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ABSTRACT

RESISTIVE FORCE SELECTION DURING BRIEF CYCLE ERGOMETER EXERCISE: IMPLICATIONS
FOR POWER ASSESSMENT IN INTERNATIONAL RUGBY UNION PLAYERS. Julien SBaker and
Bruce Davies. JEPonline 2004;7(3):68-74. The purpose of this study was to examine power vaues generated
during brief high intengity cycle ergometry exercise when the ergometer resigtive forces were derived from totd

body mass (TBM) or fat free mass (FFM). Internationa rugby union players (front row forwards; n = 8; and backs;
n =8) volunteered as subjects. Body density was caculated from the sum of skin-folds using population specific
regression procedures. Fat mass was determined from body density. Subjects were required to pedal maximally on
acycle ergometer (Monark 864) againgt randomly assigned resistive forces ranging from 70 g/lkg - 95 g/kg for a6
s period to determine optimal peak power outputs (PPO) for both the TBM and FFM protocols. PPO for backs
and forwards using the TBM protocol were 1058 + 84 Watts vs. 1293 + 144 Watts, respectively (p < 0.01) Make
auredl £ symbols are 12 font size. Using the FFM protocol the pesk power output valuesincreased (p < 0.01) Do
not itaicise this content for both groups (1163 + 100 Watts for backs vs. 1481 + 137 Waits for forwards).
Differences (p < 0.01) were aso observed between forwards and backs for cradle resistive forces and peda
revolutions (6.7 + 0.6 kg TBM vs. 6.2 + 0.5 kg FFM for backs; 8.4 + 0.6 kg TBM vs. 7.3 + 0.9 kg FFM for
forwards; 143 + 8.6 rev/min TBM vs. 147 = 5.2 rev/min FFM for backs, 137 £ 8.2 rev/min TBM vs. 147+ 5.2
rev/imin FFM for forwards). The findings of this study indicate that rugby union forwards are more powerful than
rugby union backs. Increased peak power output values observed during load optimisation procedures for FFM
demongtrate that this protocol represents a method by which greater peak power can be consistently obtained

during high intendty cycle ergometry.
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INTRODUCTION

Exercise performance in ports thet involve short burdts of intense exercise, such as sprinting or jumping, rely
predominantly on the phosphagen and glycoalytic energy systems. The ability to utilise the high-energy phosphate
stores effectively may be considered as one aspect of "power". The totd amount of energy available to perform
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work in agiven energy system is referred to as the capacity of the system (11). Individud differencesin power
production may be the result of greater muscle mass, training status or a greater proportion of fast twitch fibres that

possess higher phosphagen and glycolytic enzymatic activity (7).

The relaionship between body composition and physical fitnessis also of considerable importance in rugby football.
Optima performances during agame will anly be achieved when the fat and fat free components of body
composition are appropriate to meet the physiologica and structural demands of performance. Therefore, it is
conceivable that any physiologica measurements performed on such a group of athletes may be influenced by
differencesin body compaosition regardless of weight. For example, measurements recorded following high intensity
cycle ergometry may be highly related to individua subject fat free mass, or the mass of the muscles that perform the
test (22). The assumption has been that the relationship between total body mass (TBM) and fat free mass (FFM)
when caculating resstive forces for high intengty cycle ergometer performance is the same. However, vaiationsin
body composition between subjects may lead to spurious calculations of power output that may not be reflective of
active muscle tissue. Consequently, the aim of this study was to investigate any differences in power profiles
generated during brief high intengity cycle ergometry exercise when resistive forces were derived from TBM vs.
FFM inagroup of internationa rugby union players.

METHODS

Internationa rugby union players (n = 16) volunteered as subjects. Physiologica characterigtics of the players are
givenin Table 1. The subjects were further divided into two position categories: backs (n = 8; three scrum haves,
three outside halves and two full backs; body mass 76 + 7 kg; body fat 12 + 2 %) and front row forwards (n = 8;
three loose head props, three tight head props and two hookers; body mass 94 + 6 kg ; body fat 14 £ 2%). The
study procedures were approved by the university Ethics Committee, and before testing al subjects read and sgned
an gpproved informed consent. Prior to data collection subjects were fully habituated and familiarised to the
experimenta procedures on three occasions at the same time of day asthe actud tests (morning testing). The
experimenta design conssted of asingle blind randomised crossover design. Two rest days with no physica activity
preceded each test and subjects attended the |aboratory following a standard breakfast of toast and water. A
recovery period of one week was observed between experimental conditions. For six weeks prior to data
collection, and throughout the study, subjects refrained from additiond vitamin and dietary supplementation. No
gppreciable deviations from their normal egting habits were recorded during this period (Nutri-Check).
Terminology

Throughout the study peak power output (PPO) refers to the highest 1s value of power attained during each 6 s
sprint.

