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ABSTRACT

The purpose of this studyas to investigate the powkrad relationship for the jump

squat in professional rugbyaylers. 11 malparticipantgage: 25.55 3.30 years;

height: 183.09 + 6.12 cm; weight: 97.34 + 11.6]) erformed maximal effort jump

squats at preleterminedoad percentages until they reached their gepetition

maximum (1RM). Power output was testiding the 1RM protocol using ther

700 Power System (Fittech, AustraliBata was statistitly treated using a-tvay

repeated measures ANOVA, and veamlysed for peak power output (PR@pk

force (PF) and peak velogit(PV). The optimal load for PP®as found to be 10

20% 1RM but was not significantly different from-30% 1RM. It was concluded

t hat high per cenjuamgsquatlRMshowdddbe avoideéd whend ual ' s

training for PPO.

INTRODUCTION

The ability to produce maximum power is consatketo be a key factor in successful
performance across a large spectrum of sgg8ttsne et a000) Training at the load
which maximises poweasutput, otherwise known as the optimal Ipedsuggested to
be a populamethod forimprovingpeak power outgy(PPO)in athletes (Kaneko et

al 1983,Wilson et al 1993, Newton et al 1999, Baker et al 2001, Kawamori & Haff
2004, Hoffman et al 2005, Cormie et al 280Kilduff et al 2007,Thomaset al

2007).

In contrast, there exists a great deal of discrepancyantdying or determining the
value of this optimal load. Previous studies have reported greatly differing values
ranging from 0% oneepetition maximum (1RM) (Cormie et al 2007a, Cormie et al
2007b, Cormie et al 2008) to as high as 80% 1RM (Sleivert2&0dl, Kilduff et al

2007). Other studies propose a large variety of loads within this range at which peak



power is maximised, with findings ranging from-20% 1RM Kaneko et al 1983,
Wilson et al 1993, Newton et al 1996, 1997; Baker et al 2Btate etal 2003
Kawamori et al 2005Thomas et al 20Q7Accurate comparison tifiese studies is
difficult due to a multitude of discrepancies, all of which may have contributed to the
plethora of suggestezptimal loads highlightedbove.
For examplethe majoriy of studies use very diffen¢ loadranges in their testing,
butnone of these papers use a complete load range which ranges I#00LRM.
When considering that Kawamori & Haff (2004) suggest that the optimal load for
PPOcan be found usga powetload curve (Figure 1)t is plausible to suggest that
an incomplete powdpnad curve could inhibit the identification of the optimal load,
as the full range of relative loads would not be teseiéfly, the powetoad
relationship is suggested to revolmund the principle of maximal power output
being based on the balance between force and velocity output. The peak of the curve
Is where these two variables are performed at values that in combination yield the
maximum power output. Any deviation fromdtpeak is then due to either the
velocity of the movement being too high for sufficient force to be applied, or that the
load is too high leading to low velocity of movement.

***|Insert Figure 1 about here***
Studies suggest that Olympic lifts and theindaives produce the highest power
outputs in human subjects (Stone 199aff et al. 2001 and are therefore
considered to be the preferred training method to improve power production
(Kaneko et al 1983)n contrast, sme authorsupport the notion of tistic

exercisessuch as the jump squat (JS)bt&the form of training thataximises

power output. Thomas et al (2007) state

1

andOlympiest yl e exercises in the opti mal | oad



that is very important to consider when comparing previous studies as both Olympic
(Kawamori et al 2005, Kilduff et al 2007) and ballistBaker et al 2001Baker&
Newton2005,2007;Cormie et al 2007a, 20D8fts were used as experimental
exercisedo investigatd®PQ In contrast, a group of studies included both types of
exercises in their testing protocols (Cormi@le2007b2007¢ Thomas et al 2007

and subsequent analysis, rendering comparison between studies more difficult. Using
both types okxercises to investigaBPOparameters may lead to confusion as the
potential differences between the optimal loads could lead to contrasting or
conflicting training recommendations.

