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SHrET. 2 EEOBEEREOEIES A (02Nz ¢ 20.73% Balance, 02-CO: :
14.97 %-5.00 %, Ne-Balance, E&FE{t, JAPAN) % T, &H#EBREDT X kO]

G:?ﬁ:/) 71—:0

(2) A%

LA, a%Er (CS400. POLAR. FINLAND) % HWCEB)HEFEL TH
Pl L. 330005 34940 ROMICEREINTT V¥ IMEE FAEL> T
FAuNT~,

(3) EMG

Y FAEEMIC L 54 v 7 @B OREHERES L ERE T ¥ 32T
L A—%32 25 A (TELEMYO DTS, NORAXON, U.SA) ZHWTEEL,
£, WERHOBBAMEMLORELHIE L. 73—/l LORERTLERR] (2
Fo a7, BANEL, JAPAN) AW CEMMEMIETE 5 kKQLITIZ/RD £
TERLEL-0b, 20FEEM (BLUE SENSOR P, AMBU, U.S.A) #%&
WERIFERE Scm 12 CREMT L7z, SWBE OAMO KB, KA. M. PEER. SMAUL
Bk L ORIEE ) HEH L HBERIEENL, Y7 U o ZJEEE: 1500 Hz, Band
pass filter: 10~500 Hz {Z Ciifgs L CA/D EHa L, /X— Y /L a v a—ZPNIZFEE -
RIE LTz, FEC, BRI Sh-T o4 reT 45 A5 (SONY, DCR-TRV30,
JAPAN, 60 fpm) (2K 28{EME%E —Y P rar o —2 @& lz, EMG ©
FDH%DOSMIIL EBF 2508 205 347 008 FTo 10 M DRHERE Vs,
Fbt, AT ANO EMG fEHTY 7 b (MR-XP 1.07, NORAXON, U.SA) %
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FAVNC BRI S U7 B & 1T 10 DO RER RN TORMO 5 ~F Y 741 71D
FRBRIEEh & I L, M L7285 U v 7iCki 2 4 Rl (RF U v 7 OTERZ 0°
&L 0-90°, 90-180°, 180-270° 51T 270-360°) A5 & LTkl L Ty
HEXEGEMG) %Kiz, 772 TDIEMG L, 100% % F/L&EFO 1EER5 0 iIEMG
Wxd A& LCES (Normailzed iEMG) L7=DHIZ, 5 _F U 7oA 70D
FHEARD BTz,

AR HEHLER

oL 1% SPSS Software (17.0, SPSS, USA) #AWTiTo7-, ¥ FA@mdlk
FEMEL LOWARICEZ 2EIL, —aiBsEsirz AT, £htho 7 A
F AL T L2 T~ T2, F 77, Normailzed iEMG DY RAEiz L 228X, 745
VAR LU S LI B AL 0T o (W FvmXERE . T
NOBEL, AEKMET p <005 &L, EDRICEEENRBD ONIZHEIX,
Bonferroni 1 # FHMREICHAVZ, AFRICBW TR bNET —ZiE, 2 THYE
HIEEERAE TR LI,
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FAE R
B 1HE MREERERIOOHRK
2 FEEO T AT v ALEICBT &Y FEmic L ABREEIREL L CLHREOEL
X1 & 21TRLTz,
AT ASFIZED HF, Y FAESEERERES L OB KT TR BRI,
BT RMBESN (p < 0001, ¥ FAEmRE< R ZEMBFERER UL
BT L 72,

%28 iEMG

60 B L ON90rpm SEICRBIT A Y RV E EEBEDRIE & L TOERH O Normailzed
iEMG & DBfR%E[™ 3 38 L U4 127K Lz, 60rpm 5:i: Tl RER S L OWEIER O ik E
ENY FAEOEME & BICABICHERT 2EmMATRL (p <0.001), 90rpm FHFIC

BOWTIIKRERORERICY KLEOEIMCES BEEREMN (p<0.001) HEHESH
2o LU, ZTOMOFHOKEBEEIIL. ¥ RAEOEINCHE S AERELITFEO bR
oo,

FI B BLOP6ITX ET AT v AL T, A F )L 1 EER%E 4 J5THE (0-90,
90-180, 180-270, 270-360 [¥) /7= & EOMEBEOEN AT N dEmaEike
LTORLE, FORER, REHOBREREICBWNTOR, @7 AT v AFRMETBNT,
B RABEX ALY T REEOBREBRZEERANED 5 (60 rpm: p = 0.018, 90
rpm: p = 0.045) . Y FAFEDOEIMC LY LY 7 oP#iRE (K74 7RmE) 128
B EREEN BN AEMICH o T,
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i

