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INTRODUCTION

Japanese drum playing exercise (JDPE), one of the most complex and
highly devel oped skills, hasrecently becomeapopular art with anincreasing
number of professional players with concerts or events all over the world.
Despiteitscurrent popularity and long history, littlequantitativeinformation
exists asto the physiological responses to this uniquetypeof exercise. On
the other hand, several investigators have analyzed the physiological and
biomechanical datain musicinstrumental playing (Bejjani & Halpern, 1989;
Bouhuys, 1969). The unique nature of JDPE, in which the right and |eft
stick arm movements alternate rapidly with bursts of dynamic activity, is
of special interest. Theassessment of varied tempo and drumming pattern
may be important in predicting performance of JDPE. The duration of
JDPE, which is about 5 to 7 min in concerts or events, may require the
ability to combined arm and leg exercise at a high intensity for the playing
time. It seems that an important element in drumming is the volume of
oxygen consumed, and the force generated to the ground as the drummer
attempts to beat the drum while performing certain musical tasks.

Therefore, the purpose of this study wasto investigate effects of tempo
and drumming pattern upon the energy cost and ground reaction force of
JDPE.

METHODS
EXPERIMENTAL DESIGN

Virtuosi male Japanese drum players (N=7) participated in this study.
Physical characteristicsof subjects are presented in Table 1. The subjects
was training as Japanese drum player. Each subject performed playing a
large Japanese drum (Nagadoudaiko) with a pair of large wooden sticks
(0.53 kg) at threetempos (90, 120, and 150 beats/min) by three drumming
patterns (single sticking; S, ' Futatsu-uchi®; F,“Mitsu-uchi”’; M, Figure 1)
so asto maintain asound level (120dB), and also performed 9 trialsfor 45
min (5 min x 9 trials). Thesound level wasmeasured usingadigital sound
level meter (NIHON IRY OKIKI NS-311), and wasimmediately displayed
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by apersona computer (NEC PC-9821Nm) to the subjectsin order to keep
aconstant sound level. Theorder of all trials was randomized, and tempo
and drumming pattern were synchronized with a metronome (NIPPON
GAKKI YAMAHA P-33).

Table 1. Physical characteristicsof subjects(Mead- SD)
Virtuos players(N=7)

Age {yrs) 29.9k5.5
Height {cm) 1719%43
Body Weight  (kg) 66.5 +125
VO2max (I/min) 286+ 05
(ml/kg/min) 433%36
HRmax (beats/min) 189.1+98
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Figure 1. Drumming patterns used in this study
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METABOLIC MEASUREMENTS

* For dl trials, Oxygen uptake (VOz2) weremeasured for last 1 min during
5 rnin playing. Heart rate (HR) was recorded by radio-telemetry (NIHON
KOHDEN OEC-6201) during 5 min playing. Expired respiratory gas was
collected using a Douglas bag. V02 was determined with Douglas bag
technique. Theexpired gaswascollected for last 1 rnin during5 min playing
(Figure 2). Gasvolume wasdeterminedin adry gas meter (SHINAGAWA
SEIKI DC-5). Gas sample were analyzed according to the Scholander
technique for o 2 and CO, respectively. An estimate of caloric cost was
obtained by multiplying V02 (l/min) by 5.05, which represents the caloric
equivalent of arespiratory exchangeratioof 1.0 (McArdle, Katch, & Katch,
1991). Ratings of perceived exertion {RPE) were determined immediately
after each trial using the 15-point Borg scale(Borg, 1982). Maximal oxygen
uptake (VO2max) was determined using a Jonas body guard bicycle
ergometer. In the VOzmax test, the subject pedaled at 60 rpm, and the
work load was progressively increased until the subject was unable to
continue. HR wasrecordedand theexpired gas wascollectedintwo Douglas
bags during the last 2 rmin of the work period. The usual criterion of a
plateau or decreaseinV02withanincreasein work rate was used toindicate
that the maximal value had been achieved. The order of testing at these
maximal work rates was randomly assigned. At the beginning of testing
the subject *'warmed up™ for 2 min at 1 kp. Each subject received auditory
and visual pacing from a metronome.

GROUND REACTION FORCE RECORDINGS

In order to record three-components of force; vertical, anterior-posterior,
and medio-lateral force, for 5 min, each player stood on a strain-gauge type
force plate (TAKEI KIKI KOGYO, Figure 2). The basic parameters of
ground reaction forcefor al trials during JDPE were defined as maximum
vertical (F1), minimum vertical (F2), anterior peak (F3), posterior peak
(F4), right peak (F5), and left peak (F6) forces.

STATISTICAL ANALYSIS

A two-way analysis of variance (ANOVA) with repeated measurements
was used with "'tempo™ and " drumming pattern™ as the main factors. The
projected L east Significant Difference(L SD) wasused to comparethe means
of the variables of each tempo and drumming pattern. Pearson product
moment correl ation coefficientswere used to compareground reactionforce
parameters and %HRmax, %VO:max and RPE results. All comparisons
were considered significant at p<0.05.
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RESULTS

In metabolic measurements, ANOVA showed that for tempo and
drumming pattern, no significant difference was observed in any
physiological variables involving the energy cost. On the other hand, in
ground reactionforce recordings, ANOVA reveal ed that the maximum and
minimum vertica (FI and F2) and the anterior-posterior peak (F3 and F4)
forces were significantly different among drumming patterns, and that F1
showed significant differenceamong tempos(p<0.05, Figure 3).
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Figure3. Ground reaction forcesof each parameter for last 1 min. during5
min. playing
(Mean£SD o cycles, S:Single sticking; F:“Futatsu-uchi”; M:“Mitsu-uchi”

Correlation coefficient between all ground reaction force parameters and
%HRmax showed significant difference (p<0.05, Table 2). Similarly,
significant difference between parameters and %VO:2max, except for F3
and F5, wasfound (p<0.05). Moreover, significant difference between FS-
F6 and RPE was found (p<0.05).