Baker & Newton (2007) reported that maximum power output is achieveede 2

to 5 repdtions in both the J&nd bench throw (BT) with power output dropping
significantly after 5 repetitions. Bearing in mind the importance of repetition ranges,
it is perplexing that some of the studies reviewed did not mention how many
repditions their participants completed at theigas experimental load€6rmie et

al 2007b2007¢ 2008. These studies may only have used onetitepeat each

load, which mayhave led to lower maximal power output data being recorded.
Various studies (Bker et al 2001, Hoffman et al 2005, BakeNewton 2005, 2006;
Thomas et al 2007) used a linear position transducer (LPT) to assess p@ugraout
methodChiu et al (2004) proposed as being valid. Recent publications (Dugan et al
2004, Cormie et al 20@Y have howeveryeportedevidencehat the use of a single

LPT is an invalid means of power calculation due to the absence of ground reaction
force data and the exclusion of horizontal displacement data, both of which can lead
to overestimation of powertput. Cormie eél (2007a) suggest that a foqgate

should be used in combination with a LPT to combat the inaccurate measurements

obtained with the use of one LPT on its own. Interestingly, Kilduff et al (2007)



conducted their study using only a fodatform but no LPT. The validity of this
particular method was not mentioned or examined by Cormie et al (2007a).

A collection of authors have suggested that differences in strength levels may also
contribute to differences in report€PO(Baker 2001 Stone et al 2003Kawamori

& Haff 2004, Kawamori et al 2005, Kilduff et 2D07).Most of the reviewed studies
used professional or seiprofessional athletes as their sample population (Batker

al 2001, Baker & Newton 2006, 2007; Kilduff et al 208heppad & al 200§ with
others using collegkevel (Hoffman et al 2003<awamori et al 2005Cormie et al
2007b,2007c) or comparatively untrained subjects (Baker & Newton 2005, Cormie
et al 2007a, Hori et al 2008, Cormie et al 2008). It is plausible to sutges

strength levels differed between the respective populations which may have
influenced the power outputs and conclusions obtained from the various studies.
This would also have had an effect on optimal load or training recommendations
which, dependig on the populations these were intended for, may be inaccurate.
The discrepancy regarding the optimal loadR&Ohas given rise to the theory that
the optimal load must beeterminedndividually as no universal consensus se&ns
exist Baker 2001 Kilduff et al. 200}. This premise is supported by studies which
found no significant difference between the optimal load and other experimental
loads (Baker et al 2001, Kawamori et al 2006rmie et al 2007 ilduff et al

2007) or suggest that power outjgimaximised across a range of loads (Newton et
al 1997 Baker et al 2001Sleivert et al 2002Thomas et al 2007).

Both experimental and optimal load values are typically expressed in terms of a
percentage of 1RM. Dugan et al (2004) identified thatthaner in which 1RM

values are obtained is difficult to standardise, which is supported by the assortment

of methodologies used in previous research. Many studies used 1RM values from



traditional resistance training exercises such as the squat oressho calculate
subsequent load percentages in petgsting exercises such as the bench throw (BT)

or the jJump squat (JSBéaker et al 2001, Baker & Newton 200%0ffman et al 2005,
Thomas et al 200G ormie et al 2007a, 2007b, 2007c; Cormie et al 20B&veral of

the studies used absolute load increments in their testing and expressed these loads
(along with the recorded power outputs)
(Baker et al 2001Baker & Newton 2006Cormieet al 2008. One studysed

maximal isometric strength to determine the load percentages used in{esiveg

(Clark et al 2008). Using loads and conducting analysis with values derived from

1RM bench press or squat results are potentially inappropriate due to a number of
specificity issies. Ballistic exercises such as the JS and BT are the preferred power
testing exercises due to the absence of a deceleration phase which elicits greater
power outputsNewton et al 1996, 1999These, however, are only loosely related

to exercises such #se squat or benepress due to differing kinematics, muscle
activation and velocity of movement (Dugan et al 2004). It is important tamatte

number of studieHaff et al 2005McGuigan & Winchester 2008eport that

maximal isometric strength, canonly considered as inappropriate for determining
experimental loads in dynamic exercises, is in fact highly correlated with said
exercises and “provides a strong indicat.
Winchester 2008). The contradicting reporf$ediin exercise/existence of

movement, but it is clear that more research in this area is warranted as testing
relationships, and subsequent methods of load determination, are neither agreed upon
nor standardised.

