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Effectiveness of explosive sprint and pedaling exercises
for physical fitness assessment of throwers
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Abstract

Introduction. The reliability of the 30-m sprint and bicycle
ergometer tests, which are widely used as an indicator of the
explosive muscle capabilities of the leg, has not been studied for
the physical fitness assessment of throwers. Aim of Study. This
study aimed to clarify whether the sprint and bicycle ergometer
tests at short operating times are useful for assessing the
competitive performance in the throwing competition. Material
and Methods. For 11 male university students, the highest
rotation speed (1, 2, 3 s each) was measured at three different
loads during a 10-yd running time and bicycle ergometer test
(1, 2, 3 s each). The relationship between the measured value
and the competitive force (IAAF score) was examined. Results.
The results can be summarized as follows: 1) no significant
correlation was found between the 10-yd sprint time and
athletic performance. 2) A positive correlation between the body
mass and the number of revolutions was found so that weight
positively affects the maximum rotational speed. 3) A positive
correlations were found between the maximum numbers
of revolutions at 3 s for each loading condition. Conclusion.
These results suggest that (1) the sprint test is unsuitable for
throwers, and (2) the maximum pedaling speed for a short
period (1.0-2.0 s) with a relatively high load (5.0 kgf) is useful.
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Introduction

or a thrower, increasing the release velocity is crucial

[2,3,6,7,9,11, 17, 18] for distance determination.
Field tests are important as events reflecting the
specificity of the sport [13]. As explosive muscle
strength is required for the thrower, field tests can be
performed as an evaluation method. Field tests have
been used almost since the 1980s [4, 12]. For instance,
backward throw [1, 10, 15, 20-23], standing long jump
and standing triple jump [8, 10, 15, 20, 21]. However,
the reliability of the 30-m sprint and bicycle ergometer
tests, widely used as an indicator of the explosive
muscle capabilities of the leg, has not been studied for
the physical fitness assessment of throwers. Although
some reports indicated that the 30-m sprint is a useful
measurement event [23], no significant association
exists with the athletic performance [20]. A useful report
for the physical fitness evaluation discussing throwing
in particular events was presented [15]; however, the
relationships presented in the report are not effective
for the physical fitness evaluation of hammer throwers
[10]. In this regard, the following two problems could
be why a unified opinion has not been obtained on the
relationship between sprint and competitive abilities.
First, whether the running time for a sprint distance of
30 m is appropriate or not is not clear for the physical
fitness assessment of throwers. Studies using distances
shorter than 30 m (20 yds, approximately 18.188 m [16])
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or long distances (100 m [15]) have been reported.
However, optimal distance has not been determined.
The second problem is the effect of the body mass of the
thrower. For a thrower, a large physique is a beneficial
factor, as well as having a great force to carry heavy
objects. Therefore, sprint tests are considered not
suitable for physical fitness evaluation because body
mass negatively affects these tests. If this is the case,
the bicycle ergometer that is not affected by body
mass may be more suitable for evaluating physical
fitness. The power ability of the bicycle ergometer is
often evaluated through two variables: the maximum
rotational speed and the maximum anaerobic power.
In the maximum rotational speed test, the maximum
rotational speed during pedaling at a lightweight load
of 1.0 kgf is measured. Alternatively, in the maximum
anaerobic power test, the maximum effort pedaling at
10 s is obtained through three sets between 60 s of rest
at three loads that are gradually increased. A significant
correlation between the athletic performance and the
power ability measured was reported using a bicycle
ergometer in the shot put [14] and the javelin throw [5].
Furthermore, conflicting results have been observed
in studies based on multi-event throwers. A study
measuring the power performance before and after the
off-season forcollege students reported thatthe maximum
anaerobic power showed a positive correlation with the
athletic performance before and after the off-season.
Moreover, the study reported that a positive correlation
existed between athletic performance and the maximum
rotational speed only before the off-season [19]. Aoki et
al. [1] suggested that no association exists between the
maximum anaerobic power and competitive ability. The
problem of testing using a bicycle ergometer was the type
of exercise because the throwing event requires assessing
the instantaneous power. However, the maximum
anaerobic power test and maximum rotational speed test
were performed for approximately 10 s. Therefore, the
characteristics of throw events require a method where
the movement ends in a shorter time.

From these points, if the operation time of the sprint
and bicycle ergometer test is set to a shorter time, it may
become a reliable test. However, no research has focused
on this regard. This study examines whether the sprint
and bicycle ergometer tests with short operating times
are useful for evaluating the athletic performance in
throwing competitions.

Aim of Study
The purpose of this study was to clarify if the sprint
and bicycle ergometer tests at short operating times are
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useful for assessing the competitive performance in the
throwing competition.

