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Cycling is one of the most popular exercises in
Taiwan. However, there are several reports regarding
sports injury in cycling, including knee pain,
quadriceps tendonitis, stress fracture and foot
disease. The causes to induce injuries might be
improper cycling posture, insufficient warm-up and
overuse. Therefore, the objective of this study was
to measure the biomechanics parameters during seated
on a stationary cycling. This study developed the
force and torque measuring system for recording
three-dimensional forces and moments on the pedal.
First of all, a material compression test machine was
used to validate the pedal system. Also, the
kinematics and kinetics of the lower limbs during the
ACSM sub-maximal bicycle test were evaluated.

This study have been developed and validated a
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bicycle pedal measuring system for the kinetics of
lower extremity, and the experimental results of
human motion analysis showed that the peak knee
flexion moment was 0.5 Nm/Kg, and the peak knee
extension moment was 0.13 Nm/Kg. The results were
very similar to previous studies, indicating that the
developed pedal can accurately measure force and
moment of lower extremity. In the future, this system
and the model would help coaches and athletes to
prevent bicycle injuries and increase the efficiency
of bicycle training. And the relevant results could
be widely used in various styles of indoor and
outdoor cycling.

Stationary cycling, Kinematics, Kinetics
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ABSTRACT

Cycling is one of the most popular exercises in Taiwan. However, there are several reports regarding
sports injury in cycling, including knee pain, quadriceps tendonitis, stress fracture and foot disease. The
causes to induce injuries might be improper cycling posture, insufficient warm-up and overuse. Therefore, the
objective of this study was to measure the biomechanics parameters during seated on a stationary cycling.
This study developed the force and torque measuring system for recording three-dimensional forces and
moments on the pedal. First of all, a material compression test machine was used to validate the pedal system.
Also, the kinematics and kinetics of the lower limbs during the ACSM sub-maximal bicycle test were
evaluated.

This study have been developed and validated a bicycle pedal measuring system for the kinetics of lower
extremity, and the experimental results of human motion analysis showed that the peak knee flexion moment
was 0.5 Nm/Kg, and the peak knee extension moment was 0.13 Nm/Kg. The results were very similar to
previous studies, indicating that the developed pedal can accurately measure force and moment of lower
extremity. In the future, this system and the model would help coaches and athletes to prevent bicycle injuries
and increase the efficiency of bicycle training. And the relevant results could be widely used in various styles
of indoor and outdoor cycling.

Keywords: Stationary cycling, Kinematics, Kinetics



\ S
—_

i =
ELIES

g;’a—s CREEFERE S SERES R ROEE AR P b RS 5 - B o> NER

Hppre §- 383 sx g § 8 o 1345 F ® Sporting Goods Manufacturing Association 2008 & 3
V‘ﬁj.,_‘—é.l- - B ENOEPN FENGRERE=FF o0 - EY FARE- FRASFREHE ARG T
FEA A gLt Ren it Erzie L o@ XA s FHgEFAZe LT o L
RIRR A 23 43 o d W dpdpn > W2 chE B FARRAR S > TR L eho § B R Y2 i b
BTLomgARkARS A ‘i;uf,‘gzﬁn:a ERFEF AR LRI G AR EREY o Ay

B2 @ 5T ks v HE ¢RI HINERE & E s RN B AR AR S W B ek i
R e BRVUEE R (S R & AL (hamstrlng) 3 P B &5 6 v ez a2 9% i (tibialis anterior
and gastrocnemius ) > &4 § # IE #&g BAFIEERP PTG T £¢L Bk E T B &R G (knee

pain) % ¥ v ggownE i (patellar quadriceps tendlnltls) %% 9% % Jx iz ¥ (iliotibial band syndrome ) » & #
% 31 (stress fracture ) » "2 % & i ¥ (compartment syndrome) % X385 }}is:i(WanICh et al. 2007) -

;ggl A4 Bandt o VUK EF S UE I FR IR GuE R GldoR PR B E S E MG T en
FAF CHEEHLRE  ARHI VR I RGP GV ER I IR EERGT P FRG D
Frd R EAPEE A 0 A $ T VIARAHBE T 0 F R RS T e e g Ry

