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Abstract

The aims of this study were to examine familiarization and
reliability associated with a 40-m maximal shuttle run test (40-m
MST), and to compare performance measures from the test with
those of a typical unidirectional multiple sprint running test
(UMSRT). 12 men and 4 women completed four trials of the 40-
m MST (8 x 40-m; 20 s rest periods) followed by one trial of a
UMSRT (12 x 30-m; repeated every 35 s); with seven days
between trials. All trials were conducted indoors and perform-
ance times were recorded via twin-beam photocells. Significant
between-trial differences in mean 40-m MST times were indica-
tive of learning effects between trials 1 and 2. Test-retest reli-
ability across the remaining trials as determined by coefficient
of variation (CV) and intraclass correlation coefficient (ICC)
revealed: a) very good reliability for measures of fastest and
mean shuttle time (CV = 1.1 — 1.3%; ICC = 0.91 — 0.92); b)
good reliability for measures of blood lactate (CV = 10.1 —
23.9%; ICC = 0.74 — 0.82) and ratings of perceived exertion
(CV=5.3-7.6%; ICC =0.79 — 0.84); and c) poor reliability for
measures of fatigue (CV = 38.7%; ICC = 0.59). Comparisons
between performance indices of the 40-m MST and the UMSRT
revealed significant correlations between all measures, except
pre-test blood lactate concentration (r = 0.47). Whilst the 40-m
MST does not appear to provide more information than can be
gleaned from a typical UMSRT, following the completion of a
familiarization trial, the 40-m MST provides an alternative and,
except for fatigue measures, reliable means of evaluating re-
peated sprint ability.

Key words: repeated sprint ability, intermittent, agility, multiple
sprint work.

Introduction

Tests of multiple sprint performance are becoming in-
creasingly popular as a way of evaluating the performance
capabilities of athletes involved in field and court sports.
Based on the results of several time-motion analyses,
these tests typically comprise repeated bouts (< 20) of
short (< 6 s) unidirectional sprints interspersed with rela-
tively short (< 60 s) recovery periods (Spencer et al.,
2005). However, in many sporting events, athletes are
required to beat or challenge opponents by rapidly and
repeatedly changing direction (Sheppard and Young,
2006). As such, multiple sprint tests incorporating
changes of direction would appear to provide a more
ecologically valid way of assessing the ability to excel in
various multiple sprint sports; particularly since unidirec-
tional sprints and sprints incorporating changes of direc-
tion are reported to be poorly correlated (Sheppard and
Young, 2006). One test which incorporates these charac-

teristics is the 40-m maximal shuttle run test (40-m MST)
(Baker et al., 1993).

For the 40-m MST to be used effectively as a way
of quantifying athletic ability and evaluating the effects of
various experimental interventions, it is important to
establish the reliability of the key performance outcomes
of the test. Although Baker et al. (1993) reported a test-
retest Pearson correlation coefficient of 0.86 for fastest
shuttle run time, no corresponding value was reported for
the other main performance outcome, fatigue. Moreover,
since the sample size of the study was relatively small (n
= 10), the Pearson correlation coefficient is likely to have
overestimated the true strength of the relationship (Hop-
kins, 2000). Whilst the use of an intraclass correlation
coefficient (ICC) would provide a better measure of reli-
ability, in comparison with the coefficient of variation
(CV), this approach still fails to provide an indication of
the magnitude of the variability between trials (Hopkins,
2000).

In addition to the lack of information regarding the
reliability of the 40-m MST, there are a number of factors
that are likely to impact on the reliability of the test out-
comes. First, previous research used hand timing to meas-
ure the duration of each shuttle run (Baker et al., 1993);
thereby introducing another source of biological variabil-
ity and error to the data (Moore et al., 2007). Secondly,
the procedure for determining measures of fatigue con-
flicts with the one developed by Fitzsimmons et al. (1993)
which recent research has suggested to be the most valid
and reliable in unidirectional multiple sprint tests (Glais-
ter et al., 2008). Thirdly, there has been no discussion of
possible learning effects associated with the test; an im-
portant consideration given the skill and co-ordination
required to change direction at high speed.

The aims of the present study therefore were to ad-
dress the above issues by introducing electronic timing to
the test and subsequently to: a) determine the number of
familiarization trials required to minimise the impact of
learning effects on test-retest reliability of the 40-m MST;
b) establish test-retest reliability of the key performance
outcomes and associated measures of the 40-m MST once
familiarization has occurred; and ¢) compare performance
outcomes of the 40-m MST with a typical unidirectional
test of multiple sprint running.

