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Summary

~ .Plyometrics is a specialized, high-intensity training technique for the improvement of power and
performances among athletes primarily participating in dynamic, explosive type of team sports
such as rugby league and soccer. In spite of the power requirements of rugby union, no studies to
date have attempted to determine the possible benefits of a combined rugby conditioning and
plyometric training program on the anthropometric, physical and motor performance components
of rugby union players. Seen against this background, the objectives of this study were firstly, to
determine the effects of a four-week combined rugby conditioning and plyometric training
program on selected physical and motor performance components of university-level rugby
players compared to the effects of a rugby conditioning training program alone, and secondly, to
determine the comﬁarative effects of these programs on the anthropometric components of

university-level rugby players.

Thirty-five (18,94 £ 0,40 years) w/19 rugby players of the North-West University participated in
the study. Subjects performed a battery of five physical and motor performance tests, and
twenty-six direct and indirect anthropometric measurements were taken prior to and following a
four-week combined rugby conditioning and plyometric training program (experimental group)
and a non-plyometric training program (control group). Firstly, the descriptive statistics of each
test variable were calculated. Next, dependent #tests were performed to reveal the significant
changes between pre and post-test results, after which the independent f-test values were
calculated to determine the significance of pre and post-test changes between the control and
experimental group. The level of significance was set at p < 0,05. Lastly, the effect size (ES)
values were calculated for all of the pre and post-test results that obtained statistically significant

results.

Witﬁ regard to the physical and motor performance components, the dependent #-test results
revealed that the control group’s upper body explosive power decreased significantly from pre to
post-testing. The experimental group showed significant increases in speed over 20 m and
agility, as well as in the power and work increments of the Wingate Anaerobic Test (WAnT). In

spite of these results the independent #test revealed that speed over 20 m, average power output
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Summary

at 20 s and relative work of the WAnT as well as agility were the only components of the
experimental group that improved significantly more compared to the control group. Only small

values were obtained when the effect sizes were calculated for each of the significant variables.

The anthropometric results indicated that the control group’s skeletal mass and femur breadth
increased significantly from pre to post-testing. The wrist breadth of the experimental group also
increased significantly during the training period. The significant increase in body stature
observed among both groups of players was most likely due to body growth and not due to the
training program. No statistically or practically significant differences were, however, observed

between the anthropometric measurement changes of the two groups of players.

Hence the conclusion drawn from the above-mentioned results is that a four-week combined
rugby conditioning and plyometric training program leads to significantly bigger changes in
certain physical and motor performance components of university-level rugby players than a
non-plyometric rugby conditioning program alone. However, the combined rugby conditioning
and plyometric training program had no significant effect on the anthropometric measurements

of players compared to a non-plyometric rugby conditioning training program.
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Opsomming

Pliometrie is ’n gespesialiseerde, hoé-intensiteit oefeningstegniek wat toegepas word ter
verbetering Vaﬁ' eksplosiewe krag en prestasies van sportlui wat hoofsaaklik aan dinamiese,
eksplosiewe, kraggeoriénteerde spansportsoorte, bv. rugby-liga en sokker, deelneem. Ten spyte
van die eksplosiewekrag-vereistes van rugby-unie rugbyspelers het geen studie tot hede
ondersoek ingestel na die moontlike voordele van ’n gekombinéerde rugbykondisionerings- en
pliometrie-oefeningsprogram op die antropometriese, fisicke en motoriese veranderlikes van
rugby-unie rugbyspelers nie. Gesien teen hierdie agtergrond was die doelwitte van die studie ten
eerste  om die effek van ’n  vier weke lange gekombineerde rugby- en
pliometriekondisioneringsoefeningsprogram op die fisieke en motoriese komponente van
rugbyspelers  op  universiteitsvlak te  vergelyk met die effek van n

rugbykondisioneringsoefeningsprogram, en tweedens, om die vergelykende effek van hierdie

programme op die antropometriese komponente van rugbyspelers op universiteitsvlak vas te stel.

Vyf en dertig (18,94 + 0,40 jare) o/19 rugbyspelers van die Noordwes-Universiteit het aan die
studie deelgeneem. Die proefpersone het 'n toetsbattery van 5 fisicke en motoriese toetse voltooi
en ses en twintig direkte en indirekte antropometriese metings is geneem voor en na ’n vier weke
lange gekombineerde rugby-pliometriekondisioneringsprogram (eksperimentele groep) en ’n nie-
pliometrieoefeningsprogram (kontrolegroep). Eerstens is die beskrywende statistiek van elke
toetsveranderlike bereken. Vervolgens is afhanklike f~toetse uitgevoer om die betekenisvolle
veranderinge tussen pre- en posttoetsresultate vas te stel, waama die onathanklike #-toetswaardes
bereken is om die betekenisvolheid van pre- en posttoetsveranderinge tussen die kontrole- en
eksperimentele groepe vas te stel. Die vlak van betekenisvolheid is vasgestel op p <0,05.
Laastens is die effekgroottes bereken vir al die pre- en posttoetsresultate wat statisties

betekenisvolle resultate opgelewer het.

Met betrekking tot die fisieke en motoriese komponente het die afhanklike #toetsresultate getoon
dat die kontrolegroep se bolyf-eksplosiewe krag betekenisvol afgeneem het van pre- na
posttoetsing. Die eksperimentele groep het betekenisvolle verhogings in spoed oor 20 m en

ratsheid, asook in die eksplosiewekrag- en werksintervalle van die Wingate Anaerobiese Toets




- Opsomming

(WAnT) getoon. Ten spyte van hierdie resultate het die onathanklike f-toets daarop gedui dat
spoed oor 20 m, gemiddelde eksplosiewe kraguitset by 20 s en relatiewe werksuitset van die
WAnT asook ratsheid die enigste komponente van die eksperimentele groep was wat
betekenisvol meer verbeter het in vergeleke met die kontrolegroep. Slegs klein waardes is verkry
met berekening van die effekgroottes vir elk van die betekenisvolle veranderlikes.

Die antropometriese resultate het aangetoon dat die kontrolegroep se skeletale massa- en
femurdeursnee betekenisvol vergroot het van pre- na posttoetsing. Die gewrigsdeursnee van die
eksperimentele groep het ook betekenisvol tydens die oefeningsperiode toegeneem. Die
betekenisvolle toename in liggaamslengte wat by beide groepe spelers toegeneem het, was
moontlik toe te skryf aan liggaamsgroei en nie aan die oefeningsprogram nie. Geen statisties of
prakties betekenisvolle verskille het voorgekom met betrekking tot die antropometriese

veranderinge in metings tussen die twee groepe spelers nie.

Die gevolgtrekking waartoe geraak word na aanleiding van bogenoemde résultate is dat *n vier
weke lange gekombineerde rugby-pliometriekondisioneringsprogram tot betekenisvolle groter
veranderinge in sommige fisieke en motoriese komponente rugbyspelers op universiteitsvlak lei
vergeleke met ’‘n  nie-pliometrierugbykondisioneringsprogram. Daarteenoor het die
gekombineerde rugby-pliometriekondisioneringsoefeningsprogram vergeleke met die nie-

pliometrierugbykondisioneringsprogram  ‘n  nie-betekenisvolle effek gehad op die

antropometriese metings van die spelers.
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4. STRUCTURE OF THE DISSERTATION
5. REFERENCES

1. PROBLEM STATEMENT

Plyometric training is becoming a staple in the training regimens of all levels of athletes and
coaches (Kutz, 2003:10). Twenty years ago plyometric training was something mysterious that
only a few daring athletes and unconventional coaches applied (Kutz, 2003:10). In recent years,
plyometric training has evolved into a widely accepted and exceptionally effective tool to
improve power and agility (Kutz, 2003:10). The number of studies done in the field of .
plyometrics has increased nearly four-fold in the past 5 years. This increase in research outputs
pertaining to plyometric training shows that it is an important field of research and an area that
warrants further research. In view of this, a definition and description of plyometric training, as
well as the results of several studies pertaining to the benefits of plyometric training and
combined plyometric training programs will be highlighted in the subsequent section.
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Plyometrics is defined as being rapid powerful movements preceded by preloading
countermovements that create stretch-shortening cycles which cause an increase in muscle power
(Kisner, 1996:2). Additionally, authors (Kraemer, 2003:1; Kutz, 2003:10; Potach & Chu,
2008:414) have also described plyometrics as activities that enable a muscle to reach maximal
force in the shortest possible time. Plyometrics is primarily described as “jump training”
(Keteyian, 2004) or-a specialised, high-intensity training technique that is used to develop power
(Quinn, 2001). The afore-mentioned descriptions, together with several research findings, show
that plyometric training can be used to improve the power and performances of athletes that
primarily participate in dynamic, explosive sports codes (Stemm & Jacobson, 2007:568; Rimmer
& Sleivert, 2000:297; Chu, 1998:1) such as football, basketball, baseball, volleyball and various
track and field events (Potach & Chu, 2008:414; Luebbers ef al., 2003:704; Hoffman, 2002:144;
Rimmer & Sleivert, 2000:295; Chu, 1998:2).

In recent times the majority of plyometric-related research has rather focused on the positive
benefits of combined plyometric programs than on plyometric training programs alone.
Researchers have, for example, investigated combined programs where plyometrics was used
along with other modalities such as resistance, electromyostimulation, flexibility and sport
specific training (Salonikidis & Zafeiridis, 2008:188; Herrero ef al., 2006:536; Rahimi &
Bephur, 2005:85; Boerio ef al., 2003:10). In this regard several researchers demonstrated that
combined plyometric and sport specific conditioning programs were significantly more
beneficial for the improvement of single side-step reaction time, sport specific jumping ability as
measured by reduction in foot contact time, speed and explosive power output among tennis
players and tumbling athletes (Salonikidis & Zafeiridis, 2008:188; Boerio ef al., 2003:10).
Similarly, combined plyometric and resistance training programs were significantly more
effective in increaéing 1RM upper and lower body strength (Mangine ef al., 2008:136; Harris ef
al., 2000:18), vertical jumping height, jumping mechanical power, flight time and 5 0-yard sprint
time (Mangine ef al., 2008:136; Rahimi & Bephur, 2005:85; Fatouros ef al., 2000:473) than
resistance and plyometric training programs alone among male subjects. Furthermore, Swanik et
al. (2002:585) noted that significant neuromuscular benefits, namely improved kinesthesia, time
to peak torque, amortization time and torque decrement of the shoulder muscles can be attained
by participation in a combined plyometric, resistance, sport specific and functional training
program. No studies could be found in which the possible benefits of a combined plyometric

program on anthropometric measurements had been investigated.
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The important findings of the above-mentioned studies seem to indicate that a sport such as
rugby would also benefit from a combined plyometric training program. Rugby is a game of
power due to the fact that power is required in the execution of tackles, explosive acceleration,
scrummaging and forceful play during rucking and mauling (Duthie et al., 2003:980). In terms of
playing position, power is required by the forward players to win the ball in the line outs and to
retain the ball in rucks and mauls (Kelton, 1999:2). The back line players must be able to
accelerate over short distances and to make and break tackles (Kelton, 1999:2). In spite of
considerable variation in the fitness demands of each playing position, it is clear that all rugby
players need a degree of speed, strength and power (Jenkins & Reaburn, 2000:327; Siff, 1986:3).
This contention is confirmed by Webb and Lander (1984:44) who hold the opinion that in
general, rugby requires speed, flexibility, endurance (muscular and cardiovascular), agility and
strength. Given that plyometric training may significantly improve speed, endurance, strength
and power, applying this type of training method among rugby players can be recommended.

Not withstanding the widespread acceptance and use of plyometric training in the conditioning
of athletes, the purported benefits plyometric training have on sport performance have come into
question in several research publications (Swanik ef al, 2002:585; Lathrop et al, 2001:17;
Heiderscheit ez al., 1996:132). In this regard Heiderscheit ef al. (1996:132), for example, showed
that plyometric training does mnot have any significant positive effect on isokinetic
concentric/eccentric shoulder internal rotator power, kinesthetic test values or functional
parameters of a throwing test. Moreover, a more recent study of Swanik et al. (2002:585)
supports the rationale that plyometric training may not be the most effective training method to
enhance torque development, particularly in highly trained athletes. Furthermore, Lathrop et al.
(2001:17) found that a combined running-plyometric program does not cause significantly better
improvements in running economy, VOz-max, support time, braking time and braking change in
velocity as well as 3 200 m running time compared to a running program only. Other combined
plyometric programs also did not yield significantly better results for the combined plyometric
program group when compared with the weight training group (Ronnestad et al., 2008:775;
Moore et al., 2005:796; Rahimi & Bephur, 2005:86).

Considering the paucity of data examining the benefits of plyometric training, the following
research questions are posed: Firstly, what are the effects of a four-week combined rugby

conditioning and plyometric training program on selected physical and motor performance
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components of university-level rugby players compared to the effects of a rugby conditioning
program alone? Secondly, what are the effects of a four-week combined rugby conditioning and
plyometric training program compared to a rugby conditioning program alone, on the
anthropometric components of university-level rugby players? Answers to these questions
should provide coaches, sport scientists and other sport-related professionals with information

regarding the effectiveness of combined plyometric training programs during a rugby season.

2. OBJECTIVES

The objectives of this study are:

e To determine the effects of a four-week combined rugby conditioning and plyometric
training program on selected physical and motor performance components of university-
level rugby players compared to the effects of a rugby conditioning program alone; and

e To determine the effect of a four-week combined rugby conditioning and plyometric
training program compared to a rugby conditioning program alone, on the anthropometric

measurements of university-level rugby players.
3. HYPOTHESES

The study is based on the following hypotheses:

e A four-week combined rugby conditioning and plyometric training program will lead to
significantly better changes in selected speed, agility and anaerobic power output values
among university-level rugby players than a rugby conditioning program alone.

e A four-week combined rugby conditioning and plyometric training program would have
a significantly bigger effect on the body size, lean body, muscle, fat and skeletal mass

and somatotype of subjects, compared to a rugby conditioning program alone.
. 4. STRUCTURE OF THE DISSERTATION .

The dissertation is submitted in article format as approved by the Senate of the North-West
University and is structured as follows:
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Chapter 1:

Problem statement, objectives and hypotheses of the study. A bibliography is

- provided at the end of the chapter in accordance with the guidelines .of the North-

Chapter 2:

Chapter 3:

Chapter 4:

Chapter 5:
Appendix:

West University.

Literature overview: The effects of combined sport specific and plyometric training
on a variety of physical and motor ability components. A bibliography is
provided at the end of the chapter in accordance with the guidelines of the North-
West University. _

Article 1 — Changes in selected physical and motor performance components of
university-level rugby players after a four-week combined rugby conditioning and
plyometric training program. The article will be presented for possible publication in
the Journal of Strength and Conditioning Research. A bibliography is presented at the
end of the chapter in accordance with the guidelines of fhe journal. Although not
according to the guidelines of the journal, tables will be included within the text so as
to make the article easier to read and understand.

Article 2 — The effects of a four-week combined rugby conditioning and plyometric
fraining program on the anthropometric components of university-level rugby
players. The article will be presented for possible publication in the Journal of
Strength and Conditioning Research. A bibliography is presented at the end of the
chapter in accordance with the guidelines of the journal. Although not given as
guidelines of the journal, tables will be included within the text so as to make the
article easier to read and understand.

Summary, conclusions and recommendations.

The demographic, general information questionnaires, informed consent forms,
physical and motor ability data collection forms as well as the instructions for authors
and an example of a published article from the Journal of Strength and Conditioning

Research are attached as addendums.
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1. INTRODUCTION

Plyometrics is a high-intensity training technique which is a popular training tool among the
sporting fraternity as a method to increase speed (Markovic et al., 2007:543), power (Radcliffe &
Farentinos, 1999:1) and agility (Miller ef al., 2006:462) of athletes from various types of sports such
as football, basketball, baseball, volleyball and various track and field events (Potach & Chu,
2008:414; Luebbers et al., 2003:704; Rimmer & Sleivert, 2000:295; Chu, 1998:2). Plyometrics as it
is known and used today received a great deal of attention in the early 1970s when athletes from the
Eastern European countries outperformed other athletes in power dependant events (Stemm &
Jacobson, 2007:568; Chu, 1998:1). An interest in their fraining methods led to the discovery of
plyometrics, and coaches and athletes started implementing the training technique in their exercising
programs (Chu, 1998:2). What used to be a very.mysterious training method is now widely accepted
as an effective tool to enhance athletes’ performances (Kutz, 2003:10).

The word plyometrics originated from two Greek words, “plio”, meaning “more” and “metric”,
meaning “to measure” (Dintiman & Ward, 2003:97) or as Chu (1998:1) described it “measurable
increase”, and was first used in 1975 by an American track and field coach, Fred Wilt (Dintiman &
Ward, 2003:97; Chu, 1998:1). A coach of the Soviet Union, Yuri Verkhoshansky was one of the
first to use plyometrics as a training technique and since his first publication in 1966, research on
plyometrics as a training technique has steadily increased over the years with articles that doubled in
number during the late 1990s and 2000s.

The majority of plyometric-related programs only focused on plyometric training programs but
more recently, coaches and sport scientists shifted their attention to complex or compound training,
which consists of a combination of plyometric and sport specific training programs (Dodd & Alvar,
2007:1177; Ebben, 2002:42). The inclusion of plyometric training in athletes’ existing training
programs have been investigated on sports codes such as cycling, gymnastics, athletics, baseball and
golf, to name but a few (Dodd & Alvar, 2007:1177; Fletcher & Hartwell, 2004:59; Boerio ef al.,
2003:1; Bastiaans et al., 2001:79; Dean et al., 1998:238). Not withstanding the widespread
acceptance and use of plyonietn'cs in athletes’ training programs (Dodd & Alvar, 2007:1177,
Fletcher & Hartwell, 2004:59; Fatouros et al., 2000:470), the purported benefits of this type of

training have come into question in several research publications (Lathrop et
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al, 2001:17; Liyttle ef al., 1996:178;). It is in view of these contradictory research findings regarding
the benefits of combined plyometric and sport specific training programs that this literature
overview was undertaken. Hencae the first aim of the study was to critically analyse the available
literature of the past 10 years (1999-2008) with regard to the study subject, the nature of the
combination program that was used as well as the findings with regard to the effects of these types
of programs on a wide variety of physical and motor performance components and secondly, to
provide guidelines for the use of combination plyometric programs as a performance-enhancing

training technique.

2. METHOD OF RESEARCH

Computer searches were performed using the SportDiscus, Medline, Academic Research, Academic
Search Premier and Masterfile databases. The MetaCrawler, Scirus and Google Scholar internet
search engines were also used to trace the available literature. The searches were narrowed down to
include only articles from the past 10 years (1999-2008) and those which made use of adult
populations (X'> 18 years) as test subjects. Furthermore, only articles that investigated the influence
of combined plyometric training programs were used. Key words used in the searches included, but
were not limited to, the following: plyometrics, plyometric training, explosive power, combined

programs.

In the subsequent section the physiological principles of plyometric training are discussed to provide
the reader with the background information necessary to interpret the findings of the different

research articles.

3. PHYSIOLOGICAL PRINCIPLES OF PLYOMETRIC TRAINING
The physiological principles underlying plyometric training are explained by means of three models

which will be discussed briefly in the subsequent section.

3.1 THE MECHANICAL MODEL

In the mechanical model, potential elastic energy is stored due to rapid stretching of a muscle
(Potach & Chu 2008:414). Dintiman and Ward (2003:98) dubbed this phase of a plyometric
movement, the loading phase. The unloading phase takes place when the energy that was stored in
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the muscle is immediately released in a reaction opposite to the loading phase (Dintiman & Ward,
2003:98). In short, during the stretch, the musculotendinous unit lengthens, which allows the series.
elas:cic component (SEC) to store the elastic energy (Radcliffe & Farentinos, 1999:4; Chu, 1998:4).
If this eccentric muscle action is immediately followed by a concentric confraction of the same
muscle, the stored elastic energy will be released and in so doing, contribute to the total force
production (Potach, 2004:426; Radcliffe & Farentinos, 1999:4). The stored elastic energy will,
however, dissipate as heat if the eccentric action is not immediately followed by a concentric muscle

contraction (Potach & Chu, 2008:414; Chu, 1998:4).

3.3 THE NEUROPHYSIOLOGICAL MODEL

The reflexive action of plyometric exercises is primarily caused by the sensory responses of the
muscle spindles (Potach & Chu, 2008:415; Potach, 2004:426). The muscle spindles act as
proprioceptors that are responsible for the activation of the stretch reflex in reaction to the rapid
lengthening (eccentric phase) of the muscle. After activation of the stretch reflex a signal is sent to
the muscle which leads to a fast muscle contraction (Potach & Chu, 2008:415; Radcliffe &
Farentinos, 1999:4). The power of the concentric contraction will depend on the rate at which

muscle stretching takes place during the eccentric loading phase (Dintiman & Ward, 2003:98).

34 THE STRETCH-SHORTENING CYCLE

The stretch-shortening cycle utilises the energy stored during the eccentric loading phase and the
stimulation of the muscle spindles to facilitate maximum power production during the concentric
phase of movement (Potach & Chu, 2008:415; Stemm & Jacobson, 2007:568; Potach, 2004:429).
The stretch-shortening cycle involves three distinctive phases, namely: phase 1 — the
eccentric/stretching or loading phase which involves the storage of elastic energy in the SEC; phase
2 — the amortization phase which is the time period during which a delay occurs between the
concentric and eccentric phases; phase 3 — the concentric phase during which the stored elastic'
energy and stimulation of the muscle spindles lead to a forceful contraction of the muscle (Potach &
Chu, 2008:416; Potach, 2004:428; Radcliffe & Farentinos,1999:4). Phase 2 of the stretch-shortening
cycle is also the most important phase in determining the power output. A too long amortisation

phase will lead to a loss in stored elastic energy. The main focus of athletes will therefore be to

15



Chapter 2:
Effects of combined sport specific and plyometric training programs on a variety of physical and motor performance components

shorten the amortisation phase so that maximal power production can be increased (Chu, 1998:4).

It is in the light of the afore-mentioned background that the overview follows pertaining to research
articles of the past 10 years that have focused on the effect of combined plyometric training

programs.

4. DISCUSSION

The main focus of this review was to determine whether a plyometric program should be followed
on its own, or incorporated in existing training programs. Furthermore, the researcher also wanted to
investigate the effects of a plyometric training program alone, compared to the effects of a combined
training program, which includes sport specific, heavy resistance, speed, functional or
electromyostimulation conditioning exercises. Twenty-three articles (see Table 1) which
investigated the effectiveness of plyometric training alone or in combination with other forms of
training were identified. The results and conclusions of these articles will form the basis of the

discussion presented in the section below.

4.1 Combined resistance and plyometric versus a plyometric and/or resistance training
program
Five studies reported on the effects of a combined resistance and plyometric training program
compared to a plyometric and/or resistance training program alone (Mangine et al., 2008; Carter et
al., 2007; Rahimi & Bephur, 2005; Fatouros ef al., 2000; Harris ef al., 2000). In this regard maximal
torso. and leg strength as measured by 1RM bench press (Mangine et al, 2008:136), squats
(Mangine et al, 2008:136) and leg press (Fatouros ef al, 2000:474) respectively, as well as
explosive leg power as measured by vertical jump height (Rahimi & Bephur, 2005:85; Fatouros et
al., 2000:474), jumping mechanical power, flight-time (Fatouros et al., 2000:474) and average squat
jump power (Mangine et al., 2008:136) all showed significantly greater improvements due to a
combined resistance and plyometric training program compared to a resistance or plyometric
training program alone. Similar improvements were also reported for the 50-yard sprint (Rahimi &
Behpur, 2005:86) and the 10-yard shuttle run times (Harris ef al., 2000:18) as well as for baseball
throwing velocity (Carter et al., 2007:209) when the effects of combined programs were compared

with those of non-combined programs.
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Table 1: Description of studies regarding the effects of combination plyometric training

programs on certain physical and motor performance components

during the in-season: a
case study

. subjects: . .
Mangine et al. (2008) 17 males To determine the effect of: 8 weeks
The effects of 20,7+ > Heavy resistance training: a heavy resistance 3 x per week (2
combined ballistic and 1,5 training phase 1: 3-4 sets of 6-8 reps at 80-85% of 1RM; upper/lower body
heavy resistance phase 2: 4 sets of 4-6 reps at 85-90% of 1RM split routines)
’lcramnig ordl mamrial g % Combination heavy resistance training and
ower- and upper-body ballistic resistance training: a heavy resistance training
strengﬂ; m . phase 1: 3-4 sets of 6-8 reps at 80-85% of 1RM; phase
recreationally trained 2: 4 sets of 4-6 reps at 85-90% of IRM; ballistic training
men phase 1: 4 sets of 5 reps at 50% of 1RM; phase 2: 5 sets
of 3 reps at 60% of 1RM; ballistic training done earlier
in the workout followed by resistance training; the
ballistic training was completed before commencement
of the resistance training
on maximal upper and lower body strength as
determined by means of the IRM bench press and squat
as well as maximal upper and lower body power as
determined by means of ballistic push-ups and jump
squats.
Marques et al. (2008) 10 To determine the effect of: 12 weeks
Changes in strength females > combination heavy resistance and plyometric Resistance
and power 25,3+  training in addition to regular volleyball specific training  training: 2 X per
performance in elite 1,3 during the in-season period: 3 sets of 3-6 reps at 50-80%  week, in-season
ferale professional of predetermined 4RM, with 2 min rest intervals
volleyball players between sets and exercises

on countermovement jump height (CMJ), overhead
medicine ball throw distance, 4RM bench press and
squat.
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Table 1 (cont.): Description of studies regarding the effects of combination plyometric training

programs on certain physical and motor performance components

To determine the eﬂ‘ect\of:

v 7 Weeks

Ronnestad ef al. 21 males
(2008) 21-26 > Experimental group 1: a combined regular soccer Soccer training:
Short-term effects of and heavy strength training program of half squats and 6-8 x per week
strength and hip flexions: 2 x per week 3 sets at 4-6RM, for the first (90-120 min)
plyometric training on 2 weeks; weeks 3-3: 4 sets; for the final 2 weeks: 5 sets o .
int and jum: ) egvy resistance
Sprin op > Experimental group 2: a combined regular soccer training: 2 x per
performance in . . . L
. training, heavy strength training and plyometric training week
professional soccer e ) .
program. Strength training: same as above; plyometric -
players SO ] . Combined
training: 2 x per week: double-arm single-leg forward .
. . plyometric and
jumps, single-arm alternate-leg forward bounces and heavy resistance
double leg hurdle jumps: 2-4 sets of 5-10 foot contacts vy ’
. ; trajning: 2 x per
(reps); 1 min rest between sets
week
> Control group: combn':led regul_ar- so-ccer training Core training: 2 X
and core training program; core training: 2 X per week
per week
on 1RM half squats, countermovement, and squat jump
height, horizontal distance achieved in a 4-bounce test,
peak power attained during a loaded barbell squat jump,
sprint acceleration and peak sprint velocity during a
40 m sprint time test.
Salonikidis and 64 males To determine the effects oft 9 weeks
Zafeiridis (2008) ?nd 1 > Experimental group 1: plyometric training: single- Experimental
The effects of emales leg hops (6 x 14m), single-leg hopping on stairs groups: 3 x per
plyometric, tennis- 21+1,3 20-40 cm high (6 x 20 stairs), single-leg “kangaroo™ week for all

drills, and combined
training on reaction,
lateral and linear
speed, power, and
strength in novice
tennis players

jumps and knee lifting to the chest

> Experimental group 2: tennis drill training at
maximum speed (for full explanation of drills refer to
article)

> Experimental group 3: a combination of plyometric
and tennis drill training; 2 exercises from the plyometric
program and 2 tennis drills

. > Control group: no training

on reaction time, 4m lateral linear sprints, 12 m linear
sprints with and without tum, reactivity ball, drop jump
{(power) and maximal strength on the “slow” side of the
player. “Slow” side determined by means of the time it
took to complete 4,115 m side steps.
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Table 1 (cont.): Description of studies regarding the effects of combination plyometric tfraining

programs on certain physical and motor performance components

=

Carter et al. "(2007) 24 males To determine the effect of: 8 weeks
Effects of high volume 19,7+  Experimental group: a combination of plyometric
upper extremity 1,3 ((3 sets of 10-20 reps of 6 upper body exercises; 2 x per
plyometric training on week) (weeks 1-2: 3 sets of 10 reps; weeks 3-5: 3 sets of
throwing velocity and 15 reps; weeks 6-8: 3 sets of 20 reps)), strength and
functional strength conditioning exercises 3 x per week
ratios ofthe shou.lder > Control group: a regular strength and conditioning
rotators in collegiate .. :
training program as well as rotator cuff strengthening
baseball players :
exercises done 3 x per week
on functional eccentric external rotation-to-concentric
internal rotation strength ratio and throwing velocity.
Dodd and Alvar 45 males To determine the effect of: 15 weeks
(2007) 18 -23 > baseball specific training 3 x per week, 45 min per Baseball specific
Analysis of acute session in addition to: conditioning: 3 x
XD lgs1ve power > Group 1: a complex training program consisting of 2 per week
training modalities to . .. .
. sets of 6 reps of 3 heavy resistance training exercises Complex
improve lower-body . X ..
. and 3 plyometric exercises training, heavy
power in baseball .
. . . resistance
players > Group 2: heavy resistance training (squats, lunges, training. high
split squats), 4 sets of 6 reps at 80-100% of 1RM ng, 18
velocity training:
» Group 3: high velocity training (box jumps, depth 2 x per week
jumps, split squat jumps), 4 sets of 6 reps at 0-30% of
1RM
on 20, 40, and 60-yd sprinting, vertical jump, standing
broad jump and T-agility performance.
Mikkola et al. (2007) 19 males To determine the effects of: 8 weeks
Concurrent endurance 19-28 > Experimental group: a regular program of Endurance
and explosive type endurance training (same as control group) with 27% of training: £ 11
strength training training replaced with explosive strength training and hours per week
increases activation strength and speed exercises, 3 x per week consisting of o
. Explosive
and fast force 2-3 sets of 6-12 reps of each exercise training: 3
duction of leg aining: 3 x per
produc > Control group: a regular program of endurance week

extensor muscles in
endurance athletes

training (roller skiing, running and nordic walking)

on isometric strength, sport specific force velocity,
endurance performance and maximal oxygen uptake

