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ABSTRACT

There are only few records of physical fitness data for athletes. This study aimed to explore the secular trends
in physical fitness data of student athletes and the relationship of fitness parameters with the results of
intercollegiate sports competitions. We used the physical fitness data of male students belonging to the
Juntendo University Athletics Club from 1999 to 2019. The analysed parameters were height, weight, chest
circumference, skinfold thickness, grip strength, vertical jump, sidestep, and sit and reach test. The ekiden
results were examined in relation to data on medium- and long-distance activities with reference to the
ranking. The study results suggested no difference in the skinfold thickness of the upper extremity across the
events, except for throwing events. Grip strength declined gradually in sprints, hurdles, and jumping events,
while it was high in throwing events. Vertical jump records declined over time in all events and remained at
low levels in middle- and long-distance events. Sidestep improved among males in the general population,
while it remained the same among all athletes. A relationship was found between grip strength and vertical
jump, which are indices of muscle strength and power, and competitive results obtained in middle- and long-
distance races.
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INTRODUCTION

Many studies have reported the relationship between physical fitness and performance in athletics (Loturco
et al., 2019; Nuzzo et al., 2008). Events such as sprint (Mackala et al., 2015; Loturco et al., 2015), middle-
or long-distance races (Castillo-Dominguez et al., 2021; Yamanaka et al., 2019), jumps (Zushi et al., 2020;
Inaoka et al., 1993), throws (Bouhlel et al., 2007; Terzis et al., 2007), and decathlons (Reuter et al., 2017;
Yoshioka et al., 2010) have all been considered. The results of these studies reveal a strong relationship
between fitness and athletic performance, although the parameters that show the relationship differ
depending on the type of test conducted and the athlete's specialty.

In general, data on people's physiques and physical fitness have been widely published, and changes in
physical fitness over time, as well as standard values, are well known. However, when it comes to physical
fitness data for athletes, there are few records and reports. The Juntendo University Track and Field Club is
the team with the most wins in the All Japan Intercollegiate Track and Field Championships, and since 1969,
Juntendo University has been conducting cross-sectional and longitudinal research on the physique, physical
strength, and athletic ability of students who are continuously engaged in physical training, while conducting
cumulative measurements for the purpose of accumulating data (Kohmura and Suzuki, 2018). It is rare to
find physical fitness data of university students with a focus on physical education and sports, aggregated by
grade and club activity, that have been collected continuously for more than 50 years. This makes the
collection being done by Juntendo University a rare one.

With respect to Japanese university track and field events, ekiden and intercollegiate championships are
among the most important events. The Hakone Ekiden, which is held at the beginning of the year, is
particularly popular, and 10 school representatives compete in 10 sections—5 sections each in the outward
(107.5km) and return (109.6km) trips. To demonstrate the best performance on the tracks and aim for overall
victory, it is considered important that the top-ranking players in each event, who are the source of points,
achieve good results. It is also believed that increasing the physical strength of the entire team will raise the
level of competitiveness and build a foundation for aiming for victory. Hence, although track and field is an
individual sport, it is also meaningful to conduct various studies from the perspective of the physical strength
of athletes who belong to a team.

Therefore, in this study, using the physical fitness data of students belonging to university track and field
clubs, we compared the physical fitness data of men of the same age in the general population, clarified their
characteristics, and focused on ekiden. The purpose was to examine the relationship between physical
fitness parameters and athletic performance. This study is expected to provide data on changes in physical
strength of college track and field athletes and basic information on their characteristics, as well as clarify the
relationship between physical strength and performance in major college track and field competitions. The
knowledge thus acquired will be useful for evaluating the selection of players, devising daily training regimen,
and considering tactics and strategies for games. In addition, since data on changes in the physical strength
of university track and field athletes over time will be handled, the data can be widely used as reference
materials for research in the future.

