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Relationship between skill level and stick work pattern in playing a snare drum

KENJI NISHIMURA and CHIKANOBU MATSUBARA

Abstract: To investigate the relationship between skill level and stick work pattern in playing a
snare drum, incremental load test of playing snare drum was conducted by 7 skilled and 6
unskilled players at the rate of 15 to 480 beats/min. Expired gas was then analyzed and energy
expenditure was calculated. Simultaneously, 3 dimensional high speed video recording was
conducted. Consequently, energy demanded of skilled group was significantly lower than that of
unskilled group at 480 beats/min. Then the vertical displacement of the center of gravity
concerning both upper limb and drurnstick of skilled group was significantly smaller. And, on both
skilled and unskilled groups, after the center of gravity of drumstick reached its highest point,
drumstick tip reached its highest point, successively; the time interval from the former highest
point to the latter of the skilled group was significantly longer than that of the unskilled group.
This fact means that, concerning skilled group, due to the rotatory motion of drumstick by
applying wrist shot and finger shot, contrarily to mainly translational motion in unskilled group,
sound pressure level was enabled to equalize to that of unskilled group. The effect, i.e. rotatory
motion compensated the low potential energy and short stroke due to small vertical

displacement, made the mechanical efficiency of skilled group higher.

Keywords: drum, motion analysis, energy expenditure

BEOERIZBWT, 7+ —AREELEZ LR TY
5% LdL, FIAEZBIZEHL, ERFO7+—44%0
W EAT- 720581, LA OMIDIF T A% L5
F—3arFxTFr—VARAFARHAVEEEREE
OHOBEICHTAIRENRONLICL T L L EDN
50 7B, ZOMFT LAERBICHTHHRETIE, Ky 7
ARERICBT S FILEBOITHRARUERE TV
—7TRICET 2 HESY OB, Yy A FFLARBADF
DOE) X L 2 VNV EEELIZBE$ A Waadeland” O,
BLIXY AR LARBEOLI— FEELY YV NVEITH
B A2 LAY 4 v 7 OBEZ X/ Friberg &
Sundstorm® O#MEHH B, 7277L, ThHIFHERBZD
BEFDL 0TI R, MRICLVELALFICERBLL
METhHhYy, HEHO7+—AICEESELALLDOTIE

TR LR N H BRI A R A AR R AR RS

(Accepted October 3, 2005)

v, —F, AR=VDOHFEETIET + — L DHGHHIL
fThhTBh, FAR—VEEOMECERLRD, B
HoB, BHECHELTRONIREN B X 0ER
BB LTV 5, FIZIE, SRICEFHEELHWT
A4 FFRv 7L VAT T Fy 7 %58 L72Nunome
59 DL, NL—KR—= VDAL 7 %4581 L 72Coleman
57 O, FEEMOMNEA L EHONR MV B X
OBk EEIZ B9 A Matsuo H® DGR H 5, T H i,
EFMLENT2BORL L7+ —LICHL, 74—
TURAEBRICHRT A LEMNINIEMEOEREHS
ML DDOTHSH, FIABEBICHLTDH, FkoF
NEZ VUL, PBRE L RBBREO 7 + — A DOERNH
LM BERbNRD,

LIAT, ~RIIBANRAR—VEBIZBWV T,

Laboratory of Health Science, Department of Food Sciences and Nutritional Health, Faculty of Human Environment,