Methods

Subject
Sixteen physically active sport science students (men: n =
12; age 21 + 2 years, height 1.81 +0.05 m, mass 76.5 +
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Figure 1. Schematic illustration of the set-up for the 40-m maximal shuttle run test.

9.3 kg; women: n = 4; age 20 = 1 years, height 1.64 +
0.10 m, mass 61.0 = 8.5 kg) (mean + s) from a variety of
sporting backgrounds volunteered for the study, which
was approved by St Mary’s University College Ethics
Committee. Prior to testing, subjects received written and
verbal instructions regarding the nature of the investiga-
tion and completed a training history questionnaire, which
indicated that all had been actively involved in sport for
approximately 13 years and that most (n = 13) regularly
participated in some form of multiple sprint sport. Mean
times spent training and competing each week were re-
ported as 9.4 + 5.2 and 5.1 £ 5.6 hours, respectively. Prior
to commencement, all subjects completed a health-
screening questionnaire and provided written informed
consent.

Procedures

To provide sufficient data for familiarization analysis and
to improve the precision of reliability estimates, all sub-
jects first completed four trials of the 40-m MST, which
consisted of 8 x 40-m shuttles, interspersed with 20 s
recovery intervals. To enable performance in the 40-m
MST to be compared with that of a standard multiple
sprint test, subjects subsequently completed a 12 x 30-m
unidirectional multiple sprint test with sprints repeated at
35 s intervals (Glaister et al., 2007). All trials were com-
pleted at approximately the same time of day with seven
days between each trial. Subjects were instructed to avoid
food and drink in the hour before testing and to avoid
strenuous exercise and caffeine consumption 24 hours
prior to each trial.

All testing was conducted indoors on a synthetic
running surface. Prior to each multiple shuttle/sprint test,
subjects performed a standardised warm-up (approxi-
mately five-minutes) comprising 400-m of jogging (self-
selected pace), a series of sprint drills (high-knees, heel-
flicks, and walking lunges), and three practice sprints.
Following the warm-up, subjects were given five minutes
to stretch and prepare themselves for each test. For all
tests, sprints were initiated from a line 30-cm behind the
start line (to prevent false triggering of the first timing
gate) and times were recorded electronically via twin-
beam photocells (Swift Performance Equipment, Lismore,
Australia). In the 40-m MST, subjects were required to
run between two lines placed 20-m apart, with the
start/finish line (and the photocells) placed at the midpoint
of the course (Figure 1). On instruction, each subject
sprinted 10 m from the start/finish line to the end of the

course, turned 180°, sprinted 20-m to the other end of the
course, turned 180°, and sprinted 10-m back through the
start/finish line. Subjects were instructed to place at least
one foot over the line at the end of each shuttle, the ad-
herence of which was monitored to ensure full compli-
ance. In the unidirectional multiple sprint test, subjects
were required to sprint between two lines 30-m apart,
with alternate sprints performed in the opposite direction
to maximise the available recovery time. Recovery times
for both protocols were recorded using a digital stopwatch
and a 5 s countdown was provided prior to the start of
each shuttle/sprint. During each trial, subjects were ver-
bally encouraged to give a maximal effort. To provide an
indication of the anaerobic contribution to the exercise,
one minute before the start of each trial and immediately
after, capillary blood samples were drawn from a hyper-
aemised earlobe for the subsequent analysis (via an auto-
mated analyser) of blood lactate (Biosen C-Line, EKF
Diagnostic, Ebendorfer Chaussee 3, Germany). The ana-
lyser was calibrated prior to each trial in accordance with
the manufacturer’s instructions. Ratings of perceived
exertion (RPE) were recorded midway and at the end of
each trial using a 15-point scale (Borg, 1970). Fatigue
during each trial was calculated from 40-m shuttle and
30-m sprint times, respectively, using the percentage
decrement calculation (Fitzsimmons et al., 1993):

Percentage decrement calculation
Fatigue = (100 x (total sprint time + ideal sprint time)) —
100

Where total sprint time = sum of sprint times from all sprints. ldeal
time = number of sprints x fastest sprint time.