METHODS
Subjects

We used physical fitness data that were obtained from 1999 to 2019 from male students who belonged to
track and field clubs. These data were collected in cumulative measurements at Juntendo University,
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including statistical data that had already been compiled and published (Committee for Cumulative Records
on Physical Fitness, 2000~2019).

The data are the average values for each of the four grades, and the following parameters were measured
continuously for 21 years: height, weight, chest circumference, skinfold thickness (of the upper arm and
scapula), grip strength, vertical jump, sidestep, and sit and reach test. Along with that, from the statistical
data of the physical strength of non-athletic men aged 20 to 24 years, which were compiled by the
government (e-Start), common parameters (height, weight, grip strength, sidestep, and sit and reach test),
ranking of Hakone Ekiden (Hakone Ekiden official website). The scores for each block in each year's Al
Japan Intercollegiate Championships were extracted for analysis for the same year (Juntendo University
track and field official website). In the All Japan Intercollegiate Championships, points are given according to
the grades for each event, and the total score determines the overall grades of each school. In each category,
8 points are awarded for 1st place, 7 points for 2nd place, and so on, down to 1 point for 8th place. Years
that were not ranked due to some factors were excluded from the data analysed. This research was
conducted with the approval of the research ethics committee of the affiliated institution (approval number
2020-54).

Measurement of skinfold thickness and physical strength

Skinfold thickness

The subject takes a standing posture, and the examiner pinches the subject's skin. He double-pinches the
skin deep enough to include the underlying fat but not the underlying muscle. A part 2 cm from the fingertip
is measured with a meter. Measurements are taken on the right side only and recorded in mm. Two parts are
measured in this way. The skinfold of the extensor surface of the upper arm over the triceps brachii, along
the long axis of the arm, is pinched at the point that bisects the distance between the acromion and olecranon.

In the scapular region, the skinfold is pinched laterally, 45 degrees below the midline plane of the body at the
point just below the inferior angle of the right scapula.

Grip strength

The dynamometer is held so that its pointers are facing outward. The subject stands upright, opens the legs
naturally to the left and right, naturally lowers the arms, and grips the dynamometer as tightly as possible
without touching his body or clothes. The measurement is repeated twice for the right and left arms
alternately. The average of the best left and right records is calculated.

Vertical jump
Since the measurement method for vertical jump has changed after 2006, the methods used up until 2006
and from 2007 are explained.

Measurement method until 2006: Chalk is placed on the subject’s fingertips, and he lies sideways against
the wall, standing with the inner leg in contact with the line indicated by the measuring instrument and the
outer leg in contact with a line 20 cm away. The hand is extended on the side of the walll as high as possible,
and the zero point position of the measuring instrument is set on the tip of the middle finger. Both feet are
placed outside the line 20 cm apart, and the subject jumps up as high as possible on the spot, touching the
measuring instrument at the highest point.
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Measurement method from 2007: A string is fixed to the measurement belt and mat. The subject stands on
the mat, and the string is adjusted so that it is not loose. The height of the waist in the standing posture before
jumping becomes the standard 0 cm, and the subject jumps as high as possible on the spot.

The measurements obtained with both methods are recorded in cm, and the record is taken for the one that
can be performed twice.

Sidestep

A central line is drawn, and two parallel lines are drawn 100 cm on each side of the central line. The subject
stands astride the central line and at the start signal, he side steps until he crosses or touches the right line,
then returns to the central line and side steps until he crosses or touches the left line. This exercise is repeated
for 20 seconds, and 1 point is awarded for each line crossed. The test is done twice, and the better
measurement is recorded.

Sit and reach test

The subject takes a long-seated position and puts the back and buttocks against the wall. The centre of the
palm is placed on the front edge of the long-sitting flexor, and the gauge is pulled forward with both hands
while extending the elbows to straighten the back. Without letting go of the gauge, the subject slowly bends
forward and slides the entire gauge straight ahead as far as possible. The hand is released after bending
forward to the maximum. The movement distance is measured from the initial posture to the point of
maximum forward bending. The movement that can be performed twice is recorded in cm.