Kyoto Prefectural University



¥ FEBRSR R TSR - B

BRNYSFErBONEIBEE DM ET S, LaL, HA
HEEREINZVEMEICD - TiX, BEHZRETSHD
BT =<V RADKRKPMTH T, $FEOR/MIMEIC
b, EIAN, oy h—DFv2I2B0T, &R
LU E DB IR VI ANF-TLYRE LT
=X VARBAHIE, Asamib 'V I X D RIFEHEHRED
REWCZ2ZEPMEESNTVWS, $72,
BTk, HEEAICEY, MUESRELS L
&, FIEBEEBRE IRBRRE LB LEEROFHOR
DIEAVNE L, F2Z20|VIBA—ETH S Z Lo
ENTWE, 2O L, FHELNUEFFIMEE
AR, AU T4+ =<V AR/NSLEETEITTE S
ZLREWRTL, L2L, FTAEBRROIANVT—H
BEZWEL, BRICET LM 2T 285, 4%
TOEIAHFEEL RV,
ZFZTAMETIE, ART7 FIA2HCIITEHED
BN ICHRE & KRB TERDH LD ED B, £
BHbHETNE, ZOERPERBLIUAT 4 v 7 OH)
EDOEZWHAPEHLPITAILEZHBNE LT

n &

WERE I KFDOFT LY — 27 VICHTE L N5 A EERE
DHHTH (BHE) L, BEBRIDLVF T HEHE
BRI v6s REMEE) ownwThdBEFEl, £0
BUHNBFEEIEIROLBY Tholze ITNHOBE
Zx, BLhozw K5 AHAKTF (Pearl D75) 12
FES A, 65k E L bk, BEMOTE, BX
MEBWVIZART K9 A5 (Gretsch GRM-5148 14" x5”
maple) %, A7 4 v 7 (TAMA H-YKM) 1x%2BHL,
15-#1215, 30, 60, 120, 240, 480 DEE T35T D
NERNIFT &7z ZOB, EADRAT 4 v 713 UKERH
FIBE TR BT 5 & ) R L7z. SHERE OFATHI
ZiE, ¥ ¥ a vy xvd (TAMA TWI00) %A,
70 b~y F (REMO 114BE) ¢ R b Ay F
(REMO C-14BA) H*— % T L) Fa—=r 7 L7
%8B, BTLARXT FI ABOBE#EIZ60cm, HTDOF
21342.7cm, ART FI ADOITHIOE 21360cm % 24

Table 1 Characteristics of the subjects

skilled unskilled
mean+SD mean+SD
number 7 6
height (cm) 173.6+4.35 171.3+6.71
weight (kg) 62.2+2.94 N5 59.8+3.06
age (years) 22.3+£1.80° 20.7+0.82
career? (years) 5.3+2.43™ 0+0

