g., lactate, creatine kinase, or
adenosine), endocrine markers (e.g., thyroid or cortisol-testosterone ratio), immunological
markers (e.g., blood leukocyte concentration), autonomic nervous system alterations (e.g.,
heart rate or heart rate variability), neuromuscular markers (e.g., CMJ performance),
psychological questionnaires, and self-reported methods (e.g., rating of perceived exertion
scales) (Bestwick-Stevenson et al., 2022; Thorpe et al., 2017). However, fatigue markers
should not be confused with the causative mechanisms of fatigue. Factors such as elevated
inorganic phosphate in muscle, severe intracellular and extracellular acidosis, cerebral
hypoxemia, reduced muscle glycogen, and a lowered trans-sarcolemmal gradient of potassium
cation are suggested to be among the main mechanisms causing fatigue during physical activity

(Cairns, 2013).

For the purpose of this dissertation, fatigue will be defined as significant detrimental
changes in key dependent variables, such as jump height, peak concentric power, peak
concentric velocity, rate of force development, and self-reported rating of perceived exertion

pointing

Concrete mechanisms and symptoms of fatigue are specific to the activity, athlete, and
environment (Knicker et al., 2011). Intense plyometric exercise can induce fatigue, leading to
neuromuscular changes that manifest as acute decreases in movement velocity, potentially
diminishing the training effect (Nicol et al., 2006). These neuromuscular changes result from
a combination of metabolic and mechanical effects, creating a vicious circle of reduced stretch
tolerance within the muscle-tendon unit. This reduction leads to elevated peak ground reaction
forces and prolonged contact times, subsequently decreasing elastic recoil and increasing work

during the take-off phase (Nicol & Komi, 2003).

In common bilateral plyometric exercises, peak vertical ground reaction forces can be
as high as 3- to 4-times athlete’s bodyweight (Jensen & Ebben, 2007; Wallace et al., 2010).
While such forces might be manageable in isolation, they can become taxing within the context
of higher training volumes required for effective power development. Training volume and
program duration are crucial parameters to consider for optimizing plyometric training stimulus
(Saez de Villarreal Saez et al., 2009, 2012). A meta-analysis investigating the effects of
plyometric training on vertical jump performance reported that the best results were achieved

by training programs that included at least 50 repetitions of high-effort jump variations (e.g.,



SJ, CMJ, and DJ) per training session and lasted at least 10 weeks (Saez de Villarreal Saez et
al., 2009).

Designing a plyometric program consistent with these recommendations requires
careful manipulation of training variables to achieve positive adaptations while preventing
excessive fatigue-induced velocity loss (Garcia-Ramos et al., 2015; Hardee et al., 2012; Mora-
Custodio et al., 2018). This is particularly important when performing intense training tasks

across higher training volumes.

Since rest interval manipulation has already been shown to be effective in managing
fatigue in resistance training (Grgic et al., 2018; Tufano et al., 2017), it is reasonable to expect
that similar benefits could be expected for plyometric training. However, the effect of rest
period manipulation in plyometric training has not yet been investigated as extensively as in
resistance training, indicating a need for further research to enable confident recommendations
for training practice. Therefore, the aim of this dissertation is to review and expand the current
state of knowledge regarding the practical use of rest periods in plyometric training for

explosive strength development, with a special focus on inter-repetition rest.

When creating a training program, multiple variations of rest period types are used
throughout the process (Table 1). We can categorize these rest periods into two main types:
occurring within a single training session and those separating two consecutive training

sessions.

Within a single training session, rest periods serve various purposes: they separate
consecutive sets of an exercise, as well as individual repetitions or groups of repetitions within
a single set. Rest periods occurring between repetitions are often referred to as inter-repetition
rest, while inter-set rest describes the rest periods between sets (Tufano et al., 2017).
Additionally, in cluster set structure, the rest periods separating groups of repetitions within

one set are called intra-set rest (Tufano et al., 2017).

Rest periods between two consecutive training sessions are referred to as inter-day rest
(Ramirez-Campillo et al., 2015), usually expressed in the number of hours separating the
sessions. Although training frequency is not a true rest period, it is an important training
variable closely related to inter-day rest, typically expressed as the number of training sessions

within a single week (Schoenfeld et al., 2016).



Table 1. Definitions of rest period 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 .
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).

3 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. The following

three combinations of keywords were searched individually in each database:

a) ((ballistic OR explosive OR jump OR plyometric) AND (inter-set OR interset OR inter-
repetition OR interrepetition OR inter-day OR interday OR intra-set OR intraset OR
intermittent) AND (duration OR interval OR rest))

b) ((ballistic OR explosive OR jump OR plyometric) AND (exercise OR intervention OR
training) AND (cluster OR "set structure" OR "training frequency"))

c) ((ballistic OR explosive OR jump OR plyometric) AND (exercise OR intervention OR
training) AND (exhaustion OR fatigue OR "muscle damage" OR soreness))

No publication year restrictions were applied. Additionally, references cited in study reports

which met the inclusion criteria were evaluated. Unpublished manuscripts, reviews, conference
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abstracts, and non-peer reviewed articles were not considered. The literature search was

performed by the author of this dissertation.
3.1 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 to reduce the
possibility of further confounding variables, to ensure clarity in our review, and to make the
results of this review easier to apply in most training settings without the need for special

equipment. No restriction related to the outcomes was in place.
3.2 Study selection and data extraction

The study selection process was initiated by downloading the records and removing
duplicates. Titles and abstracts were screened, and any irrelevant records removed. The
eligibility of the remaining records was assessed using the full texts. The following information
was extracted from the eligible study reports: (1) identification information of the study; (2)
sample size; (3) characteristics of participants such as age, gender, and training status; (4)
intervention characteristics such as exercise(s) used, volume, intensity, rest duration, and set
structure; and (5) relevant outcome measures. Study selection, eligibility assessment, and data
extraction were performed by the author of this dissertation. In case of any uncertainty the

study selection, assessment, and data extraction were consulted with the supervisor.
3.3 Search results

The literature search of four databases identified a total of 8,422 studies. Fourty-four
studies met our inclusion criteria after removing duplicate results and screening for eligibility.
Backward citation searching of the eligible studies resulted in identification of another 6
eligible studies. Therefore, a total of 50 studies were included in our review. Figure 1 provides

a flow chart of the literature search process.



Figure 1. Flow chart of the literature search process.
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3.4 Characteristics of included studies

A total of 1177 participants (1050 males, 83 females, and 44 of unspecified sex) participated
in the included studies. Two studies included only female participants (Kamandulis et al., 2019;
Ramirez-Campillo et al., 2018), five studies included participants of both sexes (Brown et al.,
2010; Ducrocq et al., 2020; Konstantopoulos et al., 2021; Kramer et al., 2019; McNeal et al.,
2010), two studies did not specify the sex of participants (Cooper et al., 2020; Tobin &
Delahunt, 2014), and the rest of the studies included only male participants. Five studies
included only youth participants (Bianchi et al., 2018; Bouguezzi et al., 2020; Ramirez-
Campillo et al., 2014, 2015, 2019), two studies included both, young and adult participants
(Lazaridis et al., 2018; Marginson et al., 2005), and the rest included only adult participants.
Ten studies classified the training status of participants as untrained (Eiras et al., 2009;
Lazaridis et al., 2018; Makaruk et al., 2014; Miyama & Nosaka, 2004a, 2004b, 2007; Saez de
Villarreal Saez et al., 2008; Skurvydas et al., 2000, 2006, 2018), 15 as physically active (Asadi,
2015; Asadi & Ramirez-Campillo, 2016; Dias et al., 2022; Kamandulis et al., 2019;
Konstantopoulos et al., 2021; Kramer et al., 2019; Moreno et al., 2014; Pereira, de Freitas, et
al., 2009; Pereira et al., 2014; Pereira, Morse, et al., 2009; Satkunskiene et al., 2021; Skurvydas
etal.,2011; Skurvydas, Kamandulis, & Masiulis, 2010; Skurvydas, Kamandulis, Stanislovaitis,
et al., 2010; Wadden et al., 2012), 21 as trained (Bianchi et al., 2018; Bouguezzi et al., 2020;
Brown et al., 2010; Chatzinikolaou et al., 2010; Z.-R. Chen et al., 2013; Cooper et al., 2020;
Dal Pupo et al., 2013; Ducrocq et al., 2020; Fernandes et al., 2020; Hespanhol et al., 2007,
Kons et al., 2020; McNeal et al., 2010; Paulus et al., 2021; Pereira et al., 2008; Ramirez-
Campillo et al., 2014, 2015, 2018, 2019; Read & Cisar, 2001; Tobin & Delahunt, 2014; Yanci
et al., 2017), 2 included participants of multiple training levels (Kamandulis et al., 2016;
Skurvydas et al., 2002), and 2 studies did not specify the training status (Ftikas et al., 2010;
Marginson et al., 2005). Twenty-six studies used a within-subject design, and 24 studies used
a between-subjects design. Table 1 includes an overview of participants characteristics for

individual studies. Experimental protocols and assessed outcomes are summarized in Table 2.
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3.5 Risk of bias assessment

Cochrane Collaboration’s tools were used to assess the risk of bias in the included
studies. Specifically RoB 2.0 for randomized trials, RoB 2.0 for cluster-randomized trials, RoB
2.0 for crossover trials (Sterne et al., 2019), and ROBINS-I (Sterne et al., 2016) were used
according to the research design of each study. The risk of bias assessment was performed by
the author of this dissertation. In case of uncertain judgements, the final decision was made
after consultation with the supervisor. An important consideration for interpreting the
assessment results was the difference in judgement scales between RoB 2.0 and ROBINS-I.
ROBINS-I tool allows for domain judgement of “not included” when the information to answer
the relevant signaling questions are insufficient or missing. On the other hand, this domain
judgement is not possible for RoB 2.0 tool and such situations often result in “high risk of bias”
judgement. Therefore, when discussing the results of the included studies, a distinction was
made between the studies that were assessed to include high risk of bias due to included or
missing information. It is likely that many of these issues were present because of

underreporting, as opposed to flawed research design.

According to the design of individual studies, 15 studies were assessed using RoB 2.0
tool for randomized trials, 1 using RoB 2.0 tool for cluster-randomized trials, 10 using RoB
2.0 tool for crossover trials, and 24 using ROBINS-I tool. Out of the 26 studies assessed for
bias due to randomization process, only one was judged as low risk (Ramirez-Campillo et al.,
2018), while the rest included some concerns, those are mostly due to missing details about
concealing the allocation sequence or randomization method. Bias due to period and carryover
effects was specific only for crossover studies, some concerns existed for 2 studies (Ducrocq
et al., 2020; Moreno et al., 2014). Five studies were considered high risk for bias due to
deviations from intended interventions. Reasons were missing information about the
implementation and/or adherence to the intervention (Asadi & Ramirez-Campillo, 2016;
Makaruk et al., 2014; Saez de Villarreal Saez et al., 2008), and concerns regarding control of
important non-protocol interventions (Skurvydas et al., 2011, 2018). High risk of bias due to
missing outcome data was present for 20 studies, and insufficient information was reported by
17 studies. However, the reason for the high risk in all cases was the inability to confirm that
the data were available for all or nearly all participants, based on the reported information.
Some concerns regarding measurement of the outcome existed only for one study
(Chatzinikolaou et al., 2010). This was due to the assessment of muscle soreness as a subjective

rating during muscle compression while both participants and outcome assessors were
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potentially aware of the intervention received. Other studies which included this method also
included other muscle soreness assessments (i.e., during squatting or walking without
compression). Some concerns for risk of bias due to selection of the reported result was present
in all included studies as analysis according to a prespecified plan could not be confirmed for
any included study. Three domains were assessed only for non-randomized studies:
confounding, selection of participants, and classification of interventions. Six studies were
classified as serious risk of bias due to confounding caused by intervention order (Hespanhol
et al., 2007), not controlling for physical activity before intervention (Kamandulis et al., 2016,
2019; Marginson et al., 2005; Skurvydas et al., 2006), missing information about training status
and sport specialization (Fernandes et al., 2020), and possible training effect resulting from the
knee extension testing (Kamandulis et al., 2019). The risks of bias in selection of participants
and classification of interventions were low for all non-randomized studies. The full risk of

bias assessment report is presented in Tables 3 and 4.
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Table 4. Risk of bias assessments of randomized designs.

Study D1 [Dib| DS | D2a |D2b| D3 | D4 | D5
Asadi 2015%| — | NA | NA | - + x + —
Asadietal. 2016*| — | NA | NA | — x X + —
Bianchietal. 2018%| — | NA | NA | - + + + -
Bouguezzi et al. 2020% | — | NA | NA | - + + + —
Chatzinikolaou et al. 2010* | — | NA | NA | — + x — =
Chenetal. 2013%| — | NA | + —~ + x + —~
Ducrocq etal. 2020° | — | NA | — — + x + —~
Eirasetal. 2009%| — | NA | NA | - + x + —
Kramer etal. 2019°| — | NA | + — - X + -
Makaruk et al. 2014% | — | NA | NA | — X X + -
Miyamaetal. 2004% | — | NA | NA | — + X + —
Miyamaetal. 2007% | — | NA | NA | — + X + —
Moreno etal. 2014° | — | NA | — = + X + -
Pereiraetal. 2008° | — | NA | + — + X + -
Pereiraetal. 2009° | — | NA | + —~ + x + —~
Pereiraetal. 2009° | — | NA | + = x 1 =
Ramirez-Campillo et al. 2014% | — | NA | NA | — + A + —
Ramirez-Campillo et al. 2015% | — | NA | NA | + A + + —
Ramirez-Campillo et al. 2018* | + | NA | NA | + A + + —
Ramirez-Campillo et al. 2019° | — | NA - + + + —~
Readetal.2001°| — | NA | + —~ + x + —
Saez de Villarreal Saez etal. 20082 | — | NA | NA | — X X + —
Skurvydasetal. 2011%| — | NA | NA | — X X + —
Skurvydas etal. 2018% | — | NA | NA | — X X + —
Wadden etal. 2012° | — | NA | + —~ + x + —
Yanci etal. 2017°¢ | — + | NA | + + X o —

D1 = Randomization process, D1b = Timing of identification and recruitment of individual
participants in relation to timing of randomization, DS = Period and carryover effects, D2a =
Deviations from intended intervention: effect of assignment to intervention, D2b = Deviations
from intended intervention: effect of adhering to intervention, D3 = Missing outcome data, D4
= Measurement of the outcome, D5 = Selection of the reported result, x = High risk of bias,
— = Some concerns, + = Low risk of bias, NA = Not applicable, a = RoB 2.0 for randomized

trials, b = RoB 2.0 for crossover trials, c = RoB 2.0 for cluster-randomized trials.
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Table 5. Risk of bias assessment of non-randomized designs.

Study D1 D2 D3 D4 | D5 | D6 | D7
Brown et al. 2010 | + + + + + + ?
Cooper et al. 2020 | + + + + ? + ?

Dal Pupo et al. 2013 | + A + A ? + ?
Dias et al. 2021 | + + - + + + ?
Fernandes et al. 2020 | X + + + ? + ?
Fitkas etal. 2010 | + + + + ? 4 ?
Hespanhol et al. 2007 | X + + + + + ?
Kamandulis et al. 2016 | X + + + ? + ?
Kamandulis et al. 2019 X 4 + + + 4 ?
Kons et al. 2020 | + + + + + + ?
Konstantopoulos et al. 2021 + + + + ? + ?
Lazaridis et al. 2018 | + + + + ? + ?
Marginson et al. 2005 | X + + - ? + ?
McNeal et al. 2010 |  + + + + ? + ?
Miyama et al. 2004 | + + + + ? 3 ?
Paulus et al. 2021 | + + + + ? 3 ?
Pereira et al. 2014 | + + + + ? 3 ?
Satkunskiene et al. 2021 | + + + + ? 3 ?

Skurvydas et al. 2000 | — + + + ? + ?

Skurvydas et al. 2002 | + 4 + 4 ? + ?

Skurvydas et al. 2006 | X A -+ A ? + ?

Skurvydas et al. 2010 |  + + A A -+ o ?

Skurvydas et al. 2010 |  + A -+ A ? + ?

Tobin et al. 2014 | + I 4 + + + ?

D1 = Confounding, D2 = Selection of participants, D3 = Classification of interventions, D4 =
Deviations from intended intervention, D5 = Missing data, D6 = Measurement of outcomes,
D7 = Selection of the reported result, | = Critical risk of bias, x = Serious risk of bias, — =

Moderate risk of bias, + = Low risk of bias, ? = No information.
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3.6 Athlete characteristics

Prescribing plyometric training, rest periods included, requires many factors to be
considered, some of which are related to the characteristics of an athlete for whom the training
program is intended. Gender might be one such factors, although current plyometric literature
focused on rest duration and fatigue includes mainly male participants. Nevertheless, our
literature search identified five studies that included participants of both genders (Brown et al.,
2010; Ducrocq et al., 2020; Konstantopoulos et al., 2021; Kramer et al., 2019; McNeal et al.,
2010). One of them reported no time x gender interaction for contact time, flight time, peak
eccentric force, time to peak concentric force, and muscle activation (McNeal et al., 2010).
Another one observed no significant gender-related differences in oxygen uptake, heart rate,
and blood lactate concentration (Brown et al., 2010). The other three studies did not report any
data addressing the interaction between genders and plyometric exercise (Ducrocq et al., 2020;
Konstantopoulos et al., 2021; Kramer et al., 2019), presumably because there were no
differences. On the other hand, although the current evidence shows that gender does not seem
to affect plyometric performance, we are not comfortable making such a generalization based
on only two studies that were performed under very specific conditions. Considering the
negative effects of fatigue on motor control (Chappell et al., 2005) combined with the wealth
of literature indicating greater injury risk in the lower limbs of females (Gornitzky et al., 2016;
Montalvo et al., 2019; Prodromos et al., 2007), future research should be conducted to directly

compare the effects of gender on plyometric jump performance.

Age, on the other hand, seems to influence fatiguability during plyometric exercise
(Ftikas et al., 2010; Lazaridis et al., 2018; Marginson et al., 2005). Studies including fatiguing
plyometric protocols of 10 (Ftikas et al., 2010; Lazaridis et al., 2018) and 8 (Marginson et al.,
2005) sets of 10 consecutive CMJs with 30- (Ftikas et al., 2010; Lazaridis et al., 2018) and 60-
seconds (Marginson et al., 2005) of inter-set rest concluded that jumping performance in pre-
pubescent boys was impacted significantly less than in adult men. Authors of these studies
hypothesized that this could be a result of lower muscle mass (Lazaridis et al., 2018), more
compliant musculotendinous tissue (Ftikas et al., 2010; Lazaridis et al., 2018; Marginson et al.,
2005), a higher distribution of slow type motor units (Ftikas et al., 2010; Lazaridis et al., 2018;
Marginson et al., 2005), less strain per muscle fiber resulting from lower power output relative
to body mass (Marginson et al., 2005), or higher levels of habitual activity which includes
hopping and jumping tasks and therefore greater adaption to plyometric exercise (Marginson

et al., 2005) in pre-pubescent children compared to adults. Furthermore, one study (Ramirez-
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Campillo et al., 2019) compared the effects of plyometric training with either 30- or 120-
seconds of inter-set rest across 6 weeks with 2 sessions per week in pre- and post-peak height
velocity (~11 and ~15 years old, respectively) male soccer players. There were no significant
differences between long and short inter-set rest periods in the younger group. However, the
older group showed significantly greater improvements in all tests when using longer inter-set
rest durations. Although the evidence supports the notion that children are less fatigable than
adults and have greater habitual activity that includes hopping and jumping, children are not
“bullet-proof”, and correct jumping and landing techniques should always be at the forefront
of plyometric training in children, all while progressing training volume and intensity at
appropriate levels that do not exceed the abilities of the individual (Johnson et al., 2011; Lloyd
et al., 2014). On the other hand, considering the fairly intense nature of plyometric training, the
same can be said of jumping technique, landing technique, and progression for adults,

especially those who are untrained.

Also training status seems to be an important factor influencing the amount of fatigue
accumulated during plyometric exercise. For example, elite long-distance runners, elite
sprinters, and untrained individuals differed in their response to a single fatiguing plyometric
protocol including 100 DJs from 40 cm with 20 seconds of inter-repetition rest (Skurvydas et
al., 2002). Although jumping performance, voluntary knee extension torque, and electrically
induced knee extension torque all significantly decreased immediately after the plyometric
session in all groups, the electrically induced knee extension torque decreased more in the
untrained participants, indicating greater peripheral fatigue compared to their trained
counterparts. Additionally, CMJ and DJ performance decreased less in sprinters compared to
both untrained participants and long-distance runners, which suggests that beside the training
status, also training specificity should be considered when creating the plyometric training
program. In this case, the drop height might be an important factor in explaining the difference
between the trained groups. Regular exposure to higher velocities and accelerations during
sprinting would probably be more related to the performed task. In another study a low-volume
plyometric session of 10 DJs from 60 cm with 10 seconds of inter-repetition rest caused
significant decrease of subsequent jump height in untrained participants (Miyama & Nosaka,
2007), but the same volume of DJs increased jump height of elite male volleyball players,
thereby having a potentiating effect (Z.-R. Chen et al., 2013). Although, we need to be careful
when comparing these studies as the later used individualized drop height of either 20, 40, or

60 cm, determined as the height producing most favorable reactive strength index. Similarly,
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plyometric session including 50 rebound jumps caused performance potentiation in
plyometrically experienced professional rugby players (Tobin & Delahunt, 2014) but
decreased jumping performance in untrained men (Miyama & Nosaka, 2007). In line with these
results, another study reported that highly trained men were able to sustain submaximal
continuous DJs from 30 cm for significantly longer time than moderately trained men (Wadden
et al., 2012). However, the highly trained group involved only 4 participants. Nevertheless,
training status and training specificity should be considered when interpreting plyometric

research as well as when designing a plyometric training program.
3.7 Within session considerations

Previous paragraphs outlined how athlete characteristics may influence programing
decisions for plyometric training. Furthermore, rest periods in relation to the rest of the
programing variables seem to notably influence jumping performance. It is important to note
that not all exercise interventions used in research are practically applicable in training. Some
interventions are designed to mimic actual plyometric programs, but other interventions are
designed with the intention to study the effects of fatigue and muscle damage caused using
intense plyometric exercises. Although we need to be cautious when interpreting the results of
these studies, they could help us understand how athletes react to extreme interplays of volume,
intensity, and rest periods when performing these tasks. One example of such fatiguing
protocols often used in research is 60 seconds of continuous CMJs, which has been shown to
cause significant decrease of multiple performance variables in recreationally trained adults
(Cooper et al., 2020), competitive adult volleyball players (Hespanhol et al., 2007), and elite
collegiate athletes (McNeal et al., 2010). In fact, elite collegiate athletes were not able to sustain
high level performance after only 20 seconds (McNeal et al., 2010). As such, precisely
manipulated rest periods could serve as a valuable tool for preventing detrimental effects of

fatigue when performing higher volumes of intense plyometric exercises.

Inter-repetition rest seems to play an important role in the amount of acute fatigue
resulting from plyometric exercise. Physically active adults experienced significantly
decreased peak and average relative oxygen uptake, time above 90% of maximal oxygen
uptake, average respiratory exchange rate, blood lactate concentration, and perceived exertion,
as well as increased mean jump height normalized to maximal jump height as a result of
increased inter-repetition rest from 0- to 1-, and 2-seconds during fatiguing sets of repeated

CMIJs (Kramer et al., 2019). Additionally, increasing the inter-repetition rest by ~1-2 seconds
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in range of ~4 to ~8 seconds allowed physically active adults to perform significantly more
CMUIs to failure, defined as inability to reach 95% of maximal jump height in 3 consecutive
repetitions (Pereira, de Freitas, et al., 2009; Pereira, Morse, et al., 2009). However, another
study showed that intermittent jumps to failure with 7.4 + 1.6 s of inter-repetition rest led to
significant decrease of jump height and increase of contact time already half-way (~ 40 jumps)
through the intervention (Pereira et al., 2014). Collectively, these results suggest that including
even extremely short inter-repetition rest might significantly decrease acute fatigue resulting
from a single bout of plyometric exercise if the inter-repetition rest is < 8 seconds. Currently,
only a single study investigated a chronic effects of plyometric training performed either
continuously or with 4-5 seconds of inter-repetition rest in active men, but the results showed
no differences in performance improvements between the two conditions (Makaruk et al.,
2014). The training program in this study lasted 6 weeks and included 3 training sessions per
week. The training volume was equated between the two conditions and the exercise intensity
was increased every week. However, it is important to note that 4 exercises per session were
performed, each for 4-8 sets of 3 repetitions with 1-2 minutes of inter-set rest. As the applied
work-to-rest ratio was relatively modest, we would not expect this training program to cause
significant fatigue. As such, increased inter-repetition rest might be more valuable in
plyometric programs with higher physical demand. Similarly, the body of literature does not
show acute benefits with longer (>14 s) inter-repetition rest durations in trained individuals.
For example, a set of 30 volleyball spikes with 8 seconds of inter-repetition rest caused
significant fatigue in experienced adult volleyball players, but inter-repetition rest of 14, 17,
and 20 seconds did not (Pereira et al., 2008). Also, recreational adult weightlifters did not
experience any significant changes of jump height and vertical ground reaction forces as a
result of completing 10 maximal DJs from individualized height (~60 cm) with 15 seconds of
inter-repetition rest (Read & Cisar, 2001). However, both studies used low exercise volume

and trained participants which prevents generalization of these results.

Inter-set rest is another variable with a potential to influence fatigue resulting from
plyometric exercise. Longer inter-set rest intervals (0-, 15-, and 30-seconds) during a volume
equated (~180 jumps) plyometric session of repeated maximal effort CMlJs significantly
increased mean jump height and decreased peak oxygen uptake, average oxygen uptake, time
above 90% of maximal oxygen uptake, peak heart rate, and average heart rate in active adults
(Kramer et al., 2019). But inter-set rest duration did not seem to affect the speed of recovery

assessed via average oxygen uptake and average heart rate measured after the cessation of the
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plyometric exercise (Kramer et al., 2019). Furthermore, no significant differences were
observed in serum creatine kinase activity and muscle soreness after the intervention including
4 sets of 10 DJs from 30 cm with either 60- or 180-seconds of inter-set rest in untrained men
(Eiras et al., 2009). Therefore, the most important use of inter-set rest duration might be to
influence one’s ability to sustain performance within a single session. Additionally, two studies
investigated effects of varying inter-set rest durations on training adaptations of youth soccer
players (~10-15 years old) during 6 and 7 week-long interventions (Ramirez-Campillo et al.,
2014, 2019). These studies reported no differences between 30-, 60-, and 120-seconds of inter-
set rest in boys aged around 10-11 years. However, older (~15 years) participants achieved
better training outcomes with inter-set rest of 120- compared to 30-seconds (Ramirez-Campillo
etal., 2019). A training study including a cohort of an active adults for which the positive acute
effects of manipulating inter-set rest duration were previously demonstrated (Kramer et al.,

2019) is missing thus far.