(VO, max).
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Table 1 (cont.): Description of studies regarding the effects of combination plyometric training

programs on certain physical and motor performance components

T i
To determine the effects of:

Herrero ef al. (2006) 40 males 4 weeks
Electromyostimulation  19-22 > Electromyostimulation (EMS) group: EMS: 4 x per
and plyometric electromyostimulation training of the knee extensor week
"c?almpg effccalcts qnt muscles by placing 2 electrodes on the thigh Plyometric
_leplng and spon > Plyometric training group: horizontal and drop training: 2 x per
1me jumps (weeks 1 and 2: more horizontal jumps than drop week
jumps with 90 jumps per session; weeks 3 and 4: more o
drop jumps than horizontal jumps with 105 j Combination
p Jurmp JHmpS Wi JUPSPEL training: EMS 2 x
session)
per week,
> Combined EMS and plyometric training group: a plyometrics 2 x
combination of above-mentioned programs: per week
2 consecutive days of EMS training followed by one rest
day and then 2 consecutive days of plyometric training
> Control group: no training
on 20m sprint time, squat and countermovement jump
height, maximal voluntary bilateral isometric leg
strength and cross sectional area of the thigh.
Moore et al. (2005) 10 To determine the effects of: 12 weeks
Comparison of two fem(eiﬂ;s » Olympic style lifting: regular off-season Olympic lifts and
twelve weeks of off- an al cardiovascular soccer training and traditional resistance  plyometric drills:
season combined TMAIeS  training: 3 sets of 6 reps combined with Olympic style 3 x per week
training programs on 20,24 lifts: 3 sets of 6 reps of hang clean and Romanian
entry level colleglate 0,2 deadlifts
;Z;;:;Ei;}ézrs’ > Plyometric training: regular off-season

cardiovascular soccer training and traditional resistance
training: 3 sets of 6 reps combined with various
plyometric drills eg. bounds, tuck jump, box jumps, 1-3
sets of 15-30 reps

on vertical jump height, 4RM squat and 25 m sprint

time and foot speed over 3 tesmng opportunities dunng
the 12 week period ..
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Table 1 (cont.): Description of studies regarding the effects of combination plyometric training

2 o AV AN 5 i i e e
Paton and Hopkins 18 males To determine the effects of: . 4-5 weeks
(2005) 183 -38 > Experimental group: replacing a part of the cyclists Plyometric
Combining explosive existing training and competition training with training: 2-3 x
and high-resistance 12 sessions of 3 sets of 20 reps explosive single-leg per week
training improves jumps, alternated with 3 sets of 5 high-resistance cycling
performance in sprints of 30 s each
competitive cyclists > Control group: existing training and competition
program
on mean power output of 1- and 4 km time trials, peak
power output, lactate profile and oxygen consumption
during an incrementa] cycle ergometer test.
Rahimi and Behpur 48 males To determine the effects of: 6 weeks
(2005) 19,27+ > Plyometric training group: depth jumps, split squat 2 x per week
The effects of 1,36 jumps, rim jumps and box to box depth jumps: 3 sets of
plyometric, weight and 6 reps progressing to 4 sets of 8 reps
pl}f.or‘nemc-welgh t > Weight training group: resistance training: 4 sets of
training on anaerobic o .
10 reps at 40% of 1RM, progressing to 4 sets of 6 reps
power and muscular at 100% of IRM
strength
> Plyometric and weight training group: a
combination of plyometric and weight training with the
volume and intensity reduced by 25%
> Control group: no training
on vertical jump height, 50 yd sprint time and 1RM
squat.
Chimera ef al. (2004) 20 To determine the effects of : 6 weeks
Effects of plyometric females > Experimental group: a combined hockey/soccer Plyometric
training on muscle- 18 -22  resistance and plyometric training program training: 2 x per
activation strategies (4-5 exercises, 2 sets of 30-70 reps) week
;.nd plerfi)hrinance m > Control group: a regular hockey/soccer and Hockey/soccer
emale athletes resistance training program ' training: 3 x per
on the surface electromyography (preparatory and week
reactive activity) of the right leg’s thigh muscles during Resistance
drop jumps, vertical jumps and sprint speed training: 2 x per
measurements. week
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Table 1 (cont.): Description of studies regarding the effects of combination plyometric training

programs on certain physical and motor performance components

/ R & <
Fletcher and Hartwell 11 males To determine the effects of:
(2004) 29+7,4 > Experimental group: a combination of regnlar golf =~ Weight training
Effect of an 8-week training, weight training: 3 sets of 6-8 reps, and and plyometrics:
combined weights and plyometric training: 3 sets of 8 reps 2 x per week
plyometric training . ..
program on golf drive > Control group: regular golf training
performance on club head speed and driving distance.
Wilkerson et al. 19 To determine the effects of: 6 weeks
(2004) females %> Experimental group: a 6 weeks preseason
Neuromuscular 17-21  conditioning program that included plyometric jump
changes in female training, flexibility and isotonic strength training
COIIIEE"';‘ atef? thletes > Control group: a preseason conditioning program
“{S ntgd om & that included flexibility, isotonic strength training and
EYOI.HC ¢ Jump- periodic periods of unstructured plyometric jump
alning program fraining
on hamstring and quadriceps isokinetic peak torque,
impact forces as measured during forward lunging and
unilateral step-downs as well as body core displacement
during performance of an agility T-drill.
Boerio et al. (2003) 6 males  To determine the effects of: 4 weeks
Effects of four weeks £ ancll > Tumbling and plyometrics: a combined tumbling 5 sessions per
of plyometric training omales and plyometric resistance specific fraining program week of regular
in tumbler atgﬂetcs 12,303;i on jumping performance, contact time on floor and tumbling training
power outpu : power development. 3 combined
plyometric and
weight training
session per week

(12 sessions)
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Table 1 (cont.): Description of studies regarding the effects of combination plyometric training

programs on certain physical and motor performance components

/ .
Spurrs et al. (2

b

003)

17 ﬁales

The effect of 2544 > Experimental group: a combined program of
plyometric training on normal running (60-80 km per week) and plyometric Plvometric
distance running training: 2-3 sets of 10-15 reps of various bounds and tainjzl 5 % per
performance hops both performed in vertical and horizontal & P
directions week 1-3 and 3 x
per week 4-6
> Control group: normal running training of 60-80 km
per week
on running economy, VO,max, lactate threshold, lower
- leg'musculotendinous stiffness, maximal isometric
force, rate of force development, counter movement
jump height, horizontal distance achieved in a 5-bound
test and 3 ki time trial performance.
Tumer ef al. (2003) 11 To determine the effects of: 6 weeks
Improvement in females > Experimental group: a combination of regular Running training:
. and 10 . .- . L .
running economy after log  luoning training and plyometric training: 10-30 reps of 10 miles 3 x per
6 weeks of plyometric ma single and double legged vertical jumps, continuous week
trajining 29+7  vertical jumps, split squat jumps and incline jumps Plyometric
> Control group: a regular running training program training: 3 x per
on the economy of running, VO.max and vertical jump week
height during various jumping tests.
Maffiuletti et al. 20 males To determine the effects of: 4 weeks
(2002) 1826 > Experimental group: regular volleyball training and  Volleyball
Effect of combined a combination of electromyostimulation (EMS) and training: 3 x per
electrostimulation and plyometric training: 5 sets of 10 vertical jumps, 3 min week
plyo‘mcltt?ic ta}ilni’ngton rest between sets EMS and
vertical jump heigh > Control group: regular volleyball training plyometrics: 3 x
on vertical jump height performance and MVC per quk (12
sessions)

(maximal voluntary contraction) of knee extensors and
plantar flexors.
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Table 1 (cont.): Description of studies regarding the effects of combination plyometric training

programs on certain physical and motor performance components

Swanik ef al. (2002) 24 To determine the effects of:
The effects of shoulder females > Experimental group: a combination program of Plyometric
plyometric training on 204 1,10 swimming (6 x per week), resistance training (3 x per week), training: 2 x
proprioception and functional training (2 x per week) and plyometric training: 3 = per week
selected muscle sets of 15 reps with elastic tubing, trampoline and medicine
performance balls (2 x per week)
characteristics > Control group: a combination program of swiraming (6

x per week), resistance training (3 x per week) and

functional training (2 x per week)

- .on-shoulder proprioception, kinesthesia and isokinetic

muscle performance.
Bastiaans et al. (2001) 14 males To determine the effects of: 9 weeks
The effects of 24+8 > Experimental group: 37% of training supplemented 8.8 hours per
replacing a portion of ® with 4 sets of 30 reps explosive, low-weight squats, leg week (BE)
cndurapce training by 59 +£12 press s.mgle leg step ups as W?ll as 2 sets of 30 reps 8.9 hours per
explosive strength © explosive leg pull and abdominal exercises week (C)
training on .

. . tr :

performance in trained > Control group: a regular program of endurance training
cyclists on maximal workload measured during a 30 s ergometer test

as well as power output during a simulated time trial

measured on a ergometer.
Fatouros ef al. (2000) 41 males To determine the effects of: 12 weeks
Evaluation of 20,7+ > Plyometric training: squat, depth, and box jumps, jumps  Training: 3 x
plyometric exercise 1,96 over cones and bench, repeat triple jumps, single- or double- per week

training, weight
training, and their
combination on
vertical jumping
performance and leg

strength

leg hops as well as alternate leg bounds

> Weight training: a 12 weeks of weight training
program: first 8 weeks: barbell squats, leg presses, leg curls
and standing calf raises; last 4 weeks: barbell jump squats,
cleans, snatches, push presses as well as core exercises;
throughout 12 weeks: front and side lunges, step ups, sitting
calf raises and deadlifts

> Pijfdmetric phis weight training: a combination of
plyometric and weight training protocols
> Control group: no training

on vertical jump height, flight time, 1RM squat and IRM
leg press.
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Table 1 (cont.): Description of studies regarding the effects of combination plyometric training

programs on certain physical and motor performance components

S e TS 7 TR

. S , , Z e e P R s
Harris et al. (2000) 2 males To determine the effects of: 9 weeks
Short-term 18-20 > Group 1: high force training that consisted of the Training: 4 x
performance effects of following exercises: parallel squat, quarter squat, bench per week
high power, high force press, push press, crunch, midthigh pull, semi-straight-leg
or combined weight- deadlift, and bent over row: 5 sets of 5 reps at 50-80% of
training methods IRM

> Group 2: high power training that consisted out of the
following exercises: dumbbell squat, quarter squat, bench
press, push press, crunch, midthigh pull, semi-straight-leg
deadlift and bent over row: 5 sets of 5 reps at 20-45% of
IRM
> Group 3: a combination of high force and high power
training exercises
on parallel squat, 1/4 squat and midthigh pull 1RM values,
countermovement vertical jump height, standing long jump
distance, Margaria-Kalamen stair climbing test, 10-yard
shuttle run and 30 m sprint time.
Paavolainen ef al. 18 males To determine the effects of: 9 weeks
(1999) 19-29 > Experimental group: regular endurance and circuit
Explosive-strength training twice a week that consisted out of specific
training improves abdominal and leg exercises with 32% of training replaced
5-km running time by with sport-specific explosive strength training: consisting of
improving running sprints, jumping exercises with additional weights or barbell
economy and muscle on shoulders, leg-press and knee extensor-flexor exercises
power with low loads but maximal movement velocities

> Control group: regular endurance and circuit training
twice a week that consisted out of specific abdominal and
leg exercises with 3% of training replaced with sport-
specific explosive strength training: consisting of sprints,
jumping exercises with additional weights or barbell on
shoulders and leg-press and knee extensor-flexor exercises
with low loads but maximal movement velocities

on 5 km time trial performance, maximal isometric leg
extensor muscle force, VO;max, lactate threshold, maximal
velocity during an anaerobic running test (MART), 20 m
sprint time, the maximum distance achieved after 5 forward
jumps and running economy.
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On the other hand, the above-mentioned researchers also reported insignificant results when the
effects of the mentioned programmes were compared. Variables such as 1RM squat (Rahimi &
Bephur, 2005:85; Fatouros ef al., 2000:474) and leg press (Fatouros ef al., 2000:474), ballistic push-
up repetitions (Mangine et al., 2008:136), functional isokinetic eccentric external rotation to
concentric internal rotation shoulder strength ratio (Carter et al., 2007:209), standing long jump
distance (Harris et al., 2000:18), Margaria-Kalamen stair climbing power (Harris ef al., 2000:18)
and 30 m sprint time (Harris ef al, 2000:18), showed no significant results during the program

COmparisons.

4.2 Combined sport specific and plyometric versus a sport specific training program

Five journal articles that compared the effects of a combined sport specific (tennis, running, cycling)
and plyometric with sport specific training programs alone were identified, namely those of
Salonikdis and Zafeiridis, (2008), Paton and Hopkins, (2005), Sputrs ef al., (2003), Turner ef al.,
(2003) and Bastiaans ef al., (2001). In this regard the research results showed that combined sport
specific and plyometric training programs led to significantly bigger increases in mean power output
of 1 and 4 km cycling time trials (Paton & Hopkins, 2005:827); peak power output and oxygen
consumption (VO,) during an incremental cycling test (Bastiaans ef al., 2001:80; Paton & Hopkins,
2005:827); running economy (Turner ef al., 2003:61); maximal workload measurements during a
30 s cycle ergometer test (Paton & Hopkins, 2005:827); 3 km running time trail performance
(Spurrs et al., 2003:2); counter movement jump height and 5-bound test distance (Spurrs ef al.,

2003:2) when compared with sport specific training programs alone.

The combined programs were, however, not successful in all cases in bringing about more
significant changes bompared to the non-combined programs. Reactivity ball reaction time
(Salonikdis & Zafeiridis, 2008:184), 4 m lateral linear sprint time (Salonikdis & Zafeiridis,
2008:184), 12 m linear sprints with and without a turn times (Salonikdis & Zafeiridis, 2008:184),
drop jump power and maximal strength of the “slow” side leg (leg that obtained the slowest time in

4,115 m side steps) (Salonikdis & Za.fein’&is, 2008:184), lower leg isometric strength, maximal |
oxygen uptake (VOzmax) (Spurts ef al., 2003:2; Turner ef al., 2003:61), running economy (Spurrs ef
al., 2003:2), lactate threshold (Spurrs ef al., 2003:2), lower leg musculotendinous stiffness (Sputrs ef
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al., 2003:2) and rate of force development (Spurrs ef al., 2003:2) were all examples of variables that

were not more significantly influenced by the combined compared to the non-combined program.

One study, namely that of Boerio ef al., (2003:2) did, however, not make use of a control group in
their investigation of combined sport specific and plyometric training programs. A pre-post test
design was used with a combined tumbling and plyometric training program that formed the
treatment. They concluded that the combined program led to significant improvements in jumping
performance, contact time on the floor and power output among tumbler athletes (Boerio ef al.,

2003:10).

43 Combined electromyostimulation (EMS) and plyometric versus an EMS or plyometric
training program alone, or no-training
One article (Herrero ef al., 2006) subjected the participants to a combined EMS and plyometric
training program and compared the effects of this program to those of EMS and plyometric training
programs alone as well as to no training. They succeeded in showing that the combined program
was significantly more effective in improving squat and countermovement jump height as well as
20 m sprint time than the other modalities or no training (Herrerd et al., 2006:536). However, no
significant differences were found with regard to changes in maximal voluntary bilateral isometric

leg strength and cross-sectional area of the thigh.

4.4 Combined sport specific, resistance and plyometric versus combined sport specific and
resistance or sprint specific training programs
Seven articles subjected participants to combined sport specific, resistance and plyometric training
programs and then compared the effects of these programs to those of combined sport specific and
resistance training programs or to those of sport specific training programs alone (Marques ef al.,
2008; Ronnestad et al., 2008; Dodd & Alvar, 2007; Moore et al., 2005; Chimera ef al, 2004;
Fletcher & Hartwell, 2004; Paa_\fo%ainqq et gl., 1999.). In most cases the combined program was,
however, not more successful in bringing about significant changes in the different physical and
motor performance components when compared with the other programs. Significant differences for
the pre and post program changes between the experimental (combined programs) and control group

(non-combined programs) were, however, reported for the following variables: countermovement
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jump height (Marques ef al., 2008:1150), overhead medicine ball throw distance (Marques ef al.,
2008:1150), 4RM bencl'; press and squat strength (Marques et al., 2008:1150), co-activation levels
of the abductors and adductors (Chimera ef al, 2004:25), golf club speed and driving distance
(Fletcher & Hartwell, 2004:60) as well as 5 km time trial performance (Dodd & Zklva:f, 2007:1178;
Paavolainen ef al., 1999:1528). The variables that did not achieve significant results were the
following: 1RM half squat and 4RM squat strength (Ronnestad et al., 2008:776; Moore et al.,
2005:791), vertical, countermovement and squat jump height as well as standing broad jump
distance (Ronnestad et al., 2008:776; Dodd & Alvar, 2007:1178; Moore et al., 2005:791; Chimera et
al., 2004:25), distance achieved in 4 and 5 bounce tests (Ronnestad et al., 2008:776); peak power
attained during a loaded barbell squat jump (Ronnestad et al., 2008:776); sprint acceleration, peak
sprint velocity during a 40 m sprint test, 20 and 25 m sprint time and foot speed (Ronnestad et al.,
2008:776; Moore et al., 2005:791), maximal isometric leg extensor muscle force (Paavolainen ef al.,
1999:1528); VO,max (Paavolainen ef al., 1999:1528), lactate threshold (Paavolainen et al.,
1999:1528), maximal velocity during an anaerobic running test and running economy (Paavolainen

et al., 1999:1528).

4.5 Complex combined sport specific, plyometric and other training modalities versus
sport specific or combined sport specific, resistance and plyometric or combined sport
specific resistance and functional training programs

Only four studies made use of complex training programs where more than three training modalities

were used. Wilkerson et al. (2004:20) found that a combined pre-season sport specific conditioning

training program which included plyometric, flexibility and isotonic strength training exercises was

significantly more effective in increasing hamstring isokinetic peak torque than a program that did

not include a structured plyometric training program. Swanik ef al. (2002:582) compared the effects

of a combined sport specific conditioning, resistance, functional and plyometric training program to
those of a non-plyometric combined program and also reported a significant difference in changes in
shoulder proprioception, kinesthesia and isokinetic muscle performance. In another study where the
effects of a complex combine(i plyometric training program were investigated, Mikkola et al.

(2007:614) studied the combined effects of a sport specific endurance, plyometric and speed training

programme compared to a sport specific endurance training program on the isometric strength,

explosive power, endurance performance and the VOamax of cross country skiers. Results showed
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that the combination tréining group experienced significantly greater increases in time to peak
power achievement and in 30 m double poling speed than the endurance training group. A combined
program of EMS, plyometric and sport specific activities delivered significantly better gains in
maximal vertical jumping height and maximal Vol;ntary contraction of the knee extensors and
plantar flexors when compared with non-combined programs in a study of Maffiuletti ef al.

(2002:1639).

5. GUIDELINES FOR THE IMPLEMENTATION OF SUCCESSFUL PLYOMETRIC
TRAINING PROGRAMS
The next part of the discussion will be dedicated to the exercise guidelines that need to be followed
when combined plyometric training programs are compiled with the aim to produce maximal
results. The combined programs which seem to have the mbst significant effects on the various
physical and motor performance components of participants when compared with non-combinédA
programs are those that adhere to the following exercise guidelines and combined program set-up:
combined plyometric and resistance training programs (Mangine et al., 2008; Rahimi & Behpur,
2005; Fatouros et al., 2000) with intervention periods ranging from 6 to 12 weeks and a training
frequency of 2 to 3 times per week, consisting of 6 to 9 exercises where 2 sets of 6 to 10 repetitions
(reps) were performed at 40-100% of 1RM and sets progressed over time from 2 to 4 sets with rest
periods between 30 s and 4 min between sets; combined sport specific and plyometric training
programs (Paton & Hopkins, 2005; Spurrs et al., 2003; Tumer et al., 2003; Bastiaans et al., 2001)
with periods that ranged from 4 to 9 weeks of 2 to 3 sessions of plyometric training per week,
consisting of 2 to 4 body weight jumping exercises repeated for 5 to 30 times (reps) with a 2 min
rest between sets; a combined electromyostimulation (EMS) and plyometric training program
(Herrero et al., 2006) that lasted 4 weeks during which 2 sessions per week, consisting of 90 to 105
reps of jumps, were performed with a 2 to 5 min rest between sets; combined sport specific,
resistance and plyometric training programs (Marques et al., 2008; Chimera et al., 2004; Fletcher &
Hartwell, 2004) of 6 to 8 weeks with 2 plyometric and resistance training sessions per week that
consisted of 3 sets of 8 reps for the resistance training sessions (2 sessions per week) at 50 to 80% of
4RM, and 2 to 3 sets of 8 reps for the high intensity as well as 30 to 70 reps for the low intensity
plyometric exercises with a 2 min rest between each exercise and a 30 s rest between sets; complex

combined sport specific, plyometric and other modality training programs (Mikkola et al., 2007;
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Wilkerson ef al., 2004; Maffiuletti ef al., 2002; Swanik et al., 2002) performed over a period of 4 to
8 weeks during which plyometric training was done for 2 to 3 times per week and comprised 2 to 3

sets of 6 to 15 reps with a 2 to 3 min rest between sets.

6. SHORTCOMINGS WITH REGARD TO THE MENTIONED COMBINED
PLYOMETRIC TRAINING PROGRAMS
The lack of statistically significant results with regard to the different physical and motor
performance components that were influenced by the combined plyometric training programs,
amongst other things, suggests that certain shortcomings need to be addressed in future studies that
focus on the effects of combined plyometric programs. Firstly, eight out of a possible twenty three
studies reported made use of untrained or moderately active individuals (Mangine et al., 2008;
Salonikidis & Zafeiridis, 2008; Herrero ef al., 2006; Moore ef al., 2005; Rahimi & Behpur, 2005;
Spurrs ef al., 2003; Fatouros ef al, 2000; Harris ef al., 2000), whereas fifteen studies chose
professional or well-trained athletes as their test subjects (Marques ef al., 2008:1150; Ronnestad et
al., 2008:774; Carter et al., 2007:209; Dodd & Alvar, 2007:1178; Mikkola ef al. 2007:614; Paton &
Hopkins, 2005:827; Chimera et al., 2004:25; Fletcher & Hartwell, 2004:60; Wilkerson ef al.,
2004:18; Boerio ef al., 2003:2; Turner ef al., 2003:61; Maffiuletti ef al., 2002:1639; Swanik ef al.,
2002:580; Bastiaans et al., 2001:80; Paavolainen ef al., 1999:1528). A study sample has to be
representative of the population of interest (Thomas & Nelson, 2001:95), else it will not be possible
to generalize the results to the specific population of interest. Plyometrics was originally developed
as a training technique to enhance the speed, power and agility of athletes (Markovic et al,
2007:543; Radcliffe & Farentinos, 1999:1; Miller ef al., 2006:462), and not for use by sedentary or
moderately active individuals. The use of the last-mentioned group of people as subjects in

plyometric-related studies can therefore be questioned.

Secondly, six of the studies (Mangine ef al., 2008; Marques ef al., 2008; Dodd & Alvar, 2007,
Moore et al., 2005; Boerio ef al., 2003; Harris ef al., 2000) did not include a control group as part of
the study design. The presence of a control group in a study strengthens the inferences that can
possibly be drawn from the results of the study (Altman, 1999:9). Furthermore, in only 11 studies
(Marques et al., 2008; Carter et al., 2007; Mikkola ef al., 2007; Herrero ef al., 2006; Moore ef al.,
2005; Paton & Hopkins, 2005; Rahimi & Behpur, 2005; Wilkerson ef al., 2004; Turner ef al., 2003;
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Maffiuletti er al., 2002; Fatouros et al., 2000) the subjects were familiarized with the testing
protocol and exercises before commencement of the official testing and intervention period. Only 10
studies (Ronnestad er al., 2008; Herrero et al., 2006; Paton & Hopkins, 2005; Fletcher & Hartwell,
2004; Wilkerson et al., 2004; Spurrs et al., 2003; Maffiuletti ef al., 2002; Swanik et al., 2002; Harris
et al., 2000; Paavolainen ef al., 1999) subjected participants to a warm-up prior to measurement of
the physical and motor performance components or participation in the training programme. The
absence of familiarization and warm-up sessions may threaten the internal validity of a specific
study due to the fact that factors such as the cognitive learning effect may also have influenced the
study results. In these cases the outcome of the study cannot solely be attributed to the treatments
(programs) performed during the course of the study, but to other factors that were not eliminated

through the specific study design.

There is no consistency in terms of the durations of combined plyometric training programs used by
the different studies. The program durations varied between 4 and 15 weeks with the majority (6)
(Rahimi & Bephur, 2005; Chimera et al., 2004; Wilkerson et al., 2004; Spurrs ef al., 2003; Turner et
al., 2003; Swanik et al., 2002) making use of 6-week periods. Research has yet to determine an
optimal duration for plyometric-related training programs (Potach & Chu, 2008:421). Research done
by Leubbers ef al. (2003:708) suggests that a plyometric training program for as short a period as 4
weeks may lead to neuromuscular adaptations. The subjects in their study did, however, receive a 4-
week recovery period after completion of the 4-week plyometric program (Leubbers ef al,
2003:709). The significant changes in the different explosive power measurements only occurred
after the recovery period, which led them to conclude that a 7-week plyometric program is more
effective in bringing about neuromuscular changes compared to a 4-week program (Leubbers ef al.,
2003:705). Almost all the researchers that implemented 6-week plyometric programs concluded that
significant changes in either the central or peripheral neural structures or functions were experienced
due to the plyometric program. Only 2 of the last-mentioned studies did, however, directly measure
the mechanics that were involved in bringing about significant plyometric-related changes (Swanik
et al., 2002; .Chjmera et al., 2004). In this regard Swanik ef al. (2002:583) showed that plyometric
training resulted in significant improvements in proprioception, kinesthesia and amortization time,
while Chimera et al. (2004:27) found that significant earlier pre-activation and an increase in the

force amplitude of the adductor muscle group occurred due to the plyometric training program. In
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view of the last-mentioned results, it would therefore be advisable to rather make use of 6-week
durations when the aim of research is to investigate the effects of plyometric-related programs on

-the physical and motor performance components of subjects.

Another shortcoming was the use of very small group sizes in some of the studies. Boerio ef al.
(2003:2) only made use of 6 test subjects, whereas Marques ef al. (2008:1150) used 10 test subjects,
compared to Fletcher and Hartwell (2004:60) as well as Tumer ef al. (2003:61) who included 11
participants as test subjects. The last-mentioned studies contained group sizes that were too small to
have a good chance of detecting worthwhile differences between the programs being investigated.
To ensure a high chance of detecting statistically significant results when program comparisons are
made, it would be advisable to perform a power calculation before commencement of the study so as

to determine the appropriate sample size (Thomas & Nelson, 2001:108).

Lastly, researchers of several of the listed studies fail to give a detailed description of all the
methodology and exercise variables necessary for readers to make valid conclusions and to apply
the plyometric-related programs in real training regimens. In this regard, 10 studies (Moore et al.,
2005:793; Fletcher & Hartwell, 2004:60; Wilkerson et al., 2004:62; Spurrs ef al., 2003:2; Tumer et
al., 2003:62; Swanik et al., 2002:580; Bastiaans ef al., 2001:80; Fatouros ef al., 2000:471; Harris et
al., 2000:17; Paavolainen ef al., 1999:1528) made no mention of the rest periods used between sets
and repetitions. Furthermore, only 7 studies (Ronnestad ef al., 2008:774; Salonikidis & Zafeiridis,
2008:184; Herrero et al., 2006:534; Rahimi & Behpur, 2005:85; Tumer ef al., 2003:62; Fatouros ef
al., 2000:473; Harris et al., 2000:17) gave detailed descriptions of the exercises and the exercise
programs that were performed in combination with other training modalities. Mangine ef al.
(2008:134), Ronnestad ef al. (2008:776), Carter et al. (2007:210) and Rahimi and Behpur (2005:85)
were the only researchers who provided the reader with information regarding the progression in

exercise variables followed during the intervention period.

7. CONCLUSIONS AND RECOMMENDATIONS
From the above-mentioned it is clear that plyometrics is a high-intensity training technique used
among the sporting fraternity to increase speed, power and agility in various types of sports. The

physiological principles that underlie plyometric training are explained by the Mechanical,
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Neurophysiological and Stretch-shortening cycle models. Until recently most studies only focused
on plyometric fraining programs, but during the past few years, coaches and sport scientists have
shifted their attention to complex or combined plyometric programs consisting of a combination of

plyometric and other training programs.

Overall the literature supports the use of combined plyometric above that of non-combined
plyometric training programs when the aim is to significantly improve upper and lower body
strength as well as explosive power; golf club speed and driving distance; 1050 yard sprinting
times; cycling peak power output; aerobic capacity, running economy as well as improvement in
1-5 km time trials; co-activation of the abductor and adductor muscle groups; isokinetic peak torque
of the hamstring and maximal voluntary contraction of both the knee extensor and plantar flexor
muscles as well as proprioception and kinesthesia of the shoulder muscles. However, the combined
plyometric training programs were not successful in all cases in bringing about more significant
changes compared to the non-combined programs. Physical and motor performance components that
did not obtain significant results were: upper as well as lower body strength and explosive power;
lower leg isometric strength and musculotendinous stiffness; functional isokinetic eccentric to
concentric internal shoulder rotation strength ratio; rate of force development; cross-sectional area
of the thigh; 4 to 40 m sprinting times when turns or no turns were used; sprint acceleration; foot

speed and reactivity ball reaction time; aerobic capacity; lactate threshold and running economy.