"p <0.05 " p <0.001
D number of years as a drummer
All subjects were right-handed males.
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Fig. 1 Equivalent continuous A-weighted sound pressure
level after background noise compensation at each
drumming frequency concerning skilled and unskilled
drummers, respectively. Each bar represents mean value
and SD. The difference of sound pressure level between
two groups was not significant at all frequency levels.
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Fig. 2 Energy demanded at each drumming frequency
level concerning two groups, respectively. Energy
demanded is the difference of energy expenditure
between drumming and being seated. Less than or equal
to 240 beats/min, significant difference on energy
demanded was not observed between two groups. But, at
480 beats/min, energy demanded of skilled drummers was
significantly lower than that of unskilled drummers. The
mark * indicates significant difference at p<0.05.
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Fig. 3 Horizontal distance of anterior-posterior direction
between acrominon and cubital joint at the impact
moment with drumstick at 480 beats/min concerning
skilled and unskilled drummers. Minimum and maximum
values of each group are shown as well as mean values.
Positive values indicate that cubital joint was at the front
of acrominon, and negative value indicates rear. The
difference of mean horizontal distance between two
groups was not significant.
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Fig. 4 Height of intercarpal joint from the snare drum
batter head at the impact moment with drumstick at 480
beats/min concerning skilled and unskilled drummers.
Minimum and maximum values of each group are shown
as well as mean values. The mean height of intercarpal
joint of skilled drummers was significantly higher than
that of unskilled drummers. The mark ** indicates
significant difference at p<0.01.
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Fig. 5 The angle of cubital joint (left bars), and that of
drumstick and forearm (middle and right bars), at the
impact moment with drumstick at 480 beats/min
concerning skilled and unskilled drummers. The angle of
cubital joint was observed from right side of subjects.
That of skilled drummers was significantly smaller than
unskilled. And the angle between drumstick and forearm
were observed from right side and upper point of
subjects. Both angles between drumstick and forearm
concerning skilled drummers were significantly larger
than those of unskilled drummers.
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Fig. 6 Percentage of time required at 480 beats/min. On
both skilled and unskilled groups, after the center of
gravity of drumstick reached its highest point, drumstick
tip reached its highest point, successively. Left bars
indicate the time required from preceding impact to the
moment center of gravity is highest. Right bars from the
moment stick tip is highest to the impact. Middle bars
indicate intermediate phase time from the former to the
latter, and this time of the skilled group was significantly
longer than that of the unskilled group.
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Fig. 7 Percentage of time required at 480 beats/min. On
both skilled and unskilled groups, after the center of
gravity of drumstick reached its highest point, the 3
dimensional angle constructed by drumstick and
horizontal plane reached maximum, successively. Left
bars indicate the time required from preceding impact to
the moment center of gravity is highest. Right bars from
the moment the angle maximum to the impact. Middle
bars indicate intermediate phase time from the former to
the latter, and this time of the skilled group was
significantly longer than that of the unskilled group.
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Fig. 8 The angle constructed with the long axis of
drumstick and the line from the center of gravity of
drumstick through the head of third metacarpal, observed
from right side of the subjects, at 480 beats/min. Left bars
indicate the state of the impact moment, and right bars
averaged angle from preceding to following impact. On
both at impact and averaged data, the angle of skilled
group was significantly smaller than that of unskilled
group.
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Fig. 9 Maximal vertical displacement of each joint of
upper limb from the point at the preceding impact
moment, at 480 beats/min. The maximal displacement of
shoulder, cubital and intercarpal joint concerning skilled
group was significantly smaller than that of unskilled
group, respectively.
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Fig. 10 Maximal vertical displacement concerning each
center of gravity of upper limb and drumstick from the
point at preceding impact, at 480 beats/min. The maximal
displacement of upper arm, forearm, hand, drumstick,
and “upper limb and drumstick” concerning skilled group
was significantly smaller than that of unskilled group,
respectively.
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Fig. 11 Maximal potential energy of center of gravity
concerning upper limb and drumstick based on the point
at preceding impact, at 480 beats/min. The maximal
potential energy of upper arm, forearm, drumstick, and
“upper limb and drumstick” except for hand concerning
skilled group was significantly smaller than that of
unskilled group, respectively.
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Fig. 12 Mean potential energy during the time interval
from preceding to following impact, concerning center of
gravity of upper limb and drumstick based on the point of
preceding impact at 480 beats/min. The mean potential
energy of upper arm, forearm, hand, drumstick, and
“upper limb and drumstick” concerning skilled group was
significantly lower than that of unskilled group,
respectively.



18 FARR LR [ AMRES - B

boo, NFTEEOMEE — I TFHBEDOEINKE h o 72,
FORE, BIOWTR O EL ML L, EBEEES
DIEEHT~NOBRE LHBEEZRL2DDOTH L, Bk
BIIARMBRE LB L, BEEIX1%KE, LA
HFFRBHIIS%KETCHERIBBETH 2. T2, 8
10B4124Z, AIOMFTREDOEZ RKEL L, £ 7 AV b
BLOSHE L H~NORAFE LR 72, AR
BAEE L HBL, &7 AL FOE FHEESAZITNS
o 7:0

