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Changes of Cardio-Respiratory Function During Mountaineering
at Mt. Yatsugatake

Osamu KASHIMURA

Department of Physical Education, Honan College

Summary

The purpose of present study was to investigate the cardio-respiratory functions

during mountaineering at Mt. Yatsugatake. Relative intensity levels (%HRmax) in

ascending and descending showed about 74.8% and 61.19% in order, high aerobic work

capacity produced good results on Mt. Yatsugatake expedition. Also, it may be suggest-

ed that oxygen transport ability during light exercise was improved by short-term stay

at 2,400m altitude.

Key words : high-altitude acclimatization, oxygen consumption, heart rate, step-test,
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Abstract

Tennis, like others, is one of the sports that can reach the goal of technique by
means of continuous practice. We have decided to examine and determine how and what
type of muscle might have a progressive effect to create better result in playing tennis.
Subjects for this study were lower, middle and upper ranking players. We have found
the follwing.

(1) The upper ranking player always took better and more ideal forms when swing-
ing the tennis racket and hitting ball than the lower ranking ones. Besides, the upper
ranking player’s electromyograms did not show disorder with each movement of
various muscles.

(2) The upper ranking player used their muscles, especially, the backs’ muscles in the
back-hand volley, a little higher skill, while the lower ranking ones use musculi
flexor digiorum superficialis only efficiently. That is, the latter can hit with mainly
partial practical strength.

(3) The upper ranking player used their strength in a well-balanced form, but the
middle and lower ranking players could not use their tennis skills rythmically.

(4) The differences of tennis skill were shown in grip power at the hitting using a
grip dynamometer instead of the racket.

From above, together with general muscle training, it is considered that the
enforcement of musculi deltoideus and musculi extensor carpi radialis longus is essen-

tially effective.
1. Introduction

Tennis players improve in skills by practicing for a long time the same as in other sports. There
are delicate differences in tennis fundamental movements-strokes, smashes, and serves between
upper and lower ranking in tennis players. That is to say, when they hit the same balls, by forehand
or backhand, each of them differs in technical forms according to experience. Generally speaking,
when they cannot practice tennis in winter, it is essential that they participate in strengthening

muscles and also this will help improve their tennis skills.

* Depertment of Electronics and Control Engingeering, Nagano National College of Technology
** Depertment of Mechanical Engineering, Nagano National College of Technology

*** Faculty of Education, Shinshu University

**** Depertment of Electrical Engineering, Nagano National College of Technology
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By the way, a study of electromyograms was based on drive-strokes". This study is intended for
expert tennis players. As for grand-strokes, some studies have been made among upper, middle and
lower ranking tennis players?®. There have been studies for electromyograms of the nine muscles in
upper and lower limbs and the records of simultaneous movements for the differences of the grade
of skill®. We want to make sure that the analyses of the mesurements of the electromyograms as to
the small number of serves, volleys and etc. don’t effect adversely. And aspects of the electromyo-
grams in point of muscular strength by depending on whether the tennis players were experienced or
not®.

In this study, we examined those results more deeply and investigated what kinds of muscles
should be developed for the purpose of improving tennis skills. And we also investigated the
capability of using grip dynamometer to estimate the tennis skills, measuring grip power by gripping
the grip dynamometer instead of racket in the motion of serve and so on.

2. Methods

(1) Measuring Systems

The systems we used can be seen in Fig. 1. Electromyogram measurements were made by using
compact electrodes, which were stuck on the tennis players. In these measurements they swung tennis
rackets-serving and volleying as they normally played. These experiments consisted of swinging
tennis rackets and hitting real balls. At this time the electromyogram data were sent to the
multi-telemeter (Optical, Electrical and Industrial Manufacturing Co., Japan) and the changes of each
muscle are recorded on paper. Grip force was measured using a grip dynamometer instead of the
racket.

(2) Subjects for These Experiments
The subjects consisted of three ranking of tennis players were as follows.

A:Recorder B:Receiver C:Transmitter
D:Compact electrodes E:Ball server

Fig. 1 Measuring system
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ausculi extensor carpi
radialis longus

/ nmusculi flexor digiorum
oded] superficialis

Fig. 2 Measuring muscles
Upper : A Former National Tournament alternate player with more 30 years’ experience.
Middle: Three National College of Technology students with four years’ experience.
LLower : Three National College of Technology students with less than two months’ experience.
We measured the difference in muscular strength based on each style of hitting. Then we chose
4 muscles to represent tennis movements as foltows on Fig. 2.