Set structure manipulation can be used to reduce acute fatigue during lower body
plyometric exercise (Hespanhol et al., 2007; Moreno et al., 2014). For example, vertical jump
height decreased significantly starting from the 6th repetition during 2 sets of 10 continuous
CMJs with 90 seconds inter-set rest in trained men (Moreno et al., 2014). However, no
significant performance decrease was seen when the total volume and rest duration got
redistributed into 5 and 2 jumps per set with 30- and 10-seconds of inter-set rest, respectively
(Moreno et al., 2014). Similarly, 4 sets of 15 seconds continuous CMJs resulted in significantly
more jumps and higher mean jump height compared to a single 60-second set in male volleyball
players (Hespanhol et al., 2007). In practice, these two studies indicate that changing the set
structure either by rest redistribution or splitting the total volume into smaller sets, seems like
a beneficial strategy to reduce acute fatigue. However, this had not yet been shown beneficial
during a plyometric training intervention. Only one study included in this review attempted to
compare effects of traditional (5 sets of 20 repetitions) and cluster set (5 sets of 2 x 10
repetitions) structures during 6 weeks of plyometric training in active adults (Asadi & Ramirez-
Campillo, 2016). The training program included repeated DJs performed twice per week with
constant training volume and intensity throughout the study. The total rest time was equated
between traditional (120 seconds between sets) and cluster set groups (90 seconds between sets
and 30 seconds between clusters). Both groups significantly improved CMJ and standing long
jump performance with no significant inter-group difference. Although it is possible that the

rate of improvement was greater for one of the groups, this cannot be determined as this study
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included only pre- and post-intervention testing. Additionally, as mentioned above, as little as
6 continuous CMJs can cause a significant decrease of jumping performance in trained men
(Moreno et al., 2014), which is supported by other studies showing significant decrease of jump
height and increase of ground contact time occurring between 5™ and 8" jump in male
volleyball and basketball players performing continuous maximum effort CMJs (Dal Pupo et
al., 2013) and jump height decreasing by 13.5% within first 10 CMJs performed by male
volleyball players at a rate of 33 jumps per minute (Paulus et al., 2021). Therefore, future
research should consider including cluster sets containing smaller number of repetitions as well

as performing more frequent testing to detect rate of adaptation.
3.8 Fatigue compensation

Although neuromuscular fatigue is bound to ensue at some point during repeated
jumping, athletes might be able to compensate for the initial onset of fatigue to sustain maximal
jump height. In one study, vertical jump height decreased after 200 drop jumps, but time to
peak power, eccentric- and concentric-phase duration, mean force, rate of force development,
and eccentric peak power showed significant changes after only 50 repetitions without any
significant decrease of jump height (Satkunskiene et al., 2021). This indicates that changes of
jump technique might occur as a result of increasing fatigue way before it is no longer possible
to sustain the maximal jump height. Strength and conditioning coaches should consider this
when planning and monitoring plyometric training of their athletes. Also, it might be beneficial
for researchers to include additional kinetic and kinematic parameters beside jump height when

studying interaction between jumping tasks and fatigue.
3.9 Post-exercise recovery

The speed of recovery following the plyometric exercise is important for planning
consecutive training sessions. Eleven studies investigated the recovery speed of knee extension
MVIC for 24 hours or more post plyometric intervention (Chatzinikolaou et al., 2010;
Kamandulis et al., 2016; Marginson et al., 2005; Miyama & Nosaka, 2004a, 2004b, 2007;
Satkunskiene et al., 2021; Skurvydas et al., 2000, 2006, 2011, 2018). Only five of these studies
however, included long enough follow-up duration to see the strength performance recovered
to pre-intervention values (Marginson et al., 2005; Miyama & Nosaka, 2004a, 2007; Skurvydas
et al., 2011, 2018). Out of the five studies, only one compared speed of recovery between two

age groups, where (Marginson et al., 2005)pre-pubescent children recovered within 48 hours
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after 8 sets of 10 continuous CMJs with 1 minute of inter-set rest; however, performance of
adult men was still significantly decreased 72 hours after the intervention (Marginson et al.,
2005). The rest of the studies included only untrained or physically active adults whose knee
extension MVIC performance recovered within 1 day (Miyama & Nosaka, 2007; Skurvydas et
al., 2018), 4 days (Miyama & Nosaka, 2004a), and 14 days (Skurvydas et al., 2011) after
fatiguing plyometric exercise. However, 1 day of rest was sufficient for recovery of MVIC
force after 10 DJs from 60 cm, but 3 days were insufficient for full recovery following 5 sets
of the same exercise (Miyama & Nosaka, 2007). This highlights the large effect that training
volume has on the amount of time needed for recovery. Furthermore, not only does the training
volume affect recovery time, but the training surface does as well. For example, 4 days were
enough to see full recovery following 5 sets of 20 DJs from 60 cm performed on sand, but not
when performed on a wooden surface (Miyama & Nosaka, 2004a). Unusually great differences
in recovery time had between reported by two studies exploring effects of identical
interventions (50 DJs from 50 cm with countermovement to 90 degrees of knee angle with 30
seconds of inter-repetition rest) on samples of similar training status, age, gender, height, and
weight (Skurvydas et al., 2011, 2018). One of these studies reported full recovery of knee
extension MVIC as soon as 24 hours after the intervention (Skurvydas et al., 2018), while the
other reported MVIC to be significantly decreased 7 days after the intervention and fully
recovered on day 14 (Skurvydas et al.,, 2011). This discrepancy could be caused by a
confounder variable such as differences in daily activities between the two groups or different
follow-up measurement time points. One study measured knee extension immediately and 1
day after the intervention (Skurvydas et al., 2018), while the other one measured MVIC
performance at 2 minutes, 3 days, 7 days, and 14 days after the intervention (Skurvydas et al.,
2011). However, to explain observed discrepancies, there would need to be an initial recovery
to baseline values followed by the secondary significant decrease of performance between 1
and 3 days after the intervention. Although, we do not know if that could have been the case

based on the results.

Muscle soreness of knee extensors was evaluated by eleven studies (Chatzinikolaou et
al., 2010; Fernandes et al., 2020; Kamandulis et al., 2016; Kons et al., 2020; Miyama & Nosaka,
2004a, 2004b, 2007; Satkunskiene et al., 2021; Skurvydas et al., 2006, 2018; Skurvydas,
Kamandulis, & Masiulis, 2010) and five studies evaluated lower extremities as a whole (Dias
et al., 2022; Eiras et al., 2009; Kamandulis et al., 2019; Marginson et al., 2005; Skurvydas et

al., 2002). All 16 studies reported significantly increased muscle soreness at some point during
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the follow-up period after a plyometric intervention. This could be related to the novelty of a
plyometric stimulus as all included participants were either untrained or unaccustomed to
systematic plyometric training. Nine studies included follow up period equal to or longer than
72 hours during which muscle soreness was assessed at least on 3 occasions (Chatzinikolaou
et al., 2010; Dias et al., 2022; Eiras et al., 2009; Kamandulis et al., 2019; Marginson et al.,
2005; Miyama & Nosaka, 2004a, 2007; Skurvydas et al., 2006, 2011). These studies reported
peak muscle soreness between 24 and 48 hours after intervention. Five studies reported full
recovery within the follow-up period which occurred at 48- (Marginson et al., 2005; Miyama
& Nosaka, 2007), 72- (Dias et al., 2022), 96- (Chatzinikolaou et al., 2010), and 168-hours
(Kamandulis et al., 2019) post-intervention. The differences in the recovery durations might be
to a certain extent explained by differences in participant characteristics and intervention
parameters. For example, muscle soreness fully recovered 48 hours after 8 sets of 10
consecutive CMJs with 1 minute of inter-set rest but only in pre-pubescent boys but not in
adults (Marginson et al., 2005). As mentioned above, pre-pubescent age group tends to be more
resistant to fatigue from plyometric exercise compared to adults. Untrained adults in another
study also needed 48 hours to recover following 10 DJs from 60 cm but the muscle soreness
was only reduced by ~50% in 72 hours when performing 5 sets of this protocol with 1 minute
of inter set rest (Miyama & Nosaka, 2007). On the other hand, different study reported full
recovery of adult men 72 hours after 5 sets of 20 DJs from 50 cm with 2 minutes of inter-set
rest, but their training status was probably higher as inclusion required performing at least 3-4
weekly resistance and aerobic training sessions for 6 months preceding the intervention (Dias
etal., 2022). Similarly, strength and endurance trained men reached full recovery 96 hours after
5 sets of 10 hurdle and 10 drop jumps from 50 cm (Chatzinikolaou et al., 2010). Lastly, muscle
soreness level returned to baseline on 7™ day after 100 DJs from 40 cm with 20 seconds of
inter-repetition rest in untrained women, but there were no data collected between 3™ and 7
day of follow-up (Kamandulis et al., 2019). Therefore, the exact point of recovery is not
possible to identify. Overall, the level of muscle soreness following a fatiguing lower body
plyometric exercise seems to be largely influenced by the biological age and training status of
an individual, peaking around 24 to 48 hours post-exercise, and depending on the volume of

work performed diminishing between 1 to 4 days post-exercise.

Creatine kinase activity, which is often used as a marker of muscle damage (Brancaccio
et al., 2007), was reported to be significantly elevated at some point between 24- and 72-hours

after a plyometric intervention by all included studies which measured this parameter
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(Chatzinikolaou et al., 2010; Dias et al., 2022; Eiras et al., 2009; Fernandes et al., 2020;
Kamandulis et al., 2016; Miyama & Nosaka, 2004a, 2004b, 2007; Satkunskiene et al., 2021;
Skurvydas et al., 2006, 2011, 2018; Skurvydas, Kamandulis, & Masiulis, 2010; Skurvydas,
Kamandulis, Stanislovaitis, et al., 2010). Seven studies included at least 3 follow-up
measurements covering at least 48 hours after the intervention (Chatzinikolaou et al., 2010;
Dias et al., 2022; Eiras et al., 2009; Fernandes et al., 2020; Miyama & Nosaka, 2004a, 2004b,
2007). Peak concentrations were reported at 24- (Eiras et al., 2009; Fernandes et al., 2020;
Miyama & Nosaka, 2004a, 2004b, 2007) and 48-hours after the intervention (Chatzinikolaou
et al., 2010; Dias et al., 2022). There is a possible influence of training status as studies
reporting peak concentration at 48 hours after the intervention included trained participants in
contrast to the other four studies which characterized their participants as untrained.
Additionally, studies reporting sooner creatine kinase peak included lower total volume (Eiras
et al., 2009; Miyama & Nosaka, 2007), lower intensity (Eiras et al., 2009; Fernandes et al.,
2020), and longer inter-repetition rest (Miyama & Nosaka, 2004a, 2004b) which could also
play a role. The return to baseline levels was reported at 48- (Fernandes et al., 2020; Miyama
& Nosaka, 2007), 72- (Miyama & Nosaka, 2004a), and 98-hours (Chatzinikolaou et al., 2010)
post-intervention. Possible factors influencing the quicker recovery could be the lower exercise
volume (Miyama & Nosaka, 2007) and intensity (Fernandes et al., 2020). We would expect to
see quicker recovery in the study reporting full recovery after 98 hours as the intervention
included a less demanding work-to-rest ratio and the training status of the participants was
higher compared to the other three studies. On the other hand, this study reported the lowest
baseline and peak concentrations, rate of increase, and inter-individual variation out of the four
studies (Chatzinikolaou et al., 2010). As such, we hypothesize that these results might be
influenced by an interplay between training status, training specificity, measurement methods

used, and possibly other genetic (George et al., 2016) or lifestyle related factors.

Blood lactate concertation, often used in exercise as an indicator of disrupted
physiological equilibrium (Goodwin et al., 2007), was measured by 8 studies out of which all
reported significantly elevated levels after a plyometric intervention (Brown et al., 2010;
Ducrocq et al., 2020; Kramer et al., 2019; Miyama & Nosaka, 2007; Pereira et al., 2008;
Skurvydas, Kamandulis, & Masiulis, 2010; Skurvydas, Kamandulis, Stanislovaitis, et al., 2010;
Wadden et al., 2012). It seems that decreasing inter-repetition rest duration during plyometric
exercise results in significant increases of blood lactate concentration (Ducrocq et al., 2020;

Kramer et al., 2019; Pereira et al., 2008); however, the same effect was not shown for inter-set
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rest (Kramer et al., 2019). Four studies measured the blood lactate concentration during the
recovery after the exercise, but neither of them used long enough follow-up period (10 to 60
minutes) to see the full recovery to baseline levels (Brown et al., 2010; Skurvydas, Kamandulis,

& Masiulis, 2010; Skurvydas, Kamandulis, Stanislovaitis, et al., 2010; Wadden et al., 2012).
3.10 Repeated bout effect

When studying the effect of fatiguing plyometric exercise, the researchers must select
a group of participants and introduce them to their intervention. Some interventions are very
similar to what the participants face in their regular training, others greatly differ from the usual
training stimulus. Additionally, every plyometric intervention, even those that are routinely
used in training practice, would be novel for untrained participants and probably also for trained
participants if plyometrics were not part of their training routine. Therefore, we must stay
cautious when interpreting the results of studies that observe the effects of a single plyometric
session as multiple repetitions of such stimulus will likely lead to different outcomes. This
effect, known as repeated bout effect, had been explored in six of the included studies (Dias et
al., 2022; Kamandulis et al., 2016; Miyama & Nosaka, 2004b, 2007; Paulus et al., 2021;
Skurvydas, Kamandulis, Stanislovaitis, et al., 2010). Five sets of 20 DJs from 50 cm with
countermovement to 90 degrees of knee flexion led to significant decrease of jump height,
increased muscle soreness, and increased creatine kinase concentration in trained men
unaccustomed to plyometric exercise (Dias et al., 2022). However, the same stimulus repeated
after 14 days of rest did not cause any significant changes of these parameters compared to
baseline. Another study reported similar response to 5 sets of 10 DJs from 60 cm in untrained
men repeated twice with 14 days of rest (Miyama & Nosaka, 2007). The authors also included
the second group which performed only one set of 10 DJs during the first session followed by
5 sets after 14 days. Interestingly, the results showed similar reduction of negative effects of
the second plyometric session in both groups. Another three of the mentioned studies also
observed significant positive effects after repeated fatiguing plyometric protocols with 3-
(Skurvydas, Kamandulis, Stanislovaitis, et al., 2010), 8- (Miyama & Nosaka, 2004b), and 28-
days (Kamandulis et al., 2019) of inter-day rest. The observed benefits included reduced
muscle soreness(Kamandulis et al., 2019; Miyama & Nosaka, 2004b), faster recovery of knee
extension torque (Kamandulis et al., 2019; Skurvydas, Kamandulis, Stanislovaitis, et al., 2010),
faster recovery of vertical jump performance (Miyama & Nosaka, 2004b), and reduced increase

of creatine kinase concentration (Miyama & Nosaka, 2004b; Skurvydas, Kamandulis,
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Stanislovaitis, et al., 2010). However, one study reported that competitive male volleyball
players experienced similar rates of decreasing jump height during 50 CMJs with a jump
frequency of 33 jumps per minute, performed on two occasions separated by 7 days (Paulus et
al., 2021). Based on these results, coaches should expect to see faster recovery when novel
plyometric exercise is repeated by untrained or inexperienced individuals but not necessarily

in individuals already habituated to systematic plyometric training.
3.11 Between session considerations

Training frequency and inter-day rest could also be very important for management of
cumulative fatigue resulting from plyometric training. Five of the included studies investigated
impact of training frequency on plyometric training outcomes (Bianchi et al., 2018; Bouguezzi
et al., 2020; Ramirez-Campillo et al., 2018; Saez de Villarreal Saez et al., 2008; Yanci et al.,
2017) out of which, three (Bianchi et al., 2018; Bouguezzi et al., 2020; Ramirez-Campillo et
al., 2018) reported significant improvements of explosive strength, linear speed, agility, and
endurance after short-term plyometric training, but with no significant differences between 1
and 2 training sessions per week in pre-pubescent (~12 years) male soccer players (Bouguezzi
et al., 2020), elite youth (~17 years) male soccer players (Bianchi et al., 2018), and regional-
level adult (~21 years) female soccer players (Ramirez-Campillo et al., 2018). That is both with
(Bouguezzi et al., 2020; Ramirez-Campillo et al., 2018) and without (Bianchi et al., 2018)
equated weekly training volume. On the other hand, plyometric training program without
equated training volume performed twice per week was more effective than a single weekly
session and equally as effective as 4 weekly sessions in improving vertical jump and maximal
strength of lower extremities in physically active male college students (Saez de Villarreal Saez
et al., 2008). Furthermore, 6 weeks of volume equated plyometric training resulted in no change
of jump height in competitive adult male futsal players performing one training session per
week, but two weekly sessions led to significantly decreased performance (Yanci et al., 2017).
However, this might be partially explained by the interference effect resulting from concurrent
high-volume technical and tactical training in combination with extensive plyometric training

experience of the included participants.

Inter-day rest duration was investigated by two of included studies. (Asadi, 2015;
Ramirez-Campillo et al., 2015). One reported no differences in performance improvements
between the 24- and 48-hours of inter-day rest in youth soccer players (~14 years) after 6 weeks

of plyometric training performed 2 times per week (Ramirez-Campillo et al., 2015). On the
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other hand, a training intervention of the same duration and training frequency led to
significantly improved sprinting and agility performance when using 72- compared to 48-hours
of inter-day rest in active collegiate students (Asadi, 2015). Post-exercise fatigue could be
possible explanation of these results as similar interventions shown to cause acute fatigue
lasting a few days after plyometric session (Dias et al., 2022; Miyama & Nosaka, 2004a,
2004b). Therefore, the interventions were challenging enough to expect benefits of extended
rest. On the other hand, the post-exercise fatigue could to some extent mitigate negative effects
of inter-day fatigue, but relatively short duration of these plyometric programs (6 weeks) might
not be enough to allow the performance changes to emerge. Furthermore, the link between age,
training status, and fatigue resulting from plyometric exercise could also play a role in
presented results. However, it is not yet possible to recommend any specific training frequency

or inter-day rest based on the current body of research.
3.12 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 MVIC
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
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inter-day rest on short term plyometric training outcomes. However, no conclusive
recommendations could be provided yet. Further research in this area would be desirable to
help answer many arising questions and provide guidance for effective application of within
and between session rest periods in plyometric training. It is true that 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.

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

literature review

Since research on rest periods in plyometric training is continually evolving, we
performed an updated systematic literature search on January 2™, 2024, to identify the most
current information in this field. This search largely mirrored the original search (refer to the
initial parts of the previous chapter for methodological details), differing only in applied

publication year restriction which was set to include studies published from 2021 onwards.
4.1 Search results

The literature search across four databases identified a total of 3,113 studies. After
removing duplicates and screening for eligibility, seven studies met our inclusion criteria.
Backward citation searching of the eligible studies did not yield any additional eligible studies.

Figure 2 provides a flow chart of the literature search process.
4.2 Characteristics of included studies

A total of 191 participants (187 males and 4 females) were involved in the included studies.
One study included participants of both sexes (Ridard et al., 2022), while the rest included only

male participants. One study included only youth participants (Hernandez-Martinez et al.,
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2023), and the remaining studies included only adult participants. Five studies classified the
training status of participants as physically or recreationally active (Dal Pupo et al., 2021;
Kamandulis et al., 2022; Knihs et al., 2022; Moghadam et al., 2023; Ridard et al., 2022) and
two as competitive and/or trained (Hernandez-Martinez et al., 2023; Wannop et al., 2023).
Three studies used a within-subject design (Dal Pupo et al., 2021; Hernandez-Martinez et al.,
2023; Moghadam et al., 2023), three used a between-subjects design (Knihs et al., 2022; Ridard
et al., 2022; Wannop et al., 2023), and one study reported two experiments using both within-
and between-subject design (Kamandulis et al., 2022). Tables 6 and 7 provide overviews of

participant characteristics and summary of experimental protocols and outcomes, respectively.

Figure 2. Flow chart of the literature search process.
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4.3 Risk of bias assessment

The risk of bias was assessed using the same method as the original review. Four studies
were assessed using RoB 2.0 tool for randomized trials (Dal Pupo et al., 2021; Hernandez-
Martinez et al., 2023; Kamandulis et al., 2022; Moghadam et al., 2023), one using RoB 2.0 tool
for crossover trials (Kamandulis et al., 2022), and three using ROBINS-I tool (Knihs et al.,
2022; Ridard et al., 2022; Wannop et al., 2023). However, one of the included studies
(Kamandulis et al., 2022) reported results of two separate experiments from which one was
assessed using RoB 2.0 tool for randomized trials and another one using RoB 2.0 tool for
crossover trials. Out study was assessed for bias due to randomization process, only one was
judged as low risk (Kamandulis et al., 2022), while three included some concerns due to
missing details about the randomization method and about concealing the allocation sequence
(Hernandez-Martinez et al., 2023; Kamandulis et al., 2022; Moghadam et al., 2023). One study
was judged as high risk due to concerning between-group differences at baseline (Dal Pupo et
al., 2021). The single crossover study included was judged low risk for bias due to period and
carryover effects (Kamandulis et al., 2022). Two studies were considered high risk for bias due
to deviations from intended interventions (Dal Pupo et al., 2021; Moghadam et al., 2023) with
concerns regarding control of important non-protocol interventions in both cases. Concerns
about possible missing outcome data were present in six studies due to inability to confirm data
availability for all or nearly all participants (Dal Pupo et al., 2021; Hernandez-Martinez et al.,
2023; Kamandulis et al., 2022; Knihs et al., 2022; Moghadam et al., 2023; Wannop et al.,
2023). High risk of bias due to concerns regarding outcome measurement was present in one
study (Moghadam et al., 2023) because a measurement instrument with poor reliability which
is unlikely to be sensitive to plausible intervention effects — handheld stopwatch — was used to
measure linear and change of direction speed performance. All included studies had some
concerns regarding the selection of reported results, as analysis according to prespecified plans
could not be confirmed. Three domains were assessed only for non-randomized studies:
confounding, selection of participants, and classification of interventions, and all were judged

to be of low risk. The full risk of bias assessment reports are presented in Tables 8 and 9.
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Table 8. Risk of bias assessments of randomized designs.

Study DI | DS | D2a|D2b| D3 | D4 | DS

Dal Pupo et al. 2021 # | X NA — X — + -
Hernandez-Martinez et al. 2023 * | — NA — + — + -
Kamandulis et al. 2022 (experiment I)® | — + — + — + -
Kamandulis et al. 2022 (experiment II) * | + NA — + — + -
Moghadam et al. 2023 % | — NA | — X - X -

D1 = Randomization process, DS = Period and carryover effects, D2a = Deviations from
intended intervention: effect of assignment to intervention, D2b = Deviations from intended
intervention: effect of adhering to intervention, D3 = Missing outcome data, D4 =
Measurement of the outcome, D5 = Selection of the reported result, x = High risk of bias, —
= Some concerns, + = Low risk of bias, NA = Not applicable, a = RoB 2.0 for randomized

trials, b = RoB 2.0 for crossover trials, c = RoB 2.0 for cluster-randomized trials.

Table 9. Risk of bias assessment of non-randomized designs.

Study D1 D2 D3 D4 | D5 D6 D7
Knihs et al., 2021 + + + + ? + ?
Ridard et al., 2022 | + + + + + + ?
Wannop et al., 2023 | + - + - ? + ?

D1 = Confounding, D2 = Selection of participants, D3 = Classification of interventions, D4 =
Deviations from intended intervention, D5 = Missing data, D6 = Measurement of outcomes,
D7 = Selection of the reported result, | = Critical risk of bias, x = Serious risk of bias, — =

Moderate risk of bias, + = Low risk of bias, ? = No information.

4.4 Synthesis and discussion of the outcomes

The studies included in this update do not meaningfully expand our understanding of
the relationship between athlete characteristics, rest intervals, and fatigability in lower body
plyometrics due to high homogeneity in age, gender, and training status of the research
samples. All except one study included exclusively male participants, and the single mixed

gender study did not explore effects of gender (Ridard et al., 2022).

Delayed onset muscle soreness has been shown to occur approximately 24 hours

following fatiguing plyometric exercise in untrained or unaccustomed individuals (Kamandulis
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et al., 2019; Skurvydas et al., 2002). Two recent studies examined delayed onset muscle
soreness and decreased leg strength following fatiguing plyometric activity (Dal Pupo et al.,
2021; Kamandulis et al., 2022). A high intensity interval protocol including 6 sets of 30-second
continuous CMJs with a 1:6 work-to-rest ratio resulted in significant muscle soreness in
quadricep, hamstring, and calf muscles, lasting until the end of the follow-up period 48 hours
post-intervention (Dal Pupo et al., 2021). The same study reported a significant decrease in
concentric and eccentric torque in knee extensors and flexors for the entire 48-hour follow-up
period. These negative effects were more severe compared to an identical running protocol,
possibly due to greater muscle damage from higher vertical ground reaction forces associated
with jumping. These results align with previous studies showing similar muscle soreness and
significant decreases in isometric knee extensor strength 48 hours after 2 sets of 50 continuous
CMUIs (Skurvydas, Kamandulis, & Masiulis, 2010), and with outcomes indicating that interval
DJ exercise produces similar cardio-ventilatory stimulus but greater peripheral fatigue and

quadriceps activation compared to interval running (Ducrocq et al., 2020).

Another study investigated mechanisms responsible for delayed onset muscle soreness
by requiring participants to perform 50 DJs with a countermovement to a 90-degree knee angle
with either 20 seconds or 5 minutes of inter-repetition rest (Kamandulis et al., 2022). Five
minutes of inter-repetition rest, represents much longer rest duration compared to similar
studies (Kamandulis et al., 2019; Satkunskiene et al., 2021; Skurvydas et al., 2011, 2018), this
was expected to allow restoration of intrinsic spatial structures and function of non-contractile
muscle proteins. The study reported significantly increased muscle soreness peaking at 24-48
hours post-intervention for both rest intervals, with lower muscle soreness following the longer
rest duration. Furthermore, similar decreases in voluntary and high-frequency (100 Hz)
electrically stimulated isometric knee extension torque were observed after both protocols, but
shorter rest duration led to more severe and longer-lasting decreases in low-frequency (20 Hz)
torque. This suggests that mechanical damage to skeletal muscle extracellular matrix
components plays an important role in development and recovery of delayed onset muscle

soreness (Kamandulis et al., 2022).

A similar methodological approach was used in another study where participants
performed 100 DJs from 45 cm with a countermovement to a 90-degree knee angle and 15
seconds of inter-repetition rest, followed by additional sets of 20 DJs until electrically
stimulated isometric knee extension plateaued (Ridard et al., 2022). Significant low-frequency

fatigue and decreased maximal isometric strength of knee extensors were reported, with no
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associated central drive impairment. These results support previous findings (Kamandulis et
al., 2019; Skurvydas et al., 2018), demonstrating the feasibility of field testing in a more sport-

specific environment.

Two studies investigated acute performance changes in response to fatiguing lower
body plyometric protocols (Knihs et al., 2022; Wannop et al., 2023). One reported peak and
mean power output to be reliable and sensitive metrics for detecting small performance changes
and monitoring acute fatigue, while jump height was less sensitive (Knihs et al., 2022). The
other study analyzed fatigue-related changes in ankle, knee, and hip joint biomechanics during
repeated maximal effort jumps to failure, showing significant reductions in hip and ankle joint
power and energy, mitigated by increased knee joint power (Wannop et al., 2023). These
findings support the concept of fatigue compensation from the original literature review, where
subtle adjustments in jumping technique sustain performance despite early onset of fatigue.
Therefore, making jump height less sensitive compared to power output and other jump related

performance variables.