52

AFEOEERMRO—21%, A=Y RAEOHE T, BREREIY NLso
BNE EBICERE L, bo b bEWY RAEDLE XD, bod b/ S MREREE
nELNEZETHoT,

ZORRE., EEER T — T —IC LB AWK Y vV EBREOMRFEREN Y
RAGOEME & b2 VFERICEKL, BFEo 100% AVEHaso 107%) 12
WA FAEDLEIIBMBEEREN b LI R kol Z baELL
Nordeen-SnydertOD#E5R & 3R 5 LD Th -7z, Shennum & deVries 2%, —&
BRFAS Y L S EBEOBRBEERETY PAEORTE & LI L, /hoFE
I3 100% B EiEfHiE. PVIVEREED 106%0 L X2/ b2 &a R LTV D,
Shennum & deVries %278 = F/LE (100~ 112%)8 B 5 Him 105~ 11 7% R0 E &
AEICHEY) X, Nordeen-Snydert®dHFZEIZE T, ¥ KAEOEME & & IZEEFEER
BB H#F (107 ~112%50 B/ Em) ICEFHEE LT 2 Ennh, b
2 ODORATHEOFE R, FEITRVbDLEEZLND,

L7”>L. Shennum & deVries®? DBFFERER & EBER BIET 2 & GRS
HREAEBGROMIRICKRERBYBHHEEZILND, HOITEREONEHESH

(84.6cm) [FEEREEE (80.8cm) LV bBILZ %EWEEAZTRLILE LTS, Z
DEFE (EEHEEHE=0.955 XEHAR) ICESTIE, #HHAHVZ 100~112%J%
BAREEZ OV B, 106~11T%REHABHEY Tld/ <, 95~107T%IEH & &
RSB Lo, LAY FAGEOERT & & b IR ERE ) N9 5 & O
TERMTONA TV Lk s, 2, Bm—IEHESBERICITIRE aEEN
BOLNDHIELEETHIENRMBETHLEEZOND, FIZEX. BEADEE,
DR TFE (81.5ecm) EREREASSE (7T4.9cm) (Zi3B LZRERKEEICx L T 8.8%
DENNRRLND D, BHICET 5 ZETOTD 1.2%I2 L E 7220 (8575 87.6cm,
BB A 86.6cm) , Nordeen-Snyderi®MAFIEIZ BT HHEBRE IS LMETH 72 Z &
5. 100%EEF &1L 107 1% E A EIC— 8T 5 & T 2 OBIFERERITNREHE i
ERYTholmLBbh5, b, HOWEOHBRENBETHT2HE. ERITE
L7 96~ 106% I BHEABICHYET 54 FABRAN LR W2 &2y 2 50%
TFZE TRV SRS RSO, RERRZEIT D722 LIl D,
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—J . ARFFZE TRV RAEE, BFEEN b — /L 2302 4 LICETOBELY

Mz T, L—RRLHED FL—=0 7 THVTWAES (100%) O 95~105%(Z1H%Y
TAHLOThHoTm, WRE 144D HH, 9L OV THBIEIC L - CEHll L 72+ 5
(88.3cm) & 100%% N/E (87.6cm) & ORENZIZBLZE 1%DEWV LR ONLD
St INHDZEEEETLE, AMFETHWZY KRR, BTanidiE 94~
104%., BERKAED 95~105%IFY T 5 Z L1270 | 2 DOEATHIIE L B2y R
LEDOHFE TERMNMTbAL TV I Ll b, Lo T, RFFEOMRIT,
Nordeen-Snyder®®d#fE & & 128272 Y . Shennum & deVries??DFERAZFTHH D
ThiHeEZXLDND,

