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Abstract:

Sports performance in various disciplines is highly dependent on variables, such as strength or
power (Greenwood, 2014). While traditional resistance training is believed to be most efficient
for developing maximal strength, plyometric training is said to most efficiently enhance power
(Cormie, McGuigan, & Newton, 2011b). In order to provide athletes and trainers with an
efficient training method tackling both of these variables, a combination form called “complex
training” was proposed and found to be effective (Ebben & Watts, 1998; Fleck & Kontor, 1986).
By combining higher-load resistance exercises with lower-load plyometric exercises this
method shall evoke a neuromuscular phenomenon called “post-activation potentiation” (Sale,
2002). This is believed to improve two performance measures simultaneously. As research
shows conflicting opinions on this matter, this systematic analysis was conducted to analyze
and review the current scientific literature. After screening 12,421 studies gathered from the
databases PubMed, Web of Science Core Collection, SPORTDiscus, CINAHL and SCOPUS,
41 studies, which met the defined inclusion criteria, were included in the analysis. The results
show that complex training appears to be an effective and efficient training method to improve
strength, jump and partly sprint performance. Concerning agility, body fat percentage and sport-
specific performance varying results are reported. Overall, complex training is more effective
than no training. A definite trend for its superiority over other training methods cannot be
reported, however, it does not seem to be inferior either. More valid conclusions would require

more extensive (meta-) analytic procedures.



Zusammenfassung:

In zahlreichen Sportarten ist die Leistungsféhigkeit stark abhangig von Variablen wie etwa
Maximalkraft oder Power (Greenwood, 2014). Wahrend traditionelles Kraft-
/Widerstandstraining als am effektivsten zum Aufbau der Maximalkraft angesehen wird,
erscheint plyometrisches Training die Schnellkraftfahigkeiten am effektivsten zu beeinflussen
(Cormie, McGuigan, & Newton, 2011b). Um Athletinnen und Traininerinnen mit einer
Trainingsmethode auszustatten, welche beide dieser Variablen trainiert, wurde eine
Kombinationsform namens ,,Complex Training" entwickelt und fiir effektiv empfunden (Ebben
& Watts, 1998; Fleck & Kontor, 1986). Durch die Kombination hochintensiver Kraftibungen
mit weniger intensiven plyometrischen Ubungen soll diese Methode die sogenannte
,Postaktivierungs-Potenzierung® (Sale, 2002) evozieren, um folglich zwei Leistungsparameter
positiv zu beeinflussen. Da die wissenschaftliche Landschaft geteilter Meinung zu dieser
Thematik ist, wurde diese systematische Uberblicksarbeit verfasst, um aktuelle Fachliteratur
detailliert zu analysieren. Von 12.421 gesammelten Studien aus den Datenbanken PubMed,
Web of Science Core Collection, SPORTDiscus, CINAHL und SCOPUS entsprachen 41
Studien den Einschlusskriterien und wurden zur weiteren Analyse herangezogen. Aus den
Ergebnissen geht hervor, dass Complex Training eine effektive und effiziente
Trainingsmethode zur Verbesserung der Kraft-, Sprung, und (teilweise) Sprintleistung darstellt.
In Bezug auf die Variablen Agilitat, Korperfettanteil und sportspezifische Leistungsfahigkeit
wurden unterschiedliche Ergebnisse erzielt. Es hat sich erwiesen, dass Complex Training
generell zu besseren Ergebnissen fihrt als kein Training. Obwohl ein klarer Trend hinsichtlich
seiner Uberlegenheit gegeniiber anderen Trainingsmethoden nicht zu erkennen war, scheint
auch keine Unterlegenheit vorzuliegen. Gesichertere Aussagen wirden jedoch genauere (meta-

analytische) Verfahren voraussetzen.



Acknowledgements:

At this point | want to thank my supervisors Univ.-Prof. Mag. Dr. Harald Tschan and Mag.
Pascal Bauer, Bakk. for their constant support in every phase of this project. Their rapid detailed
responses to inquiries, their constructive feedback and their very friendly yet demanding
attitude facilitated the process of writing this thesis considerably.

| want to thank my parents for giving me the opportunity to study at the University of Vienna.
Their support throughout the entire time of my studies and my life in general helped me reach
my goals. Furthermore, | thank my family and friends for providing help and time whenever |

needed it.

Special thanks go to my girlfriend Teodora. She was the one experiencing my ups and downs
the most over the last few years. Her love and support were crucial for finishing my studies and
coping with this exciting new chapter in life, which is now slowly coming to an end. | am very

much looking forward to starting into the next one together.



Table of Contents

L INEFOTUCTION ...ttt bbbttt e bbbt b e be s 1
1.1 Research QUESHIONS and AIMS.......ccviiiiieiie e 4
2 Theoretical CoNtEXTUANZATION ......c.veiiiiiiiie et 5
2.1 The Force-Velocity-Relationship..........cooeiiiiiiiiiiice e, 5
2.2 Load and VelocCity INtEraCtions ...........cccueieiereieniiinesieeee e 8
2.3 Specific TrainiNng MethOodS............cvoiiiiee e 10
2.4 COMPIEX TTAINING .ttt 11
2.4.1  Conflicting DefiNITIONS..........coiiiiiiiiicieee e 11
2.4.2  PoSt-Activation POLENTIAION ..........covieiiiieiieie e 14
2.4.3  Impact on Training DESIGN.......cccoiiiiiiiieee e 15
3 MENOUOIOGY ...ttt 16
3.1 SBAICI PrOCESS. ... iitieieeiie sttt ettt re et enneas 17
3.2 IN- and EXCIUSION CIITEIIA . .....couvieiiieiieieie e 17
3.3 QUALTLY ASSESSMENL .......ueiivieieiiesie et ee st e sre e te e be e sreesre e e e s e e naeaneesreas 18
A RESUITS ..ttt b et R ettt b bbbt re et et ens 18
4.1 SEIECLION PrOCESS....uiiuieiieie ittt 18
4.2 QUALTLY ASSESSMENL ......cuviivieieciie ittt ste et beesbe e sre et e e re e aesneenreas 18
4.3 SUDJECt CharaCteriStiCS.....cuveiiiieiieeiie ettt ere s 22
T R 110 o[- SO PRPRURRRPIN 22
B.3.2  AAGE coeoiecieee ettt E ettt n bt eere st e re et 22
4.3.3  TraiNING STALUS ....eeveieieciecie ettt sre e ra e teetesreenre s 22
4.3.4  NUMDEr OFf SUDJECES .....ccviiiiiiecece e 23
4.4 STUAY DBSIGN ..ttt bbbt 24
441  Duration and FrEOUENCY ........ccviieieieieie ettt 24
4.4.2  Training PrOtOCOIS ........oiiiiiiiiiiieeee e 24
4.4.3  Intensities and EXErcise SEIECION .........cccvveiieiieie e 25
4.4.4  ReSt Periods fOr CT-GrOUPS......ccuiiiiierierieniesiesesieeeeee et 26
4.5 Outcome/Intra-Group DIffEreNCES ........coeiiiiiiiiiieee e 50
451  COMPIEX TIAINING ..oveviieiiiiiieeeee bbb 50
452  Alternative Training Methods ..........ccooeiiiiiiiiniie e 52
45.3  Alternative Periodization MOGEIS..........cccooeiiiiniiiiiiee e 54

45.4

NON-TraiNiNG CONLIOIS ....c.veeieiie e 54



© 00 N O

4.6 Outcome/Inter-Group DIffErenCesS ... 55

4.6.1  NON-TrainiNg CONIOIS .......ooiiiiiiieiee e 55
4.6.2  COMPIEX TIAINING ..ouviiiiiitiieieieeiee e 55
4.6.3  Alternative Training MethodsS .........ccoieiiiiiiiiiii e 56
4.6.4  Alternative Periodization MOGEIS..........cccoveiiiiiiiinieieee e 57
DISCUSSION ..ttt sttt bbbkt b et et bbbt bt bt st e et et e st e s b et e e b e e neene e 58
5.1 Training ProtOCOIS........ociiiece ettt 58
511 CT VS BS, BC o 58
5.1.2  Complex Training Methods vs. Other Training Methods.............c.ccccvveveiienen. 61
5.2 RESE INTEIVAIS......cviieieiecie e e 66
5.3 TrAINING STALUS ....veeveeie et re e ens 67
5.4 L0ad PreSCIIPLION .......oivieieciic ettt 68
55 EXEICISe SEIECTION ....o.veviiiiiecie e 69
5.6 MOGEIE STUAY ...t et e sre e reenre e 70
5.6.1  Subject CharaCteriStiCS ........ccviveiiiiciiecie e 70
5.6.2  Training ProtOCOIS ........cuiiiiiiiiiiiiesieeee e 71
5.6.2.1  Complex Training ProtoCOl ..........ccooueiiiiiiiiiiiiiseseeee e 71
5.6.2.2  Block Complex Training ProtoCol...........cccooeiiiiiiiiiiiieiec e 72
5.6.2.3  CONIOI GIOUPD .. .couiiiiiiiiieieeite sttt bbb 73
5.6.3  TeStiNG PrOtOCOIS. .......coiiieieieie it 73
5.6.3.1 Pre-, Intermediate and POSt-TESES ......ccvuiieiiiiiie ettt 74
56.31.1 Maximum POWEN OULPUL..........eiiiiiieieieieesee st 74
5.6.3.1.2 1-Repetition MaximUM .........ccoiiiiieeeee e 74
5.6.3.2  PAP-EFfECE TESTING.....eiitiiiitiiiiiieiieieieee e 75
(@0 100 113 [ o SRR 76
LISt OF RETEIBNCES. ...t et 78
[ o) 1o U= USSP 86

LIS OF TS . . 86



1 Introduction

The importance of achieving optimal performance within the optimal amount of time invested
in the actual training process is a very fundamental issue in resistance training and athletics in
general. One major goal for athletes, coaches and professionals is to maximize the
athletes’/clients’ abilities in different areas of physical performance (Greenwood, 2014, p. 11).
Therefore, different training methods are carried out to achieve a certain outcome. High load
resistance training, for example, is said to be beneficial to primarily increase maximal strength
development. Although, the power component is trained as well, it only increases significantly
if the subject shows a generally lower training status (Cormie, McGuigan, & Newton, 2011b,
p. 135). On the contrary, research suggests that training protocols including lighter loads and
ballistic or plyometric exercises tackle primarily the power output; but especially, that they are
“very effective at improving maximal power output in sports-specific movements” (Cormie et
al., 2011b, p. 136). Particularly plyometric training has been intensively investigated and
described in recent years to increase power (Chu, 1983, 1998; G. Davies, Riemann, & Manske,
2015; Lundin, 1991; Markovic, 2007). Considering that maximal muscular power is highly
“influenced by a wide variety of neuromuscular factors” it is important to recognize power here
as “neuromuscular power”. These influential factors are, among others, “[...] motor unit
recruitment, firing frequency, synchronization and inter-muscular coordination, [...] the time
available to develop force, storage and utilization of elastic energy, interactions of contractile
and elastic elements, potentiation of contractile and elastic filaments as well as stretch reflexes”
(Cormie, McGuigan, & Newton, 2011a, p. 30f.).

In the strive towards achieving a (time) efficient training method which tackles both
neuromuscular power and strength, a new method has been investigated and first described by
Fleck and Kontor (1986). This method called “complex training” is believed to enhance both
of the mentioned parameters in the same conditioning session (Greenwood, 2014). Ebben and
Watts (1998, p. 18) describe complex training as a method which “[...] alternates
biomechanically comparable high-load weight training and plyometric exercises in the same
workout”. This concept has been repeatedly investigated on both its acute (Baker, 2003; Bevan,
Owen, Cunningham, Kingsley, & Kilduff, 2009; Ebben, Jensen, & Blackard, 2000; Jones &
Lees, 2003) and non-acute or long-term effects (MacDonald, Lamont, & Garner, 2012; Mihalik,
Libby, Battaglini, & McMurray, 2008). However, the outcomes are very diverse, and the study
designs differ significantly in multiple areas.



To begin with, the first discrepancies already appear when it comes to a consistent definition of
the training method itself. While Fleck and Kontor (1986) define complex training as executing
several sets of a heavy load exercise followed by several sets of a low load explosive exercise,
Chu (1983, p. 65f.) states that the sets of the different exercises should be executed in an
alternating fashion. Further sources (Ebben, 2002, p. 42; Ebben & Watts, 1998, p. 18) refer to
complex training in a similar fashion, but others use both the terms complex and contrast
training and the alternating and block design interchangeably, and thus confusing the terms
even more (Duthie, Young, & Aitken, 2002; Young, Jenner, & Griffiths, 1998).

Aside from the conflicting and inconsistent concepts of what complex training actually looks
like, its underlying mechanisms and effects are constantly investigated. The acute effects of
complex training are often put into relation with the concept known as “post activation
potentiation” (PAP) (Kilduff et al., 2007, p. 1134). This term is described by Sale (2004, p.
386) as “[...] an increase in muscle isometric twitch and low frequency tetanic force following
a ‘conditioning’ activity”. To explain PAP, several mechanism are proposed, among which
Aagaard, Simonsen, Andersen, Magnusson, and Dyhre-Poulsen (2002, p. 2313) deliver a
suitable one by stating that PAP results out of increased “motoneuron potentials” after a heavy-
load stimulus. With reference to Baker (2003) and Brandenburg (2005) such an increase in
muscle isometric twitch and higher power output may be triggered through complex training.
Although this phenomenon has been investigated repeatedly, according to Seitz and Haff (2016,
p. 232) “[...] conflicting results have been reported regarding the extent of improvement:

overall, increases, no changes, and decreases have been observed”.

Ebben et al. (2000), for example, tried to investigate the effects of certain complex pairs on
different force and power parameters by testing ten male NCAA basketball players according
to those variables. Their “[...] results indicate that there is no heightened excitability of the
nervous system”, but also no significant disadvantage in this training method. “Therefore,
complex training may be a useful training strategy because of the organizational advantages of
performing weight and plyometric exercises in the same training session” (Ebben et al., 2000,
p. 451).

Concerning the overall effectiveness of complex training, the current research environment is
rather inconsistent as well. Varying results can be found in different studies and many among
these results are not entirely comparable as their study designs vary considerably, or are in
certain respects insufficient. Aside from the general conceptualization of the method itself,

crucial variables for the assessment are among others: the duration of the intervention, the



subjects’ training statuses, the exercise selection and number of exercises, and the indicated rest

period (if indicated at all).

Concerning the duration, selected recent studies on CT range between 4 weeks (Dodd & Alvar,
2007; Mihalik et al., 2008) over 6 weeks (MacDonald et al., 2012; Stasinaki et al., 2015) up to
8 weeks (Lyttle, Wilson, & Ostrowski, 1996) or even 18 weeks (Veliz, Requena, Suarez-
Arrones, Newton, & de Villarreal, 2014) of duration, with 2 to 3 (Stasinaki et al., 2015) sessions
per week. These numbers, with a minor exception of the 4 weeks, seem to be reasonable as after
this amount of time a certain effect may be expected. The 6 weeks (MacDonald et al., 2012, p.
424) were considered by the authors as “[...] relatively short, with respect to inducing muscle-
to-muscle architecture; however [it is] the duration in which there was uninterrupted access to

the subjects”. Nevertheless, for validity reasons, longer interventions should be preferred.

The number of participants is occasionally very small which may result in relatively small
groups and a decrease in validity; especially, if there is a high drop-out rate. Furthermore, the
subjects often show very different training statuses and are rather vaguely described, ranging
from “not been involved in any specific strength or plyometric training” (Lyttle et al., 1996, p.
173), or “moderately trained” (Stasinaki et al., 2015, p. 2560), to “recreationally trained”
(MacDonald et al., 2012, p. 424). However, more precise descriptions, such as “[a]ll subjects
were division II junior college baseball players [...] and had at least 1 year of previous

resistance training experience” (Dodd & Alvar, 2007, p. 1178) are given in other studies.

Furthermore, in some studies the resting periods between the sets are not always indicated for
the different groups (Dodd & Alvar, 2007) or not indicated at all (Lyttle et al., 1996), which is

one of the most inconsistent factors in current research on complex training.

Although the studies on acute effects of complex training, also in connection with PAP, are
numerous and build a broad field of reference, studies on long-term effects of this training
method are comparatively rare (MacDonald et al., 2012; Stasinaki et al., 2015). Additionally, a
special factor in this matter has been almost uninvestigated so far: the question if the mentioned
PAP effect itself can be trained or elevated over time. Previous research by Mitchell and Sale
(2011) and McBride, Nimphius, and Erickson (2005) has shown, that the PAP-effect after a
heavy-load stimulus results in higher performance in an explosive movement and sprints, but
very few studies have analyzed whether the potentiation effect itself increases over time, when
it is induced in a complex training setting (Tsimachidis, Patikas, Galazoulas, Bassa, &
Kotzamanidis, 2013; Tsimahidis et al., 2010). In this context, Lesinski, Muehlbauer, Bisch,
and Granacher (2014, p. 104) pointed out that definite conclusions on whether the increased



performance in those studies was due to a PAP-effect or not could not be drawn, as the authors
only compared two test results. Therefore, they argue, it is not clear whether the higher
performance in the second test was due to an increased PAP, or due to fatigue in the first test
or an adaptation process during the intervention. Consequently, clear conclusions about a
possible long-term adaptation of the post-activation potentiation following a complex training

intervention cannot be drawn so far.

Generally, current research on complex training partly lacks systematically well-designed long-
term studies, which would support the efficiency and superiority of this method (Docherty,
Robbins, & Hodgson, 2004, p. 55; Seitz & Haff, 2016, p. 239). Therefore, this thesis aims at
carrying out an in-depth systematic analysis of the current research environment of long-term
studies on complex training. Furthermore, it should provide a specific model study design for
further research in this field. This model is set to consider all the previously described crucial
factors and investigate if the potentiation effect triggered in a complex training setting is subject
to change after certain training period.

1.1 Research Questions and Aims

e Which long-term effects does complex training have on various measurements of
power, strength and body composition?

e How might different study designs influence these outcomes?

e What does the current scientific literature say about the efficiency of complex training
methods?

¢ How should a high-quality intervention study on complex training look like, considering

the occasional inconsistencies in recent research on this matter?