Ground reaction for ce parameter's

Variable Vertical Anterior-Posterior Medio-Lateral
Fl F2 F3 F4 F5 F6
%HRmax 0404  -0.448" 040 034 044 048
%VOzmax Q054 -0.466 0.186 -0.302 -0.035 -05B
RPE 0159  -0.006 -0128  0.017 Q44 0392
*: pefuns

Table2. Correlation coefficient between ground reaction force parameters
and %°HRmax, %V O:max, and RPE during 5 min playingin virtuosi players



DISCUSSION

In this study, for tempo and drumming pattern, no significant difference
wasobserved in any physiological variablesinvolving theenergy cost. The
energy cost of various modes of exercise are shown in Table 3.

ETCIse £33 N Frrrip dinl Refoacs
[ Ll g
Masching male 12 590001 - Edholm, O G , Flescher, )
Hurerg auk 10 sty - 'Hﬂmrni Hth".'-..R A, 1998
Crbrg male 10 2.719%098 .
Crom-country skiing  mie, lemuale 4 92109 - Ousntraen, € H & Fagheyg P. FHD
P i pshsineg femate 2 9.55 1823 Gerdon, T, Buimer & Cordes, 8.P, 1960
Atrodls dancing; Low ik, female 4 4062016 7010 lipharagm, V & Coon B, 1978
Medium i, fewssla 4 6.01 100t10
High rrain, forale 4 LIFEO e 19020
Cram iharasmy male 7 Ligadasn - Legs, L C. I#Ed
JOPE;  § 90bem nale 7 3s58%109 52412 Porrprnd way
120 bpm male 7 AFELM 704£196
150 bpm wakt 7 4561166 708%303
F 90 bpm male 7 w171 70.6t17.6
118 bom male 7 1EE£093 71792199
150 bpm male 7 AN%107 7134136
M 90 bpm male 7 aASRklM 8921721
120 bpm -.Je 7 a91LE 7602101
150 bpm 7 &49E)26  97.0%139

mm 7 Futstsuucls M lltewill
Table3. Comparison of energy cost among vaiious modes of exercise

Thevauecalculated in S a 120 and 150 bpm, F at 90,120, and 150 bpm,
and M at 90,120 bpm weresimilar ta theenergy cost of |ow impact aerobic
dancing. The valuecalculated in S at 90 bpm was lower than that of low
impact aerobic dancing. Inaddition, the value calculated in M at 150 bpm
wassimilar to theenergy cost of medium impact aerobic dancing. Emphasis
here may be made of the powerful component of JDPE. Empiricaly, it is
well known that JDPE is a mixed type of exercise. Some movements are
primarily static while other movements are primarily more dynamidarm

movements). Thispowerful componentisespecially evident duringfast tempo
and drumming patternin which theemphasi sison balance, muscul ar control,
maintaining body placement, positioning of upper- and lower- body, and
supporting the body weight. Thus, JDPE involves a dynamic component
especially evident during fast tempo and drumming pattern.

In dynamic responses, maximum vertical ground reaction force showed
significant difference among tempos (p<0.05), and also the difference of
drumming patterns would have significant effect on the displacement of the
body's center of gravity in both thevertical and the A-Pdirections(Figure 3).

Asfor correlationcoefficient among ground reactionforce parameters and
%HRmax, %V (=max, there was aimost significant difference (p<0.05).
Theapplication of the resultsfrom this study to JDPE supports the need for
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upper- and lower- body involvement when JDPE. Therefore, it seemed
that thedynamicresponseshaveaninfluenceon thephysiological responses.

CONCLUSIONS

It was concluded that theenergy cost and ground reactionforceof JDPE
resulted from not only ar mwork but also cyclic oscillationsaof center of
mass of the bodly.

REFERENCES

Bejjani, B J. & Halpern, N. (1989). Postura kinematics of trumpet
playing. J. Biomechanics. 23{51, 439-46.

Borg, G. (1982). Psychophysical basesof perceivedexertion. Medicine
and Sciencein Sports and Exercise, 14,377-381.

Bouhuys, A. (1969). Physiology and musical instruments. Nature, 221,
1199-205.

Christensen, E. H. & Gogberg, P. (1950). Physiology of skiing.
Arbeitsphysiologie, 14,292-303.

Edholm, O. G., Fletcher, J. G., Widdowson, E. M., & McCance, R. A.
(1955). Energy expenditure and food intake of individual men. British
Journal of Nutrition. 9,286.

Gordon, T. |, Banister, E. W,, & Gordon, B. P. (1969). The caloric cost

of competitivefigure skating. Journal of SportsMedicine, 9, 98-103.

Igbanugo, V. & Gutin, B. (1978). The energy cost of aerobic dancing.
Research Ouarterly, 3, 308-316.

Leger, L. A. (1982). Energy cost of disco dancing. Research Quarterly,
53, 46-49.

McArdle, W. D., Katch, F. I. & Katch, V. L. (1991). ExercisePhysiology:

Energy. Nutrition. and Human Performance, 3rd Ed. Philadelphia: Leaand
Febiger, p. 153.