The current study has two maims



1. Toinvestigatehe powefload relationship for th@Sin professional rugby
players The experimental hypaotiis is that this relationship will follow a
bell-shaped curve similar to that proposed by Kawamori & Haff (2004).
addition, it was hypothesiseddttthe optimal load for PPO wouddcur
between 66/0% 1RM butwould not be significantly differenfrom other

experimental loads

2. Tocreate an efficient and standardised 1RM testing protocol which also

allows power output testingcross aomplete load sgctrum.

METHODS

Study Design

Each participant performed maximal effdBat predetermined loads until they
reached their 1IRM. Power testing was integrated into the 1RM testing. Collected
data wasnalysed for PP(peak force (PF) and peak velocity (PV).

Participants

11 professional male rugby players participated in this study (age: 28.3

years; height: 183.09 = 6.12 cm; weight: 97.34 + 11.61 kg; JS 1RM: 183.64 + 19.63
kg). The participants were aware of the methods and nature of the testingwaiich
integrated into their regular conditioning program by the club conditioning coaches.
All participants were experienced in strength and power training and had performed
JS in the past.

Equipment/Data Collection

The FT 700 Power System (Fittech, Austtplivas used as a performance platform
and data collection tool. The systevas connected to a laptop with the Baildist
Measurement System software (BM&jervations, Australia) andcluded a liner

position transducer (LPT),raagnetic braking unit (MBYJanda 400Seriesdrce



plate (Fittech, Australia)As highlighted in the introduction; the combined use of a
force plate and an LPT is considered a valid method to assess power output in human
participants (Cormie et al 2007a). The MBU was used as aty4pjavention

mechanism (Hori et al 2008) to unload the landing phase ofJ&adine braking

force wasapplied continuously (automatic function) and wdgusted for each load

so that a participant never landed with more than 50kg bar load. This value was
requested by the club strength & conditioning coaches.

Prior to testing, the force plate was calibrated usindB1& softwareFirst, an

unloaded plate output was recorded (Forced3. t he pl ate was unl oc¢
force” val ue waheswasddlowadtby aforcH eugptt measurement
with a load that exceeded the highest load that could feasibly be used during testing
(Force B).The combined load used was then converted into Newtons to give the
“hi gher f Imthe aurientstadivaihad the 4 heaviest participants stand on
the plate and converted their combined bodgiveinto NewtonsThe LPT was
calibrated by recording the displacement values of the bar at a top and bottom
position with a known distance between thdime samplig frequency was set at

500 Hz withsample perioglbeing 20 seconds in lengthhe total system mass
(bodyweight + bar load) was usedaihdata collection as this has been suggested to
allow for the accurate measurement of power output in knedy moverents

(Cormie et al 2007Db).

Pilot Testing

The current study used a novel testing approach which did not use maximal squat
values to determine or estimat®1RM. Instead, the use of maxim#stesting itself

was utilised in order to increase exercise dppityi and provide more valid data.



A pilot study was deemed necessary to establish a rolaglonship between an

a t h | sguateahdESstrength in order to provide a guideline for the loading

protocols used in th&Stesting. This pilot study was cad out using an

experienced Olympic lifter who was deemed to be of a similar strength level to the
strongest members of the experimental grdine results of the pilot study

suggested that a 5RM squatighly equatetb a 1IRMJSandas such tls estimatn
provided a guideline fodefining the loading protocols used in the current study
JS1RM + Power Testing

Participants reported to testing having refrained from strenuous exercise the day
before. Each participant completed a 10 minute standardygsenc warm-up as

well as movements specific to thg

Both 1RM and power testing were integrated into one protocol to increase speed and
efficiency of data collectionThe JStesting protocol was adapted from the 1RM
testing met hod o uant({@l988ddwasymodfiedtmatiow& O’ Br y
complete load spectrum to be tesfEde protocol requiregdarticipantgo perform
maximum effort JSat 3-100% of their estimated 1RM which was calculated based

on the guidelines provided by the pigitidy.As only afew participants were able to
provide individual 5RM squat values the remaining estimates were formulated by the
club strength & conditioning coaches.