Two short-term plyometric training interventions were also included (Hernandez-
Martinez et al., 2023; Moghadam et al., 2023). One study compared three different cluster set
configurations (10-, 20-, and 30-second of inter-cluster rest) with traditional set configuration
over six weeks, finding significant increases in various anthropometric and performance
metrics in all conditions, with only differences in rating of perceived exertion favoring 20- and
30-second cluster sets over 10-second cluster and traditional sets (Moghadam et al., 2023).
These outcomes resemble non-significant differences in outcomes following 6 weeks of cluster
and traditional set training from the original literature review (Asadi & Ramirez-Campillo,
2016). The other study compared plyometric training frequencies with equated training
volumes in volleyball players, finding no differences between one and two weekly sessions,
both outperforming traditional technical volleyball training (Hernandez-Martinez et al., 2023).
These outcomes confirm previous findings regarding short-term training frequencies

(Bouguezzi et al., 2020; Ramirez-Campillo et al., 2018).

In conclusion, this literature review update does not provide any definitive answers
regarding optimal applications of rest periods in lower body plyometric training. However, it
confirms previous findings and expands on existing concepts, offering important insights for
future research. The continuous interest in this topic suggests the relevance of the practical part

of this dissertation thesis, which aims to contribute valuable information to this field.
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EXPERIMENTAL PART

5 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 experimental 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
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lower subjective exertion during and after the set of continuous CMJs performed in the second

data collection.

6 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.
6.1 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-p 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

54



participated in sports (soccer, basketball, handball, martial arts, track and field, cycling, and
weightlifting) but did not compete in these sports professionally. Characteristics of included
experimental samples are presented in Table 10. Figure 3 depicts back squat load-velocity

profiles of individual participants included in the second data collection.

Table 10. Characteristics of experimental 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 IRM (kg) — 132.18 £ 17.72
Relative back squat IRM (kgkg ™) — 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 our experiments 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.
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Figure 3. Back squat load-velocity profiles of individual participants from second data

collection.
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6.2 Data collection

6.2.1 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,
standardized warm-up, CMJ 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. The experimental protocol is depicted in Figure 4.
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Figure 4. Experimental protocol — first data collection.
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segments lengths), CMJ = countermovement jump test, EP = experimental protocol (30
repetitions of box or hurdle jumps), FAM = familiarization with EP and rating of perceived

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., 1td., 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.

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
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lateral lunges per side, 5 bodyweight single-legged deadlifts, 5 bodyweight single-legged glut
bridges (Figure 5).

Figure S. Standardized warm-up — first data collection.

1) 30x each

10) 5x each 11) 5x each 12) 5x each

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
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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 6. 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
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
6). 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
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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 6. 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
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 7).
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Figure 7. OMNI-RES scale for adults used to determine RPE (Robertson et al., 2003).
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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 cm 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 CM] test, participants were allowed

to self-select their individually optimal stance width, countermovement depth, and
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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
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-v), horizontal (PF-h), and resultant (PF-
r) 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-r divided by the time to achieve PF-r (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-r) and vertical (IF-v) 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.

6.2.2 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
immediately transitioned into the next jump) or intermittently with 0 (R0i; 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
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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 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 8 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
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

(Figure 9). The warm-up was followed by 2 minutes of rest.
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Figure 8. Experimental protocol — second data collection.

1st visit

é@ FAM

:E;]h: @ j‘ﬂ K CSI\;I]J %} LVP

WU Wu2 DJ 1RM
; ; ; ; =
2 min. > 2 min, ——»
2nd - 6th visit @}
HR
] & 6 & @ g
BW HR o o ﬁ RPE BL HR HR  BL
a 0 & ¢ S N oo s s g g

MS BL WU1 TMG WU2 EP HR TMG TMG TMG TMG

| l | l | 1 | | | l |
i
' I ' I I 2 min. Omin.‘l

1 min.

5min.
"~ 10 min. _
15 min.

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, WUI = 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
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
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initial visit. The OMNI-RES scale for adults in paper form was provided for participants during

both familiarization and experimental sessions (Figure 7).

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 10). 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 CMJ test. The stance width for all vertical jump

tests was self-selected by each participant to increase ecological validity.
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Figure 9. Standardized warm-up — second data collection.
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Figure 10. Testing setup — second data collection.
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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 1RM, 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
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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 11). In

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

Figure 11. 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 (RO0i1), 4 (R4), 8 (R8)
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.
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6.3 Statistical analysis

6.3.1 First data collection

Data collected during the 30 repetitions of BJ and HJ were split into 5 groupings of 6
repetitions (G1-G5) 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),
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-v, IF-r, jump height, mean concentric
velocity, peak concentric velocity, time to peak concentric velocity, peak concentric power,
time to peak concentric power, PF-h, PF-v, PF-r, 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-h, PF-v, PF-r, IF-v, and IF-r 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

71



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.

6.3.2 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
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
CMIJs 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
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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).

7 Results
7.1 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-r, PF-v, and RFD during BJ (Figure 12). A total of 5 trials had to be discarded and repeated
(3 CMJs, 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 (F233=0.93, p=0.403, £=0.22 [0.00 to 0.50]), peak concentric velocity (F233 =2.724,
p=0.078, £=0.38 [0.00 to 0.68]), PF-r (F238 =1.873, p=0.168, f=0.31 [0.00 to 0.61]), PF-
v (F238=1.356,p=0.27, £=0.27 [0.00 to 0.55]), RFD (F2,33=0.731, p = 0.488, f=0.20 [0.00
to 0.47]), and total impulsion time (F2358 = 2.883, p = 0.068, f = 0.39 [0.00 to 0.69]). On the
other hand, jump type has shown to have significant large effects on countermovement depth
(Fr462767=5.871,p=0.013, f=0.56 [0.17 to 0.88]), peak concentric power (F235 = 8.456, p
<0.001, £=0.67 [0.28 to 1.00]), time to peak concentric power (F233 = 7.75, p = 0.002, f =
0.64 [0.25 to 0.97]), time to peak concentric velocity (Fi.s2288 = 12.362, p < 0.001, f = 0.81
[0.41 to 1.16]), PF-h (F238 = 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-r (F238 = 72.924, p < 0.001, f = 1.96 [1.40 to
2.49]), and IF-v (F2338 = 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.
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Figure 13. 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 14. 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 15. 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 16. Mean + SD and results of post hoc tests for A) peak vertical landing force and B)

peak resultant landing force.
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7.2 Magnitude of landing forces

Tables 11 and 12 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-v, jump
height, mean concentric velocity, and peak concentric velocity (Table 13). Additionally, there
was a significant large effect of exercise volume for mean concentric velocity, peak concentric
velocity, countermovement depth, RFD, PF-v, and peak concentric power (Table 13). 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-v, and peak
concentric power were significantly lower during G1 compared to most of the following
repetition groups (Tables 11 and 12). 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, £ = 0.04 [0.00
to 0.27]).

78



Table 11. 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 12. 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 13. 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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7.3 Inter-repetition rest duration

7.3.1 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]).

7.3.2 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 17.

Figure 17. Mean + SD of jump height 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.

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, 45 = 5.733, p < 0.001, np> = 0.085), and significant small effect of protocol x
exercise volume interaction (Fse, 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 RO1 (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 18.
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Figure 18. 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 43 = 0.823, p=0.517, n,> = 0.018)
or exercise volume (Fios, 2323 = 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, ny*> = 0.018); however, no significant differences were
identified by post hoc analysis. Mean + standard deviation values for countermovement depth

are presented in Figure 19.
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Figure 19. 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.

7.3.3 Velocity

Mean concentric velocity resulted in significant large effect of protocol (F4, 48 = 57.855,
p < 0.001, np?> = 0.443) and significant moderate effects of exercise volume (F1.26, 151 = 18.96,
p <0.001, GGe = 0.14, np> = 0.099) as well as protocol x exercise volume interaction (F3s, 432
=18.501, p<0.001,np>=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. R0O1 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
groups (g=1.81[0.63 to 2.98]). Mean + standard deviation values for mean concentric velocity

are presented in Figure 20.
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Figure 20. 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.

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, np> = 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 RO1 protocols at any repetition group. Decrease of peak concentric
velocity below G1 reached statistical significance at G3 for ROi (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 R0i 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 R01 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 ROi (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 21.
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Figure 21. Mean + SD of peak 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.

Significant strong effect of protocol (F2.25,27.0s = 17.211, p <0.001, GGe = 0.564, > =
0.251) and significant moderate effects of exercise volume (F1 36,1634 = 15.598, p <0.001, GGe
=0.151, > = 0.074) as well as protocol x exercise volume interaction (F3e, 432 = 8.507, p <
0.001, np? = 0.088) were seen for time to peak concentric velocity. Only ROi increased
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 22.
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Figure 22. Mean + SD of time to peak concentric velocity across 50 CMJs.

0.65 -
- A\ ROc
£ 060 O ROi
> = R4
S R8
8 055 - O R12
(0]
>
© 050 1
|5
0 045
c
(o]
9 0,40 -
&
o
o 0.35
o
@ 030 1
S
l_

0.25 -

OOO -T | 1 1 1 1 | I I I 1

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.

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 (F3e, 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 (R0i, R4, RS, and R12)
at any single repetition group during the intervention. However, ROc was significantly faster
than RO1 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 23.
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Figure 23. Mean + SD of mean eccentric velocity across 50 CMIs.

0.0 1
-0.6

0.8 t_“--l-__"‘-—"\
-1.0 4

-1.2 4

1.4

1.6 AN
A /A
/N /N
1.8
/\ A A /N

204 A ROc O ROi M R4 @ R8 O R12

Mean eccentric velocity (m.s*-1)

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 (F4,45 = 28.357, p < 0.001, 0> = 0.404)
as well as significant moderate effects of exercise volume (F2.14,2567 = 16.683, p < 0.001, GGe
=0.238, 1> = 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 24.
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Figure 24. 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.

7.3.4 Heart rate

There were significant strong effects of protocol (F2.33,3027 = 32.237, p <0.001, GGe =
0.582, ny” = 0.286) and time (F1s, 195 = 755.89, p < 0.001, n,*> = 0.823) and significant moderate
effect of protocol x time interaction (Feo, 70 = 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=10.42[0.34 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 S-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 25.

Figure 25. 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 1 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.

7.3.5 Blood lactate concentration

Analysis of blood lactate concentrations showed significant large effects for protocol
(Fas52 = 123.898, p < 0.001, np? = 0.661), time (F226 = 106.205, p < 0.001, n,*> = 0.565) and
protocol x time interaction (F3.01,39.16 = 39.16, p < 0.001, GGe = 0.377, np> = 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 R8 and R12 protocols. Mean + standard deviation values for

blood lactate concentration are presented in Figure 26.
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Figure 26. 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.

7.3.6 Tensiomyography

TMG-Dm showed small effect of time (F2.36, 2827 = 4.559, p=0.015, GGe = 0.589, n,2 = 0.012),
moderate effect of protocol (F2.29, 2745 = 4.06, p = 0.024, GGe = 0.572, 0> = 0.066), and small
effect of protocol x time interaction (Fie, 192 = 5.035, p < 0.001, np*> = 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 ROi (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 27.

There were significant small effects of time (F2.3,27.61 = 18.808, p <0.001, GGe = 0.575,
Np> = 0.036) and protocol x time interaction (Fi6, 192 = 5.234, p < 0.001, n,*> = 0.026) for TMG-
Tc and non-significant trivial effect of protocol (Fa,4s = 0.438, p = 0.78, np> = 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%
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minute post-intervention. Also, R0Oi 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
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 28.

Figure 27. Mean + SD of TMG-Dm across 50 CMJs.
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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.
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Figure 28. Mean + SD of TMG-Tc across 50 CMJs.
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Post 1-15 = measurement 1—15 min. after the last jump, ROc = no inter-repetition rest
continuously, R0i = 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.

7.3.7 Rating of perceived exertion

Significant large effect was seen for RPE between the experimental protocols (F4,520 =
84.537, p < 0.001, np> = 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 29.
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Figure 29. Mean + SD of RPE immediately after 50 CMJs.
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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.

7.3.8 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, np> = 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]).

7.4 Athlete characteristics

7.4.1 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 r;
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-v and PF-r during the
CMIJ (r=-0.48 and —0.46, respectively; p <0.05). Leg length exhibited significant correlations
with PF-h 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
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between upper leg length and peak concentric velocity in CMJ (r = —0.54, p < 0.05), peak
concentric velocity in HJ (r=—0.51, p <0.05), and PF-h 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). The table presenting

full results of performed correlation tests is included as Appendix 4.

7.4.2 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 <0.05 and 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
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rate during the jumping intervention (r = 0.65, p < 0.05). The tables presenting full results of

performed correlation tests are included as Appendix 5 and 6.

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 30.

Figure 30. 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 14 and 15 include descriptive statistics for all included subgroups.

Table 14. 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 15. 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.
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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 31) and significantly slowed down their mean and minimal eccentric
velocities (p < 0.01, g < 1.78, Figure 32 and p < 0.01, g = 1.95, Figure 33, respectively)

compared to the relatively weaker subgroup.

Figure 31. 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 32. 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 33. 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 34). Lastly, there were significant differences in changes
to maximal horizontal displacement during the experimental intervention (p < 0.05, g = 1.46,
Figure 35) 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 36) 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. The

complete results of the subgroup comparisons are included as appendix 7 to 12.

Figure 34. Difference in heart rate changes resulting from continuous 50 CMlJs between

subgroups with higher and lower squat jump performance.
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Figure 35. 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 36. 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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8 Discussion
8.1 Comparison of common jumping exercises

Three commonly used jumping exercise variations — CMJ, BJ, and HJ — were used
throughout this dissertation thesis. Even though these variations are similar, our data show that
the requirement of overcoming an obstacle resulted in some technical adjustments and
consecutive differences in propulsive performance. Contrary to our hypothesis,
countermovement depth was significantly shorter in BJ and HJ compared to CMJ, in other
words, participants’ shoulders lowered significantly deeper during CMJ than both BJ and HJ.
Unsurprisingly, PF-h was significantly larger in BJ and HJ compared to CMJ but no differences
were observed in PF-v, PF-r, and RFD. Similarly, there were no significant differences between
the jump types in peak and mean concentric velocities as well as total impulsion time. On the
other hand, peak concentric power was significantly larger in BJ compared to CMJ and time to
peak concentric power and peak concentric velocity were significantly shorter for both jumps
involving obstacle compared to CMJ condition. Jump height was the only variable with
significant differences between all three jump types, the CMJ being the highest and the HJ

being the lowest.

As hypothesized, BJ significantly reduced IF-v and IF-r compared to those experienced
during HJ and CMJ. Although the results highlight some important differences between these
commonly used jump types, the differences were not as vast as initially hypothesized. One of
the main findings is the similar level of PF-v and PF-r in all three jump types despite
approximately fourfold differences in PF-h when jumping over or onto the obstacle. These
results support the previous research showing that performing BJs to boxes of various heights
resulted in non-significant trivial to small differences in peak take-off force and power, RFD,
and concentric time to take-off (Koefoed et al., 2022). However, contrary to our results, this
study reported that box height did not alter jump height. Although, the direct comparison to
our results is difficult due to the obstacle being present in both high and low box conditions.
The study also tested CMJ performance but unfortunately only the lack of relationship between

maximal achievable box height and CMJ performance was reported.

The participants adopted their natural countermovement depth during all conditions to
increase ecological validity. This resulted in significantly different countermovement depth
between the jump types with and without obstacle. Previous research repeatedly linked

countermovement depth with total impulsion time (Jidovtseff et al., 2014; Pérez-Castilla,
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Rojas, et al., 2021; Pérez-Castilla, Weakley, et al., 2021) which can lead to two different acute
benefits when manipulated. First, greater displacement associated with deeper
countermovement depth allows for greater concentric work and possibly also higher velocities
to be achieved (Jidovtseff et al., 2014; Pérez-Castilla, Rojas, et al., 2021; Pérez-Castilla,
Weakley, et al., 2021). This would provide sport-specific stimulus for athletic events which
require a high rate of forces to be produced from deep squat positions such as weightlifting, ski
jumps, sprint, swimming, sumo, etc. Second acute benefit of altering total impulsion time can
be more efficient use of stretch-shortening cycle achieved via decreased countermovement
depth (i.e., decreased range of motion) and therefore decreasing the total impulsion time. This
change can result in greater concentric and eccentric power production (Guess et al., 2020) as
well as greater eccentric work, greater concentric force, greater amortization, and lower
amortization time (Barker et al., 2018). As a result of this, jump types which promote shallower
countermovement depths would be more specific for athletes relying on effective stretch-

shortening cycle (e.g., basketball, volleyball, high jump, gymnastics, etc.).

Contrary to the studies mentioned in the previous paragraph, our data show that present
significant differences in countermovement depth did not yield significant differences in most
of the key propulsive variables such as total impulsion time, peak and mean concentric
velocities, PF-v, PF-r, and RFD. This discrepancy between previous research and our data
might be explained by the countermovement depth being measured as vertical displacement of
the dowel being held across participants’ shoulders instead representing the displacement of
their center of mass. Therefore, the deviations in countermovement depth presented in this
thesis could be indicative of participants’ keeping a more upright torso position in the presence
of an obstacle being placed in front of them during the countermovement. Considering that this
technical adjustment resulted in only moderate-to-strong significant differences in concentric
power and times to peak concentric power and velocity, it is plausible that these three jump
types may impose similar propulsive stimuli. This could justify their interchangeability in

certain training contexts and allow some applications of research findings across these jump

types.

As hypothesized, there was a significant large effect of jump type for IF-v and IF-r;
specifically, the impact forces were significantly lower during BJ than both HJ and CMJ. This
finding is in agreement with previously reported significant reduction in peak joint power
absorption in BJ compared to CMJ and HJ (Van Lieshout et al., 2014). Our data show that on

average the BJ caused approximately two-fold (~51 %) reduction of impact forces compared
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to CMJ and HJ which is quite remarkable effect. The two main factors could be considered
responsible for such robust impact reduction: the instruction to perform a soft landing and a
coincidental matching of research sample’s mean jump height (49.5 cm) with a height of the
box used during the intervention (50 cm). This raises an intriguing new research question
related to training individualization: what is the effect of different box-to-CMJ-height ratios on

impact forces upon landing?

Some training goals, such as improvements in landing mechanics or increasing
eccentric strength and power, might require higher impact forces to be used (Iida et al., 2013);
however, other situations like patellofemoral sensitivity or periods of increased training and/or
competitive load might warrant lower impact forces to reduce total load (Lack et al., 2018; Sisk
& Fredericson, 2019). Previous research have shown that level of patellofemoral pain was
significantly positively correlated with higher magnitudes and rates of eccentric forces in
patellofemoral joint upon landing in young symptomatic women (Atkins et al., 2018).
Furthermore the ability to effectively absorb impact forces seems to be compromised while
experiencing acute patellofemoral pain (Nunes et al., 2019), which might negatively affect
injury risk. Therefore, coaches could use BJs to effectively reduce impact forces while

maintaining similar levels of propulsive performance when warranted.

Our data provide a foundation for evidence-based plyometric exercise selection;
however, many questions related to this topic remain unanswered. For example, previously
mentioned relationship between CMJ performance and box height, but also an enhanced effect
of stretch-shortening cycle during multiple continuous jumps, potentiating effect of multiple
intermittent jumps, or effect of fatigue resulting from higher volume sets. Furthermore, there
are some limitations associated with this experiment which should be taken into consideration
when interpreting and applying our findings. First, the string of the linear position transducer
was attached to one end of the dowel held by the participants across their shoulders. This could
lead to a potential measurement effort in case participant’s shoulders rotate or tilt during the
experimental task. However, one member of the research team was responsible for monitoring
the position of the dowel throughout the whole experiment to minimize the negative impact of
said movements. Any repetitions with excessive dowel motions were noted and excluded from
analysis. Second, on a similar note, the data measured via the linear position transducer could
be negatively influenced by participant’s jump technique, specifically the amount of forward
lean of the trunk during the countermovement. This could be mitigated by choosing a different

site for attachment of the wire, such as participant’s waist. Additional benefit of this attachment
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site would enable participants to use arm swing and therefore to increase ecological validity.
Although, this was not possible in the current experiment due to some technical constraints of
the equipment used mainly during the HJ condition (i.e., the string of the linear position
transducer hitting the top of the hurdle in the later part of the jump). Therefore, attachment via

the dowel held across participant’s shoulders was used in all conditions for consistency.
8.2 Effects of impact forces across a set of repeated jumps

Our initial hypothesis was not fully supported by the results of this experiment. In short,
we hypothesized that there will be significant fatigue-related performance decline in HJ
condition but no significant decline of performance in BJ condition throughout the intervention.
Contrary to our hypothesis, the results show no fatigue-related performance decrease in both
conditions and even improvement of multiple variables (mean and peak concentric velocity,

peak concentric power, PF-v, and RFD) throughout the intervention.

In plyometric type jumps, the total eccentric loading consists of eccentric work during
the countermovement which precedes take-off and eccentric work upon landing to stop the
downward movement (Suchomel et al., 2019a). Therefore, the total eccentric loading in
plyometric type jump exercises is heavily influenced by the magnitude of impact forces upon
landing (Heise & Martin, 2001; Peng, 2011; Williams & Cavanagh, 1987; Yeow et al., 2010).
This 1s important because eccentric fatigue, resulting from repeated intense eccentric
contractions, can blunt the ability to produce dynamic force (Byrne et al., 2001; Denis et al.,
2011) which is however, not limited to eccentric contractions but can also negatively affect
concentric performance (Byrne et al., 2001; Nuzzo et al., 2023). Therefore, we expected that
reducing the distance between the apex of the jump and the landing surface via elevated landing
platform and in turn reducing the impact forces (Van Lieshout et al., 2014) might assist in
preventing fatigue-related reduction of take-off performance during a set of repeated high effort

jumps. However, our data present a slightly different narrative.

In our experiment, the BJ produced approximately two times lower impact forces
compared to the HJ (Table 12), as expected. However, the potential positive effect of
significantly reduced impact forces on the ability to maintain repeated jumping performance
could not be observed, as neither condition led to any negative fatigue-related changes to take-
off performance. It could be argued that the impact forces produced by the HJ, or the volume
performed (30 jumps) might not be great enough to cause any observable performance

detriments in our experiment. Although, this is unlikely because it had been demonstrated that
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as few as 10 DJs from a 60 cm height caused significant decrease in jumping performance
(Miyama & Nosaka, 2007). This study even reported similar impact forces to those resulting
from the HJ condition in our experiment (~4.0 to ~5.2 and ~5.3 times body weight,
respectively). It seems that the different outcomes might stem from a difference in participants’
training experience. Our experiment involved physically active participants with experienced
in plyometric training, whereas the study by Miyama and Nosaka was performed on untrained
participants. Therefore, it is very plausible that both training status as well as training history
can greatly impact an individual’s ability to cope with the high demands of repeated high
intensity plyometric jumps. This aligns with the outcomes of a recent review of practical
recommendations for implementing lower body plyometric training as a form of eccentric
training (Suchomel et al., 2019b) and also with our systematic literature review of factors
influencing fatiguability and recovery from lower body plyometric training in the context of

prescribing rest intervals (Chapter 2).

The results of our experiment showed moderate significant effects of jump type on
mean and peak concentric velocities and jump height preferring the BJ condition (Table 13).
These differences could be results of non-significantly greater countermovement depth, peak
concentric power, and RFD associated with the BJ compared to the HJ condition (Tables 11
and 12). However, our experiment cannot provide a definitive explanation as to why these
differences between the jump types emerged, given that there were identical obstacle heights

for both conditions, and neither condition resulted in a fatigue-related performance decrease.

Technical adjustments made in anticipation of different levels of impact force could
provide a plausible explanation for the observed inter-condition differences. Research has
demonstrated that individuals adapt their movements in anticipation of different conditions.
For instance, they adjust lower body stiffness from the first step when transitioning between
running surfaces with expected differences in surface hardness (Ferris et al., 1999), or they
modify early RFD, concentric power output, and level of muscle activation when performing
bench throws with and without knowledge of the weight being used (Herndndez-Davo et al.,
2015). Significantly greater concentric velocity and jump height in BJ compared to HJ in our
experiment could be resulting from adjustments due to much greater impact forces experienced
during the HJ or specific requirements and constraints due to the shape of the obstacles.
Nonetheless, coaches should consider that even small differences in seemingly similar

exercises could influence an acute jumping performance.
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Our main hypothesis regarding this experiment expected significant decrease of
performance in the HJ condition due to larger eccentric loading compared to the BJ. The aim
of this experiment in the context of the dissertation project was to establish the importance of
correcting for impact forces when examining the effect of inter-repetition rest durations on
fatigue-related performance decreases in a set of repeated jumps. However, contrary to our
hypothesis, following the initial jumps, the performance in both conditions significantly
increased. Specifically, PF-v, RFD, mean and peak concentric velocity, peak concentric power,
and countermovement depth increased in magnitude (Tables 11 and 12). The plausible
explanation of these outcomes might be a potentiation effect resulting from combination of

participants’ training status and exercise parameters used during the intervention.

Training status and training history are some of the key factors influencing fatiguability,
rate of performance loss, and recovery after exhaustive plyometric exercise (Skurvydas et al.,
2002). It has been shown that individuals naive to plyometric exercise were able to significantly
improve their ability to maintain performance (i.e., jump height and maximum isometric knee
extension torque) after only 1 to 3 plyometric sessions (Dias et al., 2022; Kamandulis et al.,
2019; Miyama & Nosaka, 2007; Skurvydas, Kamandulis, Stanislovaitis, et al., 2010).
Therefore, the protocol included in our experiment might not have been exhausting enough for
the participants included in this experiment since they were already experienced in plyometric
training. That being said, these results should not be extrapolated to unexperienced trainees as
their response might be vastly different from the results reported in this chapter. Potentially
leading to acute performance decrease and causing lowered training effect and increased injury

risk (Chappell et al., 2005; Yu et al., 2020).

The observed potentiating effect could also be caused by the specific inter-repetition
rest duration used in this experiment, which was probably long enough to prevent accumulation
of fatigue but short enough to allow maintenance of acquired potentiation (Gouvéa et al., 2013).
This is in line with data on rest redistribution showing that short but more frequent rest periods
can reduce or prevent loss of jumping performance within a set measured via jump height,
power output, and take-off velocity (Moreno et al., 2014). Furthermore, six continuous jumps
were shown to be effective in achieving jump height, estimated power, and flight time
potentiation when followed by sufficient and individualized rest duration in collegiate athletes
(Cazés-Moreno et al., 2021). Our findings agree with the outcomes of the aforementioned
studies. In our experiment, there was a period of approximately 2 minutes separating the start

of the intervention from the end of the warm-up which was instrumental for setup of the
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measurement devices. However, this period of inactivity might have been long enough to
inhibit positive effects of preceding warm-up and therefore explain the suboptimal performance
from the early stages of the intervention. The factors discussed above then probably allowed

participants to regain the lost potentiation and maintain it throughout the intervention.