The combined plyometric programs which were more successful in obtaining significant results with
regard to the different physical and motor performance components, when compared with the non-
combined programs, adhered to the following exercise guidelines and program set-up: a 4 to 12-
week duration during which 2 to 3 sessions of plyometric training consisting of 2 to 9 exercises,
were performed. Subjects usually performed 2 to 3 sets of 5 to 100 repetitions and rested 30 s to
5 min between the different sets. Loaded exercises were performed at an intensity of between 40 and

100% of the 1RM.

Certain shortcomings/limitations were, however, identified during the literature review of the
combined plyometric training program-related studies reported in articles which include the

following: the use of untrained or moderately active individuals instead of professional or well-
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trained athletes; the absence of a control group or absence of familiarization and/or warm-up
sessions prior to measurement of the different components or participation in the program; the
combined plyometric program durations were too short to induce significant neuromuscular
changes; some studies contained group sizes that were too s;nall for detecting significant differences
between program changes and in several cases researchers failed to give detailed descriptions of all

the methodology and exercise variables necessary for making valid conclusions.

Nevertheless, the identified findings highlight the importance, usefulness and effectiveness of
combined plyometric training programs to significantly improve certain physical and motor
performance compohents among athletes of different sports codes. However, good quality studies
that are comprehensively detailed and use study designs that are specific to intervention studies are

required in this research domain.
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CHANGES IN SELECTED PHYSICAL AND MOTOR PERFORMANCE COMPONENTS OF UNIVERSITY-
LEVEL RUGBY PLAYERS AFTER A FOUR-WEEK COMBINED RUGBY CONDITIONING AND
PLYOMETRIC TRAINING PROGRAM

CINDY PIENAAR AND BEN COETZEE

School of Biokinetics, Recreation and Sport Science, North-West University, Potchefstroom, South

Africa

ABSTRACT

The purpose of this study was to determine the effects of a 4-week combined rughy conditioning-plyometric
compared to a non-plyometric rugby conditioning program on selected physical and motor performance
components of university-level rugby players. A pre-post test, randomized group design was used in this
study. Thirty-five (18.94 & 0.40 years) w/19 rugby players of the North-West University (South Aftica), who
were randomly assigned to either a control or experimental group, performed a battery of 5 physical and
motor performance tests before and after a 4-week combined rugby conditioning-plyometric (experimental
group) and a non-plyometric rugby conditioning program (control group). The dependent r-test results
showed that the control group’s upper body explosive power decreased significantly from pre to post-testing.
The experimental group showed significant increases in speed over 20 m, agility as well as in the power and
work measurements of the WAnT. In spite of these results the independent #-test revealed that speed over 20
m, average power output at 20 s, relative work of the WAnT and agility were the only components of the
experimental group that improved significantly more than the control group. A 4-week combined rugby
conditioning-plyometric program therefore leads to significantly bigger changes in selected physical and ... .

motor performance components of university-level rugby players than a non-plyometric rugby conditioning

program alone.
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INTRODUCTION

Plyometrics is a specialized, high-intensity training technique that enables an athlete’s muscles to
deliver as much strength as possible in the shortest period of time for power development to take
place (6,9,31). Based on this, it is apparent why plyometric training is regarded as a useful training
tool for athletes who participate in dynamic, explosive types of sports (33). Research also seems to
indicate that team sports such as soccer, baseball, basketball and volleyball (5,23,34,36) will benefit
from plyometric training. Despite the power requirements of rugby union, no studies to date have
made an attempt to determine the possible benefits of a combined rugby conditioning and
plyometric training program on the physical and motor performance components of rugby union
players.

Rugby players need a higher degree of power in the execution of tackles, in acceleration from a
static position and during rucking as well as mauling when scrumming and forceful play take place
(11). Line-out jumping, breaking through tackles and fast as well as effective changes in running
direction (agility) when attacking will also require from players to develop their muscle power
output optimally (20).

Despite reports that plyometric training does have a significant positive effect on the physical and
motor performance components such as agility, speed, the explosive and anaerobic power output of
team players, few researchers have investigated the effects of a combined sport specific and
plyometric training program on the different components of team players. Dodd and Alvar (10)
reported greater.increases in. the .vertical jump. performance of baseball players .when -combining.
heavy resistance and plyometric training programs, over 12 weeks, than when doing either only

heavy resistance training or plyometric training alone. Marques et al. (23) found that combining
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regular volleyball training with plyometric training led to increased performances in maximal
strength as well as in medicine ball throw and counter movement jump tests. Similar findings were
reported by Martel et al. (24) who found that combining plyometric training with a traditional
volleyball training program led to significantly bigger increases in vertical jump height compared to
volleyball training alone. In contrast to the previously mentioned studies, Ronnestad et al. (34)
implemeﬁted a 7-week plyometric program in addition to regular soccer and resistance training and
found no additional benefits by including plyometric training.

Despite the availability of ample literature that demonstrates the positive effect of plyometric
training on performance (7,9), it is still not clear whether combined sport specific conditioning and
plyometric training programs should be implemented and whether the benefits could be extended to
team sports such as rugby union. Literature also does not seem to give a clear indication of the time
period over which a plyometric program must be followed in order to gain significant benefits. The
plyometric program durations vary between 4 (4) and 12 weeks (13) with one study that showed
improvements after just 3 weeks of training (26).

The purpose of the present study therefore was to investigate the effects of a four-week combined
rugby conditioning and plyometric training program on selected physical and motor performance
components of university-level rugby players compared to the effects of a rugby conditioning
program alone. This study was the first to explore the effects of a combined rugby conditioning and

plyometric training program on rugby players’ physical and motor performance components. The

..results from-this study may possibly provide.coaches and other sport professionals. with. information - ... .....

and guidelines that will enable them to plan and set up more effective combined sport specific

conditioning programs.
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METHODS |

Experimental Approach to the Problem

The specific hypothesis under scrutiny was that a rugby conditioning program, combined with
plyometric training will lead to significantly bigger changes in speed, agility and anaerobic power
output values among university-level rugby players than a rugby conditioning program alone.
Therefore a pre-post-test, randomized design was used for this study and subjects were subjected to
a series of physical and motor performance tests after which the experimental group completed a 4-
week plyometric program in addition to their regular rugby conditioning program. The control group
continued with their normal rugby conditioning program. After completion of the 4-week plyometric

training program, the physical and motor performance tests were repeated.

Subjects

Forty w/19 rugby players (18.94 = 0.40 years) of the North-West University (Potchefstroom Campus

- South Africa) were randomly selected to participate in the study and ethical approval was granted
by the North-West University’s Ethics Committee (number: 06M02). Participants completed an
informed consent form and a general information questionnaire regarding their exercising habits,
injury incidence and competing level and were randomly assigned to either a control (n = 20) or
experimental (n = 20) group. Only sixteen participants in the control group and nineteen participants
in the experimental group executed all the tests, which meant that five subjects were excluded from
.the study..One .subject in each of the groups also did not complete the Agility T-Test, but was.still .
included in the study due to the fact that they completed all the other tests. Once they had completed

the last-mentioned forms the test battery was explained to the players.
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TABLE 1. Subject characteristics*

Parameters Control group (n=16) Experimental group (n = 19)
Body stature before program (cm) 17981 £7.88 183.38 +7.94
Body stature after program (cm) 180.34 £8.23 183.76 £8.10
Body mass before program (kg) 82.58 £ 10.74 89.96 4+ 13 .49
Body mass after program (kg) 82.91+£10.72 90.05 4+ 13.47

* Values are mean = SD.

~Training

All subjects were already participating in a rugby conditioning program and had to continue with
this program through the duration of the study. The program consisted of field sessions once a day
and resistance training sessions three times a week. The experimental group also had to participate
in plyometric training sessions three times a week, for a 4-week period, over and above their normal
rugby training. Subjects completed 2 sets of 10 repetitions with a 30 second rest period between
sets. These guidelines were followed throughout the 4-week training period. The plyometric
exercises executed are presented in Table 2. All control group subjects were requested to refrain

from any plyometric training.

Testing Procedures

... The players underwent.four.days of testing, namely two.pre and two post-test days respectively. On... .. ...

the first pre-test day subjects completed the questionnaire, together with the informed consent form

after which an intensive dynamic, rugby specific warm-up was performmed for more or less 15
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minutes. Finally, a test battery that consisted of the 3 kg medicine ball put, vertical jump,
acceleration and speed as well as the Wingate Anaerobic tests were performed. After a period of 48
hours the next testing session followed on the exact same time of day so as to minimize the effects
of circadian variations in the different test results. Again a warm-up was performed before the
completion of the Agility T-Test. All experimental group subjects were then subjected to four weeks
of plyometric training which was performed in conjunction with their normal rugby training
program. The control group only continued with their normal rugby conditioning program for the
four-week period. Following the four-week period the players were again tested at the exact same
time of day (post-test day) and same day of the week as the pre-test day to minimize the effect of
circadian variations in the test results. Subjects were instructed to sleep at least 8 hours during the
evening and mormning prior to the different testing sessions. They were also instructed to abstain
from ingesting any drugs or participating in strenuous physical activity that may influence the
physical or motor performance components of the players for at least 48 hours before the scheduled
tests. Subjects also had to maintain the same diet during the week of testing and arrive at the testing

sessions in a fully rested and hydrated state.
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TABLE 2: Four-week long plyometric training program

Week Day Plyometric exercises
1 1 Power skip, Squat jump, Double-leg tuck jump, Chest pass, Step and throw, and Two-arm put.
2 Pike jump, Standing long jump, Standing jump over barrier, Prone back extension, Single arm put, and ¢
3 Front cone hops, Side-to-side push-off, Split squat jumps, Medicine ball V-sit, Rocky full twist, and Me:
2 1 Double leg zigzag hop, Cycled split squat jumps, Lateral jump over barrier, Partner straddle sit passes, &
2 Barrier hops, Standing long jump with sprint, Cone hops with change of direction, Pullover throws, Kne
3 Lateral step-up, Alternate push-off, Side jumps and sprint, Seated Russian twists, Plyometric bench pres
3 1 Front box jump, Lateral box jump, Side-to-side box shuffle, Hammer throw, Medicine ball sit up, and T+
© 2 Depth jump, Depth jump to second box, Three-point stance with single leg hurdle hop, Standing side to
Medicine ball push-ups with a partner.
3 Pyramiding box hops, Depth jump with 180° turn, Depth jump with standing long jump, Russian twist
push-up.
4 1 Multiple box-to-box jump, Depth jump with 360° turn, Depth jump over barrier, Hip rolls, Over the hez
depth jump.
2 30-, 60-, 90-second box drill, Depth jump with reach, Single-leg depth jump with barrier hop, Forwar
and Quarter-eagle chest pass.
3 Depth jump with lateral movement, Depth jump with pass catching, Depth jump with blocking bag, Me

pass with jump-and-reach.
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Performance tests

Explosive power tests. Upper body explosive power was measured by means of the seated 3 kg
Medicine Ball Put Test (3 kg MBPT) according to the method of Ball (1). The seated medicine ball
.put test is regarded as an objective (r = 0.99) (20), valid (» = 0.77 — 0.90) (15,19) and reliable test
(r=0.77 — 0.99) (14) to assess the muscular power of the arms and shoulder girdle (1). Subjects
were instructed to sit up straight with the upper-back area against a wall and the legs extended
straight to the front. Subjects were not allowed to move the upper back from the wall during the put
action with a view to eliminate the use of momentum. Subjects were instructed to place the palms of
their hands on the sides of the ball in a manner as to prevent cocking of the wrists. When ready, thé
subjects drew the ball back against the chest and forcefully pushed it forwards and upwards. The arc
of the ball was controlled by a ring that was positioned 2 m in front of the subject at a height that
controlled the angle of release to be approximately 45°. Subjects were given two practice trials,
followed by three maximal efforts with a rest period of 30 s between each effort. The best distance
of the three maximal efforts were recorded to the nearest centimetre.

Lower body explosive power was measured by means of the Vertical Jump Test (VIT) according
to the method of Ellis et al. (12). The VIT is regarded as an objective (r = 0.90) and valid test
(= 0.93) to determine the peak anaerobic power output of subjects (35). Subjects were instructed to
stand against a wall to which a measuring stick was attached, with the dominant arm’s shoulder and
the dominant leg’s foot against the wall. By keeping the heels on the floor, the subjects were
ré&luested to reach upwards as high as possible. An arm swing and counter movement was allowed
after which the players had to jump as high as possible and touch the measuring stick at the highest

possible point. This distance was then recorded as the highest jumping distance. The difference
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between the reaching and jumping distance was then calculated and recorded to the nearest 1 cm.
The subjects performed a minimum of two trials with a 30 s rest period between each trial. The
better of the two trials were recorded for the purpose of data analysis. Power values were derived
from the formula of Foster et al. (14): Power (W) = 21.67 x body mass (kg) x vertical displacement

(m)°*.

Accelémz‘z’on and speed. The acceleration and running speed of the players were determined by
means of a 5, 10 and 20 m maximal sprinting effort. The sprint over é specified distance is seen as
an objective, reliable and valid test to determine the acceleration and speed of subjects (16). Ellis et
al. (12) reported that players rarely run further than 20 m in a straight line during a game, and this is
the reason for a 20 m sprint test. Intermediate beam electronic timing gates (Brower Timing
Systems, Utah, USA) were sét at 0, 5, 10 and 20 m intervals on a section of the rugby field. The
subjects were instructed to start when ready from a standing position with the front foot on the
starting-line, so as to eliminate the possible influence of reaction time. Subjects were also instructed
to wear their rugby boots during testing. The subjects were requested to sprint as fast as possible
through the finishing-line, making sure not to slow down before the finishing-line. Split times (at 5
and 10 m) and final time (20 m) for three trials, with a 2-minute rest period between each, were

recorded to the nearest 0.01 s. The best times for 5, 10 and 20 m were used in the final analysis.

Agility T-Test (ATT). Players’ agility was evaluated by using the ATT according to the method of
VanHeest et al. (42). The T-test was also performed on the rugby field and subjects were again

instructed to perform the test in their rugby boots. The subjects were instructed to sprint from a
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standing starting position to a cone 9 m away, followed by a side-shuffle left to a cone 4.5 m away.
After touching th|e cone the subjects side-shuffled to the cone 9 m away and then side-shuffled back
to the middle cone. The test was concluded by back-pedalling to the starting-line. The test score was
recorded as the best time of two trials, to the nearest 0.01 s. A 2-minute rest period was allowed
between each trial. Subjects were disqualified if they failed to touch the base of any cone, crossed

the one foot in front of the other or failed to face forward for the entire test.

Wingate Anaerobic Test (WAnT). The WAnT was implemented to evaluate the anaerobic power and
capacity of the players. The WAnT is considered an objective (» = 0.84-0.88) and valid
(r = 0.94-0.98) test to determine the anaerobic power and capacity of subjects (18). The test was
conducted as per the method described by Inbar et al. (18). The WAnT consisted of a 30-second
period during which the subjects were instructed to pedal maximally on a Monark 834 bicycle
ergometer (Monark Exercise AB, Varberg, Sweden), at a resistance of 0.1 g/kg body mass for the
duration of the period. The players prepared for the test with a five-minute standardized sub-
maximal warm-up. The test began with a pedal frequency of about 60 rpm and a low braking force
to facilitate the control of pedal cadence. When the players were able to maintain a constant pedal
cadence, a countdown started and the full braking force was applied to signal the start of the test.
The feet were stabilized to the pedals with stirrups. The players were instructed to sprint maximally
from the start of the test and were requested not to pace themselves through the testing period. The
peak power, relative peak power, average power, relative.average power, total work, relative total

work and fatigue rate of each subject were then calculated from the test.
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Statistical Analysis

The Statistical Consultation Services of the North-West University determined the statistical
methods and procedures for the analyses of the research data. The Statistical Data Processing
package (37) which is available on the North-West University network, was used to process the
data. The descriptive statistics (averages, standard deviations, minimum and maximum values) of
each test variable were firstly calculated. Next, dependent #-tests were done to reveal the significant
changes between the pre and post-test results and independent #-tests were then done to determine
the significance of pre and post-test changes between the control and experimental groups. In all
.. .analyses the level of significance was set at p < 0.05. Lastly, effect sizes (ES).were calculated for
pre and post-test results in each group as well as for differences between the experimental and
control groups to determine practical significance for all the values which showed statistical
significance. Effect sizes (ES) (expressed as Cohen’s D-value) can be interpreted as follows: an ES
of more or less 0.8 is large, an ES of more or less 0.5 is moderate and an ES of more or less 0.2 is

small (39).

RESULTS

Explosive power measurements

The results for the explosive power measurements are presented in Table 3. The control group
obtained a statistically (p < 0.01) and practically significant (ES > 0.8) lower medicine ball put test
~ result from pre to post-testing. No other gxplosive power measurement displayed any significance in

terms of the changes that took place.
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TABLE 3. Descriptive statistics, range and significance of the pre and post-test as well as group

result differences for the explosive power measurements

3

Measurements Control group (n = 16) Experimental group (n=19)
Pre Post Pre Post

3 kg MBPT (m) 478 +0.36 441£042*§ 4.64+0.44 4.63 £0.49
Range | 3.97-531 3.75-5.54 4.00—-5.68 3.70-5.98
VIT (cm) 50.63 £6.8 51.56+£6.22 50.84 £6.59 51.84£7.49
Range 41.00—69.00 40.00-63.00 43.00—67.00 43.00 —70.00
VITL(W) . . 1268.5+169.06  1286.65+175.52 1386.63+214.65  1401.10+223.65
Range ’ 981.27—-1539.21 978.84 -1 610.73 956.16 -1728.04  978.22-1777.47

Data are mean = .SD
* Pre and post-values within group are significantly different (p < 0.01).
§ Large effect size control group (ES > 0.8).

Speed and agility measurements

As Table 4 indicates, the experimental group experienced statistically significant decreases in speed
over 20 m and ATT times during the training period. Cohen’s effects size revealed a small (ES ~
0.2) and medium practical significance (ES ~ 0.5) for the named measurements. The independent -
test results of the last-mentioned variables also showed statistically as well as medium and large
practically significant values respectively when the control group was compared with the

experimental group.
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TABLE 4. Descriptive statistics, range and significance of the pre and post-test as well as group

result differences for the speed and agility measurements .

Measurements Control group (n» = 16) Experimental group (n=19)
Pre Post Pre Post

Speed 5m (s) 1.14+£0.17 1.14£0.18 1.22+0.16 1.14+0.1
Range 0.98 —1.58 0.80 —1.45 1.04 -1.59 1.00—-1.31
Speed 10m (s) 1.90 % 0.19 1.90+0.16 1.98 +0.18 1.92£0.12
Range 1.70-2.40 1.60-2.25 1.77-2.43 1.78—-2.19
Speed 20m (s) 3224024 3.26 0.19 334+025 32501611 9]
Range | 2.94 -3.80 2.90 —3.65 3.03-3.91 3.01 -3.66
ATT 10.28 % 0.57* 10.35 & 0.5% 10.72 % 0.49%* 10.42 % 0.54%* 1 1 17
Range 9.45—11.23* 9.80—11.39* 10.04 — 11.57+* 9.56—11.38**

Data are mean = SD; * n=15; ** n =18

T Pre and post-values within group are significantly different (p < 0.05).

1 Changes in pre- and post-training values within the control vs. experimental group are significant (p <0.05).
 Small effect size (ES ~0.2)

99 Medium/Moderate effect size (BS ~ 0.5).

| Medium effect size: control vs. experimental group (ES ~ 0.5).

I Large effect size: control vs. experimental group (ES > 0.8).

WAnT measurements

Table 5 lists the WAnRT results. A significant training effect (p < 0.05) was seen in the experimental
group for peak power, average power, relative peak power, relative average power, total work,
relative total work and average power over 5, 10, 15, 20 and 25 s. None of the variables which
displayed statistically significant changes, obtained large practically significant values. The change
in average power at 20 s was significantly better for the experimental group than for the control

group. Again, only a medium effect size value was obtained when this change was analyzed.
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TABLE 5. Descriptive statistics, range and significance of the pre and post-test as well as group result dif

Measurements Control group (n = 16) E
Pre Post Pre

Peak power (W) 1129.62 423446 1134.214+160.38 109735+
Raﬁge 828.18 —1635.54 863.80-1396.11 760.20-1.
Average power (W) 760.51 £92.51 782.57+94.21 763.71£1
Range 575.29 —897.91 619.74 —994.78 515.87—1
Relative peak power (W/kg) 13.83 £2.94 13.824£2.05 12.32 &
Range 8.53 —-19.92 8.92 —17.64 8.61 —1:
Average relative power (W/kg) 9.30 +£1.27 9.54+0.94 8.49 % 1
Range 6.26—-11.82 6.93 —10.94 5.61—1I
Total work (1) 22 815.34 £2775.34 2347699 +£2 826.43 22 911.30 %!
Range 17 258.70—26 937.30 18 592.20—29 843.40 15476.10-3
Relative total work (J/kg) 279.13 £37.99 284.95+28.00 257.78 £«
Range 187.79 —354.63 210.70 —328.32 168.77-3
Fatigue ratio (%) 52.71+10.79 51.15+£5.68 49551
Range 31.76 — 64.77 4270 — 64.55 31.76 =17
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TABLE 5 (cont.). Descriptive statistics, range and significance of the pre and post-test as well as group re

Measurements

Control group (n = 16)

E

Pre

Post

Pre

Average W 5
Range

- Average W 10 s
Range

Average W 15 s
Range

Average W 20 s
Range

) Average W 25 s
Range

Average W30 s

Range

1129.25£233.5

828.00—1 636.00

818.69 +108.64

542.00 - 949.00

773.69+118.38
512.00 -1 0259.00
710.75 £ 107.32
524.00-938.00

601.44 +99.01
407.00 —724.00

516.31+£69.34

354.00-628.00

1134.13 £160.46
864.00 —1 396.00
875.06 + 106.58
719.00-1118.00
793.63 £102.59
591.00 -1 007.00
705.31 + 84.79
542.00-914.00
632.38 & 87.97
465.00 —832.00

551.19 £ 84.31

410.00—701.00

109732+
760.00—1-
833.42+1
454.00—-1
785421
486.00-1
693.32+1
477.00-9
636.11+1
447.00 —8

545.68+1

257.00-7

Data are mean + SD
* Pre and post-values within group are significantly different (p <0.01).
¥ Pre and post-values within group are significantly different (p <0.05).

1 Changes in pre- and post-training values within the control vs. experimental group are significant (p <0.05).
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DISCUSSION

The study succeeded in showing that a combined rﬁgby conditioning and plyometric training
program of 4 weeks led to significantly bigger changes in certain speed, agility and anaerobic power
output values among university-level rugby players than a rugby conditioning program alone. No
other studies have been conducted to assess the effects of a combined rugby conditioning and
plyometric training program on selected physical and motor performanoe components, which made
it difficult to directly compare the results of this study to similar studies. However, several studies
have investigated the effects of combined sport specific and plyometric programs on a wide range of
variables. In this regard a study by Wilkerson et al. (43) showed no significant improvements in
ATT times after completion of a 6-week combined plyometric and basketball conditioning program
by female basketball players. In the present study the combined plyometric and rugby conditioning
program resulted in a statistically and practically significant decrease in average ATT times. The
group that participated in the combined program also displayed significant pre-post-test, ATT time
changes compared to the group that only executed the rugby conditioning program alone. The
combined program had a similar effect on the 20 m speed times when the pre-post-test changes of
the control and experimental group were compared. Dissimilarly, a 7-week combined plyometric
and soccer conditioning program did not lead to significantly lower 40 m sprint times than those of a
soccer conditioning program alone in a group of professional soccer players (34).

Although this study design may not explain the reasons underlying the improvements in agility

and speed due to the combined plyometric training program in this study, several authors have .. .

purposed the following: Plyometric-related programs may promote changes within the

neuromuscular system that enhances neuromuscular efficiency. In this regard research evidence
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suggests that more motor units are stimulated and activated due to plyometric training (25).
Furthermore, Swanik et al. (38) concluded that the sensitivity of the muscle spindle system may
increase because of a plyometric fraining program and that this adaptation may lead to enhanced
joint proprioception of the participants. Plyometric training also seems to enhance kinesthesia
which, together with an enhanced joint proprioception, may increase functional stability (38). The
time required for voluntary muscle activation is reduced by plyometric training, which may facilitate
faster changes in movement direction and thereby decrease the ATT time (43). This finding was also
supported by Hutchinson et al. (17), who presented evidence that a leap training program led to
significant improvements (p < 0.002) in floor reaction time among rhythmic gymnasts. According to
Hutchinson et al. (17), it is also possible that a cognitive, learned effect, rather than a purely motor
strengthening effort, is the reason for an increase in the selected physical and motor performance
components due to a plyometric training program.

No studies could be found that investigated the effects of a combined sport specific and
plyometric training program on the WAnT results of team players. Most of the WAnT-derived
variables displayed significant positive changes due to the combined plyometric and rugby
conditioning program, except for fatigue ratio and the average power oufput at 30 s. The finding of
Pincivero et al. (29) that those subjects who exert a lower peak power oufput at the start of the
WAnT will develop lower levels of fatigue, may possibly serve as an explanation for the lack of
significance in the last-mentioned variables. The experimental group displayed significantly higher
relative and absolute peak power output values during post-testing than pre-testing which possibly. ..
had a detrimental effect on the fatigue ratios and average power output values at the end of the

WAnRT. Despite the favourable results, the dependent #test delivered with regard to the effects of a
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4-week combined program, the independent f-test did not show the same kind of results. The
experimental group only achieved significantly better pre and post-test differences than those of the
control group in average power output at 20 s. Considering these results, it is possible that the
plyometric program had a more pronounced effect on the muscle power endurance than on the peak
power output values of the rugby players. The prescribed rest periods of 30 s between sets of |
plyometric exercises may have resulted in an increase in muscle power endurance instead of muscle
peak power due to the fact that the rest periods were too short to allow for the resynthesis of high
energy phosphates (8). The anaerobic alactic energy system is usually depleted after 5 to 10 s of
‘high intensity activities and needs at least 3 to 5 minutes for the total resynthesis -of the relevant
energy sources. (7,8). The high energy phosphates are the major contributors to energy for high
intensity plyometric exercises (8). Consequently the short rest periods will result in insufficient
high-energy phosphates for the following plyometric exercises and a reliance on the anaerobic lactic
system. Naturally, players will therefore decrease their plyometric exercise intensities and focus
more on the completion of the prescribed number of repetitions than on the quality of the exercises.
Somewhat unexpected results of this study were that the explosive power tests (3 kg MBPT and
V.T'I;) showed no significant changes due to participation in the combined rugby and plyometric
conditioning program. Again these results may be related to the short rest periods between the
different sets of the plyometric program. The 3 kg MBPT result is, however, consistent with those of
Lyttle et al. (21) and Mangine et al. (22), who also did not obtain significant increases in upper body
. power output values after the completion of an upper body plyometric program. In this regard.Bieze
(3) states that only elite athletes are able to execute upper body plyometric exercises in such a way

that the amortization phase is kept short. Energy that is stored during the eccentric phase of the
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plyometric exercise will dissipate as heat and will not be used to increase the force of the concentric
phase if the amortization phase lasts too long (6,30). What the statement of Bieze (3) therefore
suggests is that the young inexperienced university rugby players in this study would not have been
able to train the upper body successfully due to their inability to perform the upper body plyometric
exercises correctly.

It is interesting to note that the control group that followed the rugby conditioning program
experienced a statistically and practically significant decrease in 3 kg MBPT distance. The results
show that the rugby conditioning program alone was detrimental for the upper body power
development of players. As previously mentioned, the rugby conditioning- program primarily
consisted of field and resistance training sessions. The primary aim of the field sessions was to
increase the players’ fitness and to improve their rugby specific skills. Resistance training focused
on general conditioning, muscle hypertrophy and strength. What this indicates, is that rugby
conditioning programs should include exercises and programs that are specifically aimed at
improving explosive power. The fact that the experimental group, that also performed plyometric
exercises in their program, maintained their 3 kg MBPT values from pre to post-testing, further
accentuates the last-mentioned fact.

The non-significant VIT results after completion of a combined sport specific conditioning and
plyometric training program are similar to those of Marques et al. (23), Martel et al. (24), Mihalik et

al. (26), Paavolainen et al. (28), Rahimi et al. (32) and Timmons (40) but in contrast to the findings

.....of Bauer et al. (2), Chimera et al. (6), Mangine et al. (22), Moore et al. (27), Ronnestad et al. (34).. . ..

and Turner et al. (41). The non-significant results with regard to the VIT pre-post-test change was

unexpected and can possibly be attributed to the following reasons. Firstly, outliers among the rugby
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players who completed the combined program could have “pulled” the #-test results skew due to the
ratherssmall sample size in this study. For example, three players of the experimental group achieved
negative results (-5 cm) when the pre and post-test VIT heights were compared. These.players also
achieved negative results with regard to the VIT power output values with values that ranged
between -91.47 and -17.40 W. A further analysis revealed that these players lost 2.3 kg in body
weight on average during the intervention period, which had a detrimental effect on their calculated
power output values.

Secondly, subjects in this study had already participated in a rugby conditioning program for six
- months prior to the intervention period. It can therefore be expected that their fitness levels were
already high before the start of the intervention period. As a result of this, they would probably not
be so sensitive and reactive to a conditioning program compared to untrained subjects. This
statement is confirmed by the findings of Turner et al. (41) who attributed the positive results due to
a plyometric training period, to the fact that the subjects were untrained. In view of this, it is
important to consider the initial fitness levels of the test subjects when planning a study of this kind.
Subjects whose initial fitness levels are lower at the start of the study would probably be more
sensitive and reactive to a conditioning program than very fit participants.