This thesis is a continuation of a previous investigation analyzing complex training studies by
Ubellacker and Bauer (2017). The authors collected over 8,000 studies and systematically
screened the scientific literature. Respecting specific in- and exclusion criteria, they narrowed
this accumulation down to 29 studies for further systematic analysis. To the best of the authors
knowledge, the data is currently prepared for meta-analysis. However, as the authors had to use
strict in- and exclusion criteria to suit their analysis, they possibly had to neglect certain
important studies because of a lack of indicated data or too loosely knit study designs, even if
they could have been labeled of good quality and relevance in the field. For example, the study
by Tsimachidis et al. (2013) was not included; presumably, because the authors assessed sprint

speed and not times. Further, other studies, such as Fletcher and Hartwell (2004), Lee, Lee, and



Yoo (2014), Labib (2013), or Kramer, Morrow, and Leger (1993) were excluded as they are
investigating sport-specific measures. Additionally, the authors carried out a search process,
which ended in April 2017. However, in the meantime new studies were published (Almoslim,
2016; Fathi et al., 2018; Hammami, Gaamouri, Shephard, & Chelly, 2018; Hammami, Negra,
Shephard, & Chelly, 2017a; Rodriguez-Rosell, Torres-Torrelo, Franco-Marquez, Gonzélez-
Suérez, & Gonzélez-Badillo, 2017) which could be of interest for these research questions.

Studies, such as the mentioned ones, shall be considered in this analysis in the attempt to draw
a more differentiated picture of the current state of knowledge on this topic. Based on this in-
depth analysis of all the eligible studies, this thesis is additionally, aiming at providing a ‘high-

quality’ model intervention as a suggestion for further research.

2 Theoretical Contextualization

The following chapter treats the mechanisms crucial to the training method(s) under review.
Factors, such as, the importance of strength and power for the force-velocity-curve, the
interaction between load and velocity, or the phenomenon known as ‘“post-activation-

potentiation” (PAP) (Sale, 2004) will be discussed in the following section.

2.1 The Force-Velocity-Relationship

To address the specific underlying principles of the training method under review, it is
important to first discuss the general concepts of strength and power and their interrelation.
According to Stone, Moir, Glaister, and Sanders (2002) strength can be described as “the ability
to produce force”. The authors, further, mention Newton’s second law “F = ma” as the core of
force production and link this concept biomechanically to certain muscular phenomena, such
as “the type of contraction, the rate of muscle activation and the degree of muscle activation”.

Power is then, defined as the following (Figure 1):

Work

'me

Power =

Force x Distance

Time
=Force X Velocity.

Figure 1: Power (Haff & Nimphius, 2012, p. 3)



According to Stone et al. (2002, p. 88) power can either be expressed as “[...] an average over
a range of motion or as an instantaneous value occurring at a particular instant during the
displacement of an object”. Peak power, then, means the highest value during such a
displacement process; whereas maximum power is “[...] the highest peak power output one is
capable of generating under a given set of conditions” (Stone et al., 2002, p. 88f.). Many state
that maximizing the maximum power output is one of the main factors for success in sports
across a majority of disciplines (Haff & Nimphius, 2012, p. 2; Stone et al., 2002, p. 89). Even
though Knudson (2009, p. 1905), argues that this statement should be encountered with caution,
as most sport-specific skills are highly dependent on other performance variables such as “[...]
speed, force, technique, or some combination of these variables.”, power still constitutes,

among others, a very important performance variable.

In general, a close “inverse” relationship between force (or strength) and velocity can be seen
in the traditional force-velocity curve (figure 2). Accordingly, the level of force decreases as
the velocity increases and vice-versa. This circumstance stands in close relation to the muscles’
general ability of building actin-myosin cross-bridges. Cormie et al. (2011a, p. 19) explain here,
that “[...] because it takes a fixed amount of time for cross-bridges to attach and detach, the
total number of cross-bridges attached decreases with increasing velocity of muscle shortening.
Due to the fact that the amount of force generated by a muscle depends on the number of
attached cross-bridges, force production decreases as the velocity of the contraction increases
[...]". As aresult, the peak power level can neither be at the point of highest force nor velocity.

Peak power, therefore, occurs at the shift between optimal velocity and force (Figure 2)

/Peak Velocity

| | €= Peak Power
= N\ -
3 . 2
= \\ Peak Force | &
> .
\ .
Optimal '~ .
Load e
N ey
R
Force (N)

Figure 2: Force-Velocity-Curve (Haff & Nimphius, 2012, p. 4)



In order to tackle power output in training, Haff and Nimphius (2012, p. 3) conclude that three
main factors have to be considered. First, the maximum muscular strength should be on a high
level, due to its direct influence on the force variable of the equation. Second, it is crucial to
acquire a high “rate of force development” to be able to rapidly produce high forces; and third,
“[...] it is important to develop an ability to express high forces as the velocity of shortening

increases”.

A reoccurring influential variable in this above-mentioned list is strength. In line with the
requirements stated by Haff and Nimphius (2012), Cormie et al. (2011b, p. 127f.) support the
argument of the importance of strength. Interestingly, however, they highlight that the degree
of increase in maximum power is dependent on the strength level of the subjects tested.
Accordingly, athletes displaying a greater level of maximal strength have a lower potential to
further increase both their strength and power when targeting only their maximal strength,
whereas weaker subjects show a higher potential in this respect. Consequently, in early training
stages special emphasis may be put on maximal strength development to simultaneously
increase power. For more advanced athletes, more specialized training methods seem to be
more efficient as the basic muscular and neuronal qualities are already apparent. Through this
kind of more targeted training more specific areas of the force-velocity curve may be trained
(Cormie et al., 2011b, p. 129; Haff & Nimphius, 2012, p. 4).

The second important variable is the “rate of force development”. According to Haff and
Nimphius (2012, p. 5) this variable stands for the “[...] rate at which force is expressed during
a sporting movement”. The rate, therefore, influences rather the force-time- than the force-
velocity-components of a movement. This rate is measured at specific time points (e.g. 200ms)
and gives information on the speed and forcefulness of a contraction (Figure 3). Specific forms

of training therefore affect this rate differently.
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Figure 3: Rate of Force Development (Baechle & Earle, 2008)

As this variable is more about the time and velocity of the actual muscular potential, Knudson
(2009, p. 1905) even argues that this factor may be more reliable and influential than the

mechanical peak power alone.

2.2 Load and Velocity Interactions

The above-mentioned principles build a good theoretical basis, but for actual training practice
actual quantified values serve as guidelines for proper workout design. A crucial factor here is
how the muscular and neuronal circumstances may be targeted and altered through training. In
this respect, assignments of load, repetitions, and velocity of exercise execution represent vital
determinants of training design. Various sources give different load and repetition prescriptions
to achieve specific training outcomes. In practice certain simplified load prescriptions and
tables may serve as good orientation guidelines for specific training goals (Table 1).



Table 1: Load and Repetition Assignments Based on Training Goal (Baechle & Earle, 2008)

Training goal Load (%1RM) Goal repetitions
Strength 85 or higher Upto6

Power:

Single-effort event  80-90 1-2
Multiple-effort 75-85 3-5

event

Hypertrophy 67-85 6-12

Muscular Up to 67 12 or more
endurance

More in-depth prescriptions, however, may help to further increase training efficiency.
According to Hohmann, Lames, and Letzelter (2010, p. 72ff.) the major influential factors for
high strength development are “muscle cross-section” and “the amount of fast-twitch fibers”.
However, neuronal factors, such as activation potentials of the muscle or inter- and
intramuscular coordination, play at least a similarly significant role in muscle strength. Within
this domain, three factors are important for a maximum contraction of a muscle: maximum
recruiting of motor units; maximum firing of motor units at an early stage of the contraction;
and maximum synchronization of the recruited motor units. If these qualities are satisfied,
higher force can be generated in a shorter period of time. Due to these influential factors of
muscle cross-section, fiber types and neuronal firing, Tidow (1994) defines two different
methodological categories for strength training: “muscle cross-section methods” (MCM) and
“neuronal activation methods” (NAM). These categories, in addition to load and repetition
prescriptions, take the velocity or the intended velocity into consideration. Accordingly,

Hohmann et al. (2010, p. 77), design training prescriptions as follows (Table 2):

Table 2: Training prescriptions for strength (adapted from Hohmann et al. (2010)

Method Contraction Intensity Velocity  Repetitions Sets Rest
and load
MCM: Concentric 80-95% Slow 5-8 3-5 >2 mins
intensive submaximal
bodybuilding strength until
method failure
NAM: Concentric 50-95% Maximal 2-5 2-5 >3 mins
Explosive- submaximal
strength strength
method




The combination of load and the (intended) velocity prescription, then, gives advice about the
main area of strength production (neuronal capacity or muscle cross-section) which is primarily

targeted in the respective method.

In this respect it is important to address a controversy concerning the movement velocity. Many
scholars have found that movement velocities have high impact on training outcomes for
strength and power training alike (Cormie et al., 2011b; T. Davies, Kuang, Orr, Halaki, &
Hackett, 2017; Gonzalez-Badillo, Marques, & Sanchez-Medina, 2011). In general, it is reported
that exercises with lower loads executed at high velocities result in higher power output in fast
movements, whereas lower velocities combined with higher loads result in lower outcomes
(Cormie et al., 2011b, p. 138f.). Contrarily, Behm and Sale (1993) conducted a study in which
the outcome suggested that the neuronal predisposition of moving heavy loads very rapidly has
a positive influence on the actual training outcome. This hypothesis is, however, neither fully
supported nor contradicted. Nevertheless, it can be concluded that current research supports the
importance of both intended and actual velocity, and its effects on the neuronal capacity and
power/strength production. In combination with specific load prescriptions these factors are

crucial determinants for designing training programs.

2.3 Specific Training Methods

As elaborated above, the force-velocity relationship is vital for the performance of movement,
as it represents the muscles’ physiological and neurological ability to function under the
influence of differing loads (Cronin, McNair, & Marshall, 2003, p. 148). The ability to use
certain training parameters (load, intensity, velocity) in a way that they influence the muscle
towards an intended purpose is, therefore, crucial for training practice. Using this knowledge,
research has found certain movement techniques, which target specific areas of the force

velocity curve.

Traditional strength training, for example, aims at a general increase in strength and muscle
cross-section. These methods typically work with concentric submaximal contractions until
failure. The loads are usually set at 70-80% of the one-repetition-maximum, and comparably
slower execution velocities are used (Hohmann et al., 2010, p. 77; Zatsiorsky & Kraemer, 2016,
p. 139f.). Aside from strength and cross-section increases, also elevated power has been
recorded using traditional strength training. However, these increases have predominantly
occurred in subjects with generally lower training statuses (Cormie et al., 2011b; Newton &
Kraemer, 1994).
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A major ‘issue’ when working with traditional strength training for power elevation is the so-
called “deceleration phase” (Newton & Kraemer, 1994, p. 25). This phase occurs towards the
moment when submaximal loads are moved in a concentric or eccentric fashion and have to be
stopped at a certain point. According to Newton and Kraemer (1994, p. 25) this phase makes
up almost a quarter of a movement when using the 1RM and may rise up to over 50% when
moving 81% of the 1RM. To avoid this phase, ballistic movements are used to allow the athlete
to accelerate over the entire time of the contraction. This results in higher concentric velocities,
power, force and muscle activity during the entire range of motion (ROM), and consequently
in higher training outcomes for both experienced and less experienced athletes (Cormie et al.,
2011b; Kyréléinen et al., 2005; McBride, Triplett-McBride, Davie, & Newton, 2002).

Most explosive / ballistic movements initially include a movement in the direction other than
the intended one (countermovement). This results in a number of neural and mechanical
processes which are channeled in the term “stretch shortening cycle” (SSC) (Newton &
Kraemer, 1994, p. 26). In this cycle the respective muscle is first stretched in an eccentric
movement and then rapidly contracts concentrically, resulting in higher performance.
According to Komi & Hakkinen (1989; in: Hohmann et al., 2010, p. 81) this increase in
performance roots in the storage of elastic energy in the muscles, tendons and ligaments which
is released in the following concentric contraction. This kind of movement is also known as
plyometric movement and has been proven to be beneficent for jumping ability (Lyttle et al.,
1996; MacDonald et al., 2012). According to Newton and Kraemer (1994, p. 26) “[...]
plyometric training increases the overall neural stimulation of the muscle, and thus force output,

but qualitative changes are also apparent”.

2.4 Complex Training

Considering the different underlying principles of strength and power training, research has
made an attempt to find a training method which is efficiently tackling both the strength and
power component of athletic performance. Consequently, a combination of strength and power
training was implemented by combining high load resistance training exercises with low load
plyometric exercises. The history of this training method and its physiological core-mechanism

— the post-activation potentiation — will be covered in the following section.

2.4.1 Conflicting Definitions

Fleck and Kontor (1986), with reference to a lecture by Verhoshansky, were the first to mention

“complex training” as executing a block of several sets of a low load explosive exercise after a
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block of sets of a heavy load exercise and declare this as one “complex” in a complex training
protocol. Chu (1983, p. 65f.) however, stated that in complex training the plyometric exercises
should be placed “between the sets of the particular lift” as the “[...] body remains in the arousal
or heightened state of excitement at the conclusion of a heavy set [and] the athlete can take
advantage of this physiological state”. Young et al. (1998), then, used both “contrast” and
“complex” training reciprocally for a training protocol with an alternating set-by-set design.
Ebben and Watts (1998, p. 18) tried to clarify the term in their review by defining it as “[...]
training [which] alternates biomechanically comparable high-load weight training and
plyometric exercises in the same workout”. However, this definition still did not exactly state
whether every single heavy load set was followed by a plyometric exercise or only every block.
Therefore, in a later definition by Ebben (2002, p. 42) the wording “set for set” was included.
Adding further ambiguity to these terms, Duthie et al. (2002, p. 530) referred to “complex
training”, again, as being “[...] various sets of groups/complexes of exercises performed in a
manner in which several sets of a heavy resistance exercise are followed by sets of a lighter
resistance exercise” —meaning a block design — and “contrast training” as ““ [...] a workout that
involves the use of exercises of contrasting loads, that is, alternating heavy and light exercises

set for set.”

In order to follow a clear structure when referring to the different complex training forms in
this thesis, the following table (Table 3) shall work as an overview of the used terminology.
Further regimes which do not show any complex training fashion are referred to as alternative
training methods (e.g. resistance training, plyometric training, or Olympic style weight lifting).
Protocols, which combine two training methods but are not complex training in the narrow
sense are referred to as alternative periodization methods. These include block-wise
periodization (e.g.: two weeks of strength training followed by two weeks of plyometric
training) or compound training (e.g.: plyometric and strength training in the same session but
with more than 15 minutes rest in between). Additionally, this category applies if a certain
training method uses a certain sequence of exercises of a complex training method in a reverse
order (e.g. reverse complex training, reverse block set complex training, reverse block complex

training).
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Table 3: Complex Training Models (adapted from Ubellacker and Bauer (2017, p. 11)

Complex Training

Block Set Complex Training

Block Complex Training

Complex Pair 1

High-Load Exercise

Plyometric Exercise

High-Load Exercise

Plyometric Exercise

High-Load Exercise

Plyometric Exercise

High-Load Exercise

High-Load Exercise

High-Load Exercise

Complex Pair 2

High-Load Exercise

High-Load Exercise

High-Load Exercise

High-Load Exercise

Plyometric Exercise

High-Load Exercise

Plyometric Exercise

High-Load Exercise

Plyometric Exercise

Plyometrics Block

—
'E_E; Plyometric Exercise x
= | Plyometric Exercise % High-Load Exercise
§ Plyometric Exercise %, High-Load Exercise
% High-Load Exercise
High-Load Exercise
High-Load Exercise Plyometric Exercise
«~ |High-Load Exercise Plyometric Exercise
'E Plyometric Exercise Plyometric Exercise
% Plyometric Exercise
§ Plyometric Exercise Plyometric Exercise

Plyometric Exercise

Plyometric Exercise




2.4.2 Post-Activation Potentiation

As mentioned before, the combination of certain training methods aims at affecting multiple
performance measures in one training session. The alleged benefit of complex training is very
often mentioned in connection with a physiological phenomenon known as post-activation
potentiation (Aagaard et al., 2002; Baker, 2003; Brandenburg, 2005; Chen, Lo, Wang, Yu, &
Peng, 2017). According to (Sale, 2002, p. 138) “PAP is an increase in muscle twitch and low-
frequency tetanic force after a ‘conditioning’ contractile activity”. This effect roots in an
elevated “phosphorylation of myosin regulatory light chains” which leads to a higher “actin-
myosin interaction”. As seen in 2.1. this actin-myosin interaction is vital for building cross-
bridges (Cormie et al., 2011b). Accordingly, if PAP causes a higher actin-myosin interaction,
more cross-bridges can be built faster which results in higher and faster power generation. In
general, it is said that PAP is induced after a series of twitches or isometric contractions
(sustained maximal voluntary contraction MVC) (Sale, 2002) (Figure 4). The preceding

conditioning contraction results in a faster twitch and an increase in force.

MVC or Tetanus

PAP

|
V2 G -\

200 ms 10 s

Figure 4: Post-Activation Potentiation after an induced twitch, an MVC or tetanus resulting in higher force and shorter
twitch time. (Sale, 2002, p. 139)

However, analyzed under the light of the force frequency-relationship, it is crucial to note that
the force is only elevated in the low frequency phase of the contraction. Figure 5 illustrates that
PAP is capable of inducing a higher force both after isometric and concentric contractions and

causing an elevated rate of force development (Haff & Nimphius, 2012; Sale, 2002) (see 2.1).
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Figure 5: Interaction between PAP and contraction type (Sale, 2002, p. 140)

Due to this elevated rate, PAP is able to shift the curve of the load(force)-velocity-relation to

the right and upwards (compare Figure 2) (Sale, 2002).

2.4.3 Impact on Training Design

Complex training protocols benefit from the mentioned PAP-effect to induce higher power after
a conditioning exercise and use this potentiated state in the muscles for better training outcomes
(Chu, 1983, p. 65f.). However, several parameters, such as the subjects’ training status, the
selection of conditioning activities, the rest periods or the load prescriptions have to be

considered for efficient training design (Seitz & Haff, 2016).

Concerning the subjects’ training status Seitz and Haff (2016) draw similar conclusions as Haff
and Nimphius (2012) or Cormie et al. (2011b) stating that individuals with a higher baseline
strength level and more experience in strength training profit more from such a specialized
training method than do weaker individuals. This could root in a heightened “fatigue resistance”
after heavy load stimuli in better trained athletes (Chiu & Barnes, 2003; Hamada, Sale, &
Macdougall, 2000). Additionally, the greater amount of type Il muscle fibers and the resulting
higher phosphorylation of myosin light chains may result in higher outcomes for more
experienced athletes (Aagaard & Andersen, 1998; Seitz & Haff, 2016).

The type of conditioning activity is also mentioned as a core determinant in complex training.
According to Seitz and Haff (2016) “plyometric and traditional high-intensity” conditioning
activities result in higher PAP than do exercises with lower intensity or isometric contractions.
The superiority of plyometric exercises to induce PAP may be explained by the lower amount

of fatigue produced by such activities, or the higher rate of recruiting type Il fibers already in
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the CA, which are crucial for fast power production (Desmedt & Godaux, 1977; Seitz & Haff,
2016).