This experiment aimed to evaluate the effects of high-effort repeated jumps with
different magnitudes of impact forces upon landing on fatigue-related changes in take-off
performance and to provide insights for the design and interpretation of the following
experiment examining the effect of inter-repetition rest duration in repeated jumps. However,
the results did not show this effect which might be related to several limitations of this
experiment. First, the magnitude of impact forces might have been too low to lead to fatigue
accumulation and in turn cause significant decrease of take-off performance. Although
previous research suggests that even in case of including higher obstacle (Koefoed et al., 2022)
or choosing more intense exercise (e.g., DJ) (Miyama & Nosaka, 2007) the impact forces
would likely remain similar. Second, the exercise volume performed in this experiment was
lower than current recommendations for standalone plyometric protocols (>50 and >40
repetitions per training session, respectively) (Saez de Villarreal Saez et al., 2009, 2010);
however, the effectiveness of even lower volumes (7 to 36 ground contacts per training session)
was shown when performed on multiple occasions per week and supplemented by other
strength and conditioning methods (Cook et al., 2013; Loturco et al., 2015), which is typical
for real-life training programs. Finally, rest duration has been shown to be one of the key factors
influencing fatigue-potentiation effects in jumping (Cazas-Moreno et al., 2021; Lowery et al.,
2012; Wilson et al., 2013). Therefore, it is possible that shorter inter-repetition rest durations
would be necessary to observe impaired performance due to cumulative fatigue in our
experimental sample. The inter-repetition rest duration in this experiment was selected based
on pilot testing as the shortest inter-repetition rest duration deemed safe to perform landing,
regaining stability, stepping backwards over the hurdle or off the box while holding the dowel
across the shoulders, and to assume the proper position before the next repetition. Therefore,
using 10-second timer resulting in jumping frequency of 6 jumps per minute with ~8 seconds
of inter-repetition rest would be realistically applicable and safe in training practice. On the
other hand, replicating this experiment using greater jumping frequency in safe manner to
tease-out higher levels of cumulative fatigue would provide some valuable insights for training
practice. This would be possible by substituting linear position transducer with wireless

accelerometer-based device or 3D kinematics and therefore removing the constraints of the
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wire attached to the dowel, also allowing the participants to use arm swing. Furthermore, it
would be valuable to eliminate the need to return to the starting position after every jump. This
could be achieved by performing multiple consecutive jumps by using jumps over multiple

hurdles or jumps up the set of stairs or up the multiple boxes of increasing height.
8.3 Effects of inter-repetition rest duration across a set of repeated jumps

The results of the experiment associated with the second data collection support our
primary hypothesis, indicating that an increase in inter-repetition rest duration within a set of
plyometric lower body exercise could have a protective effect against acute fatigue-related
reductions of jumping performance. Similarly, increased inter-repetition rest duration could
help manage the magnitudes of physiological responses, RPE, and recovery duration. The
participants reported significantly lower subjective exertion, measured via RPE scale,
following the experimental protocols with longer inter-repetition rest durations. No differences
in RPE were reported only between ROc and ROi, and between R8 and E12 protocols. In fact,
the effects of ROc and RO0i protocols were similar for most of the dependent variables. Allowing
a 4-second inter-repetition rest duration increased participants’ ability to maintain high level of
performance, lowered physiological responses, and shortened recovery durations. However,
increasing the inter-repetition rest duration to 8 seconds had only marginal benefits, including
lower RPE, lower blood lactate concentration, lower peak heart rate, and faster heart rate

recovery.

Our results align with previous research demonstrating significant positive effects of
longer inter-repetition rest durations on maintaining performance and reducing markers of
cumulative fatigue (Chamari et al., 2001; Kramer et al., 2019; Moreno et al., 2014; Pereira, de
Freitas, et al., 2009; Pereira et al., 2008; Pereira, Morse, et al., 2009). Although, some of the
previous studies focused mainly on the ability of longer inter-repetition rest duration to increase
the number of jumps to failure (Pereira, de Freitas, et al., 2009; Pereira, Morse, et al., 2009)
and using repeated jumps as a conditioning modality (Kramer et al., 2019), In contrast, our
experiment aimed to explore the potential of inter-repetition rest to optimize explosive strength
training, similar to two aforementioned studies (Chamari et al., 2001; Moreno et al., 2014;

Pereira et al., 2008).

One of these studies demonstrated that 14 to 17 seconds of inter-repetition rest allowed
competitive volleyball players to reach physiological steady state during 30 volleyball spikes
(Pereira et al., 2008). The physiological steady state in this study was determined via heart rate,
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blood lactate concentration, and number of repeated jumps to failure. Additionally, the authors
concluded that an 8-second rest was too short, and a 20-second rest was unnecessarily long for
the given task. However, the authors mention unpublished pilot study based on which the 8-
second rest duration was set. The reported outcome of this pilot study showed that the durations
shorter than 3-seconds led to important changes to subsequent performance, but 8-second rest
allowed sustained performance throughout the set of 30 repeated spikes. Considering the results
of study by Pereira et al. together with the outcomes of their pilot testing, our results show
similar outcomes. Being that 4 to 8 seconds of inter-repetition rest could sustain maximal effort
jumping performance across 50 CMJs, with no further benefits seen with a 12-second rest
duration. Nevertheless, it is important to stress that the aforementioned study was mainly
searching for physiological steady state, as in our case, maintaining high levels of performance
while not putting much emphasis on achieving physiological steady state. Furthermore, there
were some differences in demands of the experimental tasks. In our experiment the participants
simply remained in upright standing position but in the study by Pereira et al. the participants
had to perform a run up preceding every jump which required them to ambulate back to the
starting position after every repetition. Lastly, no target was used in our experiment, the
participants were only instructed to jump as high as possible on every repetition and an external
verbal motivation was provided by researchers throughout the trial. On the other hand,
participants in Periera et al. were required to spike a volleyball tossed to a target height by an
experienced person, which could have provided higher motivation but simultaneously

introduce higher demands as the position of the ball could vary slightly between the repetitions.

The study authored by Moreno et al. (Moreno et al., 2014), reported that using cluster
sets (4 sets of 5 jumps with 30 seconds of inter-set rest and 10 sets of 2 jumps with 10 seconds
of inter-set rest) was an effective strategy in preventing the loss of power, take-off velocity,
and jump height across 20 CMJs compared to a traditional set configuration (2 sets of 10 jumps
with 90 seconds of inter-set rest). Additionally, the authors note that the work-to-rest ratio was
much larger in the traditional set (1:9) compared to both conditions involving cluster sets (1:6
and 1:5). This could have impacted the power output of individual repetitions as it fell much
below the baseline in later stages of each traditional sets but recovered fully for initial
repetitions of the second set. On the other hand, in cluster set conditions the power output never
fell as low as in traditional set but remained slightly below baseline for most of the repetitions
(Moreno et al., 2014). The results of our experiment show performance being sustained across

all 50 repetitions with inter-repetition rests of 4 seconds which yielded work-to-rest ratio
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between 1:2.6 and 1:4, depending on a duration of single repetition for individual participants.
Additionally, no major benefits were seen in our experiment when the work-to-rest ratios
increased to values ranging from 1:5.3 to 1:8 in the condition involving 8-second inter-
repetition rest, which were most closely resembling those reported by Moreno et al. However,
breaking sets of continuous jumps into discrete repetitions separated by a rest interval leads to
slower eccentric velocities, as shown in the Figures 23 and 24 above, consequently resulting in
lower pre-tension and decreased effectiveness of stretch-shortening cycle (Moran & Wallace,

2007).

The pre-tension during continuous CMJs is greater than that in a single CMJ due to a
faster eccentric phase and greater ground reaction force resulting in larger involvement of the
series elastic components and stretch reflexes to augment jumping performance (Nicol et al.,
2006; Turner & Jeffreys, 2010). This positive effect of a rebound jump is partially lost when
performing discrete CMJ repetitions; however, it seems to be compensated by increased
available training volume due to the delayed onset of fatigue-related performance impairments
(Figures 17, 20, 21, and 22). This is supported by previous research, showing significantly
increased number of jumps to failure associated with longer inter-repetition rest durations
(Pereira, de Freitas, et al., 2009; Pereira, Morse, et al., 2009). In our experiment, we attempted
to compare continuous jump (ROc) with intermittent jumps (R4, R8, and R12). Although, due
to large differences in stretch-shortening cycle intensity and an additional squatting movement
required to reach upright standing posture after each repetition of intermittent jumps.
Therefore, we included a fourth intermittent condition with no passive inter-repetition rest
(RO1). The ROi condition bears little resemblance to real-life training practices compared to the

other protocols but serves as a bridge between the continuous and intermittent conditions.

Contrary to our expectations, comparison between the ROc and RO0i conditions revealed
no particularly important differences in initial performance (G1 in figures 17, 20, 21, and 22),
performance changes related to cumulative fatigue (Figures 17 to 24), post-exercise recovery
(Figures 25 to 28), or perceived exertion (Figure 29). Two factors could potentially explain the
lack of differences between ROc and ROi conditions: I) greater pre-tension in ROc having a
smaller than expected positive effect, or II) this positive effect being evident only during the
initial ~2-4 repetitions, in which case this effect could be masked by analyzing the average

values of five consecutive repetitions.
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In the context of training efficacy, our results suggest that a 4-second inter-repetition
rest duration for up to 50 CMJs yields the most benefits if fatigue reduction is the goal. Only
marginal benefits seem to result from doubling the rest duration to 8 seconds, which might not
be worthwhile when considering the significant increase of total exercise duration. Given the
substantial difference in outcomes between 0 and 4 seconds of inter-repetition rest, attention
should be turned to the rest durations filling this gap. A study examining 1-, 2-, and 3-second
inter-repetition rest would be valuable for broadening our understanding of the three-way
relationship between exercise volume, inter-repetition rest duration, and cumulative fatigue in

vertical jumping.

The limitations of this experiment involve the analysis of averaged data from five
consecutive jumps. While this approach facilitated reduction in the number of data points
enhancing clarity of results, it simultaneously led to some loss of detail. Furthermore, this
experiment would benefit from additional conditions including inter-repetition rest durations
of 1, 2, and 3 seconds and exercise variations such as drop jump from a height matching
participant’s maximal CMJ height which would provide fast stretch-shortening cycle
performed in intermittent fashion and therefore resolve aforementioned problem with
mismatched stretch-shortening cycle intensity between continuous and intermittent CMJ.
Unfortunately, adding those conditions was beyond our possibilities in this experiment as those
would dramatically increase the number of visits and amount of testing material needed. We
originally planned to include measurements of ground reaction forces; however, it was not
possible as only portable force platforms were available during the data collection which would
disproportionally increase the injury risk due to creating relatively small landing area slightly
elevated above the surrounding flooring. Because we expected a significant increase of fatigue
during some of the experimental conditions, we deemed such landing conditions inappropriate.
Additionally, the 15-minute post-intervention recovery period proved insufficient for capturing
the complete recovery of the conditions generating the highest levels of fatigue. It could be
valuable, for future research, to implement an extended recovery period. That being said,
incorporating multiple CMJs throughout the recovery period would be valuable to track the
recovery of jumping performance, providing a complementary perspective to the assessment

of physiological variables.
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8.4 Effects of athlete characteristics on jumping performance.

The correlation analysis revealed several significant relationships between maximal
jumping performance and anthropometric characteristics (Appendix 4). However, none of
these relationships were strong (all r <0.62). Only one correlation — between lower leg length
and jump height — showed a significant moderate positive relationship across all three jump
types (BJ, HJ, and CMJ). Therefore, our hypothesis regarding the effects of body fat percentage

and body weight on jumping performance was not supported.

Our results add to the diverse body of research on this topic. For example, a significant
positive moderate correlation was reported between CMJ performance and body fat percentage
in professional male athletes (Emamian Shirazi et al., 2022). Conversely, other studies found
no relationship between body fat percentage and CMJ height (Ishida et al., 2021) or power
outputs during SJ and CMJ in young male soccer players (Ishida et al., 2021) and female
Division I volleyball players (Legg et al., 2021). The discrepancies in these outcomes might be
influenced by confounding factors such as training status, training history, or kinematic aspects

of the jump (e.g., speed and depth of countermovement, positions of main body segments, etc.)

Similarly, body mass was not correlated with CMJ performance (Emamian Shirazi et
al., 2022), but showed significant moderate positive relationship with peak power generated
during CMJ, though not in unloaded SJ (Ishida et al., 2021). The benefits of greater body mass
for power production during a countermovement may stem from the increased potential to
generate high pretension in the series elastic component during the stretch shortening cycle

(Turner & Jeffreys, 2010).

The significant positive correlations between the lower led length and jumping height
in all three jump types could be due to biomechanical advantages. A longer shank likely helps
generate greater tension in the Achilles tendon and plantar flexor muscles by providing a larger
lever during the eccentric and amortization portions of the countermovement. It has been
shown that a powerful pre-stretch of an active muscle within muscle-tendon complex results in
greater power outputs (Komi, 2003). However, our finding contrasts with the outcomes of
previous study, which found that foot length, but not the tibia length, was a significant predictor
of vertical jump performance in recreationally trained men (Davis et al., 2006). Thus, while
certain anthropometric parameters might influence vertical jump performance, our analysis did

not establish a strong enough link to make confident practical recommendations.
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The second part of our correlation analysis explored the relationships between
anthropometric characteristics (height, weight, fat percentage, leg length, and leg length
discrepancy) and performance loss during 50 continuous CMJs. As with maximal jumping
performance, anthropometric characteristics appeared mostly unrelated to performance
changes during and after a fatiguing set of continuous CMJs. However, there were significant
moderate negative correlations between RPE and both body height and body weight. Although
previous study evaluating the relationship between anthropometric parameters and RPE during
small-sided basketball games in children, found these correlations to be inconclusive
(Clemente et al., 2019). Besides RPE, body height and weight displayed moderate relationship
with changes in blood lactate concentration during recovery and muscle contraction time from
the 5 to the 10" minute of recovery, respectively. Taller participants might be more effective
at clearing blood lactate after exercise, while heavier participants might be faster at restoring
their muscle contraction time to baseline levels (Figure 28). However, data of individual
participants show that this might not be the case. Instead, blood lactate concentration continued
to increase throughout the post-exercise recovery for most participants and decreased only in
4 out of 14 participants (Figure 37A). Furthermore, changes in muscle contraction times from
the 5 to 10" minute post-intervention were minimal compared to other time points (Figure

37B).

A significant moderate positive relationship between heart rate and body fat percentage
indicated that individuals with higher relative adiposity might experience greater acute
increases in heart rate during continuous jumps. This relationship, calculated using the absolute
increase in heart rate, was not influenced by inter-individual differences in pre-intervention
heart rate, as there was a weak, non-significant relationship between body fat percentage and
pre-intervention heart rate (r = 0.31, p = 0.282). Studies on the relationship between body fat
percentage and heart rate changes during and after exercise have reported mixed outcomes. For
example, a study reported significantly lowered heart rate during a treadmill test in morbidly
obese patients from before to one year after bariatric surgery, which resulted in significant
reduction in body fat (Serés et al., 2006). Other studies found weak, non-significant relationship
between body fat percentage and heart rate recovery following an incremental treadmill test in
healthy adults (Jezdimirovic et al., 2017), significant moderate negative relationship between
body fat percentage and heart rate recovery after all-out Wingate test in professional cyclists
(Campos et al., 2012), and significantly greater decrease of heart rate following treadmill ramp

test in normal-weight compared to obese older adults (Gondoni et al., 2009). Lastly, body fat
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percentage was significantly negatively correlated with fatigue index during multiple repeated
sprint ability test in young elite badminton players (Akdogan et al., 2022). Conversely, in our
experiment, body fat percentage was not significantly correlated with changes in any of the

jumping performance metrics measured (Appendix 5).

Figure 37. Body height and change in blood lactate concentration during post-intervention
recovery in individual participants (A), and group mean = SD and individual data of changes

in muscle contraction time at different periods during the experiment (B).
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Leg length displayed a significant moderate positive correlation with changes in
countermovement depth during the fatiguing jumps, indicating that longer legs relative to body
height might be associated with more pronounced deepening of the countermovement in the
late stages of the set. However, the range of leg lengths was very small within our sample —
with the minimal and maximal leg lengths separated only by 3.4 percent of body height (50.4
to 53.8 %) — possibly lowering the practical relevance of this relationship. Similarly, leg length
discrepancies were generally small within our sample (ranging from 0 to 1 cm) resulting in no
significant correlations with any dependent variables. While no exact cutoff for leg length

discrepancy leading to functional and health problems exists (Gross, 1978), discrepancies less
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than 2 cm are generally well tolerated without treatment (Gordon & Davis, 2019; Gurney,

2002; Walsh et al., 2000).

Training experience and maximal CMJ height showed no significant correlations with
any dependent variables in the second data collection (Appendix 6). Whereas DJ performance
resulted in moderate significant positive correlation with changes in blood lactate
concentrations during recovery, suggesting that better jumpers experienced either a plateau or
further elevation in blood lactate concentration, unlike participants with lower DJ performance,

who tended to clear some accumulated blood lactate or experienced no changes.

A fatiguing set of repeated vertical jumps significantly elevate blood lactate levels
(Manojlovi¢ & Erculj, 2019). However, there is limited evidence on post-exercise blood lactate
metabolism related to jumping abilities. The further increase in blood lactate levels during post-
intervention recovery observed in most participants in our experiment could be due to the very
high intensity of the experimental task, which involved 50 repetitions performed within a very
short duration (~1 minute). This short duration might not be sufficient to detect peak blood
lactate concentration from the fingertip, as this sampling site is distant from the leg muscles
which would be responsible for producing most of the blood lactate during jumping. Results
from a study on blood lactate levels following the Wingate test show a similar pattern, with
blood lactate continuing to rise during the recovery period and dropping after the 8™ minute in

most participants (Oztiirk et al., 1998).

However, it is not clear why a similar relationship was not present for SJ and CMJ
performance. The key difference in these jump types is the magnitude of pre-tension preceding
the concentric portion of the take-off phase (McBride et al., 2008). This indicates that the ability
to manage and leverage greater pre-tension via stretch-shortening cycle could be an important
factor. Although more research is needed to test this theory and explain its mechanisms of

influence.

SJ performance was significantly correlated with multiple dependent variables.
Specifically, there were strong negative relationships with changes in mean concentric velocity
and heart rate during the experimental protocol, moderate negative relationships with changes
in peak concentric velocity, and moderate positive relationships with changes in mean and
minimal eccentric velocities during the experimental protocol, as well as muscle belly
displacement from 1 to 10 minutes of recovery. These results indicate that a higher level of SJ

performance was related to greater decreases in movement speed during both concentric and
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eccentric portions of the take-off phases during the experimental protocol. Simultaneously, it
was associated with smaller increases in heart rate during the experimental protocol and greater
increase of muscle belly displacement during initial 10 minutes of recovery. As of now, the
underlying mechanisms responsible for these relationships associated with SJ performance are
unclear. However, similar to the discussion involving DJ performance, we assume that one of
these factors could be the ability to effectively implement the stretch-shortening cycle. This is
eliminated in SJ variation by prolonged isometric hold at the bottom of the countermovement

preceding the concentric phase of take-off (Van Hooren & Zolotarjova, 2017).

Finally, several variables were significantly correlated with back squat 1RM
performance and back squat load-velocity profile. Both absolute and relative back squat IRMs
were moderately negatively correlated with changes in countermovement depth during the
experimental protocol. Specifically, individuals with higher absolute and relative maximal leg
strength exhibited minimal changes in countermovement depth, whereas those with lower
strength levels tended to use deeper countermovement depth in later stages of the experimental
protocol. A possible explanation might be that stronger individuals are inclined towards
training modalities that mimic the movement patterns used in CMJ, thus enhancing their
training status and experience with such movements. If this is the case, then stronger
individuals may find it easier to select an optimal countermovement depth early in the set and

maintain that depth even when fatigued.

Additionally, relative back squat 1RM was strongly positively correlated with RPE,
indicating that stronger individuals tended to experience higher levels of subjective exertion.
This could be due to suspected differences in habitual training practices among our participants.
All participants were experienced in resistance training, meeting the inclusion criterion of
relative back squat 1RM equal to or greater than their body weight. However, the relative
strength ranged from 1.3 to 2 times their body weight. Furthermore, the diverse sporting
backgrounds in our sample hint that, while strength training was a common part of their training
regime, the specific methods, aims, and roles of strength training likely varied between
participants. Since training history has been linked to session RPE (Barroso et al., 2014;
Winborn et al., 1988), future research could benefit from a more detailed investigation of

participants’ habitual strength training practices.

The slope of the back squat load-velocity profile was significantly correlated only with

changes in heart rate during the experimental protocol. This moderate positive correlation
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indicates that a steeper load-velocity profile — defined as a greater reduction in mean concentric
velocity per unit of added load — was associated with a lower increase of heart rate throughout
the fatiguing plyometric intervention. This could be similar to the effect seen with maximal
strength, which could be related to the nature of habitual training and its specific adaptations.
Training involving higher volumes of lower resistance plyometric actions or intermittent bouts
of short high-effort actions, such as in team sports and long-distance running, would closely
resemble the requirements of our experimental protocol and likely result in steeper load-
velocity profiles (Sheppard et al., 2008). On the other hand, training involving actions against
higher resistance, such as training for maximal strength development, would likely create
adaptations which would result in minimal decrease of velocities with increasing external
resistance; therefore, a flatter load-velocity profile (Sheppard et al., 2008). Thus, lower
steepness of load-velocity profile might indicate less training experience with specific physical

demands imposed by the set of 50 continuous CMJs.

Analysis of subgroup data revealed some significant differences, although small sample
size exposes these results to higher risk of type II error. Therefore, some of the comparisons

discussed in the following paragraphs might be falsely indifferent.

Splitting our sample into subgroups based on the level of maximal lower body strength
relative to the individual’s body weight showed that jump height decreased in both higher and
lower strength subgroups (Appendix 7). However, the decrease reached a significant level only
in the higher strength subgroup. This could be affected by a significant deepening of
countermovement throughout the experimental protocol in the lower strength subgroup. The
deeper countermovement could have led to a smaller loss of concentric and eccentric velocities
in the lower strength subgroup throughout the intervention, demonstrated by non-significant
and significant large effects of strength level on concentric and eccentric velocity changes,
respectively. The lower strength subgroup also demonstrated significantly lower RPE
compared to the higher strength subgroup, which could be influenced by the aims and
parameters of participants’ habitual training, as discussed previously. Furthermore, there were
no significant differences in time to peak velocity, blood lactate concentration, heart rate, and
localized muscle contractile properties between the higher and lower strength subgroups.
Similarly, none of the dependent variables differed between subgroups with higher and lower

steepness of the back squat load-velocity profile (Appendix 8).
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Subgroups based on SJ and CMJ performances yielded very similar results (Appendices
9 and 10, respectively). In both cases, jump height at the beginning of the intervention was
significantly greater in the higher jump subgroup. Then jump height significantly decreased in
both higher and lower jump subgroups throughout the intervention, but the differences in jump
height between subgroups at the final stage of the intervention were insignificant. Results for
mean and peak concentric velocities were analogous to those of jump height. Initially, there
were large effects of performance level, with faster velocities in the higher jump subgroups.
Both subgroups significantly decreased concentric velocities during the intervention, resulting
in non-significant differences between subgroups at the end of the intervention. Also, there
were non-significant large effects for a greater loss of speed during eccentric portion of a
countermovement in the higher jumpers compared to the lower jump subgroups throughout the
intervention. Lastly, there were large between-subgroup effects for greater pre-intervention
heart rates in the higher jumping subgroups. However, there were no differences in heart rates
between subgroups at the end of the intervention and after 5 minutes of recovery. Results of
previous studies show similar outcomes between jumping abilities and anaerobic power
assessment, as there were no differences in fatigue index and peak heart rate during the Wingate
test between groups of young male volleyball players differing in their jumping performance
(Nikolaidis et al., 2017). Also, there was no significant correlation between the fatigue index
derived from the Wingate test and both SJ and CMJ performance in adolescent and adult female

volleyball players (Nikolaidis et al., 2016).

Outcomes of subgroups based on DJ performance differed from those of SJ and CMJ,
showing a non-significant moderate effect for greater loss of concentric velocity in the higher
jumping subgroup. However, this was not coupled with any other differences including jump
height, eccentric velocities, RPE, heart rate, blood lactate concentration, or muscle contractile
properties (Appendix 11). We believe that this difference might result from the generally low
ability of our sample to utilize higher pre-tension associated with drop jumps (McBride et al.,
2008), as seen by the lower mean performance in DJ compared to CMJ (Table 10).
Furthermore, subgroups based on the amount of performance potentiation gained from
incorporating the stretch-shortening cycle (i.e., the difference between SJ and CMJ
performance) showed non-significant moderate effects for greater loss of eccentric and
concentric speed in subgroups with lower potentiation (Appendix 12). Therefore, it might be
beneficial to possess greater ability to effectively utilize elevated pre-tension via the stretch-

shortening cycle to reduce loss of performance during continuous high-effort jumping tasks.
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Although our sample might not be heterogenous enough, or this effect might not be large

enough, to conclusively confirm or reject this without greater statistical power.

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
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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
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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Appendix 1: Ethics committee approval

UNIVERZITA KARLOVA
FAKULTA TELESNE VYCHOVY A SPORTU
José Martiho 31, 162 52 Praha 6-Veleslavin

Zadost o vyjadieni Etické komise UK FTVS

o

k projektu vyzkumné, kvalifikadni ¢i semindrni prace zahrnujici lidské uéastniky
Nazev projektu: Efekt délky odpodinku v tréninku explozivni sily dolnich kongetin
Forma projektu: vyzkumna prace — doktorské prace
Obdobi realizace: zafi 2021 — zafi 2023
Vyzkum bude realizovén v souladu s platnymi epidemiologickymi opatfenimi Ministerstva zdravotnictvi CR.
Piedkladatel: Mgr. Martin Tino Janikov, UK FTVS katedra fyziologie a biochemie
Hlavni FeSitel: Mgr. Martin Tino Janikov, UK FTVS katedra fyziologie a biochemie

Misto vyzkumu (pracovidt€): UK FTVS katedra fyziologie a biochemie, UK FTVS posilovna, Sportovni centrum
evropska

Vedouci price (v piipadé studentské prace): James J. Tufano, Ph.D., CSCS*D, UK FTVS katedra fyziologie a
biochemie

Finan&ni podpora:

Popis projektu: Cilem projektu je kvantifikace efektu riiznych délek odpodinku na kinetické parametry vyskoku a
unavu v tréninku explozivni sily dolnich koncetin. Jednd se o vyvaZeny opakovany randomizovany experiment, se
sbérem dat v laboratornich podminkach. Projekt je sloZen z 2 sbérii dat, které poslouZi pro cca 4 publikaéni vystupy.
Pfed kaZdym sbérem dat G&astnici absolvuji jeden familiarizagni den, ktery bude obsahovat kontrolu splnéni podminek
pro zafazeni do vyzkumu, méfeni antropometrickych parametrli, konkrétné: télesné vysky, télesné hmotnosti a télesné
kompozice metodou bioelektrické impedance InBody 770 (InBody, Jizni Korea). Nasledng& aéastnici provedou
standardizované rozcvi¢eni, test maximalniho vyskoku z dfepu, vyskoku s protipohybem a vyskoku po seskoku z vysky
32 cm, a test 1 opakovaciho maxima diepu s velkou ¢inkou na zadech. Familiariza¢ni den bude zakonéen praktickym
seznamenim u€astnikii s pohybovymi testy daldich testovacich dnd. Vrdmci prvniho sbéru dat budou méfeny
opakované maximalni vyskoky, pieskoky prekdzky a vyskoky na bednu. Viechny 3 varianty v provedeni z mista bez
nakroku a bez pfidaného odporu, s dievénou ty¢i drzenou na zadech. Opakované maximalni vyskoky budou provedeny
v objemu 50 opakovani v p&ti variantich odpoéinku mezi vyskoky: 0 sekund kontinudlng a 0, 4, 8, a 12 sekund
prerudovang. Pies pfekazku a na bednu o shodné vy¥ce 50 cm budou provedeny vyskoky v objemu 30 opakovéni. Pred
sérii opakovanych vyskokil bude méfena tepova frekvence pomoci hrudniho pasu (Polar Electro, Finsko), koncentrace
krevnfho laktdtu z kapildrni krve (BUSIMEDIC SL, Spanglsko), a rychlost svalové kontrakce m. vastus lateralis
dominantni konéetiny pomoci tensiomyografu (TMG BMC Ltd., Slovinsko). Tepové frekvence bude nasledné méfena
v pribéhu, thned po a 5, 10 a 15 minut po opakovanych vyskocich. Rychlost svalové kontrakce bude méfena ihned po a
5, 10 a 15 minut po opakovanych vyskocich. Koncentrace krevniho laktatu bude méfena ihned po a 15 minut po
opakovanych vyskocich. Jednotlivé varianty budou testovany v rizné dny s odpotinkem miniméalng 48 hodin. Druhy
sbér dat bude ve vétSin€é smérh identicky s prvnim. Jediny rozdil bude tvofit pfidana zatéZ formou zatézové vesty.
Hmotnost zatéZoveé vesty bude odpovidat 10 % télesné hmotnosti G¢astnika. Tato intenzita byla zvolena na zakladé
pfedeslého prozkoumani publikované literatury k danému tématu (https://pubmed.ncbi.nlm.nih.gov/12560951/;
https://oapub.org/edu/index.php/ejep/article/view/982). Soubor tidastnikli pro jednotlivé &asti vyzkumu se nebude nutné
skladat ze stejnych jedincd.