Another limitation of the current study is a lack of progression in the number of sets and
repetitions during the plyometric training period. A continuous adjustment in the last-mentioned
exercise variables would probably give rise to more muscle overload and more pronounced changes

. in the.different speed, agility and power measurements. . C e e
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PRACTICAL APPLICATIONS

If the goal of training is to significantly improve the speed, agility and power of young rugby
players, a combined program of sport specific conditioning and plyometric training can be
implemented. However, the results of the current study, as well as those of Marques et al. (23),
Martel et al. (24), Mihalik et al. (26), Paavolainen et al. (28), and Rahimi et al. (32), indicate that a
combined sport specific conditioning and plyometric training program of 4 weeks may not be as
effective in increasing all power-related components as a longer combined training program.
Therefore, in conclusion, practitioners can apply plyometric training in sport specific programs in an
- attempt to improve rugby performance by increasing speed, agility and power. Future studies on
rugby union should probably rather focus on the possible influence of a combined rugby
conditioning and plyometric training program, and the performance outcome of players. Coaches,
trainers and sport scientists of rugby union teams can implement plyometric tfaining in their regular

training programs and we would suggest a minimum training period longer than 4 weeks.
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THE EFFECTS OF A FOUR-WEEK COMBINED RUGBY CONDITIONING AND PLYOMETRIC TRAINING
PROGRAM ON THE ANTHROPOMETRIC COMPONENTS OF UNIVERSITY-LEVEL RUGRY PLAYERS.
CINDY PIENAAR AND BEN COETZEE

School of Biokinetics, Recreation and Sport Science, North-West University, Potchefstroom, South

Africa

ABSTRACT

The purpose of this study was to determine the effects of a 4-week combined rugby conditioning-plyometric
compared to a non-plyometric rugby conditioning program on the anthropometric measurements of
university-level rughy players. A pre-post-test, randomized group design was used in this study. Players
(18.94 £ 0.40 years) were assigned to either a control (r = 16) or experimental group (n = 19) from the w/19
rugby teams of the North-West University (South Africa). Twenty-six direct and indirect anthropometric
measurements were taken before and after a 4-week combined rugby conditioning-plyometric (experimental
group) and a non-plyometric program (control group). The dependent #-test results showed that the control
group’s skeletal mass and femur breadth increased significantly from pre to post-testing. The wrist breadth of
the experimental group also increased significantly during the training period. In both groups a significant
increase in body stature was observed. In spite of these results the independent #-test revealed that no
significant differences existed between the anthropometric measurement changes of the two groups of
players. Only small values were obtained when the effect sizes were calculated for each of the significant
variables. A four-week combined rugby conditioning and plyometric training program does not lead to

significantly bigger changes in the anthropometric measurements of university-level rugby players than a

non-plyometric rugby training program alone.
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INTRODUCTION

Over the years sport professionals and trainers have used various training modalities to influence the
physical conditioning of rugby players in such a way that consistent improvements in on-field
performances can be attained (12). One of the modalities occasionally used among team sport
participants is plyometric training (6,8,27). Plyometric training is an established method of training
for the improvement of power and performances among athletes that primarily participate in
dynamic, explosive type of team sports (26) such as rugby league, football, volleyball and soccer
(10,11,17,205. Notwithstanding the widespread acceptance and use of plyometric training for
conditioning team players, it is unclear whether plyometric training will also benefit rugby players’
anthropometry in general.

Body size and composition (anthropometry) plays an important role in the performances of rugby
players as well as in determining playing position (2,9). In spite of the importance of players’
anthropometry, no studies could be traced in which the anthropometric changes of team players due
to a plyometric training program have been reported. Despite this observation, studies by
Paavolainen et al. (22, 23) and Leubbers et al. (15) found that the body mass values of runners,
cross-country skiers and physically active college students respectively increased significantly
during a 9-week period of plyometric training. A 1.3% change in lean body mass after 9 weeks of
plyometric training among competitive male cyclists (1) seem to suggest that the positive change in
body mass due to plyometric training may possibly be attributed to an increase in lean body mass.
This conclusion was also supported by Witzke and Snow (34) who presented evidence that a
plyometric program of 9 weeks amongst adolescent girls brought about a significant increase in

peak bone mass, which may possibly influence an athlete’s lean body mass positively. An average
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increase of 7.3% in type II muscle fibre cross-sectional area which may also benefit a lean body
mass related component, namely muscle mass, after 8 weeks of plyometric training, might also
explain the increase in lean body mass (25). The results of research by Ronmestad et al. (27),
Mikkola et al. (19), Paton and Hopkins (24) and Spurrs et al. (28) on soccer players, endurance
athletes, cyclists as well as distance runners did not coincide with the results of the last-mentioned
studies. They all concluded that a plyometric program of between 5 and 8 weeks did not appear to
offer any significant benefit in terms of body mass increases. Similarly, Leubbers et al. (15) and
Potteiger et al. (25) failed to demonstrate that a plyometric training program of between 4 and 8
weeks among physically active males would lead to any significant changes in body fat percentage.

According to literature, both bone mass and muscle fibre cross-sectional area can be improved by
making use of load-bearing activities such as jumping (18), running and climbing (14). A bone and
muscle mass related body composition characteristic, namely somatotype and especially the
mesomorphic component, will probably also be influenced positively due to an increase in bone and
muscle mass (3). In this regard, plyometrics will probably benefit these anthropometric variables
| due to the load-bearing activities it contains. Also, because of the direct relationships between these
anthropometric variables and power, which is a requirement for rugby (8,12), certain plyometric-
related anthropometric changes would benefit rugby performance in the long run.

Considering the limited availability of research that pertains to the influence of a plyometric and a
combined rugby conditioning and plyometric training program on the anthropometric components of
rugby players, the purpose of this investigation was to examine the effects of a.4-week combined
rugby conditioning and plyometric training progra:[ﬁ compared to a rugby conditioning program

alone, on the anthropometric components of university-level rﬁgby players. This study will be the
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first to explore the effects of a combined plyometric program on rugby players’ anthropometric
components. We hypothesized that the combined rugby conditioning and plyemetric training
program would bave a significantly bigger effect on the body size, lean body, muscle, fat and
skeletal mass and on the somatotype of subjects, compared to a rugby conditioning program alone.
The results from this study may possibly provide coaches and other sport professionals with
information and guidelines that will enable them to plan and set up more effective combined sport

specific training programs which may also influence the anthropometric components of players.

METHODS

Experimental Approach to the problem

The main focus of this study was to investigate whether a combined rugby conditioning and
plyometric training program would lead to significantly bigger changes in anthropometric
components than a rugby conditioning program alone. Therefore a pre-post-test, randomized design
was used for the study and subjects were randomly assigned to either a control or experimental
group. The experimental group completed 4 weeks of a plyometric program in addition to their
normal rugby training, while the control group continued with their normal rugby conditioning
program. Both groups were subjected to the same testing protocol before and after the 4-week

conditioning program.

.. Subjects.. .
Forty w/19 rugby players (18.94 £ 0.40 years) of the North-West University (Potchefstroom Campus

- South Africa) were randomly selected to participate in the study and were randomly assigned to
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either a control (n = 20) or experimental (» = 20) group. Only sixteen participants in the control
group and nineteen participants in the experimental group executed all the tests, which meant that
five subjects were excluded from the study. Participants completed an informed consent form and an
informatioﬁ questionnaire regarding theirl exercising habits, injury incidence, playing positions and
competing levels. After completion of these documents the test battery was explained to the players.
Ethical approval for the study was granted by the North-West University’s Ethics Committee

(ethical number: 06M02).

Training

All subjects were already participating in a rugby conditioning program and had to continue with
this program during the length of the study. This program consisted of field sessions once a day
and resistance training sessions three times a week. The experimental group also had to participate
in plyometric training sessions three times a week, for a 4-week period over and above their normal
rugby training. Subjects completed 2 sets of 10 repetitions with a 30-second rest period between
sets. These guidelines were followed throughout the 4-week training period. The plyometric

exercises executed are presented in Table 1. All control group subjects were asked to refrain from

any plyometric training.
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TABLE 1: Plyometric exercises executed during the four-week long plyometric training program

Week  Day

Plyometric exercises

1

1

Power skip, Squat jump, Double-leg tuck jump, Chest pass, Step and throw, and Two-arm put.

Pike jump, Standing long jump, Standing jump over barrier, Prone back extension, Single arm put, and

Front coné hops, Side-to-side push-off, Split squat jumps, Medicine ball V-sit, Rocky full twist, and M

Double leg zigzag hop, Cycled split squat jumps, Lateral jump over bartier, Partner straddle sit passes,

Barrier hops, Standing long jump with sprint, Cone hops with change of direction, Pullover throws, Kn

Lateral step-up, Alternate push-off, Side jumps and sprint, Russian twists — seated, Plyometric bench p

Front box jump, Lateral box jump, Side-to-side box shuffle, Hammer throw, Medicine ball sit up, and "

N = W b~ W b

Depth jump, Depth jump to second box, Three-point stance with single leg hurdle hop, Standing side
and Medicine ball push-ups with a partner.

Pyramiding box hops, Depth jump with 180° turn, Depth jump with standing long jump, Russian t
catch push-up.

Multiple box-to-box jump, Depth jump with 360° twm, Depth jump over barrier, Hip rolls, Over the
with depth jump.

30-, 60-, 90-second box drill, Depth jump with reach, Single-leg depth jump with barrier hop, Forwa
and Quarter-eagle chest pass.

Depth jump with lateral movement, Depth jump with pass catching, Depth jump with blocking bag, .

and pass with jump-and-reach.
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Testing Procedures

The players were subjected to two days of testing, namely one pre and one post-test day
respectively. On the pre-test day subjects completed the questionnaire, together with their informed
consent forms after which the anthropometric measurements were taken. All experimental group
subjects were then subjected to four weeks of plyometric training which was performed in
conjunction with their normal rugby training program. The control group only continued with their
normal rugby conditioning program for the four-week period. Following the four-week period the
players were again tested at the exact same time of day (post-test day) and same day of the week as
the pre-test day to minimize the effect of circadian Varia’éions in the test results. Subjects were
instructed to sleep at least 8 hours during the evening and morning prior to the different testing
sessions. They were also instructed to abstain from ingesting any drugs or participating in strenuous
physical activity during the 48 hours prior to the scheduled tests. Subjects were instructed to
maintain the same diet during the week of testing and arrive at the testing sessions in a fully rested

and hydrated state.

Anthropometric measurements

Body fatness was determined by means of a Harpenden skinfold caliper (Holtain Limited, UK.) with
a constant pressure of 10 g/mm®, to measure subcutaneous adipose tissue, and was calculated
through the sum of the following skinfolds (SUMG6SF): triceps, subscapular, abdominal, supraspinal,
front thigh and calf skinfolds as per the formulas of Withers et al. (33). All measurements were
taken at the right side of the body and recorded to the nearest 0.2 mm. Muscle and skeletal mass

were calculated according to the formulae of Lee et al. (13) and Martin et al. (as quoted by
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Drinkwater & Mazza, (7)). Body stature was recorded to the nearest 0.1 centimetre by means of a
stadiometer (Harpenden portable stadiometer, Holtain Limited, UK.) and body mass was recorded to
the nearest 0.1 kg with a portable electronic scale (BFW 300 Platform scale, Adam Equipment Co.
Ltd., UK.). Ankle, femur, humerus and wrist breadths were measured by making use of a small |
sliding caliper (Holtain Bicondylar Calipers, Holtain Limited, UK.) and recorded to the nearest
0.lcm. Girth measurements were taken with a flexible steel tape (Lufkin W606PM, Cooper
Industries, USA.) and were also recorded to the nearest 0.1 cm. Girth measurements included the
relaxed and contracted upper arm, forearm, thigh and calf girths. All measurements were taken by
International Society for the Advancement of Kinanthropometry (ISAK) Level 2 accredited

anthropometrists.

Statistical Analysis

The Statistical Consultation Services of the North-West University determined the statistical
methods and procedures for the analyses of the research data. The Statistical Data Processing
package (29) which is available on the North-West University network was used to process the data.
The descriptive statistics (averages, standard deviations, minimum and maximum values) of each
test variable were firstly calculated. Next dependent 7-tests were performed to reveal the significant
changes between pre and post-test results after which the independent r-test values were calculated
to determine the significance of pre and post-test changes between the control and experimental
. group. In all analyses the level of significance was set at p <.0.05. Lastly, the effect size (ES) value
was calculated for each of the pre and post-test results as well as for the pre and post-test differences

between the experimental and control group for values that obtained statistically significant results.
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Values of more or less 0.8 were interpreted as large, an ES of more or less 0.5 as moderate and an

ES of more or less 0.2 as small (30). .

RESULTS

Results of the descriptive statistics for the pre and post-test and group result differences (dependent
and indepéndent t-test results) for the experimental and control group with regard to body fat related
measurements are presented in Table 2. No statistical or practical significance was observed for pre

to post-test changes in any of the body fat related measurements.
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TABLE 2. Descriptive statistics, range and significance for the pre and post-test and group result

differences for body fat related measurements. .

Measurements Control group (n= 16) Experimental group (n=19)
Pre Post Pre Post

SUMG6SF (mm) 66.19 +£22.20 65.11£21.75 73.64+29.53 72.30+£28.42
Range 35.00-117.00 31.75-105.50 30.50—-137 36.50-138.25
Body fat % 11.11+£3.47 10.94 +3.39 12.28 +£4.62 12.07 £+ 4.43
Range 6.20—19.11 5.71-17.20 5.52-22.22 6.43—22.42
Biceps SF (mm) 4,77 +£1.97 4.97+£234 5.24£2.80 5.04£2.9]
Range 2.75-9.50 3.00—-11.50 2.50-15.00 2.00—14.25
Triceps SF (mm) 9.61 % 3.33 9.41 420 10.42 £4.08 9.96 +3.89
Range 5.50—-16.50 5.00-20.50 425-18.75 4.50-19.25
Subscapular SF (mm) 9.91 +2.88 9.59+2.59 11.95+6.24 11.93+6.34
Range 6.50—15.00 6.00—13.25 5.50-25.00 6.06~28.50
Abdominal SF (mm) 14.14 £5.93 14.14 £ 6.03 16.51+8.00 15.67+7.61
Range 5.75-26.00 5.25-25.50 6.00-32.00 6.50—-31.75
Supraspinale SF (mm) 8.41 £4.01 8.14+3.15 10.14 £ 6.44 9.57+4.87
Range 3.00—17.75 3.75-16.25 3.50-31.00 4.00-23.00
Front thigh SF (mm) 14.59 £ 6.57 14.62 +5.09 1470+ 5.51 14.93 £5.38
Range 7.00 —34.00 6.75 —26.00 4.50—24.50 7.75-26.25
Calf SF (mm) 9.53 i»3.35» ) 9.20 i‘2,97 10.03 = 3.68 10.24+£3.93
Range 4.75-16.25 5.00-14.50 3.50-17.75 4.00 — 18.00

Values presented as mean = SD; range = minimum — maximum; SUM6SF = sum of the 6 skinfolds; SF = Skinfold

81



Chapter 4:
The effects of a four-week combined rughy conditioning and plyometric training program on the anthropometric components

of university-fevel rugby players

Results of the descriptive statistics with regard to the girth measurements are presented in Table 3.
No statistical or practical significance was observed in any of the girth measurement changes of the

test subjects.

TABLE 3. Descriptive statistics, range and significance for the pre and post-test and group result

differences for girth measurements.

Measurements Control group (rn=16) Experimental group (n=19)
Pre Post Pre Post
Relaxed arm girth (cm) 32.64+2.62 32.42+2.64 32.68+3.44 33.22+2.89
Range 28.65—-36.80 27.90-36.50 23.85—-37.85 29.00-37.70
Flexed arm girth (cm) 35.62+2.65 35.70+2.39 36.25+2.39 36.57+2.67
Range 32.00—-40.00 32.00—39.65 31.60—-39.85 32.55-40.30
Forearm girth (cm) 28.97+1.69 28.77+1.36 29.69+1.77 29.514+1.99
Range 25.65—31.50 26.50-31.00 27.35-33.70 26.00—34.00
Thigh girth (cm) 56.60 £4.10 55.93+4.14 5823 +5.75 57.70 £6.08
Range 49.30—-62.80 49.05 —62.55 51.20—-73.80 48.70 —74.80
Calf girth (cm) 37.79+2.83 37.74 £2.66 39.47+3.84 39.47+3.83
Range 34.30-44.05 34.80—-43.50 33.35-48.55 33.35-48.20

Values presented as mean + SD, range = minimum — maximum
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Results of the descriptive statistics with regard to breadth measurements are presented in Table 4.

Statistically significant increases were seen for femur breadth among the control group subjects and

for wrist breadth among the experimental group subjects. The pre-post-test changes did, however,

not obtain high practically significant values.

TABLE 4. Descriptive statistics, range and significance for the pre and post-test and group result

differences for breadth measurements.

Measurements Control group (n= 16) Experimental group (n=19)
Pre Post Pre : Post

Ankle breadth (cm) 744 +0.52 7.55 4 0.43 7.79 +£0.49 7.86+£0.51
Range 6.70 —8.35 6.85-8.25 £.80 —8.60 6.80—28.70
Femur bre_adth (cm) 9.91%0.53 10.08 £ 0.62 19 10.34 £ 0.58 10.48 +0.77
Range 9.00—-10.85 9.00-11.05 9.35-11.40 9.25-11.80
Humerus breadth (cm) 7.17£0.35 7.2240.50 7.36+£0.40 7.38 £0.48
Range 6.40-17.80 6.30-17.85 6.55-7.90 6.35-7.95
‘Wrist breadth (cm) 5.80+0.38 5.91+0.35 7.7940.49 7.86+£0.51 19
Range 5.20—6.65 5.30-6.50 6.80—8.60 6.80—-8.70

Values presented as mean # SD, range = minimum - maximum

T Pre and post values within group are significantly different (p <0.05).

[ Small effect size (ES ~ 0.2).

Results of the descriptive statistics for the pre and post-test as well as group result differences

(dependent and independent #-test results) of the experimental and control group for body stature,

body mass, muscle and fat percentage are presented in Table 5. Body stature showed a significant
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increase (p < 0.05) from pre to post-testing for both the control and experimental groups, whereas
skeletal mass showed a significant increase (p < 0.05) for bnly the control group. Again, none of the

last-mentioned measurements showed high practically significant changes.

TABLE 5. Descriptive statistics, range and significance for the pre and post-test and group result

differences for body stature, body mass, muscle and skeletal mass measurements.

Measurements Control group (n=16) Experimental group (n=19)
Pre Post Pre Post
Body stature (cm) 179.81 £7.88 180.33 £ 8.2 19 183.38 +7.94 183.76 £8.10 19

Range 166.40 — 199.30 166.70 —199.10 166.40 — 199.80 166.90 —202.00
Body mass (kg) 82.58 + 10.74 82.91 +10.72 89.96 + 13.49 90.05 % 13.47
Range 62.20 — 98.50 63.20 — 98.60 62.40—115.10 62.60 - 116.00
Muscle mass(kg) 2834 £2.35 28424 30.16 £3.18 30.14+3.22
Range 2438 —32.4 24.55—32.88 24.58 -36.72 23.80—37.13
Musclé mass % 34.59 +2.09 34.47+2.04 33.79£2.28 33.71 £2.09
Range 31.64 —39.20 32.04 —38.85 29.68 —39.40 30.49 —38.03
Skeletal mass (kg) 9.97+1.34 10.30 % 1.46 19 10.95+1.30 . 11.22+1.50
Range 7.52-12.51 772 -12.73 8.48 —13.00 8.16—13.21
Skeletal mass % 12.14£1.26 12.46 +1.23 12.28+1.18 12.56 £ 1.42
Range 10.18 — 14.70 10.74 — 14.88 10.29 — 14.79 9.97 - 14.90

Values presented as mean + SD, range = minimum - maximum

+ Pre and Post-values within group are significantly different (p < 0.05).

9§ Small effect size (ES ~ 0.2).
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Results of the descriptive statistics for somatotype are presented in Table 6. No statistically or
practically significant changes were observed in any of the somatotype related values for the

different groups or between groups.

TABLE 6. Descriptive statistics, range and significance for the pre and post-test and group result

differences for somatotype.

Measurements Control group (n=16) Experimental group (n=19)
Pre Post Pre Post
Mesomorphy 6.20+1.18 6.33£1.15 $5.824+1.49 5.93 +£1.56
Range 4.27-8.33 4,45 —8.54 332-8.14 3.15-8.64
Endomorphy 2.63+ 091 2.54 +0.97 2.97+1.52 2.88+1.38
Range 1.36-4.22 1.31-4.88 1.26 —-6.78 1.31-6.27
Ectomorphy 1.73 £1.07 1.77 £ 1.11 1.71+1.15 1.75+1.15
Range 0.08 -3.75 0.05-3.74 0.10-3.52 0.10-3.71

Values presented as mean + SD, range = minimum — maximum

DISCUSSION

To our knowledge this is the first study to investigate the possible effects of a rugby conditioning
and a combined rugby conditioning and plyometric training program on the anthropometric
components of rugby players. The results of the present study indicated that both type of
conditioning programs had a significantly positive effect on the body stature of the rugby players. It
was also found that the wrist breadth measurements of the players increased significantly due to the

combined rugby conditioning and plyometric training program. Finally, the study results revealed
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that femur breadth and skeletal mass was significantly increased by participation in a four-week
long rugby conditioning program. None of the anthropometric components did, however, display a
significantly bigger change due to the combined rugby conditioning and plyometric training
program, compared to a rugby conditioning program alone.

The significant increase in body stature after completion of the training programs is most likely
due to the growth in body stature among the young group of male rugby players. The average age of
the players in this study was 18.94 & 0.4 years and according to Wilmore et al. (32), some boys do
not reach their mature stature until their early 20°s. This would suggest that body stature was not
- influenced by the training programs but rather by the growth factor. Additionally, a statistically
significant (p < 0.05) increase in average wrist breadth was detected for the experimental group.
Upper-body plyometric exercises such as the single-clap push-up, medicine ball grab and power
drops as well as the upper body resistance exercises executed in the rugby conditioning program
may have facilitated bone growth in the load-bearing site. The control group also experienced a
significant increase in femur breadth and skeletal mass in spite of the fact that they did not
participate in the plyometric program. Again, the increase in femur breadth and skeletal mass can
probably be attributed to the load-bearing resistance and on-field rugby specific training exercises
the players performed. These results are similar to those of Nelson and Bouxsein (21) who found a
significant increase in breadth measurements of the area that was subjected to a load-bearing activity

among females who participated in racquet sports. However, a study of Dean et al. (5) showed that

-athletes who-achieve lower pre-training values will normally experience the largest gains.in-terms of - ..

the variables measured. This may account for the significant changes experienced by the control
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group who displayed lower pre-training values compared to the experimental group in the majority
of the variables. . .

The above-mentioned results would suggest that only the minority of anthropometric components
were significantly affected by either the combined rugby conditioning and plyometric training
program or the rugby conditioning program alone that the players followed during the 4 week
period. The hypothesis that a 4-week combined rugby conditioning and plyometric training program
will have a significantly bigger effect on the body size, lean body, muscle, fat and skeletal mass as
well as somatotype of subjects, compared to a rugby conditioning program alone, is therefore
rejected. Several researchers have made similar observations for a variety of sport events. For
example, a study on cross-country skiers by Mikkola et al. (19) failed to show any training-induced
hypertrophic adaptations as determined by means of the calf and thigh circumferences when a part
of the 8-week training period was replaced with plyometric training. ‘The same researchers also did
not observe any significant changes in body weight or fat percentage due to the change in the
training program. Similarly, runners and cyclists did not show significant changes after a 5-week
and 4 to 5-week combined running and plyometric as well as a combined cycling and plyometric
program respectively (24,28). The findings of the present study are, however, not consistent with
those of Leubers et al. (15) and Bastiaans et al. (1) who found an increase in body mass and lean
body mass after completion of a 4 and 9-week sport specific and plyometric training program

respectively.

... Thenon-significant results of this study can possibly be attributed to a number.of factors. Fizstly,...

the high individual variability in the different pre and post-measurements might have influenced the
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t-test results. For instance: the individual skeletal mass pre-post-test differences for the
experimental group varied between -0.493 (minimum) and 1.656 (maximum) with a sténdard
deviation of 0.587; the values of muscle mass differences varied between -0.406 (minimum) and
0.582 (maximum) with a standard deviation of 0.301 for the control group and between -0.461
(minimum) and 1.490 (maximum) with a standard deviation of 0.766 for the experimental group.
The values for fat percentage differences varied between -2.388 (minimum) and 4.227 (maximum)
with a standard deviation of 1.818 for the control group and between -4.126 (minimum) and 6.618
(maximum) with a standard deviation of 2.409 for the experimental group. The variability of all
- these values could have influenced the #-test results negatively.

Secondly, another factor that could explain the lack of significance in the results could be the
fitness levels of the rugby players who participated in the study. Players in this study had already
been subjected to a general rugby conditioning program for six months prior to this intervention. It
might therefore be expected that their fitness levels were already high due to participation in the
rugby conditioning program. In this regard Paton and Hopkins (24) failed to prove any significant
increases in the performance of competitive cyclists after the inclusion of plyometric training into
their existing cycling training program. Notably, the authors attributed the outcome of their research
to the fact that the cyclists were already in the competitive cycle of their training period and had
already attained a high fitness level. Athletes who have already attained a certain fitness level will

probably not be so sensitive and reactive to conditioning programs when compared with untrained

...subjects. The.conclusion of Turner et al.’s (31) study, namely that the significant improvement in. . .. . ...

running economy due to a 6-week plyometric training period was due to the inexperience and the
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untrained state of the subjects, confirm the last-mentioned statement.

Thirdly, research seems to suggest that a 4-week training period may only lead to neural
adaptations and not to morphological changes. Hence it is conceivable that a longer training period
would have been more beneficial in a study in which changes in the anthropometric make-up of
players was the aim. However, there is no agreement between different researchers concerning this
aspect (1,15,19,28).

In view of the fact that several researchers adjusted the number of sets and repetitions of the
plyometric program on a weekly basis in their studies (4,16,31), this may also be something to
consider. Continuous changes in the exercise variables are sure to enhance the level of overload and

the resulting morphological changes.

PRACTICAL APPLICATIONS

This study was the first to report on the effects of a combined rugby conditioning and plyometric
training program on the anthropometric components of university-level rugby players. Although not
significant in altering the overall anthropometric profile of the rugby players, the significant results
in some of the measurements do indicate that certain anthropometric components might be
positively influenced by a combined sport specific and plyometric training program. The subjects in
this study were young and they already displayed a high fitness level before commencement of this
study. The authors anticipate that the beneficial effects of a combined plyometric conditioning
-.program .on-the anthropometric components would be greater with more. experienced subjects who.

have not yet obtained a certain level of fitness. In this regard, future studies need to be designed to

&9



_ Chapter 4:
The effects of a four-week combined rughy conditioning and plyometric training program on the anthropometric components
of untversity-level rughy players

test the possible effects of combined sport specific and plyometric training programs on other team

sport participants’ anthropometric make-up.
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) RECOMMENDATIONS

1. SUMMARY
2. CONCLUSIONS
3. RECOMMENDATIONS

1. SUMMARY

The purpose of this study was firstly to determine the effects of a four-week combined rugby
conditioning and plyometric training program on the physical and motor performance
components of university-level rugby players compared to the effects of a rugby conditioning
program alone. Secondly, to determine the effects of a four-week combined rugby conditioning
and plyometric training program compared to a rugby conditioning program alone, on the
anthropometric measurements of university-level rugby players. Chapter 1 provided a brief
summary of the problem that underlies the research questions of the study and the research
questions itself, the objectives and hypotheses of the study as well as the structure of the

dissertation.

Chapter 2 consisted of a literature overview titled “The effects of combined sport specific and
plyometric training programs on a variety of physical and motor performance components”. The
purposes of this review were firstly, to critically analyse the available literature of the past 10
years (1999-2008) with regard to the study subject, the nature of the combination programs used

as well as the findings with regard to the effects of these types of programs on a wide variety of
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physical and motor performance components and secondly, to provide guidelines for the use of
combination plyometric programs as performance enhancing training techniques. Twenty-three
articles were identified from the available literature of the past 10 years which reported on the
investigation into the effectiveness of plyometric training programs in combination with various
other training techniques such as resistance, sport specific, speed and functional training as well

as electromyostimulation.

Overall the literature supports the use of combined plyometric above that of non-combined
plyometric training programs when the aim is to significantly improve upper and lower body
strength as well as explosive power; golf club speed and driving distance; 10—50 yards sprinting
times; cycling peak power output; aerobic capacity, running economy as well as 1-5 km time
trial performances; co-activation of the abductor and adductor muscle groups; isokinetic peak
torque of the hamstring and maximal voluntary contraction of both the knee extensor and plantar
flexor muscles as well as proprioception and kinesthesia of the shoulder muscles. However, the
combined plyometric training programs were not in all cases successful in bringing about more
significant changes compared to the non-combined programs. Physical and motor performance
components that did not obtain significant results were: upper as well as lower body strength and
explosive power; lower leg isometric strength and musculotendinous stiffness; functional
isokinetic eccentric to concentric internal shoulder rotation strength ratio; rate of force
development; cross-sectional area of the thigh; 4 to 40 m sprinting times when turns or no turns
were used; sprint acceleration; foot‘speed and reactivity ball reaction time; aerobic capacity;

Jactate threshold and running economy.

The combined programs that served as the best performance ephancing training techniques
adhered to the following exercise guidelines and program set-up: a 4 to 12-week duration during
which 2 to 3 sessions of plyometric training, consisting of 2 to 9 exercises, were performed.
Subjects usually performed 2 to 3 sets of 5 to 100 repetitions and rested for 30s to 5min
between the different sets. Loaded exercises were performed at an intensity of between 40 and

100% of the IRM.