For grip strength, sidestep, and sit and reach test, detailed precautions were taken in accordance with the
Juntendo University physical fitness cumulative measurement method (Project Committee for Cumulative
Records on Physique and Physical Fitness, 1997; Committee for Cumulative Records on Physical Fitness,
2000).

Statistical analysis

Yearly changes in physical fitness data for each block (sprint/hurdle, medium- or long-distance race, jumping,
and throwing) and general men's physical fitness data were compared. The results of ekiden were compared
with the middle- and long-distance race data, referring to the rankings. In addition, we examined the
relationship between each block score in the All Japan Intercollegiate record and each physical strength
parameter.

For statistical analysis, Pearson's product-moment correlation coefficient was calculated to verify the
relationship between ekiden results, intercollegiate scores, and physical fitness data. The level of significance
was set at less than 5%.

RESULTS

Secular trends in the physical fitness data

Figures 1-9 show the secular trends in physical fitness data, classified by event, for students belonging to
university track and field clubs. Figures 1, 2, 6, 8, and 9 also show government statistics for men in the
general population in Japan.
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Figure 1. Secular trends in height.
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Figure 3. Secular trends in chest circumference.
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Figure 4. Secular trends in skinfold thickness (upper arm).
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Figure 5. Secular trends in skinfold thickness (scapula).
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Figure 6. Secular trends in grip strength.
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Figure 9. Secular trends in the sit and reach test.
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Athletes who specialized in sprinting/hurdles, jumping, and throwing events maintained high values for height.
Athletes who specialized in throwing events also had high values for body weight, chest circumference, and
skinfold thickness (back of the upper arm and scapula).

Grip strength remained high for athletes who specialized in throwing events, while it remained low for athletes
who specialized in medium- and long-distance races. There was a tendency for side-step records to improve
over time for men in the general population, but for students of university track and field clubs, the records
remained the same. Regarding the vertical jump, the records of university track and field club students tended
to decline over time in all events, and the performance of athletes who specialized in middle- and long-
distance events remained low. On the other hand, the sit and reach test improved over time in all events, and
it remained higher among athletes than among males in the general population.

Relationship between physical fitness data, ekiden results, and all Japan intercollegiate points
Table 1 shows the ekiden rankings and intercollegiate scores for each year. In addition, Table 2 shows the
correlation coefficients between the physical fitness data, ekiden ranking, and intercollegiate score.

Table 1. List of intercollegiate points and Ekiden ranking earned by event by year.

29 0 1 2 3 4 5 6 7 8 9
Sprint/Hurdles 26 26 31 6 24 11 53 41 12 21 43
Middle/Long Distance 40 51 44 13 16 26 20 35 46 27 33
Jumps 22 21 16 32 11 14 13 20 10 18 22
Throws 25 11 16 15 13 18 13 24 8 4 17
Ekiden 1 2 1 2 8 5 &5 4 1 DNFY 19
10 11 12 13 14 15 16 17 18 19
Sprint/Hurdles 51 15 6 3 3 3 16 9 33 26
Middle/Long Distance 12 14 7 1 14 19 20 27 20 9
Jumps 19 12 26 34 34 3 29 24 17 15
Throws 7 9 15 0 13 7 5 0 0 0
Ekiden DNS*?  DNS*? 7 6 16 12 6 4 11 8

Note. DNF*': Do not finish. DNS*2: Do not start.

Table 2. Correlation coefficients between physical fitness data, intercollegiate points, and Ekiden rankings
earned by event (r).