Charakteristika Gfastniki vyzkumu: cca 20 studenti UK FTVS muZského pohlavi. Podminkou ugasti je platna
zdravotni prohlidka u télovychovného 1ékafe a pfedchozi zkuenost se silovym tréninkem, dile zkuSenost s timto
charakterem zaté7e a typem cvifeni. Pouze udastnici se zkuSenosti s plyometrickym tréninkem s pfidanou z4t¢zi se
mohou Ucastnit druhého sbéru dat. Kontraindikaci pro tigast ve vyzkumu je neschopnost bezbolestného provedeni
maximalnfho vertikalniho vyskoku a dfepu s velkou ¢inkou na ramenou. Daldi kontraindikaci je neschopnost provedeni
diepu do hloubky, ve které je stehenni kost v horizontalni pozici anebo probihajici rehabilitatni proces po zranéni nebo
operaci. Testovani se nezuastni osoby s akutnim (zejména infekéni), astmatickym a kardiovaskularnim onemocn&nim
s jakymkoliv onemocnénim ¢i omezenim pohybového aparatu a v rekonvalescenci po onemocnéni ¢i urazu. Vybér
ucastnikd a kontrolu kontraindikaci provede predkladatel Zzadosti ve spolupraci s fyzioterapeutem.

Zajisténi bezpelnosti: Vyzkum zahrnuje neinvazivni metody sb&ru dat s vyjimkou m&feni koncentrace krevniho
laktatu. Pro stanoveni koncentrace laktatu v kapilarni krvi, je potfeba odebrat respondentim vzorek periferni krve (z
prstu). JelikoZ se jedna o invazivni metodu sbéru dat, viechny odbéry budou provadény standardnim postupem pro
odber biologického materialu. Odbéry krve bude provadét kvalifikovany zdravotnik.

Rizika spojena se sbérem dat jsou ptiméfena k povaze pohybovych aktivit zahrnutych v tomto vyzkumu. PouZité testy
miiZou plisobit nepohodli ve forme svalové unavy dolnich kon&etin. ProtoZe tento vyzkum zahrnuje soubor silové a
plyometricky trénovanych jedinct, a jak objem, tak intenzita pouZitd v tomto vyzkumu je niz$i v porovnani s b&Znym
silové-vytrvalostnim tréninkem, predpokladame, Ze kloubnim strukturam a patefi subjektii nehrozi signifikantni riziko.
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Je moZné ogekavat vyskyt nataZeni svald, kloubnim poranénim dolnich konéetin plynoucich z explozivni podstaty
pohybového tkonu. Riziko nataZeni svalu bude minimalizovano zafazenim dikladného rozevigeni pfed kazdym sbérem
dat. V§ichni ucastnici vyzkumu, jakoZto studenti €lovychovného oboru, jsou drZiteli platné zdravotni prohlidky
sportovnim lékafem, ktera jim povoluje bezpe¢nou participaci v pohybovych testech obsaZenych v nafem vyzkumu.
KaZdému sbéru dat bude pfedchazet standardizované rozevi¢eni. Rizika provadéného vyzkumu nebudou vy33i nez
b&zné ofekavana rizika u aktivit a testovani provadénych v ramci tohoto typu vyzkumu. Testovani bude probihat za
standardnich bezpe¢nostnich podminek.

Etické aspekty vyzkumu: Vyzkumu se neucastni pfisluinici Zadné vulnerabilni skupiny osob. Cilem tohoto v¥zkumu
je kvantifikovat efekt riiznych délek odpocinku v priib&hu série opakovanych maximélnich vyskokd. Doufime, ze
vysledky tohoto vyzkumu poskytnou navod pro efektivni redukei tunavy v tréninku vyskokd, ¢im pFisp&ji k zvyseni
bezpecnosti a efektivity tohoto typu tréninku v praxi.

Potencidlni stfet zdjmi: Predkladatel projektu nema soukromy zdjem na vysledku vyzkumu. Integrita a dév&ryhodnost
vyzkumu neni ohroZena, protoZe tento vyzkum je realizovan vrameci doktorského studia piedkladatele a Zzadny
zmoZnych vysledkd vyzkumu nebrani publikaci vysledkii a dokondeni studia. Pfedkladatel nem4 vazbu na Zadnou
spole¢nost nebo metodiku, kterd by byla zvyhodn&na jedenim z moZnych vysledkl tohoto vyzkumu. Piedkladatel ani
Zadny ¢&len vyzkumného tymu nema soukromy zdjem na vysledku vyzkumu a ani vyzkum nevede k osobnimu
prospéchu.

Ochrana osobnich dat: Data budou shromazd'ovana a zpracovavana v souladu s pravidly vymezenymi nafizenim
Evropské Unie €. 2016/679 a zdkonem ¢&. 110/2019 Sb. — o zpracovan{ osobnich daji. Budou ziskdvany nasledujici
osobni udaje: v&k, télesnd vyska, télesna hmotnost, parametry télesné kompozice ve form& vysledku bioelektrické
impedance, délky télesnych segmentil, vysledky pohybovych testl blize popsanych v &asti popis projektu. Data budou
bezpetné uchovana na heslem zajidténém pocitadi. Piistup k nim bude mit predkladatel projektu.

Uvédomuji si, Ze text je anonymizovan, neobsahuje-li jakékoli informace, které jednotlivé ¢i ve svém souhrnu mohou
vést k identifikaci konkrétni osoby — budu dbat na to, aby jednotlivé osoby nebyly rozpoznatelné v textu prace. Osobni
data, ktera by vedla k identifikaci Wi¢astnikli vyzkumu, budou bezprostiedné do 1 dne po testovani anonymizovéna
pomoci &iselnych kadu.

Ziskana data budou zpracovavana, bezpetné uchovdna a publikovana vanonymni podobé& v disertani praci
pfedkladatele, v odbornych Gasopisech, piipadné v uloZistich dat, monografiich a prezentovdna na konferencich,
pfipadné budou vyuZzita pii daldi vyzkumné praci na UK FTVS.

Pofizovani fotografii/videi/audio nahradvek a&astnikii: B¥hem vyzkumu nebudou pofizovany Z7adné fotografie,
audionahravky ani videozaznam.

V maximélni moZné mife zajistim, aby ziskan4 data nebyla zneuZita.

Text informovaného souhlasu (IS): ptilozen

Povinnosti viech i¢astnikii vizkumu na strané FeSitele je chranit Zivot, zdravi, diistojnost, integritu, pravo na sebeurceni, soukromi
a osobni data zkoumanych subjekti, a podniknout k tomu veskera preventivni opatfeni. Odpovédnost za ochranu zkoumanych
subjektll leZi vZdy na Ulastnicich vyzkumu na strang feSitele, nikdy na zkoumanych, byt dali sviij souhlas k uéasti na vyzkumu.
Vsichni G¢astnici vyzkumu na strané feSitele musi brat v potaz etické, pravni a regulaéni normy a standardy vyzkumu na lidskych
subjektech, které plati v Ceské republice, stejné jako ty, jeZ plati mezinarodné.

Potvrzuji, Ze tento popis projektu odpovida navrhu realizace projektu a Ze pfi jakckoli zméné projektu, zejména pouZitych mctod,
zaglu Etické komisi UK FTVS revidovanou Zadost.

/ ,
V Praze dne: 25. 6. 2021 Podpis predkladatele: /+- 7
/‘J’ —
Vyjadieni Etické komise UK FTVS
Slozeni komise: Piedsedkyné: doc. PhDr. Irena Parry Martinkova, Ph.D.
Clenové: prof. MUDr. Jan Heller, CSc. Mgr. Eva Proke§ova, Ph.D.

prof. PhDr. Pavel Slepitka, DrSc. Mgr. Tomé3 Ruda, Ph.D.

PhDr. Pavel Hrasky, Ph.D. MUDr. Simona Majorova
Projekt prace byl schvélen Etickou komis{ UK FTVS pod jednacim &islem: /[// /( /

dne:
Etickd komise UK FTVS zhodnotila ptedlozeny projekt a neshledala rozpory s platnymi zasadami, predpisy a
mezinarodni smérnicemi pro provadéni vyzkumu zahrnujiciho lidské ucastniky.
Regitel pro;ektu splnil podminky nutné k ziskdni souhlasu Etické komise UK ETVS.
/‘"',/’; /4, C ri,
podpis predscdkyne EK UK FTVS
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Appendix 2: Informed consent form

INFORMOVANY SOUHLAS

Vazeny pane,

v souladu se VSeobecnou deklaraci lidskych prav, nafizenim Evropské Unie ¢. 2016/679 a
zékonem €. 110/2019 Sb. — o zpracovani osobnich uda;jii a dalSimi obecné€ zdvaznymi pravnimi
ptedpisy (jakoz jsou zejména Helsinska deklarace, prijata 18. Svetovym zdravotnickym
shromazdenim v roce 1964 ve znéni pozdejsich zmeén (Fortaleza, Brazilie, 2013); Zakon
o zdravotnich sluzbdach a podminkach jejich poskytovani (zejména ustanoveni § 28 odst. 1
zdkona ¢ 372/2011 Sb.) a Umluva o lidskych pravech a biomediciné ¢. 96/2001, jsou-li
aplikovatelné), Vas zddam o souhlas s Vasi ucasti ve vyzkumném projektu na UK FTVS
v rdmci disertacni prace s ndzvem: Efekt délky odpocinku v tréninku explozivni sily dolnich
koncetin, provadéné na Katedfe fyziologie a biochemie Fakulty télesné vychovy a sportu
Univerzity Karlovy.

Popis projektu: Projekt bude probihat v obdobi zati 2021 az zaii 2023. Projekt je zpracovan
bez finan¢éni podpory. Cilem projektu je kvantifikace efektu riznych délek odpocinku na
kinetické parametry vyskoku a unavu v tréninku explozivni sily dolnich koncetin. Budete se
ucastnit méfeni télesné vysky, télesné hmotnosti a télesné kompozice metodou bioelektrické
impedance. Nasledn¢ probehne testovdni maximalniho vyskoku =z dfepu, vyskoku s
protipohybem a vyskoku po seskoku z vysky 32 cm, a test 1 opakovaciho maxima diepu
s velkou ¢inkou na zadech. Dalsi sbér dat probéhne ve dvou fazich.

Prvni faze obsahuje test 50 opakovanych vyskokl s riznymi dobami odpocinku v ndhodném
potadi (0 sekund kontinudlng, 0, 4, 8 a 12 sekund prerusovan¢), 30 opakovanych vyskoki na
50 cm vysokou bednu a 30 opakovanych vyskokt ptes 50 cm vysokou piekazku s intervalem
odpocinku v délce 10 s. Déale budou méfené hodnoty tepové frekvence, koncentrace krevniho
laktatu a rychlosti kontrakce svalu. Tepova frekvence bude méfend neinvazivné pomoci
hrudniho pasu pted, v prubéhu a 0, 5, 10 a 15 minut po sérii opakovanych vyskoki.
Koncentrace krevniho laktatu bude métend invazivné z kapénky kapilarni krve, kterd bude
odebrana Iékafem z konecku prstu pied, 0 a 15 minut po sérii opakovanych vyskokl. VSechny
odbéry budou provadény standardnim postupem pro odbér biologického materidlu. Odbéry
krve bude provadét kvalifikovany zdravotnik.

Rychlost svalové kontrakce bude méfend neinvazivné pomoci ptistroje TMG, ktery pomoci
elektrod stimuluje vnéjsi hlavu ¢tythlavého stehenniho svalu na dominantni dolni koncetin€ a
pomoci snimace zaznamena rychlost reakce svalu. Rychlost svalové kontrakce bude métena
vySkolenym pracovnikem laboratote pted a 0, 5, 10 a 15 minut po sérii opakovanych vyskok.
Testovani bude probihat za standardnich bezpecnostnich podminek a bude zajisténa hlavnim
fesitelem a pracovniky laboratofe.

Druha faze testovani bude probihat ve vétSin€ sméri identicky. Jedinym rozdilem bude
provedeni vSech skokil se zatéZovou vestou o hmotnosti 10 % Vasi télesné hmotnosti.

Kazda faze testovani bude trvat piiblizné¢ 60 minut a probehne v samostatny testovaci den.
Mezi jednotlivymi dny bude dodrZen odpocinek minimalné 48 hodin.

155


http://www.zakonyprolidi.cz/cs/2011-372
http://www.zakonyprolidi.cz/cs/2011-372
http://www.slg.cz/umluva-o-lidskych-pravech-a-biomedicine

Rizika spojena se sbérem dat jsou piiméeiend k povaze pohybovych aktivit zahrnutych v tomto
vyzkumu. Pouzité testy miizou pusobit nepohodli ve formé svalové tinavy dolnich koncetin.
Mozny risk pro kloubni struktury a patef jsou redukovany relativné nizkou intenzitou a
objemem pouzitym v tomto vyzkumu v porovnani s celkovym objemem bézné tréninkové
jednotky. Riziko svalovych zranéni jako naptiklad natazeni svalu, kloubniho poranéni dolnich
koncetin bude redukovano ditkladnym rozcvi¢enim pred kazdym sbérem dat.

Podminkou Vasi tcasti ve vyzkumu je platna zdravotni prohlidka u télovychovného
lékare a predchozi zkuSenost se silovym tréninkem, dile zkuSenost s timto charakterem
zatéze a typem cviCeni. Pokud se tucastnite druhé casti shéru dat, musite mit zkuSenost
s tréninkem vyskoku se zatéZovou vestou. Projektu se nemuzete ucastnit pokud, nejste
schopni bezbolestné provadét maximalni vertikalni vyskok nebo difep s velkou Cinkou na
ramenou. Dalsi kontraindikaci je neschopnost provedeni diepu do hloubky, ve které je stehenni
kost v horizontalni pozici nebo je u Vas momentaln¢ probihajici rehabilitacni proces po zranéni
nebo operaci. Testovani se nezicastni osoby s akutnim (zejména infek¢éni), astmatickym a
kardiovaskularnim onemocnénim s jakymkoliv onemocnénim ¢i omezenim pohybového
aparatu a v rekonvalescenci po onemocnéni ¢i Urazu.

Ocekévany ptinos vyzkumného projektu spociva ve zkvalitnéni tréninkového procesu
explozivni sily dolnich koncetin. Vysledky tohoto vyzkumu poskytnou dilezité informace
tykajici se minimalizace Unavy v tréninkové praxi, coz povede k zvySeni efektivity a
bezpecnosti tréninku explozivni sily dolnich koncetin.

Ucastnikim neni za ucast na vyzkumném projektu poskytnuté finanéni ¢i jind odmeéna.

S celkovymi vysledky a zavéry vyzkumného projektu se miizete seznadmit v disertacni praci
v Digitalnim repozitaii UK, nebo na e-mail adrese: tino@tinojanikov.com

Ochrana osobnich dat: Data budou shromazd’ovana a zpracovavana v souladu s pravidly
vymezenymi nafizenim Evropské Unie ¢. 2016/679 a zdkonem ¢. 110/2019 Sb. — o zpracovani
osobnich udajii. Budou ziskavany nasledujici osobni udaje: vk, télesna vyska, télesna
hmotnost, parametry télesné kompozice ve form¢ vysledku bioelektrické impedance, délky
télesnych segmentt, vysledky pohybovych testl blize popsanych vyse. Data budou bezpecné
uchovana na heslem zajisténém pocitaci. Pfistup k nim bude mit pfedkladatel projektu.

Uveédomuji si, Ze text je anonymizovan, neobsahuje-li jakékoli informace, které jednotlivé ¢i
ve svém souhrnu mohou vést k identifikaci konkrétni osoby — budu dbat na to, aby jednotlivé
osoby nebyly rozpoznatelné v textu prace. Osobni data, ktera by vedla k identifikaci ucastnikt
vyzkumu, budou bezprostfedné€ do 1 dne po testovani anonymizovana pomoci ¢iselnych kodu.

Ziskana data budou zpracovavéana, bezpecné uchovana a publikovdna v anonymni podobé¢
v disertaéni praci predkladatele, v odbornych casopisech, pfipadné¢ v ulozistich dat,
monografiich a prezentovana na konferencich, pfipadné budou vyuzita pii dal§i vyzkumné
praci na UK FTVS.

Potizovani fotografii/videi/audio nahravek ucastnikt: Béhem vyzkumu nebudou pofizovany
zadné fotografie, audionahravky ani videozdznam.

V maximalni mozné mifte zajistim, aby ziskana data nebyla zneuzita.

Jméno a piijmeni piedkladatele a hlavniho feSitele projektu: Mgr. M. Tino Janikov
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Jméno a piijmeni osoby, ktera provedla pouceni: Mgr. M. Tino Janikov Podpis:

Prohlasuji a svym nize uvedenym vlastnoru¢nim podpisem potvrzuji, ze dobrovolné souhlasim
s Ucasti ve vyse uvedeném projektu a ze jsem mél moznost si fadné a v dostatecném Case zvazit
vSechny relevantni informace o vyzkumu, zeptat se na vSe podstatné tykajici se ti¢asti ve
vyzkumu a ze jsem dostal jasné a srozumitelné odpovédi na své dotazy. Potvrzuji, Ze mam
platnou zdravotni prohlidku u télovychovného lékaie. Jsem si védom narocnosti silové
zatéZe a rizik s ni spojenych. Byla mi podrobné vysvétlena veSkera rizika a dopady na
pohybovy systém pii aplikaci daného zatiZeni. Byl jsem poucen o pravu odmitnout icast
ve vyzkumném projektu nebo sviij souhlas kdvkoli odvolat bez represi, a to pisemné Etické
komisi UK FTVS, ktera bude nasledné informovat predkladatele projektu. Dale potvrzuji, ze
mi byl pfedan jeden original vyhotoveni tohoto informovaného souhlasu.

V Praze, dne

Jméno a ptijment G¢astnika: . Podpis:_
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Appendix 3: Informed consent form — English

INFORMED CONSENT
Dear Sir,

in accordance with the Universal Declaration of Human Rights, European Union Regulation
No. 2016/679, and Act No. 110/2019 Coll. - on the processing of personal data, and other
generally binding legal regulations (such as the Helsinki Declaration, adopted by the 18th
World Health Assembly in 1964, as amended (Fortaleza, Brazil, 2013); Act on Health Services
and the Conditions of their Provision (in particular, the provisions of Section 28 (1) of Act No.
372/2011 Coll.) and the Convention on Human Rights and Biomedicine No. 96/2001, if
applicable), 1 request your consent to participate in a research project at Charles University,
Faculty of Physical Education and Sport, entitled: " Effect of rest duration in explosive strength
training of lower extremities ", conducted at the Department of Physiology and Biochemistry.

Project Description: The project will take place from September 2021 to September 2023. The
project is being conducted without financial support. The aim of the project is to quantify the
effect of different rest lengths on kinetic parameters of jump and fatigue in lower limb
explosive strength training. You will participate in measurements of body height, body weight,
and body composition using bioelectrical impedance analysis. Subsequently, maximal squat
jump, countermovement jump, drop jump from a 32 cm height, and one-repetition maximum
squat test with a barbell on the back will be performed. Further data collection will take place
in two phases.

The first phase includes a test of 50 repeated jumps with different rest times in random order
(0 seconds continuously, 0, 4, 8, and 12 seconds intermittently), 30 repeated jumps onto a 50
cm high box, and 30 repeated jumps over a 50 cm high hurdle with a 10-second rest interval.
Additionally, heart rate, blood lactate concentration, and muscle contraction velocity will be
measured. Heart rate will be measured non-invasively using a chest strap before, during, and
0, 5, 10, and 15 minutes after the series of repeated jumps. Blood lactate concentration will be
measured invasively from a fingertip capillary blood drop by a qualified healthcare
professional before, 0, and 15 minutes after the series of repeated jumps. All samples will be
collected using standard procedures for biological sample collection. Blood sampling will be
performed by a qualified healthcare professional.

Muscle contraction velocity will be measured non-invasively using a TMG device, which
stimulates the outer head of the quadriceps muscle on the dominant lower limb and records the
muscle reaction velocity. Muscle contraction velocity will be measured by a trained laboratory
worker before and 0, 5, 10, and 15 minutes after the series of repeated jumps. Testing will be
conducted under standard safety conditions and supervised by the principal investigator and
laboratory staff.

The second phase of testing will proceed mostly identically. The only difference will be the
performance of all jumps with a weighted vest weighing 10% of your body weight.

Each phase of testing will last approximately 60 minutes and will take place on separate testing
days. A minimum rest period of 48 hours will be observed between individual testing days.

The risks associated with data collection are proportional to the nature of the physical activities
included in this research. The tests used may cause discomfort in the form of lower limb muscle
fatigue. Possible risks to joint structures and the spine are mitigated by the relatively low
intensity and volume used in this research compared to the total volume of a typical training

158



unit. The risk of muscle injuries such as muscle strain, lower limb joint injury will be reduced
by thorough warm-up before each data collection.

A prerequisite for your participation in the research is a valid medical examination by a
sports physician and previous experience with strength training, as well as experience
with this type of load and exercise. If you participate in the second part of data collection,
you must have experience with weighted jump training. You cannot participate in the
project if you are unable to perform a maximum vertical jump or squat with a barbell on your
shoulders without pain. Another contraindication is the inability to squat to a depth where the
thigh bone is in a horizontal position or if you are currently undergoing rehabilitation after an
injury or surgery. Individuals with acute (especially infectious), asthmatic, and cardiovascular
diseases with any musculoskeletal condition or limitation and in convalescence after illness or
injury will not participate in the testing.

The expected benefit of the research project lies in improving the training process of explosive
strength of the lower limbs. The results of this research will provide important information
regarding the minimization of fatigue in training practice, leading to increased effectiveness
and safety of lower limb explosive strength training.

Participants will not receive any financial or other rewards for participating in the research
project.

You will be able to familiarize yourself with the overall results and conclusions of the research
project in the dissertation at the UK Digital Repository or via email at: tino@tinojanikov.com

Protection of Personal Data: Data will be collected and processed in accordance with the rules
defined by European Union Regulation No. 2016/679 and Act No. 110/2019 Coll. - on the
processing of personal data. The following personal data will be obtained: age, body height,
body weight, parameters of body composition in the form of bioelectrical impedance analysis
results, lengths of body segments, results of movement tests described above in more detail.
Data will be securely stored on a password-protected computer. Access to the data will be
granted to the project proposer.

I understand that the text is anonymized unless it contains any information that may
individually or collectively lead to the identification of a specific person - I will ensure that
individuals are not identifiable in the text of the work. Personal data that could lead to the
identification of research participants will be anonymized using numerical codes within 1 day
after testing.

The obtained data will be processed, securely stored, and published in an anonymous form in
the dissertation of the proposer, in scientific journals, or in data repositories, monographs, and
presented at conferences, or may be used for further research at the UK Faculty of Physical
Education and Sport.

Taking photographs/videos/audio recordings of participants: No photographs, audio
recordings, or video recordings will be taken during the research.

To the fullest extent possible, I will ensure that the obtained data are not misused.
Name and surname of the proposer and principal investigator of the project:
Mgr. M. Tino Janikov

Name and surname of the person who provided the instructions:
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Mgr. M. Tino Janikov Signature: ..................

I declare and confirm by my own handwritten signature below that I voluntarily consent to
participate in the above-mentioned project and that I have had the opportunity to thoroughly
consider all relevant information about the research, ask about everything relevant to
participation in the research, and have received clear and understandable answers to my
questions. I confirm that I have a valid medical examination by a sports physician. I am
aware of the demanding nature of strength training and the associated risks. All risks and
impacts on the musculoskeletal system of the applied load have been thoroughly
explained to me. I have been informed of the right to refuse participation in the research
project or to revoke my consent at any time without repercussions, in writing to the Ethics
Committee of the UK Faculty of Physical Education and Sport, who will subsequently inform
the project proposer. Furthermore, I confirm that one original copy of this informed consent
has been provided to me.

In Prague, on [date] ........................