Furthermore, rest periods after the conditioning activity are a crucial factor for the amount of
PAP and the performance in a subsequent exercise (Seitz & Haff, 2016). Current research
indicates that rest intervals between five and seven minutes after the CA result in greater PAP
than intervals shorter than four minutes (Seitz & Haff, 2016; Wilson et al., 2013, p. 857f.).
However, this, again, depends both on the type of the CA and the overall training level of the
subjects. Accordingly, after high-intensity CAs more rest is needed than after plyometric CAs;
and stronger athletes may need less rest than weaker ones (Seitz, de Villarreal, & Haff, 2014,
p. 712; Seitz & Haff, 2016).

Similar conclusions are mentioned, when it comes to the load prescriptions of the conditioning
exercises. While stronger individuals show greater PAP after LRM CAs, weaker subjects show
higher rates after slightly sub-maximal loads. Nevertheless, in general, higher loads are said to
induce a higher potentiation effect than lower loads (Seitz & Haff, 2016). However, other
sources report conflicting results. Freitas, Martinez-Rodriguez, Calleja-Gonzalez, and Alcaraz
(2017) state that larger effect sizes were observed for intensities below 85% of the one repetition
maximum for jump and sprint performance. Similarly, Wilson et al. (2013, p. 857) concluded
that “optimal potentiation” was achieved after CAs with intensity of 60% to 84% of the IRM.
Nonetheless, these studies did not or only partly consider the subjects training status, therefore,
it can be concluded that, in general, high intensities should be used for evoking PAP (Ebben &
Watts, 1998, p. 23).

3 Methodology

The methodological procedures were in close relation to the previous study by Ubellacker and

Bauer (2017). The main focus is set on a narrative and qualitative assessment of the included
studies. A broader catalog of in- and exclusion criteria allows examination of a broader
spectrum of studies and aims at identifying both the practical relevance of the training method
and the scientific relevance of recent research in the field. All data are presented as mean and

standard deviation (SD) values if not otherwise reported.
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3.1 Search Process

Respecting a new set of criteria, the search procedure (see below) used by Ubellacker and Bauer
(2017) was repeated both for the initial time span and the time span from April 2017 up to now
in order to update the list of possibly eligible studies and include the most recent findings. The
search string was applied in the following electronic databases: PubMed, Web of Science Core
Collection, SPORTDiscus, CINAHL and SCOPUS.

“combined training"” OR "complex training” OR "contrast training” OR "compound training"
OR ("light loads” AND "heavy loads") OR" contrast load"” OR “complex pair” OR (("strength
training” OR "weight training” OR "resistance training”™ OR "weight lifting" OR
"weightlifting”") AND (“plyometric” OR “explosive” OR “explosive performance” OR
"explosive training™" OR "ballistic performance” OR "ballistic training™))

3.2 In- and Exclusion Criteria

In order to consider a wider variety of studies in this analysis, the criteria are defined more
openly than in the referenced thesis. Especially, when it comes to the outcome variables the
inclusion criteria will allow a greater variety, as the possible effects of complex training should
not be restricted. Similar to the work by Ubellacker and Bauer (2017), in order to be eligible,

the studies have to:

1) include healthy participants who are older than 14 and younger than 50;

2) be original investigations published in peer-reviewed journals;

3) show a ‘long term’ study design lasting longer than 4 weeks with at least 8 training
sessions;

4) feature a training protocol in which a combination of resistance and power exercises
is done in one and the same training sessions. The break between the exercises has
to be shorter than 15 minutes and should be carried without any kind of exhausting
physical activity; AND lighter, power related exercises are carried out after heavy
strength exercises in at least one group;

5) be controlled trials (no simple pre-post design; other training regimes can also be
defined as control group);

6) investigate the outcome measures jump (height or peak power), sprint (different
distances), 1-RM squat performance, agility, body composition (body fat
percentage), or sport-specific measures.

7) lack of data
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3.3 Quality Assessment

The “Physiotherapy Evidence Database Scale” (PEDro) was used to assess the overall quality
of the included studies. Similar to Ubellacker and Bauer (2017) three investigators completed
the assessment process independently. For every fulfilled criterion the respective study received

one point. Each intervention could reach a maximum of ten points.

4 Results

4.1 Selection Process

The search process in the mentioned data bases (see 3.1.) resulted in 12421 records. After the
removal of 2,977 duplicates, 9,444 records remained for title and abstract screening. In this
process 9,233 records were removed. The remaining 211 studies were examined in a full-text
screen in which 170 studies were excluded as they did not meet the required inclusion criteria.
Consequently, 41 studies were included in the systematic in-depth analysis (Figure 6).

4.2 Quality Assessment

Overall, a mean score of 3.34 out of 10 points was reached. The scores ranged between two and
five points. The seemingly inferior quality, however, could be explained by the fact that some
requirements are unlikely to be fulfilled in non-clinical interventions (e.g. “blinding of
subjects”, “received treatment as allocated”, “blinding of therapist”). Two interventions
(Garcia-Pinillos, Martinez-Amat, Hita-Contreras, Martinez-Lopez, & Latorre-Roman, 2014;
Torres-Torrelo, Rodriguez-Rosell, & Gonzalez-Badillo, 2017) reached the highest score of 5

points.
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Flow Chart

Data base screening
Pubmed: 790
Web of Science: 1360 Additional records identified in
CINAHL: 384 reference lists
Sportdiscus: 1105 n=13
Scopus: 8782
Overall: 12421

|

Records after removal of
duplicates (n=2977):

n =9444
Title and Abstract screen: Records removed:
n=9444 > n=9233
Full-text screen: Full-texts excluded according to
—_ specific criteria:
n=211
n=170
Criterion 1: 13
Criterion 2: 38
Criterion 3: 11
Criterion 4: 86
Criterion 5: 14
Criterion 6: 5
Criterion 7: 3
A\ 4

Included overall:

n=41

Figure 6: Flow Chart (Adapted from Moher, Liberati, Tetzlaff, and Altman (2009))
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Table 4: PEDro criteria and sum scores of the included studies

Subjects Similar  Blinding Blinding Blinding Received Statistical msa?siS:es Sum
Authors and year Egg(i:lilfiileigy randomly gﬁgggglsg baseline qf of ) of D!igg/l:t trea;rsnent bs';\gs;n qnq ) (i;etrg S
allocated values  subjects therapist assessor allocated  comparison vanaplllty 11)
provided
Alemdaroglu et al. (2013)* 0 1 0 0 0 0 0 0 0 1 1 3
Alves et al. (2010)* 0 0 0 1 0 0 0 0 0 1 1 3
Arabatzi et al. (2010)* 0 1 0 0 0 0 0 0 0 1 1 3
Arazi et al. (2014)* 0 1 0 0 0 0 0 0 0 1 1 3
Brito et al. (2014)* 0 1 0 1 0 0 0 0 0 1 1 4
Dodd & Alvar (2007)* 0 1 0 0 0 0 0 0 0 1 1 3
Fathi et al. (2018)* 0 0 0 1 0 0 0 1 0 1 1 4
Faude et al. (2013)* 0 1 0 0 0 0 0 0 0 1 1 3
Fletcher & Hartwell (2004) 0 1 0 0 0 0 0 0 0 0 1 2
Franco-Marquez et al. (2015)* 0 0 0 0 0 0 0 0 0 1 1 2
Garcia-Pinillos et al. (2014)* 0 1 0 1 0 0 0 1 0 1 1 5
Hammami et al. (2017a)* 0 1 0 1 0 0 0 0 0 1 1 4
Hammami et al. (2017b)* 0 1 0 0 0 0 0 0 0 1 1 3
Hammami et al. (2018)* 0 1 0 1 0 0 0 0 0 1 1 4
Juarez et al. (2009)* 0 1 0 1 0 0 1 0 0 0 1 4
Kamal (2016) 0 0 0 0 0 0 0 0 0 1 1 2
Kobal et al. (2017)* 0 1 0 1 0 0 0 0 0 1 1 4
Kotzamanidis et al. (2005)* 0 1 0 1 0 0 0 0 0 1 1 4
Kramer et al. (1993) 0 1 0 0 0 0 0 1 0 1 1 4
Kukric et al. (2012)* 0 0 0 1 0 0 0 0 0 1 1 3
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Labib (2013)

Lee et al. (2014)

Lloyd et al. (2016)*
Loturco et al. (2014)
Lyttle et al. (1996)*
MacDonald et al. (2012)*
McMaster (2014)
Mihalik et al. (2008)*
Radnor et al. (2017)
Ronnestad et al. (2008)*
Rodriguez et al. (2017)
Smith et al. (2014)*
Stasinaki et al. (2015)*
Talpey et al. (2016)*
Torres-Torrelo et al. (2017)*
Tsimachidis et al. (2010)*
Veliz et al. (2014)*

Veliz et al. (2015)*
Villareal et al. (2011)*
Villareal et al. (2013)*
Wallenta et al. (2016)*
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* data received from Bauer et al. (in preparation for publication)



4.3 Subject Characteristics

The examined studies vary considerably in their choice of subjects and their overall

characteristics. The following section will cover these factors. The data are presented in Table

6.

4.3.1 Gender

Concerning the subjects’ gender, 32 of the included studies tested male athletes only. In

contrast, five studies only included female subjects (Arazi, Asadi, & Roohi, 2014; Kamal, 2016;

Kramer et al., 1993; Labib, 2013; Veliz et al., 2015). Four interventions tested men and women;

two did not specify the actual number (de Villarreal, Izquierdo, & Gonzalez-Badillo, 2011;
Smith, Lyons, & Hannon, 2014), and two did (15m/9f; 11m/20f) (Alemdaroglu, Dundar, KokI,
Asci, & Findikoglu, 2013; Mihalik et al., 2008).

4.3.2 Age

Eleven of 41 studies included subjects with a mean age of 18 years or younger. Four of these

included subjects between 14-16 years (Fathi et al., 2018; Franco-Marquez et al., 2015; Garcia-

Pinillos et al., 2014; Hammami et al., 2018). The other 30 interventions featured athletes over

the age of 18. Of these 30, five interventions included subjects older than 24 years (mean)
(Fletcher & Hartwell, 2004; Rodriguez-Rosell et al., 2017; Smith et al., 2014; Torres-Torrelo
etal., 2017; Veliz et al., 2015). Overall, the ages ranged between 14.5 (+ 0.6) (Fathi et al., 2018)
and 29.0 (£ 7.4) years (Fletcher & Hartwell, 2004).

4.3.3 Training Status

For operationalization purposes the subjects where allocated between four categories in this

analysis: pro level, intermediate or junior level, amateur level, or regularly active or untrained.

Pro level:

Intermediate or junior level:

Amateur level or regularly active:

Untrained:

22

subjects playing in a national first or second division /
indicated as “professional” in the respective paper /

special operations army soldiers

subjects playing in a third or lower national/regional
division or in a junior league/college team / being

described as “very good”, or experienced
healthy and regularly active subjects / sports students

no regular training



Among the 41 studies analyzed, ten tested subjects which show a training status that can be
classified as pro level. Thirteen interventions included intermediate or junior level athletes.
Subjects in the category amateur level or regularly active where tested in 17 interventions, and

only a single study featured untrained subjects (Arazi et al., 2014) (Table 5).

Table 5: Training Status Categories

Pro level

Intermediate or
junior level

Amateur level, or Untrained

regularly active

Alves et al. (2010)

Fathi et al. (2018)
Franco-Marquez et al. (2015)
Kobal et al. (2017)

Loturco et al. (2014)

Mihalik et al. (2008)
Ronnestad et al. (2008)
Veliz et al. (2014)

Veliz et al. (2015)

Wallenta et al. (2016)

Alemdaroglu et al. (2013)
Dodd & Alvar (2007)
Faude et al. (2013)

Fletcher & Hartwell (2004)
Garcia-Pinillos et al. (2014)
Hammami et al. (2017b)
Hammami et al. (2018)
Kukric et al. (2012)

Labib (2013)

Lyttle et al. (1996)

Arabatzi et al. (2010) Avrazi et al. (2014)
Brito et al. (2014)

Hammami et al. (2017a)

Juarez et al. (2009)

Kamal (2016)

Kotzamanidis et al. (2005)

Kramer et al. (1993)

Lee et al. (2014)

Lloyd et al. (2016)

MacDonald et al. (2012)

Rodriguez et al. (2017) McMaster (2014)

Torres-Torrelo et al. (2017) Radnor et al. (2017)
Tsimachidis et al. (2010) Smith et al. (2014)
Stasinaki et al. (2015)
Talpey et al. (2016)
Villareal et al. (2011)

Villareal et al. (2013)

4.3.4 Number of Subjects

Overall, the 41 selected studies included 1354 subjects, with a mean of 33 subjects per
intervention. The lowest number of subjects (11) was tested by Fletcher and Hartwell (2004),
whereas de Villarreal et al. (2011) recorded the highest number (65). The majority of
interventions (32) tested men only, resulting in a total of 1112 male subjects. On the contrary,
five interventions tested only women (Arazi et al., 2014; Kamal, 2016; Kramer et al., 1993;
Labib, 2013; Veliz et al., 2015). Together with the two studies which tested both men and
women (Alemdaroglu et al., 2013; Mihalik et al., 2008) a total of 149 female subjects were
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included. These numbers do not include the participants tested by Smith et al. (2014) and (de
Villarreal et al., 2011) (93 overall) as they tested both genders, but did not indicate the exact

number.

4.4 Study Design

The interventions under review followed a variety of training protocols, showed varying
durations and diverse training frequencies per week. The following section is going to cover
these aspects.

4.4.1 Duration and Frequency

According to the in- and exclusion criteria (see 3.23.2) only studies which lasted longer than
four weeks and feature one complex training group with a frequency of at least eight sessions
where included in this thesis. The durations, therefore, ranged from four weeks (Dodd & Alvar,
2007; Mihalik et al., 2008) up to 16 weeks (Fathi et al., 2018; Veliz et al., 2014; Veliz et al.,
2015). The average intervention duration was 8.17 weeks.

Concerning the training frequency, the interventions featured between six (Alves, Rebelo,
Abrantes, & Sampaio, 2010) and 40 training sessions (McMaster, Gill, McGuigan, & Cronin,
2014) over the period of the respective studies. Although the frequency of six sessions would
not meet the inclusion criteria, Alves et al. 2010 also included a CT group with a frequency of
twelve session, and was, therefore, included in this analysis. Overall, 14 interventions had a

training frequency lower than 16, whereas 27 studies showed a higher value.

4.4.2 Training Protocols

For better operationalization, the different training regimes are categorized according to Table
3 (see also 2.4.1). The category complex training includes: Traditional Complex Training (CT),
Block Set Complex Training (BS), Block Complex Training (BC). The alternative training
category includes: Olympic Style Weight Training (OLY), Plyometric Training (PLYO), and
Resistance Training (RT). Non-experimental, non-training control groups are referred to as
Control Group (CTRL). Training methods combining similar exercises as in complex training,
but in a reverse order or on separate days are referred to as alternative periodization models,
such as: Reverse Complex Training (RCT), Reverse Block Complex Training (RBC), Reverse
Block Set Complex Training (RBS), Compound Training (Comp), and Block-wise Periodization
(BLOCK).
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Among the 41 studies under review 17 included a traditional complex training protocol (CT).
21 interventions compared some form of complex training to an alternative training method
(RT, PLYO, OLY) and five featured an alternative periodization model (Comp, BLOCK)
(Arazi et al., 2014; Juarez, Gonzélez-Ravé, & Navarro, 2009; Mihalik et al., 2008; Stasinaki et
al., 2015; Wallenta, Granacher, Lesinski, Schiinemann, & Muehlbauer, 2016). 26 studies
compared their complex training group(s) to a non-training control group, of which 13 studies
(Alves et al., 2010; Faude, Roth, Di Giovine, Zahner, & Donath, 2013; Fletcher & Hartwell,
2004; Franco-Marquez et al., 2015; Garcia-Pinillos et al., 2014; Hammami et al., 2017a; Kamal,
2016; Labib, 2013; Lee et al., 2014; Smith et al., 2014; Tsimahidis et al., 2010; Veliz et al.,
2014; Veliz et al., 2015) compared to such a control group only. Two of these, however,
featured two slightly different CT-groups to be compared to controls (Alves et al., 2010; Smith
et al., 2014). Ten studies compared to alternative training methods only (Alemdaroglu et al.,
2013; Arabatzi, Kellis, & Saez-Saez De Villarreal, 2010; de Villarreal et al., 2011; de Villarreal,
Requena, Izquierdo, & Gonzalez-Badillo, 2013; Dodd & Alvar, 2007; Kobal et al., 2017;
Kramer et al., 1993; MacDonald et al., 2012; McMaster et al., 2014; Talpey, Young, &
Saunders, 2016)

4.4.3 Intensities and Exercise Selection

The intensities for the conditioning activities ranged from 30% in some sessions of the
intervention (Loturco et al., 2014) to 95% (Kotzamanidis, Chatzopoulos, Michailidis,
Papaiakovou, & Patikas, 2005; Lee et al., 2014; Radnor, Lloyd, & Oliver, 2017) or even 99%
or 100% 1RM (Alves et al., 2010; McMaster et al., 2014)

Some studies, however, used loads below 60% of the 1RM (Faude et al., 2013; Franco-Marquez
et al., 2015; MacDonald et al., 2012; Torres-Torrelo et al., 2017). Others relied on different
measures for intensity prescription, such as velocity-based measurements (Veliz et al., 2014;
Veliz et al., 2015) or the “MP = weight [with] which the maximal power in CMJioaded IS
obtained” — for example “MP + 10%” - (de Villarreal et al., 2011; de Villarreal et al., 2013).
Furthermore, Rodriguez-Rosell et al. (2017) relied a force system to assign the loads, whereas

Garcia-Pinillos et al. (2014) used isometric CAs preceding the plyometric exercises.

Concerning the exercises, the most frequent conditioning activities were full squats, half squats,
back squats with and without the use of a smith machine. Further, many studies included some
form of lunges in their training protocols (Arazi et al., 2014; Dodd & Alvar, 2007; Kamal, 2016;
Labib, 2013; Lloyd, Radnor, Croix, Cronin, & Oliver, 2016; Radnor et al., 2017). For the

plyometrics part in the CT protocols, most studies included countermovement jumps, squat

25



jumps or drop jumps. Some protocols featured agility-based exercised, such as zigzag drills or
change of direction drills (Alves et al., 2010; Arazi et al., 2014; Faude et al., 2013). Several
studies used sprints only (Kotzamanidis et al., 2005; Tsimahidis et al., 2010) or a combination
of sprints and jumps in their training programs (Brito, Vasconcellos, Oliveira, Krustrup, &
Rebelo, 2014; Hammami et al., 2017a; Hammami, Negra, Shephard, & Chelly, 2017b; Juarez
et al., 2009; Wallenta et al., 2016).