Sprint/Hurdles Middle/Long distance Jumps Throws Ekiden

Height -0.36 -0.60* -0.37 -0.15 -0.42
Weight -0.05 -0.59* -0.24 -0.36 -0.33
Chest circumference -0.35 -0.05 -0.14 -0.18 -0.30
Skinfold thickness(upper arm) -0.34 -0.33 -0.08 -0.30  -0.55*
Skinfold thickness(scapula) -0.33 -0.20 -0.40 -0.24 -0.46
Grip strength -0.09 -0.44* -0.00  -0.49*  -0.25
Vertical jump -0.23 -0.47* -0.04 -0.30 -0.42
Sidestep -0.12 -0.34 -0.04 -0.31 -0.36
The sit and reach test -0.01 -0.42 -0.06 -0.19  -0.58*
Note. * p <.05.
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Relationship between ekiden results and physical fitness
Among medium- and long-distance runners, moderate negative correlation was observed between skinfold
thickness (upper arm back, r = -0.54) and sit and reach test (r = -0.58), and ekiden results (p < .05).

Relationship between All Japan Intercollegiate points and physical strength
For middle- and long-distance runners, significant moderate positive correlation (r = 0.60, r = 0.59, r = 0.44,
and r=0.47, respectively) was observed between height, weight, grip strength, and vertical jump and scores.

Among throwers, significant moderate negative correlation (r = -0.49) was observed between grip strength
and points scored.

DISCUSSION

This study analysed secular trends in the physical fitness data of athletic men in a Japanese university,
comparing them with men of the same age in the general population, and explored the relationship between
physical fitness and athletic performance.

Transition and comparison of physical fitness data of male students belonging to track and field
clubs and men in the general population

Previous studies have suggested that athletes involved in long-distance races have smaller body weight,
while those involved in throwing events weigh more (Tanaka et al., 1977). It has also been shown that athletes
involved in throwing events tend to have higher fat mass and body fat percentage than those involved in
other events (Hirsch et al., 2016). The results of this study are similar to these previous reports. The values
of skinfold thickness were similar for athletes involved in all events except throwing events. Studies on
skinfold thickness have shown that lower extremity skinfold mass is a useful predictor of running performance
in several events such as 400 m, 1,500 m, and 10,000 m races (Legaz and Eston, 2005). It has been argued
that skinfold thickness values do not differ among athletes who specialize in distances up to 10,000 m (Arrese
etal., 2005). Based on the results of this study, it is possible that there is no difference in the skinfold thickness
in the upper extremities among athletes who compete in various events, as in the case of the skinfold
thickness in the lower extremities.

With respect to physical fitness parameters, grip strength, which is an evaluation index of muscle strength,
the values were similar for athletes who participated in sprints/hurdles and jumping, and they showed a
gradual downward trend. In addition, compared to the other three groups, athletes involved in throwing events
had high grip strength values, while the medium- and long-distance runners had low values. The vertical
jump, which is an evaluation index of muscle power, declined over time in all events, and it remained low in
the middle- and long-distance races. The sit and reach test, which is an evaluation index of flexibility, tended
to improve over time in all events although its value remained low among medium- and long-distance runners.
Previous studies have shown that long-distance runners have lower muscle flexibility in the posterior lower
extremities (Wang et al., 1993). The present results may thus provide longitudinal data that support previous
reports. Improving flexibility is regarded as an important method of preventing injury, and in recent years, in
the field of sports, guidance such as stretching methods and physical care have been actively adopted,
spread, and developed by experts and trainers. The flexibility of athletes who have been trained in such
settings, regardless of the sport, is higher than that of the general public, and there is a tendency to improve
flexibility with such targeted training.
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In a long-standing study on physique and body type (Tanaka et al., 1977), the heights of long-distance
runners were smaller than the average height of students in the general population, while athletes involved
in jumping and throwing events were significantly taller. The results of this study showed a similar trend.
Regarding sidestep, which is an evaluation index of agility, there was a trend of improvement among males
in the general population, while it levelled off among athletes in all events. From the above, it was clarified
that physical strength does not necessarily improve even among college track and field athletes with sufficient
exercise habits and intensity.