Participant’s fullname .................cooiiiiiin.n. Signature: .............ccoeviiinnn..
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Appendix 4: Correlation tests results — the first data collection

B(Tdy B().dy Body Leg Uﬁsger Lﬁzvger
Height  Weight Fat Length Length  Length
r'rs  —0.13 —-0.34 —0.10 0.14 0.01 0.17
B p 0.586 0.148 0.661 0.560 0.955 0.468
r/rs  —0.09 —0.30 —0.05 0.20 —-0.03 0.33

CMD CMJ
p 0.705 0.206 0.841 0.389 0.899 0.161
r/rs 0.02 —0.13 —0.20 —0.02 —0.03 0.02
HJ p 0.922 0.575 0.410 0.935 0.891 0.930
r/'rs  —0.19 0.05 —0.04 0.05 —0.05 0.02
. B p 0.420 0.821 0.880 0.826 0.826 0.930

-r
relative oI r/rs 0.04 —0.20 -0.42 0.34 0.37 —0.03
Bt{)V p 0.852 0.409 0.066 0.148 0.112 0.905
r'rs  —0.03 —-0.22 —-0.35 0.39 0.03 0.38
e p 0.909 0.342 0.128 0.092 0.900 0.102
r'rs  —0.18 0.06 —0.03 0.06 —-0.05 0.03
. B p 0.441 0.796 0.895 0.791 0.845 0.895
-v

relative oI r/rs 0.00 —-0.15 —0.39 0.33 0.39 —-0.05
Bth p 0.992 0.540 0.086 0.150 0.092 0.840
r/'rs  —0.03 —0.21 —0.35 0.40 0.04 0.38
e p 0.907 0.370 0.133 0.078 0.860 0.098
r/rs 0.00 —0.18 —0.17 0.15 -0.17 0.46
B p 0.972 0.444 0.484 0.518 0.481 0.043
r’rs  —0.05 —0.18 0.06 0.15 —-0.21 0.52

JH CMJ
p 0.823 0.446 0.808 0.535 0.364 0.019
r/rs 0.06 —0.24 —-0.17 0.07 —0.26 0.49
e p 0.801 0.309 0.473 0.758 0.262 0.029
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Appendix 4: Continued

Body ~ Body  Body Leg U{’Eger Lﬁfge"
Height  Weight Fat Length Length  Length
r’rs  —0.29 —-0.22 —0.06 —-0.25 —-0.23 —-0.02
B p 0.218 0.346 0.806 0.281 0.334 0.947
r’rs  —0.21 —0.36 —0.29 —0.28 —0.41 0.21
MCV CMJ
p 0.365 0.118 0.214 0.230 0.076 0.384
r’rs  —0.37 —0.25 —0.13 —-0.33 —0.18 —0.13
HJ p 0.105 0.284 0.574 0.151 0.448 0.574
r/rs 0.31 0.59 0.35 —0.14 —0.25 0.17
B p 0.188 0.006 0.128 0.544 0.282 0.471
r/rs 0.07 0.43 0.28 -0.47 —-0.39 —0.14
PCP CMJ
p 0.781 0.060 0.232 0.038 0.091 0.548
r/rs 0.25 0.59 0.42 —0.37 —0.43 0.11
e p 0.297 0.007 0.067 0.103 0.061 0.652
r/rs  —0.03 0.03 0.26 0.00 —0.28 0.39
B p 0.906 0.905 0.268 0.985 0.224 0.086
r’rs —0.21 —0.24 —0.03 —0.25 —0.54 0.45
PCV CMJ
p 0.383 0.312 0.911 0.298 0.014 0.044
r’rs  —0.20 —0.13 0.07 —-0.24 —-0.51 0.41
e p 0.408 0.577 0.775 0.309 0.023 0.072
r’rs  —0.34 —0.07 0.21 —0.54 —0.38 -0.37
. B p 0.141 0.782 0.384 0.013 0.097 0.104
relative oMJ r/rs  —0.03 0.21 0.00 0.04 0.10 0.02
Bt{)V p 0.899 0.370 0.990 0.875 0.665 0.920
r'rs  —0.42 —0.16 0.27 -0.47 —0.62 0.08
e p 0.063 0.490 0.243 0.036 0.003 0.734
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Appendix 4: Continued

Body ~ Body  Body Leg U{’Eger Lﬁfge"
Height  Weight Fat Length Length  Length

r/rs 0.03 0.01 —0.40 —0.21 —-0.03 -0.24

- B p 0.910 0.952 0.079 0.377 0.892 0.306

-r

relative My r’rs  —0.13 —0.18 —0.46 —-0.33 —0.18 —0.18
Bt{)’V p 0.573 0.439 0.041 0.160 0.443 0.435
r’rs  —0.23 0.09 —0.06 —0.24 —0.06 —0.25

HJ p 0.329 0.691 0.811 0.307 0.816 0.295

r/rs 0.03 0.04 —0.38 —-0.24 —0.06 —0.24

- B p 0.905 0.883 0.102 0.309 0.803 0.301

-v

relative oMJ r'rs  —0.11 —-0.16 —0.48 —0.31 —0.14 -0.22
Bth p 0.631 0.508 0.030 0.185 0.550 0.354
r/rs  —0.23 0.09 —0.06 —-0.23 —0.02 -0.27

e p 0.322 0.701 0.791 0.336 0.930 0.243

r/rs 0.31 0.22 —0.11 —-0.14 —-0.15 0.04

B p 0.180 0.343 0.657 0.568 0.519 0.877

r/rs 0.35 0.38 —0.15 —0.41 —-0.31 —0.111

RFD CMJ

p 0.136 0.097 0.538 0.071 0.179 0.641

r/rs 0.17 0.34 0.08 —0.18 —0.24 0.11

e p 0.471 0.147 0.734 0.453 0.302 0.643

r'rs  —0.03 —0.12 —0.02 0.26 0.19 0.08

B p 0.903 0.618 0.941 0.261 0.417 0.729

r'rs  —0.02 —-0.12 0.24 0.28 0.04 0.34

TIT CMJ

p 0.935 0.621 0.302 0.228 0.883 0.145

r/rs 0.24 0.03 0.02 0.05 —0.13 0.26

e p 0.302 0.890 0.932 0.836 0.584 0.269
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Appendix 4: Continued

Upper Lower
Leg Leg
Length  Length

Body Body Body Leg
Height  Weight Fat Length

r/rs 0.03 —0.19 —0.02 0.31 0.01 0.42
BJ
p 0.895 0.424 0.933 0.179 0.976 0.064
r’rs  —0.02 0.05 0.43 0.36 0.12 0.33
TTPCP CMJ
p 0.928 0.845 0.060 0.114 0.610 0.161
r/rs 0.31 —0.14 —0.26 0.26 —0.10 0.49
HJ
p 0.178 0.557 0.263 0.277 0.687 0.027
r/rs 0.09 —-0.21 —0.04 0.51 0.23 0.36
BJ
p 0.693 0.367 0.861 0.022 0.321 0.122
r’rs  —0.04 —0.08 0.23 0.40 0.16 0.32
TTPCV CMJ
p 0.880 0.729 0.319 0.079 0.506 0.164
r/rs 0.10 —0.28 —0.18 0.28 —0.06 0.47
HJ

p 0.665 0.235 0.455 0.235 0.798 0.035

BJ = box jump, BW = body weight, CMD = countermovement depth, CM.J = countermovement
jump, HJ = hurdle jump, IF-r = peak resultant landing forces, IF-v = peak vertical landing
forces, JH = jump height, MCV = mean concentric velocity, p = probability value resulting
from correlation test, PCP = peak concentric power, PCV = peak concentric velocity, PF-h =
peak horizontal take-off force, PF-r = peak resultant take-off force, PF-v = peak vertical take-
off force, r = Pearson’s correlation coefficient, rs = Spearman’s correlation coefficient, RFD
= average take-off rate of force development, TIT = total impulsion time, TTPCP = time to
peak concentric power, TTPCV = time to peak concentric velocity.
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Appendix 5: Correlation tests results — the second data collection

5 5 s £Z g
S o w 0 N on £
= = =~ 3 s & g .2
> > > — - = =3
= = = ) o0 3 s =
(=] (=] (=] [} [P - 4
==} ==} ==} — - ==
rirs  0.49 0.13 ~0.41 0.58 -0.18  —0.32

ACMD
p 0078 0.648 0.144 0.029 0.532 0.262
rirs  0.02 0.16 0.02 0.16 023 —0.07

AMHD
p 0939 0.573 0.955 0.573 0.439 0.808
rirs  0.10 0.37 ~0.01 0.27 025  —0.05

AJH

p 0737 0.191 0.982 0.358 0.383 0.875
rirs  0.10 0.37 0.16 0.08 027  —0.05

AMCV
p 0737 0.191 0.580 0.794 0.356 0.876
rirs  0.05 0.28 0.05 0.22 025  —0.10

APCV
p 0874 0.329 0.868 0.445 0.396 0.733
rirs  0.19 -0.15 0.4 0.36 -0.06  —0.09

ATTPCV
p 0523 0.605 0.409 0.209 0.836 0.764
rirs  —0.31 048  —0.10  —0.39 0.32 ~0.08

AMEV
p 0284 0.080 0.739 0.164 0.267 0.798
rirs  —0.21 ~0.36 0.01 -0.37 0.34 0.07

AMinEV
p 0474 0.209 0.982 0.191 0.231 0.813
ABL rirs 032 0.38 0.31 0.40 ~0.50 0.39
R-P1 p 0263 0.184 0.287 0.157 0.067 0.171
ABL rirs  —056  —0.11 0.23 -0.36 0.11 0.09
PI-PIS 5 0.036 0.703 0.435 0.203 0.714 0.753
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Appendix 5: Continued

T = & g 52 £8

2 B B > w3  ia

2 2 2 3 3 A =g

AHR s —0.18 0.36 0.55 0.02 ~0.40 0.31
Pre-P0Q p 0539 0.204 0.043 0.946 0.160 0.280
HR rirs  —0.35 ~0.24 0.31 -0.25 ~0.25 0.19
Po p 0226 0.416 0.282 0.390 0.390 0.526
AR s —0.03 0.05 0.16 0.20 0.08 0.26
P0-PS p 0929 0.869 0.588 0,487 0.798 0.366
ATMG-Dm 'rs  0.22 0.16 0.17 0.22 ~0.34 0.19
R-P1 p 0448 0.594 0.559 0.459 0.237 0.657
ATMG-Dm /rs  0.07 020  —0.17 0.20 ~0.07 0.20
P1-PS p 0812 0.493 0.565 0.493 0.811 0.498
ATMG-Dm T/ts  —0.13 -0.16  —0.16 0.06 0.09 0.07
PI-P10 0660 0.578 0.583 0.840 0.762 0.824
ATMG-Dm ©rs —034  —029  —033 ~0.06 0.32 ~0.38
P1-P1S 0231 0.314 0.244 0.840 0.259 0.183
ATMG-Dm T/rs  —0.07 0.06 0.05 -0.05 0.12 —0.11
P5-P10 5 0.805 0.840 0.870 0.870 0.678 0.707
ATMG-Dm ©rs —034  —009 017  -0.33 0.38 —0.45
P5-P1S p 0235 0.759 0.552 0.253 0.175 0.102
ATMG-Dm 'rs  —0.07 0.04 ~0.01 -0.43 0.44 -0.29

P10-PIS 03823 0.881 0.976 0.128 0.117 0.316
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Appendix 5: Continued

= 2 F 0§ Ei Z5

Z Z Z > wi f2

2 2 2 3 2 A =g

ATMG-Te rs —0.16 —0.27 0.1 0.17 —0.06 0.24
R-P1 p 0594 0.358 0.725 0.563 0.849 0.403
ATMG-Te Trs  0.15 0.37 0.01 —0.07 —0.12 —0.16
P1-P5 p  0.604 0.197 0.962 0.817 0.690 0.591
ATMG-Te Trs 035 0.38 0.11 —0.16 —0.03 —0.07
P1-P10 p 0227 0.180 0.714 0.573 0.911 0.805
ATMG-Te Trs 022 0.17 —0.20 —0.18 0.16 —0.37
P1-P15 p 0446 0.553 0.483 0.533 0.575 0.192
ATMG-Te Trs 045 0.56 0.23 —0.08 —0.10 0.10
P5-P10 p  0.107 0.039 0.433 0.782 0.738 0.733
ATMG-Te Trs 024 0.23 —0.14 —0.26 0.31 —0.47
P5-P15 p 0409 0.436 0.637 0.375 0.282 0.094
ATMG-Te Trs 004 —0.03 —0.23 —0.19 0.26 —0.45
P10-PI1S (899 0.923 0.427 0.523 0.365 0.107
r/rs  —0.55 —0.63 0.17 —0.30 0.01 0.30

RPE

p 0.040 0.017 0.570 0.289 0.966 0.298

BL = blood lactate concentration, CMD = countermovement depth, HR = heart rate, JH =
jump height, MCV = mean concentric velocity, MEV = mean eccentric velocity, MHD =
maximal horizontal displacement, MinEV = minimal eccentric velocity, NA = not applicable,
p = probability value resulting from correlation test, PO—P15 = measurement 0—15 min. after
the last intervention jump, Pre = measurement I second before the first jump, PCV = peak
concentric velocity, R = resting value, r = Pearson’s correlation coefficient, ry = Spearman’s
correlation coefficient, RPE = rating of perceived exertion, TMG-Dm = maximal muscle belly
displacement of m. vastus lateralis measured via tensiomyography, TMG-Tc = contraction
time of m. vastus lateralis measured via tensiomyography, TTPCV = time to peak concentric
velocity.
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Appendix 6: Correlation tests results — the second data collection

= =
& &
[ [ R D
E E .2 2 2%
= = R Z @ nZ
< o) (=% S X E g =< A,
= E = @n Q9 _— & [3]
3 o a 22 & @ 23
rirs  —0.25 -0.29 -0.12 -0.58 067 025
ACMD
p 0391 0.318 0.692 0.031 0.008 0.392
rirs  —0.48 -0.51 ~0.35 -0.16 -0.28 0.31
AMHD
p 0079 0.060 0.224 0.586 0.330 0.274
rirs  —0.46 ~0.49 -0.51 —0.18 ~0.46 0.08
AJH
p  0.100 0.078 0.061 0.530 0.098 0.794
rirs  —0.72 -0.43 ~0.42 0.03 ~0.30 0.28
AMCV
p  0.004 0.121 0.136 0.921 0.302 0.333
rirs  —0.57  —0.48 ~0.50 ~0.09 ~0.33 0.09
APCV
p 0.034 0.083 0.066 0.748 0.246 0.751
rirs  0.40 0.21 0.15 -0.12 0.03 -0.26
ATTPCV
p 0156 0.464 0.605 0.690 0.911 0.366
rirs  0.56 0.39 0.27 0.08 0.53 -0.18
AMEV
p  0.036 0.166 0.345 0.785 0.052 0.539
rirs  0.61 0.46 0.44 0.25 0.52 -0.02
AMinEV
p  0.020 0.099 0.114 0.392 0.054 0.942
ABL rirs  —0.12 ~0.48 -0.43 0.14 -0.18 0.33
R-P1 p 0671 0.084 0.121 0.624 0.541 0.250
ABL rirs 037 0.42 0.63 0.44 0.48 0.16
PI-PIS 5 0193 0.132 0.016 0.120 0.081 0.592
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Appendix 6: Continued

Z Z

g 2 - - %o

2 :otE xS

AHR  trs —0.80 ~0.45 ~0.35 0.39 0.06 0.65
Pre-P0 p  0.001 0.105 0.223 0.169 0.848 0.011
HR rirs  0.07 0.19 0.14 0.43 0.46 0.28
P0 p 0816 0.524 0.621 0.127 0.102 0.325
AHR /s 038 0.27 0.42 0.13 0.14 ~0.08
P0-PS p 0178 0.349 0.132 0.664 0.625 0.776
ATMG-Dm '/rs  —0.40 ~0.47 -0.48 0.03 0.01 0.06
R-P1 p 0162 0.091 0.082 0.917 0.969 0.840
ATMG-Dm /rs 001 0.33 0.27 ~0.10 0.11 ~0.26
P1-PS p 0964 0.254 0.701 0.728 0.716 0.368
ATMG-Dm /rs 054 0.53 0.38 ~0.06 0.09 ~0.36
PI-P10  ,  0.045 0.051 0.183 0.826 0.754 0.212
ATMG-Dm ©/rs 031 0.39 0.33 ~0.25 0.01 —0.18
PI-PIS 5 0282 0.167 0.254 0.384 0.977 0.537
ATMG-Dm 'rs 043 0.33 0.21 —0.01 —0.05 ~0.20
P5-P10 ,  0.123 0.249 0.473 0.964 0.870 0.497
ATMG-Dm s  0.17 0.12 0.10 ~0.15 ~0.06 0.02
P5-P1S p 0557 0.689 0.733 0.613 0.828 0.950
ATMG-Dm 'rs  —0.03 0.06 0.24 0.10 0.05 0.31
P10-PIS (917 0.852 0.409 0.740 0.864 0.288
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Appendix 6: Continued

z Z
3 3 g RN
ATMG-Te rs —0.01 0.11 0.27 0.04 0.27 —0.06
R-P1 p 0970 0.714 0.358 0.887 0.358 0.84
ATMG-Te Trs  —0.05 0.00 —0.17 0.11 —0.22 —0.03
P1-P5 p 0875 0.998 0.568 0.718 0.443 0.926
ATMG-Te Trs  0.03 —0.02 —0.15 0.08 —0.19 0.09
P1-P10 p 0929 0.958 0.605 0.775 0.523 0.759
ATMG-Te Trs —0.19 —0.24 —0.38 —0.27 —0.40 —0.05
P1-P15 p 0507 0.409 0.180 0.347 0.154 0.876
ATMG-Te Trs —0.15 —0.04 —0.15 0.33 —0.20 0.23
P5-P10 p  0.620 0.879 0.609 0.253 0.502 0.438
ATMG-Te Trs —031 —0.02 —0.08 —0.12 —0.28 0.16
P5-P15 p 0284 0.958 0.794 0.695 0.334 0.573
ATMG-Te s —041 —0.23 —0.39 —0.29 —0.23 —0.02
P10-PIS 0146 0.436 0.164 0.307 0.436 0.935
r/rs  0.14 0.23 0.19 0.23 0.72 —0.07

RPE
p 0.640 0.420 0.505 0.424 0.003 0.805

BL = blood lactate concentration, CMD = countermovement depth, CMJ = countermovement
jump, HR = heart rate, JH = jump height, LVP = load-velocity profile, MCV = mean concentric
velocity, MEV = mean eccentric velocity, MHD = maximal horizontal displacement, MinEV =
minimal eccentric velocity, p = probability value resulting from correlation test, PO—P15 =
measurement 0—15 min. after the last intervention jump, Pre = measurement 1 second before
the first jump, PCV = peak concentric velocity, R = resting value, r = Pearson’s correlation
coefficient, rs = Spearman’s correlation coefficient, RPE = rating of perceived exertion, TMG-
Dm = maximal muscle belly displacement of m. vastus lateralis measured via
tensiomyography, TMG-Tc = contraction time of m. vastus lateralis measured via
tensiomyography, TTPCV = time to peak concentric velocity.
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Appendix 8

subgroups comparisons for performance during 50 continuous CMJs

pup 1omoj = [DH) pub [DT ‘Ajaanoadsa. ‘sdwnl uoyguaaioyul a4a1f jputf pup [o1jiul fo anjpa 9304240 = () [ £ puv [L) 2z1s 102[fo 3 5,03pa] = 3

“dnoa3qns urygn [ 5 uvyj jua.4affip
Auuoorfiuds = | ‘dnos3qns ssoudoaajs 1oy3ry uvyj juaid ffip Aqpunorfiudis = 4 ‘Ajaargoadsas Toatapul 20uap1fuod 9 ¢6 Jo sy 4addn

99°C €00 €Tl 18T ¢€I'0 L¥'T 0ST 680- 1€0 800 F2LO0 9L0°0 F160°0 019-19
~ — ~ ~ ~ ~ - - - : - - 1 - - AJO0[2A JALNUIIUOD
el S60— vT0 SS0°0 F65€°0 YL0'0 F9LE0 01O yeod o aun,
- - - - - - 671 80'1- 010 ¥¥0°0 F L8T0 8€0°0 FT8T0 |£9)
eLe IL0 TTT ¢6'¢ €80 8¢T ITI LI'T- TO0  SYEOFIVLO— [TE€0FEELO—  OID-1D
\ _ \ _ \ _ ) . 0 1zsc . 1761 ) Apooron
0¢'lT 80— 110 CSE0FICSC Y61°0 F L8Y'T 01D AEONO0D N2
- - - - - - €L 90'1- ¢I'0 LSTOFT9TE 7SE0F0CTE 1D
0ee S0 88T +0'E 620 991 w1l S6'0— STO 910 F9C€°0— €60 F68¢0—  0ID-1D
_ _ _ _ _ _ . . . I . . ¥ ) - Apoopon
18T 190- 090 8LT'0F9¢9°1 L6L00F9YST 0o SHIIIOUOD UEI
- - - - - - 0€'l 80'I- 110 6ET0F 196'1 Y6T°0 FSE6'T 1D
096 TLT 99¢ 6SY 6I'l 68T CTTIT SI'l— €00 6900FSLI0— 9L0'0 FTLT'O—  0OID-ID
- - - - - - 61 601- 010 1TSO0F¥ITO  18£0°0F 6070 01D wW3toy dumng
- - - - - - e 90— €10 ¥€0°0 ¥ 88¢°0 890°0 F 18€°0 |£9)
8T TI'l- 600 0ST 680-— I€0 8ZI OI'lT- 600 990°0 F +00°0 ¥¥0°0 F 600°0 019-19
~ \ ~ - ~ o . ) . ; ) ) ) Judwdedsip
6T €50— 690 620°0 F8CI°0 SE0'0 F+01°0 01D [BIOZLION [EIXE)
- - - - - - 86’1 8¥'0— SLO LY0'0 F+¥CL°0 0200 F+60°0 1D
06'T +¥S0— 890 00C 9¥'0— LLO 0¢T 80'I— 110 0ST'0FLLOO 6€0°0 F+90°0 019-19
_ _ \ _ — - . . ) . : ) . pdop
6l 660— 0T0 1’0 F00L°0 6800 F ¥L9°0 01D JUOLISAGULIZNNO.)
- - - - - - el 960— €70 8€0°0 F €790 €900 F019°0 1D
DN T 8§ DD DI 8 DA DT 38 ssoudoa)g ssoudadyg
B Iy S dqeUEA
ssouda9)§ 1amo| ssoud 991§ 19y onis YA "1 YsIH duuLy, yuapuadaq
71S 1291y sdnoaSqng ungIAp sdnoa3qng uaamyag ds ¥ uedy dnoa3qng

175



Continued

Appendix 8

‘dnoa3qns uryum [J 40 OJ uvyj juaaffip Ajpuvorfiudis

= F ‘dnoa3qns urynm gy d 10 y uvyy jua4affip quvorfiudis = | ‘dnoi3qns urynm 1o uvyjy juaaffip quvorfiudis = ;| ‘dnoi3qns ssoudaajs
A2Y 31y uvyjy U2 [fip AIuUvI1fiusis = 4 ‘anpa Suiisad = Y ‘duwnl uoruaidgul [p1jIUl 2YJ 2.40f2q pU0IdS [ JUIWDANSDIUL = T J ‘AJ2a110adsa.4

‘dum( uonua aqa1ui pputf ayj 421fv sagnurut ¢ puv ‘O] ‘S ‘I ‘O Mow2NSVaUL = C[J pUv ‘SJ ‘Id ‘0d ‘JPA2IUl 20UdPLfil0d 94 GG fO Spully

daddnyiomo] = [D/IDT ‘Aparpoadsat ‘sdunl uorjuaatojur aarf jputf puv (prjiur Jo anpa a3n.42ap = () [H puv [D) ‘2218 102fJo 3 S,03paf] = 3

S09 t6'1 ¥ €801 CI'y L¥L ¥ST 680- +v€0 8V ST FLIOV8— Yy'LF L108— 6d-0d
SO vVl STE¢ Loy 6¢1 8I't €LT 690— TS0 €L°61 F0599 89T FLI'9S 0d-2dd
- - - - - - ITT 9I'T- €00 %8S ITF0096 %L 1101 F0S°S6 Sd el JedH
- - - - - - TST L80- €€0 +8TLIFLYOST  +696FLYSLI 0d
- - - - - - el S6'0— $T0 OV 0CFLIPII 16'0C F0S°611 qHdd
LT IL0- 6¥0 8CTI OI'T- 600 +9T 9L0— ¥¥0 0S8y F €891 0LEEFLIECO- Sld-Id
8CCl SLY 18 o6Fv 9¢1 ¢€I't 1PVl L60— TTO L8ETF0S0°6 LYSEFLIV'S Idd
98'1 LS0— S90 +ovTvFeesTl  LOISTFLIOOI Sid HOTRISMOD
- - - - - - — ¥ F
el pooig
- - - - - - LET T0T— 810 +SSCTF0S80I 4 99%°€ FELE01 Id
- - - - - - el S6'0— vCTO0 €0€°0 F 0081 [LSOFLIOT d
- - - - - - 1T LOT- CI0 €€0'T FL99°8 CLY' T F€£8°8 0d Hdd
9Tt 960 95C 89T 600 LET T9T 8LO- TFO 91¢€'0 F9¢S0 96€°0 FSLEO 01D-1D
_ _ _ _ _ _ . . . T . . ¥ ; ) Aoojoa
9¢'1T TOI- LTO ILT°0F 109°C— 8970 F 6SS°C— 0ro SLID009 [ELUUI
- - - - - - €0'C €¥'0— 080  LOTOTFLCIE— LETOF¥E6'T— [£9)
¥9'l 9L0- ¥¥0 LT 1L0- 0S50 ¢TCTLl O9I'l- €00 LIE0FSOT0 6¥C°0 F960°0 019-1D
) ) ) ) ) ) : Apooron
19T 6L0— I¥0 6TCT0F0691— LET'OF909°T— 01D A9 UL\
- - - - - - 19T 6L0- I¥0 TITOF96LT— CITOoF 0L 1- D
DD DI 3 D1 DT 38 Dn D1 8 ssoudaag ssoudaayg
19M0 1043 JlqELEA
ssauda9)g aamo ssoudad§ 19y s YT T YosIH duuly, yuapuadoq
a7Z1S 1991 sdnoaSqng unpIpg sdno3qng uaamnyog ds ¥ uedA dnoiSqng

176



‘Ajparpoadsa. ‘dnosdqns uynn Oy g puv ‘cq ‘1d uvyi jua4affip uvorfiudis = o puv ‘q ‘v

fdnoadqns urygm Y uvyj juasaffip Auvorfiudis = [ ‘dnoudqns ssoudoays 1oy31y uvyy juaidffip Aqruvorfiudis = . ‘Juowaov)dsip Ajjaq aposnu
Aydpi3odworsua) = wq-OW L onpa utjsad = Y ‘Ajaaroadsas ‘dwnl uonuaaiapul jpuf oy 421fv agnuiut ¢ puv ‘O ‘G ‘T JU2WNSvau

= CId puv ‘0Id ‘Sd ‘Id ‘Goanoadsas ‘atajur 20uaprfuod 9 ¢6 o spui] soddn puv 1omo] = [)) puv [T 2218 192)fo 3 5,08pof] = 3

Continued

Appendix 8

IT1 LT'l- T00 8T1 OI'l- 600 S€1 €01— 910 ¥9¢€°0 F 8¥0°0 LST'T F00C0 S1d-01d
€l vI'l-= S00 8TI OI'l- 600 OST 680— I1€0 €IL0FECI0- S9T'1 F81T0 S1d-Sd
ST1 €I'l= 900 6I'T 8I'l- 100 O0ST 680— 1€0 10S0FCLIO- §79°0 F810°0 01d-sd
Wl 96°0— €70 S81 6S0— €90 861 8¥0— SLO ITL°0FL8S0 796'0 FSLT'L Sid-1d
61 660— 0CT0 CTLT 690- TS0 861 8¥0— SLO 0290 F8¢5°0 T10L°0FSLO'T 01d-1d
Pl S60— STO 991 SLO— SPFO 991 SL'0— 9%°0 ¥29'0 FOIL0 YLL'OF LSO'T ¢d-1d
6L'T €90— 850 1IvT SI'0— €I'l €51 980- +vE€0  6ETTFLIVI- 18T 1 ¥T780C— 1d-d MO
- - - - - - 181 T90- 650 981'CTFE9L'E LY6'1 F €60°S Sid
- - - - - - 89’1 TL0- 8t0 69V T FSIL'E LYO'C F €68°Y 01d
- - - - - - ¢S'T S80— ¢S€0 IPLCTF L8 E 697’ CF SL8Y ¢d
- - - - - - 91 T60— LTO OLSTFLLT'E 6LL'T F8ISE Id
- - - - - - 061 $S0- 890 016’1 ¥ €65 1291 F006°S d
DD DI 3 DA P13 Da DT 8 ssoudodyg ssoudadyg
ssoudo9dy§ aamoy  ssoudadg Iy ans 1IPA e | SELE§ | Ly, ahm_.””ﬂwwwﬁ
az1S 1931 sdnoi3qng unpipn sdnoi3qng uaamyag ds ¥ ued\ dnoasqng