3. Results and Discussion

(1) Muscle Function according to Their Use

We examined the electromyograms of fore-volley swing and hit ot the upper and lower ranking
players. Comparing both the upper and lower ranking players at the point of swinging the tennis
rackets, there were clear difference in musculi extensor carpi radialis Jongus between the two. But
the electromyograms of the other muscles showed the types of muscular electric discharge. Besides,
there were not very many changes in types of musculav electric discharge among rackets swing and
hitting by the upper ranking player. However, there were clear differences among them by the lower
ranking players.

On the other hand, as for hitting, while the upper player put out their shoulders’ strength and
waited for a ball to fly toward them, the lower players flex musculi deltoideus and what is more, the
other muscles before they hit a ball.

(2) Muscular Strength in Using Fore-Hand Volleys

Fig. 3 was electromyograms showing hitting in fore-hand volleys between the upper and Jower
ranking tennis players. Types of the muscular in each of the muscle used in hitting tennis balls.
However, the electromyograms on lower ranking players changed every time they hit the tennis
balls. We were able to give reasons for these pheomena as follows.

The Upper ranking player was able to take the ideal form within a short time while swinging
the rackets and was much better than the lower ranking players in selecting hitting angles between
tennis ball, so the upper ranking player can always hit the tennis balls with the same form. But lower
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Fig. 3 Hitting in fore-hand volleys according to two raking players

ranking players could not return with the ideal form and select hitting angles, that is, they hit tennis
balls in different ways every time they play tennis. These trends are true of other hitting, too.
Examining types of muscular electric discharge, we found find that the upper ranking player used
musculi extensor carpi radialis longus a lot. In case of using musculi flexor digitorum superficialis
in hitting balls, players put forth their strength, the instant the ball touches the racket. Also, we
realized that at other time they loosened muscular strength at the same time. Above all, lower

ranking players struck the balls by using musculi flexor digiorum superficialis mainly.

(3) Muscular Strength in Back-Hand Volleys

Fig. 4 showed representative electromyograms in back-hand volleys between the upper and
lower ranking tennis players. This way of playing tennis was difference between the former and the
latter in their skills. According to these electromyograms, we were able to find that the upper
ranking player made the most of musculi extensor carpi radialis longus, musculi flexor digiorum
superficialis, musculi trapezius and musculi deltoideus, and were better-balanced than lower players.
But, examining each muscle, lower players didn’t use the muscular strength of musculi trapezius and
musculi deltoideus very much, and made the most of them in only for a short time. Also, we found
that the muscular strength of musculi extensor carpi radialis longus of the upper ranking player was
weaker than that of lower ranking players and the former used it longer than the latter. In other
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Fig. 4 Electromyograms in back-hand volleys
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Fig. 5 Electromyograms in fore-hand smashes

words, the latter were bad at timing their actions in point of difficult ones, so they received hitballs
with their wrist power.

(4) Muscular Strength in Fore-Hand Smashes

Fig. 5 showed electromyograms in real hit of fore-hand smash. There was a great difference
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Fig. 6 Electromyograms in back-hand smashes

between the upper ranking player and lower ranking player in musculi deltoideus use. Especially, the
upper ranking player used all muscles equally. On the contrary, lower ranking players used musculi
trapezius and musculi deltoideus little, but only used musculi extensor carpi radialis longus and
musculi flexor digiorum superficialis in arm and wrist. From those results, it was difficult to hit
fore-hand smash well, unless musculi trapezius and musculi deltoideus were strengthened. The midlle

ranking players’ feature were between the upper land lower ranking players’.

(5) Muscular Strength in Back-Hand Smashes

Fig. 6 showed the electromyograms in back-hand smashes. Lower ranking players cannot hit
balls in this way, but they were able to do this in simulation only. We compared upper ranking player
with middle ranking players at the point of the smash.

The former used every muscle in smashes as well as real swing harmoniously. On the other hand,
the latter didn’t have strong enough muscles to play tennis in this style. Besides, swings and real
swings were not same as the former’s ones in using muscles. They used muscular strength the instant
they strike the ball. Any way, there was a great difference between the upper and middle ranking
players in the musculi trapezius and musculi deltoideus. The result was that musculi trapezius and
musculi deltoideus seemed to have to be strong in order to carry out back-hand smashes as like as
fore-hand smashes.

(6) Muscular Strength in Serving

Fig. 7 showed the electromyograms due to kinds of serves excepting lower ranking players’ data.
Since they could not play difficult serves. The upper ranking tennis player had three phases of serve
to relieve as much force as possible. a) tossing the ball b) taking a posture of lifting the racket to
strike c) striking the ball

Carrying out these three actions, they showed the muscles to have tried with much force clearly.
They eased each muscle up slightly before striking the ball. The time they loosen each muscle was
short, thought. On the other hand, middle ranking players had no time to loosen each muscle before
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Fig. 7 Electromyograms in different serves
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striking the ball, that is, lifting the racket to strike the ball with. However, as to lower raking tennis
player’s electromyograms, patterns appear clearly only in c¢) and they were not distinguished
between b) and c).