Relationship between competition results and physical fitness

A significant negative correlation was observed between skinfold thickness on the extensor surface of the
upper arm and competition results in ekiden, in which athletes are middle- and long-distance runners with
extremely low body fat mass. It has been reported that reduction in skinfold thickness in the lower extremities
greatly improved running performance (Legaz and Eston, 2005). On the other hand, there are few useful
reports on the relationship between skinfold thickness of the upper extremities and athletic performance.
There are also results showing that both lower- and upper-extremity skinfold thickness are not related to
performance (Arrese and Ostériz, 2006). Therefore, the results of this study are contrary to those suggested
previously but given the current limited number of reports on skinfold thickness in the upper extremities, it is
necessary to further accumulate knowledge on this subject.

The knee joint is frequently injured regardless of running distance (Tschopp and Brunner, 2017), and it has
been reported to be significantly associated with hamstring flexibility (Martinez-Cano et al., 2021). In this
study, we found a moderate negative correlation between the sit and reach test, which is a popular index for
evaluating hamstring flexibility (Mayorga-Vega et al., 2014), and ekiden results. This interesting finding
suggests that the flexibility of the posterior leg (mainly the hamstrings) is related to the performance of
athletes in the university ekiden. Considering the possibility of hamstring injury, it seems necessary to
consider this relationship more carefully.

A relationship was found between grip strength and vertical jump, which are indices of muscle strength and
muscle power, and scores obtained in middle- and long-distance races. Maximum oxygen uptake and
economy of running are major factors that determine medium- and long-distance running performance (di
Prampeco et al., 1986; Stratton et al., 2009). Intense strength training can improve running performance and
maximal running speed (Skovgaard et al., 2014; Mikkola et al., 2011). Furthermore, anaerobic capacity and
neuromuscular performance are enhanced, which can be expected to improve sprinting ability and economy
of running in the second half of the race (Taipale et al., 2010; Jung, 2003; Blagrove et al., 2018). Based on
the above, the results of this study with respect to middle- and long-distance running performance may also
be related to competition results. In addition, there was a correlation between height and weight, and points
scored for middle- and long-distance races, but among middle-distance and 3,000 m steeplechase runners,
there was a correlation of points scored with the athletes’ morphological size, which also affects the exertion
of muscle strength and explosive power. A negative correlation was also observed between the performance
of throwers and grip strength. Throwers require a certain level of muscle strength, but beyond that, it is
conceivable that other factors such as technique are involved in competitive performance.

However, in this study, since verification was based on statistical data using the average value of each group,
it is difficult to rigorously consider and interpret the relationships of the parameters with the intercollegiate
results of several contestants. This is a limitation of our study, and further investigation is required in the
future.
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CONCLUSION

In this study, we examined the relationship between the annual changes in the physical fitness of male
students belonging to a university’s track and field clubs, results of ekiden, and intercollegiate scores. The
main findings are as follows:

1.

2.

There was no difference in the skinfold thickness of the upper extremity among athletes involved in
various events, except for the throwing events.

Grip strength declined gradually among athletes involved in sprints, hurdles, and jumping events,
with values similar to those obtained among males in the general population. Throwers however had
high grip strength. Vertical jump records tended to decline over time among all kinds of athletes, and
they remained at low levels among middle- and long-distance runners. Regarding the repeated
sidestep, while males in the general population tended to improve, the performance of athletes
tended to remain the same.

Flexibility of the lower extremities (mainly hamstrings) has been shown to be related to athletic
performance in university relay races, but considering the possibility of accompanying disability, it is
necessary to carefully examine it in the future.

A relationship was found between grip strength and vertical jump, which are indices of muscle
strength and muscle power, and scores obtained in middle- and long-distance races. These
parameters may contribute to the achievement of excellent athletic results in college track and field
athletes who specialize in middle- and long-distance races.
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