177



Continued

Appendix 8

‘Ajoargoadsaa ‘dno.adqns uiynm 14 puv ‘cd ‘[ uvyy jua4affip qauvorfiudis =

o puv ‘q ‘v ‘dnoa3qns urym Yy uvyj juaiaffip qruvorfiudis = [ ‘dnousdqns ssoudaays 1oy31y uvyj juaidffip quvorfiudis = . oui1) UOODAIUOD
Aydp.aSodwiolsua) = 3[-D L ‘anpa Suijsal = Y ‘Ajparpoadsad ‘dwnf uornjuaaiojur jputf ayj 423fv apnuiuL §J puv ‘OJ ‘c ‘[ JUdWANSDIUL

= CId puv ‘01d ‘Sd ‘Id ‘Ajaanoadsas aiajur 2ouaprfuod 9 ¢6 o spuiyy 4aoddn puv 1omo] = ) puv [T 2z1s 102[fo 3 5,03pof] = 3

'l SOI—= ¥I'0 90C TP0o— 780 6¢€1 660-— 0C0 CI6'T F LOS'] L90°E€ FLI0°C SId-01d
IST 880- I€0 1ICC 0€0— 90 oY1 060- 0€0 PoEE F8EC'E LYY TF LT S1d-Sd
LT T10°1— 810 I€T 90'1— CI'0 $0OT €V0- 180 6681 FCE8'I [TS'T FSTE0 01d-Sd

8¢l 00— 610 SE€ET €0'1— 910 8¥'1 T160- 6C0 ¥9S 9 FCICTT 8LEEF LSO SId-1d

SCr CI'l— 900 09T 080- O¥0 191 6L0- 1Iv0 LSY'S FS0L0 8CEY F 08V’ I— 01d-1d

o€l 80'I— TII'0 691 TLO— 6v'0 LET 101— 8I'0 SI6EFLTII- I71°€ F 5081~ Sd-1d
¢Sl L80— TEO 091 080— 0F0 SST 680— SE€0  S8LOFELSE— €€9° € F€0S'T- 1d-d PLONL
- - - - - - LET 1071= 8I'0 TTLOIFO00£9C  9ITTFSISYC Sid
- - - - - - 91 €60— 9T0  6£8°6FCO6L VT 0€r'C F8YL'CT 0ld
- - - - - - 97T 1II'l- 800 L88'8FT96TCT 4+ L6CTFETNTT ¢d
- - - - - — 0Tl LI'lI- T00 66C0IF880F¥C  60CYF8ICTYC Id
- - - - - - €'l S60— $TO0  LCIOLFT99LT 9TV TF TEL'ST d
N DT 8§ DA DI 3 PN DT 8 ssoudaag ssoudadyg
ssaudao)§ oMo ssauda9)S 1y ans 1A 1Mo JYSIH auLy, HMMMMMMWQ
1§ 399 sdnoasqng unpia sdnoi3qng uaamnyag ds F ued\ dnoasqng

178



A2M0] = [ puv [T ‘Aoarpoadsaa ‘sdwunf uorpuaaiajur aarf jpurf puv jpijaul Jo anjpa a23n4240 = ([ D puv [5) ‘2z18 192fJo 3 5,03pof] = 3

‘dno.3qns urypm 15 uvyj juaaffip
Apuporfiudis = | ‘dnoa3qns dwn{ 1oy3ry uvyj juaidffip quunorfiusds = 4 ‘Ajoarpoadsat atajur 20uaprfuod 9 ¢6 o spuiy Loddn pup

179

v
2,
2 80C OF0— ¥80 6TC €T0— €01 ¥l S6'0— $T0 SLI'0OF8CILO PITOF6LI0  OID-ID
= - - ~ - - ~ - - - - - - - KJIOO[OA OLIUSIUOD
.w V'l L60— TTO  S6L'0F ¥y 0 €CTOFSLYO 01o yeod 0 oy
H - - - - - - ITT 9I'l- 200 I¥0°0 F96C°0 ¥70°0 F S6T0 D
o
m S6'C €0 6S1T &Y O9I'l ¥8CT SL'T L90- ¥S0 VISOFYOLO— ¥IP0FC660— 01D-1D
) : ) ) ) ) : Ayoon
E - - - - - - S€1 €0'1- 910 f9IS0FvrET fLOVOFYIYT 01D SLIIGA0 Yeoq
W 4 - - - - - - LL'T T1'0 v¥1T  «19C0F6¥0°c  SOTOFSIVE D
ml m €T 8T0— 860 10¥ L8O ¥rT 961 6¥0— ¥LO0 96£0F80E0— 06C0FS8S0— O0ID-ID
sy ——————————————— ——— —— foojon
.m m PPl v60— STO  LECOFSEST 9970 F 9ISt 01D SLIUAIOD UBOJ
w.. = - - - - - - PI'T SE€0 680 vETOFOPSI Y910 T 1¥0°C [£9)
N
m m ITy 860 6ST 089 0€T SS¥ LLT S90— 960 L8O'OF09I'0— $90°0F90C0— 0ID-ID
=
.w @ - - - - - - S¥T 60— STO 1L900F161°0 16V00FLOTO  OID Wa3tey dumy
o0
.m = - - - - - -  08C TI'0 9¥1 «SYOOFISEO €€O0FVIVO [£9)
=
<
= _.w 19°C 000 0€1 LLT S90— 9S50 8CTT STO0- 101 €700 F€€00  TSO'0F0C00— OID-ID
g 38 : : : : ; : : w0 dsip
s = - - - - - - €€T SO'I— #1'0 $8T00FTTI'0  0£00F8II0 01D
< = JeIUOZLIOY [eUIXBIA
2 m - - - - - - S6T €0 65T %8I00F6800 SEO0FSET0 [£9)
S
w pm 0F'C 91°0— CTI'T 0ST 680— 0€0 91T €€0— 160 0TI'0FCCIO 190°0 8200  0ID-ID
= @ do
= = _ _ _ _ _ _ ; N ; ; ; . ; pdop
2 = 09T 080- 0F0 STI'OFIPLO LOT'0 F689°0 01D JISUI3AOULIAINO)
n.n. ﬁ - - - - - - P81 660- €90 L900F8I9O 650°0 F199°0 £9)
a =
2 32 DD DT 8 Pa T 3 P11 3 dumg dump
c 5 dqeres
m M.. dump xomo| dum g 1oySrg oS Py 1Mo T3t auuly, Jopuadaq
Ann.. m 7Z1S 1291y sdnoaSqng unyAp sdnoi3qng uaamyag ds ¥ uedjy dnoiSqng



Continued

Appendix 9

= IDNVIDT ‘Aqaanoadsa. ‘sdwnl uorpuaaiajur aa1f jputf puv [pijiul fo anjpa a3v424v = ()J 5 puv [5) ‘2z1s 102[f2 3 S,03paf] = 3

“dnoa3qns urynm [ g 10 (J uvyi jua4affip Aquuvorfiudis = £ ‘dnoi3qgns uryjm
T 40 Y uvyj juaspffip qaunorfiusdis = [ ‘dnosdqns uiypon [0 uvyj jua4affip quvorfiudis = ; ‘dnoidqns dwun( 1oy31y uvyj juaioffip
AuodLfiudis = . ‘ongpa uisad = Y ‘dunl uonuaaidjul [p1jIUl 2y 240f2q pUOIAS [ JUMNSVaUl = I J ‘Ajoarpoadsaa ‘dwnl uorjusaqajul
Jourf ayj 4a3fo sojnuiut CJ puv ‘O ‘S ‘I ‘O Juouansvoul = CJJ puv ‘sd ‘Id ‘0d ‘Jpadaiul 20uaprfiod 9 ¢ Jo spuy 4oddn/iomop

€68 I'e ¢8¢ 799 TCT Ty S91 9L0— Sv0 10CIFESPS—  SI'CIF009L— Sd-0d
800I 6L°¢C ¥69 €8¢ LLO 0¢€C vl S60— +vC0 «v0vIF00€EL 88 VI F €8'8Y 0d-Hdd
- - - - - - PPl S60— $C0 Zx86VIFEES6 KILLI FLI66 Sd ILABRI]S |
- - - - - - TST L80— €€0 +LSLITFLIO8T +TLEIFLYSLI od
- - - - - - 8CT ¥T0— T0'1 TT°LFLT°LOT €IV F €8°9C1 Jdd
61 660— CTO0 8€T LI'0O— OI'T L8T LSO— S90 196y FLILO LTLTFEEST SId-T1d
80'IT €Y S9L €98 SI't 68S 68C 610 ¥S'1 L96°] F €80°6 0081 F€8S°8 Id-d
- - - - - - 9 ’ ¢ Ny £8¢° Lgee ’ S HOREALaseD
IST 880— ¢C€0 €SP FE8CTI 8CCTF €EV'CI Id are1E poog
- - - - - - IST 880— I€0 LI TFLISOI +S88TF00E0I Id
- - - - - - ¢l 90'1- €10 LT90FE8L' 9CTOFLILI A
- - - - - - I€T LOT— TI0 90S'T ¥ L99°8 £€86°0 F €€8'8 0od ddd
Iyc ¢1'0 €I't 96¢ ¥80 O0OFC +0C €0 080 9160 F €9¢°0 LYV 0 F¥8L°0 0ID-1D
_ _ _ _ _ _ . . . . . ¥ 0se . Ao
¥0C €0— 180 SO0E0F 9 C— 0S€0 F8SE€T— (1159 ALUA903 [
- - - - - - L9T ¥YLO— 9Y'0 L8TOFLOOES— E€VTOFIVIC— D
LTT OI'l- 600 68C 610 +vS1T +0CT €v0— 080 €LE0TFCT00 90€°0F 1CE0 0ID-1D
~ — — — — — ; ; . ; = 1otz ) Ayoojen
ITC 0€0— 960 6CCTOFOILI— 9CTOF VLY I— 01D AL UL
- - - - - - SP'T €60— 9C0 €CLTOFEEL'T— ISTOFS6L - 1D
DD DI 3 DA DI 3 DPa D1 38 dump dump
dump xomog dum p 1oy 3y 1m0 1Yy Iy, SIqBHEA
: AZIS I : aﬁ@@ﬁ@&@ﬁ
71§ 1931y sdnoxSqng unpag sdnoi3qng usamyag ds ¥ ued\ dnoisqng

180



‘Ajoargoadsaa ‘dnoadgns urynm )y g puv ‘cq ‘[d uvyj juaaffip uvorfiusis = o puv ‘q

‘D ‘dnoadqns urynm y uvy) juas2[ffip qauvorfiusdis = [ ‘dnosdqns dwnl 1oy3iy unyj juaia[fip AJqupvorfiudis = , ‘Juaw2ovdsip Ajjaq ajosnu
Aydva3odwolsual = w@-On L anpa Sutisad = y ‘Aaapoadsas ‘dwnl uonuaaogul jputf ayj 423fv apnuruwl §J puv O] ‘c ‘I JU2W2ANSVIU
= CId pup ‘0Id ‘Sd ‘Id ‘Aoaroadsat pata3ur a20uaprfitod o ¢ Jo spul) 4oddn pup 1omo) = [ puv [T ‘2z1s 102fJo 8 S,03paf] = 3

Continued

Appendix 9

€e'T SO'I- $1'0 TTT SI'T— €00 +ST 980- #E€0  SEI'TFCSEO0 €ECOFEYO0  SId-0Id
T SI'T €00 6€T1 660— 0C0 SE€T €0I— 910  06€1F8800 SPE0FS9T0 G1d-Sd
6CT 60— 0I'0 9¢1 CO'I— LI'0O 1I€C TCO— SO'T 88Y'0F€9C0— LSE0FTCCTO 0Id-Sd
CST L80— TEO L6T 8Y0— ¥LO SET €0T— 910 89T T F8080 06£°0FL96°0 SId-1d
LET T0T- 810 ¥6'T 1IS0— TLO 60C 6£0— S80 6V 0FLSYO 8GS 0 FE€T60 01d-1d
'l €60— LTO SLT L90- +vS0 CTCI 9I'l— €00 ITL0OFO0CLO €0 FT0L0 Sd-1d
Wd-one
€6'T TS0— 0L0 80CE 1I€0 691 6V1T 060— 670 O0LTTFOPLT— T16€1F8CLET— 1d-d
- - - - - SE€T €0'1— 910 8STTTFLSIV L1TT ¥8€8°¢ SId
- - - - - 61'T 8I'T— 100 S8TTFS08€C L8T'T FS6LE 01d
- - - - - IV'T L60— TTO E9CF890Y 61T T FELSE Sd
- - - - - ST 960— $C0  TSCTFYEE L E8I'TFCUUST Id
- - - - - ¥l €I'l= 900 €0TTF880°¢C ¢SET F00CTS k|
Dn DT 3 PN D1 nn D1 8 dump dumg
dump xomo dump 1oySig 1Mo Ty ouny, SISHEA
: IZIS 1 : yuspuadag
71§ 1931y sdnoxSqng ungag sdnoigqng usamyag ds F uedy dnoidqng

181



‘Ajoarpoadsad ‘dnosdqns uynm 01 J puv ‘q ‘1d uvyi juaaffip uvorfiudis =

2 puv ‘q ‘v ‘dnoudqns uryjn Y uvyj juasaffip Apuvorfiusis = [ ‘dnoisdqns dunf 1oy3iy uvyy juaidffip quvorfiusis = , ‘2uil) UOIDLIUOD
Aydva3oduwoisua] = o[-DW [ ‘anpa Suipsad = Y ‘Aaargoadsaa ‘dwnf uorjuaataiul [putf ayj 423fv apnutui §J puv ‘O] ‘c ‘J Juauia4nsvaul
= CId pup ‘0Id ‘Sd ‘Id ‘Gaanoadsas ppatayur 2ouaprfiod o ¢4 Jo spudl] 4oddn puv 1omo] = [ puv [T ‘221S 102fJo 3 S,03paf] = 3

Continued

Appendix 9

IF'T 860- TCO LET 101— 810 1ILT TIL0— 0S0 Ob9€FTETT  TITIFEILO SId-0ld
€T 98°0— €€0 OLT TL0— 0S0 09T 080- 0v0 661'€FL8TE  806CTF8I6T  SId-Sd
6TT 80'T— 110 95T 80— 9€0 9TT II'l— LOO IPLTFSSOT  T96TFSOTT  0Id-Sd
0TT 8I'T- 100 SET €0T- 910 €€T SOT— +I'0 96SSFLOIO— [169F8980  SId-Id
OF'1T 860— IT0 ITT LI'T- TO0 191 6L0- I¥'0 LYWV F8EET— 09T9FSOI'0  OId-1d
ST L80— TEO0 €T S60— $TO €LT 690— TS0 LOYEFE6EE— SI9YFOOI'T-  Sd-1d
STT €U'1- 900 L8T LSO0— S90 89T €L0- LbO YO6LEFOPO0- LEILFO08SE—  1d-¥ SLONL
- - - - - 18T 190- 090 L6E6FELTST I9vvFS8F'€C  SId
- - - - - 9T 8L0— THO IEL6FTHO9T  9ISEFTILTC  0ld
- - - - - OL'T 1L0— 0S0 6SL'SFLS6VT LO9TFLISIT sd
- - - - - S8'1 8S0— 90 ¥SSOI F8E8T  LSESFLIOTT Id
- - - - - PS'lT S80— SE0  EFS6FOT06T  9IYL't F L61'9T A
Da DT 3 D1 D1 na 101 dumg dumg
dump 1omory dump xoySiy s P Jamo REUE]) S| aury, aMMn«_._M\w
puadaq
21§y sdnoaSqng umynm sdnoidqng udamyog ds Fued\ dnoisqng

182



formance

jump per

pup 4omoj = [ pup [DT ‘Ajaarpoadsal ‘sdwmnl uorpuaaiogur aarf jourf puv jo1jaur Jo anjpa 2304240 = ()[ D puv [£5) ‘2z1s 102ffo 3 5,03paf] = 3

“dnoa3qns urypm o uvyj
Juadaffip Appuporfiudis = f ‘dnoudqns dunf 1oy3ry uvyy juasa ffip Apuvorfiudis = 4 ‘djaargoadsal qoadajur 20uap1fuod 9 ¢6 fo sy 1oddn

183

Results of between and within countermovement

Appendix 10

subgroups comparisons for performance during 50 continuous CMJs

0C ¥0— 6L0 1€C CTT0— ¥0'1 O0ST 680- 0£0 8LI'0OFICIO 0IC0F 9810 01D-19
— — — — — — X X - - - - X AJO0[A JIUIIUOD
el 90— €10 Y610 F0EY0 0€C°0 F09%°0 01O syeod o aun,
- - - - - - 00T 9%0- LLO 1S0°0 F80¢°0 6200 F¥LTO D
¢6'c IT0 961 €0S eVl €T¢ 80T OF0— +80  S6v'0FLY90— ¢er'0F890'I-  0ID-ID
_ _ _ _ _ _ . . . I . . ¥ B - Ayoo[oa
STTI CI'l— LOO LLYOF 1EV'T 60Y°0 F 66€°C 015 ATRU0D Ned
- - - - - - SI'E S€0 SL'T  xSSTOFBLOE 6€1°0 F L9Y'E D
€CC 8T0— L60 6SY 0TI 68C o6I'C T&0— €60 96¢£0FS0€0- 8YCTO0F0r9°0—-  0ID-1D
_ _ _ _ _ _ . . ; . . ¥ . ) Ajoopoa
IS'T 880— T€0 LEEOF SPS'T Y9T 0 F Iv¥'1 015 SEOUOD UBOJ
- - - - - - e €1'o— 911 €ETOF 0581 SIT'0FI180°C D
vI'v 60 +vSC II'L S¥YT 8Ly TCCT 60— 960 080°0Fo6vI0-— L90°0 F9CC0-  0ID-1D
- - - = = = g€l S0I- ¥I'0 II900F50T0  I¥S00FLEIO 01D Wstoy dumg
- - - - - - L6'C ¥T0 09T  %9¥0°0 F¥SE0 0€0°0 FTCY0 1D
0€C €C0- V0T <CI'C LEO— L8O 08C €10 9%1 «TP00F0€00 6€00F¥€00—  0ID-ID
- N - N - N : : . ) . ) : Juawogdstp
CI'c LEO0- 880 €00 F8CI°0 8200 F860°0 015 [PIUOZLION [PUIXEI
- - - - - - 9TCT 970— 001 810°0 F L6070 [¥0°0 FTET0 D
¥0'C €¥0— 080 SPI €60— 90 6L T €90- 850 080°0 FCLO0 1900 F L200 01D-1D
- - - ~ - ~ . . ) . ) ) . ypdop
ST #80— 9¢0 160°0 ¥90L°0 SIT°0F599°0 015 JUOLIOAOULISNINO.)
- - - - - - ST ¢I'l—= 900 L0°0 F¥€9°0 6900 F8£9°0 D
Dn DT 3 DA DT 3 PN P13 dump dump
dwnp aamoy dump 19ySiH damMo] JYSIH L], SISHEA
I ZIS 1PA . judpuadaq
371 19313 sdnoxSqng urpIag sdnoa3qng udomyog ds F uedJj dnoidqng



Continued

Appendix 10

‘dnoa3qns urym g 40 )J uvyj juaiaffip Auvorfiudis

= # ‘dnoa3qns urynm gy d 10 i uvyjy jua4affip quoorfiudis = | ‘dnos3qns urynm 1o uvyy jua4affip qruvorfiudis = ;| ‘dnos3qns dunf

A2Y 31y uvy) Juaaffip AauvoLfiugs = , ‘onpa uigsad = y ‘dwmnl uonusaidjul [p1JIUL 2y} 2.40J2G PUOIIS [ JUIMDUNSVIUL = Ty J ‘A]oA1302ds2.4
‘dwmnf uoryuaaqajut purf ayj 423fv sagnurud CJ pup O ‘S ‘T ‘0 JUdWANSVIUL = C[J PUD ‘SJ ‘Id ‘0d ‘JPAL21ul 20Udp1fii0d 9 GG JO Spuly
daddnjiomo) = [D/IDT ‘Ajaarpoadsad ‘sdwn( uorjuaatojur aarf jpurf puv pijiul fo anpa a3v424p = ([ D puv [5) ‘2z1s 10afJo 3 S,03paf] = 3

65L L9T E€I'S o6CL ¢€ST 16y L¥1 T60— 8TO0 6CYIFER18— [TCTFESLL- ¢d-0d
LSL 99T II'S 1€y ¥0'l 89T ¢SST +00 9T1 8 v1 FL1'89 89Vl F €C8Y 0d-ddd
- - - - - - S9T 9L0— SY0 XTTYIFLOI6 %t €6°LIF0S66 Sd 9)el JBdH
- - - - - - LY'T T60— LTO LTTSIFOSELL LI€01FECLL 0d
- - - - - - L9T 00 SE€T  xSP8FECSOI ITTITF006C1 Hdd
LTT OI'T- 800 SOT ¢THo— 180 LLT S90- 950 00¥'¥ F00€°0 OVL'CF LISC Sid-1d
L8Ol ¥I'V 0SL 999 €T ¥y €81 090— 190 86T F €€1°6 CIETFOOL'L Id-d
- - - - - - TET 90— €10 LITFPFOSECIT 4 6vE€F006'11 Sid ToNuAeaen
918108 pooig
- - - - - - $0T €0- 180 L9LVTFOSOTIl  +TSTTFESE6 Id
- - - - - - 69T CTLO- 6¥0 88S°0 FLI6'T Y0C0 F €89°1 d
- - - - - - el 960— €70 9061 ¥ L99'8 S60°T 0006 0d Hdd
9¢'C v00— 9CT T&v ¢SOT 89T 60T 6£0— €80 6050 F 6010 6170 F0v8°0 019-15
~ | ~ - ~ - . ) B } t gpe ) Ayoopoa
v6'l 1S0— 1IL0 I1€°0FS6ST— Y0 F IvET— 01D SLIIID009 [AUUI
- - - - - - 981 850- ¥90 88CTOF+00¢— SITOF181°¢— D
8S'1 T80— 8€0 9¥'c 660 10C [II'C LEO— L8O 10€°0 ¥ 6600 0LT0F89¢€°0 019-15
Aypoopoa
- - - - - - $6'T 1S0— TLO 88I'0FHC91-  19TT0F€9¥ 1 01ro ALIUO000 UBOJ
- - - - - - 69T CL0— 8V0 18CTOFECLI- 6L0°0 F1€8°T— D
DD DI 8 DA DT 8 DA DT 8 dumg dumg
dump xzomoy dwmp 19ySiH 1Moy JYSIH Ly, SIqEHEA
! AZIS 193_A ; judpuadaq
az1S 1931y sdnoi3qng unpian sdnoi3qng uaamyog ds ¥ uedy dnoi3qng

184



Continued

Appendix 10

‘Ajaarpoadsaa ‘dnoadqns uiypm o1 J puv ‘cd ‘[d uvyj jua4affip auoorfiusis = o pup

‘q ‘v ‘dnoudqgns urynm y uvyy juaiaffip Apuvorfiudis = J ‘dnoidqns dumnf 4oy3ty uvy) juaia ffip qauvorfiusdls = , Juawaovjdsip Ajjaq ajosnu

Aydp.aSodwiorsua) = w@-HJ ‘anpa 3uisal = Y ‘aanpoadsad ‘dwnl uorjuaaiajul (putf ayy 421fv agnuiut §f puv ‘OJ ¢ ‘| JUdwanspaul

= CId puv ‘0Id ‘Sd ‘Id ‘Ajoanodadsas aiajur 2ouaprfuod 9 ¢6 o spuil] soddn puv 1omo] = D) pub [T 2z1s 102[fo 3 5,03pof] = 3

S€T €0'1— 910 ITI LI'l- TOO 691 TLO— 8Y0 0€T'T FT6£°0 9670 F0v0°0—  SId-0ld

Yol €l'l= 900 <TC1 9I'l- €00 9T1 <CTI'l- LOO OLETFLYTO YEL'0FS90°0 S1d-Sd

87T OI'T- 0I'0 €T1 ¥#I'l-— SO0 6L1T +¥90- 850  SLYOFSYTO-— LEY0FSOT0 01d-Sd

VT T6'0— 8CTO OLT 1IL0-— 6¥0 O0ST 680- I€0 YSTTF899°0 TLEOF8L6O S1d-1d

0l 80'I— II'0 ILT 0L0— IS0 6T¢ tF0 L8T  %8IC0FLLTO 01+'0 F810°1 01d-1d

6¢'l 00T— 0T0 09T 080— 00 681 SS0— L90O §TS0FTTS0 TSSOF €160 ¢d-1d

65T 180— 6£0 69T 6S00 LET €I'T 9¢0— 680 SI8TF8LO60— 90T 1 F €IV - Id-d HAONL
- - - - 9Tl CTI'l-= LOO 0ITTF06¢Y 8SLTFEVTY SId
- - - - 'l 90— €10 8STTF866°¢€ LTS F €8TV 0rd
- - - - 1T 9I'l-= 200 YEQT F VTP 90€TFS8LIY ¢d
- - - - 6€'l 66'0— 0T0 9STTFTILE L €88 T F69T°€ Id
- - - - SL'T L90— +S°0 YITTF0S9Y 91€' T F8L9°S d

Dn DT 3 DA DT mn D1 3 dump dumg

dump 1omoy dum g 1oySiyg s P Jamo| JYSIH au, o_nnt“_w\w
: judpuadaq
371§ 19313 sdnoxSqng urpIag sdnoa3qng udomjog ds F uedJA dnoidqng

185



Continued

Appendix 10

‘Ajoanpoadsaa ‘dnosdqns urynm Oy g puv ‘cd ‘[d uvyj jua4affip qjuvorfiusis

= 2 pup ‘q ‘v ‘dnoi3qns uryum y uvyj jua4affip quvorfiudis = | ‘dnos3qns dwn( 1oy3ry uvyj juatdffip AIunoLfiudls = 4 ‘2] UOIIIDAJUOD

Aydp.aSoduwiorsua) = 31-DJN L ‘danpa Suijsal = Y ‘Ajparpoadsad ‘dwnf uornjuaaioyur jpurf ayj 423fv apnuiue ¢J puv ‘OJ ‘c ‘[ JUdWANSDIUL
= CId puv ‘0Id ‘Sd ‘Id ‘Ajaanoadsas aiaiur 2ouaprfuod 9 ¢6 o spuiy aoddn puv 1omo] = 1)) puv [T 2z1s 102[fo 3 5,03pofy = 3