Forcevelocity test

A force velocity test was performed to determine optima resistive forces for both TBM and FFM protocols (12).
Briefly, the test congisted of six short maxima sprints (6 to 8 s) againgt randomly assigned resistive forces (70, 75,
80, 85, 90 and 95 g/kg). The resitive force that produced the highest PPO for both the TBM and FFM protocol
was considered optimal. Successive exercise bouts were separated by a5 min rest period. Care was takento
ensure that the resstive force applied to the cradle of the ergometer corresponded to the force applied at the
flywhed. Therefore, cradle resistive forces exceeding 9 kg were not used (10). A cycle ergometer (Monark 864)
was calibrated prior to data collection (5). Saddle heights were adjusted to accommodate partid knee flexion of
between 170° to 175° (with 180° denoting a Sraight leg position) during the down stroke. Feet were firmly
supported by toe clips and straps. All subjects were instructed to remain seated during the test and were verbaly
encouraged to perform maximally. All subjects performed a standardised 5-min warm up (12). Subjects were given
arolling gart a 60 rev/min for a5 s period prior to resistive force gpplication. On the command 'go’, the subjects
began to pedd maximally, the resistive force was applied, and data capture initiated. Indices of performance were
cdculated from flywhed revolutions using an inertia corrected computer program (5). Data transfer was made
possible using a mounted sensor unit and power supply attached to the fork of the ergometer in a position located
opposite the flywhed. The sampling frequency of the sensor was 18.2 Hz.
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Anthropometric Measures

Nude body mass, stature and body composition were determined using calibrated weighing scales (Seca, UK),
stadiometer (Seca, UK) and anthropometric procedures respectively. Body mass was measured to the nearest 0.1
kg and stature to 0.1 cm.  Skinfold thickness measurements were taken on the left Side of the body at the biceps,
triceps, sub-scapular and suprailiac Stes usng Harpenden callipers (standard error of measurement recorded &t the
four steswas 0.2 mm, 0.3 mm, 0.2 mm and 0.2 mm respectively). Although the authors acknowledge the
reservations in dotaining body fat estimates derived from skinfolds, recent research in our laboratory hasindicated
no sgnificant difference (p > 0.05) between body fat vaues obtained during hydrostatic weighing and skinfold
thicknesses in 20 young male volunteers. These findings are in agreement with other researchers (16). All skinfold
measurements were taken with the subjects standing in arelaxed position. Three thicknesses were taken with the
median being used as the criterion measure. Skinfold measurements were transformed into body density vaues for
rugby union players (3) and % body fat using specific equations (18). Fat free mass was calculated by subtracting
fat mass from total body mass.

Statistical procedures

Datawere examined using acomputerised statisical package (SPSS, Surrey England). Confirmation that all
dependent variables were normally distributed was assessed via repeated Kolmogorov- Smirnov tests. Changesin
selected dependent variables power outputs, pedd revolutions and resistive forces as a function of condition (TBM
vs. FFM) or as afunction of playing group (forwards vs. backs) were assessed using a 2-way mixed design
ANOVA (player group 2 levels x protocol 2 levels followed by apost hoc Tukey test). The degree of linear
relationship between variables was examined using Pearson’s corrdationd analysis.  Significance was accepted at

thep < 0.05levd. o
Table 1. Ageand physiological
characteristicsof subjects(n=16).
RESULTS

Age (yr) 21+20

Physiologica and anthropometric characteristics of the subjects are Stature (cm) 181+ 80
presented in Table 1. Mass (kg) Backs 76+70
Peak Power Output Mass (kg) Forwards 94+70
- . Fat (%) Forwards 14+ 20
Significant differences were noted between both front row forwardsand ¢ (o4) Backs 12420
backs (p < 0.01) for peak power output when the TBM and FFM Fat Mass Forwards (kg) 13+ 60

protocols were compared. The power outputs obtained were consistently  Fat Mass Backs (kg) 9+70
greater using the FFM protocol (see Figure 1). The forwards were dso

sgnificantly (p < 0.01) more powerful than the

backs independent of the protocol used. Squared 1700
correlaion coefficient values (R2) obtained
between power outputs and resistive forces for
both TBM and FFM protocols indicated that the
FFM protocol accounted for more of the variance
in performance than the TBM protocol (R2= 64%
TBM vs. R = 81% FFM for backs ; R?=56%
TBM vs. R = 72% FFM for forwards).
Resistive For ce Selection

