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Abstract

Objective: This study was designed to investigate the relationship between repeat sprint measures (peak sprint time, mean sprint time, fatigue
index) and predicted VO, (PVO,) calculated from the Queens College Step Test (QCT).

Methods: Eighteen recreationally active male college students (Age 20.9 years +1.5, Height 178.5cm * 6.1, Mass 77.5 kg + 9.8) volunteered to

participate in this study. Each subject completed a repeat sprint protocol on an indoor track consisting of 12 x 30-meter sprints separated by 35
seconds of passive recovery. After a minimum of 48 hours subjects returned to complete a submaximal 3-minute step test consisting of 24 steps per
minute. A recovery heart rate was recorded to calculate PVO,. Relationships between sprint data (peak sprint time, mean sprint time, fatigue index)

and PVO, were established using Pearson Product Moment Correlations (SPSS version 23.0).

Results: Statistical analysis revealed a significant negative relationship between mean sprint time and PVO, (p=0.011, R= -0.586) suggesting
that those subjects with higher aerobic ability or PVO, would also have low mean sprint times. Correlations between peak sprint time and PVO2 as
well as fatigue index and PVO, failed to show statistical significance, p= 0.052 and p= 0.120 respectively.

Conclusion: The findings of this study suggest that the QCT is a valid measure in the prediction of mean sprint ability. These results also provide
further evidence to suggest that the aerobic energy system plays a key role in maintenance of performance across multiple sprint trials.
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Introduction

Repeat sprints are the main mode of locomotion in the field and
court-based sports such as rugby, field hockey, basketball, and soc-
cer. They can be defined as repeated bouts of near maximal activity
interspersed with short recovery periods [1]. Repeat sprints are
physiologically complex due to the requirement of high-power out-
put paired with rest times that do not sufficiently allow the anaer

@ @ This work is licensed under Creative Commons Attribution 4.0 License |A]SSM.MS.ID.000523.

obic phosphocreatine (PCR) energy system to recover fully before
the subsequent sprint occurs. Previous research suggests that due
to incomplete recovery of the PCr system other metabolic resources
are upregulated to aid in ATP provision. Bogdanis et al. 1996 [2]
found after repeated 30 second Wingate sprints with 4 minutes
of recovery the anaerobic pathways did not recover completely,
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and the aerobic system contributed a significant amount of ener-
gy. Sander et al., 2017 [3] found a significant negative correlation
between repeat sprint ability (RSA) and aerobic capacity suggest-
ing that aerobic fitness is associated with faster sprint times. The
reliance on the aerobic system seems to be imperative for success
during repeated bouts of sprinting.

Assessing the ability of an athlete to perform is not a new con-
cept and in fact, is something that is often employed by coaches
to better understand the potential of a player. Player assessment
should be relatively quick, have a low risk of injury, and provide data
that can be easily interpreted. Assessing RSA can be time consum-
ing and there is a potential for musculoskeletal injury especially in
the early pre-season or with athletes that are untrained / detrained
due to the testing requirement of maximum effort. As the previous
research stated, the link between aerobic capacity and RSA is quite
strong, an assessment of aerobic capacity may be a good indicator
of RSA. Predictive aerobic tests are submaximal in nature, can be
done in a short period of time with little to no learning curve. One
such test is the Queens College Step Test (QCT) which is a validated
field test for predicting VO,  [4]. The principle behind the sub-
maximal step test is individual differences in the ability to recov-
er after exercise, specifically differences in heart rate, where more
fit, higher VO, subjects would recover faster with lower heart rates
post activity [4]. The QCT is an attractive choice for coaches due
to its simplicity, short duration, and adaptability for larger groups.

Objective

Therefore, the purpose of this study was to investigate the re-
lationship between RSA, defined as peak sprint time, mean sprint
time, and fatigue with predicted VO, as measured by the QCT.

2max
Methods

Eighteen recreationally active male college students (age 20.3
years +1.4, Height 177.9 cm * 7.33, mass 71.5 kg + 7.3) volunteered
to participate in this study. All subjects had a previous history of
playing or competing in repeat sprint-based sports and were cur-
rently free from injury that would inhibit physical performance of
the testing protocols. Prior to participation all subjects completed a
health history form, PAR-Q, and informed consent. The experimen-
tal protocol was approved by the University Institutional Review
Board for the protection of Human Subjects.

Subjects participated on 3 different testing days including fa-
miliarization, repeat sprint trials, and predictive VO testing.