Statistical analyses

All statistical analyses were conducted using the Statisti-
cal Package for the Social Sciences (SPSS for Windows,
SPSS Inc., Chicago, IL). Measures of centrality and
spread are presented as means + standard deviation (s). To
examine the process of familiarization, differences in the
performance measures of both fastest and mean 40-m
shuttle times were evaluated with one-way repeated
measures analysis of variance (ANOVA). If significant (p
< 0.05) between-trial differences were observed, a Bon-
feronni-adjusted post-hoc analysis was used to determine
where those differences occurred. After determining the
number of trials required to limit the effects of familiari-
zation, measures of within-subject variation (CV) were
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Figure 2. Fastest and mean sprint times from four trials of a maximal shuttle run test (8 x 40-m; 20 s rest periods).

Values are presented as mean + SD.

derived from a two-way ANOVA on the remaining trials
using the procedure described by Schabort et al. (1999).
Fastest time, mean time, fatigue, blood lactate concentra-
tion, and RPE were the dependant variables in each
model, with subject identity included as a random effect
and trial number as a fixed effect. Retest correlations were
derived from the ANOVA as ICC using the method de-
scribed by Bartko (1966). Confidence limits (95%) for
CV and ICC were calculated using Chi-square, and
McGraw and Wong (1996) estimates, respectively. Com-
parisons between the dependent variables of the 40-m
MST and the 30-m multiple sprint test were performed
using Pearson Product Moment Correlations, with trial 4
of the 40-m MST used as the representative trial. Correla-
tion coefficients were interpreted in accordance with the
following scale of magnitudes as devised by Cohen
(1988): r < 0.1, trivial; 0.1 <r < 0.3, small; 0.3 <r <0.5,
moderate; r > 0.5, large.

Results

Familiarization

The pattern of responses for measures of fastest and mean
sprint time during the 40-m MST are presented in Figure
2. Whilst measures of fastest time showed no significant
difference between trials (F(345)= 0.904; p = 0.447), the
same was not true for mean time (F20299) = 9.805; p =

differences only in those contrasts that involved Trial 1.
Since learning effects influence the reliability of the per-
formance-related measures, reliability was subsequently
evaluated across trials 2 — 4.

Reliability

Reliability data for all measures are presented in Table 1.
Measures of fastest and mean sprint time showed very
good test-retest reliability as evidenced by the low coeffi-
cients of variation and high intraclass correlation coeffi-
cients. In contrast, measures of fatigue showed poor reli-
ability. Test-retest reliability for blood lactate concentra-
tion was moderate and was better for post-test measures.
Test-retest reliability for RPE was high and was greater at
Sprint 8 than at Sprint 4.

Correlations

Results from the 30-m multiple sprint test are presented in
Table 2, with results of the correlation analysis comparing
corresponding data from the 40-m MST presented in
Table 3. With the exception of pre-test measures of blood
lactate concentration, results revealed significant correla-
tions between all contrasts.

Discussion

The aims of the present study were to examine familiari-

0.001). Further analysis of mean time revealed significant ~ zation and reliability —associated with the 40-m
Table 1. Reliability data from three trials of a repeated maximal shuttle run test (8 x 40-m; 20 s rest periods).
Fastest time (s) Mean time (s) Fatigue (%) Blood lactate (mmol-L™) RPE
Pre-test Post-test Sprint 4 Sprint 8
Mean (SD) 8.69 (0.40) 9.09 (0.34) 4.66 (2.09) 3.96 (1.52) 11.61 (2.51) 14 (2) 17 (2)
CV (%) 1.3 1.1 38.7 239 10.1 7.6 53
95% CL 1.1-1.8 09-15 30.9 -51.7 19.1 -32.0 8.1-13.5 6.0 - 10.1 43-17.1
ICC 0.92 091 0.59 0.74 0.82 0.79 0.84
95% CL 0.83 - 0.97 0.82 - 0.97 0.31 -0.81 0.51 - 0.89 0.64 — 0.93 0.58-0.91 0.67-0.93

CV = coefficient of variation; CL = confidence limits; ICC = intraclass correlation coefficient.
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Table 2. Performance measures and related data from a unidirectional multiple sprint running test (12 x 30-m; re-

peated at 35 s intervals).

Fastest time =~ Mean time Fatigue Blood lactate (mmol-L™") RPE
(s) (s) (%) Pre-test Post-test Sprint 6 Sprint 12
Mean (£SD)  4.57 (0.25) 4.78 (0.23) 4.57 (232 3.59 (1.21) 9.53(2.92) 13(1) 16 (2)

RPE = rating of perceived exertion.