Significant decreases (p < 0.01) in resistive forces

R TBM
1550 . FFM *

Peak Power (Watts)

were observed between forwards and backs when Backs Group Forwards

the TBM and FFM protocols were compared. The

resigtive forces used for the backs were Figure 1. Differencesin peak power gener ated between backsand
significa'ltly (p < 0101) Iighter than the forwards forwardswhen resistive for ces wer e calculated from total body

. .. mass (TBM) or fat freemass (FFM). *=p<0.05 between TBM and
independent of protocol. The FFM resistive force FFM methods; #= p<0.05 between forwards and backsfor both
sdlection used for the forwards was significantly methods.

gregter than the TBM resistive force used for the
backs (p < 0.01; see Figure 2).
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Pedal Revolutions
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Significant (p < 0.01) increasesin peda revolutions were recorded using the FFM protocol for both forwards and
backs when compared to TBM. The backs ako produced greater peda velocities (p < 0.01) than the forwards

during the TBM condition. There were no
differencesin peda revolutions recorded between
forwards or backs for the FFM exercise condition
(p > 0.05; see Figure 3).

DISCUSSION

Power profiles obtained in this study were grester
than those reported by Winter et d. (25) for male
physical education students (1007 + 135 Watts).
Higher values were a o recorded than those
outlined by Nakamura et d. (15) for agroup of
Japanese physical education students (930+ 187
Wetts). The variation in power profiles obtained
may be the result of training status and unknown
genetic factors that are independent of body mass
(17). The higher vaues obtained for front row
forwards in comparison to the backsin this sudy
may be related to the optimisation procedure, with
the higher resstive forces used for the forwardsin
both the TBM and FFM protocols. These values
may be indicative of the specific performance
demands of rugby footbal that involve frort row
forwards in intense periods of rucking, mauling and
scrummaging. The backs may possess greater
speed, but the forwards tend to concentrate on
intense strength and power orientated activities
during training, resulting in the devel opment of
greater absolute power. The smaller body mass
values combined with the playing and training
specificity of the backs may not require the same
overdl power prerequisites as the front row
forwards. The findings of this sudy confirm this
suggestion. Furthermore, recant research in our
laboratory (1) has identified a Significant upper
body contribution during the assessment of leg
power output using cycle ergometry. The upper
body may have contributed to the vaues for power
obtained for both forwards and backs, but the
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Figure 2. Differences between Forwar ds and Backswhen
resistive for ces wer e calculated from total body mass (TBM) as
opposed tofat freemass (FFM). *=p<0.05 between TBM and FFM
methods; #= p<0.05 between forwardsand backsfor both
methods.
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Figure 3. Differencesrecorded for pedal revolutionsfor
Forwardsand Backswhen resistivefor ceswer e calculated from
total body mass (TBM) and fat free mass (FFM). It isinteresting
to notethat there were no differences observed in pedal
revolutions between forwards and backsfor the FFM protocol (p >
0.05). *=p<0.05 between TBM and FFM methodsfor Backs.

relative contribution in the assessment of leg power may have been higher in the forwards. Both forwards and
backs showed increases in performance when optimised for FFM.

The vaues recorded in this study indicate that the optimisation procedure used for FFM produces lower optimal
resigtive forces resulting in higher power outputs. The higher power outputs observed are attributable to increasesin
maxima peda revolutions. These findings are in agreement with the suggestions of Wilkie (23,24) who Sated that
force should be matched to the capecity of active muscle tissue to explait fully the force- velocity relationship.
Differences in performance (p < 0.01) were observed between forwards and backs for power output, cradle
resistive forces and peda revolutions (p < 0.01). The higher power output measures obtained compared to the
TBM method, may dso underline the inconsisent muscle mass to total body meass relationship found in individud
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subjects. For example, the total fat mass measured in forwards and backs was 13 + 6 kg and 9 + 7 kg respectively.
Theresgtive force transferred to the ergometer cradle, using the TBM modd of resistive force selection includes the
fat component of body composition, and may not represent accurately the active muscle tissue utilised during
experimentd test performance. The overestimation of load results in a decrease in cadence, which has a negative
effect on the power profiles produced. In addition, the FFM protocol may represent amore finite way of externaly
loading the ergometer cradle during an optimisation protocol with smdler aosolute increases in resigtive force being
gpplied at any individua loading stage. This procedure gppears to be able identify any subtle changes in power
output asthey occur.

