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Effect of exercise bicycle cadence and loads on pedaling force and
lower extremity EMG

CHANG Cheng-shuan, LEE Yin-shin, SHIANG Tzyy-yuang( Graduate Institute of Exercise and

Sport Science, National Taiwan Normal University, Taipei 11600, China)

Abstract: Objective To compare the pedaling force and lower extremity electromyography (EMG) with different
cadences (60, 75, 90 r/min) and diverse cycling intensities (50% , 65% , 80% POV) and study the different in-
fluence on exercisers pedaling force and lower extremity EMG. Methods Twelve healthy males participated in
this study, and underwent two stages. In stage 1 the power output test at VO,max (POV) was got by cycle er-
gometer. In stage 2, nine conditions (3 kinds of intensities x 3 kinds of cadences) were completed respectively
by using counter-balance design to record the changes for their pedaling force and lower extremity EMG. Results
The negative pedaling work was significantly increased with the cadence increasing, and the appearing time of
the peak pedaling force was significantly shifted forward in the cycle. When the crank angle was at 270°, the av-
erage increase of the pedaling force with the cadence increasing could obtain 1. 84 times higher. In general, the
firing rate of lower extremity muscular activation would be increased with the cadence increasing. Conclusions
The cadence has greater effect on the pedaling force and lower extremity EMG. The tendency of pedaling force
was shifted forward and the pattern of pedaling force became smoother with the cadence increasing. There are no
significant differences among the diverse intensities. Based on the pedaling efficiency in this study, the optimal
cadence for untrained people should be 60 r/min.
Key words: Power output at VO,max (POV) ; Electromyography( EMG) ; Pedaling efficiency; Load

Wi B H:2012-06-18 ; 1&[E] H #H:2012-09-20
BEE1EE AT o0, E-mail ; tyshiang@ gmail. com,



KeE, % BEERESHEANRENES TRAEHZM

CHANG Cheng-shuan, et al. Effect of exercise bicycle cadence and loads on pedaling force and lower extremity EMG 327

M HAT S sl B v, B 3 £ Ao 5 R B A R
e B2 R B KRR, B S HEARZ W, 5
R 14 BRI 91 3R ] 8 S A% 3k K B BRI S T i B
f R B ATUR AR AR 0] BE T B0 95 PR R AR AR, S
F1R) R B A1 0 T 50 2 ) BB B 7ot T 8 TR0 JUL R 98T
KRB UEGS m G RIS . AR 212 2
AR B D AR 7] 42 80T IR B9 A0 3 R 18 2 Ay
J1 RSB T 3 R B BRI 7 A o, A5 5 T e
HiZah R A R B, A5 3k F AT 42l R b 4k
SR RS [ 2 5 RS M e R AR R R A b B,
RTAFZE Y DL A AT A T i 4, 45 90 v/min fiY
A 026 S M 5 2 1) BR B A, L B AR 114 Tl 9
JEIRBAR S . BDXT A AT E 8 T2 5, 5 At [l A ik
A EE BANER SN S g s B AERTH2 T, 2R 90 +/min
(18 IR S A T B P A R ) R ) s A T R
Mo FOR—ME K AAE T A AT 418 Bl sl R R I TR
FH ) SR B A 3 AT AT G AR T 58 45 2R i L, P 3 ()
A —F P )G o

H BT GRS R ISR IABE B B A28
AT RS MR S0y I H - A SCR 3
A BARE AR ST AR i R 0 SR R T
HAT s sh e sl 2 RIS H AR LA om0 250
WS R AE BT B AR B 5 LA | SR BR B A0
R E WU RO, B 5k T AT 418 s i ot
FRER RN Z IR L AT EE T F, HWET
GIHT ARFN IR R LS L, OF 8 i HL s g R B, sk
It K2R LAE TR BAw, MK S5 X T — ik
AT 1 T 707, R 58 S RME A H o BRI, AR SC LA
JETER I 9 AT A 42, LA ]
5 (60,75,90 t/min) LI AN 7 fr (50% ,
65% ,80% Fx KEEH P, POV) X T B LR 7E
JUUH 2% 5 R 5 07 1 1 5 ) B L IR, DA SR — ek
ANAE T AT A 33X 1038 S I R — 26 2 22 B 443

1 #RFFTE

1.1 SEIX&

G 12 A @R L P (. (24.5
0.9) %, 575, (174.3 +4.4) cem, {K (73.0 =
8.4) kg,100% POV (257.5 +22.0) W), 3 1 4E 4
TC T BB AR LR 5 S5 A S e S