Each attempt was followed by3aminute resperiod in order to allow adequate
recovery.If a participant did not reach their 1RM at the provided estimate, a load
increase of 8.0 kg was added after each further attempt and 2 minutebasstl on
suggestions made by Baechle & Earl (20@8).individual was deemed to have

reached their 1RM when their fegitl not leave the ground, which was monitored



and judgedising the reatime force plate data. Each participant was allowed one
further attempt at improving their 1RM following a 2 minute rest period.
The repetition values (Bsrp80% eeDt%Uh matt e ¢
rep > 80% estimated 1RM) at given loads were modified to strike a balance between
ensuring the detection &PO(2-5 reps according to Baker & Newton 2007) and
reducing the total volume along with potential injury riske overvew of the
loadingprotocol is presented in Table 1

***Insert Table 1 about here***
When performing the jumps, participants were instructed to apply constant
downward pressure on the barbell so it remained on their shoulders at allTtnses.
was to comht the fact that power output measurements may be inaccurate if the bar
leaves the shoulders due to LPT displacement differeAieadividuals were
instructed to treat each jump as a maximal effort and jump as explosively as
possible, with the aim to aeh maximum jumgeightin orderto maximise power
output Newton et al 1996 erbal encouragement was provided throughout testing.
The depth of the initial eccentric gimn of theJSwas not regulateds in other
studies (Cormie et al 200,7/ori et al2008. This washased orevidencewhich
suggest that trained humans automatically adjust their squat depth to allow for
maximal performance in movements that involve jumping (Bobbert et al 2008).
Statistical Analysis
Each parti ci pa nestingsprotoml}was aalgulatedoaa a percentage
of his final 1RM in order to create an individual povi@ad profile. As this gave an
array of relative | oad percentages all d

comparison and statistical analysis.kEaci ndi vi dual ' s data was

determined bands (1 band = 10% relative load). If a participant had multiple jumps
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in a given band then an average of those outputs was taklendual data was not
statisticallyanalysed

Statistical analysis &as executed using a repeated measuweaylanalysis of

variance (ANOVA). Data was analysed formality, sphercity and effect size,

along with Fvalues andheir corresponding smgficance statisticsif data was

normal and Fsignificance values were logv the designated alpHae v e | (p = O.
paired comparisons were done using the Bonfeposi hodest in order to identify
significant differences.

If data was not normal, aKrusk&la | | i s test was used al ong
corr ect i otidc procedureshneorder to sllaxalid comparisonGonnolly

2007). Unfortunately, calculating effect sizes using information from the Kruskal

Wallis test in SPS®/as not viables it is deemethappropriate (Connolly 2007

RESULTS

Group Data
An overviewof thegroup averageesults including standard deviations can be seen
in Table 2.

***Insert Table 2 about here***
PPO
Results are displayed in FigureAll data was normal and passed the sphericity test,
apart from the 3@0% 1RM bandTherefore the datequired transformation
(squarerooting) to normalise. Initial sphericity significance value did not fulfil
Mauchly test requirements so the more conservative Greenf@misger test was
usedQ. 375 = oad pefcéndage of 1IRM had a significant ef{€=50.715,
Ef fect size= 0. thiheJSpPPOwamaxintisedat@% PP O

1RM. PPO decreasedk relative loadvas ncreasedPaired comparisons found that
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PPO aB80-100% 1RM wasignificantly different to thatecordedat 1670% 1RM.
PPO at70-80% 1RM was significantly diérent from 1660% 1RM. PPO at 500%
1RM was significatly different from 1640% 1RM. No significant differense
existed between PPO at-#0% 1RM, 5070%1RM, 60-80% 1RMas well &
between 760 and 86100%1RM.