/2, BlLHOLBY, WOMITHEOZELS AV MVE
DB EZEEL LB AN —WnE o R,
LR, wikE, R74vr, EBEBIVRATFTA v 2T, B
HREDPRIRE &L B LA BN S RfliE R L7z RIZ,
BI2HN IR OMFTRE OB AN F— 2 ML L/,
AWOMNFTRE» SHEMNATRE CORFREHBLOAT 1
v 7 OB ANF—WINEOFHMEE R L7, HBEEE
ERBBRE L EL, bR, Bk, F, X742, L
BHBIORAT4 v 70T hOFTMIZBWTY, MET
ANEF—WIMBEOFIEREFEEINE ol o, B
MEO LK, AiBOME T VX —¥inEOFHE,
HOETH -7,

zZ =

AHFFETIE, HME L RIMELART VT L xiEER
THE, BROMRIZENS LI EI D, HbETHhIE
ZOHREHRBEZWHLOPEHLENZTHI L2 H A
720 BIRIIRLZEBD, MEOHREAEICIIAE
EWRD ol ZDI2D, BfELOMED, BEOEN
T3, BIZHBOENZESL0THATRERIZE
EEINDL, B, FRICIKE¥ELAEARENRD LN
LbOD, TOXHIThTRRIEREDL, BEIHEETS
Tl nnwkEZONL, T, RBEEE, FS520
BERIZZVWHODMOBBREEZATLIDLE LD
T, MEHBOERII NI AERIIAHEL TVE0E) 2
WERRT230THY, HTEERICHTIEREDOEIZE
L5HDTIZBVERWRNITALIENTE S,

INOLDOEBREERIZIAT D, MEEBELAVTR
AT RTLAENET S, TOBROZ AN F—FERY
BT AT LX) MR L B L2, ZOB, T
WEDFILDORETHLEBLAVEE=SY L, IhH—
EHE LD L) BREICEEOMBERRLER, &
IR L2 By, WM T R MIBIT 588K
BEICBWWT, HE & RAMETMAEICIZIZRSOFEL
NVERFSELIEPTEL, TOLE, FEBLAL
WEMICIE, FIL0F2TTREZLLFRUSNOMS
(BB d&FEhsbs, L2L, F520NFEFER
A U7 S BBRE ORI R O T B L XV EE %
BT OTELNVET S L, SHBRE ORES O %M
BELUANVOFEE L B EEI3428+19dBTH Y, 1

575

5720 A80E DIIITIC X ) 4 U 5 SMMiFE L XL F
Bl & AR 7£111.3 £ 3.7dBDKI40005 D1 & FEH I/
B, BT REHTEL LN TH 72,

T/, F2NRLAEBY, 10MIC240B L F Okt
BRECITHEE TR, TAVF—FERBICE I b
7zo L2 L, 157RC480RIDONIFTHEEE T, i rsk
B ICHREBICIANVF -FEEINE Do, O
T 0, 17°FIZ480mI OIIFTHHEE Tld, PARRE I RABE
WAL CIFTEER T > TR B e SN L %
272, £ZT, TOEMNIERT 5 HPHE L7,

BINR L7228, 1557210 480BONIFTHEE T
MTR ISR EOME L VB L2 &, H¥d SN
Mg COKFHBECIIMBERICAERER 2o, 2D
Clid, ABRE NS LRI LU CIIZEE T X
WWETSE, —F, RERNEMEERI Y LES
W E T AR D 72000, MEEE LIIBBELA
B2 X U b RREFIH WA RBTITL TV
1l ERRTHIDTH A,

BAPNIR L2 BY, NMITHROEEFREH O 2 &
7 KT AT SO S, s I RPE L L
ARICE»o 2. 2B, EIRWTRLUZEREZIF T
HRORBMOMBMEN WL DIZIZFCTHH LT
5L, NESARZINTROEE FRESOIE? SO
B3V REESNE, Thbb, FSRIRLLESB
D, ITRICHBREONHE L VB L L oA
BED, BEDOHBAEINE o200, NETH O
BFREHOMESRIEE L) EP 072720 TH 5,