4.4.4 Rest Periods for CT-Groups

Overall, 24 studies indicate the inter- and/or intra-complex rest periods for their complex
training groups. 17 studies do neither mention inter- nor intra-complex rest in their CT-
protocols. The intra-complex rest ranges from “>10 seconds” in Dodd and Alvar (2007) up to
3-5 (Juarez et al., 2009) or 4 minutes (Talpey et al., 2016). The inter-complex rest ranges from
0,5 — 2 minutes (Smith et al., 2014) to 3-5 or 5 minutes respectively (Juérez et al., 2009;
Stasinaki et al., 2015). Overall, the studies which indicate the rest periods show a mean of 2.17

minutes as intra-complex and 3.03 minutes as inter-complex rest.
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Table 6: Results

Aut n - . - . . Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and | \9 Status ge ly /Fq. Category Method Exercises Int. Exercises P . Change in %
der) Int. (min)
year
CMJ male:
8 ! split jumps, RBS:  7.32**
Gm/ 192-245 62  AlLP. RBS USRS, 10 g6/ g5.00%  squatjumps, 381 BS:  852*
x_ 3f) press, e front tuck jumps CT: 7.71%*
= .
b= recreationall CMJ.femaIe. oy
IS trained RBS: 26.76
= e)>,< erience BS: L
= g e . split jumps, CT: 13.75**
@ in resistance split squats, leg . .
= (5m/ 19,2 -245 6/2 Complex BS 3/6/ 85-90% squat jumps, 3/8/- SJ male:
= and press, leg curls ; ] ok
8 3f) ; front tuck jumps RBS:  8.06
= plyo_m_etrlc BS: 4.94**
-g training CT: 9.68**
<@ - 1 intra- SJ female:
< 8 . split jumps, . . o
Gm/ 192-245  6/2  Complex cT splitsquats, leg /5 05 0005 squatjumps,  3/gl-  COmPlex: | RBS: o 20.47*
3f press, leg curls front tuck jumps 2 inter- BS: 4.55
complex | CT: 9.52**
5m sprint:
CT: -9.17**, + to CTRL
CT: -6.19*, + to CTRL
CTRL: -1.77
5m 15m sprint:
9 squat 90°, calf skipping+5m cT: 7 03** +to CTRL
* m) 174+£0.6 6/1 Complex CT extensions.; leg 3/6/ 80-100% sprint; 8VJ+3 - n.i. CT: 0 .78* '
S li extensions ball headers; 3 i )
& elite DJ with headers CTRL: -1.16
~ Portuguese SJ:
E soccer CT: 12.60**, + to CTRL
@ players CT: 9.63*, +to CTRL
i>’ CTRL: -0.73
< CMJ
~om CT: 0.19
8 squat 90°, calf skipping+5m CT: 2.42
m) 174+£0.6 6/2 Complex CT extensions, leg 3/6/ 80-100% sprint; 8VJ+3 - n.i. CTRL: -2.58
extensions ball headers; 3 505 Agility test:
DJ with headers CT: -1.28

LZ
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Aut n - - - . . Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and dg Status gely /Fq. Category Method Exercises Int. Exercises P - Change in %
year er) Int. (min)
6 CT: 0.00
m) 174+0,6 6/2 Control CTRL - - - - - CTRL: 0.84
double-leg CMJ:
hurdle hops, BC: 15.12*, + to CTRL
power cleans, ) i . -
10 205 | S @l A 4-6/ a_lterlna:ed 4-6/ 3 between OLY: . 15.03*, +to CTRL
m) 0,3+2 8/3 Complex BC jerk, high pulls, half 4-6/ single-leg 4-6/ sets PLYO: 14.60*% +to CTRL
' squats ’ 75-90% hurdle hops, - CTRL: 5.71
q double-leg hops, SJ
half-squats BC: 15.12*, + to CTRL
x_ OLY: 15.03* +to CTRL
S power cleans, 4.6/ PLYO: 14.60% +to CTRL
& 9 203+2 83  AlLTr ooy CEED ClEnE 4-6/ : : - CTRL: 571
— (m) sport T T jerk, high pulls, half 75-90%
§ students squats
3 double-leg
<] hurdle hops,
< 9 alternated 4-6/
203%2 8/3 Alt. Tr. PLYO - - single-leg 4-6/ -
(m)
hurdle hops, -
double-leg hops,
half-squats
. 20.3£2 8/3 Control CTRL - - - - -
(m)
depth jumps, 1RM leg press:
x| 8 . ) multiple jumps, ) PLYO: 44.26*
S M  heatny 0807 G2 AT PLYO zigrag arill, o/ RT:  48.86*
S untrained lunge jumps Comp: 40.18*
= women CT: 37.62*
g half squats, knee CMJ:
S ! 207+11 62 Alt. Tr. RT ﬂe"t.ens'or?s' 'I‘”ele 6/6/ 60% - - - PLYO: 19.32*
g Q] exions, single-leg RT: 20.03*
lunges Comp: 28.31*
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hors ( r;n Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Sztssll CF’;;:_\;%S; )
and | \9 Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
der) Int. (min)
year
CT: 17.34*
half squats, knee depth jumps, 20m sprint:
7 extensions, knee 0 multiple jumps, 1 between | PLYO: -15.66*
) 20.7£07 6/2 Alt. P. Comp flexions, single-leg 6/6/60% zigzag drills, 6/6 ex. RT: -7.19*
lunges lunge jumps Comp: -15.66*
CT: -9.73*
) Agility t-test:
half squats, knee depth jumps, PLYO: -7.65*%
7 extensions, knee 0 multiple jumps, 1 between | RT: -6.28%
U] 206+05 6/2 Complex cT flexions, single-leg 3/6/60% zigzag drills, 3/6 ex. Comp: -7.88*
lunges lunge jumps CT: -3.25%
12 squats, calf 16/ 1RM Squat:
m) 20.3+0.9 9/3 Alt. Tr. RT extensions, leg 80-90% - - n.i. RT: 22.79*** +++to CTRL
extensions 0 PLYO: 17.32***, +++to CTRL
o CT: 24.17***, +++ to CTRL
skipping 5m, CTRL: 2.38
« 12 Sm sprint, 8 . 20m sprint:
S m college 20.0+0.6 93 Alt. Tr. PLYO - - CMJ, ball 1/3-8 n.i. RT: -5.33%%* +++ to CTRL
S SEUEENS headers, 6 SJ, 3 PLYO: -4.70%** +++to CTRL
= egg;gfgn;n DJ CT: -6.15*** +++ to CTRL
m - -
b local soccer skipping 5m, CTRL: -1.25
2 12 clubs squats, calf 5m sprint, 8
o 199+0.5 9/3 Complex CT extensions, leg 1/6/80-90% CMJ, ball 1/3-8 n.i.
(m) ;
extensions headers, 6 SJ, 3
DJ
el 20.7x1 9/3 Control CTRL - - - - n.i.
(m)
division 11 20m sprint:
= junior box >10sec | CT: -0.55
<_7: £ 32 college squats, lunges, split deO)t(hJL'JlTrr?S’s intra- RT. 049
35 baseball 18-23 42 Complex cT quats, Junges, sp 2/6/80-90% PINJUMPS, 96/, complex; | PLYO: -0.14
%8 (m) players with squats sp_llt squat 3-4inter- | 40m sprint:
T~ at least 1 Jjumps complex | CT: -0.26
a year of RT: 0.71
strength PLYO: 1.35
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Aut

hors ( r;n Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Sztssll g;rrli_\;zsst )
and | \9 Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
d Int
year er) nt. (min)
training 60m sprint:
experience CT: -0.28
RT: -0.15
31 18-23 412 Alt. Tr. RT squats, lunges, split 4/6/80-90% i i i PLYQ. 0.28
(m) squats CMJ:
CT: 0.99
RT: 0.36
PLYO: 191
Agility t-test:
box jumps, CT: -2.33
28 i ) ) depth jumps, 3 ) RT: -1.24
m) 18-23 4/2 Alt. Tr. PLYO split squat 4/6/ PLYO: 004
jumps
SJ:
BC: 7.24%**
half squats, EI'_I'EE 41-03?:
Bulgarian split ey . . S
20 14.7+ 0.6 16/2 Complex BC squats, bench press, 14(2)/30%/2/ hgrdle_Jumps, 2 5’//6 n.i. CMJ:
(m) behind the neck 70% 9IS : BC: 615 +++10PLYO
X press PLYO: 3.37***
=) o CTRL: 0.62
o first division 5m sorint:
N - print:
= v BC: 647
= C‘;ﬁbegia;er _ PLYO: 435+
z 2 146+05 1622  AltT.  PLYO - - hurdle jumps, - 3-5/8- - CTRL: 0.00
ke (m) drop jumps 10/- 10m sprint:
= BC: 347+
PLYO: 2.39*
CTRL: 0.00
2 145+ 0.6 16/0 Control CTRL - - = = - Body Fat %:
(m) BC:  -7.80** ++1to CTRL
PLYO: -7.54** ++to CTRL

CTRL: 1.56




Aut n Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and dg Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
er) Int. (min)
year
2 different training 1RM Squat:
regimes CT: 18.22*** +++to CTRL
(alternated). session single-leg CTRL: 0.66
1: unilateral loaded hurdle jumps, Session 1: | CMJ:
half squats + 1 plyo. DJ, 5m sprint, 4 inter- CT: 2.99+++to CTRL
8 session 2; (2 of the 3-4/4-5/ high straight 9-4/5- complex | CTRL: -7.44
2)\ m) 226124 712 Complex CT following combined 50-90% jumps, lateral 8 Session 2: | DJ:
p=d soccer with 2 plyo): jumps, zig zag 1-2inter- | CT: 5.57
S player§ In loaded half squats, sprints, & intra CTRL: -3.64
= the third loaded calf raises, bounding complex | 10m sprint:
@ Swiss loaded lateral half jumps, headers CT: 0.00
3 league squats, loaded step- CTRL: 2.31
E ups 30m sprint:
CT: 0.23
CTRL: 1.70
8 Agility t-test:
(m) 23127 712 Control CTRL - - - - - CT: -4.08*
CTRL: -2.11
(medicine ball Club head speed:
3kg) BC: 1.50*
bench press, squats, CTRL: 0.50
single arm rows, seated
g lunges, shoulder horizontal Driving distance
o 6 press, upright rows, 3-6/6-8/ twists, standing . 30*
S" (m) ARV L2 Camplz 29 abdominal 80-85% horizontal e -l 2$RL: f10.3700
© very good crunches, back
E club extensions, side twists, Standing
£ standard bends back,
o3 male golfers extensions, golf
5 swings
<
2
©
T
> 29.0+4.7 8/0 Control CTRL - - - - -
(m)

1€




(43

Aut n Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and dg Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
year er) Int. (min)
CMJ, step phase Jintra- & ;%”? sprln_t.l 14
=3 18 4-8/2-3/ triple jumps, . . .
& m) male soccer 14.7+0.5 6/2 Complex BC squats 45-58% change of 3-8/2 3 inter- CTRL: 0.00
; PLEPEE, direction, sprint complex ZB%m sprlnt(:) 97+
S x Spanish first : -0.
=10 division, no CTRL: 0.00
s strength CMJ:
S 13 training BC: 9.04%*
= (m) experience 147 +£0.5 6/0 Control CTRL - - - - - CTRL: 0.60
T 1RM:
BC: 28.83***
CTRL: 2.34
5m sprint:
CT: -14.97***
CTRL: -12.05***
x jumps from 10rT1 sprint: o
A 17 seated position, 4 CT: . -13.36
8 155+1.3 12/2 Complex CT isometric 90° squat 4-10/40sec/-  single-leg jJumps i n.i. CTRL: . -7.44
= m semi- alternated right 10/6/- 20m sprint:
S professional and left CT: -8.36*** +to CTRL
o soccer CTRL: -5.61*
g academy 30m sprint:
£ players CT: -6.26*** +to CTRL
o CTRL: -3.83*
i) CMJ:
8 CT: 7.14%**
13 CTRL: 222
m) 164+15 12/0 Control CTRL - - - - - Balsom Agility Test:
CT: -5.13*** + to CTRL

CTRL: -0.34
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Aut n Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and d Status /Fq. Category Method Exercises Int. Exercises - Change in %
year er) Int. (min)
5m sprint
CT: -11.40***, +++ to CTRL
RT: -9.82*** +++to CTRL
CTRL: -2.61
10m sprint
CT: -7.49** ++to CTRL
RT: -8.42** ++to CTRL
CTRL: -1.04
20m sprint
CT: -8.43**, ++to CTRL
RT: -5.54*** +++to CTRL
CTRL: 0.00
back squats; 30m sprint:
ascending / K 1-4: CMJ: CT: -7.44** ++ to CTRL
o 16 descending sets; 3-5/3-8/ wee . ! . RT: -7.21*%*, ++ to CTRL
E m) all E?gers 16.2 +0.6 6/2 Complex CT 3x8 at 70%: 5x4 at 70-90% wEelksfn—fi. ﬁrl:/tIJ 1/3/- n.i. CTRL: -065
= o 80%; 43 at 85%; P 40m sprint:
= Dndergont 3x3 at 90% CT:  -9.06** ++1to CTRL
E strength RT: -5.94* +to CTRL
2 training CTRL: -1.52
% with light Agility S180°:
c [Tz CT: -5.26*** +++to CTRL
% an early age RT: -3.46*, + to CTRL
T CTRL: -0.12
Agility 4x5m:
CT: -7.17*** +++to CTRL
RT: -2.25%, + to CTRL
CTRL: -0.48
Agility back and forward:
CT: -4.95*** +++to CTRL
RT: -4.22*, +to CTRL
back squats; session CTRL: -059
1 dseess(;?ggigg / 1RM Squat:
CT: 41.02*** +++to CTRL
(%r?) 16.0+0.5 6/2 Alt. Tr. RT descending sets; 305/5'0(% - - n.i. RT: 23.94*** +++ 10 CTRL
3x8 at 70%; 5x4 at CTRL: 6.07
80%; 4x3 at 85%; RCOD:
3x3 at 90% CT: -5.58***, +++t0 CTRL




ve

Aut

hors n Training Dur. Training | Training Resistance Sets/ Reps/ Plyometric Sets// cT RZSt
and Ejgen Status Age (years) /FQ. Category Method Exercises Int. Exercises Reps Perl.o s Change in %
year er) Int. (min)
RT: -5.18*** +++ to CTRL
CTRL: -0.03
SJ:
CT: 23.37*** +++ to CTRL
(}nZ) 16.8 0.2 6/0 Control CTRL - - - - = RT: 11.23***, +++ to CTRL
CTRL: -3.11
CMJ:
CT: 25.26***, +++ to CTRL
RT: 12.66**, ++ to CTRL
CTRL: -2.43
5m sprint:
CT: -11.40%**
CTRL: 4.72
10m sprint:
CT: -7.85**
week 1-4;: CMJ; CTRL: 1.60
(1;) olTPO 16005 82 Complex cT half squats S week58:CMJ 13 ni. | 20msprint:
+ 15m sprint CT: -7.88**
x CTRL: 1.87
o) 30m sprint:
= CT: -7.24%%
S CTRL: 1.11
= 40m sprint:
® CT: -8.43**
k= CTRL: -1.53
g 1RM Squat:
IS CT: 43.16***
£ CTRL: 5.32
180° turn sprint:
. **
(%nz) oTP0  168+02 80  Comol  CTRL - - ] ) ] L o
Back and forward sprint:
CT: -4.38*
CTRL: 0.81
4x5m sprint:
CT: -6.41**

CTRL: -0.81
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Aut n - - - . . Sets/ CT Rest
ors raining ur. raining raining esistance ets/ Reps yometric -
h (gen T Age (years) D T T R Sets/ Reps/ Pl Reps/ Periods ;
and dg Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
year er) Int. (min)
5m sprint:
" e CT: -10.62***
=B week 1-4: CMJ; PLYO: -7.41%**
1+0. omplex alf squats week 5-8: - n.i. TRL: 4.
(%;‘) 161+05 82  Compl cT half AN K5-8:CMJ  1/3/ i |c .
+15m sprint 40m sprint:
CT: -8.43***
26‘ PLYO: -3.48**
b= CTRL: -1.71
& CMJ:
= " junior elite — CT: 23.04%**, ++ to Alt. Tr.
@ level 157402 82  AltTr. PLYO - - lrate Jumps, n.i. PLYO: 14.09%*
= (m) drop jumps CTRL: -1.85
E 1RM Squat:
g CT: 46.42*, + to PLYO.
I CTRL
PLYO: 9.18
CTRL: 6.38
12 158 +0.2 8/0 Control CTRL - - - = o 4x5m sprint:
(m) CT: -6.72%*
PLYO: -3.36**
CTRL: 0.98
1RM Squat:
sport
« students, BC: . 9-86::
> habitually o BLOCK: 8.73
S active (5-6 \ﬁrt'd‘iﬂ Jjumps, _ SJ: N
= 8 hoursper oo 0 8n coml BC 2-3/4-8/ é‘r €JUMPS, .3/ 35.'“”' BC: ~ 1L49™
S (m) week — oEL omplex squats 70-85% rop jumps, 5. intra- | BLOCK: 12.30
k5] moderate bench jumps, complex | CMJ:
2 volume and 20m sprint BC: 1176
§ intensity BLOCK: _5.42
running) but 5m sprint:
not BC: -6.03*
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Aut n - - - . . Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and | \9 Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
der) Int. (min)
year
specifically BLOCK: 5.56*
strength 10m sprint:
trained vertical jumps, BC: -3.77*
hurdle jumps, BLOCK: -3.43*
(ri) 200+1.9 8/2 Alt. P. BLOCK squats %%45;3/ drop jumps, 2;’ 2 35 15m sprint:
0 bench jumps, BC: -2.95*
20m sprint BLOCK: 2.33
20m sprint:
BC: -2.92*
BLOCK: -2.33
Composit Skillful Performance:
10 CTRL: -1.75
@ 18 8/0 Control CTRL = - - - - BS: -10.53*
. la. vertical
S j 2a.
s female Jumps,
o
< karate 1. squat, 2. bench thggt'mgsesbgg 60/90
s athletes press, 3. barbell U [pEIES, ST between
E L 18 8/3  Complex BS 07, & Lt pill ey sfﬁﬁcfili?ﬁﬁst};?' 3o O3
) P down, 5. abdominal 70-75% min
" overhead pass,
crunches, 6. decline 5 e between
a. medicine :
press ball sit up and exercises
throw, 6a.
zigzag drill
12 elite soccer 3-5/6-10/ 3- inter- & | CMJ:
. ( lavers: first  18.9%0.6 8/2 Complex RBS half squats DJ 30-45cm 5/10- intra- RBS:  13.26*
—= m)  Players; firs 60-80%
Sx division 12 complex | BS: 14.29*
25 i i CT: 14.78*
8 1 Charg-p rlwcénsm 3-5/6-10/ 8- 3inter- & | squat:
Q (m) expérience 18.9+0.6 8/2 Complex BS half squats 60-80% DJ 30-45cm 5/10- intra- RBS: 47.25%
in strength 12 complex | Bs: 45.25%
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hors n Training Dur. Training | Training Resistance Sets/ Reps/ Plyometric Sets// cr RZSt
and fjgen Status Age (years) /Fq. Category Method Exercises Int. Exercises Reps Periods Change in %
year er) Int. (min)
and 3- 3inter- & CT: 52.75*
(1;’) plyometric  189+06 82  Complex cT half squats A DJ30-45cm  5/10- intra-
training 0 12 complex
1RM Squat:
BC: 8.65**, ++to CTRL
RT: 10.03**, ++ to CTRL
12 healthy 170411 92 Complex BC half squats, step- 4/3-8/ sprint 30m 3 between | cTRL: 1.50
(m) Soccer ups, leg curls 80-95% sets SJ:
players; 4 BC: 7.80**, ++to RT &CTRL
years of RT: 1.87
X training age CTRL: 1.01
8 and Tanner CMJ:
g Stage 5 BC: 6.68**, ++ to RT &
= (%nl) 171+1.1 9/2 Alt. Tr. RT n.i. 3-8RM - CTRL
b RT: 0.88*
£ CTRL: -0.21
= DJ:
g random BC:  5.53**
S sport RT: 2.61*
g science CTRL: 3.34
o s sy
™ sport 17.8+0.3 9/0 Control CTRL - - - E%-QL -3.46™, ++10RT &
training RT: -0.46
backgrounds CTRL: -0.44
, moderately
active
N clean pulls, half ;'.P,]e ) t?3r8\iv*3500m.
EE ) rowes 182 98 AuT RT R 2060 : D
s~ I’OV\’IS Distance (m) rowed in 90 s:
Y ®© RT: 3.556**
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PE handball