From this fact, we found there were rhythms in the upper ranking player’s striking balls and
balances in the ways of putting forth their strength of each muscle, so players must be careful to keep
the rhythm and put forth their strength well-balanced.

As for ways of striking the ball, there were flat, sliced and top-spin serves. Above all, there was
a difference between the flat and sliced serves by musculi extensor carpi radialis longus. So to speak,
there was a forceful peak before striking balls in the flat serves and an additional centifugal force,
while there was a forceful peak for a fleeting moment at the striking of the ball in sliced serves. This
way seemed to add a force like rubbing balls to each muscle. There is a difference in the way of using
musculi extensor carpi radialis longus between the flat and top-spin serves. The latter seemed to
have to keep their strength to the last. The result in both serves were similar to the sliced serves.

There was a great difference in the way of using musculi deltoideus among middle ranking
players. For example, we were able to see them using musculi deltoideus most in a fleeting moment
of striking balls in the flat serves, while they did not use it in the sliced serves so much.

Comparing flat serves with top-spin ones, they used it in almost to the same degree in a fleeting
moment of striking the balls. In case of using top-spin serves, the strength of musculi flexor digiorum
superficialis was the greatest in a fleeting moment of striking the ball of the other serves. But, as for
using musculi trapezius and musculi extensor carpi radialis longus in serves, each way of using
muscles was almost the same. In case of a top-spin serve, there was a great difference from the two

other serves, that is, a great difference from each condition between before and in a fleeting moment
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of striking the ball. This was a special serve. Then, in the electromyograms of the lower ranking
players, we found they use musculi extensor carpi radialis longus cucullaris a lot taking muscular

electric discharge’s forms. So we found they use their wrists mainly in each serve.

(7) Relation between Grip Power and Muscular Strength

The power to grip tennis rackets in playing tennis was considered as a factor indispensable to
playing tennis. As a simple experiment to find out the cerain relation between grip power and
muscular strength, we tried making the grip increase, when we wanted to know what result this
action would bring about. Fig. 8 showed those results.

Accorrding to these experiments, we knew that the lower ranking tennis player hardly used their
musculi deltoideus till they show the strongest grip power, that is, he used his wrist muscle a lot. We
found that the upper player use all muscles, and the musculi deltoideus as well. Besides, his grip
power is very strong. This result showed us the same phenomena with both swing and hitting.

Fig. 9 showed the condition of players’ grip dynamometer and swinging by back-volleys. These
experiments showed each muscle’s power while swinging tennis rackets. The result was that the
upper ranking player managed to use their musculi deltoideus. Also, the upper player used the same
muscle, while the lower players used wrist power mainly.

Table 1 showed the grip power at the instant of hitting in the posture of serve and volley, using
grip dinamometer instead of racket. It was found that the upper ranking player’s grip power was the
biggest and ratio of each force to maximum force were the highest. Upper and middle ranking
players being different from lower one show big grip power in the back volley, serve and fore volley
in turn. Thus deferences of tennis skill were shown in the grip power of hitting.
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radialis longus
- &
> T
E
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Y. — radialis longus
S S ./
80 5 - -
5 = 5
S5 I =l
@ 5
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Fig. 8 Relation between grip power and muscular strength
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Fig. 9 Electromyograms according to back-hand volley styles by grip dynamometer

Table 1 Grip Power

Player Maximum Serve Fore-hand Back-hand
ranking force volley volley

kgl kgl %| kg %| kg %
Upper 50.0 41 ¢+ 82 39 ¢ 78 43 . 86
Middle 445 2 172 31 % 70 34 176
Lower 40.0 29 T3 31 77 24 1 60

% : Ratio to maximum force

The grip dynamometer was easy tool and from above mentioned reason, using this had great

possibility to measure hitting force in tennis.

4. Conclusion

[n this study we analyzed the basic action in tennis in point of the electromyograms through
various muscles among upper, middle and lower ranking tennis players. We examined muscular
strength according to the differences of the use of each muscle.

We have to train our general muscles to improve our tennis playing skills. Above all, the musculi
deltoideus and musculi extensor carpi radialis longus must be strengthened. However, tennis requires
a players’ rhythm while playing it besides just training muscular strength.

[t goes without saying that our skills in tennis cannot improve till we learn universal skills and
make them our own. That's why we must keep our muscles highly developed.

The grip dynamometer is easy tool, so using this have great possibility to measure hitting force
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in tennis.
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f 6 54 08 £ 171
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