F7, EEMITRLAE BN, IPFTHRRCHERE O TH
SVBSLIEEZOMBERT 4 v 7 DRTHED, R
PRB IR E L KB LA BEIIKRE 72, RAEE O]
WIZMFTRRIC Z O AEMIR0 2R 5, T bbb B
ERAT A v 7 DR EKSER L D EEFRESE
MBIZDH BB, RBEFEHITIE—A b VWid oz,
72, MUSHESHIIRLZEBY, KFEmEICEE L7
B E AT 4 v 7 ORTHBEN, BHE TIZI80°IZHE
BRI L, RABETRIEERIIE o7, b
DRER LY, BB INFTR IS FREHE L UPR
BfiomErRE L, HEH»rS 25714 v 7 0%FE T
ERICEWEIZL, A74 v 7 L BLTEROKE R
LW, MiOEB T ANF—%, HREONSHRAF 4 v
ZIRIRIVAE R, FOXMOBED LA EITFTW
52—, RBMERFTIRTAT 4 v 259 TL|AT,
BYO AT LTwEEEZOENG, X512, H6M
WRL72880, 155720 480BI OMFTHET, A5«
v I DEOHPREBEIGELTLO AT 4 v 7 DX R
BRIET 2 ETORME, FRE7TIORLEZEEBD,
AT 4y 7 DELDPHEEEIELTEORAT A v 7 2K
PO 2 TIRICEOAERRKIZ R 5 T TORBZER,
FNETNRAME VP AARE L VABICKE o1, Th
X, BEEPRIHEELILRL, HOPLORAT 4 v



2005 PERHER - RS FIAHBICBUIAHEEOKREL AT 4 v 77 —2 38 — DO 19

WY FITBEICE D RS ANy FROLEEITFLAT A4 v
s ERBEMETCERLZE I FORY T2 R
L, BIVTAT 4 v 7 2 BN ICHEE S8,
NIZEoTAT A4 v 7 HmOREEZHMRKIE TV T L
ERTIDTH 5.

HIHNIR LBy, #BBEOMM X DB L 2B
D, AF4 v I7OEME, AF4 v I OFELEEIBT
BHEZ RO R TAEONITROME, NHTHE? S
ROWMITRF TO—ENT b7 5 FIMEAS, RPE T
A L KB UARZICKRE L, 180°I2Eh - 12 T LI,
BHENEEAFEHLZZY A MY 3y MZX o TS
A6 Fy PAREGICFEEER A LI T 20k
L, FHZREEBMICERL2VRBHRIE, X747
ZROFOTIIT T 212 —-FEHRLRIRE, $42bbFEH
BEAMWHT T TWz720, WEhSBE L 2BofA
BEATI80°IIEL o 2b DTH b,

72, REHE TILIOAEONFTROME L, METH
5ROMITE TS b5 PMEMTIZFEHELL, »
OWMEDERFET b LMAZENLEDITNE o7,
i, ITEMEO —REEICbhb2Y, X514 v 7 LS
PR DA R BB IZITE 3D T L <
BEBIN720TH LA, O L, RAHEINFT
B FMIChb ) AT 4 v 7 2BOKEDTETTH
S EERTHDTH S, K LEwE T,
TREOMES L U — B OEHECTRIIBNTYH, HE
RETLRbLMAEINIKREL, 512, BoHLIEEFDL
DLHoTHEEER VDO, FTOBMOMAELY,
M$TEE D — B D7 B EHEDIT ) AR & VWA
AHLNTZ. THUE, AT 4 v 7 O EROIPITICZL
ELRMEBETTEA IELE, MHBFI LAY F2ok
B2 AT 4 v 7 OEB) T AN X — 2R NIRRT
B2, AF4 v 7 EFHETHEHETTRRENE FE
THETHOT, TOK, X574 v 7 HEFEIGEDL
DThHHEEZ LN,

B, AFA v IHPERTARICINE PR CTEEL
HThH, B BATEICIIHBEMIC T2 # - THYE
BFELEBZV, Thbb, RRBNER/2E/2RE,
5T CRBNICHEYE T ARE? BT TIIE, BO
T4y —Yav MY 2HWwEILELR L, o
T, $FERVA Y 3y MO ko TEREFREBM &
JREEAE, BIZRBICT7Ta v —Tay MEHAL,
h, g, AMEREE SR, BHE, REERXEELTAT
4y 7 ICfEE— XY b2, ZORE, SHRMICA
T4y 2 REOBELEMSE TV L#ENSINL, &
IR L, REBEZ INFTEEICB VW TFEERE LAY
W 7IRETAT 4 v 7 2RO EFD, EEFREN %
HIVMEHET, FROMEIZIZLALHDLT, FHEH
YNBSS AT AR EOKE L REEE), #ETE
FIZATF 4y 7 OWHEEICI D, ZOXmEBEHIE
TwizkEZO6NS,