hors (r;n Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Sztssll g;rrli_\;zsst )
and dg Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
year er) Int. (min)
squat jumps, BC: 4.08**
clean pulls, half A ]
13 squats, bench pulls, 4-10/5- stair jumps, 1- . CN_U'
18-24 9/3 Complex BC jump over 10/5- n.i. RT: 5.61**
® leg press, seated 20/80%
rov(/s bench, drop 20 BC: 5.56**
jumps (30 cm)
alternating CMJ:
jumps on one BS: 13.75*
. leg, jump over PLYO: 10.46*
(%T?) 16-17 1072 Complex BS fg‘;: rﬁ;‘}fs‘s 'jgts 3/3-5/80% hurdle 50cm, 3/8 n.i. CTRL: 0.54
Press, q telemark jumps,
jumps over
X hurdle
S junior
= basketball 16-17 ~ SJ, hurdle
= players. 7 jumps, one leg
S years of push, box
o 10 basketbal 102 AtTr.  PLYO . - Jumps, BJ 519
= (M) experience o 50cm,
2 alternating
jumps on one
leg,
16-17
10
m) - Control CTRL - - -
female \éuTn;epLSho; IZe?rformance:
= handball 7.
% 9 10 olayers 18-22 80  Control  CTRL BS: | -17.62%
< (faculty of




Aut n - - - . . Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and | \9 Status gely /Fq. Category Method Exercises Int. Exercises P - Change in %
der) Int. (min)
year
team 1a. vertical
Helwan jumps, 2a.
University) 1. squats, 2. bench medicine ball 60/90
press, 3. barbell chest pass, 3a. between
10 lunges, 4. lat pull step jumps, 4a. sets. - 3
@ 18-22 8/3 Complex BS downs, 5. 3/12/70-75% medicine 3/10/- mln
abdominal balloverhead between
crunches, 6. decline pass, 5a. .
. . exercise
press medicine ball sit
up and throw,
6a. zigzag drill
5x18m shuttle:
10 CTRL: 2.01
m) 18-22 12/0 Control CTRL BS: -8.82*** +++to CTRL
t-test:
CTRL: 2.87
body: 1 BS: -17.20***, +++ to CTRL
upper bocy: L-a. Rink dash 5 times:
chest pass 2-b. CTRL: 003
depth push-up DR e
o _ upper body: 1. 3-¢. two hand B_S. . 6.60*** +++ to CTRL
p=] ice hockey e Line drill:
IS | _bench press 2_. overhead CTRL:  -7.41%%*
= players, (no biceps curl 3. lying throws, 4-d. sit- Sh omren Tl
T further triceps extensions 4. up pass, 5-e. ' ' '
@ 10 description) crunches 5. lat pull 3.5/2-12 two hand side 3- 2-3 inter-
9 18-22 12/3 Complex BS down; lower body: throws 5/10- & intra-
(m) /70-95%
1. back squats 2. leg 15/- complex
curls 3. leg lower body: 1-a.
extensions 4. squat_jumps 2-b.
standing calf raises tuck jumps 3-c.
5. hip sled pike jumps 4-d.
depth jumps, 5-
e. double-leg
zigzag hops

6€
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CTRL:

hors ( Zn Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Igztssll C;;Fr:?)zsst )
and | \9 Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
d Int
year er) nt. (min)
“different 1-2 inter- 10m sprint:
i - - . _ ek
10 16.2+0.3 6/2 Complex CT back squats, lunges  3/10/70-75% exercises butno - 2-5/3 & intra- CTj 5'23
(m) upper body and 10/- | RT: 5.26
School sprint” COMPIEX 1 pLYO:  0.00
Kids. All CTRL: 0.00
10 paticipants 62,03 g2 AT RT back squats, lunges  3/10/70-75% 20m sprint:
(m) had CT:  -7.14*
previously ) RT: -3.57
*_ been drop landings, PLYO: -3.70%*
© VJin place, )
= . - CTRL: 0.00
S engaged in horizontal SJ:
= physical jumps, drop CT.' 12.65%*
= education— Iandings_, pogo RT; 6.7.9**
g 1 based 465402 62 ARTL  PLYO hopping, 2:5/5- PLYO: 124
o5 (m) activities; bilateral 10 CTRL: 000
— ; . 0.
not involved rebounds,
in any hurdles,
formalized unilateral
strength horizontal
program jumps
10
16.2+0.3 6/2 Control CTRL
(m)
18 male smith machine 20m sprint:
soldiers of 20.1+0.7 9/3 Alt. Tr. RT squats, loaded jump  3/4-6/30-80% - RT: 16*,+ to CTRL
(m)
= the squats, CMJ BS: 14*+ to CTRL
§ Brazilian CTRL: n.i.
=~ 15 special smith machine loaded jump 1RM smith machine squat:
— = - 0, - - 1
T m) operations 20.3+£0.8 9/3 Complex BS squats 1/4-8/30-80% squats, CMJ 1/4-8/ n.i. RT: 25* + to CTRL
p brigade with BS: 26*,+to CTRL
@ a minimum CTRL: n.i.
2 15  of one year CMJ:
- m) army 20.2+0.7 9/0 Control CTRL = = = = = RT: 36*,+ to CTRL
training BS: 39*,+ to CTRL

n.i.
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hors n Training Dur. Training | Training Resistance Sets/ Reps/ Plyometric Sets// cT R?;t
and Ejgen Status Age (years) /FQ. Category Method Exercises Int. Exercises Reps PEI’I.O s Change in %
er) Int. (min)
year
1- 1RM Squat:
1 1-2/6-10/80- ) 2/0.20 ) BC: 14.56*, + to CTRL
m) 238+54 8/2 Complex BC squats 80-180° 85% depth jumps - n.i. PLYO: 14.16* +to CTRL
. 0.60c CTRL: 2.67
regional m CMJ:
*_ level sports; . *
g . o | | Pivor 748 FrocTRL
2 (m) strength or 23964 812 Alt. Tr. PLYO - - squat jumps 2-6/8/- n.i. CTRL: 0.00
o plyo_m_etrlc 40m sprint:
= training BC: 073
= during the PLYO: 1.28
> " pr)e/‘égus . CTRL: -054
20.6+3.4 8/0 Control CTRL - - - - n.i. SJ:
(m) BC:  16.58% +to CTRL
PLYO: 18.35* +to CTRL
CTRL: 0.55
0.5 intra- | Squat:
lateral jumps complex | CT: 51.30*
. . - ' with RT: 44.95*
10 I A DL IZI L lighter | PLYO: 29.94*
21.7+34 6/2 Complex CT squats; Romanian 3/3-6/45-90 18in; box jump  3/3-6/- loads. 3 Body fat %
?\T () dead lift; calf raise double to 0ads, 'y o
o single-leg with CT: 5.00
S heavier RT: 15.79*
= recreationall loads | PLYO: 15.79*
o y trained
e 1 college smith machine
§ m) students 21.7+34 6/2 Alt. Tr. RT squats; Romanian 3/3-6/45-90 - - 3
8 dead lift; calf raise
(&)
s lateral jump, DJ
9 12-in up 18in;
i 21.7+3.4 6/2 Alt. Tr. PLYO - - box jump 3/3-6/- 3
double to
single-leg

144
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Aut n - . - . . Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and dg Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
year er) Int. (min)
back squats, 1RM Squat:
Bulgarian split RT: 11.70*
squats, incline CT: 9.20*
dumbbell press, hip 10m sprint:
thrusts, calf raises . RT: -1.20
14(6 ! ' o high load £y : e
18) 20916  10/4  AILTr Ry ~ Powercleans, larm — 4-8/2-6/ ballistic 4>/ 3 [ST 160
m) jammer press, 85-99% exercises 4 20m sprint:
bench press, RT: -1.20*
weighted chin ups, CT: -1.00*
— 1 arm dumbbell 30m sprint:
b= male floor press, 1 arm RT: -0.60
) provincial dumbbell rows CT: -0.90*
2 rugby union CMJ Peak Power:
a players CMJ, cm bench RT: 46.20*
S press throws, 1 CT: 35.60*
S arm dumbbell
snatch,
concentric only .
14(6 3inter- &
. 4-9/2-7/ bench throws, 5-8/5- L
18)( 209+1.6 10/4 Complex CT 85-09% high pulls, 1/4 8 intra
m) . complex
squat jump,
speed lunge,
alternate arm
dumbbell bench
press, box squat
. 1 intra- CMJ:
15 . : DJ, Spllt SJ, . Fkk
~  Gm 203+22 42 Complex BS SalUELES T £ 1] 3/6/85% double-leg g camles ) EE o GE
© i lunges; deadlifts 2 inter- Comp: 10.04***
=« 10f) divison | 0 bound |
x volleball complex
8 16 players - DJ, split SJ,
= squats; single-leg
S (6m, 20.9+2.4. 4/2 Alt. P. Comp lunaes: deadlift 6/6/85% double-leg 3/6
10f) ges: bound
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hors n Training Dur. Training | Training Resistance Sets/ Reps/ Plyometric Sets// cT RZSt
and fjgen Status Age (years) /FQ. Category Method Exercises Int. Exercises Reps Periods Change in %
year er) Int. (min)
drop lands, 10m sprint:
broad jumps, PLYO: 0.37
single-leg RT: 1.78*, +to PLYO, CTRL
forward hop and BS: 2.68*, +to PLYO, CTRL
10 stick, split squat 9.5/3- CTRL: 0.15
m) 16.4+0.2 6/2 Alt. Tr. PLYO - - drop land, pogo 10 SJ:
hopping, PLYO: 141
multiple RT: 7.68*, +to PLYO, CTRL
bilateral bouts. BS: 12.93*, + to PLYO,
power skipping, CTRL
etc. CTRL: -0.01
= 10 male school back squats, barbell
@ m) children, 16.3+0.3 6/2 Alt. Tr. RT lunges, dumbbell 3/10/75-95% - -
= previously step-ups, leg press
5 e
§ activities brpad Jume,
o single-leg
o forward hop and
10 back squats, barbell stick, split squat 2.5/3-
m) 16.2+0.3 6/2 Complex BS lunges, dumbbell 3/10/75-80%  drop land, pogo 10 n.i.
step-ups, leg press hopping,
multiple
bilateral bouts.
power skipping,
etc.
10
m) 16.3+0.3 6/0 Control CTRL - - - -

1%
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Aut n Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and dg Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
er) Int. (min)
year
1RM Squat:
BC: 22.91*, +++to CTRL
RT: 25.90*, +++ to CTRL
;
m) - 2302 712 Complex BC flexion 85-90% jumps: single- 2-4/ intra- BC: 1.94
Norwegian leg jumps complex | RT: 4.95
*_ professional CTRL: -0.83
= soccer SJ:
S players BC: 9.12*
= (Premier RT: -6.90
= League); all . CTRL: _ -3.63
g 6 subjectshad  220+25 72 AT RT N7 SRS 7D 2 e i i 10m sprint:
2 (M) experience flexion 85-90% BC: -1.14
S with RT: -1.68
S strength CTRL: -0.00
- training Sprint 30-40m:
BC: -0.85*
(;) 230+15 70  Contol  CTRL Rl e
40m sprint:
BC: -1.10*
RT: -1.29
CTRL: -0.93
10 254£34 62 AILTL RT full squats 2-3/4-¢/ . . 3 Lo sprnt
< m . . force system RT: 2.82
= semiprofessi BC: -3.93**, + to CTRL
N onal adult CTRL: -056
= soccer 20m sprint:
o] players, 3inter-& | RT: -1.64** +to CTRL
g 10 sanishoon4.34 62 Complex BC full squats 2-3/4-6/ CMJ, COD, - intra- | BC: 2,94, +++10 CTRL
= (m) third force system sprint complex CTRL: -0.66
-‘g division CMJ:
o RT: 7.16*** +++to CTRL
BC: 5.29*** +to CTRL
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hors ( r;n Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Sztssll CF:’;I'rI_R;szt
and dg Status gely /FQ. Category Method Exercises Int. Exercises P ! Change in %
year er) Int. (min)
CTRL: -0.27
10 1RM estimated:
m) 25.4+3.4 6/0 Control CTRL - - - - RT: 16.46%** ++ to CTRL
BC: 13.73*** +to CTRL
CTRL: -0.97
i 245+45 63  Compl T 9 mera |CT 1001
) + ] : .
(n)1 physical 54, omplex Cc squats 3/5/85% CMJ 3/5/ intra- cT 9.15%*
£ edu::latlon complex | CTRL: 4.33**
= college
8, 11 students; 3- 0.5-2
T rfgs e 245%45 63 Complex cT Kettlebell swings 3/5/- cMI 3/5/- ”}:]etrr;&
= -
- ) ek complex
£ moderate/vi
@ 9 gorous
(m/f 245%45 6/0 Control CTRL - - - - -
)
leg press CMJ:
throws; low 3intra-. 5 CT: -0.22
9 219423 6/3 Complex cT leg press; smith box 2/6-8/85% |n'tenS|ty squat  2/8/30 inter- Comp:. 4.50*
(m) squats jumps, low % complex CTRL: -1.17
. moderately intensity drop P 1 RM leg press:
& trained jumps CT: 28.48*
8 physical Comp: 17.76*
< education leg press CTRL: -1.57
3 9 students; no leg press; smith box wfth rr? VivtSl IOWt 4/8/30 o sauer
o previous ~ 223+27  6/3  AILP. Comp 0 press: 4/6-8/85% rensity squa CT:  34.25% +to Comp
= (m) systematic squats _jumps, low % Comp:  26.49%
'% resistance intensity drop CTRL: -1.23
brd training Jumps
(;]) 213+15 600  Control  CTRL - -

517




hors ( r;n Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Sztssll CF’;;:_\;%S; )
and d%r) Status gely /FQ. Category Method Exercises Int. Exercises InFt) (min) Change in %
year ’
CMJ:
4 inter-& | BS: 8.12**
5 (:1) - 214+35 9/2 Complex BS half squats 30%46(% jump squats 3_%/4' intra- RBS:  9.55**
= football complex | 20m sprint:
o ' BS: -0.91
= basketball, .
= S RBS: .-0.31
B soccer 10 sprint:
g player 3-4/4-6/ : 3-4/4- BS 102
= 209 +3.6 9/2 Alt. P. RBS half squats jump squats RBS:  -2.04
(m) 80-90% 6 X
= 1RM Squat:
BS: 24.38**
RBS:  23.99**
10m sprint:
CTRL: 0.58
10 RT: -2.33*
m) 24.7+4.7 6/0 Control CTRL - - - - - BS: 116
20m sprint:
i": CTRL: 0.68
— . RT: -1.34*, +to CTRL
S Spanish BS:  -1.00
E division E%EL 1.66
o 12 futsal 2-3/4-6/ RT:  -187,+to CTRL
g (m) player_s; no 238+24 6/2 Alt. Tr. RT full squats 45-58% - - 2-3 BS:. -1:64’
I? _expe_rlfnce CMU:
P in resistance CTRL: -027
= RT:  5.85%*
= BS: 5.31*
2. 1RM estimated:
12 229+46  6/2  Complex BS full squats 2-3/4-6/ CoD si0se 23 | CTRL -0.97
(m) 45-58% c RT: 16.03***, ++ to CTRL
BS: 12.28*** +to CTRL
- junior . 1RM Squat:
£= 13 basketball : L5inter- | o1 29.11% +t0 CTRL
eSS (m)  players with 18.0+1.2 10/2 Complex CT half squats 5/5-8/80-85% 30m sprint 5/1/- &intra- | cTRL: 1.23
£o normal complex | gj;
= technical CT: 12.95*, + to CTRL
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Aut n - - - . . Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and | \9 Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
der) Int. (min)
year
and tactical CTRL: 1.72
training CMJ:
13 experience CT: 14.86*, + to CTRL
m) 18.0 £0.7 10/0 Control CTRL - - - - gJT_RL: 1.32
CT: 14.12*, + to CTRL
CTRL: 2.01
bench press; full CMJ:
) 16 squats; military 3-4/6/velocity ~ CMJ loaded + . BC: 6.90*
T « (m) elite water 204 +£5.1 16/2 Complex BC press; pU” ups, abs based CMJ 6/5 n.l. CTRL: 2.50
=3 ; 1RM Squat:
NS olo players exercise a
=8 P BC:  14.21* +to CTRL
TRL: 2.
> (%nl) 204+51 162  Contol  CTRL - - . . c %
CMJ:
5 1 full ; spli 7/6/veloci MJ loaded /4 oC L o IO CTRL
= 6 spanishfirst 26443  16/2  Complex BC u sq“a‘? spiit Gb"e °d°'ty c JC‘;;“UG * 3'% - CTRL: 2.37
= ® division S RElS 1RM Squat:
= water polo BC: 20.99*, +to CTRL
*a‘:' players CTRL: 2.77
= 11
© 26.4+4.3 16/2 Control CTRL - - - - -
> U]
3-4/2- CMJ:
14( full squats; squat 6/velocity- . ) . BC: 8.57***
. mif) 194+19 7/3 Complex BC power; CMJ loaded based rebound jumps 4-8/5 n.i. RT: 10.94%%
< no MP+30% RT: 12.98***
o .y . *k*k
S competitive RT: 7.52
= S0 athletes,but  204%21 73 AT RT full squats s - ni. | PLYO: 8390
= ™D active 2-3 0970
§ 13 Umesper 3-4/2- .
o 713 -
k mif) week 202+19 Alt. Tr. RT squats 6/MP+30% n.i.
S
13( 713 3-4/2- i .
mif) 196+15 Alt. Tr. RT CMJ loaded 5/MP-30% n.i.
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Aut n .- - .- . . Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and | \9 Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
der) Int. (min)
year
o 205+37 738 AT PLYO . . rebound jumps 485 ..
) 3-4/2-6/ 1RM Squat:
(}nz) 204+21 7/3 Complex BC I)I\JAIIL?qu\tASJ fg:c?éd velocity-based  rebound jumps 4-8/5 n.i. BC: 20.23*, + to PLYO
power, MP£30% RT:  11.11*
12 3-4/3-6/ AL
TUER ; ; i RT: 14.39*
%; m) 204+21 7/3 Alt. Tr. RT full squats 60-85% n.i. Slver G
o non- e
o . 15m sprint:
S 12 competitive " 3-4/2- : i . BC- -0.80
b (M) athletes, but 20421 713 Alt. Tr. RT squats 6/MP+30% n.i. o o
= active 2-3 . '
% 12 dimesper  204:21 73 ARTr RT CMJ loaded CA . . n.i AL
e (m) week T o 5/MP+30% - : -
o PLYO: -0.70
S 30m sprint:
12 BC: -0.23
204+2.1 713 Alt. Tr. PLYO - - rebound jumps  4-8/5 n.i. RT: -0.13
@ RT:  -0.33
RT: -0.68
PLYO: -0.91
1RM Squat:
CT: 7.38*, + BLOCK
X BLOCK: 7.85
g 5m sprint:
S, Elieyout 3 CMJ +20m ginta, | 5ok 00
s m) soccer 18.0+1.3 6/2 Complex CT squats 3/5/60-70% submaximal 3/4 1.5 inter 10ms ri.nt' '
pt players sprint complex CT: P 1 74
3 BLOCK: -1.74*
S 30m sprint:
= CT: -1.46
BLOCK: -1.21