***Insert Figure 2 about here***
PF
Results are displayed in FigureC3ata was normal and passed the sphericity test.
Initial sphericity significance value did not fulfil Mauchly test requirements so the
more conservative GreenhouSeisser testwasusedl (245 Hoad. 05) .
percentage of 1RM had a significant eff e
on PF in thelS PF was maximised at 9100% 1RM.PF ncreased as relative load
was increasedPaired comparisons found that PPO aB8tand 96100% 1RMwere
significantly different from all dter loads, including each othém addition,PPO at
70-80% 1RM was significantly different from 30% 1RM and PPO &0-70%
1RM was significantly different from 360% 1RM. No significant differences
existed betwaePPO atl0-60% 1RM. PPO al0-20% 1RM was not significantly
different from loads between &D% 1RM.

***Insert Figure 3 about here***
PV
Results are displayed in FigureBlata was not normal in three bands-g1) 8690
and 90100%1RM) and could not beormalised with transformatiohoad
percentage of 1RM had a significant effect (F=60B83,< 0. 0 nihpJS&EW PV
was maximised at 220% 1RM.PV increagd as relative loadas increased?aired

comparisons showed that PV at each load was sigmifycdifferent from all other
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loads apart from 780 and 8690% 1RM which were not significantly different from
each other.

***Insert Figure 4 about here***
Individual Data
PowerVelocity
Results are displayed in FigurePower output generally increasasl movement
velocity increased

***Insert Figure 5 about here***
PowerRelative load
Results are displayed in FigureFwer output generally decreased as relative load
increased

***|Insert Figure 6 about here***
PowerForce
Results are displayed Figure 7. Power output generally decreased as force output
increased

***Insert Figure 7 about here***
DISCUSSION

The primary finding of this studyarethat PPO in the JS was achieved a0

1RM (Figure 2)and that PPO decreased as relative load incrégggde 2).

Statistical analysislid howevelindicatethe optimal load rangeotto be

significantly different fron30-40% 1RM.These findings fjectall but one othe
experimental hypotheseBF and PV data all followed similar patterns found in other
studies; where PF was maximised at the highest load percdifiggee 3)and PV

was maximised at the lowdsiad percentag@-igure 3 and 5jKawamori et al 2005,

Cormie et al 2006Kilduff et al 2007.
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The results suppoimvestigations that found no sigigiént difference between the
optimal load for PPO and other experimental loads (Baker et al 2001, Kawamori et
al 2005,Cormie et al 2007&ilduff et al 2007). In addition, the current study is in
agreement witlstudies reporting optimal load for PPO ie thS to occur at low
percentages of 1RM (Wilson et al 1993, Stone et al 2008nie et al 2007c,

Thomas et al 2007, Cormie &t2008, Sheppard et al 2008nd concgwith

previous research that has found tHaPPO decreases as external load is irsaeéa
(Dugan et al 2004Cormie et al 2007b, 20072008 Sheppard 2008A potential
explanation for the low % 1RM optimal load results could be that studies suggesting
higher % 1RM optimal load values all used LPT measurements only to determine
poweroutpu. This method is proposed to be inaccurate and causes power output to
be overestimated as mentioned by Cormie et al (2007a). As well as being inaccurate,
this method only measures power through the bar and not the feet which is
unspecific in terms of spting performanceThe importance of these findings cabn

be overstated abeycontesta plethora of popular theories, many of which provide
the foundation of numerowghleticconditioning programs.