Pl S6'0— STO0 €¥'1 S60— ¥YTO TLT 690- TS0 €SS EF LIET EYCT FLLBO  S1d-01d
PS'1 680— SE€0 161 ¥S0— 690 €F1 S6'0— ¥C0 60¢°E F8PI'E 6V8CF LYETC S1d-Sd
8C'1 OI'l-= 600 SLT L90— #S0 SST 6S80— S€0 6LL'TFT8LO PS8 T FOLY'I 01d-Sd
¢l SI'l—= €00 O¥'l 860— IT0 6C1 80'I— 010 SO¥'S F0€€°0 889 F LTO'T Sld-Id
OF'1T 860— 1T0 TTI SI'T— €00 LST €80— LEO 199V FLEOT— 8YCT9F0SI°0 01d-1d
0S'T 680— 1€0 08T 680— 1¢€0 €51 980- ¥€0  Sov'eF8I8C— LSOV F0TE1- ¢d-1d
0¢'T 80'I—- TI1'0 ¥6'1 IS0— <LO0 091 080— 0¥O0 eor'e F 8V 1— EVI'L FOLS €~ Id-d LOnL
- - - - - PET ¥0'I— SI'0  6L0°6FLLEST S68°¢ F0ETTC Sid
- - - - - Y1 vyI'l= S0°0 STI'8 FOI0°€ET LIS TFESEET 01d
- - - - - STI €I'T- 900  I¥SLF8ITTT +061TFE8YIT ¢d
- - - - - 'l L60— CTO0  60%'6F LY0'ST SPI'S F€0T°€C Id
- - - - - 9C’1T 1I'l= LO0  LVPE6FS619C LE6'EF ELLIT d
Dn DT 3 Da D1 DN D1 dump dump
dump 1omoy dumg 1oySiyg s oy Jamo| JYSIH au @_a_wtw\w
: judpuadaq
Z1S 1991y sdnoaSqng unppg sdnox3qng uaamnyog ds ¥ ued\ dnoiSqng

186



formance subgroups

jump per

Results of between and within drop

Appendix 11

CMJs

inuous

50 cont

ing

for performance dur

comparisons

puv omoj = [ pup [DT ‘Ajaanpoadsal ‘sdwmnl uorguaaidjur aarf joutf pu jo1jaur Jo anjpa 2304240 = () [ £ puv [5) 2218 102ffo 3 5,03paf] = 3

dno43qns uiypm |5 uvyj
Juasa ffip Appuvorfiudis = § ‘dnoudqns dumnf 1oy3ry uvyy juasd ffip Aqpuvorfiudis = 4 ‘Ajpargoadsas Tpatajur 20uap1fuod 9 ¢ Jo sy 4oddn

€' 9¢0— 880 €€T 1IT0- 901 <TF1 L60O— TTO PLI'OFYELO CITOFISIO 01D9-19
\ — — — — — - - - - - - - AJO0[9A JLNUIOUOD
¢l S6'0— vT0 Y61°0 F LTV0 610 F I8¥°0 019 seod o aun,
- - - - - - ¢e'l €0'1- 910 00 F €6C0 [+0°0 F00€°0 D
¥0'€ 8C0 991 8Stv 61'1 88C ¥6'l 10— IL0 CTISOFIOLO- 9¢¥'0 FL90'I-  0ID-1D
_ _ _ _ _ . . . . H . . H . . @QOﬁQ\/
¢S’ L80— TE0 8LV OFEIY'C 90t°0 F LSTT 01o ALIOU0D B
- - - - - - 6’1 0S0— €L0 ELTOFVITE 79T0 Feee 1D
¥€T 0T0- LOL ¢€Sv O9I'l +8C €81 090- T90  CTO¥'0FOreo- 96CT°0 FSLS0—  0ID-1D
_ ~ _ ~ _ ~ ) . ) ) ) Py ) Ayoopon
IL'T 0L0- 050 LEEO FOVS'] STTOF6€°1 01D SLIUIOUO0 UL
- - - - - - LS'T T80— LEO €VC0 F 6381 6€T°0F696°1 1D
SI't S60 SST I¥L 6ST 00S +vTCT LTO— 860 080°0F6¥1'0— 990'0 F8CC0—  0ID-1D
- - - - - - 891 €0~ L¥0 11900FS0T0  ETSOOFILIO 01D Watey dumg
- - - - - - ST TIo— LI'1 LY0'0 FSSE0 620°0 F ¥0¥°0 1D
ITC 0€0— S60 S€T1 €0'I— 910 +L'T 890— €S0 1%0°0 F €20°0 €90°0 F LO0'0—  0ID-ID
) ) : : uaeoe[dstp
- - - - - - 0¢€T 80I— I10 8C0'0 FLITO 0¥0'0 F€IT°0 01o
[e3uOZLIOY [eIXeIA
- - - - - - ¥l 160— IL°0 ST10°0 F+60°0 9%0°0 F0CI'0 |£9)
LT'C €€0- 60 T81 190— 190 Tl ¢I'l- SO0 9L0°0 F080°0 CET0F+L00 01D-19
- - - - - - . . . ; ; ) ) ypdop
8¢’ 00— 610 160°0 F SOL0 SPI'0F0ELO 01D JISAGULIANINO.)
- - - - - - 91T 8L0— TFO0 890°0 F ST9°0 890°0 F$S9°0 1D
DD DT 3 DA DT 3 PN DT 3 dump dump
MO J19ySIyg JlqBUEA
dumgp somoy dump 19ySig onis PIPH Juury, Juapuadaq
z1S 129 sdnoaSqng urypp sdnoi3qng uaamjog ds ¥ ued\ dnoadqng

187



Continued

Appendix 11

“dnoudqns Uty | 4 10 (4 uvyj jua4affip Ajaunorfiusis

= % ‘dnoa3qns iy gy d 40 Y uvyj juasaffip Apunorfiudis = [ ‘dnoisdgns urynm 5 uvyj juaiaffip Appuvorfiudis = | ‘dnotdgns dun(

A2y 31y uvyy Juaaffip AauvoLfiuds = 4, ‘onpa uisad = y ‘dwnl uonusaidjul [p1JIUL 2y} 240J0G PUOIIS [ JUIMINSVIU = Ty J ‘A]oA130adsa.4
‘dwn( uonuaaayul ppurf 2y 421fv sagnuiwl §J puv ‘O ‘¢ ‘I ‘() MowdNSvaU = C1J pUv ‘S ‘Id ‘0d ‘Jvadaul 20uaprfuod 94 ¢4 Jo spuil
daddnyiomo) = [DY/IDT ‘Ajargoadsaa ‘sdunf uoruaatogul aa1f jputf pun (vl Jo anjpa a3v.42ap = ()[H pup [ L) ‘2ZIs J02[fo 3 S,03paf] = 3

6L'8 TTE 009 SE€9 80T ITY 9¥T I10— LI'T  00CIF00S8— S99 F L9TL— ¢d-0d
v8'L 6LT 1€S OFF 601 SL'T 90T Iv0- T80  vI'bI FO0S'89 €ESTFEECSS  0d-add
- - - - - - L9T ¥L0- 90 ESSYIFESV6 XTESIFECTOI sd ajer J1eoHq
- - - - - - IST 880- 1€0 4LIFTITFE86LT +6¥91 FO00SLI od
- - - - - - 99T SLO0- St0 LETIFECTII 6V'0T F LI 611 qdd
6€1 660— 0T0 8TT STO0— TOT TI'T LEO— 880  L66F FOSLO- S60'TF€88T  SId-1d
OL'L TLT 1TS €89 TET 8S¥ SOT THO— T80  6T9TFLILG LLTTF€8S'L 1d-d
_ _ _ _ _ _ ¢ . . Loy T . I oS G UoNeNUIdUOD
0S'T 680— 1€0 0F'¥ F 006701 ¥20'€ FOST°CI Id oye1oT] Poole]
- - - - - - €TT 8T0- 860 4L6SECTFOSOTIL L 6EI'TFLITO Id
- - - - - - 69T TLO- 8%0 9650 F€€6'T STE0 FE€89'1 d
- - - - - - 65T 180- 6£0  TO9'TFEE38 91S°0 F ££€°6 od ddd
v9CT TO0 €€T  LL'E €L0 STT 9LT 990— SSO  9ISOFEEH 0 LOSOFOPLO  OID-1D
_ _ _ _ _ _ . . . T . . ¥ . 3 Ayoojoa
891 €L0— 80 I91€0F88ST— LSLEOTFO0V T 01D U —
- - - - - - 89T €L0- LVO SS8TOFOL0E—  OITOF8YIE— D
9L'T 990— SS0 €61 TS0— 0L0 €€T SOT— #I'0  €0€0F €10 PEFOF Y610 0ID-1D
) ) . . . . ) Aypopoa
- - - - - - 79T 8L0- THY0 LLI'OFSSYT—  SICOFI¥S - 01D P——
- - - - - - €1 S60— $TO  ILTOFOLT—  OLT'OFSELT- D
nn DI 8 PA DT 8 PA DT 8 dump dump
dwmnp aamog dumn e 19y 31 JoM0] RELI 8| T, JIqEHEA
! ZIS 1 ’ yuapuada
az1S 1995y sdnoxSqng unpag sdnoi3qng uaamyag ds ¥ uedp dnoi3qng

188



Continued

Appendix 11

‘Ajaarpoadsaa ‘dnoadqns urypm o1 J puv ‘cd ‘[d uvyj jua4affip auoorfiusis = o pup

‘q ‘v ‘dnoudgns urynm y uvyy juaiaffip Apuvorfiudis = J ‘dnoi3qns dumnf 1oy3ty uvy) juaiaffip qauvorfiusdis = , Juawaovjdsip Ajjaq ajosnu

Aydp.aSodwiorsua) = w@-HN [ ‘anpa 3uijsal = Y ‘Aaapoadsad ‘dwnf uorjuaaiajul (putf ayy 421fv agnuiut §f puv ‘OJ c ‘| JU2mansvaul

= CId puv ‘01d ‘Sd ‘Id ‘Ajaanoadsas aiajur 2ouaprfuod 9 ¢6 o spuiyy 4aoddn puv 1omo] = 1)) puv [T 2z1s 102[fo 3 5,03pof] = 3

91 1I'l—= LO0O €TT1 ¥I'T— SO0 ¥ET +0O'1— SI°0 CCTTFL0TO €IE0FS900  S1d-01d
IT1 91'l— €00 ST1 <CI'l— 900 ¥#E€1 +0'1— SI°0 L6ETFSLOO wLOFS0I'0—  SId-Sd
€l vI'l-= $00 6T1 60'1— 0I'0 STI €I'lT— 900  88Y'0FCEI0- 189°0 F0L1'0—  0Id-Sd
¢Sl L80— TEO LYT LSO— S90 9¢1 TOI- LIO €8T 1 FLEY0 STrOFTIOL S1d-1d
w1l 960— €70 181 T90— 090 19T 6L0- 1t¥0 9I80F €90 9LS0F LY60 0ld-1d
'l €60— 970 ¥81 090— TO0 L9 ¥LO- L¥VO S6L°0FTIL0 96S0FLIT'I ¢d-1d
ILT 0L0— 1§80 ILT LOO 6€1T €91 LLO- €¥0  ¥SL'TFLO6TI— €06 F8Y1'C— 1d-¥ Ao
- - - - - - 1T 91'l-= 200 Y TFO8L'Y CLTTFOEL'Y Sid
- - - - - - €l SI'l= %00 SILTFELSY CSETFS99Y 0ld
- - - - - - ¥ $I'l- SO0 €S6'CFSOLY 8YL'TFSESY ¢d
- - - - - - 6C1 80— 010 0LETTF EP6'E LILSTF8ILE Id
- - - - - -  0ST 680- 1¢£0 0SECTFYTS €9T'1 FL98°S d
DD DI 8 POA DI 3 PN D1 3 dump dump
dump 1omo dumg 1ySiy s P Jamo| JYSIH aum, Eowa_n_ﬂ\w
puadaq
7Z1S 1991y sdnoaSqng unpIAp sdno3qng uaamnyog ds F ued\ dnoidqng

189



Continued

Appendix 11

‘Ajoaroadsad ‘dnoadqns urypm 1 J puv ‘cd ‘[ uvyy jua.Laffip qaunorfiusis
= 2 puv ‘q ‘v ‘dnoudgns urynm Yy uvyj juaidffip Apuvorfiudis = /L ‘dnos3qns dwmnf 1oy3ty uvy) jua4d ffip Guporfiusis = 4 uil] UOIIDLIUOD
Aydp.i3oduwiorsua) = 2J-DN L ‘ampa 3uipsad = ¥ ‘Ajpapoadsad ‘dwnl uorjuaaiour jpurf ayj 423fv agnuiut ¢J puv ‘0J ‘s ‘I JUdWaNSvIUL
= CId puv ‘OId ‘Sd ‘Id ‘Qoanoadsat ‘[oatajur 2ouaprfuod 9 ¢6 Jo spu] soddn puv 1omoj = ) puv [T 2218 192[f2 3 5,03paf] = 3

9’1 €60— 9T0 8TI 60— 0I'0 S8T 8S0— +90 8TSEFSIVT ¥89°0 70990  SId-0Id
9¢'T +80— 9¢0 I¥'I L60— CTTO 981 8S0— +9°0 IICEFOVI'E TLLOFSLY'T S1d-Sd
LTT OI'lT= 800 TI€T LOT— CI'0 STI €I'1— 900 8181 FSTLO [08°0 FSI8°0 01d-Sd
0TT LT'T- 200 oY1 060— 620 ¥L'T 890— €S0 €S ST LITO 986’1 FL8I'CT—  SId-Id
el S6'0— $T0 LST T8O0— 8E€0 SET €01— 910  TSY'y F8YTT- ILOTFLYST—  0Id-1d
€T L80— €€0 OLT IL0- 6v0 THI 960— €T0 IeVE€FELOT- vES T F 799 €~ ¢d-1d
8Tl OI'lT- 600 I€T LOT- TI'0 6LT1T +90— LSO  LISEFTLEO- 09L T FLLSO 1d-d Lo
- - - - -  S¥T $60— 970  LTS'8F88LIT T6TY FSILYT Sid
- - - - - €TT SU'T- +v00  6SE8FELEYT €LV'9 F SSOPT 01d
- - - - - YTT €I'l- SO0  T9YLF8Y9ET CITY FOVT €T Sd
- - - - - TTT 9I'T- €00  S60°6FTC99T LLY' L ¥7069C Id
- - - - - LET T10T- 8I'0  S8L'8FE6V¥'LT TLO9 F$T09C A
Dn DT 3 DA T 3 DA DT 8 dump dump
dump xomory dumn g xoySigg oz P 1omo] TY3IH auy, QEE._M\V
yuapuada(
az1S 195y sdnox3qng unpag sdnoi3qng uaamyag ds ¥ ued\ dnoi3qng

190



ion magnitude

t

1a

tent

ing po

subgroups comparisons for performance during 50 continuous CMJs

Results of between and within stretch-shorten

Appendix 12

pup 4omoj = [ puv [T ‘Ajaardadsau ‘sdumnf uonuaaiagur a24a1f jputf pup [pijiul fo anpa 23424 = ()J 5 puv [ 5 az18 192[f2 3 5,03paf] = 3

“dnou3qns urygn [ 5 unyy jua.42ffip
Apuvorfiudis = | ‘dnoa3qns uonpiyuajod 4oy31y uvyj juaidffip qauvorfiudis = , ‘Aaanpoadsal |padajul 2ouap1fuod o ¢ fo siuly 4addn

€1'c 9¢'0— 880 ¢€€T 1TO0- 901 TVl L60— TTO €ETO0 F 6£C0 S€0°0 F LK0'0 019-15
— ~ | ~ — ~ - - - - - 1 - - AJD0[A JNUIIUOD
el S6'0— ¥TO €ST0FLESO 9¢0°0 F 1€€°0 0ro seod 0 oy
- - - - - - €1 €0 1= 910 €50°0 F86C°0 S€0°0 FS8C0 1D
v0'e 8CT0 991 8S¥ o6I'l 88T P61 160— IL0  6£S0F€LOT— IO F9PL0—  0ID-1D
~ — — — — — . ; 0 Isse ; T 987 ) Ayoojen
ST L80— TEO 8GS°0 F LOET 98T 0 F8LET 0ro DLIUOO0D eOq
- - - - - - S6'1 0S0— €L0 810 FOVE'E 09¢'0 FHCI'E 1D
veC 0C0— LOT €S+¥ OI'l +8C €81 090- 790 €8¢0F¥I90- 6LT0F¥8CT0—  0ID-1D
_ _ _ _ _ _ . . . n . . . 3 Ayoo[oA
IL'T 0L0- 050 CLEO F 6071 C81°0 FOLS'] 0o ALIIIOUOD UEI
- - - - - - LS'T T80— LEO 191°0 F €20°C I1ST0F €981 1D
SI't S6'0 SSCT I¥L 6SCT 00S +vTCT LTO— 860 S90°0FECITO- §60°0 F0O8I'0—  0OID-1D
- - - - - - 89T €L0- L¥0 19900F961'0 fL¥00FS8I0 01D wstay dumg
- - - - - - Sv'c Tro— LI'1 0€0°0 ¥ 80¥°0 790°0 F S9¢€°0 |£9)
ITC 0€0— S60 SE€T1 €0'1— 91'0 PL'T 890— €S0 8200 F+000- vL0°0 F¥10°0 019-15
~ | ~ | ~ | ) ) . ; ) ) . Juowdedsip
0€'T 80'I- T11°0 €00 FSIT0 6€0°0 FSIT°0 0ro [PIUOZLIOY [PUIXEIN
- - - - - - ¥6'T 160— 1IL°O 8I00F6I1°0 [SO0F 1010 1D
LT'C €€0- 60 T8I1 190— 190 ¥C1 vI'I- SO0 LLO0 FS90°0 SET'0OF ILO°0 019-19
- - - _ _ ~ . . . . ) ) ) pdop
8¢'T 00'1- 610 €60°0 F LTL'O 6€1°0 F199°0 01D JUOLIAAGULIZNNO.)
- - - - - - 91 8L0— TF0  %690°0F €990 1€0°0 ¥ 065°0 |£9)
DN 101 3 DN 101 3 DN D1 38 uonenudog uonenudog
1M 1oyt JlqELEA
UonBNuUINOJ 19M0T UonenuU)0J 19YSIH ons WA "1 YsIH duuLy, yuapuadaq
az1S 1931y sdnoaSqng urypp sdnoi3qng uaamyag ds ¥ uedy dnoisqng

191



“dnoudqns urypm 4 10 (d uvyj jua4affip Aaunorfiudis =

F ‘dnotdqns uryum gy J 40 Y uvyj juaiaffip quvorfiudis = [ ‘dnos3qns uiypm 15 uvyy juaiaffip Apuvorfiusis = | ‘dnoidgns uoypruajod
A2y 31y uvyy Jua2[fip AJuvorfiusdis = , ‘anppa Juipsad = Y ‘dwnl uonuaA.jul [p1jIUl Y 24042q PUOIAS | JUWANSDIU = T d ‘Aj2a1102dsa.4
‘dwn[ uonuaat2yul poutf 2y 421fv sagnuiwt CJ pup ‘O ‘G ‘[ ‘() Mawamsvaul = C1J puv ‘cq ‘1d ‘0d ‘a2l 2ouaprfuod o4 ¢4 Jo spuil
daddnyiamo) = [DY/1D7T ‘Goarpoadsaa ‘sdunf uonuaatajul aa1f [ourf puv prul Jo anpa 23n.424p = ()[H pub [£) ‘2218 J92J2 3 S,08paf] = 3

Continued

Appendix 12

6L'8 CT¢ 009 6S€9 80C IT¥ 9¥'CT 110— LI'T  LLOTFECI8— 09°L ¥ £€8°08— Sd-0d
P8L 6LC 1¢€S OFy 601 SLT 90T 1¥0- T80 OLP1 FLI'TS ¥8°61 ¥ 0069 0d-ddd
- - - - - - LYT ¥L0— 9¥'0 &L¥6VIFEE06 &6E91 FL9001 Sd djel 1BIH
- - - - - - ISTT 880— 1€0 +E€LOIFLYILL 4 8LYIFOSI8I 0d
- - - - - - 99'l SL0- S¥0  680CTFO0S6L1 91'0C F0S'CI1 Hdd
6€1 660— 0C0 8CTC STO— <CO'1T <CIT LEO— 880 TE€9°C F €£S°0 98¢ F00¥'C SId-1d
oL’L TLT 1T €89 T€T 85+ SOT THo0-— T80 PPE0F LIL'6 L6STF009°L Id-d
0S'T 680— 1€0 +68FEFLICTL L LSEYFLIGTI Sid HORARANOD
- - - - - - — F F
v v 9)r)o¥] pooig
- - - - - - €TT 8TO0- 860 AL9LVOTFESHII L SITTFLISE 1d
- - - - - - 69'l TLO0- 8¥0 99T°0 F L99'1 PLSOFLI6T k|
- - - - - - 65’1 180- 6£0 691°1 F€€8°8 CLY'T F€€8°8 0d ddd
¥9°C CT00 €€T LLE €L0 STT 9LT 990- 6SS0 €0S°0 F 6180 19%°0 F 00%°0 01D-19
_ _ _ _ _ _ . . . H . . + . . %ﬁoo~®>
891 €L0— 8%0 LSEOFTOCTT— L9TCOFSEIT— 01D DLO000 AU
- - - - - - 89l €L0— L¥VO0  8CTOFIII'E— 0T€0FSE0E— 1D
9L'T 990— 650 €61 TS0— 0.0 ¢€€1 SO'I— ¥#10 10€°0 FSS€°0 29€°0 F0°0 01519
) . 0 18z ) ) ) Ayoopon
91T 8L0— T¥O0 8CTOFYSY'I—  €€TOFH¥99'1- 01D IR0 UL
- - - - - - el S6'0— vT0  9ST'OFECISI— €970 F60L'1- D
DD DI 3 DA 1T 3 D1 DI 8 uonEnuNOg uonenuIOg
1m0 JySr JIqEHEA
uonenuIOg 1Mo uonenudod 13YsiH onis Yoy "1 YoIH duuly, Juapuadag
371 1991y sdnoiSqng unpAp sdnox3qng uaamyog ds ¥ ued\ dnox3qng

192



‘Ajoargoadsa ‘dnoadqns uiynm 1 J puv ‘cd ‘[ uvyy jua4affip qauvorfiudis = o puv ‘q ‘v ‘dno3qns

urym y uvyy jua4affip Apuvorfiudis = | ‘dnos3qns uonyvijuaiod 4oy3ry uvyj juaidffip qaundrfiusdls = , Juowaovjdsip Ajjaq aposnut
Aydp.iSoduwiorsua) = wq-O [ anpa uijsad = Y ‘Ajaaroadsas ‘dwnl uoruaaiajul jputf a2y 4a1fv agnuiut ¢ puv ‘O ‘S ‘| JuU2Wansvaul
= CId puv OId ‘Sd ‘Id ‘Goanoadsat [oatajur 2ouaprfuod 9 ¢6 Jo spui] soddn puv 1omoj = ) puv [T ‘2218 192[f2 3 5,03paf] = 3

Continued

Appendix 12

9C’1 1I'l- LOO0 €T ¥I'l-= SO0 ¥E€T #0'1- SI'0  OFF'OFS900— 600'T F6050  SId-01d
IT1 9I'l— €00 ST1 <CI'l— 900 ¥E€T #0'1— SI'0  €¥80FC€CTO— 8YC 1 F69¢°0 S1d-sd
€L ¥I'I= ¥00 6T1 60'1- 010 STI €I'l- 900  LTSOFRSI0- SS90 FOV1I'0—  01d-Sd
¢S'T L80— TE0 LT LSO0— SS90 9¢€l TOI- LIO €€9°0 F S9¥°0 80T FELI'T Sid-1d
Wl 960— €T0 181 T90- 090 19T 6L0- 1t0 89€°0 F 0€S°0 YIS0+ 899°0 01d-1d
'l €60— 970 +81 090— T90 L9 ¥L'O— L¥O S0€°0 ¥889°0 €80 F 8080 Sd-1d
IL'T 0L0— IS0 ILT LOO 6€1 €91 LLO- €70 080CTFES9 - L6L'T FS60°C— 1d-d ot
- - - - - - IT1 91I'l- 200 Y08[ F TP STTFLITY Sid
- - - - - - €L SI'l—= ¥0°0 800°C ¥ L8TY PIT'CF oL 01d
- - - - - - YTl $I'I- SO0 16€CF Shh'y €ESTFT06'E ¢d
- - - - - - 6CL 80I- 0I'0 VLT TFLSL'E TO'T F€60°€C Id
- - - - - - 05T 68°0— 1€0 86€° T FOIY'S 9LTTF88I'S d
DD DI 3 DA DT 3 Dn DT 38 uonenuajoq uonenu)og
UONBHUI)OJ 19MO]  UONBHU)OJ IYSIH ans YA 1Mo TY3IH iy, HMMMMMMWQ
1§ 399 sdnoaSqng unpiag sdnos3qng usamyog ds F ued\ dnoidqng

193



‘Ajparpoadsa ‘dnoadqns urynum (14 puv ‘cq ‘[ d uvyj jua.2ffip quvorfiusis = o pun

‘q ‘v ‘dnoudqgns urynm Yy uvyj juaiaffip Ajpuvorfiudis = [ ‘dnotdqns uorpriuajod 1ay31y uvyy juadffip quvorfiudis = . ouil) UOIJODAIUOD
Aydp.i3oduwiorsua) = 2 [-DN L ‘anpa 3uijsal = Y ‘Ajparpoadsad ‘dwnf uorjuaaioyur jpurf ayj 423fv agnuiut §J puv ‘0J ‘s ‘[ JUdWANSDIUL

= CId puv OId ‘Sd ‘Id ‘4oanoadsat poatajur 20uapifuod oy ¢ Jo spu] 4oddn puv 4omoj = [) puv [T ‘2218 192[f2 3 s,03paf] = 3

Continued

Appendix 12

91T €60— 9C0 8TI 601— O0I'0 681 8S0— 190 6T C¥880°1 S60°C FC86°1 SId-01d
9¢'T ¥80- 9¢0 I¥'I L60— CTCTO 981 8S0— 190 816'C FOILT 8S6' FL68C SId-Sd
LTT OI'l= 800 TI€T LOT— CI'0 STI €I'l— 900 CL6'T FTU9'1 0961 F6L8°0 01d-sd
0L LI'l= <200 61 060- 620 +vLT 890— €50 €SO8FECIT'L €9TEF EVE0 SId-1d
el S60— +vT0 LST T80— 8€0 SET €0'1— 9I'0  68S9FST00 rEQEFBEYT—  OId-Id
€Sl L80— €€0 0oL IL0— 6v0 Trl 960— €T0  LSTSFL6S - [€9°CF €IS T~ Sd-Id
8C'T OI'T- 600 I€T LOT— CI'0 6LT +90— LSO 8LSLFOL8E- L9ETF L6E0— Idd SO
- - - - - - S¥'1 $60— 9CT0  98TLFI8SLT €L8’L F8I0YT Sid
- - - - - - €Cr SI'I— $00 0209 F €6¥'9¢ 6V1'8 FLEOTT 01d
- - - - - - Y1 €I'l= S00  090°C FCL8YC 0€9°'L F291'1C Sd
- - - - - - Tl 9T'I— €00  L6L'8 F89Y'9C 98L'8 FSLIET Id
- - - - - - LET T0°T- 810 920°L F8E££0¢€ €00°L FCTLOYT d
DD DI 3 DA 1T 3 Dn DT 38 uonenuIjog uonEnuNOg
UONENUI)OJ JIMOT UOHENUI)OJ IYSIH oz oy oMo TOYSIH ], aMMMM_MMWQ
71§ 1993 sdnoasqng unpiag sdno13qng uaamyog ds F ued\ dnoidqng

194