1.2 Wigit

Bt 3 AR [R5 (60,75 ,90 r/min) Bl G 3
Fhith 4232 3 9785 B (50% ,65% ,80% POV) %54k 9
FPSERAG E o I 24202 Bl I DA e 7 5 g P TR
2% MacAuley " [yi55E . SLHRFI A PIBT B

551 B LU e Oy S R 2 R e
A NI BT 138 4212 2l 1 2, 31 LA [f)
Hiaghm A e &, TR 1A N K
POV Bl , R AR 32108 i Az 2R L

52 BrBAEs 1 BrBOE R IRE 1 AT, 32
RHEL S5 min 50 W G5, DIZiKE 50% (easy,
E) .65% (middle, M) .80% (hard, H) POV iXE N
SEH Y 3 Fhis SR BEE B, 40 AT 3 B ER S A1
B 60.75.90 r/min L O i BT 1Y BR B (60K,
60M,60H,75E ,75M ,75H ,90E ,90M ,90H ) , 4147 1
W, IR BRI A, T3k 8 B BE TR, BRI
AR /N T £2 o/min, FFIR AT 35 s 14K
PeAR A AU Z (R 3 min, AN [] S 3615 58 1)
I A 0 ik e, 35 s Bl bR &€ 10 4>
2L HARE W RIS A THI 7307 -

1.3 LINg&

{FFH =452 1% 081 248 ( Oxford Metrics Limit-
ed, BL[E) RN F K 250 Hz; JLHL {55 LA Biopac
ZIiefF T4k &4 (MP150 BIOPAC, & [H) FLA
AcqKnowledge 3. 8. 1 #AFHEAT HILIAITE 3 L ALE 5 1Y
Bl W, SRR 1 kHaz, R 8 7 B 3 AL
(vastus medialis, VM) & ZMU] Al ( vastus lateralis,
VL) JE B WL (rectus femoris, RF)  J% — 3L WL (bi-
ceps femoris, BF) J2Hi L (tibialis anterior, TA) . N
MER WL ( gastrocnemius medialis, GM ) | #b JE i L
( gastrocnemius lateralis, GL) 28 7 4bVE R WLAT ILHE,
B Wi I DL ATL S8 7131 (660-60 ATI, 56
) SEATIEAE, RAESR A | kHz, id 5% BRI i A v
(0 3 A8 Ak e R 48 R DL AU o i R 4
( Vmax 29 SensorMedics, 3£ [H ) #E4TI& ; ¥4 18 3h
iy DDA LA 4232 3 I 2 AL ( Groningen Lode BV,
fir %) HEA T D) 0 42 1 P A [ g [l 45t
1.4 HiEAE
1.4.1 ¥ HhEHELRE

(1) AHXS TS50 AL b 1Y) T2 IR B ) 55 7K - R
W75, I VICON Z e Hl i 260 T B Al b i



EREMAE $28% HE3H 2013F£6HR
328 Journal of Medical Biomechanics, Vol. 28 No.3, Jun. 2013

SUSOCBROE  TH R SRS S Ak bR 2 e ffy . i
i S PRECK I 1 E e R AR Z S Y R s B T
AR T S0 A AR Y T S K T

(2) HhAR e B BRI IR AR FH 1 (TF) 5 k4%
YEHI(NF) o 55 1 B Brab B 15 19 16 B 5 K F
71, X VICON il i) s e i A9 e 5% S ik
H A, Y AT Ak TR TR B BT P AR A 1)
LN EELTI(WE 1) o HUILRIEH T 5346 M
FI VLB R BRI U ERES & 0

Bl BWEIENEEENLEHR

Fig.1 The coordinate system of pedaling force
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Fig.2 Patterns of pedaling force for single participant in all conditions
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Tab.1 Resultant force of pedaling at different crank angles
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90 29.6 +5.6° 28.7+3.3*  29.8%9.6°
90° 60 40.5 +11.2"" 50.7 +4.3%  48.3 +8.2%
75 26.5+7.9"  25.1+5.3" 34.6+6.8"
90 16.1 +3.8° 15.1+2.8"  16.0 +4.3°
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Tab.2 Mean normalized EMG signal of different leg muscles in

different conditions

) w5 i/ 50% 65% 80%
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JBe AL 60 29.2+7.2  33.8+7.6 34.6+8.9
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Fig.4 EMG patterns of seven muscles for single participant in

different cadences
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