MST, and to compare performance and associated pa-
rameters in the test with those of a typical unidirectional
multiple sprint test. With regards to familiarization, the
results revealed evidence of learning effects between the
first two trials. In other words, performance improved
from Trial 1 to Trial 2, and remained relatively consistent
thereafter. In effect, despite the subjects being well-
trained, it appears that the demands of the test were suffi-
ciently novel to inhibit optimal performance in the first
trial. Whilst the same phenomenon could also potentially
be explained by a training effect, it is unlikely that such a
brief stimulus would be sufficient to produce the observed
response, particularly given the training background of
the subjects. Moreover, the idea of a training effect would
fail to account for the absence of any further significant
improvements in the remaining trials. Learning effects in
tests of multiple sprint work have previously been ob-
served in tests involving cycle ergometry (Capriotti et al.,
1999; Glaister et al., 2003), though not in unidirectional
sprint running (Glaister et al., 2007); the latter being ex-
plained by the competency of the subjects to perform this
type of exercise as a result of frequent exposure.

After minimising the influence of learning effects,
analysis of the remaining trials showed good test-retest
reliability for two of the key performance outcomes of the
test, namely fastest and mean time. These values are
comparable with those reported in tests of unidirectional
multiple sprint running (Fitzsimmons et al., 1993; Glaister
et al., 2007). In contrast, and in-line with previous re-
search in multiple sprint work (Fitzsimmons et al., 1993;
Glaister et al., 2007), measures of fatigue showed poor
reliability. Reasons for this anomaly have been addressed
elsewhere (Glaister et al., 2008), but in short, are probably
related to the fact that fatigue is derived, rather than
measured, from data which have their own inherent vari-
ability.

Reliability statistics for the remaining perform-
ance-related parameters of blood lactate concentration and
RPE were high when considered in context with mean
values. For example, test-retest variability of less than 1.0
mmol-L" would seem reasonable to expect from a pre-test
measure of blood lactate. Furthermore, the reliability of
blood lactate data compares well with that in unidirec-
tional multiple sprint work (Glaister et al., 2007) and, as
with measures of fastest and mean sprint time, reflects the
degree of precision with which the effects of various
experimental interventions on these measures can be
evaluated.

The final aim of the present study was to compare
the key performance indicators of the 40-m MST with
those of a typical unidirectional multiple sprint running
test. Previous research, comparing performance time in a
change of direction test with that of a unidirectional sprint
test has reported moderate to low correlations (Sheppard
and Young, 2006). In fact, in their review of the agility
literature, Sheppard and Young (2006) reported that, in
contrast to anecdotal beliefs, no evidence could be found
of a strong relationship between unidirectional sprinting
speed and change of direction sprinting speed. Whilst the
present study involved repeated bouts of maximal exer-
cise, the fact that measures of fastest shuttle/sprint time
were strongly correlated suggests that this is an issue
requiring further investigation, ideally with a larger sam-
ple size given the spread of the associated confidence
limits. Nevertheless, the fact that all measures, with the
exception of pre-test blood lactate concentration, were
strongly correlated reflects the large degree of similarity
in the overall physical and metabolic demands of the two
protocols. Indeed, even measures of fatigue were strongly
correlated, despite their poor level of reliability.

Conclusion

Tests of multiple sprint work are designed to evaluate the
attributes of speed and endurance required to excel in
multiple sprint sports. The results of the present study
show that the 40-m MST provides a relatively easy and,
except for fatigue measures, reliable way of evaluating
these attributes. Whilst the 40-m MST does not appear to
provide any more information than can otherwise be
gleaned from a typical unidirectional multiple sprint run-
ning test, it does provide practitioners and coaches with a
viable alternative, particularly when constrained by lim-
ited testing space. However, before the test can be used to
accurately evaluate the effects of various interventions, it
is important that athletes perform at least one practice trial
to minimise the influence of learning effects.
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Key points

Tests of multiple sprint performance are a popular

means of evaluating repeated sprint ability.

e Multiple sprint tests incorporating changes of direc-
tion may be more ecologically valid than unidirec-
tional protocols.

e The 40-m maximal shuttle run test is a reliable way
of evaluating repeated sprint ability following the
completion of one familiarization trial.

e The 40-m maximal shuttle run test shows no clear

advantage over a standard unidirectional multiple

sprint test.
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