BORNC/R LBy, MRE & B LR E IXH
ME B HMICKE LEHAE TV, /72, F10KO
LBh, BE L RAMEDORZL T X v PELOHE L
FAOBRKBENEEZ LB L2 25, BE L kR
ARENSE L7 AV PTHBIIEMEE R L2, &8, F
S LB, Bk EMEHT A, LaL, WFTHE
EoER L L LI EBOFELREESINEALS, WNFTEE
WCHBEREHO/NS R, FRZEEEDO/PNS VAR
BITTS5Y, LaL, FIORBLUHEIORIIRERL T
BEBY, 15480 O L= W INETHE I B W\ T
b, RABMEZEEOKRE R, KRIZEVWET X V],
BIOERFIEVEETS REERE STz, £
72, RSB RFRE IR se23F, Thbb
AT 4y 7 RBOFDIRETITT 2720, FHROME
Hi, HEBELZHVWAI ENTET, LB, dikitvo
FEHREORKEZVETZ XY P2 TIITE X2 2155
PolzltEZbND,

T, BIEIIRLZEBY, £ 72 NELO,
HOWFITHE % 2# & U728 = AV ¥ — & o R KMl
B, RMBEH IR L BL, FrBuwigtesr Ay
NCEEIIEME R L. ORI, XF4 v iR
0 ETEIEID, REBEIIHAHE LB L RE 22
F—REB L EEZOLNDL, ROT, HB12KIE, #HE
FIZ RPN, $RTOETA Y MBI ANE
IR INVF-WnEO—EUI b 5 FEHENDN &, §
b bR MEI NSV EERLTWS, B D
MFTEIEIC BT 5 T AN F—FEREDY, REME & LB
LAEDRS2DIRZDDTHH 5,

22720, WHTFTLRL EBERTF 4 v 2125260
HUBIA N -0, BEEEMVOBEOARIZL -
TEH, HEBHOBEBIZTIZV, LirL, Fh%
‘BT EELRETIE, ChE2RET200F N F -
HWEIPAETHLOIZNL, EHEZWSLTHHELER
L, B AV =R O RS E O KIS
U, BEEIC V2 2585 38T EE & B E R
FTHLZODIITZANF—RHET L. EHEELIEDLE
X, Wik, F, OV AT4 v 7 OEKELE, HE
W OKFHEEIIZTLOT, TOAKEBELEYZZS
DDA NF—HEREDLEATEA, wThiltis
RE U CTHB T ROV F — s O R 5O K/ As
INF-HBEIIEMEINEEZONSL, B, BH
FO LB EHIHOMEL RV F-WMMELHOMETH S
DiE, BEEICBVCRMABEO R EORR, Lk
BIREASHT OIFTHE & ) IRV EICH 572720 TH 5,

PLEX D, 14124801 & v ) BT VR TIE, B
FIERBBEH IR, DNELBETHFOEE T EAH
FTLw), O LI VIFEELTToTWAE 2 EHHS
Mol iz, ZOBHHIE, ROLBYTHELE
Zbhb,