A key theory challenged by these findings is the erist of a poweload curve as
suggested by Kawamori & Haff (20048s highlighted in the introduction, this
relationship igproposed to be a beshaped curvelased on the balance between

force and velocity produicin, with PPO beingchieved at theptimal combination

of the two. It also implies that at lower external loads movement velocity is too high
for optimal force to be produceékerefore not allowing PPO. The curretidy not

only contestshe shape of the traditional powlead curve(Figure 2)but also

opposes the fact that highle¥ outputsandtherefore lower loadsnhibit high PPO

production More spedically, it seems that PPO maximised at the load that allsw
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the highest velocity outpiFigure 5) A possible explanation for this calbe that
high-velocity movements require more Type Il muscle fibre contribution, which is
important as Type |l fibres also produce the highest power outputs (Hunter et al
2005). This concept is reinforced by the fact tl@hldPPO andPV increased as PF
decreasedTable 2 and Figure 7yvhich makes it plausible to suggésat velocity
output is in fact more important thdorce productio for achieving?PO.
Conversely, the obtained results may be explained by the fact that thelpad/er
relationship obarved in this study is ifact the second hatif the traditional curve
outlined above. In other words, PPO atZlll 1RM represents the peak of the
curve but due to the fact that this study did not investigate JS power outpenat
lower loads oin unloaded (less than bodyweight) circumstantas first half of the
curve was not displayetlinloaded jumps woultheoretically be possible in water or
with the help of mechanical assistanités feasible that power output could be
maximised at neabodywaeght loads, as the human body may simply be accustomed
to producing the optimal foreeelocity balance at a load that it most commonly
needs to work against (i.e. bodyweighfin adapted example of thisnodified
powerload curvé is illustrated in Figur@. This concephas not been mentioned
before in previous literature dmepresents a novel theory

***Insert Figure 8 about here***
Unfortunately, this study was not able to test participants over a complete range of
absolute loads (all participants omlgmpleted jumps at 20, 40, 60, 70, 80, 85, 90, 95
and 100% of their predicted 1RM along with any additional attempts if 1RM was not
reached). The testing of aroplete load range&as not possible due to time
constraints imposed by the club, which isoammon obstacle when testingth

professional athletes. This means that the trends shown in this investigation may
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have been different if all absolute loads could have been tested, and may have
allowed results analysis without the need for banding tiafaarticular, he

inclusion of bodyweight jumpsiayhave provided furthanformation towards the
existence of thémodified powerload curvé, and whether the peak tfe curve

occurs at bodyweighdr at aslightly heavier loadThis isespeciallythe cases some
studies have already suggesbedly masso be the optimal load for PPO in the JS
(Cormieet al 2007b, 2007c, 2008heppard et al 2008j.is important to note that
these studies had relatively large increments betyupeps at body mass and the
subsequent load (12% 1RM, 20kg or 25% of body mass), which leaves the
possibility that PPO in the JS could have beeximised at a load slightly higher
than body mass. This suggestion is based on the theory that slight loading would
increase the amount time an individual would have to develop power, without the
load being too heavy to interfere with velocity productioraddition, it is vital to
consider that some of these studies excluded shank mass from the overall system
mass and all power calculatis (Cormie et &007b,2007c). This was based on the
premi se t handfeét remain‘insametativédyatic psition during the

[P nitial c 0 n ¢ e nCormiect]al 2p0MGASs the sbahks ant feet areS ”
accelerated during a portiohthe JS where peak power could potentially occur (e.g.
when tle heels are raisgdst before the toes leave the ground) it sepesiliar that
this mass wasxcluded from all calculations. It is also perplexing that this mass was
accepted as being 12%lmédy mass (Piscopo & Bailey 89), a figure which would
seem likely tdbe subject to individual differences.

The JS poweload relationship investigated in the current study is novel in terms of
both how the loading parameters were establishedhani@d that testing was

performed at 100%RM. The information obtained in the initial pilot study
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permittedthe use of estimated 38engthto establish the loading protocol. This

allowed all experimental loads to be expressed as a value of the actuakexeiris

used in the testing, and not in terms of a loosely related measure (e.g. 1RM squat) as
Is practised in all papers reviewed to date. The loading protocol was not randomised,
which may have resulted in dab@ing affected by a warup effed. This wa a

necessary limitatioof the current studgs a large load range was usEdis range

included maximal loads and therefore the inevitable wapreffect was used as an

injury prevention mechanisrfrurthermoreincrementaload progression as used in
thecurrentprotocolis a key element diRM testing procedure St one & O’ Br y a
1987), as it allows detection of true maximal strength (Baechle & Earle.2008)

As mentioned in the introduction, strength levels are a crucial factor to consider

when identifyingthe optimal load for PPO. Although all participants were

professional rugby players, many participants played in different positions and as
such JS 1RM values showed considerable variance (183.64 + 19.&3ffayences

in strength are suggested to cdnite to different PPO production at different

relative loads (Stone et al 2003), which may help explain the absence of a significant
difference between PPO produced a2006 1RM and 3@10% 1RM in the current

study.