Material and Methods

Subjects

The subjects were 11 male student-athletes specialized in
throwing (age: 19.64 + 0.88 years old, height: 177.49 +
5.45 cm, weight: 92.29 + 17.24 kg), 2 in discus throws,
2 in shot puts, 3 in hammer throws, and 4 in javelin
throws. Moreover, the study considered 8 people who
had participated in nationwide scale competitions and
3 people who did not. Five out of the former throwers had
won the competition on a nationwide scale. To consider
competition standards, we adopted the best score of the
season in 2019. The competition standard was 786.00 +
50.37 points in terms of the IAAF score.

The purpose and methods of the study were explained to
the subjects. Informed written consent for the experiment
participation was obtained. Before conducting the
experiments, the Graduate School of Sports and Health
Sciences, Juntendo University, received a research ethics
review and obtained approval (No. 31-91).

Procedures and measurements

Measurement time and location

This experiment was conducted at Juntendo University
Sakura Campus. The measurements were performed in
three parts between February and March 2020.

Ten-yd sprint

An electric time gate (TCi Timing System, Brower Timing
Systems) was used to measure the 10-yd sprint time. An
electric time gate was installed at the height of 100 cm from
the floor on the start and goal lines. The participants were
prepared by setting the forefoot at the mark 30 cm behind
the start line. The time was measured with a precision
of one-hundredth of a second. The measurement was
performed twice, and the best measured time was adopted.

Maximum rotational speed in the bicycle ergometer

Power MAX VIII (Konami Sports Co., Ltd.) was used
to measure the maximum rotational speed in the bicycle
ergometer. Three types of loads were used, namely,
1, 3, and 5 kgf. Three types of motion times were set
for 1, 2, and 3 s at each load, and 9 events (1-kgf-1-s,
1-kgf-2-s, 1-kgf-3-s, 3-kgf-1-s, 3-kgf-2-s, 3-kgf-3-s,
5-kgf-1-s, 5-kgt-2-s, and 5-kgf-3-s) were measured. All
the pedaling tests started from a stationary state. The
participants were not allowed to lift their hips from
the saddle when pedaling. The measurements were
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performed randomly and separated by three days. The
data was recorded twice for each measurement.

Statistical analysis

The statistics are shown as the mean =+ standard
deviation. Pearson’s correlation coefficient was used to
test correlations between measurements. Moreover, the
risk rate was less than 5%.

Results

Ten-yd sprint

The average time of the 10-yd sprint was 1.67 = 0.13 s
(Table 1). No significant correlations were found between
the 10-yd sprint time and the IAAF scores (Figure 1).
Maximum rotational speed in the bicycle ergometer
The results of the maximum rotational speed in the
bicycle ergometer test are listed in Table 1.
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Figure 1. Correlation between the athletic performance and
the 10-yd sprint

Table 1. Results from the 10-yd sprint and maximum revolution
in the bicycle ergometer

Mean + SD Range (Min — Max)
1 2 3

10-yd, s 1.67+0.13 1.44-1.86
1-kgf-1-s, rpm 178.64 +14.20 166 —212
1-kgf-2-s, rpm 218.64 +11.05 198 —243
1-kgf-3-s, rpm 238.82 +7.67 230 - 257
3-kgf-1-s, rpm 154.64 £13.25 130 - 185
3-kgf-2-s, rpm 195.18 +12.79 198 —243
3-kgf-3-s, rpm 213.09 £ 7.37 205 -231
5-kgf-1-s, rpm 139.27 £17.62 121-179
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1 2 3
5-kgtf-2-s, rpm 178.36 £17.22 138 —206
5-kgt-3-s, rpm 194.18 + 11.52 178 —218

Note: 1-kgf-1-s indicates that subjects pedaled a cycle ergometer
with maximum effort for 1 sec at 1 kgf; 10-yd — 10 yard sprint

No significant associations were found between all
measurement items for 1 kgf and 3 kgf and the IAAF
scores (Figures 2 and 3). Conversely, significant positive
correlation was observed between the maximum
rotational speed in the bicycle ergometer and the IAAF
score in 5-kgf-1-s (r = 0.626, p < 0.05) and 5-kgf-2-s
(r=0.603, p <0.05) (Figure 4).
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Figure 2. Correlation between the athletic performance and
maximum effort at 1 kgf
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at 3 kgf

Figure 3. Correlation between the athletic performance and
maximum effort at 3 kgf
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Figure 4. Correlation between the athletic performance and

maximum effort at 5 kgf

Relationships between measured variables

The correlation coefficients between each measured
variables are listed in Table 2. Body mass and 3-kgf-
-1-s (r = 0.706, p < 0.05), 5-kgf-1-s (r = 0.668,
p <0.05), 5-kgf-2-s (r=10.612, p < 0.05), and 5-kgf-3-s
(r=10.620, p < 0.05) presented positive correlations. No

significant correlations were found between the 10-yd
sprint and any of the measurement variables.