Aut n Sets/ CT Rest
hors (gen Training Age (years) Dur. Training | Training Resistance Sets/ Reps/ Plyometric Reps/ Periods )
and dg Status gely /FQ. Category Method Exercises Int. Exercises P - Change in %
er) Int. (min)
year
CMJ:
6 squats (3 weeks 3 CMJ +20m CT. 0.77*
(m) 185+1.6 6/2 Alt. P. BLOCK strength, 3 weeks 6/5/60-70% submaximal 6/4 3/15 BLOCK: 0.98
plyo) sprint T-Test:
CT: -1.88*
BLOCK: -2.50*

. female; m: male; CT: traditional complex training; BS: block-set complex training; RBS: reverse block-set complex training; Comp: compound training; BC: block complex training; BLOCK: different
methods in different weeks; PLYO: plyometric training; RT: resistance training; OLY: Olympic style weight lifting; CTRL: control; CMJ: counter-movement jump; SJ: squat jump; DJ: drop jump; COD:
change of direction; * significant intra-group difference (pre-post) (p<0.05); ** significant intra-group difference (pre-post) (p<0.01); *** significant intra-group difference (pre-post) (p<0.001); + significant

inter-group difference (p<0.05); ++ significant inter-group difference (p<0.01); +++ significant inter-group difference (p<0.001); n.i.: not indicated; ex.: exercise; Alt. P.: alternative periodization; Alt. Tr.:
alternative training method; Dur.: duration; Fq.: frequency; Int.: intensity
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4.5 Outcome/lntra-Group Differences

4.5.1 Complex Training

All of the studies under review (41) included at least one group following either a CT, BS, or
BC protocol. The following section will describe the intra-group differences (pre-post) in these
groups.

1RM:

Eleven of the 17 studies using traditional complex training (CT) tested their subjects for 1RM
in leg press or a form of squats. All of them report significant pre-post improvements of their
1RM ranging from 7.38% (p<0.05) (Wallenta et al., 2016) to 52.75% (p<0.05) (Kobal et al.,
2017). Four trials (Brito et al., 2014; Faude et al., 2013; Hammami et al., 2017a, 2017b) report
highly significant (p<0.001) improvements in 1RM, whereas others (Arazi et al., 2014,
Hammami et al., 2018; Kobal et al., 2017; MacDonald et al., 2012; McMaster et al., 2014;
Stasinaki et al., 2015; Tsimahidis et al., 2010; Wallenta et al., 2016) report improvements with
a lower significance (p<0.05).

Four (Kobal et al., 2017; Loturco et al., 2014; Talpey et al., 2016; Torres-Torrelo et al., 2017)
of the twelve studies including BS complex training, tested for 1RM and report considerable
significant improvements between 12.28% (p<0.001) (Torres-Torrelo et al., 2017) and 45.45%
(p<0.05) (Kobal et al., 2017).

Nine of 14 interventions featuring a BC group tested their subject for 1RM and all of them,
except from Juérez et al. (2009), indicate a significant increase of maximal strength between
8.65% (p<0.01) (Kotzamanidis et al., 2005) and 28.83% (p<0.001) (Franco-Mérquez et al.,
2015)

Sprint:

Eleven studies using CT tested their subjects on their sprint times over distances from 5 meters
to 60 meters (Dodd & Alvar, 2007). All of these, except from Dodd and Alvar (2007); Faude
et al. (2013) and Wallenta et al. (2016) report significant improvements in their CT groups.
These improvements ranged between -0.90% (p<0.05) (McMaster et al., 2014) and -14.97%
(p<0.001) (Garcia-Pinillos et al., 2014).

Out of the five studies using a BS protocol and testing sprint performance only three report a
significant improvement. Lloyd et al. (2016) recorded a significant decrease of sprint times over
10 and 20 meters of -5.26% (p<0.01) and -7.14% (p<0.05) respectively. Radnor et al. (2017)
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and Loturco et al. (2014) tested for sprint acceleration and speed respectively, and reported
increases of 2.68% (p<0.05) and 14% (p<0.05).

Eight interventions tested their BC groups for sprint and six of them report a performance
increase over 5 to 40 meters from -0.85% (p<0.05) (Ronnestad, Kvamme, Sunde, & Raastad,
2008) to 6.47% (p<0.001) (Fathi et al., 2018).

Agility:

Nine interventions featuring CT tested agility by using tests such as back and forward sprint,
repeated change of directions drills or standardized agility tests. Except from Dodd and Alvar
(2007), and Alves et al. (2010) all other studies (7) show a significant improvement in their
athlete’s agility performance ranging from -1.88% (p<0.05) in a so-called T-test (Wallenta et
al., 2016) to -7.17% (p<0.001) in a 4x5m sprint test (Hammami et al., 2017a).

Only one study using BS complex training tested their subjects of agility and does not report a
significant amelioration (Torres-Torrelo et al., 2017). None of the BC groups underwent an
agility test.

Jump:

The majority of studies (17) featuring a traditional CT group chose jump performance,
specifically, jJump height or peak power as an outcome variable. 14 out of the 17 studies used
exercises such as countermovement jump, squat jump, or drop jump for assessing their subjects’
performance. 10 studies report a significant improvement in various jumping measures. The
lowest percentage of change (0.77% (p<0.05)) is reported by Wallenta et al. (2016) for CMJ.
The highest rate (35.60% (p<0.05)) was achieved in McMaster et al. (2014) for CMJ peak

power. In general, most studies report improvements of jump performance of more than 9%.

Of the nine studies testing a BS group for jump performance every trial reported significant
improvements ranging from 1.77% (p<0.01) (Alemdaroglu et al., 2013) up to 39% (p<0.05)
(Loturco et al., 2014).

12 interventions with BC groups tested jump ability and report significant improvements in this
variable. The results are between 5.29% (p<0.001) (Rodriguez-Rosell et al., 2017) and 16.58%
(p<0.05) (Lyttle et al., 1996). Only one trial (Ronnestad et al., 2008) did not result in

significantly increased jump performance (CMJ).

Body Fat Percentage:
Overall, only two studies (Fathi et al., 2018; MacDonald et al., 2012) tested their subjects on

the development of their body fat percentage and reported the necessary data and percentage
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changes. Of these, only MacDonald et al. (2012) used traditional CT and report a 5% increase
in body fat.

None of the BS groups was assessed for body fat percentage. Fathi et al. (2018), however, tested

their BC group for this variable and recorded a decrease in body fat of -7.80% (p<0.01).

Sport-Specific Measurements:
None of the studies including a traditional CT group tested their participants for sport-specific

measures.

Five interventions including BC or BS protocols indicate a significant performance increase in
all of the tested sport specific variables. Lee et al. (2014) report significant time decreases in all
on-ice skating drills ranging from -6.60% to -17.20% (p<0.001). Fletcher and Hartwell (2004)
indicate significant increases of 1.5% and 4.3% in golf club head speed and driving distance,
respectively (p<0.05). Significant ameliorations are also reported by Labib (2013) for handball
jump shot performance (17.62%, p<0.05) and Kamal (2016) for composite skillful performance
in karate (-10.53%; p<0.05). Kramer et al. (1993) also report significant improvements (p<0.01)
in rowing performance both for “time to row 2500m” (-3.46%) and “distance rowed in 90

seconds” (4.08%).

4.5.2 Alternative Training Methods

22 of the 41 studies included at least one alternative training method (resistance training RT,
plyometric training PLYO, Olympic weight lifting OLY) in their investigations. The most
prevalent methods are PLYO and RT; only one study features OLY (Arabatzi, Kellis, & Saez-
Saez De Villarreal, 2010).

1RM:

The results show that in 13 studies which used RT and PLYO, both training methods lead to
significant increases in 1RM leg strength. For the RT groups the range was between 10.03% in
Kotzamanidis et al. (2005) and 48.86% in Arazi et al. (2014) (p<0.05). Similarly, all the PLYO
groups reached significant improvements in maximal strength between 6.77% (de Villarreal et
al., 2013) and 44.26% (Arazi et al., 2014) (p<0.05). Only one PLYO group in Hammami et al.
(2018) could not significantly gain more strength.

Sprint:
16 studies incorporating RT or PLYO tested their participants on sprint performance. Only

eleven report a significant improvement over the time of the respective intervention.

52



Of those interventions using RT, eight indicate significant changes between -0.60% (p<0.05)
(McMaster et al., 2014) and 9.82% (p<0.001) (Hammami et al., 2017a) in sprint time. Loturco
et al. (2013) tested for speed and also recorded a 16% increase. Five studies of the nine which
featured PLYO report significant sprint time improvements ranging from -3.48% (p<0.01)
(Fathi et al., 2018) to -15.66% (p<0.05) (Arazi et al., 2014). On the contrary, Fathi et al. (2018)
report a deterioration in sprint performance of 4.35% and 2.39% for 5m and 10m sprint,

respectively (p<0.05).

Agility:

Three studies (Arazi et al., 2014; Dodd & Alvar, 2007; Hammami et al., 2018) included PLYO
and tested the agility of their subjects. Two trials report a significant change of -3.36% (p<0.01)
(Hammami et al., 2018) and -7.65% (p<0.05) (Arazi et al., 2014) in their test times. Dodd and

Alvar (2007) do not give any indication on the significance of their results.

Four studies tested their RT groups for agility, of which two report significant ameliorations
between -2.25% (p<0.05) (Hammami et al., 2017a) and -6.28% (p<0.05) (Arazi et al., 2014).
Torres-Torrelo et al. (2017) tested their RT group for agility but their results are not significant.

Jump:

13 studies which featured a RT group tested their subject for jump performance using CMJ, SJ,
or DJ. 10 of those trials report significant results ranging from 5.61% (p<0.01) (Kramer et al.,
1993) to 46.20% (p<0.05) (McMaster et al., 2014).

Ten studies featured a PLYO or OLY group and except from Radnor et al. (2017), Lloyd et al.
(2016) and Dodd and Alvar (2007) every trial reports a significant increase in jump
performance. The range is 3.37% (p<0.001) (Fathi et al., 2018) to 20.28% (p<0.05) (Arabatzi,
Kellis, & Saez-Saez De Villarreal, 2010). Overall, only Fathi et al. (2018), Lyttle et al. (1996),

and de Villarreal et al. (2011) report changes which were below 10 percent.

Body Fat Percentage:

Concerning body fat percentage only two studies report changes in this variable. MacDonald et
al. (2012) indicate that both the PLYO and RT group significantly increased body fat percentage
by 15.79% (p<0.05). On the contrary, Fathi et al. (2018) report a significant decrease of -7.54%
(p<0.01).

Sport-Specific Measurements:

Kramer et al. (1993) tested their RT group on rowing specific measures and report significant
(p<0.01) improvements for both time to row 2500m” (-3.04%) and “distance rowed in 90
seconds” (3.56%). No study using a PLYO group tested for sport specific variables.
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4.5.3 Alternative Periodization Models

1RM:

Six studies (Arazi et al., 2014; Juérez et al., 2009; Kobal et al., 2017; Stasinaki et al., 2015;
Talpey et al., 2016; Wallenta et al., 2016) included alternative periodization models and tested
for 1RM; and all of them resulted in significant increase in 1RM ranging from 8.73% (p<0.01)
(Juérez et al., 2009) to 47.25% (p<0.05) (Kobal et al., 2017). Only Wallenta et al. (2016) do not
indicate significant change in RM after BLOCK.

Sprint:

Three out of the four studies which tested the sprint performance of their alternative
periodization groups report significant improvements of -1.74% (p<0.05) in a 10m sprint
(Wallenta et al., 2016) up to -15.66% (p<0.05) in a 20m sprint (Arazi et al., 2014).

Agility:
Only Arazi et al. (2014) (-2.50%; p<0.05) and Wallenta et al. (2016) (-7.88%; p<0.05) indicate

a significant improvement in agility for their alternative periodization group.

Jump:

Most studies (8) which incorporated alternative periodization models tested for jump
performance. Only Wallenta et al. (2016) and Juarez et al. (2009) do not report a significant
improvement in CMJ. All others report significant (p<0.05; p<0.01) ameliorations between
4.50% in CMJ (Stasinaki et al., 2015) and 29.47% in SJ (Alemdaroglu et al., 2013).

Body Fat Percentage / Sport-Specific Measurements:

No alternative periodization group was tested for body fat and sport-specific measures.

4.5.4 Non-Training Controls
1RM:
Overall, 16 studies included a control group which was tested for maximal strength, and none

of them reported significant changes.

Sprint:

Out of the 17 studies which tested their control group for sprint performance only one study
reported significant improvements. Specifically, Garcia-Pinillos et al. (2014) indicated -12.05%
(p<0.001) for 5m, -5.61% (p<0.05) for 20m, and -3.83% (p<0.05) for 30m sprint.

Agility:

Seven studies tested their control groups for agility but did not report any significant changes.
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Jump:
22 studies included a jump test for their CTRL and, similar to the sprint variable, only one study
reported a significant change of 4.33% (p<0.01) in CMJ (Smith et al., 2014).

Body Fat Percentage:
Concerning body fat, only Fathi et al. (2018) measured their subjects’ pre and post values in
the CTRL but did not report any significant changes.

Sport-Specific Measurements:

Most sport-specific tests in Lee et al. (2014) did not result in significant changes in the CTRL.
However, controls did significantly improve their line drill performance by -7.41% (p<0.001).
In all other studies testing sport-specific measures (Fletcher & Hartwell, 2004; Kamal, 2016;

Labib, 2013) no significant increase was reported.

4.6 Outcome/lnter-Group Differences

All studies (41), except from two (Kamal, 2016; Labib, 2013) (T-test), used an ANOVA or a
similar statistical method to compare the different training and non-training (CTRL) groups. In
14 cases the ANOVA showed no significant interaction between the different groups. The
remaining 25 studies report significant group differences in at least one variable and to at least

one group and, consequently, ran a post-hoc test.

4.6.1 Non-Training Controls

None of the control groups in this analysis reached significantly better results than any of the

intervention groups. Therefore, it can be stated that training is superior to no training.

4.6.2 Complex Training

1RM:

All studies (41) include at least one form of complex training. Even though all of them report a
significant strength improvement from pre to post measurements, nine studies did not report
any significant intergroup differences to the other training methods (alt. periodization, alt.
training) in the respective intervention concerning maximal strength. Contrarily, 16 studies
indicate superiority of complex training over other training methods or controls for strength
measures. In particular, 13 studies report significant (p<0.05 — p<0.001) superiority over non-
training controls. Additionally, three studies (de Villarreal et al., 2013; Hammami et al., 2018;
Stasinaki et al., 2015) indicate significantly better strength values than in the alternative training

groups.
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Sprint:

Out of the 23 studies which tested their complex training groups on sprint performance, nine
report a significant (p<0.05 — p<0.001) difference to CTRL or an alternative method. All trials
indicate that a complex training form has a more positive effect on sprint performance than no
training. Further, two of those studies report higher outcomes through a complex training
method (BC and BS respectively) than through an alternative (Kotzamanidis et al., 2005;
Radnor et al., 2017).

Agility:

Nine trials tested a complex training group for agility, out of which only two (Garcia-Pinillos
et al., 2014; Hammami et al., 2017a) report significantly (p<0.001) better results compared to
non-training controls. None of the trials indicates that complex training was significantly more

effective than an alternative training group or an alternative periodization model.

Jump:

In 33 studies complex training groups were tested for jumping ability. 12 report a significant
(p<0.05 — p<0.001) inter-group difference to CTRL. Four trials indicate that, concerning jump
performance, complex training is significantly superior to an alternative training method (Fathi
et al., 2018; Hammami et al., 2018; Kotzamanidis et al., 2005; Radnor et al., 2017).

Body Fat Percentage:

Fathi et al. (2018) and MacDonald et al. (2012) assessed their CT groups’ body fat percentages
of which only Fathi et al. (2018) report significant (p<0.05) intergroup differences to the control
group. MacDonald et al. (2012) does not indicate superiority of complex training over another
training methods in this variable.

Sport-Specific Measurements:

Of the five included studies (Fletcher & Hartwell, 2004; Kamal, 2016; Kramer et al., 1993;
Labib, 2013; Lee et al.,, 2014) which tested a complex training group for sport-specific
measures, only Lee et al. (2014) report significant inter-group differences to CTRL. The others
do not report significant improvements compared to controls (Fletcher & Hartwell, 2004;
Kamal, 2016; Labib, 2013), or to alternative training methods (Kramer et al., 1993).