T8 E2 Q}Fﬂ%*‘.@ﬁﬁ PRI ARG - BRE AR TR SR YrE R o B i T nJ—ﬁ,;gaj: @
AREA AR FY 0 R -V RE RIS R AERE o D TR SRS E
WO R ME R L R (T LR LY o

KFTF NP ehG

1 Z23d-2-2894 24 BT FER R (ZB3F 22 44E) TRFLZPZERAE > L EPR
TR SRR B R T cd § 2 4 AR

2. %P ACSM % i 2. YMCA submaximal cycle ergometer test =%rigk & Bl » & BB 7 I FF £ e g

A E PRI BERIERT > TRBE DL o

Tl

v feEE
wrigk i fra’#ﬂ.u}

MEFACES B E B AR RARE T %%ﬁ%rwé AT eiE R G TS ARKAR S A K g2 G T R T
fd o e RFIFEDT AR (FPEIHH - FAEE 5% LE) S fRahr T, H 38 %‘F&gli.ﬁf' A
P A H F ashhAxtrp (78 Tiiﬂi: P AT A EREEZ A R E e A58 A YRk D & b
3;551 iz,"%i'/ £9:% = i & (Segers et al. 1997) » % L ey £ & kA 5 A M (traumatic) 2 1§ & ¢ * (overuse)r'&

.

>E\-

Bl mrpkd g 0% S Henp R E S s BT ORGA G EEIN R S EINE A9IN5 § it 7
“hiperilde > dogkip S Mehanetal (2009) 0 £ F o h i R RV AL A B A oo dEHcER ) RE D
TARIZIANG o K AT, ?k‘#%ﬁiv N fﬂ'Tf’/T’“UF WG ot A ik p e
F022%3 47% ¥ ¥ AT L EPD AA DR 0 PP TG A At BY o BENG B b
60% v 4 F T A Ft i T sk (Puranik et al. 1998) 5 @ g 3R G e AR 45T S 5 ¢ & "'I&U%L
1



BB s grs RS e 2 g e F 472 B0 28 % 45 (Thompson et al. 1996) o H 485 B 5930 ~ SR en
Bl R E S L FARFTE GAAHE AR THI P L AHRE T E KT
I LT CEE LE RS PSP

-,
[

WREY MG T CERRYEDGIEY L ARFAUDIHIES L o R R R B - AL
A= ”‘/»\f'ﬂﬁ}ifé’* FEIFHEAFEpFARd S M s AP L LRFR ‘H;%Fm
?f?ﬁ)i oA A ’fp.%ﬁwnbpiép%f'f’i&? PLRR S AP BE i B n’;T(Burke 1994) - g 0B K
.%E?’»??S:/%ﬁ AFIpFRERRE RN ST SRR EFT RLE G B MG “,f T BESRIRA S E
=103 15 R vh o % R PR | NERIRIR AP ST S 0 NERAE > B5F B PRa R4F S 2 fic gt eh 4 (Salai et al.
1999) o & wmeidie > MRS F ¢ b Ll F S A GARE > g F S agEwiEss o ¥
B AP G v dg H B & et i B4 (Andersen et al. 1997) o ¥ v o p iF B SR KL A G we
"% ig g i ¥ (Carpal tunnel syndrome) i A FlEm P oA SRR %Ki;}ﬂﬁ 40BN E s ipat g
HF EFZp oo e B 2B #‘”’Jﬁ A pER A G PR }_Kfi IR L eh
7% m(Puranik etal. 1998) » F v e p (78 4= 2R Av S pr B 0 E > BT R D BRIt AR R R -
ARET PR TRRERR Y PR Z AL A2 8K & 2 KL & > Gregersen et al. (2003)
ﬁ*u‘%.';#&£ BERYTH D PEE G B RBERM SN T2 I G e R R TR
B &R 2R A e o B ¥ R Ak /%4 12 (1T band syndrome) » i & H 8§ R B & Rk & &
¥R PE S K PER AR & B 403 L (Marko, 2004) « EF s BRIRA L G T g R ad ek
RRA KR 0 H gl ﬁ"%%;**v?%fri.%%—*ﬁ(Ericson etal. 1986) - 4Lk &7 F i ¥ Ad ~ @I F R LA
ARSI E  SAERDTRT 4 B AR & s 2ord S 0 A B E P REFET L ES
AREITEF L o RUE R AL VR ATF)RR D T2 F S Mg BE A g
A= R & o e % ¥ (patellofemoral pain syndrome)(Burke 1994) > H ¢ F R B oF RIAR A ﬁ JE
i ¥ (excessive lateral pressure syndrome) ~ ¥ ¥ L i (patella subluxation) ~ %% ¥ 4% i (patella
dlslocatlon) ~ B F #0 i g i ¥ (chondromalacia patella) & & > pt ek > Fx BB R S f T B
oo RO F B e g T 4 iE L A % F (Thomee etal. 1995) o ¥ ¢k » FFH soi iy B R & * 5 B >
WHIVIELDRFRBEEE TS AT RPN E S v @R A
FRAFRIMESR HDE A FErnEL LA o - L ERIRIHE S e ERFF UREARL T
LR A B F RV enis % (Marko, 2004) o B R FRegRA > K Lend b o A ER S
Wy RO R 2 SR Mo PR RN BT A B T RES 0 By
GRS R w nE TR 4 s st A Bk BT R D B3R kg 4 o