2max
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Each condition was separated by a minimum of 48 hours of recov-
ery to eliminate protocol induced fatigue. The familiarization trial
consisted of subjects performing a standardized dynamic warm-up
followed by 3 max efforts 30-meter sprints. The subject’s best time
was recorded as a reference to prevent the use of pacing strategies
during the repeat sprint protocol. The repeat sprint protocol con-
sisted of 12 x 30-meter sprints interspersed with 35 seconds of
passive recovery. Subjects were instructed to run as fast as possi-
ble for each sprint, with sprint 1 and 2 having to be within 90% of
the fastest sprint recorded during familiarization. Each sprint was
recorded via electronic timing device (Brower® Infrared Timing De-
vice). Mean sprint time was calculated using the average of all 12
sprints while the percent decrement formula was used as an indica-
tion of fatigue. The percent decrement formula calculates fatigue as
follows: fatigue = (total sprint time / ideal sprint time) x 100) - 100,
ideal sprint time is peak sprint time x number of sprints and total
sprint time is the sum of all sprint trials [5]. The final testing day
required each subject to perform the QCT. The QCT is a 3-minute
step test performed with a metronome to the cadence of 24 steps
per minute. After a brief warm-up period, the subject approached
the 41.3cm step and began stepping in rhythm for 3 minutes. Upon
completion of stepping the subject was instructed to be seated so
heart rate could be assessed. Predicted VO, (PVO,) was calculat-
ed 111.33 - (0.42 x pulse rate in bpm). All statistical analyses of
the data were carried out using SPSS 23® (IBM, Armonk, NY, USA).
Relationships between sprint data (peak sprint time, mean sprint
time, fatigue index) and PVO, were established using Pearson Prod-
uct Moment Correlations. Significance was set at p< 0.05.

Results

Figure 1 depicts a trend for increasing mean sprint time across
trials; this is indicative of repeat sprints and demonstrates a normal
fatigue pattern across the 12 trials. The fastest mean sprint time of
4.28 seconds +/-.19 seconds took place in sprint 1 and the slow-
est average sprint of 4.65 seconds +/- .28 seconds took place in 11.
Also of note, the third sprint (4.37 seconds +/- .28 seconds) was
faster than the second sprint (4.38 seconds +/-.24 seconds) and the
twelfth sprint (4.62 seconds +/- .24 seconds) was faster than the
eleventh sprint (4.65 seconds +/- .28 seconds). Additional statis-
tical strength was demonstrated using Repeated Measures ANOVA
for each level of the sprint trials. The result of this analysis indicat-
ed that sprint 1, which was the fastest, was significantly different
than all other sprint trials. Establishing this data ensures subjects
did not employ pacing strategies throughout the trials.
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Figure 1: Mean Sprint Time by Trial.
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RSA was evaluated by 3 factors, peak or fastest sprint time,
mean sprint time, and total fatigue across trials. When evaluating
the relationship between peak sprint time and PVO,, the findings
of this study show an insignificant negative (R= -0.466, p= .052)

correlation between PVO, and peak sprint time. Meaning that sub-
jects with higher PVO, values tended to generate lower peak sprint
times.
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Figure 2: Peak Sprint Time.
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Similarly, statistical analysis of fatigue index and PVO, revealed
no statistically significant correlation (R=-.380, p=.120). However,
Figure 3 does show a negative trend, meaning subjects with higher
PVO,’s demonstrates lower fatigue indices. Of interest, is the range

of fatigue scores and PVO, from 1.89% to 10.73%, with correspond-
ing PVO,’s of 55.05 ml/kg/min and 39.09 ml/kg/min respectively.
These scores show relatively small, induced fatigue over the course
of 12 sprints when compared to previous literature.
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Mean sprint time defined as the average time (Sum of 12 sprint
times / 12 sprints) for completion of 1 sprint, would be suggestive
of the ability of a subject to maintain sprint times over the course of
the repeat sprint protocol. Statistical analysis for mean sprint time

and PVO, revealed a significant negative correlation (R=-0.586, p =
0.011). This suggests that a higher PVO, or aerobic capacity is sig-
nificantly related to maintenance of performance over time.
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Discussion mance after 6 weeks in recreationally active males. The implication