4.6.3 Alternative Training Methods

1RM:

Among the 14 trials testing alternative training groups for maximal strength, eight (Brito et al.,
2014; Hammami et al., 2017a; Kotzamanidis et al., 2005; Loturco et al., 2014; Lyttle et al.,
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1996; Rodriguez-Rosell et al., 2017; Ronnestad et al., 2008; Torres-Torrelo et al., 2017) report
a significant inter-group difference (p<0.05 — p<0.001) between the alternative method and the
control group. None report superiority over a complex form or an alternative periodization

model.

Sprint:

Six (Brito et al., 2014; Hammami et al., 2017a; Loturco et al., 2014; Radnor et al., 2017,
Rodriguez-Rosell et al., 2017; Torres-Torrelo et al., 2017) of the 17 studies which tested their
alternative training groups on sprint performance show significantly bigger improvements
(p<0.05 -p<0.001) in their PLYO or RT groups compared to their controls. Radnor et al. (2017)
further indicate a significantly bigger improvement (p<0.05) of 10m sprint performance of RT
compared to PLYO.

Agility:

Two (Hammami et al., 2017a; Torres-Torrelo et al., 2017) among the five interventions testing
alternative training forms for agility report significant superiority of RT over non-training

controls. The other three do not show such a significant difference (Arazi et al., 2014; Dodd &
Alvar, 2007; Hammami et al., 2018).

Jump:

21 interventions tested alternative training groups for jump ability and six of them (Arabatzi,
Kellis, & Saez-Saez De Villarreal, 2010; Hammami et al., 2017a; Loturco et al., 2014; Lyttle
et al., 1996; Radnor et al., 2017; Rodriguez-Rosell et al., 2017) report significantly better

outcomes (p<0.05 — p<0.001) compared to the respective non-training control group.

Body Fat Percentage:

Overall, only Fathi et al. (2018) report a significant (p<0.01) inter-group difference between an
alternative method (PLYO) and the CTRL. Others (MacDonald et al., 2012), who also assessed
body fat percentage in alternative training groups do not indicate a significant difference to any

other method.

Sport-Specific Measurements:
Only Kramer et al. (1993) tested an alternative group on sport-specific measures, but do not

report superiority over another training method.

4.6.4 Alternative Periodization Models
Among the five studies (Arazi et al., 2014; Juarez et al., 2009; Mihalik et al., 2008; Stasinaki

et al., 2015; Wallenta et al., 2016) including alternative periodization models only Arazi et al.
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(2014) report a significant (p<0.05) inter-group difference between compound training and no
training. Apart from this, no significant inter-group difference is indicated.

5 Discussion

5.1 Training Protocols

In this section the different training methods will be compared according to the overall changes
in the different performance measures. It has to be highlighted that the comparisons are only
based on the mean values of the collected data. All of the data show a very high variance and,
consequently, have to be treated with caution. More valid conclusions would require more
differentialized statistic or meta-analytic operations, which would be too extensive for this

analysis.

5.11 CTvs.BS,BC

As elaborated in chapter 2.4 the underlying mechanism of complex training is the post-
activation potentiation (Sale, 2002). It is stated that muscle performance, and especially
muscular power, benefits from the “higher potentiated state after a conditioning activity” (Chu,
1983). Consequently, it is of interest if this potentiated state is exploited more if the sequence
of exercises is aligned as described by (Ebben, 2002) in an alternating set-by-set fashion, or as
in BS or BC. If a plyometric exercise repeatedly follows a CA while the muscle is still in this
potentiated state, this should result in higher use of the PAP effect. This repeated attempt to
induce PAP may have a positive effect on the improvement of performance measures in general
(Wallenta et al., 2016, p. 36). In the present data (Figure 7) the mean values of jump
performance change are higher in the traditional complex training groups than in the block
complex and block set complex groups (BC 8.88% =+ 3.75; BS 10.95% + 9.76; CT 11.35%; £
8.77). However, clear conclusion may not be drawn from these numbers as the variance is very

high and the differences are very small.
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Figure 7: Jump Performance Change Complex Training Methods

Accordingly, those studies which did compare two complex training forms and tested them for
jump performance (Alemdaroglu et al., 2013; Kobal et al., 2017) could not find any significant
differences between the training groups concerning jump performance. According to
Alemdaroglu et al. (2013, p. 216) combination training has positive effects on jump
performance, but “[...] independently of the order of the exercises|...]”. Similarly, Kobal et al.
(2017) report increases in jump performance in all of their groups, but suggest that, especially
at high training levels, in order to improve jump ability “[...] performing higher volumes of PT

IS more important than training at these theoretical ‘potentiated states’”.

Concerning strength performance, the overall trend of the present data is similar. Figure 8 shows
that CT groups had higher improvement percentages and a higher mean value compared to the
other two complex forms (BC 17.11% + 6.58; BS 27.03% + 13.73; CT 32.54% =+ 14.85).
However, the variance is again very high, so that conclusion may not be drawn. Further, none

of the 41 included studies both compare two forms of complex training and test for strength.
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Figure 8: Strength Performance Change Complex Training Methods

Sprint performance values draw a similar picture (Figure 9). Although the CT groups show
higher mean performance ameliorations than the BC and BS groups of the studies under review,

the variance is too high to formulate solid claims.
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Figure 9: Sprint Performance Change Complex Training Methods
Based on the present data, comparisons between BC, BS and CT concerning agility, would not
be significant as only one intervention featured BC and tested for agility (Torres-Torrelo et al.,
2017). The other nine studies including a complex training group and testing agility included

only a CT group (see chapter 4.5.1.)

For body fat percentage, MacDonald et al. (2012) report an increase of 5% (relative) for their

CT group consisting of recreationally trained male college students, whereas Fathi et al. (2018)
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report a change of -7.80% for their BC group consisting of Tunisian professional volleyball
players. However, MacDonald et al. (2012) highlight that the slight and non-significant increase
in body fat is a response to the heightened caloric demand during the training period and is not

directly caused by this specific training method in particular.

Operationalizing data for sport-specific performance in this analysis is difficult as only five
interventions (Fletcher & Hartwell, 2004; Kamal, 2016; Kramer et al., 1993; Labib, 2013; Lee
et al., 2014) tested for these variables and the kinds of tests differed considerably. Further, none
of these studies included a traditional CT group. As seen in chapter 4.5.1, all the complex
training groups (both BS and BC) improved their performance significantly, but only one (Lee
et al., 2014) reports a significant group difference to CTRL.

5.1.2 Complex Training Methods vs. Other Training Methods
As it would be too extensive to compare every single method and variable with each other, the
following section will pool the training methods, and compare and discuss the outcomes for the

different variables.

Jump:

As shown in Figure 10, the mean value of jump performance is highest for alternative
periodization methods (13.00% + 9.76), lower for alternative training methods (10.66% + 9.75)
and again slightly lower for complex training methods (10.43% = 7.65). Further, the results are
considerably lower for CTRL (0.15% + 2.73) suggesting that all training methods are superior
to no training. However, statements based on these values would not be completely reliable as

variance is too high.

The overall trend, though, is in line with the conclusions in Lesinski et al. (2014) who report
that, generally, complex training forms do not seem to be significantly superior to alternative
training methods, but both lead to significant positive pre-post changes. Others, however, report
significantly better results in jump performance for complex training than for alternative
training methods (Fathi et al., 2018; Hammami et al., 2018; Kotzamanidis et al., 2005; Radnor
et al., 2017). These improvements could be traced back to an improved storing capacity of
elastic energy during the SSC caused by complex training (Fathi et al., 2018; Hammami et al.,
2018). Similarly, Radnor et al. (2017) put forward that superior improvements of jump
performance between complex training and, especially, resistance training may occur due to
the mode of training and exercise execution. Due to the lack of rapid exercise execution and,
thus, SSC in strength training, training methods, like CT and PLYO, which tackle factors such
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as rapid firing, “reactive strength” and “high rates of force development” may lead to better

jumping results.
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Figure 10: Jump Performance Change Overall

Strength:

According to the data in Figure 11 the mean increase in strength performance is highest for
complex training forms. Complex training groups in the included studies show a mean value
for strength improvement of 26.35% (+ 13.9), followed by alternative periodization methods
with 24.52% (= 14.94) and alternative training methods with 21.58% (x 12.53). Controls
reached a mean value of 2.02% (+ 2.49), meaning that no training is in general inferior to any
training method concerning strength performance. Again, definite conclusions are hindered by

the very high values for standard deviation.
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Figure 11: Strength Performance Change Overall
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Hammami et al. (2018) and de Villarreal et al. (2013) support the slight trend in the present
data as they indicate a significantly higher performance increase in 1RM strength for CT
compared to PLYO; however, not to RT. de Villarreal et al. (2013) indicate that the increase in
in strength was significantly higher (p<0.05) in the CT group (20.23%) than in the plyometrics
group (6.77%). However, no difference was observed between CT and all of the three RT
groups in this study. Similarly, Hammami et al. (2018) report significantly better results for CT
compared to PLYO, but again not to RT. The authors mention that while the RT group increased
their 1RM and their muscle cross-section, the CT did not, but both improved their 1RM
performance significantly. Consequently, it may be argued that complex training may result in
higher strength performance due to an improved neurological muscle activity (Gabriel, Kamen,
& Frost, 2006, p. 145; Hammami et al., 2018, p. 13).

Additionally, Stasinaki et al. (2015) and Wallenta et al. (2016) report significant inter-group
differences between CT and an alternative periodization model (BLOCK, Comp) in favor of
CT. According to Wallenta et al. (2016, p. 36) these improvements could result out of the
repeated induction of the PAP effect in CT, which is non-apparent in an alternative
periodization method. Furthermore, Stasinaki et al. (2015, p. 14) indicate that although both CT
and Comp increased their strength performance, CT also increased muscle cross-section, which
may be evidence for the higher potential of CT to improve maximal strength. Consequently,
CT showed a significantly greater improvement (p<0.05) in 1RM strength than Comp in this
study.

In contrast, of the four interventions which compared both a resistance training protocol and a
plyometrics protocol to a complex training method only de Villarreal et al. (2013) report
significantly better results in CT than in PLYO. The others either report no inter-group
difference (Arazi et al., 2014; MacDonald et al., 2012) or only to CTRL (Brito et al., 2014)
which could be related, again, to neuromuscular adaptations in either group (Brito et al., 2014,
p. 126).

Sprint:

As mentioned in chapter 4.4 and 4.5 the sprint/agility data are presented as negative values
indicating shorter sprint times. Overall, it can be observed (Figure 12) that the highest mean
values are again achieved by complex training methods (complex: -4.51% + 4.29; alternative
periodization: -3.66% + 4.44; alternative training: -2.65% = 4.08; CTRL: -0.68% * 2.97).
Nevertheless, the values for sprint time include so many variables in this pooled visualization

(5m - 60m) that definite conclusions cannot be drawn from this analysis. Furthermore, the
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variance is again very high. However, it can be argued that all training forms seem to be superior

to no training.

Sprint Performance Change Overall
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Figure 12: Sprint Performance Change Overall

Only two interventions (Kotzamanidis et al., 2005; Radnor et al., 2017) report a significant
inter-group difference for sprint (p<0.01, p<0.05 respectively) between an alternative training
method and a complex training method in favor of the latter. Kotzamanidis et al. (2005)
indicates that BC was more effective than RT for 30m sprint and tracing it back to better
neuronal adaptation in the BC group, but also to the circumstance that possible strength
improvement in RT could not be transferred to sprint performance (Kotzamanidis et al., 2005,
p. 373). This may be due to the muscles’ limited capacity to cope with the recently altered

muscular structure (Delecluse, 1997, p. 152).

Agility:

Concerning agility, alternative periodization methods show the highest mean values. However,
it is important to note that only two alternative periodization trials were tested for agility.
Therefore, these numbers may be attributed with lower significance. The results of those
training methods, of which many samples are apparent among the included studies, show
relatively equal values. All of the means show a very high variance. Overall, Figure 13
illustrates that the differences in means between the training categories are rather small, but
considerable compared to CTRL (complex: -4.07% + 2.12; alternative periodization: -5.19% +
3.80; alternative training: -3.55% * 2.36; CTRL: -0.03% % 0.99). In general, it can be noted that
agility improvements in relative numbers where considerably lower than those for strength or

jump performance.
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Agility Performance Change Overall
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Figure 13: Agility Performance Change Overall

Interestingly, higher improvements (over 4%) in agility performance can be observed in those
studies which included sprint or some sort of running or agility drills in their CT groups.
Hammami et al. (2018), Hammami et al. (2017a) and Hammami et al. (2017b) included 15m
sprints in their complex training and report significant improvements (p<0.01 and p<0.001)
over 4% in several agility tests, such as ROCD (repeated change of direction) test, 4x5m sprint
and 180° turn sprint. Arazi et al. (2014) and Faude et al. (2013) included zigzag drills in their
CT protocols and also report significant improvements in agility (p<0.05, p<0.01). In addition
to the improved neuromuscular capacities of the muscles after a CT training intervention
(Hammami et al., 2017b, p. 1430) improvement could root in “test familiarization” (Faude et
al., 2013, p. 1466) as the subjects may got used to running and changes of directions in training.
Furthermore, the increased agility performance may also be altered due to the improved muscle
qualities, such as cross-section or concentric strength. (Sheppard & Young, 2006, p. 222f.)

Body Fat Percentage:

Only two trials (Fathi et al., 2018; MacDonald et al., 2012) report their subjects’ change in body
fat percentage. Fathi et al. (2018) report significant decreases in body fat for both CT (-7.80%)
and PLYO (-7.54%) and significantly better results compared to controls (p<0.01). In contrast,
all training groups in MacDonald et al. (2012) increased their body fat percentage over the
course of the intervention. Especially, RT and PLYO significantly (p<0.05) increased by
15.79%, whereas CT increased by (non-significant) 5%. The authors trace back this increase to
the non-supervised diet during the intervention and the heightened caloric intake due to the

training sessions, and not to a specific training method itself (MacDonald et al., 2012).
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According to the present data, no conclusions can be drawn concerning a possible superiority
of any of the training methods concerning body fat percentage change. However, it would be
interesting for future interventions to track changes in body composition. To do so, it would be

crucial to track or supervise the subjects’ diet throughout the intervention.

Sport-Specific Performance:

Four of the five studies testing for sport-specific measures feature a CTRL group and report
better results in the respective complex training group (Fletcher & Hartwell, 2004; Kamal,
2016; Labib, 2013; Lee et al., 2014) which means that complex training can have a positive
effect on sport-specific measures. However only in Lee et al. (2014) the differences to CTRL
are significant. Unfortunately, only one of those five studies compared a complex form with
another training method (Kramer et al., 1993). Further research should be aiming at
investigating a possible superiority or inferiority of complex forms compared to other training
methods. Interestingly, Kramer et al. (1993) who compare RT to BC report similar degrees of
performance change in their subjects’ time to row 2500m and distance rowed in 90s. This
circumstance is likely to root in the fact that both groups included rowing in their training
programs and, therefore, executed the movement, which was tested in the end, over the entire
intervention period. The additional stimulus which was given through the inclusion of
plyometric exercises might have been too small to result in additional performance benefits.

5.2 Rest Intervals

One of the most inconsistent, or even often neglected factor in the included studies is the
indication of rest periods. Taking into account that, according to Seitz and Haff (2016) the PAP-
effect “[...] is larger after shorter recovery intervals and single-set and RM CAs among stronger
individuals, while longer recovery intervals, multiple-set CAs, and submaximal CAs are more
effective at inducing PAP in weaker individuals”, training status and rest intervals seem to be
essential when it comes to training protocol design. Nevertheless, only 24 of 41 studies

indicated the inter- and/or intra-complex rest periods of their complex training groups.

Eleven of those studies used an intra-complex rest of less than three minutes (Alemdaroglu et
al., 2013; Arazi et al., 2014; Dodd & Alvar, 2007; Faude et al., 2013; Kamal, 2016; Labib,
2013; Lloyd et al., 2016; Mihalik et al., 2008; Ronnestad et al., 2008; Smith et al., 2014;
Tsimahidis et al., 2010). The claim may be right that the induced PAP is higher after a certain
rest interval and for certain training levels, however, this may not be fully supported by the
present data. All the complex training groups with short intra-group in the studies mentioned

above achieved significant performance gains. The short rest periods here, however, do not
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seem to correlate with the training status as there are groups which feature untrained or
inexperienced subjects (Arazi et al., 2014; Kamal, 2016; Labib, 2013; Lloyd et al., 2016) which
did increase their performance significantly across various measures. On the other hand, there
are also inexperienced subjects who significantly improved their performance (Arabatzi, Kellis,
& Saez-Saez De Villarreal, 2010; Juérez et al., 2009; Stasinaki et al., 2015) after a complex
training program with longer rest periods. This lack of support, however, is very likely to be
caused by the considerable diversity of study designs, subjects, and performance measures in

the studies under review.

Furthermore, Freitas et al. (2017, p. 14) highlight that the studies analyzed in Seitz and Haff
(2016) were all acute interventions and not long-term studies. Therefore, it may be invalid to
directly transfer their outcomes to long-term studies, because in a multi-set and multi-exercise
training protocol intra-complex rest periods of up to eight minutes would more likely result in
a decrease of PAP or some sort of cool down effect. What is more, such a long rest between
every complex pair would be highly impractical. Further research is necessary to investigate
this issue. For instance, a long-term intervention, which compares equal complex training

protocols with different rest interval could deliver new insights in this matter.

5.3 Training Status

As slightly tackled in the previous section, training status appears to be another key factor
influencing PAP and complex training. Conflicting claims can be found in literature tackling
this issue. While many (Aagaard & Andersen, 1998; Cormie et al., 2011b; Haff & Nimphius,
2012; Seitz & Haff, 2016) indicate that better trained athletes profit more from complex
training, Juarez et al. (2009, p. 239f.), for example, state that “[...] complex training seems to
be an interesting option for developing strength in untrained subjects”. However, it has to be

noted that in this study no significant superiority over other training methods was reported.

The data in this analysis, may not support neither side of this controversy. For instance, in jump
performance, the most significant improvements (p<0.001, p<0.01) were measured in studies
featuring diverse training levels (Alemdaroglu et al., 2013; Alves et al., 2010; Garcia-Pinillos
et al., 2014; Hammami et al., 2018; Hammami et al., 2017a; Smith et al., 2014). The subjects
in Alves et al. (2010), for instance, performed soccer on a professional level, but had no
experience in strength training. On the contrary, two of those trials included subjects on an
amateur level, but had undergone some sort of systematic strength training (Hammami et al.,
2017a) or had participated in at least 3-5 systematic training sessions per week on a regular

basis (Smith et al., 2014).
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The outcomes for strength offer even less support as every single complex training group
significantly improved strength performance considerably regardless of the training status.
Concerning sprint, agility and sport-specific measures the outcomes are either so diverse or
show a too small sample size, that definite statement may not be made. Further, no study
compared subjects of different experience levels following the same complex training protocol.
A study with this design might shed more light on this matter and might be an attractive option

for future research.