urgk B 1T A ¥

IR R e L R U e ”ﬁwz gk 4 #p?g@ﬁ%f%/)ﬂ}%ﬁ’léﬁkﬁgiﬁ’}’ v B 4
1986 & Ericson etalrg/)%frﬁuﬁﬁ_, 60 rpm > 7 & 120 W B 3k %rigf & pFen™ 5% 4 :E,/»\wjaliﬂ%ﬁ:
Fyd 4 4E 343 Nm > L B 4 2 89Nm > ¥ 4 42 288Nm > % E 4 42119 Nm > & < Bk & F
By 4 48 3L.9NmM o % Sanderson etal. (2000)shgep B4 #7 3 » (F 1 g 12 e 8 E £ 2 17 - Ak
AL GZAFHFES I e AT R PN RS A R e o S BT R EFALAR LR
Xadpr B FPE AiEE (Impulse) ® 5 > T RA RS g R BN e e g (Positive
Impulse) > 3 v %rid 4 75 5 ot € & BFE H 4o o ,pr}%ui ET o yrpk B SR o fiEE et T A
% 18] - 2004 & ’LI% R R IR G RO ¥ AT HREFRE > BRE IR
AR gds o FIS S IRM S R S &S e g e AAM S B TR R ITH R
B4 AR ] 4o ’%ﬁifa‘? FETR ARG RN S RS < o A LR ITHRB I R A

2



fr4lentp 3 F s - 2007 & > Sauer et al iE B FIAEM & nE £ 00 G0 0 4 B0 RS Ld o Ty
RAFA Pk L ERH B RS S BEFRAPFHFE > THRT M E§F Bk
A (CQIPEIRZ R REHB 2R ) AR gL TP (A 2REER S BB HIR
HERE &5 R R en ] AR RS IR RF Ol Tl BT H k> FREYH D AW (Fo
SERLAFEEEE WM S LR 2 0] iR S Abtetal. (2007)» A PSS SCRURLE - VIS & 2
B2+ BBl o RIRWH 2 E L S 258 22 RS P R & 304 L H 4 1%
E R 0 UM SR NIFERH T RERREFCICER L O R BEFR O P ﬂmﬁ-ﬁgﬁgﬁ,%ﬂ
Tz B ETER R i'E‘ LBk s P¥EF - 2008 & Potter et al. vt 1 F s £ X S iR
FOMEE RS DRI A LU EL A PR T LR S Sl g B HRR
4*¢$’%%@m$ﬁﬁﬂi1ﬁi11%’&W*g%?aww’kﬁu$m@4ﬂu»gaw,