Certain shortcomings were, however, identified during the literature review of the combined
plyometric training program-related articles which include the following: the use of unfrained or

moderately active individuals instead of professional or well-trained athletes; the absence of a
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control group or the absence of familiarization and/or warm-up sessioils prior to measurement of
the different components or participation in the program; the combined plyometric program
durations were too short to induce significant neuromuscular changes; some studies contained
group sizes that were too small for detecting significant differences between program changes
and in several cases résearchers failed to give detailed descriptions of all the methodology and
exercise variables necessary to make valid conclusions. Nevertheless, the identified findings
highlighted the importance, usefulness and effectiveness of combined plyometric training
programs to significantly improve certain physical and motor performance components among
athletes of different sports. However, good quality studies that are comprehensively detailed and

use study designs that are specific to intervention studies are required in this research domain.

Chapter 3 consisted of the first article titled “Changes in selected physical and motor
performance components of university-level rugby players after a four-week combined rugby
conditioning and plyometric training program”. The purpose of this article was to-determine the
effects of a four-week combined rugby conditioning and plyometric training program on selected
physical and motor performance components of university-level rugby players compared to the
effects of a rugby conditioning program alone. The study succeeded in showing that a combined
rugby conditioning and plyometric training program of four-weeks led to significantly bigger
changes in selected speed, agility and anaerobic power output values among university-level
rugby players than a rugby conditioning program alone. The experimental group experienced
statistically significant (p < 0,05) decreases in speed over 20 m and Agility T-Test (ATT) times
during the training period. Cohen’s effect size revealed a small (ES ~ 0.2) and medium practical
significance (ES ~ 0.5) for the mentioned measurements. The independent #test results of these
variables also showed statistical as well as medium and large practically significant values
respectively when the control group was compared with the experimental group. The change in
average power at 20 s as well as relative work for the Wingate Anaerobic Test (WAnT) was
significantly better (p < 0,05) for the experimental group than for the control group. The
combined rugby conditioning and plyometric training program did not prove to have a
significant influence on the explosive power results of the Vertical Jump Test (VIT) and
Medicine Ball Put Test (MBPT). The control group, that followed the rugby conditioning

program alone did, however, experience a statistically significant decrease in 3 kg MBPT |
distance. The rugby conditioning program alone was therefore detrimental to the upper body
power development of rugby players. In conclusion, the results of this study seem to suggest that
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a combined program of sport-specific and plyometric training can be implemented successfully
if the goal of training is to significantly improve selected speed, agility and power output values
of young rugby players. However, the results of the study also indicated that a combined sport-
specific conditioning and plyometric training program of four weeks may not be as effective in

increasing all power-related components as a longer combined training program.

The second article, titled “The effects of a four-week combined rugby conditioning and
plyometric training program on the anthropometric components of university-level rugby
players” was presented in Chapter 4. The purpose of this article was to determine the effects of a
four-week combined rugby conditioning and plyometric training program compared to a rugby
conditioning program alone, on the anthropometric measurements of university-level fugby
players. Statistically significant (p < 0,05) increases were seen for femur breadth among the
control group and for wrist breadth among the experimental group. The pre-post-test changes
- -did, however, not show high practically significant values. Body stature showed a-significant
increase (p < 0,05) from pre to post-testing for both the control and experimental groups,
whereas skeletal mass showed a significant increase (p < 0,05) for only the control group. None
of the last-mentioned measurements showed high practically significant changes. The significant
increase in body stature after completion of the training programs was most likely due to the
growth in body stature among the young group of male rugby players and not due to the
programs itself. The results would suggest that only the minority of anthropometric
measurements were significantly affected by the two types of programs the players executed
during the four-week period. However, although not significant in altering the overall
anthropometric profile of the rugby players, the significant results in some of the measurements
do indicate that certain anthropometric components might be positively influenced by a

combined sport specific and plyometric training program.

Both articles were included and compiled in accordance with the guidelines of The Journal of
Strength and Conditioning Research to which it will be submitted for publication. Each consisted
of an introduction and the experimental approach of the specific studies. The research methods
(subjects, procedures and data analyses) were also described together with the results and

discussion of each of the studies followed by the practical applications.
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2. CONCLUSIONS

The conclusions drawn from this research are presented in accordance with the set hypotheses

(Chapter 1):

Hypothesis 1: 4 four-week combined rugby conditioning and plyometric training program will
lead to significantly better changes in selected speed, agility and anaerobic power output values

among university-level rughby players than a rugby conditioning program alone.

Hypothesis 1 is accepted, based on the results that speed over 20 m and ATT times as well as
average power output at 20 s and relative work of the WAnT showed significantly better changes
after a four-week rugby conditioning program, combined with plyometric training, compared to
a rugby conditioning program alone. As expected, the combined program did, however, not lead
“to significantly better changes in-some of the measurements compared to the rugby conditioning -
program alone. These were: 3 kg MBPT distance, VIT height and power output, speed over 5
and 10 m, average power over 30 s and fatigue ratio of the (WAnT). What this indicates is that
the combined sport-specific conditioning and plyometric training program of this study may not
have been effective in increasing all the speed, agility and power output measurements of the
rugby players and that certain changes in the exercise variables and program duration need to be

considered.

Hypothesis 2: 4 four-week combined rugby conditioning and plyometric training program
would have a significantly bigger effect on the body size, lean body, muscle, fat and skeletal

mass and somatotype of subjects, compared to a rugby conditioning program alone.

Hypothesis 2 is rejected due to the conclusion that none of the components displayed a
significantly bigger change due to the combined rugby conditioning and plyometric training
program, compared to a rugby conditioning program alone. A four-week combined training
program may therefore only lead to neural adaptations and not to morphological changes.
Certain adjustments to the exercise variables and program duration may possibly lead to more

pronounced increases in the different anthropometric components.
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3. RECOMMENDATIONS

The study provides support for the use of combined sport specific and plyometric training

programs in the conditioning of young rugby players. It was, however, also observed that not all

the selected physical, motor ability and anthropometric components were significantly

influenced by the combined rugby conditioning and plyometric training program. These findings

suggest that certain shortcomings must be considered when interpreting the results of this study.

Firstly, outliers among the rugby players who had completed the combined program could
have “pulled” the #~test results skew due to the rather small sample size in this study. A larger
sample size would therefore be advisable.

Secondly, the high initial fitness levels of the rugby players in this study may have
influenced their responsiveness to the combined program negatively. In view of this, it is

important to consider the initial fitness levels of the test subjects when planning a study of

* this hature.” Subjects whose ifitidl fitness levels are lower at the start of the study would

probably be more sensitive and reactive to a conditioning program than very fit participants.
Thirdly, the different exercise variables (number of sets and repetitions) of the plyometric
training program were not adjusted over time to ensure continuous muscle overload and
training adaptations. A study in which the exercise variables are adjusted on a weekly basis
according to the subjects’ response to the program would probably lead to much more
training adaptations than was the case in this study.

Fourthly, research seems to suggest that a four-week training period may be of insufficient
duration to bring about any morphological changes. Hence it is conceivable that a longer
training period would have been more beneficial in a study in which changes in the
anthropometric make-up of players, amongst other things, was the aim.

Fifthly, only data of players who are distributed over a small geographic area in South-Africa
were utilized. For generalization purposes it would therefore be advisable to include players
who are spread over a larger geographic area.

Lastly, the players in this study fell in the age group 18,1 to 19,5 years. The fact that they-
were still very young and susceptible to growth changes did influence the anthropometric
results (body stature) and may have influenced the pre and post-test changes in physical and
motor performance components as well. It can therefore be recommended that researchers
rather make use of older test subjects who have already reached full maturity when
conducting studies of this nature.
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In spite of the shortcomings of the study, it provides a basis for further research in the area of
combined Sport—sp.eciﬁc and plyometric training programs due to the fact that no other studies
could be found in which the link between improvements in the physical, motor ability and
anthropometric components of rugby players and their participation in a combined rugby

condifioning and plyometric training program have been investigated.
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NORTH-WEST UNIVERSITY
YUNIBESIT! YA BOKONE-BOPHIRIMA
NOORDWES-UNIVERSITEIT

POTCHEFSTROOMKAMPUS

A

1SSD - ISWO

Institute far Sport Sclence and Development
Instituut vir Sportwetenskap en -ontwikkeling

1 GENERAL INFORMATION
Please write clearly!

1. GEOGRAPHICAL INFORMATION

1.1 Surname: Initials First Name

| 1 1 ]

1.2 Gender (cross out the one that is applicable):

. Male Female W
1.3 Age:
(lears: Months:

1.4 Birth date:
Year: Month: Day: W
]

1.5 Job description (cross out the one that is applicable):
Student ] Part-time employmenﬂ *Full-time employment—L*Maj or sponsorship W

* Please specify if you marked any of these two options:

il

1.6 Permanent residential address in South Africa:

1.7 Permanent postal address in South Africa:
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1.8 Phone numbers:

| Work

Home:
Fax:

| Cell

LE-mail:

°

1.9 Ethnic group

White

T Coloured

| Black

Indian

In the next few question cross out the answers that are applicable to you!!

2. INFORMATION REGARDING TRAINING HABITS

2.1 Years you’ve been playing cricket - since you started to specialise in cricket.

1-2 years

l 3-4 years

—L 5-6 years

17—8 years 18—9 years EO-ll years ] 12 61‘ more—]

2.2 Frequency of training - how many days per week do you normally train?

E day

j 2 days

Edays

L4 days

15 days

6 days

Fom

2.3 Frequency of training - how many days per week do you normally do weight fraining?

!T day

—Bdays

3 days

4 days

S days

6 days

7 days

2.4 Frequency of training - how many days per week do you normally have net sessions?

b day

i 2 days

L 3 days

L4 days

15 days

E days

7 days

2.5 Frequency of training - how many days per week do you normally have fielding
sessions?

E day

B days

—{ 3 days

L4 days

5 days

E days

.

2.6 How many hours per day do you normally train?

1 hour

} 2 hours

[ 3 hours

L4 hours

15 hours

—L6 hours

u Oor more l

2.7 How many hours per day do you normally spend on weight training?

1 hour

Ehours

3 hours

L4 hours

5 hours

6 hours

E or more T

2.8 How many hours per day do you normally spend on training in the nets?

1 hour Bhours 3 hours L4 hours 5 hours 6 hours E or more T
2.9 How many hours per day do you normally spend on fielding?
Not Applicable | 1 hour 2 hours 3 hours 4 hours 5 hours 6 hours
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2.10 How do you think does your coaching compare with those of international cricketers?
Does not compare well at all @oes not compare well ] In some aspects the samq Very well j

2.11 Do you spend any time on psychological preparation for cricket and competitions?
| Never | *Sometimes [ *Often | *Always ]

* Please specify the type of psychological preparation you do if you marked any of these
three options:

3. MEDICAL INFORMATION

3.1 Please describe any past or current musculoskeletal conditions you have incurred (i.e.,
muscle pulls, sprains, fractures, surgery, back pain, or any general discomfort):

Head/Neck:

Shoulder/Clavicle:

Arm/Elbow/Wrist/Hand:
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Back:

Hip/Pelvis:

Thigh/Knee:

Lower leg/Ankle/Foot:

3.2 Please list any medication being taken currently and/or taken during the last year:

3.3 List any other illness or disorder that a physician has told you of:
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4. COMPETITION DATA

4.1 What is your current position in the team? Please give the name and number of the
position.

| Name:

| Number .

4.2 In which other position have you played in the last year? Please give the name and
number of that position. ,

Name:

Number:

N

Name:

| Number

4.3 For which team do you currently play rugby?

4.4 For which team/s did you play during the last year?

4.5 What is the highest level of rugby that you have ever competed in?

Team Highest achievement obtained Date
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[SSD-1SWO

NORTH-WEST UNIVERSITY
YUNIBESIT! YA BOKONE-BOPHIRIMA
NOORDWES-UNIVERSITEIT

POTCHEFSTROOMKAMPUS

institute for Sport Science and Development
Instifuut vir Sportwetenskap en -oniwikkeling

CONFIDENTIAL

Informed consent form

PART 1

1. School/Institute:

® School for BRS and Institute for Sport Science and Development (ISSD)

2. Title of project/trial:
= Effect of a combined rugby conditioning and plyometric training program on selected
physical and anthropometric components of university-level rugby players.

3. Full names, surname and qualifications of project leader:
> Ben Coetzee, B.Sc, B.Sc Hons. and M.Sc

4. Rank/position of project leader:

(Professor, Lecturer, research scientist etc.)

= Lecturer and Programme Leader of Sports Science in the School for Biokinetics, Recreation
and Sports Science (School for BRS)

5. Full names, surname and qualifications of supervisor of the project:
(Complete only if not the same person named in 4.)
= Not applicable

6. Name and address of supervising medical officer (if applicable):
= Not applicable

7. Aim of this project

The aims of this study are:

& To determine the effect of a combined rugby conditioning and plyometric training program
on certain physical components of university-level rugby players.

= To determine the effect of a combined rugby conditioning and plyometric training program
on certain anthropometric measurements of university-level rugby players.

8. Explanation of the nature of all procedures, including identification of new procedures:

8.1 Research design

The design of the study is a pre-post test, randomized group design. Information will be obtained
by means of a questionnaire and a test battery. The objectives of the study will be explained to
the players, after which they will all complete an informed consent form.
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8.2 Test subjects

The subjects will consist of two groups of rugby players. Fourty w19 rugby players of the North-
West University in Potchefstroom will be randomly selected. The thirty players will again be
randomly divided into two groups of twenty players each. One group will form the experimental
group and the other group the control group. A pre-test will be done, after which the
experimental group will complete 4-weeks of a plyometric training programme in addition to
their regular rugby conditioning. The control group will be asked to refrain from any plyometric
training and will only take part in their regular rugby conditioning programme. After the
intervention period of 4-weeks a post-test will be done for both groups.

8.3 Procedures

a. Demographic and general information questionnaire

The players’ demographic and personal information (age and gender) will be collected by means
of a demographic and general information questionnaire. The players’ exercising habits, injury
incidence and competing level will also be determined by means of this questionnaire.
Anthropometric data will be collected by means of a few body measurements. The physical and
motor performance data will be collected through a test battery.

b. Anthropometric variables

The following anthropometric variables will be determined according to the methods of Norton
et al. (1996). Body composition, fat mass, muscle mass and skeletal mass will be analyzed in this
section. Body fatness will be determined through the sum of the following skinfolds (SUMG6SF):
triceps, subscapular, abdominal, supraspinale, front thigh and calf skinfolds and according to the
formulas of Whithers ef al. (1987:198). Muscle and skeletal mass will be calculated according to
the formulas of Lee e al (2000:796) and Martin ef al. (as quoted by Drinkwater & Mazza,
1994:103). The following anthropometric variables will be measured under the section of muscle
and skeletal mass: body stature, body mass, relaxed arm, thigh and calf girth, triceps, thigh and
calf skinfold as well as ankle, femur, humerus and wrist breadths.

¢. Physical and motor performance components
The following laboratory tests will be conducted:

i) Explosive power tests
m- Medicine Ball Put (sitting on the floor) Test according to the method of Ball (1991a:331).
b Vertical Jump Test (VIT) according to the method of Ellis et al. (1998:28).

i) Twenty metre acceleration and speed test according to the method of Ellis ef al. (2000:130).

iii) The Agility T-Test (ATT) will be performed according to the method described by VanHeest
et al. (2002:225).

iv) The Wingate Anaerobic Test (WanT) will be conducted according to the method of Inbar et
al. (1996:9).

d. Testing methodology

The players will undergo four days of testing, namely two pre and two post-test days
respectively. On the first pre-test day subjects will complete the questionnaire, together with the
informed consent form after which the anthropometric, explosive power, speed and anaerobic
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capacity test will follow. On the second day of testing the subjects will perform the agility and
strength tests. The experimental group will then be subjected to four weeks of plyometric
training that will be performed in conjunction with their normal rugby training. The control
group will only follow their normal rugby training during the same time period. Following the

four weeks period each of the groups will again be subjected to the above mentioned tests at the
exact same time of day and same day of the week as been tested before.

The plyometric sessions will take place three times a week and will consist of six exercises per
session. The list of exercises as well as rest periods that will be followed during the plyometric
sessions are presented in Table 1.

9. Description of the nature of discomfort or hazards of probable permanent consequences for
the subjects which may be associated with the project:
(Including possible side-effects of and interactions between drugs or radio-active isotopes which

may be used.)
> Subjects may experience episodes of transient light-headedness, fainting, abnormal blood
pressure, chest discomfort and nausea.

10. Precautions taken to protect the subjects:
3 Only subjects that do not experience injuries and the time of testing will participate in the
study. A warm-up and familiarization period will precede each of the testing sessions.

11. Description of the benefits which may be expected from this project:

= Results of this project may provide coaches, sport scientists and other sport related
professionals with direction conceming the use and influence of a scientific based plyometric
training program on different sport related components.

12. Alternative procedures which may be beneficial to the subjects:

(Complete only if applicable.)
= Not applicable.

Signature: ﬁ(/@f Date: 17/08/2005

Proje
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Table 1: Four week long plyometric training programme
Week | Day Plyometric exercises Sets / Rest period
repetitions | between sets

1 1 | Power skip 2x10 30 sec
Chest pass 2%x10 30 sec

Squat jump 2% 10 30 sec

Step and throw 2% 10 30 sec

Double-leg tuck jump 2% 10 30 sec

Two arm put 2% 10 30 sec

2 | Pike jump 2x%10 30 sec

Prone back extension 2x%x10 30 sec

Standing long jump 2%10 30 sec

Single arm put 2% 10 30 sec

Standing jump over barrier 2% 10 30 sec

Supine leg lift 2% 10 30 sec

3 Front cone hops 2% 10 30 sec
Medicine ball V-sit 2x%x10 30 sec

Side-to-side push-off 2%10 30 sec

Rocky full twist 2x%x10 30 sec

Split squat jumps 2% 10 30 sec

Medicine ball crossover push-ups 2% 10 30 sec

2 1 Double leg zigzag hop 2x%x10 30 sec
Partner straddle sit passes 2%x10 30 sec

Cycled split squat jumps 2% 10 30 sec

Seated solo twist 2% 10 30 sec

Lateral jump over barrier 2% 10 30 sec

Single-clap push-up 2 %10 30 sec

2 | Barrier hops 2%x10 30 sec
Pullover throws 2x10 30 sec

Standing long jump with sprint 2% 10 30 sec

Kneeling side throw 2% 10 30 sec

Cone hops with change of directions 2% 10 30 sec

Bench press throws 2% 10 30 sec

3 | Lateral step-up 2x10 30 sec
Russian twists — seated 2% 10 30 sec

Alternate push-off 2%x10 30 sec

Plyometric bench press throws 2% 10 30 sec

Side jumps and sprint 2% 10 30 sec

B LPush—up with weights 2% 10 30 sec- -
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Table 1: Four week long plyometric training programme (cont.)

Week | Day Plyometric exercises Sets / Restperiod
repetitions | between sets
3 1 | Front box jump 2x%x10 30 sec
Hammer throw 2% 10 30 sec
Lateral box jump 2% 10 30 sec
Medicine ball sit up 2% 10 - 30 sec
Side-to-side box shuffle 2% 10 30 sec
Two ball medicine ball push-up 2% 10 30 sec
2 | Depth jump 2x10 30 sec
Standing side to side pass 2% 10 30 sec
Depth jump to second box 2% 10 30 sec
Medicina ball sit up and twist 2% 10 30 sec
Three-point stance with single leg hurdle hop 2% 10 30 sec
Medicine ball push-ups with a partner 2% 10 30 sec
r 3 | Pyramiding box hops 2% 10 30 sec
Russian twisit walking 2% 10 30 sec
Depth jump with 180 degree turn 2% 10 30 sec
Depth push-up 2% 10 30 sec
Depth jump with standing long jump 2% 10 30 sec
Drop and catch push-up 2% 10 30 sec
4 1 Multiple box-to-box jump 2% 10 30 sec
Hip rolls 2x%x10 30 sec
Depth jump with 360 degree turn 2% 10 30 sec
Over the head backward throw 2% 10 30 sec
Depth jump over barrier 2% 10 30 sec
Incline push-up and depth jump 2% 10 30 sec
2 30-, 60-, 90-second box drill 2% 10 30 sec
Forward through the legs 2% 10 30 sec
Depth jump with reach 2% 10 30 sec
Lateral shuffle and pass 2% 10 30 sec
Single-leg depth jump with barrier hop 2% 10 30 sec
Quarter-eagle chest pass 2% 10 30 sec
3 | Depth jump with lateral movement 2% 10 30 sec
Medicine ball grab 2% 10 30 sec
Depth jump with pass catching 2% 10 30 sec
Power drops 2x10 30 sec
Depth jump with blocking bag 2% 10 30 sec
: LCatch and pass with jump-and-reach 2% 10 - 30 sec

(Potach & Chu, 2000; Chu, 1998; Dintiman ef al., 1998; Radcliff & Farentinos, 1985; Gambetta
& Odgers, 1991.)
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PART 2

To the subject signing the consent as in part 3 of this document:

You are invited to participate in a research project as described in paragraph 2 of Part 1 of this
document. It is important that you read/listen to and understand the following general principles,
which apply to all participants in our research project:,

1.
2.

3.

Participation in this project is voluntary.

It is possible that you personally will not derive any benefit from participation in this project,
although the knowledge obtained from the results may be beneficial to other people.

You will be free to withdraw from the project at any stage without having to explain the
reasons for your withdrawal. However, we would like to request that you would rather not
withdraw without a thorough consideration of your decision, since it may have an effect on
the statistical reliability of the results of the project.

The nature of the project, possible risk factors, factors which may cause discomfort, the
expected benefits to the subjects and the known and the most probable permanent
consequences which may follow from your participation in this project, are discussed in Part
1 of this document.

‘We encourage you to ask questions at any stage about the project and procedures to the
project leader or the personnel, who will readily give more information. They will discuss
all procedures with you.

If you are a minor, we need the written approval of your parent or guardian before you may
participate.

‘We require that you indemnify the University from any liability due to detrimental effects of
treatment by University staff or students or other subjects to yourself or anybody else. We
also require indemnity from liability of the University regarding any treatment to yourself or
another person due to participation in this project, as explained in Part 1. Lastly it is
required to abandon any claim against the University regarding treatment of yourself or
another person due to participation in this project as described in Part 1.

If you are married, it is required that your spouse abandon any claims that he/she could
have against the University regarding treatment or death of yourself due to the project
explained in Part 1.
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PART 3
Consent

Title of the project:
> Changes in strength, power and certain physical as well as anthropometric components of
university-level rugby players after four weeks of plyometric training

I, the undersigned ......... e e (full names)
read/listened to the information on the project in PART 1 and PART 2 of this document and I
declare that T understand the information. 1had the opportunity to discuss aspects of the project
with the project leader and I'declare that I participate in the project as a volunteer. I hereby give
my consent to be a subject in this project

I indemnify the University, also any employee or student of the University, of any liability
against myself, which may arise during the course of the project.

I will not submit any claims against the University regarding personal detrimental effects due to
the project, due to negligence by the University, its employees or students, or any other subjects.

(Signature of the subject)

cSigned at e o)1 U RN

Witnesses

S1gned at oceveeeeieeeeec s o) 1 B

For non-therapeutic expérimenting with subjects under the age of 21 years the written approval
of a parent or guardian is required.

L .. (full names)
parent or guardlan of the subJ ect named above hereby gwe my perrmssmn tha’c he/she may
participate in this project and I also indemnify the University and any employee or student of the
University, against any liability which may arise during the course of the project.
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. Measurement
Reach height (cm) A
L ' Measurement Trial 1 Trial2 | = Highest
A-B (cm)
Vertical jump (cm)
" Measurement ~Value
Explosive power calculation (W)
o Measurement Trial 1 - Trial 2 Highest
Medicine ball put (m)
o o Sp've.ed  Trial 1 Trial2 | = Lowest
Sm-speed (sec)
10m-speed (sec)
DOm —speed (sec)
T Agility Triall -~ |° * Trial2 - Lowest
Agijity T-test (sec)
i Wingate Anaerobic Test Trial
Peak watts (W)
Peak watts/kg (W/kg)

Fatigue ratio

Total work (joules/kg/body mass)

Total work (joules)

Average watts (W)

Average watts/kg/body mass (W/kg)

Average watts at 5 seconds (W)

Average watts at 10 seconds (W)

Average watts at 15 seconds (W)

Average watts at 20 seconds (W)

Average watts at 25 seconds (W)

Average watts at 30 seconds (W)
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Manuscript Submission Guidelines

Authors should submit the original file in one of the following formats: Microsoft® Word®
(.doc, xtf, txt), Corel® WordPerfect® (.wpd, xtf, .txt), or Adobe® Acrobat® (-pdf).

You must submit the cover letter, copyright release, and manuscript separately to separate
identifying information from the manuscript.

Manuscript must match JSCR formatting, including terminolo gy use and units.

Please attempt to keep all figures and tables in a single file (instead of submitted as separate
attachments). We prefer that each diagram be pasted into a PowerPoint presentation. Ensure all
figures are labeled and referenced in the manuscript.

IRB approval must be mentioned.
If you use Microsoft Word, save in the .doc format.

Cover Letter: A cover letter must accompany the manuscript and state the following: "This
manuscript contains material that is original and not previously published in text or on the
Internet, nor is it being considered elsewhere until a decision is made as to its acceptability by
the JSCR Editorial Review Board." Please include the corresponding author's full contact
information, including address, email, and phone number.

Compliance with NIH and Other Research Funding Agency Accessibility Requirements: A
number of research funding agencies now require or request authors to submit the post-print (the
article after peer review and acceptance but not the final published article) to a repository that is
accessible online by all without charge. As a service to our authors, LWW will 1dentify to the
National = Library of Medicine (NLM) articles that require  deposit  and
will transmit the post-print of an article based on research funded in whole or in part by the
National Institutes of Health, Wellcome Trust, Howard Hughes Medical Institute, or other
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funding agencies to PubMed Central. The revised Copyright Transfer Agreement provides the
mechanism.

Copyright Form: The National Strength and Conditioning Association must receive in writing
the exclusive assignment of copyright from all authors at the time of manuscript submission.
This form can be found at http://www.nsca-lift.org/Publications/JSCR CopvrightReleasepdf. If
only one author signs the copyright assignment form, such author warrants that he/she is the duly
authorized agent of all other co-authors. Your manuscript will not be published if a signed
copyright release form is not returned. Please return your original signed copyright assignment
form to the editorial office at the time you submit your manuscript. Please keep a copy for your
records. Manuscripts are considered for publication on the condition that they are contributed
solely to the JSCR and, therefore, have not been and will not be published elsewhere, in part or
in whole. Manuscripts containing data that have been posted to the Internet for public access will
not be considered for publication.

IRB: The NSCA and the Editorial Board of the JSCR have endorsed the American College of
Sports Medicine’s policies with regards to animal and human experimentation. Their guidelines
can be found online at http://www.editorialmanager.com/msse/. Please read these policies
carefully. Each manuscript must show that they have had Institutional Board approval for their
research and appropriate consent has been obtained pursuant to law. All manuscripts must have
this clearly stated in the methods section of the paper or the manuscript will not be considered
for publication.

Authorship: All authors should be aware of the publication and be able to defend the paper and
its findings and should have signed off on the final version that is submitted. For additional
details related to authorship, see "Uniform Requirements for Manuscripts Submitted to
Biomedical Journals" at http://www.icmje.org/.

Formatting and Units: All manuscripts must be double-spaced with an additional space between
paragraphs on 8% x11-inch paper. The paper should include a minimum of 1-inch margins and
page numbers in the upper right corner next to the running head. Please use a font of at least 12.
Authors must use terminology based upon the Intermational System of Units (SI). A full list of SI
units can be accessed online at http://physics.nist.gov/. Manuscript identification numbers (e.g.,
R-12034) will be assigned to each manuscript, and should be placed on all revised manuscripts
and used along with the manuscript title for all communications with the Editorial Office. Any
revision should have the revision number placed after the manuscript number, (e.g., R-12034,
Revision 1).

Language Use: Again the JSCR endorses the same policies as the American College of Sports
Medicine in that the language is English for the publication. "Authors who speak English as a
second language are encouraged to seek the assistance of a colleague experienced in writing for
English language journals. Authors are encouraged to use nonsexist language as defined in the
American Psychologist 30:682-684, 1975, and to be sensitive to the semantic description of
persons with chronic diseases and disabilities, as outlined in an editorial in Medicine & Science
in Sports & Exercise®, 23(11), 1991. As a general rule, only standardized abbreviations and
symbols should be used. If unfamiliar abbreviations are employed, they should be defined when
they first appear in the text. Authors should follow Webster’s Tenth Collegiate Dictionary for
spelling, compounding, and division of words. Trademark names should be capitalized and the
spelling verified. Chemical or generic names should precede the trade name or abbreviation of a
drug the first time it is used in the text."
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Manuscript Format Guidelines

1. Title Page

The title page should include the manuscript title, brief running head, laboratory(s) where the
research was conducted, authors’® full name(s) spelled out with middle initials, department(s),
institution(s), full mailing address of corresponding author including telephone and fax numbers,
and email address, and disclosure of funding received for this work from any of the following
organizations: National Institutes of Health (NIH); Welcome Trust; Howard Hughes Medical
Institute (HHMI); and other(s).

2. Blind Title Page

A second title page should be included that contains only the manuscript title. This will be used
for reviewer copies.

3. ABSTRACT and Key Words

On a separate sheet of paper, the manuscript must have an abstract with a limit of 275 words
followed by 3 — 6 key words not used in the title. The abstract should have sentences (no
headings) related to the purpose of the study, brief methods, results, conclusions and practical
applications. Do not end with statements such as "will be discussed."