Kawamori & Haff (2004) propose that tgeneral trend in the literature shows that
studies using uppdrody exercises support the notion of lower percentages of the

1RM to be the optimal load for developing muscular power. Conversely, studies
using lowerbody exercises mostly suggested a higleecentage of the 1RM as the
optimal load. The current study does not support this trend. Notwithstanding, the
“modi fit4dapdower ve” theory would support

PPO in the BT would be maximised in unloaded condition$)eMtaking into
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consideration that the difference between upper and lower body optimal load values
suggested in previous studies can range from 2% to as much as 60%, it quickly
becomes clear that this is an important area to consider when investigaitinal opt
loading. Studies using Olympic exercises and their derivatives (e.g. power clean,
hang clean, hang pull) are difficult to include in this analysis as these exercises
utilise a combination of upper and lower body power production. Perplexingly, no
study to date has specifically investigated the difference between the upper and
lower body optimal loading for PPO. The initial aim of the current study was to
investigate the difference between optimal load values for PPO between the BT and
JS but unfortunaly vital equipment malfunctioned before the BT testing and was

not repaired in time.

An additional factor that may influence optimal load production is training
emphasis. Baker (2001) suggested that the optimal load value changes depending on
the type ottraining being performed by an athlete at a given time. Baker proposed
that optimal load values shift towards higher loads in periods of strength training
(high resistance, low velocity), and towards lower loads during training phases
placing an emphas@n speed development (low resistance, high velocity).
Unfortunately the training regime being perfornigdthe participantat the tine of
testing was not documented. De s pitist e t hi s
plausible to suggest thtte PPOvalues obtained in this study may be different from
those thatvould be producel in phases of training with a different focus.

The optimal load value suggested to b&gnificantly different between genders
(Thomas et al 2007 hey reported that the tymal load for PPO was up to ZD%

1RM higher for women than men in the JS. This has obvious implications for

existing and future research as gender differences have not been extensively
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investigated and/or mentioned, even in studies where a mixed gamdele was
investigated (Sheppard et al 2008). Interestingly, allratheewed papers apart
from three(Haff et al 2005Newtmn et al 2006 Thomas et al 20Q7sed male
participants only which highlights the need for further research into gender
differences, and means that any optimal load training recommendations may have to
be revised when used with female athletes.
Atkinson & Nevill (2001) hint on the fact that statistical significance may be missed
by some studies as the way in which data is comnyelsented (i.e. by averaging
and pooling data) can negate or mask significant differences. This has enormous
implications for existing studies as previous training recommendations may have
failed to identify the correct optimédads for PPMased purelyma lack of
statistical significance. It is proposed that the concept of an individually determined
optimal load as outlined by Kilduff et al (2007) and Baker (2001) can be extended to
include the concept of individualised statistics when investigatinggtimal load
for PPO. Not only does this allow for the establishment of an individualised power
load curve allowing easier comparison between individuals, it may also allow the
identification of statistically significant differences which would potentia#
overlooked using previous statistical analysis parameters. The use of individualised
statistics has not been attempted before in the reviewed literatuneoattt
represent a novel intervention
The current study provides the following directionsftdure research:

1) Investigation into the existence of thaodified powedoad curvé by using

unloaded testing circumstances in additiobadyweight andoaded tests
2) Further investigation of the effect of varying strength levels on PPO values

3) Furtherexamination of the differences in PPO between males and females.
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4) Investigation of the differences between optimal load values/PPO values at
different times within the season.

5) Investigation of the effect of different types of trainingged, strength,
plyometricg on the optimal load value for PPO.