ABFZEIC 334 T, Nordeen-Snydert® & B/ HRFFERERSE HNZRERE & LTIE, »
XD EmEZOND,

—olL, HREOENTHDH, RAFRIZET H2HBRET, FEEXOR—T7— LT
OREY T EFICER LT 14 4O BEBEEFRRFETH o7z, HHIL, TR bKRE
BFEME, BREFTRKESH 5 WVITAREFE~OHERBROCAERRAFL, Lb— X
DI —LT v TR —NE T HDHNNEIHED L —= 7B T, FEEERD
05— WA S EB A BT T D, T EEMNIEEENDOE
— 5L R ARE Y L rERE “FHRLT THITAD I END, KFFEOEFREIC
HIEFERCER LW EZBND, ZHIZK L, Nordeen-Snyder'® D HRE (X
— T FRFEETH -T2, Wbk, ERENCr —F — L TOREY v 7EEB O
BOMENE 2 5N TWED, FORIGEFRELRfERe—T7 — ETORE LAY
Uy TR AR I L FE I, T ER FRTEWY FAAEICBVL TR
BEGBAZY VBB EARSE, BUVBREEREL 2L LIZOb Lhvel,

b9 —ooEEeE, HSh e — NAREBEGERT2METH D, AET
. BEREN P L—=r IR ATHEAL TS r— NABEREZ U CREGE
BE(To7m, LD T, _FY v 7 EBHREOBMA ST —H AR RV F—HE R
R B2 B HEREO T L— LA XL 328 v RL s 7 T TR
122039393 Z N FENOWRE OFKIIFIEEE L Wb orAn b Tz e B x
NS, ZOZEND, HIE SN AESENREIMIER CH LT FLVEmOLELE:
E0RECKM LTV LRSS, Zhick L, Nordeen-Snyderi®DAFFEIZE
T, 1 Bor— FERGEELPHANSN TR, Lizhi> T, LR LI HERE
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ERER T AHERIINLT LLEEREFOBREICEG 72 b DO TR, MIEHRTHD
Y RVEOZES VFROBFERESEL 120 LIZWREESE 260D,

EHICEZONAMOERE LTIL, 2 DO CIThN - EBEEEOENDHIT
LD, 2 DOBRICIT 5 IEBRF OB RIBIE LS L% 1.60L~2.10L & (XX FRE
Tholz, LinL, KBFFEOHBRENFAICEBSH SN B T BEEFHRFE Ch -
72D izxt L, Nordeen-SnyderiOD#ERE 1T — i THETH o7, LIn->T, 2D
DOWFENZBIT AHRE OBBRENIIREREV DR ST EZAOND, EENIX
T 5 AR EIGERREIC L > TRRD ZEND 9, HREOFIMEREIES DE
A — KB BN 1036 B ARAREBHAE (%V0mmax) 12 H72 5 L, ZANY FAE
DIALICHE S BB RTINS L2 B2 LW THEENE X b b, £FE LLOBE T
ORI OHEERE S 60rpm (2 L B b ODY RABESRMEICBWOR LI EE RO
BT 119 /5 CThoto, T OLABUKEITRRBFEEIRED L I £ 40%I4H
W ADTO, 5 DOHRBEEERBIIL LT 420 BREThH o LHEEIND, —
7, R TFEAEORE, HEINSRERABAEREIIB LL 40ml - kg! - 571 TH
% M, L7z73->C, Nordeen-Snyder D#ERE O R KIEFIBWMEIL, H& b OEEND
B EE 2LUSRE ThoTm EHEE SN D, LMo T, k= b OHEEE X ES)5H
FEVE 65~T0%Voemax & 720 | AHFZEOHERE L 0 b, 25~30%Vosmax b\ FREE
TEREBEHFAITo W eEZXOND, ZOMMNEESRE X, —EAMEEIITT S
BARAEREOFHERN 2% b 72 69 BIEMFEREL B A L EHBRE THDLH Z &
BHERHENTNS D, LEN-ST, ZOZEMN, 2 200ORIZENTY FLmnZEkic
o B ABBERENZEZ L0 LG Ly, R & RERZ2 %R % |
Shennum & deVries??/8 L < b L—=V 7 S BEEFRERFZHNTHETND Z
Lk, ZOXI RN A I/ TALOTHAH, LLennb, 2 DSOS
BIAEROEVC, R LEWTNOER, &5 WIE0THOER O G HED
BE L TWENCONTIE, AR TIEEETHZ ENTE RV, ZO7DHITE, &
LR AHIRN/LIELE SHLE D,

L AT, BFETIE. Y RABOERRL Y v 7B O L E 2T TROMBE
B T T B FMET 5 -0, BEOBOFIEBITREHEREE AV THIE
L7, FOFEER, 60rpm G TIXRER R L OWEIERIZ. 90rpm S TIRE
® Normalized iEMG (29 FEOEIZIKRTT LI- A EREMAFRO b, Jorge