In this sudy, the fat component of body composition was rdaively smdl for both groups. This can be explained by
the fact that al subjects were internationa rugby players and were hedlthy and young. The differences observed for
power output may have dtered if the experimentd population had been sdlected from the undernourished, the aged
or the obese. Vanderwalle et d. (21) recorded vaues of gpproximately 125 revs/min for adult sprinters and 105
revsmin for male recregtiona runners. The values recorded in this study were higher, and these observed
differencesiillugtrate clearly the detrimentd effect on the attainable speed profile and subsequent power caculations
when loading procedures are based on TBM computations.

Correlaion of coefficient values obtained between power outputs and resistive forces for both protocols, for both
forwards and backs, indicated that the FFM method accounted for more of the variance in performance than the
TBM protocol. The significant differences found between loading procedures for TBM and FFM and the R? values
obtained suggest that the FFM protocol represents more closdly the active tissue utilised during experimenta high
intengty exercise. Asfor al force velocity relationships in humans, morphological factors contribute to force and
power measurements, and may bias or improve power profiles (21). Force velocity relationships are dso
interrelated to factors that modify longer duration performances such as the efficiency of oxygen utilisation, muscular
blood flow or percelved exertion (13).

The brief exercise period used in this study for both the TBM and FFM protocols would have resulted in minimal
oxygen consumption, therefore only smal disruptions in force vel ocity rel ationships would have occurred. Power is
the composite product of two factors (strength and speed) and can take virtualy an infinite number of vaues.
Therefore, arange of results are passible with varying contributions from both strength and speed, especialy when
the criterion is optimisation of absolute maximal power (11). Thisistrue in the present study greater power was
achieved by increasing the resistive force and by increasing the number of peda revolutions for both the TBM and
FFM protocols. With the increasing load, recruitment of more motor units with more muscle fiber per motor unit is
most important until the load becomes excessive, then an increase in the firing rate becomes the most prominent
mechanism for the development of muscular force (14). Within the range of the force velocity interrelationships,
those associated with maximised short-term power should be expected to most closdy gpproximate the maximum
single contraction as defined by the classicd force velocity curve (9). The observable inter- subject differences
recorded for TBM and FFM protocols may be rdated to individud inability to generate high levels of velocity.
There may be many reasons for this including the proportion of fast twitch fibers (type 1) in the exercisng muscle,
and differencesin physiologica and biochemical factors that relate to genetics, playing podtion and training status.
Thorstensson et al. (20) have confirmed a grester proportion of type |1 fibersin athletes engaged in activities
requiring short lived or sprint orientated power outputs.

The higher peda revolutions recorded in this sudy for FFM suggests thet this protocol facilitates a'maximisation of
contraction potentid’ that may be related to speed and is independent of fiber type when compared to TBM.
Unfortunately, because of the brief nature of exercise duration during the exercise task and maxima recovery
employed between exercise bouts, informeation relaing to fatigue profiles for either the TBM or FFM protocol was
unimpressve. Maximising power output during short duration cycle ergometry is further complicated by the circular
motion of the pedals which affects the nature of force gpplication, and increases in the degree of the skill and co-
ordination required for the given mation sequence frequency (19). However, the habituation and familiarisation
periods employed prior to data collection in this study would have minimised this problem for both protocols. In
conclusion, exigting optimisation procedures need to be reassessed if true power output is to be attained. Increased
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PPO vaues resulting from higher pedalling rates during optimisation procedures for FFM may maximise muscle
contraction dynamics. These findings are in agreement with other researchers (4, 22, 11, 6, 2,) who have recorded
smilar rdaionships to the findings observed in this sudy. Namely, that during high intengity cycle ergometry
exercise, the power profiles generated are related to the subjects FFM or to the mass of the muscles that perform
thetest. If thisistrue, the total capacity, power and relative contribution of the energy systemsinvolved during
experimenta high intengity cycle ergometer exercise may need re - evauaing.

CONCLUSIONS

Findings from this study indicate that the present loading methods used for cycle ergometry that areinclusive of
TBM underestimate significantly (p < 0.01) attainable maxima power outputsin internationa rugby union players.
Proceduresthat give redigtic vaues and rdate to the active muscle tissue utilised during this type of exercise may
need to be explored in preference to methods that include both lean and fat masses.
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