6) Examination of the differensebetweerptimal loads/PPO values between
different rugby positions.

7) Investigationof the differences between the optimal load values for PPO
between lower body exercises and uppehbexercises.

8) Designing a valid individualised statistics protocol that may combat the

potentialnegation of significant differences caused by averaging results.
CONCLUSION

Power training at the optimal load for PPO is accepted to be the principal method
through which to improve maximal muscular power. The current study suggests 10
20% 1RM to be the optimal load for PPO in the@Srofessional rugby players

but the power output at this load was not shown to be significantly different to that
produced 830-40% 1RM. This impliesthat athletes could train at these different
loads whilst still attaining similar power outputs, allowing training to be customised
in order to cater to specific sporting neddsaddition, results suggest that heavy
loads shoud be avoided when training for PPEnally, when applyinghese
recommendation® other sprts, it is proposed th#he differentdemands of the

sport or disciplinde taken into considerati@sexclusivelytraining at the optimal

load for PPO may onllge of value to certain athletes and not others
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Power Output (W)

Relative Load (%)

Figure 1- The powetload curvg(Kawamori & Haff, 2004)

LOAD (% estimated 1RM) | REPETITIONS
0 (Bodyweight) 3
10 3
20 3
30 3
40 3
50 2
60 2
70 2
80 2
85 1
90 1
95 1
100 1
Load Progression After
100% of estimated 1RM: 1
5/10kg

Table 1- 1RM + Power testing loadg protocol
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Load percentage| Peak Power Peak Force (N) | Peak Velocity

1RM (%) Output (W) (m/s)
10-20 4773.0+ 898 | 2162.89 + 336.8 22+0.16
3040 3953.3+£689.1| 2237.33+£298.0 1.76+0.09
50-60 3639.7 £580.7| 2424.11 +365.6¢ 1.51+0.18
60-70 3504.6 £542.2 | 2558.92 + 383.5 1.38+0.21
70-80 3171.0 £650.6| 271133 +439.2 1.18 £ 0.26
80-90 3027.1 £520.1| 2864.34 +426.3 1.07£0.21
90-100 2789.4 £422.2| 3009.01 +423.4 0.94+0.18

Table 2- Overall group average results with standard deviations

Average Peak Power Output

7000

6000
5000

T A A
* *
4000 T T
3000 T
2000
1000
0]

10-20 30-40 50-60 60-70 70-80 80-90  90-100

.i.

Peak Power Output (W)

Relative Load {(%1RM)

Figure 2- Group average PPO at relative loads. *=significantly different from 10
70% 1RM t=significa@®wl $yRMi Afsrgnitfifcamtl}

from 1040% 1RM
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Average Peak Force

4000
3500
3000

* *
T T
2500 T I
2000
1500
1000
500
0]

10-20 30-40 50-60 60-70 70-80 80-90  90-100

A T

Peak Force (N)

Relative Load {(%1RM)

Figure 3- Group average peak force production at relative loads. *=sigriifycan
di fferent from all other }O®IRSE T=signifi

A=significant |-60%dRM ferent from 30

Average Peak Velocity

2.5

*
* * *
2.0 -
+ A
15 T T *
1.0 T
0.5 I:
00 T T T T T T T

10-20 30-40 50-60 60-70 70-80 80-90  90-100

Peak Velocity (m/s)

Relative Load {(%1RM)

Figure 4- Group average peak velocity output at relative lo&gsignificantly
di fferent from al | difeteht&am all otheartbads exeeptBOy ni f i

90% 1RM A=significantly di f-80%dRVIt fr om al
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Individual Power-Velocity Profiles
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Figure 5- Individual powesvelodty outpus

Individual Power-Relative Load Profiles
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Figure 6- Individual power outputs at relative loads
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Individual Power-Force Profiles
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Figure 7- Individual powesforce outpus

Power Output (W)

UNLOADED 0 LOADED
(Bodyweight)

Relative Load (%)

Figure 8 Example of the modified powdoad curve adapted from Kawamori &

Haff (2004)
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