.
lacind

Ah
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& Hull29 34 R/L @ QIO BEIE T O EE N O3B 28 mich 5 Z &
REE L TV BH, KHFZED 60rpm KB 2RI N AT HLOTH ST,
BEBEENC T S IEMG EBERERE L ORI EOMHBRBRENR RN Z & 2EE
T5 &, RFRIZBNTBEI N FAGOEIC D BREREIGE L. THRO
TG, RIS KRB OEBIELABEE L T D 2 ERRBashd, £ T
b, REMCTRLNIY FAEXREY I REmORERREERANBEINZZ &
Mo, REY IO RTATREOPIIE (0~90 B) 12817 2 KB OIEEHZEH
BELBWRERFOZ ENRIBIN-A, T OBBEBRESEICEIZXTT D%
BIZoWTIE, RFEOFRERNDIFERT D2 ENTE R0,

WFHIZL A, AFRICEN L, BREEREB I UHEFHOWTIOENL b,
(B NLE] OFEEROLNMCTDH I ENTE R o7z, Thbb, RFFETH
Wiz RVE OB, v— NABEE% V72 Nordeen-Snydert® D3¢ & 1 3IE ]
CTHoTe, b VIR EREITE bRV SR (95%:1TIT 94% T &)
THEONIZ, ZOFRIZOY FALETH - & bRFENR~Z U o TRAREILe D 2
EERLTEBY, B— KA 27 J 7Tl BFEOIEE 100%IC8E T 549 FLE
ERWHZE LD L ZOKEDOY FAEERAWD ZENHRIND Z L5,

L Lenis, KT X259 FABIIRE~D Y R BEELEL, BEINDLH/T
F U ACEEBEE XD I ENER SN TR 90RO RS BEHICE
WY RVEERWD Z LR TERWEEZ RS, TRE RO HEDN 25~
35 EOFEEHIZHIEL, BICr22 HEIHE L CROEELRERS 52 &N TED
WU D Tp7p B BTN T F—w U ADKELHHFCX A ENERERL TV
N, BREEEELEBRAEEICL > TRESNZEEY FAVEIERER TIZRy 910,
Peveler2(X, JEREED 109% % A\ 5 & TA%DENHER S LD 25~35% A L
DEFNDOY FALEETL, FDHH 55%DHIL 35 ELY REWEAEARLIZZ
EEREL TS, RIFRETE, & RAEROBAEZAE L THRWVWA, ol
LR WEEFREREN G LN 5% KA EITIE‘BEEmDOIZT 96%ITHLETHH D
ThHol=D T BOEERLENTFHEIND 35 EOBAE LB A TV - aGEMED MR T
B, Lo T, 95% ) RAEDBEREHEST 5 Z Lidcaiany, LHErTH L
HABHTHD EEbND, R TIE, FHRENRL —ARL L —= 0 ZIZBW TR
LRI ARF Y S TEDHEEETWABY RAGEERWZ, 20L& OBRAEITHE
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LTS, Pevelerdi, 15 OHERE 30 405 B, 5 4O BIRHEFEEEFHIE
LOBEEEEICE Y F LTWAY RAEITTEY 26.8 ERAE T, 2ENHEEIND 25
~35 EAEOGEOY FABER LI EEREL TS, ZOFRFET, HIRHE
HRFIIERBEO L — 20 b L —o U ZICBT B EEQEBES/ ST+ — v v ADFEE
Cho b LAY KABEEY, RBRIICBRL TS EEZXOLND, LEB-T R
e BT, (R G OE WA 7 ) o 7SR D E# Y K@z o0 i A
TETH., HRMERE CEBICDIZLTA 27 ) /RO — A TEA TE RN E
EZ bbb,

PLEE L HD &, AR TIRERO BEREETIOIN BB L AIRERIORT -
T, BRTAL Y v 7EBFIC T 54 Mvm - BRENERMRERET Lz, A
W RLE OB (94~ 104%EEF &1 96~ 105% 0BG E) 13, 2 DOLITHIZR
10)52) L | FIFFHRECdh o 72 (95~10T%HBREEE), TOMER. T FA&OEmeE &b
ICEER BB R4 (L, V EROBITBES R T, BRFEREOR/D
BT EETFEOITIT B5%ICHLET D o & IRV FL@mo & &G oiiz, Lo,
ZOY RABIE, ETHRICISNT, BOEEOFRAERENS 25 Z LR SN
TV B B EERTEIC & B FTREME DS @ )3 o 1 D9IO565D58, = (D Z Linh, KRR IR
FECERBREI DT » T4 Y v VBE AT ) BEEFEEFOEEY Nr&Eid, BR
EREO R L PREERECER /T 4+ — <  ADEID bIRFT D LEERH D
ENREBIND,
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1) AWETIE., HEGRBEREERFICBEEOR— RS 7 CL57 ) —a—F—E&ET%
Tty FUEOB(ENBEERER L OTRAEESNICB LT TREL HE 5T
Lo &Lz,