S GG R S B RS 2R 8T BAp R4 A G el s B
2R H 1S ) o 2009 £ Chapman etal 37312 98 5 Pop Fia 21 urig B edd oo g0 A 4E T s

%ﬁim*%%AEWB PEA L FREYE S Ol AR E 08 HP T A fAEE A

i e a*ifmJ-wf’&?"‘f’

HFERFaTrd Faipiie

2003 & > Baum et al.» a7 ApRB T R EBCT AT T 0 KBS A7 ot BT e R
S GRS A LA R BT R o Ba AT AT o R (blcepsfemorls) L4
v (rectus femoris ) ~ % ¢k ip]3~ (vastus lateralis ) % "&mi 3vy € < DI > @ H - M 5 F]3 e g Q)
i 2 B4 i (gluteus maximus ) ~ BB A AR Z EFATCE VRT ILeNg M B A A C R L Bl R Bt
RAWE IR ERRE I E RSB E L P goeier PR £ 22006 £ > Sanderson etal B3 &
ek B E L AT A AR S T iR B A B AR P g e B SR 2B rrﬁﬁ L
$E2 e RE R E ] Bk - RO EFRE S e gL e St g i
FAR o P ABREAE SRR B eh o AR & ® FdnA > BRSO 40 0 YR
By (plantar flexion) » ¢ %% 4c » B & 58 & (range of motion) R ¢ Ap i > - 9B & 3t s » B
PAEF R AR RAMES VN EDERFP D > BT FIURBKFM I P8 4 1t p @\ﬂm_’@lséy,}am?xi&g
e 5 AL E 1L 22007 £ >Bieuzenetal. 't = f& 7 P B IR S 0T A fe 4 B 5 4 %) F_50 rpm, 110 rpm
2Rl pd ER o BRdpd > & 50rpm & 110rpm T o B B B E VURAE BRI O S 4o A
FH S 51 22009 £ > Chapman et al. bt s lew] (FASEFEEL ) b 57 FRFRFHT
AP LR AR R BN ERF N B R P FEEL T RV
BRI T o veT ML aE By SN A ey o

-

&

ERIFHE A R 0

Ericson et al. (1986) 17 — & &8 {5 4p 56 o Wi & prends (7> - BTG 1+ 0B HA 5 4o B D
G E AT RS R s SRS YR 4 E35 5 - Broker et al. (1990) R #-7 i Kistler 2 @ 47

» )% 9251 A i load cell % % &% RIEHE 1+ o B4 B g Rl N BT 0 2 BT G cop B B
R4 A BTG T k4 £ FHR o Mornieux et al. (2005)#-/ 5 .(Strain gauge)AkRb Bk e % (crank)
FRRITHG A BEA LS B B NI AR EE - Th g B E TR s B
FRERAAE = B P HTa  FE% 717 0l i8R~ h7FEE - Ettema et al. (2007) 2 X % 3 &
load cell #rif @ & 2 (crank)en= ;N &R T %4 £2 4 25> rir b load cell 545 + > 12 A B - Gen 50

iRl Au BRI B2 RwSE o



A SR AAY SR MR R

R a2 BN B R e LR R

Jﬂ.ﬁimfg’; ARt FE A E2E R P
RS e AT o

SRR B F AP Y B R 5 T (A
ﬂéfbhﬂ%?o@é (S A L R
iR A -ﬁ mﬁfm'r oz oaEs 4 g&%ﬁgw y PR '74 £ 5 YPEE

g
— BT Y W AU R KBRS B AT AR B (Tend & AP R g K
T E A §£-4 R A Bz Bz menp BB (load cell) 5 A% 5 Vario Comp Force sensor 9602
BEFESE RPN RESR A SN R BRERIBVEES £, N X R AR
% B load cell g3 5 6 cm> 2™ = load cell PIApEES CM  BirehE s Y oo 2 5 0 > Efh s X fih o
v At (4@ l)e