5.4 Load Prescription

Another crucial factor for inducing PAP appears to be the load of the respective conditioning
activity. In general, it is stated that high intensities should be used for inducing a high PAP
effect (Ebben & Watts, 1998, p. 23). In contrast, Wilson et al. (2013) and Freitas et al. (2017)

claim that lower loads below 80%1RM are more effective.

Several studies in this analysis used high loads over 80%1RM for their conditioning activities
and indicate performance gains and, therefore, positive effects of complex training with high
loads on maximal strength, jump and partly sprint. McMaster et al. (2014) used the highest
loads between 85% and 99% and report significant increases (p<0.05) in 1RM squat, 10m, 20m,
30m sprint, and CMJ. Alves et al. (2010) used loads between 80% and 100% and, also, indicate
significant gains in sprint and SJ performance. Furthermore, Kotzamanidis et al. (2005) and
Brito et al. (2014) used loads between 80% and 90%/95% and indicate performance
improvement in 1RM, SJ, DJ, CMJ and 30m sprint, and 1RM and 20m sprint respectively.

Talpey et al. (2016) and Dodd and Alvar (2007), also, used high load (80% - 90%) CAs, but, in
contrast to the others, do not report significant improvement in sprint performance.

Improvements in strength and jump measures were also apparent, though.

In contrast, Torres-Torrelo et al. (2017) for example, used the lowest loads (45-58%) for the
conditioning activity (full squat) in their complex training protocol (BS). The authors tested
third division futsal players with no resistance training experience for 10m and 20m sprint,
COD, CMJ, and 1RM squat. The complex training protocol resulted in a non-significant change
in the sprint and agility measures, but in a significant improvement in CMJ (p<0.05) and 1RM

squat (p<0.001). Only, the value for 1RM was significantly higher than in the control group.

Franco-Marquez et al. (2015) tested young male soccer players without any strength training
experience and used loads between 45% and 58% for the CA of their complex training program

(BC). The training protocol resulted in a non-significant change for 10m sprint, but the other
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tested variables (20m sprint, CMJ, 1RM squat) improved significantly (p<0.05, p<0.001) and
were significantly higher than in the control group (p<0.001).

Avrazi et al. (2014) tested untrained women and used rather low intensities (60%). The authors
report a significant (p<0.05) improvement in all the tested parameters (1RM, CMJ, 20m sprint,
agility).

Interestingly, although using low loads, all of those three studies report a significant
improvement in strength and jump measures but, also, differ in sprint or agility. According to
the present data it is controversial to draw conclusions on whether load prescriptions have a
certain impact on performance measures. However, it appears that both high- and lower-load
CAs may result in significant performance improvements, especially for strength and jump
measures. Again, the great diversity of the analyzed studies represents a limitation for such a

claim.

5.5 Exercise Selection

Several sources thematize the selection of the most efficient exercises or contraction form for
inducing a high PAP effect in complex training (Desmedt & Godaux, 1977; Ebben, 2002; Ebben
& Watts, 1998; Seitz & Haff, 2016). While some argue that isometric contractions may be
preferred (Sale, 2002), others highlight the superiority of plyometric activities or high-load
concentric contractions as conditioning activities (Seitz & Haff, 2016). In this analysis only two
studies included a partly plyometric exercise (CMJ loaded) as a CA in their complex training
protocol (de Villarreal et al., 2011; de Villarreal et al., 2013). As both studies also used regular

full squats as CA no conclusions on the effect of a plyometric CA can be drawn.

Surprisingly, very few sources address the choice of the plyometric exercises in the complex
pair. Ebben (2002) suggests “biomechanically similar” exercises, such as jumps or hops after
lower body exercises, such as squats, or bench press throws after upper body exercises, like
bench press. Some also include sprints (Hammami et al., 2017a; Wallenta et al., 2016) or
skipping (Alves et al., 2010) into their complex training workout, but clear suggestions are

comparatively rare. Therefore, the variety of exercise choices is very rich.

Interestingly, all the studies with high load CAs mentioned in section 5.4, improved strength
and jump performance, but only those which also included sprint exercises into their complex
training protocol (Alves et al., 2010; Brito et al., 2014; Kotzamanidis et al., 2005; McMaster et
al., 2014) report significant sprint time improvements. Those who did not include sprint (Dodd

& Alvar, 2007; Talpey et al., 2016), do not report significant sprint ameliorations. Similarly, as
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mentioned in section 5.1.2 (agility), the highest improvements in agility are reported in those
studies which also feature agility or running exercises in their complex training program. This
could mean that improvements of this kind are not solely linked to alterations due to complex
training, but also due to a certain familiarization effect, as the exercises used in training and
those in testing are similar (Faude et al., 2013, p. 1466). More research would be necessary to
investigate a possible influence.

5.6 Model Study

Taking all the previously discussed factors into consideration, the following section will
introduce a model study, investigating whether the ability to induce PAP can be trained over a
certain period of time. Similar to the study of Tsimachidis et al. (2013), repeated measurements
of PAP within a complex pair shall help to draw conclusions on whether the PAP effect itself

increases over time if it is repeatedly evoked during every session of a long-term intervention.

5.6.1 Subject Characteristics

The participants should be recruited among young adults who are participating in the same
professional or semi-professional sports club to ensure that they show a relatively equal training
level and follow the same generalized workout program. Further, they should be required to
have at least 6 months of experience in either traditional resistance training or any comparable
sort of strength conditioning. In order, for the subjects, to be eligible to participate, the study
should prerequisite a training status of at least “intermediate” state, which means, according to
Baechle and Earle (2008, p. 384), that they are “currently training”, show at least the above
mentioned “training age” with a training frequency of 2 to 3 times per week, and are at least on
a “basic level” concerning “technique, experience and skill”. Furthermore, the subjects’ IRM
for the training exercise squat must at least be 1.5 times the participants’ body weight. These
subjects should then be randomly assigned to one out of three groups (complex training group
CT, block complex training group BC, control group CTRL). Participants suffering or having
suffered from any severe injury within the last 12 months should not be permitted participation.
Furthermore, subjects suffering any severe/chronic disease should be prohibited to partake in
the study. All participants should be asked to fill in a statement declaring that they can drop out

of the study without having to mention specific reasons.

In order to ensure an acceptable technique in all the training exercises, the subject should at
least undergo a 2-weeks preparation phase in which they get accustomed to the correct exercise
techniques and to eliminate possible bias due to a differing amount of expertise (Arabatzi,
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Kellis, & Saez-Saez De Villarreal, 2010; Franco-Mérquez et al., 2015; Hammami et al., 2017a;
Kobal et al., 2017; Torres-Torrelo et al., 2017).

5.6.2 Training Protocols

The subjects should be exercising at least twice a week for a period of eight consecutive weeks
in a strength and conditioning laboratory or a similar facility in which they are supervised by at
least one experienced, qualified trainer/researcher. The intervention groups (CT, BC) should
follow a standardized warm-up protocol prior to every training and testing session. This
protocol includes 10 minutes on 50 (+- 10) rpm on the bicycle ergometer and eight repetitions
in every exercise with 50% of their 1RM.

The subjects perform four exercises / two complex pairs in two different body segments
respectively (lower and upper body). The exercises for the upper body include bench press and
weighted push-ups. The lower body exercises include back squats and leg press. Furthermore,
to ensure complete and balanced workouts in this 8-week period, the protocols include three

sets of pull-ups as a final part of each training session.

The loads for the different strength exercises in their progression over the timespan of the study
will be calculated from the 1RM, as it “appears to be more accurate to assign loads based on a
percentage of a test-established 1RM than it is to estimate a 1RM from a submaximal load”
(Baechle & Earle, 2008, p. 395). Between the training days a rest period of at least 42 hours is
recommended (MacDonald et al., 2012, p. 425). The loads for the first four-week period will

be calculated from the initial 1RM test and adapted after the second 1RM test in week five.

5.6.2.1 Complex Training Protocol

In Table 7 the complex training protocol is visualized. The rest periods between the complex
pairs are three minutes. As done and suggested in previous studies, such as MacDonald et al.
(2012, p. 27), the interval within the complex pairs will only be 30 seconds. According to Seitz
et al. (2014, p. 714), a shorter rest period is more beneficial in this case, as the training level of
the subjects would be very high. After every set of the high-load exercise and the 30 seconds
rest period, the respective plyometric exercise will be executed. According to Ebben and Watts
(1998, p. 23) the number of repetitions should be between 5 and 15. The complex pairs are:
Back squats and squat jumps; leg press and counter movement jumps; weighted push ups and

plyometric push ups; bench press and bench press throws on the smith machine.
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Table 7: Complex Training Protocol

Training Day 1 Training Day 2
Week %1RM Repetitions Plyometrics %1RM Repetitions Plyometrics

T1 Pre-test

1 F’QSFt’- 80 3x5 3x8 80 3x5 3x8
2 80 3x5 3x8 80 3x5 3x8
3 80 3x5 3x8 80 3x5 3x8
4 80 3x5 3x8 80 3x5 3x8
T2 Intermediate test

5 F’QSF;- 80 3x5 3x8 80 3x5 3x8
6 80 3x5 3x8 80 3x5 3x8
7 80 3x5 3x8 80 3x5 3x8
8 P&Ft’- 80 3x5 3x8 80 3x5 3x8
T3 Post-test + PAP-test

5.6.2.2 Block Complex Training Protocol

The second group would perform the same exercises as the complex training group, but in a
different order. Similar to other studies (Arabatzi, Kellis, & De Villarreal, 2010; Ronnestad et
al., 2008) the BC-group will first execute all the heavy load exercises in one block (back squats,
bench press, leg press, weighted push-ups, pull ups) followed by the plyometric exercises in a

second block (squat jumps, bench press throws, countermovement jumps, plyometric push-

ups).
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Table 8: Block Complex Training Program

Training Day 1 Training Day 2
Week %1RM Repetitions Plyometrics %1RM Repetitions Plyometrics

T1 Pre-test

1 PtﬁsFt’- 80 3x5 3x8 80 3x5 3x8

2 80 3x5 3x8 80 3x5 3x8

3 80 3x5 3x8 80 3x5 3x8

4 80 3x5 3x8 80 3x5 3x8
T2 Intermediate test

5 F’QSFI’- 80 3x5 3x8 80 3x5 3x8

6 80 3x5 3x8 80 3x5 3x8

7 80 3x5 3x8 80 3x5 3x8

8 Pt':*sFt" 80 3x5 3x8 80 3x5 3x8
T3 Post-test

5.6.2.3 Control Group

The control group should be a non-training group. The subjects in this group should be advised
to maintain their regular in-club training routine but refrain from any other form of strength or

plyometric training.

5.6.3 Testing Protocols

In order to investigate the defined phenomena, there should be two different test protocols in
the course of this intervention. The first one includes the pre-, intermediate and post-tests which
measure the subjects’ current status and overall development in the variables 1RM, maximum
voluntary power output, and jump height. The second protocol should be implemented in the
testing sessions, but within the respective complex pairs to examine the PAP-Effect and its

continuous development over time (Tsimachidis et al., 2013; Tsimahidis et al., 2010).

73



5.6.3.1 Pre-, Intermediate and Post-Tests

As a variable to draw conclusions on the PAP-effect the maximal voluntary power output in the
light explosive movements will be measured. In order to evaluate the subjects’ current state in
the beginning, the middle, and their overall development in the end of the intervention, there
should be a pre-test in the first week, an intermediate test in the fifth week and a post-test after
the last week of the intervention (Lesinski et al., 2014). The pre-test should take place in the
week before the intervention starts; the intermediate test in the fifth week as a replacement for
the first training session of this said week; the post-test should be held in the week after and at
least 48 hours after the last training session. All of these tests should not be run closer than 48
hours before or after the actual training session to ensure that they do neither influence each

other.

Prior to the pre-, intermediate and post-test, a general warm-up should be executed. This
protocol includes 10 minutes on 50 (+- 10) rpm on the bicycle ergometer and eight repetitions
in every exercise with a low load. This load will be determined according to the subjects prior
training experience as long as the 1RM is not yet determined. These warm-up sets allow the
subjects to get used to the exercises tested and give the conductors the possibility to make form

corrections.

5.6.3.1.1 Maximum Power Output

In the mentioned testing sessions, first, the maximum power output when performing the light
explosive movement (squat jumps, countermovement jumps, plyometric push-ups, bench press
throws on smith machine) will be measured. In these tests the subjects perform three
countermovement jumps, three squat jumps, three plyometric push-ups on a force plate, and
three bench press throws in the smith machine using a linear position transducer. The best
performance in each exercise is used as basis for further statistical analysis. Between the
repetitions and the different exercises should be at least a two-minute rest interval, respectively.
The tests for lower and upper body will be alternated, to ensure an efficient testing procedure
for the high number of subjects, and an optimal rest between exercises targeting the same

muscle groups.

5.6.3.1.2  1-Repetition Maximum
As a second part of the testing session procedure, a measurement of the one repetition maximum
(1RM) for both the upper body and the lower body muscle segments of the exercises under

observation (bench press, weighted push up, back squat, leg press) is executed. These tests will
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be run on a separate day at least 24 hours apart from the plyometric / maximum power output
tests to eliminate possible unwanted effects due to fatigue. The 1RM should be tested with
respect to the NSCA guidelines (Baechle & Earle, 2008, p. 396) through the “1RM Testing

Protocol”. This protocol includes the following steps:

1. Instruct the athlete to warm up with a light resistance that easily allows 5
to 10 repetitions.

2. Provide a 1-minute rest period.

3. Estimate a warm-up load that will allow the athlete to complete three to
five repetitions by adding
a. 10 to 20 pounds (4-9 kg) or 5% to 10% for upper body exercise or
b. 30 to 40 pounds (14-18 kg) or 10% to 20% for lower body exercise.

4. Provide a 2-minute rest period.
5. Estimate a conservative, near maximal load that will allow the athlete to
complete two to three repetitions by adding
a. 10 to 20 pounds (4-9 kg) or 5% to 10% for upper body exercise or
b. 30 to 40 pounds (14-18 kg) or 10% to 20% for lower body exercise.
6. Provide a 2-minute rest period.
7. Make a load increase:

a. 10 to 20 pounds (4-9 kg) or 5% to 10% for upper body exercise or
b. 30 to 40 pounds (14-18 kg) or 10% to 20% for lower body exercise.
8. Instruct the athlete to attempt a 1RM.
9. If the athlete was successful, provide a 2- to 4- minute rest period and go
back to step 7.

If the athlete failed, provide a 2- to 4-minute rest period, then decrease
the load by subtracting

5 to 10 pounds (2-4 kg) or 2.5% to 5% for upper body exercise or
15 to 20 pounds (7-9 kg) or 5% to 10% for lower body exercise.

AND then go back to step 8.

Continue increasing or decreasing the load until the athlete can complete
one repetition with proper exercise technique. Ideally, the athlete’s 1IRM
will be measured within three to five testing sets. (Earle 2006 in: Baechle
& Earle 2008, p. 396)

If a safe execution is not possible, the 1RM will be estimated according to the model by the
NSCA (Baechle & Earle, 2008, p. 398).

The initial 1RM test results will be used to determine the loads for the respective exercises for
the first meso-cycle (weeks 1 to 4). The 1RM test results of the intermediate test session will
then be used to adjust the loads of the heavy load exercises in the second meso-cycle (weeks 5
to 8).

5.6.3.2 PAP-Effect Testing
In order to monitor the development of the PAP-effect over the intervention, it is necessary to

run multiple tests during this period (Lesinski et al., 2014). Therefore, in addition to the general
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parameters (see 5.6.3.1.1 and 5.6.3.1.2.), the participants are tested for PAP in the first training
session following the initial pre-test and the intermediate test, and in the session preceding the
post-test. To test the PAP-effect, the participants perform one set of the heavy load exercise and
after a 30-second rest interval the maximal power output in the respective plyometric exercise
will be tested with the matched testing method/device (see 5.6.3.1.1.). Such a measurement will
be executed during every first complex pair of one complex (e.g.: first set of squats -> three

squat jumps on force plate -> first regular set of squat jumps -> remaining complex pairs).

6 Conclusion

The overall purpose of this thesis was to systematically review all the relevant literature and
investigate the effects of complex training on variables, such as maximal strength, jump
performance, sprint performance, agility, body fat percentage and various sport-specific
measures. Furthermore, it should analyze, how factors, such as rest periods, exercise selection,
loads and intensities, or the training status of the subjects could influence the training outcome.
By comparing the results of numerous studies using different training methods, reasonable
conclusions should be found in this paper. In addition, by considering the most relevant points
tackled in the discussion section, this thesis is providing a high-quality model study design to

investigate the ‘trainability’ of PAP through complex training.

Initially, it is important to note that there are some factors limiting the outcomes of this thesis.
First of all, the immense diversity of the 41 studies under review delivers a broad and
differentialized picture, but also results in some major limitations. Due to the differences in
study design, the number and training levels of the subjects, the different durations, or exercises
used, it is very difficult to come to valid conclusions. Furthermore, the overall quality of many
included studies may lower their validity. However, it has to be highlighted, that the used PEDro

scale may not be completely, but still best suitable for this kind of scientific studies.

One serious limitation concerning this training method in general is how it is referred to. As
elaborated in chapter 2.4.1 the conflicting definitions and conceptualizations of complex
training make it difficult to form a common ground for investigating this concept. Further
research is necessary to both investigate the various effects of the different combination forms

and to find consensus over the categorization of such training forms.

In general, the present data show that complex training forms offer a suitable training method
for improving all the performance measures under review. Especially, the frequently mentioned

neuromuscular adaptations, or the time efficient and varied training design stand in for this
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method. Only occasional accounts report a significant superiority of complex training forms
over alternative training methods in strength (de Villarreal et al., 2013; Hammami et al., 2018;
Stasinaki et al., 2015), sprint (Kotzamanidis et al., 2005; Radnor et al., 2017) or jump measures
(Fathi et al., 2018; Hammami et al., 2018; Kotzamanidis et al., 2005; Radnor et al., 2017), but
an overall tendency about the superiority over other methods cannot be recognized. The
accounts for body fat percentage were too few to draw definite conclusion. For sport-specific
variables the trials were also very few (5) and diverse. They do show that complex training
forms have a positive effect, but only one (Lee et al., 2014) indicated significantly better results
than controls or other methods. Furthermore, the influences of parameters, such as training
level, used exercises or load prescriptions may be apparent, but due to the diversity of

investigated studies, no clear tendencies were recognizable.

Nevertheless, the combination of different training methods may be an attractive option for
trainers and athletes to efficiently increase performance in multiple areas. It appears, that
especially for increasing both strength and power, complex training holds considerable benefits.

In order to draw definite conclusions further research is necessary.
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