4. Text
The text must contain the following sections with titles in ALL CAPS in this exact order:
A.INTRODUCTION

This section is a careful development of the hypotheses of the study leading to the purpose of the
investigation. Limit information that is "chapter like" in nature as this is not an exhaustive review
of the topic. Focus the studies lending support to your hypothesis(es) and giving the proper
context to the problem being studied. In most cases use no subheadings in this section and try to
limit it to 4 — 6 concisely written paragraphs.

B. METHODS

‘Within the METHODS section, the following subheadings are required in the following order:
"Experimental Approach to the Problem," where the author(s) show how their study design will
be able to test the hypotheses developed in the introduction and give some basic rationales for
the choices made for the independent and dependent variables used in the study; "Subjects,"
where the authors include the Institutional Review Board or Ethics Committee approval of their
project and appropriate informed consent has been gained. All subject characteristics that are not
dependent variables of the study should be included in this section and not in the RESULTS;
"Procedures," in this section the methods used are presented with the concept of "replication of
the study" kept in mind. After reading this section another investigator should be able to replicate
your study. Under this subheading you can add others but please limit their use to that which
makes the methods clear and in order of the investigation (e.g., Biochemical Assays or EMG
Analyses); "Statistical Analyses," here is where you clearly state your statistical approach to the
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analysis of the data set(s). It is important that you include your alpha level for significance (e.g.,
P < 0.05). Please place your statistical power in the manuscript for the n size used and reliability
of the dependent measures with intra-class correlations (ICC Rs). Additional subheadings can be
used but should be limited

C.RESULTS

Present the results of your study in this section. Put the most important findings in Figure or
Table format and less important findings in the text. Do not include data that is not part of the
experimental design or that has been published before. Place descriptive data about subjects in
the METHODS section under the subheading of Subjects. Make sure that you cite each Figure
and Table, and in space between paragraphs indicate roughly where you want each Figure or
Table to appear (e.g., Table 1 about here)

D. DISCUSSION

Discuss the meaning of the results of your study in this section. Relate them to the literature that
currently exists and make sure that you bring the paper to completion with each of your
hypotheses. Limit obvious statements like, "more research is needed."

E. PRACTICAL APPLICATIONS

In this section, tell the "coach" or practitioner how your data can be applied and used. It is the
distinctive characteristic of the JSCR and supports the mission of "Bridging the Gap" for the
NSCA between the laboratory and the field practitioner. This section of the paper should speak
directly to this audience and not to the exercise or sport scientist.

5. References

All references must be alphabetized by sumname of first author and numbered. References are
cited in the text by numbers [e.g., (4,9)]. All references listed must be cited in the manuscript and
referred to by number therein. For original investigations, please limit the number of references
to fewer than 40 or explain why more are necessary. The Editorial Office reserves the right to
ask authors to reduce the number of references in the manuscript. Please check references
carefully for accuracy. Changes to references at the proof stage, especially changes affecting the
numerical order in which they appear, will result in author revision fees. Below are several
examples of references: '

Journal Article
Hartung, GH, Blanco, RJ, Lally, DA, and Krock, LP. Estimation of aerobic capacity from
submaximal cycle ergometry in women. Med Sci Sports Exerc 27: 452-457, 1995.

Book
Lohman, TG. Advances in Body Composition Assessment. Champaign, TL: Human Kinetics,
1992.

Chapter in an edited book
Yahara, ML. The shoulder. In: Clinical Orthopedic Physical Therapy. Richardson, JK and

Iglarsh, ZA, eds. Philadelphia: Saunders, 1994. pp. 159-199.
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Software
Howard, A. Moments [software]. University of Queensland, 1992.

Proceedings

Viru, A, Viru, M, Harris, R, Oopik, V, Nurmekivi, A, Medijainen, L, and Timpmann, S.
Performance capacity in middle-distance runners after enrichment of diet by creatine and
creatine action on protein synthesis rate. In: Proceedings of the 2nd Maccabiah-Wingate
International Congress of Sport and Coaching Sciences. Tenenbaum, G and Raz-Liebermann, T,
eds. Netanya, Israel, Wingate Institute, 1993. pp. 22 - 30.

Dissertation/Thesis
Bartholmew, SA. Plyometric and vertical jump training. Master's thesis, University of North
Carolina, Chapel Hill, 1985.

6. Acknowledgements

In this section you can place the information related to Identification of funding sources; Current
contact information of corresponding author; and gratitude to other people involved with the
conduct of the experiment. In this part of the paper the conflict of interest information must be
included. Authors are required to state in the acknowledgments all funding sources, and the
names of companies, manufacturers, or outside organizations providing technical or equipment
support. In particular, authors should: 1) Disclose professional relationships with companies or
manufacturers who will benefit from the results of the present study, and 2) State that the results
of the present study do not constitute endorsement of the product by the authors or the NSCA.
Failure to disclose such information could result in the rejection of the submitted manuscript.

7. Figures

First, create a page entitled "Figure Legends" in which each of the figure legends are listed.
Include this page in your manuscript document. Next, place each of the figures in a PowerPoint
presentation if possible. All figures should be labeled and each figure must be referenced in the
manuscript. All figures should be professional in appearance. They should also be viable for size
reductions to fit manuscript space allocations. One set of figures should accompany each
manuscript. Use only clearly delineated symbols and bars.

Electronic photographs copied and pasted into Word and PowerPoint will not be accepted.
Images should be scanned at a minimum of 300 pixels per inch (ppi). Line art should be scanned
at 1200 ppi. Please indicate the file format of the graphics. We accept TIFF or EPS format for
both Macintosh and PC platforms. We also accept image files in the following Native
Application File Formats:

Adobe Photoshop (psd) .
Adobe Acrobat (.pdf) (use Press setting under Job Option)
Tlustrator (.ai)

Macromedia FreeHand (.fh)

Corel Draw (.cdr)

Canvas (.cvs)

PowerPoint (.ppt)

Word (.doc)

Excel (x1s)
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InDesign (.id)
PageMaker (.pmd)
QuarkXPress (.gxd)

If you will be using a digital camera to capture images for print production, you must use the
highest resolution setting option with the least amount of compression. Digital camera
manufacturers use many different terms and file formats when capturing high-resolution images,
so please refer to your camera’s manual for more information.

Please also attempt to format tables into the PowerPoint presentation and include a title. If
necessary, tables can be added to the end of the manuscript, but must be double-spaced and
include a brief title. Provide generous spacing within tables and use as few line rules as possible.
“When tables are necessary, the information should not duplicate data in the text. All figures and
tables must include standard deviations or standard errors.

Author Fees

JSCR does not charge authors a manuscript submission fee or page charges. However, once a
manuscript is accepted for publication and sent in for typesetting, it is expected to be in its final
form. If excessive revisions (more than 5) are made at the proof stage, the corresponding author
will be billed $3.75 per revision. In addition, the following charges will apply to figure revisions:
$25.00 per Halftone (B&W) Figure Remake, $19.00 per Line Art (B&W) Figure Remake, and
$150.00 per Color Figure Remake. Please note that the most common cause for excessive
revisions is the renumbering of references. If one change to a single reference causes other
references to be renumbered, it affects both the reference section and each citation for those
references in the text. Each one of these changes is counted as an author revision so please check
your references carefully. "

Manuscript Format Checklist

Approval by Institutional Review Board
Manuscript contains the following sections (in order)
Title Page

Blind Title Page

Abstract and Key Words

Introduction

Methods

Results

Discussion

Practical Applications

References

Acknowledgements

Figure Legends

Figures

Tables
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Manuscript Submission Checklist

Cover Letter

Completed Copyright Assignment Form

Original Manuscript, including IRB reference and references to all figures.
Figures, in a single powerpoint presentation if possible.

Terminology and Units of Measurement

Per the JSCR Editorial Board and to promote consistency and clarity of communication among
all scientific journals authors should use standard terms generally acceptable to the field of
exercise science and sports science. Along with the American College of Sports Medicine’s
Medicine and Science ins Sport and Exercise, the JSCR Editorial Board endorses the use of the
following terms and units.

The units of measurement shall be Systéme International d’Unités (SI). Permitted exceptions to
SI are heart rate—beats per min; blood pressure—mm Hg; gas pressure—mm Hg. Authors
should refer to the British Medical Journal (1:1334 — 1336, 1978) and the Annals of Internal
Medicine (106:114 — 129, 1987) for the proper method to express other units or abbreviations.
When expressing units, please locate the multiplication symbol midway between lines to avoid
confusion with periods; e.g., mL-min &

The basic and derived units most commonly used in reporting research in this Journal include the
following:

mass—gram (g) or kilogram (kg); force—mnewton (N); distance—meter (m), kilometer (km);
temperature—degree Celsius (°C); energy, heat, work —joule (J) or kilojoule (kJ); power—watt
(W); torque—newton-meter (N-m); frequency —hertz (Hz); pressure—pascal (Pa); time—
second (s), minute (min), hour (h); volume—liter (L), milliliter (ml); and amount of a particular
substance—mole (mol), millimole (mmol).

Selected conversion factors:

1 N =0.102 kg (force);

1J=1Nm=0.000239 kcal = 0.102 kg'm;

1 kJ=1000 N'm = 0.239 kcal = 102 kg-m;

1W=17Js1=6.118 kgmmin-1.
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ErrECTS OF A SHORT-TERM AQUATIC RESISTANCE

ProGRAM ON S-
Fit Young MEN

GTH AND BoDy COoMPOSTITION IN

Juan C. Cotano,” Vicror Tena,” N. Traves Tereiert,® asn Lois M Gonzdrag?
“Deperiment of Phyitcal Educadim and Sporks, Usfoersly of Palenda, Pk, Spebs; “Naxmnmmxr[“mu&aj
L},ﬂmrm of Fealth, Letrure mid Escorclie Sclmse, _%éémﬁc&nﬂ‘ Stete Uhnroeridty, Boowr, North Coraldne; and ¥ hezdted

Revsarofier; Unooraity of Palarcis, Falencs, Spatn

ABSTRACT

Golads, JC, Telis, ¥, Triplett, NT, and Gonzilaz, 14, Effscts of
& ghortemm aquafic resistarice progrem on strangh and body
composition infit young men.J Sfrengtr Cond Res 23{Z 548~
550, 2008-This study was dzsigned bo anslze the affecis of
= shortemm pasiodizad squatis resistance program: {PARF} oy
pppardinh. maxdimum strergth, lag muscular possr, snd body
compeaition {BC} in it young man. Twanty sublecte {21.2 *
117 ymars} wors randomly assigred to en exercizs o conlrol
group; 12 avbiscts completed the study. Tha aquafic exsrcizs
group [AEG: n = 7} perticipated’ in &n Bwwesk supardsed
program of 3 dw¥ ", and the control group {OG; o = B}
maintained Hhelr ragulsr sctidfies. The PARP consisted of
a todelbody resistence sxardise workowt ueing squatic devioes:
that incressed drag focs, wWith 2 cadance of mownwnt
controlied and adjveted indiideally for sech sxercles snd
sebject. Tha voltmz and intemsily of ths program warg
incregead progreesivsly. Submaximal tests ware camisd oat
tor determing the changs in upparfmd madmum strength, as
wall 28 2 squatdump tsat fo datemnine e chenga W deg
mugzuler powsn. Four slinbl sites, & drocunfersnos sikg
body weight, and astetine wera ueed fo deteming changes in
B, A significant Inoreass In uppardmh madoum strength and
lag muscular powser was observed for the AEG. A dignifoant
orsase o was notsd in fhe crownirenos sud muscular
aree of tha am, and there ware significant decrsssse in
paciorad and ebdoming] skinfolde, Neverthelsas, the creamizr-
snoa, muscular arss, and Jocal fat of the Jowsr fmbs did not
changs, There wate no significent changss in any vardsblss
in the CA3 Thasa maulte indicats that the PARP prodises

Addree comespondence to Josn € Colulo, Frncelado@nmes
B350~

Jocerrer! 5 Strenptly and Chpddttoaing Reeande

@ R Ditrerer! ﬁbmg‘ﬂ' arel (.Z'n:féézm’gdﬂ‘mu‘eﬁx

significent Improvements o museuler strength, powar, and
febfres maga snd, thus, assur io ba a wary affective fom of
segiatenics awsrciss,

INTRODUCTION

g oth thenumiier of physicd conditioning actieities
F' ragied oot ip vwater and the number of thase
B cxccising have v?gniﬁr_anﬂy incremsed. in the

" United States znd Ewope in reoent decades:
Fhes physiological and articalarlicuefits offered Iyrthe specific
prapetties of this medivm (738 oy havs P:ommmd this
inerease. These activities have tadifionally been aimed at
and preseribed for those populations with some kind of
disability. Flowaver, they are currently wsad bothito improwe
the plusical condition of healthy hdisduds who regularly
take part in recreaticnal training (%) and a5 2 complement
to improve the perforomnce of adbletes (8162557,33)
Altbongh the physlolngical TEpanss, cffects, and henclits
offered by performing serobic ecodses in water are wel
Imewn (8,15), stodies are hdking on the potential offects of
@ program of resistance exercizes in water (32, The absmes
of methadalogical eriteria with which to cantrel reshtance
ctgmtndv and progressively while pecfuming thees exer
chkes (30 31 maybeone of the regsons for this, and asa renlt
this type ol traininghas not been rcommended by academis
professionals or used by practitioners,

In general terms, the same pragram design recommends-
flops shonld be followed fur the specific application of
strepgth training programs in water (31,36). Therefire, fo
design 2 strength trining progmm in the aquatic mediun,
stydies (6, V50,19, RS 28 303256 38 have recommended.
that it iz ezsential to achicve the mumbined control of 1) the
pae of the movement, B the size of the aqeatie desices
that inecresse the drayg foree, §if) the dength of the lever of
the limb bdng excrcised, iv) the hydrodynamic position.ofthe
segment mabilized and the aguatic devices ved, and v) the

NOUUME 55 | HUSBER'S: | MARCH 2oex | S4Y
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Aquetic Reslstance Training

perdformance of a tampeted, rrmber of repetitions based an
the desired goal. In addiffion, it shauld be pointed it that iy
all eases the Individwds exerdsing camry out the moronents
weith fhe agrathc devices 2t a pace dotomined by 2 cadenve of
beats per mimrte that has been previowsly identified on the
basis of the pTCd.l"‘tcd targdcd numbcr cf rq:ehhnm It has
1ong o ﬂlt: mavcnmx iz pczfm’mmi 31’. thc samc Pmc :m_d,
mnder the same exerdse canditiones (7,12}, Thos, to nercass
fhues resdstanee offered hy the water, sither the pace perminute
mmst be fncressed ar the arce of the aquatic dewjoe st be
increased {7y Therefore, ohjective eriteria existwith whichto
quantify the pragresave Inerease in the “load™ or resistanos,

matked by the propased pane per minte and the spmtic
devize weed {7} The moment whon neither the pace nor
comect perfirmance can e maintained defines when
muscadar aeions are imdequats for the stimulne {253,

Mo sclentife siidies have examined the hasic aspocts of the
design, of resfstance programs In combimtion with the vseof
adegrate aqeatic devisesand the performance of morements
aceording to a previowsly evalrated puoe. Althangh severdl
smdies have confirmed the positive adsprations cansed by
squatic resistanee exercirs (.37.39 many of them display
methodalogical sharteamings when it eomes ta comtrlling
the resistance generated by the cwerdises bothy immediately
and in the long term, as well 2s wually heng applied 1o
wntrained middle-aped orglder subjects with whom it is easier
tr cause eertain. adaptations in the catly stages of stcength
training programs. Therefore, to analyae the effects that an
armatic resktanoce program: can have an it young men tegard-
ing maxipim strength, mwscular power, snd bady compo-
sithen. (BCY, a mandenyized and sepervised study was caried
out far which 2 methad was designed to adapt and. eontro]
axeise intensity objectively. The hypothesis of the cument
study was that aqeatie resistance training can genemte posi-
tive nearommsclar adaptations In ft men i the resistance
applisd to the tmining movements i contralled by 2 specific
zadence of mpvement for cach cxerdse and subject according
o the targeted mmnher of repetifions initidlly preserfbed

Memmons

Experlmenta! Approach tothe Problem

In aconrdanee with the methodology proposed by Kraemer
ctal (23] for ushy chastic devices for strength trining, in this
stady 2 specifie cadense of mmrementusing the same ageatic
devioe to increase deag foree was wsed. ta complae an - to
Irepetition maximom, [BRED mnge with o Hizepetition
target Tor this end, ¢ cadenes of mavement was identified for
each siljest in theaguatic exerclse grovp [ABG) that allowed
the subject to achieve the amount of reistance needed to
msintain the targaed number of repetitigns (R zone + 2
rep)y while veing gond technique. The subjeds trained using
a1 acomste mormname throughout the teiining progmm
with extiindividually following fhe injthally dMontifizd cadence
of movement for cach cxerclee. Wheneer necessary, greater

550  Jotimal of Strengih and Condifiordng Besearcly
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redistancs was provided by asing a fBster mdence of
movernert to mantdn the tgreted pumber of wepetiions,
firleast §trained monitar was always present to cormmbarate
ftm comect appﬂi:ﬂtirm af ﬁ'ﬁs mcthnddﬁgy_ h&mdc ﬁjncﬁarx
prc,zgmm, t_o dctmmnc L’rs cﬁ'ccis ﬁ]l mc*:.x:surcmems_ :md
practical procodures were dways carled out by the sams
rescardhers all of whom had experience with this ko of trdal
Al subjects were contipally enowraged, and the bbaratory
ernditions were always the same. P and postiests woe
filmed, and the fim waethen cheded o ensune the validitg af
the pmeodurs fllvwed. The stody was approved by
2 mescarch eommission and by the Eepartrent. of Phegsical
Education and Spors from the Enbassity of Valenda (Spain).

Sublects

Torcnty men vohintews from third-pear students at the
Famlty ef theSciences of Physical Sctivigyrand Sparts arthe
Unirersity of Valends [Spain} weme rmdomly assimed into
a cantral group (CGh § subjocts) and an ARG (12 subjects),
with »o significant diffemnces (5 = 008} In any intergmonp
basdine messurement. A1 subjects wepe physically adtive as
they perfirmed 508 & 15 dowk ™ ofvaried physical tmining
at meoderate intensite for st Teast 28 minutes, and 21 had doge
so for at least & months hefore the stody They did pot
nomally porfarm resistance exercdses an dry band, and ey
nerver had performed agqeatic resitance exercises. Al subjects
signed an agreement by which they committed themseves,
far the duration of the study, nat to cary out any specific
physical activity for strength tmining in thelr free fime, 1o
maintain thelriubitual ifestyle and cating habits, and patte
take pedormance-ephaneng substances {after prior corroh-
aration that thoy pover had tshen these substances) The
subjocts did mot suffer any cardlovasonlar, nenomasentar,
arthopedie, o peychalogiol disorders, All subjects were
informed of the pature of the stody befors volunteedpy to
takepart in it To evaloate any possiblsinterdfempen with the
treiping progmm followed in the shudy, and to better
urderstand cestain results obtained, cach swhject was
supplied with a diary in which he Isted the type of physical
activity he had carged out during the day, his dict, his rest
periads, and his feclings during the squatic reststance training
sessinns, Fimlly, sfter thevsual withdravesls and diminations
assochited with any noremonersted experimentsl stody, the
final make-np of the groups was as follows: a) AEGix =1,
31 & L years, B3.96 £49F om, 7345 £ 097 I B Clorar= 5,
F14 + L3 vears, FEIZ & 408 om, TASE & 508 ke

Body Campositian

Al measurements were carried. auf by the same filly trained
individual under identiedl envimnmental conditions using
escactly the sams hstruments. A Harpenden ekinftld ealiper
wasusad to measure shinfolds, and theaverage of % trigls was
used except In the casein which the measurements differed hy
more tean 20 mm. In this cwe, 2 thind messarement was
obtained, and the mean valie was nsed The skinfhlds

2 prohibited.
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Tierzad of Steength and Copditlndng Researds | wwmmerjsroy

measnmed. were those of the right-hand side of the dhest,
ahdamen, and thigh, fallowing the menal protocol {18). In
addifion, a skdpfold was taken from the brachial tricepe
mpion of the dght arm for later analysis. Body density was
calenlated (2L}, and the value was psed to derermine body fat
percentage by applving the 8ind funmels |35 for Cavcasian
men; subsequently, fat-fiee mass was determined. In addition,
the cireumierences of the wlaxed right srm, the internal and
thoracie zegion at shoulder heipht a maximom: inspiration,
therelaxed hip, and the wpper thigh were measured. We also:
measured, fasting body welght and hedght using the spipal
codnmin extenston method and normal procedures for thess
measuraments (18 Finally, the mosdle area of the grm and
thigh were determined by using the above messurements and
applying the formdas used by Fhoppens et al. (30

Procedures

Tt was seruprlowsly cnsured that the correct range and tech-
miguewerensed or cach crerclse duringthe teste. dllsubjects
wers Tequired o porform a stardandized warm-up Twa
misasnmment sessicns with #8 howrs of scparation between
them were camied ot for both the initial and fina tests; and
there wrers T2 honrs sepamting the final framing session from
the first postiest cvaluation, The best meudt for cach varfsble
measuned was taken for analysis. The intradass eorrelation
coefbeient was edlenlted framythe measurements of the pre-
and pesticste of the contral growp. For the anthropometric
and strength vardables, the inmachss correlation coefficient
wahwes for anr protocols sanged betwreen 087 and §.98 and
botween 052 and 087, respoctiveln

Mt Birengef. The cxercises choasm for the drpland
evduation mwolved the seme musde groups and weorkdng
angles exercised during the perjodized aguatic resistance
cxrreises need and the order of ewduation were alyays the
same, which prevented any possble terference with per-
formanee that condd be a result of the order in which the
exercises were carfed ot The arder was as folloes: a) ver-
tical revwr, by hortsontal bench press, of horizantal bench rov,
dy arm Jateral raise, and ef sguat-jump. Previonshy oltbrated
standzrd materisls were uscd, consisting af bars with dizm-
etcrsof 2.5 om and welghts of 11 ke, dumbbells with diamaters
of 2.5 om and welghts of 25 kg, weight plates with standard
featurcs, callars, and standard sappocts. Subjects were famil-
farized with cach exerciss, and thair techniqoe was checked.
Defome the perfyrmance of cach test A submaximal test only
allowing 2 mexdimum of 6 repetitions wuntl wsonlar filre
with carrect technique was used (34} A submaximal test was
psed becanse a large numbier of muscks gronps were cval-
vated by means of different tests, and it was neosssary to- the
quality and validity of the testz wo mindmize fatigos of the
sujects. 'z saabjeet exceeded the number of repetitions, he
rested and then tried again with « Wigher load The Braycld
forrmila {4 was med o calodate madmad strength from the
spbmadmal repetitions

Fireniers T identify the avolution of lowverdinoh mmssde PAWET,
the staris wertical jump or sqmt-jrmp test was nsed becapse
it aka evclnsively asseases the concentric rouscle action that
charmacterized the PARP used in this study: It was pedformed
wing the recommendations of Debunloh] ot al. @4). The
mscrler power of cach vertical jump was esimated by
amplying the prediction. eguation of Sapars et 2l (34
Padlodized Aguatk Resistence Tralnlng Program:

Fxsroser. Becanse tho subjects were not psed to aquatic
resigtanen exercies, they were tavght the eomernt techniqne
for pedfurming them beforestaning the training program. The
researchens caplained the exerdscs 1o the group, and cack:
subfect then cardied thern ontwnder supervision. The eriteria
for eopect techoieal performeamos were those described by
Colads (5), and the evercises ave descdbed in Table L The
temperatare of the water @ the swimming poal where the
training program took place was 28 + 1°C, and thedepth of”
fmmersion was always soch as to allow the excrdses to e
carried autin 2 technicdly coreet fehion. Standard marer-
tals weere nsed during the training program. Bar example, the
glowves had o projected ama of 393 em®, the fins had &
prjeoted area of 438 em®, and the boards had = prefected
arca of §74 om?. Naodles were used to maintain the hark
zontal Botation position in the exerclses training the shdonr
inal mussilature.

R IdadiFortin & Wittner matronzme and a digits]

andin: editing program, wers used to meord 2 campact dise
with 12 tracks corresponding to different paces and mnging
from 46 heats por minute to B2 heats per mimite. Bach of the
tracks was thoroughly checked to guarantec that they did nat
comtain alterations to the preset pace. The subjecs nitally
wed the aguatie devices to camy out the basic excrdses
preseribed ot o pree determined by a cadence of heats per
minute chasen on the basis of pilet tests and the priar

experienor of the researchers. This meant that the smibjects
had to match their movements to the Individral beats of the

tracks reeondm] on the compact dise. Those subjects wha

were notahlsto generate ensugh resistance fram the water to

reach muscle Bilare withthe preset number afrepetitions st
the paccinithlly plinnedand withont varying their techniqoe
tock arest perfod and then increased thepareby choesing the
next track. Similardy, the suhjocts for whom the psce was oo
difficult to reach the prescribed number of ropetifians chose

the previous track affer the rest period. Fhis allowed them to

obtain the ot *losd” after entifring the tmek offering the

optimal pace & be nsed by ecach subject for each of the
exercises. From then on, the “Tead”™ was adjusted o the aquatis

marement by changing the track. The subjects repeated the
process after resting for 2 howrs to ensure that the track chosen

far each exepcise wazcarmet. Thistest wascarried ont 4dbhours
after having carded e the dryland pretests o determmine
madman. strength and mascular power. Table I abo shaws
the beats per minute {pacc) mast commonly vsed for each of
thi hasic training progrm, exemises,

VOLUBEE 2¥ | MOSIBER | sS40 2o | D5 T
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Aqmatie Resistance Trabsing

Txme 1. Exarcises used in fhe different cpolas of the paiodized aquatic redistancs program (PARPL

Dewica

FRmE Exaycias nams

A

Paos/

Description of the joint mosement

Hormental shouldar HSh Abfd:
shwaddection

Obfique shoulkdar
sheaddnction

Vertical shoulder
gh=addmction

Hbow fadon-extansion

Horlzonital presaspull

Gloves
.Sk Absd
WSk Absd

Eb FE
HEPP
Cbliqus prese-pull QPP
Viarfical prass-pull VPP

A preas-pall
Frortal kick

AFIP
_
Great frontal Bok GFK
Doreal esiated batbar DRE
1atars] reststad batter 1RB
Frontal top crumch FEG

Frontal Joe orunch RG

88

Horzontd abdoction end sdduction of tha shoulders
Obhqus shdection and adduction of the shouldars
Ahduction and adductan of tha shouldans

Flexion end extansion of the slhows

On & hodzonts? plarss fesdon and sdansion of the
ghoulders and albows:

In gn oblique dirsction: fiedon and extension of the
shmfders and sibows.

Un s frontal plane: sbducfion and adduction of tha
shouldsrs and faxon snd adansion of the slhows

Haxion endayfension of e ahows

Flexon and exbansion of e knes with & small
supporbed: fexdon of the hip

Hlaxion sndiextareion of fhe knes and hip:

Dorsel ragisted batber with the boards: In aveey hend
and below the body

latem] resizind batter with the hoard held with the
hand= over tha bead

Frontu! top crunch in hodzontal podition and: wif =

- moadle In lzngthwiss direction

Fronted Iow cranch in horionted position and with &

noadle in longitadine] diraction

mdanrs of mossemant fop] most fpbedly aosied 10mash of e besilo amamipes of Bre ek promtn

Terirsrg Frogranr. One member of the mesearch groap was
alvrays presoat during the tiaining sessions to snsure that
the program was performed carreatdy: Training compliance
for the suljects was 984, The cyercies performed dudng
warm-up and cool-dawm were standardized o avoid angy
presible interitrence with the aims of the study. Despite the
factthat 2 shart-term pregram was wed to maximize trafuing
cffects, and given that the subjects were phypsically active,
a poriodized model for strength tealning was used, withatota
duration of § wecks, divided inte % consmemtive 3-week grdes
and a final Z-wreck oydle, with a frequency of 3 sesdions «
week To wery the trinig stimulus, the volame was miodified
in cach gpcde by an overall inerease in the sets and the
exemises. Tabhle 2 showsthe methodological erterda follovasd
o perfrmn the different. cyeles and. the excmises according
1o the specific assochtion with the technigue of preeshans-
ton avedoading of agonist nmscle groups, T exerdses for
dyramic training of the shdnmim] musculaue were parfomed
following a repetition specd of § scoond far the autward sage
ard 2 seoomds for the et stage to the inftia position.

A mentioned previnudy, a very Hgh volume was applied
in fhis PARE With the mse of aquatic resistance devices, all
movenents ate cpncentrie only, sudh that the apposing

552  [otirnel of Stengih and Condifioning Ressareli

musdesaraund a joint are primarily trained in the ooneeptris
maniper in each direction of joint movement, whiehserves to
inerease the gverall tralning vohme compared with that of
dry-tand training. "The recovery time betwreen sets was ahwaps
{1 secomds, which iz typical ofthe § to I2opetition, =nge.
These mst perinds, combined with the signifieant Japgth of
the sessinns, meant that the sabjeets carried. mut slow Jogzg
maovemats znd Ao skw active range-ofmation exercises of
different joints during the recovery periads toavaid the risk of
suffering fram hypothermia, with some suhiects even tmining
while wearig thin thermal garments.

Statistica! Analyses.

The data gathered. were amlyzed nsing the SP3S progmm.
The hamageneity of the dependent variables was chedeod
nsing the Levene test [ > {(L{8), and their nommality was
evalmted nsing KolgomorowSndrmer statistics (5 = 003
Dieseriptive statistics weore then calouhted. #Fests were used
for withingroup differcnees, aid ANOVA was used to
analyws independent (between-group) samples. ANl differ-
enees wore accepted as statistieally sipnificant e f = (.05 and
az very slgnificant at ¢ = 001,

Copyright @ National Strength and Condiioning Assoriation. Unauthorired reproduction of thiz article iz prohibited.
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ﬁppemﬁx C:

Jotrnal of Strength and Conditoning Fesemrdt | wowoemdsorny

Trme2, Pariodizad aquatic resistancs program: {PARP) followad i the shudy.