Tbb, NFIHEEI1SHEIC240E LT Tk, BEFF



20 SURRHE LR E 2 [ AR - R

WEEHE X OPEE2HHL2WIEATOIMITERICEE
B hnied, REEEDRME LB LAV T —F
BEIZEW oz LABL, RBEBEEZIAT A v I %
FHRTEBY)IAZRETHAL TWA LD, 14512480
B &) T ROBE, BHE L F CROWRYIET
BZRATF A4 v 72 DREVE T ANy FIZH725REDPARE
Tho TNEMH 720, KREAMET FE L UHk L K
ST o T, BEOKE LT A VIO
BYfEDSBLIRE £ D O R EZ VRAME L, BAE L HERL
IANF—FERBPKELS o7z, F72, REAPEZ I
FEMEICEEPIRESBIOTELZ ) THVWL IR
k3, FICATF 4 v 27 OFMEEBCLY, FoOkE%
BB S TWz, L, BEEE ST TFRENS
LFUFHEEHCNFTEETRA T 4 v 7 IR (0l
EEE &, AT 4 v 7 RmDAE — Fa RAHE L
BECTLZOOIAINT—HEL/NILLTwLE
bbb,

X ™

1) IAHE— (1998) H TR THR FJ 4,
Fa—Vv 7o, 3437

2) LEEE, WHEIE (2005) U XA LITHT A —20
IR 2 25D K FTRBROEBR T, BTHHREREY
S ik, Vol. J88-D-INo.1, 99-107

3) WRER, PHET, FEEEA (2004) Fv 7 2%
I AEBOITHRR R OER L 7V — 7RO B
DWT [FHALE S 2T FE RS, 56, 21-26

4) Waadeland, C. H. (2003) Analysis of jazz drummers’
movements in performance of swing groove-a
preliminary report. In Proc. of the Stockholm Music
Acoustics Conf. (SMAC 03), 573-576

5) Friberg, A. and A. Sundstrom. (2002) Swing ratios
and ensemble timing in jazz performance, Evidence for
a common rhythmic pattern, Music Perception, Vol. 19,
No. 3, 333-349

6) Nunome, H., T. Asai, Y. Ikegami, S. Sakurai. (2002)
Three-dimensional kinetic analysis of side-foot and

) b—

575

instep soccer kicks. Med. Sci. Sports Exerc. Dec;
34(12), 2028-36.

7) Coleman, S. G. S., A. S. Benham and S. R. Northcott
(1993) A three-dimensional cinematographical analysis
of the volleyball spike, Journal of Sports Sciences, 11,
295-302

8) Matsuo T., T. Matsumoto, Y. Mochizuki, Y. Takada, K.
Saito. (2002) Optimal shoulder abduction angles during
baseball pitching from maximal wrist velocity and
minimal kinetics viewpoints, Journal of Applied
Biomechanics, 18, 306-320

9) ZEMEHE (1973) A S —ZOERNIIZE—F v 7
— DM IZ A & 1.5 Physical Resources & Performance
& OBk, KF ORF23(5), 300-304

10) Asami T., H. Togari, T. Kikuchi, N. Adachi, K.
Yamamoto, K. Kitagawa, and Y. Sano (1976) Energy
efficiency of ball kicking, Biomechanics V., University
park press, 135-140

11) Wood, G. A. and R. N. Marshall (1986) The accuracy
of DLT extrapolation in three-dimentional film analysis,
J. Biomechanics, 19 (9), 781-785

12) tR&4E NEFRIZR (2000) MO TEHEEZFICE
nah~ BEitéid —8mMESER—, K AF
WEF, 26

13) HAEEFE (2004) HOMTHAFHEM BHETE
< AR A HE TR BAMEE X T, Maktl, 282-285

14) ®IR ZHEFEFTNV (20000 BEARTFZ, EHM
=, ‘FEH—, MER MR, AR—INALF A=
7 A, BEENE, 130-131

15) RiME®E ITREED T > bu— (1976) EREHEE,
AFEN, ETRIE, EREW, MEE E SHE
Byedtam, KNBfEEE, 263

16) HEEW (1999) Y7V 2bu—2 %500
» 1, Rhythm & Drums Magazine, Vv b —3I 22—
v, 12H%, 3841

17) EFEER (1999) KEFENT — - 7 v T KRIERK,
Rhythm & Drums Magazine, Vv b—3I 2—7v 7,
8H %, 53