2) BEERESRIE 14 A WRE & U CARRICSI LT, BRE LY RS2 &k
BRENEE ML= FRORETHVWTW DAY FAEEEREL LT, £0 95%,
97.5%. 100%, 102.5%. 105%® 5 &% v iz, 7=, 60 rpm & 90 rpm O 2 &
DT A7 v ATRERIT 27,

3) EROEER., A7 AFFCEDLT. ¥ FARSEBRERES Lo
FRIETEEIX, FELREDRVBEIL (p < 0.001), ¥ FAmOLEFIC LR
S TEFEIER L OWMaEEEmL -,

4) 60rpm i TIIRE S I LOBHIEH OMEEN T FLEoEme &L HICHEICE
KT BEEEZ7RL (p <0.001), 90rpm FHIZBWTUIKREHOHBERICY FvE
OEINAE S BE M (p <0.001) MEZEENT,

5 7 VU—po—7—%HAVEIRERERFLRGE LIRSS T, F FrEmo
OB TATINGE L Brp 0 Bl A RAVBEAE RO H Z LIETE ol Lizhio
T, BEHRECTERMICH > TR_Y Y v 7EE%1T 5 BEBEFREEFOREY v
B, BEEREOLRLTEETHCER T 4 —< L ADEND bRET 5 2
ENFRELE R D,

6) HERIEMEORKT LY v /BBl SNz BEERERFEN, &

Bon— NABGEZAWVC ErOY RAEICLD YY) VB3 ETol L &
OEEFEREIT Y FAEmOEME & bR L, BV FUEEHE LN L2 h

o717,
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Effect of saddle height on oxygen consumption and EMG of lower limb muscles

during submaximal cycling on a free-roller in competitive cyclists

Shinichiro Murade

Abstract

Oxygen consumption (VOz) during pedaling exercise has been shown to increase
when the saddle height is low or high as compared to the optimal height. However,
this change has not been confirmed using both actual road bicycles and competitive
cyclists. Meeting these experimental conditions is particularly important to apply the
findings to the field because the kinetics and kinematics of pedaling may differ between cycle
ergometer and actual bicycle, and with experience. Therefore, this study investigated the effect of
saddle height on VOZ with both of the above conditions being met. Fourteen male competitive
cyclists (age: 20.9+ 1.7 yr, experience: 6.5 1.5 yr) performed 4-min submaximal pedaling using
their own road bicycles on a free-roller with a selected gear to produce the speed of 31km/h at 60
and 90 rpm (120-150 w). Five saddle heights (95, 97.5, 100, 102.5 and 105 % of preferred saddle
height) were randomly assigned for each cadence without informing the subjects of the saddle
height condition. During each trial, VOQ and heart rate (HR) were measured. Surface EMG signals
were also recorded unilaterally (the right side) from the gluteus maximus (GM), biceps femoris
(BF), gastrocnemius lateral head (GL), vastus lateralis (VL) and tibialis anterior (TA) between 2°50”
and 3°00” of each pedaling trial. Increased saddle height resulted in an quadratic rise in VOz (p<
0.001) and HR (p < 0.01) for both cadences. Unlike the previous finding (Nordeen-Snyder, 1977),
VOZ did not show a V-shaped change with varying saddle heights. Similar to the previous
results (Sanderson et al., 2006), iIEMG were greater for higher saddles for the GM (60
& 90 rpm, p < 0.001) and GL (60 rpm, p = 0.001). During the other muscles, saddle effects
on iEMG were not present. In this study, we used both competitive cyclists and their
own road bicycles at setting saddle height of preferred height.

Therefore, the saddle height of competitive cyclists did not match optimal saddle
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height of previous study. The reason for lower saddle height may lead to injury or
poor performance. In conclusion, the preferred height of competitive cyclists was

not always appraised for VOz and EMG.
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