Tychs
feittinely

Erarcissa sod workout ander

1 1% Horornts] shouldar sbaddiv-fion
2% Chfiques shovider eb-addisction
Varticsi shoulder shraddocfing
4% Elbow fexdoreextanaion
5% Frootal kick
5% Girest frents] Kick
7% Frontal top crnch

1% {1} Obfiqua shaulder ab-adduchion 4 {2} chi

2% {1} Verfical shouldar ab-addisction «+ (2

{1} Hosizusits! shovlder sb-edduction 4 {2} porzonts! pressHoul

#* {1} Elbow Sxdoneexisnsion ¥ {2} arme press-oull
57 {1} Great fortal 3ok 4 {2} laters] resiatad batter
/> ﬁ‘! } Fromdal %ok 4- {2) dorssl 1eaisted battar

7 (1) Fromtal Jow crunch 4 {3k fromtsd boy

shouldar ab-addpction

2% {1} Horizontsl shomider ab-edduction + {2} horzontal prass-pull 4

{8} hormonts] shouldsr ab-adduction

4 (1]} Bhow fexdon-mdension 4 {2} arma press-pull 4 {8} obow

frecdoneaxtanaion

= {1} Prontal kiok < (2} doras! sesistad batbar 4 (3} fontal kick
5% 1) Graat fontsd kick 4 {2 letars] resisted batter 4 {8} grest fontal Xick
& {1} Fronted top-crnch (2} frontal jow cranch 4 {3) frontsd fop crmch

iqus press-pall
varfical preas-pull

: craneh
1% {1} Verfical shouldar shaddnotion + 4 vertice] prasapull - (3} werbicsd

W MR OIRDEAEA0SRGIN

[

Foet frdaresd batwien saty! B0 sasonds.

‘Fables 3 and 4 show the dfects cavsed by the PARP an
mussenlar Smess and global BC, stating the baseline walos and
final absolute change affer comparing the inital vale with
that ohtained affer the & weeks of tmining Addifionalbe,
Figures | and % show theindividog! valoes ofthe AEG for the

The PARF Id to signiﬁmnt imparmven:x-:nm in bioth the
nrsdmum strength of the npper Imbs and in the poweer of
the bower mbe (Table 3). Thz: P"xRP alset led tor significant
ereases in fat-free muss ([Table 4 and emmy/hip ciroamfer-
ence [Fable 51 In addidon, the PARP significantly redueed
Jacal fat in the shdamind and pectord region [Table 5)
together with oversll fit mass [Table 4} there belng a
s:gmﬁmnﬂ » positive carrelation fn the AEG between, weight
increase and redvefion af hody fat nuase [ = 0.61Y Bowever,
the PARP did not Jead toany m-adiﬁmti:;a_: af lower-limb BCL

Enscusston

Exeept for the stody carted ont by Pédhdnen ot al. (32
analyzing the ofects camsed by a PARP with movements
porftumied with aqustis deviors on the stoegth and BC of

sroung, phiysically active wamen, there am noother sdentifiz
studies focsing on the dfects that z total-hody warkout
FARP nsing aquatic devices eould haveon ather popabitions,
especially where intensity is contralled oljectively. There-
fiwe, in the current mvestigation it was necessary to create
amethodnlogy that had been ladkingup to now. The methad
sed hxre to eontrol intensity In aguatie strength training
through: jeint control of the pace of movement and taget
pumber of repetitions B in agroement with cument
pecammerdations for contrdling trajning arginst resktarce
{29, The results highlight the fact that the PARF devcloped
was cffcetive In inercasing both strepgth and fat-fiee mass
with only & wecks of training; despite the fact: thar ther are
acuatic devdors @egilable that are more appropriate becanse
thesy are larger and mare ergonomizally desipned than those
msed in the cumrent i estigation, and sven thongh fhs subject
attrition rednoed the final statisfieal powen, which s
accounted for when making peneralizations abmx the resdts
abtzined in this investigarion.

The mesults provided by this study show a dearinencass in
the maximum streagth of upper-limb matscle groupsin young,
heslhy, physically fit men with an intermediate Jovel of
muscnlar fitnoss, Faced with: the lack of equivalent studies in
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Aaquatic Fesistanes Training

programs, eren though the
sulfects in the cument invest-
gation performed the hovzon-
tal preas-pul] during part of the

Tuare 3. Changs in svdmuay strangth

Prenfons velus k. .

Variahle Grotp and changa so{=r  {p)! {oF aquatic fraining progrem, which
: is anly modemtdy squated to
Harizant&‘i bansh fo'cy Pre 64;_3; g i«‘g 0208 0.004% the bemels press. Fhis may havo
press o) aec Cmel® Gase a0 voost Jimmited thestrength gains fn the
Chenge 4318 178 hench press test of the subjects

A Wlers] rains figh OG ‘ 2577 200 0688 in the current investigation.
—00‘1 255 However, a2 was predously
- 004 mentianzd, it s very important
Harizonts! bench Q541 tor point ot hat concentriz
o feg) musdle acfians were priovitized
0ass in the PARP, swhereasteste were
carried out thet mquired com-
Wartioal row (kg 0:235 bimed coneentric apd cocentric
4820 o018 muscl actions o evabiate the
B change i machoem strength
Souabiump: P} GG 4604.05 0.658 in the AEG. It &= peucpaly
—~88.51 accepted that gains in strenpth
KEG £471.07 G:045" shown in 4 testaregreater when

418552

the test mercisn tmining exer-

{6* = Seiiadt infigoap Sppifivaan {pff = poatas satbiisal fecgouy dolikares
Wit pagasd % tha: cboy

the aguatic madinm with which to eompame theresults in this
andysiz the resulte can anly be cazu;mmd with those from
qﬂmrprqgrarm carpizd cut on dry lapd, In which the testing
and training were done with the same exercise, The resilts
obrained with the BARP are similar to these obtained inoter
stodies meing resistance davices an dry land, althoogh: they
were applicd usiny methods and subjects with, slighty
different chamcterdstics 10 the ARG, For example, the fst
8 works of the study of Fastler ot al (19 used traditiona

tratping methods for 4 mpmﬂng maxioam. strength in the
horizaptal bendy press exercise (33 dowk™, § scts of ¥

H&4). The young men chosen were physicallyactive and had
net eanied out any specific strength training in the previous
6 months. The rdative strength of the 2 groups of men
andysrd was ¢ gnificantly hgher than st of fhe subjeets of
the SEG {192 and 1, peepectively, ve 0.85 firthe AEGY The
suhjects of the Blastler ot al. study imiprowed thelr R by
41 and A1 kr in 8 wecks (increases of 489 and 6474,
respeetively), and the ABEG subjecte fmproved by 319 kg
fan inereaee of 5.12%8), with the dryJand groups showing
respective rehtive strength improvements of § 28 and 2820

compared with an mprovement of $ HA for the AEG. Thus,
the stodies analyeed show bow the improvement in the
madmum stremgth: of the AEG in the bench press exercisofs
similar to that ehtained by those participating in diy-land

554 o) of Strenglly and Colifaning Resanl)

clsz, type of mmele action
requimd, and type of resistance
to be overeome are similan
Therefore, the mast appropri-
ate evaliation, test fir assessing
the carent prageam adapte-
tione ghould focns cxclusteely
on the concertric phase of mzdmum, dynamic streagth
(3L37% However, the effects on masimam srmngth caused
by partidpation in thiz stady were evalnated nsing cercies
of & cogmbined concentric and soccentric paure, wshg
weight equipment that is typically wsed in dry-lind programs
Althouph this s 2 possible limitation to the current
investigation. In defining the real improvements of the
pragram followed, it was neccesary because impravementz
in pusenlar fitness achicved with aqmtic exerdas programs
will noually be transferred and applisd to performanee on
dryland.

Regarding the training «ficcts an. muscalar power of the
lower limbs, the ABG showed & significant improvement of
3.48% over its initial value of 447 LT WL Althoungh cdsting
studirs have shown gt the power of the kvwer limbs &
improved by fllowing aquatic fraining programs (2597 33),
these stidies are solddy based on cari}'mg ot mlfijomp
exeretes, unlike the PARP fellemved In aur study wheee aoly
traditional opep-kinctiechain resistanes owercises wem
perfrmed The drydand studies of Comtts ot al. (133 and
Lehmlmid et al (243 can he nsed to oompars the resilts of
our PARP with their programz becawse they dlso wed the
squat-jump as theevaluation test, trained the strenpth of the
lawrer Brobs by wsing commce open—and closed-Jdnetio-chain
srrength exerclses, and at na time wsed multifpmp rmining
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T¥irnal of Strepatly and Condioning Pessardi | wewmsacernny

toc: light. Applying the Sapers

_ ) - ctdl. 34} formula to the readte
Treie 4. Change in oversll body compoaifion. of ﬂlcs;tudy showes that 1 grasp
Frendions vatss Impraved its initial valme of

Vaviabl Group  amd chemge  &B(%}  {gf {02 HB2IT W by 280, and the

ather growp imprered iteinitial
vahie of 4575464 W by 498k
The Lehmbarh] cral (24) study
veed z combined sample of
mar and women athderes who
wen:  ghen  perfarmance-
enhancing supplements. Their
training program hsted 8 weeks
ard consited of a tordl-bady
swarkout princifizing madmm,
strepgth: training for & dewk™
and wsing mutiple st As
befine, ¥ the Sayers ot 2. (34
formulz is applied, it can be
shewen that the placelo group
fmprerred its Mmitial fomp valos
of 464992 W by 186k As
previowsly  stated, the 500
imprevenent in lowerlimb
power by the AEG @ the
current stody was significant,

fozc P 0.048%
Change
Pra
Chiangs
Pra
Ghangs
Pre
Changa
Pre
Chiange
Pra
Changs
Pra
Changa
Pre
Changea

GE58
~142
B84
+1.28

B.YH
4012
10,98
—~1.32

830
00z

742
~.81
7688
~1.44
7343

803
U485
TEZ
047
B394
158
118
jetina 0]
144
1.71
078
508
158
7.88
.88

Fatfres mess {kgh

000F

AEG 0000t

Percantage of body &t {3 0875

AEG ot

Fat masa ﬁkg ] GG 0888

AEG o093

Baey waight{ig) oG 11912 0099¢

AEG 0874

()" = Sustistion) inpawoup dhoniiizancs) )7 = poatert siafEica ijseorain sigfienss
wifh e i0 e diimige.

{5 o= sonind groagy] AR w= Sotadis St Groas.

“Segitewd svdistestdllarmics {3 0.05) )y sgitfinen satnfesl llwaise (g 001

meaurces. The? grotps of subjects In the Coutts =t ol (15}
study trained for the fimst 6 weeks at & dowk™, with = tatal-
bodywarkot of 7 exercises incloding one for the lovrer Jimbs
{bardk sguat), carreing ot mokiple sats of 1-16 repetitions ot
an intensity of 55-F3.590 IR, with = I-minute rest interval.
Theload was madified when itweas perosived as oo heavyor

althergh thete were no significant differencesin power when
compared with the GG, This can. he ecplatned by the me of
oanspedfic aguatic devies soch as the fing. This materil
meodified the movement pattern of the basic frontal Md; md
great frantal kick exercises, meaning that the subjects struck
the bottem ef the swimming pool asa result of ‘the Increased
length of the Imh caused by
using this daviee. This made it
difficelt o caryy out thes exer-
cise I rechniedly carpeet fash
i while stabilizing the bady.
{Uine additional problem. of this
materil used for the lower
extremitics was that it oould
have; camsed soroz ankle joint
pain, and this fact cguld have
limited fhe Intensity; and main-
tained pedormance of e
mavements as the jaint was
subjected to significant stress.
Anathier factor that could beore
had a negative offect was the
type of test nsed, despite fal-

T

T
P posk

T T
e pasi

] T
e past

Jowing the suggestions of pre-
vious studies {37} and the fact
that the squatjump really pro-
vided evahation apprapriate %
the muscle adtion  teained,
Mowever, fthe nuwement
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mchde ty;:ac:zl PRI, varia-

3 c}c.v']tg cxtun..‘-‘iau fesst scd, i : 5 Jeas
r}z} 'as::lsaiemzrmt:a et ﬂmmﬂmnmtpattun trdimeds . g erms;the: 1mp¢’avﬁn<mt ok the .
i - 3 with those abtdined. in. aihtf dry—hmd:
' -

m ﬂj,c"amzill rcducuon i the bﬂéy fat peroentipe of
withi e enmTangr as,mx.nt"d with e

: A :
v - y ko suggcgt: that the. P‘%RP ap c-d wils qgmhmnﬂy g
gmup-w mi)jcemd crzsults cfth.. orent sra&v EppeTt: c;EE:{iwc ne ﬂ:w, r«ductxm cé‘ hcv:l‘ En, dﬁpms et ‘rmmg :
the starement that thoss BARP: nsing- agpatis’ dcvam tiuL_ Toveheed: . et -
pricritbe concentrl mazadcmm: aré offective in incressing
‘Fath srength and fatfree. mass: The Bee that this kind of
program was Fased on u:tgk:—msm 7 f5 '
Fawnred fhs very. ca.rl;, paits i fakdn s f&z} Dcsj:ate ths

ﬁlC’L‘ that c‘nz:tar}- madfﬁx:ﬁuan_ ag & hasiz factor for | mcrz:aqng\
t Whl 4 PARPW.WS ’acmg,:
nd. af PARP did
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exerckes using agquatie deviees
. shaowed s cortain tendency to-
FPravious valun vazcihar and mh‘cxli: TEERQTISE
Varisbls Group  sndchange SO ! {pF than dryland resistanee exer-
— cies with dastic hands, some
A ciropsferanca {om] &G Fe 9048 181 G142 Q0001 thing posshly camsed by the
Chengs  —040 G2 contimous pertidpation of con-
AEG Pra 3003 I8 G.000F S A e
 Chamgs 4183 (202 centriz gmscle actions and,
Ay a¥inbold, jme  Pra TA2 225 (088 presihly, by the greater mascn-
Changs  —056 102 Yar demands made on sabilving
Fra 1068 456 0085 secles i the aguatic mediom.
Ghsnge —084 196 The B 3 pres
Amomescular s {om® GG Pra 5248 BOT 0524 0.0 The PARP alsa wed 2 progres-
Changs 40,37 198 ‘SfI‘FC avedoad method based on
Pra 4731 687 00001 inerensing valume by grouping
Change 4640 189 espreises thatnot only inercwsed
Thigh cirommfsrancs [fomp { Pra 8048 Gu181 7 Y the total iovobement of the
i Crange —1.42 b m cearps bt
Pre 6957 430 0286 z‘;ﬁ‘i"‘r of musde groups h‘;
Change 4064 145 dsg Increased the dumtlon ¢
ThHigh siinfald (mm} ( Prg 1188 285 0204 the efftrt and the number of
) Chengs 4100 836 oogscde actions por session. In
C%Pm EEJE’? ABZ typical dyy-land tratning the
Fhigh muzcoler amee {om2} € Pre 20153 2528 L7 lz}a.d 13- mnztmt fou bmh the
Change: —1085% 14.80 eccentricand eancentric phases
Pra 28372 #1832 0278 of movement. Canversely, with
. Chenge 624 1384 EARP and aquatic deviees, the
Tbg-fsx:li";f internal o} i Pra 1'302_-,33 450 0280 ' mumcle actions aw predomi-
clrcumfarence jomf Change RN R wnthy cancentic fip al]l mose
. Fre 10084 597 0491 mntly wm.mmc for al] maove-
Change  —0L& 140 ments, which may  scmally
Thorsric axizmal GG Pre 11020 8468 0538 : mault in 2 higher grwth hor-
circumisrence loa Chemge  —1.42 368 meme respenss (24 Therefore,
( Pra 11764 &74 0418 this hemmanal response could
C*jf:;g& —93 040D _ have a pesitive cfect om ime
Changs  —0B2 08O ' proving BC, given the ok
Pra B77 344 006 Payed by growth homone In
Changa  —1.5] a4 the mobilization of fatty acids
Waist cicumfarencs {om} 5 Pra 8388 G288 00041 GO15F Frr use a8 25 epergy suhstrate
Chenge  —258 089 o and itemild b one afthe causes
Pra 8260 @07 G388 nded el i
Change —054 : “}"‘ ing the oD 15 regarding
Abdcmine] s¥infold () Prz 1832 872 G54 the mpoverenisin BC amang
Chenge  —0i04  1.88 the AEG. Howowr, spaxfic
C?’fa ?15-‘?-'; 742 000081 | studies showld be caded out
Chenge —217 o . . to coofimn this.
Hip creumfarence lom) ) f‘re ] 1 Ei}],gg : —. ’ U345 Body composiinn did not
' Pra 0840 430 0.048° change equally in theupper and
Changa  +15] : lovrer bady, with: oo significant
; - o] in BCeeen in {=3
) = Staisdical infragrovp Sgnlfimnos {p]” = pasiiuel sutefosd Inteegrotgs dgeileance ;jlzngcsm_ Cﬁmfg}d??{
ks peand doy S i, 'm}zam'ong’-a,.—. _‘t‘..ls,
“Shgnifiie strpfed diurasa o 2 (OS)) oty Sesifsmratsiifol dflesics (5= 001 passible that the Jocdl training
O = et griutp) ARG = aguaiic estibe grous. vohime mlied was toa low
when comipaned with that ap-
izd to the upper Imbe It is
loeated in the pector] and sbdmmingl mepion (I3 89-in it el possible that mome fime than that used in this progeam Is
sujects with croelent BC wheo only trined 2 frequency of  needed to achieve musdleadaptationsin the Jower limbs, this
3 dewk ™ Celado et al (FE) cbserved that sgpmatic resistanee not being the case far the upper Imba (B

Pactoral =hinfold (mm)
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Agueatic Resistance Trahisgy

Meverthelzeez, despite the positive offbcts that can be
provided by training programs that priodiize concentric
mascle actions, we should be cantinue with regard to thefact
that cecontriz actions do not play e major rede in PAR Fe peing
aquatic devioes, which are typical of sport and of daily lifeand
arcumally combined with eopeentric sctions in many maoter
sitmatinns. Thus, it showld be recommendsd that any gverad
neuramascdlar conditioning pragram should include dry-
land exercizes that demand such actlons brthose taking part
in 2 PARP. However, Colade 9} suggests that the fet that
mcmiric zcti:ms are minﬁnizcd and ﬁ;:ﬁning is mrriad ot
d,u-:mqn in ddﬂayed mzzsclc p::un ]cs., ;151_\ af:_n_Juz} gn:atcr
calorie consumption, apd peduced toining time. These
factyrs would Increase adherence to the programs, mutines
for finetiona] pairs that are easier o balance, and, aehasheen
shown In thiz smdy, fat-flee mass and strepgth

An important oontrbation of the current investigation is
that it offers o practiea sdution rone of the main drawhacks
of strength taining in the aquatic mvediam, which i contral
aver the intensity of work [Z31) and, sonsequently, the
peesibllity of oljectivdy qnantiffingtheresistance eed. Frior
metheds were dependent on the subjective oriteria of these
cerdsing, whe had to pedarm the exercises to ahigh specd
depending an thejr efftst perception (32,37 such methads
thereftre offered litfle control. Through quantification of the
pace o movernent per mimte, with sdjustmentstoa specifie
targeted nmmber of wepetittons scowding fr the gpecific
needs of cach expolze and esch subject, control of the
inbensity applied to rach set, exereize, and treining session
eold be maintained atall Himes, This method hus provided
tangible, ahjective, and practiesl eriteda with whidh o
moritor aquatic reshtance cwerdses. Finally, it is very
irmpertant 0 point ot that guamificetion of the Joad” fe
strength training in water using the methadology proposed
here conld allow the individnal to target any partiesky
program goal. (yperraphy, stength, muscle endummee,
powery. fn condusion, the present resplts indicate that
2 BA TP with & cadence of movement monttored and adjusted
irdividually for zach evemiszand subject ushyr 2 metroncns
produces signifieant improvements I mmscnlar strepgth,
poweer, and faifice mass and, this, seems ta be & very
efftrtire form of msistenon exemise

PRACTICAL APPIICATIONS

Asg well a2 being an effective trinhg methad for nereasing
maxinum strength and fab-fies misss, the aquatie reststance
progeam has a positive effect gn redueing body &t Az with
dr;;-lnnd exerchcs, these offects appear when the cmrent,
}:imgrcw»c program design is established, meaning that the
resitance offered by the waterin cach ofthe sets and exercises
must be contralled. I the aquatie medium, progressive mnd
wel-adapted inereasrs of the "lad” or reshtance can be
applied a5 longasthe subjects 1sc aquatie devices with which
they slrcady have been evalnated to find 2 pace af movernent

558  [dimal of Strergth and Conditinning Reszarti

per munute for each exerele that allows them o perform
a orrtain mmher of mpetifions at the imifially prescribed
percebved intensity. Hlowever, for this resoures to b valid, we
alscrmust ensure that the subjeets dlways maintain the sams
arm and lever length and the same position of the segroents
and the aqpatic deviecs that hereme the dmyp fome
Fherefore, if dmiar fndinge ame mady we are wimessing
z new fiture for strength tralning in such different fidds as
rehatilitatiog, sports performance, heglth, and assthetiss
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ABSTRACT

Colado, JC, Tella, V, Triplett, NT, and Gonzélez, LM. Effects of
a short-term aquatic resistance program on strength and body
composition in fit young men. J Strength Cond Res 23(2): 549—
559, 2009—This study was designed to analyze the effects of
a short-term periodized aquatic resistance program (PARP) on
upper-limb maximum strength, leg muscular power, and body
composition (BC) in fit young men. Twenty subjects (21.2 £
1.17 years) were randomly assigned to an exercise or control
group; 12 subjects completed the study. The aquatic exercise
group (AEG; n = 7) participated in an 8-week supervised
program of 38 d-wk™*, and the control group (CG; n = 5)
maintained their regular activites. The PARP consisted of
a total-body resistance exercise workout using aquatic devices
that increased drag force, with a cadence of movement
controlled and adjusted individually for each exercise and
subject. The volume and intensity of the program were
increased progressively. Submaximal tests were carried out
to determine the change in upper-limb maximum strength, as
well as a squatjump test to determine the change in leg
muscular power. Four skinfold sites, 6 circumference sites,
body weight, and stature were used to determine changes in
BC. A significant increase in upper-limb maximum strength and
leg muscular power was observed for the AEG. A significant
increase also was noted in the circumference and muscular
area of the arm, and there were significant decreases in
pectoral and abdominal skinfolds. Nevertheless, the circumfer-
ence, muscular area, and local fat of the lower limbs did not
change. There were no significant changes in any variables
in the CG. These results indicate that the PARP produces

Address correspondence to Juan C. Colado, juan.colado@uv.es.
23(2)/549-559

Journal of Strength and Condifioning Research
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significant improvements in muscular strength, power, and
fat-free mass and, thus, seems to be a very effective form of
resistance exercise.

onitored cadence: of movement]

& |

INTRODUCTION

oth the number of physical conditioning activities

carried out in water and the number of those

exercising have significantly increased in the

United States and Europe in recent decades.
The physiological and articular benefits offered by the specific
properties of this medium (7,38) may have promoted this
increase. These activities have traditionally been aimed at
and prescribed for those populations with some kind of
disability. However, they are currently used both to improve
the physical condition of healthy individuals who regularly
take part in recreational training (9) and as a complement
to improve the performance of athletes (5,16,25,27,33).
Although the physiological responses, effects, and benefits
offered by performing aerobic exercises in water are well
known (8,15), studies are lacking on the potential effects of
a program of resistance exercises in water (32). The absence
of methodological criteria with which to control resistance
objectively and progressively while performing these exer-
aises (30,31) may be one of the reasons for this, and as a result
this type of training has not been recommended by academic
professionals or used by practitioners.

In general terms, the same program design recommenda-
tions should be followed for the specific application of
strength training programs in water (31,36). Therefore, to
design a strength training program in the aquatic medium,
studies (6,7,9,10,12,17,23,28,30-32,36,38) have recommended
that it is essential to achieve the combined control of i) the
pace of the movement, ii) the size of the aquatic devices
that increase the drag force, iii) the length of the lever of
the limb being exercised, iv) the hydrodynamic position of the
segment mobilized and the aquatic devices used, and v) the
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performance of a targeted number of repetitions based on
the desired goal. In addition, it should be pointed out that in
all cases the individuals exercising carry out the movements
with the aquatic devices at a pace determined by a cadence of
beats per minute that has been previously identified on the
basis of the predicted targeted number of repetitions. It has
been shown that the workload in water is always similar as
long as the movement is performed at the same pace and
under the same exercise conditions (7,12). Thus, to increase
the resistance offered by the water, either the pace per minute
must be increased or the area of the aquatic device must be
increased (7). Therefore, objective critera exist with which to
quantify the progressive increase in the “load” or resistance,
marked by the proposed pace per minute and the aquatic
device used (7). The moment when neither the pace nor
correct performance can be maintained defines when
muscular actions are inadequate for the stimulus (29).

No scientific studies have examined the basic aspects of the
design of resistance programs in combination with the use of
adequate aquatic devices and the performance of movements
according to a previously evaluated pace. Although several
studies have confirmed the positive adaptations caused by
aquatic resistance exercises (3,37,39), many of them display
methodological shortcomings when it comes to controlling
the resistance generated by the exercises both immediately
and in the long term, as well as usually being applied to
untrained middle-aged or older subjects with whom it is easier
to cause certain adaptations in the early stages of strength
training programs. Therefore, to analyze the effects that an
aquatic resistance program can have on fit young men regard-
ing maximum strength, muscular power, and body compo-
sition (BC), a randomized and supervised study was carried
out for which a method was designed to adapt and control
exercise Intensity objectively. The hypothesis of the current
study was that aquatic resistance training can generate posi-
tive neuromuscular adaptations in fit men if the resistance
applied to the training movements is controlled by a specific
cadence of movement for each exercise and subject according
to the targeted number of repetitions initially prescribed.

MeTHODS

Experimental Approach to the Probiem

In accordance with the methodology proposed by Kraemer
et al. (23) for using elastic devices for strength training, in this
study a specific cadence of movement using the same aquatic
device to increase drag force was used to complete an 8- to
12-repetition maximum (RM) range with a 10-repetition
target. To this end, a cadence of movement was identified for
each subject in the aquatic exercise group (AEG) that allowed
the subject to achieve the amount of resistance needed to
maintain the targeted number of repetitions (RM zone * 2
rep) while using good technique. The subjects trained using
an acoustic metronome throughout the training program,
with each individually following the initially identified cadence
of movement for each exercise. Whenever necessary, greater
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resistance was provided by wusing a faster cadence of
movement to maintain the targeted number of repetitions.
At least 1 trained monitor was always present to corroborate
the correct application of this methodology. Muscle function
and BC were tested before and after the resistance training
program to determine its effects. All measurements and
practical procedures were always carried out by the same
researchers, all of whom had experience with this kind of trial.
All subjects were continually encouraged, and the laboratory
conditions were always the same. Pre- and posttests were
filmed, and the film was then checked to ensure the validity of
the procedures followed The study was approved by
a research commission and by the Department of Physical
Education and Sports from the University of Valencia (Spain).

Subjects

Twenty men volunteers from third-year students at the
Faculty of the Sciences of Physical Activity and Sports at the
University of Valencia (Spain) were randomly assigned into
a control group (CG; 8 subjects) and an AEG (12 subjects),
with no significant differences (p > 0.05) in any intergroup
baseline measurement. All subjects were physically active as
they performed 5.08 = 1.5 d-wk ™! of varied physical training
at moderate intensity for at least 20 minutes, and all had done
so for at least 6 months before the study. They did not
normally perform resistance exercises on dry land, and they
never had performed aguatic resistance exercises. All subjects
signed an agreement by which they committed themselves,
for the duration of the study, not to carry out any specific
physical activity for strength training in their free time, to
maintain their habitual lifestyle and eating habits, and not to
take performance-enhancing substances (after prior corrob-
oration that they never had taken these substances). The
subjects did not suffer any cardiovascular, neuromuscular,
orthopedic, or psychological disorders. All subjects: were
informed of the nature of the study before volunteering to
take part in it. To evaluate any possible interference with the
training program followed in the study, and to better
understand certain results obtained, each subject was
supplied with a diary in which he listed the type of physical
activity he had carried out during the day, his diet, his rest
periods, and his feelings during the aquatic resistance training
sessions. Finally, after the usual withdrawals and eliminations
associated with any unremunerated experimental study, the
final make-up of the groups was as follows: a) AEG: n=7,
21 % 1 years, 173.96 * 4.97 cm, 73.43 £ 7.97 kg; b) CG: =5,
214 * 1.34 years, 178.12 = 4.08 cm, 76.38 = 5.03 kg.

Body Compasition

All measurements were carried out by the same fully trained
individual under identical environmental conditions using
exactly the same instruments. A Harpenden skinfold caliper
was used to measure skinfolds, and the average of2 trials was
used exceptin the case in which the measurements differed by
more than 2.0 mam. In this case, a third measurement was
obtained, and the mean value was used The skinfolds
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measured were those of the right-hand side of the chest,
abdomen, and thigh, following the usual protocol (18). In
addition, a skinfold was taken from the brachial triceps
region of the right arm for later analysis. Body density was
calculated (21), and the value was used to determine body fat
percentage by applying the Sird formula (35) for Caucasian
men,; subsequently, fat-free mass was determined. In addition,
the circumferences of the relaxed right arm, the internal and
thoracic region at shoulder height at maximum inspiration,
the relaxed hip, and the upper thigh were measured. We also
measured fasting body weight and height using the spinal
column extension method and normal procedures for these
measurernents (18). Finally, the muscle area of the arm and
thigh were determined by using the above measurements and
applying the formulas used by Huygens et al. (20).