The results of the present study indicate a negative correlation
between peak sprint time and PVO,; even though the data was not
significantly correlated the negative trend should not be ignored.
Current data demonstrates similarities with previous research by
[3] which found a significant correlation between aerobic capacity,
peak sprint performance, and mean sprint time. Similarly, [6], found
that endurance training positively influenced repeat sprint perfor-

of peak sprint time in sport is the ability to generate high velocities
over a short period of time, in essence a single bout of high velocity
movement, although important, the concept of repeat sprint sports
is the ability to reproduce that same high velocity movement on a
consistent basis. This consistency overtime is termed mean sprint
time, in the present study sprint time did have a significant negative
relationship with PVO,, agreeing with [3,6]. Additionally, results of
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the present study are in agreement with research conducted by [7],
where the researchers investigated the relationship between VO,
and repeat sprint measures in amateur and elite soccer players.
In this study subjects completed a VO, _ test on a treadmill using
gas analysis, a 40-meter repeat sprint test as well as a VO, uptake
kinetics test on the treadmill. Multiple correlations were done be-
tween VO, and repeat sprint measures, the authors found a statisti-
cally significant negative correlation, R-value of -.45, between mean
sprint time and VO, . Interestingly, similar results were found by
[8], who studied the correlation of VO, kinetics and VO, _ to RSA.
The researchers found that VO, kinetics, which is the transitional
dynamic nature of VO, from rest to exercise as well as VO, _ are
both correlated to lower mean sprint times and lower accumulated
decreases in speed. Overall, the results shown in previous studies
are very similar to those found in the present study. This allows us
to infer that VO, ., whether predicted or laboratory tested, influ-
ences mean sprint time during repeat sprint activity.

Fatigue measures are essentially looking at overall mainte-
nance of performance much like mean sprint time, with that be-
ing said the expectations of training status would hold true where
aerobically trained subjects would have smaller fatigue indices and
the ability to maintain output over time, however the research is in-
conclusive regarding this relationship. Data from the current study
suggests that there is no significant relationship between measure-
ments of fatigue during repeated sprint activities and PVO, despite
a data trend to suggest a negative relationship [7], investigated the
relationship between VO, and fatigue index using the percent dec-
rement formula, along with other variables related to repeat sprints
in amateur and professional soccer players. The researchers found
a significant negative correlation, R-value = -.65, for measured Vo,
and fatigue index, thus indicating a moderate relationship between
the two variables which suggests that subjects with higher VO, val-
ues would exhibit less fatigue during repeat sprints. In contrast, the
findings of [9] found no statistically significant correlation between
VO, peak and RSA in basketball players. Their results indicated an
average fatigue index value of 3.4% and correlation R-value of -.32
(p=.54). It was concluded that VO, peak is not related to fatigue in-
dex or the ability to repeat sprints. The lack of statistical correlation
between fatigue index and VO, is also demonstrated by [10,11], who
studied female collegiate hockey players. The researchers assessed
VO, . aswell as RSA on the ice and found no significant correlation
(r=-.422, p >.05). Upon, additional analysis they determined that
only 17.8% of the variance in VO,  was explained by fatigue index
values thus the authors concluded that aerobic capacity has a very
small relationship with fatigue index in female hockey players. In
general, the consensus between authors involving inconsistent re-
sults between studies is related to varying rest intervals between
sprints and varying durations of sprints, this may affect fatigue
measures during repeat sprint research and provide inconsistent
data for comparison.

Conclusion

The present study investigated the relationship between pre-
dicted measures of oxygen utilization (VO,) and multiple indices
of repeat sprints such as peak sprint time, mean sprint time, and
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fatigue. The research demonstrated that subjects with higher pre-
dicted measures of VO, also had lower mean sprint times. This
result can be interpreted in that greater efficiency to utilize the
aerobic energy system (higher VO,) allowed the subjects to main-
tain sprint times throughout the entire protocol. This suggests that
mean sprint time has a significant relationship to PVO,, meaning
that players demonstrating higher PVO,’s may in fact be able to
maintain sprint speed over multiple repetitions, essentially making
them more effective players during competition.

Additionally, the current research also supports the utilization
of predictive VO, tests to assess the abilities of repeat sprint ath-
letes. The use of predictive field tests is inviting to coaches due to
the low cost, minimal equipment, and marginal time for completion
of the tests. The step test in particular was chosen because of its
submaximal nature and length of test being only 3 minutes in dura-
tion. When discussing the importance of field tests, we established
a relationship between PVO, and mean sprint time; suggesting that
the results from the QCT may be a good indicator of athletic perfor-
mance in repeat sprint-based sports.
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