At the maximum rotational speed in the bicycle
ergometer, correlations were observed between multiple
variables. Specifically, the highest correlation coefficients
were found between 3-kgf-3-s and 5-kgf-3-s (r = 0.924,
p < 0.01). Moreover, a positive correlations were found
between the maximum numbers of revolutions at 3 s
for each load in all combinations. Specifically the
correlations were found for 1-kgf-3 vs 3-kgf-3 (r=0.747,
p <0.01), 1-kgf-3 vs 5-kgf-3 (r=0.737, p <0.01), and
3-kgf-3 vs 5-kgf-3 (r=10.924, p < 0.01).

Discussion

In this experiment, the hypothesis that the competitive
capacities in a throwing competition can be evaluated by
setting the exercise time shorter than the sprint and bicycle
ergometer test was verified. Until now, the 30-m running test
has been used for sprint tests. The results showed that even
if the running distance is reduced to 1/3 of the 30-m running
test, approximately 10 yds, the test would not be useful
for the physical fitness assessment of throwers. Takanashi
[19] noted that body mass is the reason for the lack of
a significant correlation between the 30-m sprint time and
competitive capacities. In this experiment, the general
tendency that a positive correlation between the time and

Table 2. Correlation coefficient between the measured variables

BM 10-yd  1-kgf-1-s 1-kgf-2-s 1-kgf-3-s 3-kgf-1-s 3-kgf-2-s 3-kgf-3-s S5-kgf-1-s 5-kgf-2-s 5-kgf-3-s
IAAF Score  0.608 * 0.185 0.332 0.014 0.127 0.438 0.179 0.364 0.626 * 0.603 * 0.463
BM 0.526 0.500 0.277 0.154 0.706 * 0.479 0.428 0.668 * 0.612 * 0.620 *
10-yd 0.175 0.020 0.012 0.146 0.059 0.054 0.229 0.089 0.163
1-kgf-1-s 0.487 0.201 0.365 0.574 0.595 0.765 ** 0.463 0.563
1-kgf-2-s 0.687 * 0.002 0.855 ** 0.625 * 0.355 0.432 0.656 *
1-kgf-3-s 0.246 0.483 0.747 ** 0.071 0.389 0.737 **
3-kgf-1-s 0.288 0.093 0.420 0.367 0.350
3-kgf-2-s 0.624 * 0.661 * 0.707 * 0.724 *
3-kgf-3-s 0.515 0.753 ** (0.924 **
5-kgf-1-s 0.743 ** 0.559
5-kgf-2-s 0.785 **

Note: BM — body mass; 10-yd — 10 yard sprint; 1-kgf-1-s — maximum effort for 1 s at 1 kgf; 1-kgf-2-s — maximum effort for 2 s at 1 kgf;
1-kgf-3-s — maximum effort for 3 s at 1 kgf; 3-kgf-1-s — maximum effort for 1 s at 3 kgf; 3-kgf-2-s — maximum effort for 2 s at 3 kgf;
3-kgf-3-s — maximum effort for 3 s at 3 kgf; 5-kgf-1-s — maximum effort for 1 s at 5 kgf; 5-kgf-2-s — maximum effort for 2 s at 5 kgf;

5-kgf-3-s — maximum effort for 3 s at 5 kgf
*p<0.05, **p<0.01
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body mass of 10-yd sprints was present; however, it was
not significant (p = 0.096). Moreover, the two subjects
with the worst performance in the 10-yd runs were the
heaviest people in terms of body mass. As one of them had
multiple prizes in a nationwide competition, the sprint test
is considered as unsuitable for evaluation in the field test.
Conversely, for 3-kgf-1-s, 5-kgf-1-s, 5-kgf-2-s, and 5-kgf-
-3-s, the positive correlation between the body mass and the
number of revolutions showed that weight positively affects
the maximum rotational speed. In the relationship with the
IAAF score, a positive correlation was found between
5-kgf-1-s and 5-kgf-2-s. Nevertheless, considering that the
same relationship was not observed for 1 kgf and 3 kgf
loads and 5-kgf-3-s, a short test at 5 kgf is considered to
reflect the characteristics of the projection competition,
which requires the projection of certain heavy objects
in a very short time, rather than moving rapidly [10].
In this regard, it is interesting that the correlation
coefficient with the IAAF score was high in the following
order of 5-kgf-1-s> 5-kgf-2-s> 5-kgf-3-s. Moreover,
a physical strength element different from the test of 3 s is
required for the test of 3 s because a positive correlation
was observed between the maximum rotational speed in
the bicycle ergometer of 3 s for each load. No significant
association with the IAAF score was found regardless
of the difference in load during 3 s of pedaling.

These results suggest that the sprint test is not suitable
for event throwers. The maximum pedaling speed for
a short time (1.0-2.0 s) is useful at a relatively high load
(5 kgf). In the future, it is necessary to consider pedaling
tests with larger loads.
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