Procedures

It was scrupulously ensured that the correct range and tech-
nique were used for each exercise during the tests. All subjects
were required to performn a standardized warm-up. Two
measurement sessions with 48 hours of separation between
them were carxied out for both the inifial and final tests, and
there were 72 hours separating the final training session from
the first posttest evaluation. The best result for each variable
measured was taken for analysis. The intraclass correlation
coefficient was calculated from the measurements of the pre-
and posttests of the control group. For the anthropometric
and strength variables, the intraclass correlation coefficient
values for our protocols ranged between 0.87 and 0.98 and
between 0.82 and 0.87, respectively.

Mascimum Strength. The exercises chosen for the dry-land
evaluation involved the same muscle groups and working
angles exercised during the periodized aquatic resistance
program (PARP) in as similar a fashion as possible. The
exercises used and the order of evaluation were always the
same, which prevented any possible interference with per-
formance that could be a result of the order in which the
exercises were carried out. The order was as follows: a) ver-
tical row, b) horizontal bench press, ¢) horizontal bench row,
d) arm lateral raise, and e) squat-jump. Previously calibrated
standard materials were used, consisting of bars with diam-
eters of 2.5 cm and weights of 11 kg, dumbbells with diameters
of 2.5 cm and weights of 2.5 kg, weight plates with standard
features, collars, and standard supports. Subjects were famil-
iarized with each exercise, and their technique was checked
before the performance of each test. A submaximal test only
allowing a maxiroum of 6 repetitions until muscular failure
with correct technique was used (14). A submaximal test was
used because a large number of muscle groups were eval-
uated by means of different tests, and it was necessary to the
quality and validity of the tests to minimize fatigue of the
subjects. If a subject exceeded the number of repetitions, he
rested and then tried again with a higher load. The Brzycki
formula (4) was used to calculate maximal strength from the
submaximal repetitions.

Power. To identify the evolution of lower-limb muscle power,

- the static vertical jump or squat-jump test was used because

it also exclusively assesses the concentric muscle action that
characterized the PARP used in this stady. It was performed
using the recommendations of Lehmkuhl et al. (24). The
muscular power of each vertical jump was estimated by
applying the prediction equation of Sayers et al. (34).

Periodized Aquatic Resistance Training Program

Exercises. Because the subjects were not used to aquatic
resistance exercises, they were taught the correct technique
for performing them before starting the training program. The
researchers explained the exercises to the group, and each
subject then carried them out under supervision. The criteria
for correct technical performance were those described by
Colado (9), and the exercises are described in Table 1. The
temperature of the water in the swimming pool where the
training program took place was 28 * 1° C, and the depth of
immersion was always such as to allow the exercises to be
carried out in a technically correct fashion. Standard mater-
ials were used during the training program. For example, the
gloves had a projected area of 293 cm? the fins had a
projected area of 430 em?, and the boards had 2 projected
area of 874 cm® Noodles were used to maintain the hori-
zontal flotation position in the exercises training the abdom-
inal musculature.

Resistance Identification. A Wittner metronome and a digital
audio editing program were used to record a compact disc
with 12 tracks corresponding to different paces and ranging
from 46 beats per minute to 102 beats per minute. Each of the
tracks was thoroughly checked to guarantee that they did not
contain alterations to the preset pace. The subjects initially
used the aquatic devices to carry out the basic exercises
prescribed at a pace determined by a cadence of beats per
minute chosen on the basis of pilot tests and the pror
experience of the researchers. This meant that the subjects
had to match their movements to the individual beats of the
tracks recorded on the compact disc. Those subjects who
were not able to generate enough resistance from the water to
reach muscle failure with the preset number of repetitions at
the pace initially planned and without varying their technique
took arest period and then increased the pace by choosing the
next track. Similarly, the subjects for whom the pace was too
difficult to reach the prescribed number of repetitions chose
the previous track after the rest perod. This allowed them to
obtain the initial “load” after identifying the track offering the
optimal pace to be used by each subject for each of the
exercises. From then on, the “load” was adjusted to the aquatic
movement by changing the track. The subjects repeated the
process after resting for 2 hours to ensure that the track chosen
for each exercise was correct This test was carried out 48 hours
after having carried out the dry-land pretests to determine
maximum strength and muscular power. Table 1 also shows
the beats per minute (pace) most cornmonly used for each of
the basic training program exercises.
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Taste 1. Exercises used in the different cycles of the periodized aquatic resistance program {PARP).
Device -
name Exercise name Pace* Description of the joint movements ;
Gloves Horizontal shoulder H.Sh Ab/d 69 Horizontal abduction and adduction of the shoulders
ab-adduction “
Obligue shoulder 0.Sh Ab/d 69 Oblique abduction and adduction of the shoulders
3 ab-adduction 4
Vertical shoulder V.Sh Ab/d 72 Abduction and adduction of the shoulders
ab-adduction
Elbow flexion-extension Elb F/E 72 Flexion and extension of the elbows .
Boards Horizontal press-pull HP/P On a horizontal plane: flexion and extension of the 4
shoulders and elbows '
Obligue press-puli O P/P In an oblique direction: flexion and extension of the
shoulders and elbows
Vertical press-pull V P/P On a frontal plane: abduction and adduction of the
shoulders and flexion and extension of the elbows
Arms press-pull AP/P Flexion and extension of the elbows
Fins Frontal kick FK 60 Flexion and extension of the knee with a small
. supported flexion of the hip
Great frontal kick GFK 46 Flexion and extension of the knee and hip
.1 Fins and
boards  Dorsal resisted batter DRB Dorsal resisted batter with the boards in every hand
and below the body
Lateral resisted batter LRB Lateral resisted batter with the board held with the
hands over the head
Noodles Frontal top crunch FTC Frontal top crunch in horizontal position and with a
noadle in lengthwise direction
Frontal low crunch FLC Frontal low crunch in horizontal position and with a
noadle in longitudinal direction
*Cadence of movement (bpm) most typically applied to each of the basic exercises of the training program.

Training Program. One member of the research group was
always present during the training sessions to ensure that
the program was performed correctly. Training compliance
for the subjects was 95%. The exercises performed during
warm-up and cool-down were standardized to avoid any
possible interference with the aims of the study. Despite the
fact that a short-term program was used to maximize training
effects, and given that the subjects were physically active,
a periodized model for strength training was used, with a total
duration of 8 weeks, divided into 2 consecutive 3-week cycles
and a final 2-week cycle, with a frequency of 3 sessions a
week. To vary the training stimulus, the volume was modified
in each cycle by an overall increase in the sets and the
exercises. Table 2 shows the methodological criteria followed
to perform the different cycles and the exercises according
to the specific association with the technique of preexhaus-
tion overloading of agonist muscle groups. The exercises for
dynamic training of the abdominal musculature were performed
following a repetition speed of 1 second for the outward stage
and 2 seconds for the return stage to the initial position.

As mentioned previously, a very high volume was applied
in this PARP. With the use of aquatic resistance devices, all
‘movements are concentric only, such that the opposing

552  Joumal of Strength and Condifioning Research

muscles around a joint are primarily trained in the concentric
manner in each direction of joint movement, which serves to
increase the overall training volume compared with that of
dry-land training. The recovery time between sets was always
90 seconds, which is typical of the 8~ to 12-repetition range.
These rest periods, combined with the significant length of
the sessions, meant that the subjects carried out slow jogging
movements and/or slow active range-of-motion exercises of
different joints during the recovery periods to avoid the risk of
suffering from hypothermia, with some subjects even training
while wearing thin thermal garments.

Statistical Analyses

The data gathered were analyzed using the SPSS program.
The homogeneity of the dependent variables was checked
using the Levene test (5 > 0.05), and their normality was
evaluated using Kolgomorov-Smirnov statistics (5 > 0.05).
Descriptive statistics were then calculated. #Tests were used
for within-group differences, and ANOVA was used to
analyze independent (between-group) samples. All differ-
ences were accepted as statistically significant at p = 0.05 and
as very significant at p = 0.01.
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e, M,
TasLe 2. Periodized aquatic resistance program (PARP) followed in the study.
Repetitions
per set
Cycle Sets per
number Exercises and workout order exercise 1 2 3 :
1 1° Horizontal shoulder ab-adduction 3 8-12
2° Oblique shoulder ab-adduction 3 8-12
3° Vertical shoulder ab-adduction 3 8-12
4°  Elbow flexion-extension 5 8-12 g
5°  Frontal kick 5 8-12
6° Great frontal kick 5 8-12
7° Frontal top crunch 4 15
2 1 (1) Oblique shoulder ab-adduction + (2) obligue press-pull 3 8-12 15
2° (1) Vertical shoulder ab-adduction + (2) vertical press-pull 3 8-12 15
3° (1) Horizontal shoulder ab-adduction + (2) horizontal press-pull 3 8-12 15
4° (1) Elbow flexion-extension + (2) arms press-pull 5 8-12 15
5° (1) Great frontal kick + (2) lateral resisted batter 5 8-12 15
6° (1) Frontal kick + {(2) dorsal resisted batter 5 8-12 15
7° (1) Frontal low crunch + (2) frontal top crunch 4 15 15
3 1® (1) Vertical shoulder ab-adduction + (2) vertical press-pull + (3) vertical 4 8-12 15
shoulder ab-adduction
2° (1) Horizontal shoulder ab-adduction + (2) horizontal press-pull + 4 8-12 15 8-12
(8) horizontal shoulder ab-adduction
3° (1) Elbow flexion-extension + (2) arms press-pull + (3) elbow 5 8-12 15 B8-12
flexion-extension
4° (1) Frontal kick + (2) dorsal resisted batter + (3) frontal kick 5 8-12 15 B8-12
5° (1) Great frontal kick + (2) lateral resisted batter + (3) great frontal kick 5 8-12 15 8-12 ["°
6° (1) Frontal top crunch + (2) frontal low crunch + (3) frontal top crunch 5 15 15 15
Rest interval between sets: 90 seconds. {

ResuLTs

Tables 3 and 4 show the effects caused by the PARP on
muscular fitness and global BC, stating the baseline value and
final absolute change after comparing the initial value with
that obtained after the 8 weeks of training. Additionally,
Figures 1 and 2 show the individual values of the AEG for the
variables indicated.

The PARP led to significant improvements in both the
maximum strength of the upper limbs and in the power of
the lower limbs (Table 3). The PARP also led to significant
increases in fat-free mass (Table 4) and arm/hip circumfer-
ence (Table 5). In addition, the PARP significantly reduced
local fat in the abdominal and pectoral region (Table 5)
together with overall fat mass (Table 4), there being a
significantly positive correlation in the AEG between weight
increase and reduction of body fat mass (p = 0.01). However,
the PARP did notlead to any modification of lower-limb BC.

Discussion

Except for the study carried out by P6yhdnen et al (32)
analyzing the effects caused by a PARP with movements
performed with aquatic devices on the strength and BC of

young, physically active women, there are no other scientific
studies focusing on the effects that a total-body workout
PARP using aquatic devices could have on other populations,
especially where intensity is controlled objectively. There-
fore, in the current investigation it was necessary to create
amethodology that had been lacking up to now. The method
used here to control intensity in aquatic strength training
through joint control of the pace of movement and target
number of repetitions is in agreement with current
recommendations for controlling training against resistance
(29). The results highlight the fact that the PARP developed
was effective in increasing both strength and fat-free mass
with only 8 weeks of training, despite the fact that there are
aquatic devices available that are more appropriate because
they are larger and more ergonomically designed than those
used in the current investigation, and even though the subject
attriion reduced the final statistical power, which is
accounted for when making generalizations about the results
obtained in this investigation.

The results provided by this study show a clear increase in
the maximum strength of upper-limb muscle groups in young,
healthy, physically fit men with an intermediate level of
muscular fitness. Faced with the lack of equivalent studies in
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T programs, even though the
subjects in the current investi-
TasLe 3. Change in maximum strength. gation performed the horizon-
Previous value _ tal p rf:ss—p}]l.l during part of T'he
Variable Group and change SD(x (o) (p)? aquafic training program, which
is only moderately equated to
: y y eq
Horlzonta(tl< b)ench CG C}f’re 6;?12 217; 0.209 0.004+ the bench press. This may have
press (kg ange -2, . .- e
AEG  Pre 62.28 950 0.003t ];Imt;d the Strengﬂ; o the
Change +349 1.76 bench press teﬁt of the S}lb_]CCtS
Arm lateral raise (kg CG Pre 25.77 2.99 0.686 0.465 in the current investigation.
Change —0.01 2.55 However, as was previously
AEG Pre 23.74 3.37 0.044* menﬁonei j_t is very iInpOrtaIlt
Change +2.30 2.40 to point out that concentric
Horizontal bench CG Pre 69.67 5.02 0.541 0.154 ) . oritized
row (kg} Change +0.95 3.18 muscie actions were priorifize
AEG Pre 72.38  13.32 0.083* in the PARP, whereas tests were
Change +4.46 4,29 carred out that required com-
Vertical row (kg) CG Pre 44,82 2.42 0.235 0.028* bined concentric and eccentric
Change +1.44 2.1 -
AEG  Pre 4470 1091 0.018* IcnhuSde actions fo evaluate the
Change +4.88 0.35 change in maximum strength
Squat-jump (W) CG Pre  4694.95 437.54 0.6568 0.210 in the AEG. It is generally
Change —89.51 419.07 accepted that gains in strength
AEG Pre 4471.07 581.37 0.045* Shown in a test are gTCatCI' WheIl
Change +135.62 141.84 the test exercise, training exer-
(p)! = Statistical intragroup significance; (p)? = posttest statistical intergroup significance cise, type of muscle action
with regard to the change. required, and type of resistance
CG = control group; AEG = aquatic exercise group. s
*Significant statistical difference (p = 0.08); Tvery signfficant statistical difference (p = 0.01). to be overcome are sumla%‘.
Therefore, the most appropri-
ate evaluation test for assessing

the aquatic medium with which to compare the results, in this
analysis the results can only be compared with those from
other programs carried out on dry land, in which the testing
and training were done with the same exercise. The results
obtained with the PARP are similar to those obtained in other
studies using resistance devices on dry land, although they
were applied using methods and subjects with slightly
different characteristics to the AEG. For example, the first
8 weeks of the study of Hostler et al. (19) used traditional
training methods for improving maximum strength in the
horizontal bench press exercise (2-3 dwk™%, 3 sets of 7
RM). The young men chosen were physically active and had
not carried out any specific strength training in the previous
6 months. The relative strength of the 2 groups of men
analyzed was significantly higher than that of the subjects of
the AEG (1.22 and 1, respectively, vs. 0.85 for the AEG). The
subjects of the Hostler et al. study improved their IRM by
4.1 and 5.1 kg in 8 weeks (increases of 4.89 and 6.47%,
respectively), and the AEG subjects improved by 3.19 kg
(an increase of 5.12%), with the dry-land groups showing
respective relative strength improvements of 3.28 and 5.82%
compared with an improvement 0f4.70% for the AEG. Thus,
the studies analyzed show how the improvement in the
maximum strength of the AEG in the bench press exercise is
similar to that obtained by those participating in dry-land
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the cuwrent program adapta-
tions should focus exclusively
on the concentric phase of maximum dynamic strength
(32,37). However, the effects on maximum strength caused
by participation in this study were evaluated using exercises
of a combined concentric and eccentric nature, using
weight equipment that is typically used in dry-land programs
Although this is a possible limitation to the current
investigation in defining the real improvements of the
program followed, it was necessary because improvements
in muscular fitness achieved with aquatic exercise programs
will usually be transferred and applied to performance on
dry land.

Regarding the training effects on muscular power of the
lower limbs, the AEG showed a significant improvement of
3.03% over its initial value of 4471.07 W. Although existing
studies have shown that the power of the lower limbs is
improved by following aquatic training programs (25,27,33),
these studies are solely based on carrying out multijump
exercises, unlike the PARP followed in our study where only
traditional open—kinetic-chain resistance exercises were
performed. The dry-land studies of Coutts et al. (13) and
Lehmkuhl et al. (24) can be used to compare the results of
our PARP with their programs because they also used the
squat-jump as the evaluation test, trained the strength of the
lower limbs by using common open- and closed—kinetic-chain
strength exercises, and at no time used multijump training
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resources. The 2 groups of subjects in the Coutts et al. (13)
study trained for the first 6 weeks at 3 d-wk ™, with a total-
body workout of 7 exercises including one for the Jower limbs
(back squat), carrying out multiple sets of 10-16 repetitions at
an intensity of 55-73.5% IRM, with a I-minute rest interval.
The load was modified when it was perceived as too heavy or

too light Applying the Sayers
et al. (34) formula to the results
TasLe 4. Change in overall body composition. of the study shows that 1 group
Previous value improved its initial value of
Variable Group and change SDix)  (p)! 4382.12 W by 2.8%, and the
other group improved its initial
Fat-free mass (kg) CG Pre 69.58 3.03 0.043* value of 4575.64 W by 4.96%.
Change —142  0.48 The Lehmlkuh] et al. (24) study

AEG Pre  66.01 7.53 0.000% :
Change +1.28 0.47 used a combined, sample of
Percentage of body fat (%) CG Pre B.78 3.24 0.875 0.092 men and women athletes who
Change +0.12 1.58 were given performance-
AEG ChPre 1(1:’;2 12122 0.019% enhancing supplements. Their

ange —1. . . :
Fat mass (kg) CG  Pre 6.80 2.90 0.893 -0.194 raining program lasted 8 weeks
Change —0.02 1.44 and conmst‘ed of a total-body
AEG  Pre 742 1.71  0.023* workout prioritizing maximum
Change -0.91 0.79 strength training for 3 d-wk™!
Body weight(kg) CG ChPre 71622 152:93 0.112 0.029* and using multiple sets. As
ange —1. . :
AEG  Pre 7343 7.98 0.374 before, if the Sayers et al. (34)
Change +0.37 0.88 formula is applied, it can be
shown that the placebo group
'th(p)1 = gtfﬁ?;ical I’i’ntragmup significance; (p)* = posttest statistical intergroup significance improved its initial jump value
with regard to the change.

CG = control group; AEG = aquatic exercise group. of 4_642'22 W by 15%. As
*Significant statistical difference (p = 0.05); tvery significant statistical difference (p = 0.01). previously stated, the 3.0%
improvement in lower-imb
power by the AEG in the

carrent study was significant,

although there were no significant differences in power when
compared with the CG. This can be explained by the use of
nonspecific aquatic devices such as the fins. This material
modified the movement pattern of the basic frontal kick and
great frontal kick exercises, meaning that the subjects struck
the bottom of the swimming pool as a result of the increased

length of the limb caused by

using this device. This made it

difficult to carry out the exer-

80 4 ok 404 *_ 1004 = 70 - ’*
_% 35 go: < 60 - /.
70 s ] A 80—/ 50} A;A
1 » 30

RS

o 804 304
] / 20 ?';g 50- c/o zo: V/V

: l ) ! ]

40 15 405 105

cise in technically correct fash-

60007 — | ion while stabilizing the body.
1 "~} One additional problem of this
5500+ material used for the lower

extremities was that it could
..} have caused some ankle joint
l 7| pain, and this fact could have

| limited the intensity, and main-

4200 | 270 tained perforrmance of the
4000 — movements as the joint was

i subjected to significant stress.
2500 J o> Another factor that could have

~| had a negative effect was the

0 E : type of test used, despite fol-
pite fo

"1 lowing the suggestions of pre-

vious studies (37) and the fact
that the squat-jump really pro--
vided evaluation appropriate to
the muscle acton trained.
However, the

movement
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include typical program varia-

bles aimed at favoring muscle
hypertrophy, such as the rest

interval and the number of
repetitions performed, the large
number of sets per muscle
group, the use of preexhaustion
methods, the weekly training
frequency, and the anabolic
environment usually created
by programs combining these
aspects that also involve many
large muscle groups.

Although the diet was not
manipulated, the subjects agreed
not to change their dietary
practices and filled in daily
questionnaires during the dura-

tion of the study to reduce any
confounding effects with the
PARP, as was the case with
previous studies (37). These

pattern and the type of strength trained showed significant

- differences. These limiting factors were not present in the
Péyhonen et al. (32) study because Hydro-tone boots were
used. These devices do not prevent correct execution of the
exercise and do not overload the ankle joint. They also have
a greater surface area that allows them to generate greater
drag force. The leg extension test used by P&yhonen et al.
(32) was also better suited to the movement pattemn trained.
It is therefore likely that the limitations of the present
investigation contributed to the lack of intergroup differences
and the absence of change in the BC of the thigh segment.
Thus, there is a need to carry out further studies in which
these factors are taken into account, allowing future PARPs
to be designed and evaluated more precisely.

One other important factor that should be highlighted is
the fact that no relevant eccentric muscle actions have
appeared in PARPs carried out using aquatic devices (31,32),
which has created questions as to whether aquatic resistance
programs can result in increases in strength and muscle mass
of young, healthy, physically active subjects. However,
physiological adaptations should result whenever the
magnitude of muscular stress generated by the muscle action
is greater than the normal level of stress to which the muscle
group is subjected. The results of the current study support
the statement that those PARPs using aquatic devices that
prioritize concentric muscle action are effective in increasing
both strength and fat-free mass. The fact that this kind of
program was based on single-joint movements has possibly
favored the very early gains in fat-free mass (32). Despite the
fact that dietary modification as a basic factor for increasing
fat-free mass was not manipulated while the PARP was being
carried out, it should be noted that this kind of PARP did
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were checked every week to
ensure that their habits before starting the study had not
changed. Thus, the PARP applied led to a significant
improvement of 1.285 kg of fat-free mass in only 8 weeks.
"This increase is even more significant considering that there
was a significant reduction in physical activity (outside of the
PARP in the AEG) during the course of the semester, which
would normally lead to a reduction in fat-free mass, as was
seen in the CG. In general terms, the improvements of the
AEG are in line with those obtained in other dry-land
programs following a similar methodology, obviously except-
ing the specific aquatic applications. It has been reported that
fat-free mass increases by about 2.0 kg after 10-16 weeks of
total-body resistance training (2). In another study, Mazzett
et al. (26) submitted young trained men to a classical linear
periodized resistance training program emphasizing strength
and hypertrophy phases for 12 weeks. In this study, the initial
6822 kg of fat-free mass in the supervised group increased by
1.38 kg—an improvement of 2.02% that is very similar to the
1.95% increase in the AEG studied here.

Despite the small reduction in the body fat percentage of
the AEG, which is within the error range associated with the
determination of body fat via skinfold methods (26), the
results also suggest that the PARP applied was significantly
effective in the reducton of body fat, despite not being
designed for this purpose. The PARP involved extra
expenditure of calories that, because it was not compensated
for by an increase in the calories provided by the daily diet,
caused a negative balance that led to a slight reduction in the
fat mass of subjects with very low percentages of body fat
These results are therefore very positive because the PARP
created a stimulus that both increased muscle mass and
favored an overall reduction in fat-more specifically, that
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7 exercises using aquatic devices
‘ B showed a certain tendency to-
TasLe 5. Change in body composition by segments. wards creating greater cardio-
. vascular and metabolic response
Previous value ' D
Variable Group and change SD(x)  (p)T (p)? than dry-land resistance exer-
cises with elastic bands, some-
Arm circumference (om) CG C}Fre 38;18 (1)?; 0.142 0.000% thing possibly caused by the
ange —0. 5 : S -
AEG  Pre 8003 248 0.000% continuous participation of con
Change +1.33 0.2 centric muscle actions and,
Arm skinfold (mm) CG  Pre 7.92 2.3 00288 0589 possibly, by the greater muscu-
: Change —0.56 1.02 lar demands made on stabilizing
AEG Pre 10.63 456 0,095 muscles in ﬂ'le a_quaﬁc mediUm_
Change —0.94  1.26 The PARP also used a progres-
Arm muscular area (cm2) CG  Pre 52.48 6.27 0.524 0.000% ; Progr
Change +0.37 1.9 sive overload method based on
AEG  Pre 4711 697 0.000% increasing volume by grouping
Change 4549 1.99 exercises that not only increased
Thigh circumference (cm) CG Pre 60.48 266 0.181 the total involvement of the
AEG Ch;lge E;;% lgg 0.986 number of muscle groups but
Change +0.64 145 ’ also increased the duration of
Thigh skinfold (mm) CG Pre 11.88 2.85 0.542 the effort and the number of
Change +1.00 3.36 muscle actions per session. In
AEG ChF’re 1 g(s)g ;‘rg? 0.356 typical dry-land training, the
ange —0. . :
Thigh muscular area (cm2) CG Pre 291,63 25,28 0.185 load B constant for }?Oth the
Change —10.65 14.89 eccentric and concentric phases
AEG  Pre 28372 41.92 0.278 of movement. Conversely, with
Change +6.24 13.84 PARP and aquatic devices, the
Tho.racic lcin’ternal - CcG C}::’re 108.38 ?gg 0.2689 muscle actions are predomi-
circumference (cm ange —0 . - _
AEG  Pre 10084 537 0.121 nantly concentric for all move
Change —0.86 1,40 ments,‘ Whl(fh may actually
Thoracic external CG  Pre 11920 366 0.533 result in a higher growth hor-
circumference (cm) Change —1.12 3.68 mone response (22). Therefore,
AEG Pre 117.64 6,74 0413 this hormonal response could
Change —0.84 254 s s
Pectoral skinfold (mm) caG Pre 7.04 2.38 0.102 have' 2 posmve'eﬁ'ect on
_ _ proving BC, given the role
Change —0.52  0.50 g !
AEG  Pre 8.77 3.44 0.039* played by growth hormone in
Change —1.51 1.14 the mobilization of fatty acids
Waist circumference (cm) CcG Pre 83,88 3.89 0.004% for use as an energy substrate,
AEG ChParJ;ge ;ggg gg? 0.398 and it could be one of the causes
Change —054 124 underlying the results regarding
Abdominal skinfold (mm) CcG Pre 13.32  6.72 0.964 the improvements in BC among
Change —0.04 1.86 the AEG. However, specific
AEG C}::’re 13?; 411451% 0.009% studies should be carried out
ange —2. . nfirm th
Hip circumference (cm) CG  Pre 10006 5.25 0345 0.040* fo confirm this.
Change —1.78  3.21 Body comp<?51hon did not
AEG  Pre 96.49  4.20 0,049* change equally in the upper and
Change +1.51 1.63 lower body, with no significant
{p)! = Statistical intragroup significance; (p)* = posttest statistical intergroup significance ghznges in BCseenin the lowe‘r
with regard to the change. ody among the AEG. It is
*Significant statistical difference (p = 0.05); fvery significant statistical difference (p = 0.01). possible that the local training
CG = control group; AEG = aquatic exercise group. volume applied was too low
when compared with that ap-

plied to the upper limbs. It is

also possible that more time than that used in this program is
needed to achieve muscle adaptations in the lower limbs, this
not being the case for the upper limbs (1).

located in the pectoral and abdominal region (13.59%)—in fit
subjects with excellent BC who only trained at a frequency of
3 dewk™ Colado et al. (11) observed that aquatic resistance
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Nevertheless, despite the positive effects that can be
provided by training programs that prioritize concentric
muscle actions, we should be cautious with regard to the fact
that eccentric actions do not play a major role in PARPs using
aquatic devices, which are typical of sport and of daily life and
are usually combined with concentric actions in many motor
situations. Thus, it should be recommended that any overall
neuromuscular conditioning program should include dry-
land exercises that demand such actions for those taking part
in a PARP. However, Colado (9) suggests that the fact that
eccentric actions are minimized and training is carried out
using muscle pairs (agonist/antagonist) could favor a re-
duction in delayed muscle pain, less risk of injury, greater
calorie consumption, and reduced training time. These
factors would increase adherence to the programs, routines
for fanctional pairs that are easier to balance, and, as has been
shown in this study, fat-free mass and strength.

An important contribution of the current investigation is
that it offers a practical solution to one of the main drawbacks
of strength training in the aquatic mediwm, which is control
over the intensity of work (7,31) and, consequently, the
possibility of objectively quantifying the resistance used. Prior
methods were dependent on the subjective criteria of those
exercising, who had to perform the exercises to a high speed
depending on their effort perception (32,37); such methods
therefore offered little control. Through quantification of the
pace of movement per minute, with adjustments to a specific
targeted number of repetitions according to the specific
needs of each exercise and each subject, control of the
Intensity applied to each set, exercise, and training session
could be maintained at all imes. This method has provided
tangible, objective, and practical criteria with which to
monitor aguatic resistance exercises. Finally, it is very
important to point cut that quantification of the “load” for
strength training in water using the methodology proposed
here could allow the individual to target any particular
program goal (hypertrophy, strength, muscle endurance,
power). In conclusion, the present results indicate that
2 PARP with a cadence of movement monitored and adjusted
individually for each exercise and subject using a metronome
produces significant improvements in muscular strength,
power, and fat-free mass and, thus, seems to be a very
effective form of resistance exercise.

PRACTICAL APPLICATIONS

As well as being an effective training method for increasing
maximumn strength and fat-free mass, the aquatic resistance
program has a positive effect on reducing body fat. As with
dry-land exercises, these effects appear when the correct,
progressive program design is established, meaning that the
resistance offered by the water in each ofthe sets and exercises
must be controlled. In the aquatic medium, progressive and
well-adapted increases of the “load” or resistance can be
applied as long as the subjects use aquatic devices with which
they already have been evaluated to find 2 pace of movement

558  Jotnal of Strength and Conditioning Research

per minute for each exercise that allows them to perform
a certain pumber of repetitions at the initially prescribed
perceived intensity. However, for this resource to be valid, we
also must ensure that the subjects always maintain the same
arm and lever length and the same position of the segments
and the aquatic devices that increase the drag force.
Therefore, if similar findings are made, we are witnessing
a new future for strength training in such different fields as
rehabilitation, sports performance, health, and aesthetics.
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