B 1 Bk W

R %%

s> g aiiEag SR 25 BurglE ot urek @ pl# 22 (MONARK Ergomedic
828E) » £ 7 12 =W ST iER <~ F2 T HE4 > 2B ACSM # % 7 YMCA submaximal cycle
ergometer test > 2 %rigg 4 45 3¢ 50 rpm g & =T A R PGERIR T 0 A e PR el B SR RS D B R
- HIFR TR BN U BERE ISR A S B TR T Ay - BT
LSRR R 0 TR f R %miﬁﬁuﬁpgﬁiﬂiéT&*#ﬁWﬁ7ﬁ@{’i
PETHELE L LG SRR rg et e kot g ﬁﬂ:ﬁ;:}]%ua o h SR o

Bl 20 ® % AR R R AR 2 &R R R ORI



THFAE-FEER AR EURIAT H 1B EERFERZERREE SRR o
ipzé§Maﬁﬁa$mv}pﬂwﬁﬁxﬁﬂﬁ+ﬁ%w$ﬂLv£WaJ@ﬁW$’ﬁé«
T D REEFERRE AT KR ERP (LLOYD-LRX) #G HL o B iR 4 BON 4 & 0 JE
ON I 1000 N *s4e>tgkfpit o = 2> 2255 e X > » ON 2 400N e 305 BEheni= ¥ (4o
2) B EEREE AKX A (T g BT AR 2 1ogr il o LRXPlus iEBk S AL & 5
% ek o i) L““?E‘ 5Kn (1124 lof)rs p ettt dse e * - R * 34 R - 7 L &5 XLC R
PRRIE REHFRT P ORFe BRERE%R R NASRFE I AT LI ERE, BT &
B g icE BE S z‘]‘)a RS232 Ao » ¥ 2 22 3 "t & » @ % 'ﬁ—"’l“g#ﬁu? FTRERET R
PRAFEOEEL 48 LRl LE A .

R S AL P

AREPRRITR RS T UHFSL R Sk PR PIE R AP RITA 2 R
23 ME -RHMERTRE CBEEETAR - ARER B~ "i% ~ A RIRE T b OEREERE ~ R~ <
R PR EE o PRAMRE S (BRI S e ®) 2% Paolo de Leva, (1996) 7% #
SRR S

= ;Eq—-g FABE: 1 £ La?]i’g“ﬁ% g& ¢ v (728 & Pk & ™ (ACSM’S Guidelines for Exercise
Testing and Prescription, GETP) » iz ® @& Rlifw A P T T L o4k M @& G T g o

ZE X i?ll—*ﬁ FoEARZe AFF 1 1295 Helen Hayes srfkze(Marker)i= % &7 X £ bk Bk > o W) g
& b % (Sacrum) ~ & ]2 42 F =+ gk(Anterior superior iliac spine) ~ + %2 ¢t ig](Lateral thigh) ~ 3% # ¢t 42
(Lateral epicondyles of femur) ~ |- #%(Shank) ~ %r§2 (Calcaneus) ~ #%r#t ¢t ip|(lateral malleolus) ~ % = %r¥
it 2 3% (Base of second metatarsal bone )& - 7 3gF kxfihse L 5 T AT B o £ S R F AR
(Medial epicondyles of femur) fe%rBZp ](Medial malleolus)i & - 4 % & k3§ (T #F L FHPET A
"

: ol
AR
o]
e

# 1: ' YMCA submaximal cycle ergometer test

HR < 80 HR 80 - 89 HR 90 - 100 HR > 100
1th 150 kgm/min 150 kgm/min 150 kgm/min 150 kgm/min
Stage (0.5Kg/25W) (0.5Kg/25W) (0.5Kg/25W) (0.5Kg/25W)
2nd 750 kgm/min 600 kgm/min 450 kgm/min 300 kgm/min
Stage (2.5 Kg/123 W) (2.0 Kg/98 W) (1.5Kg/74 W) (1.0Kg/49W)
3rd 900 kgm/min 750 kgm/min 600 kgm/min 450 kgm/min
Stage (3.0Kg/ 147 W) (2.5 Kg/ 123 W) (2.0Kg/98W) (L5Kg/ 74 W)
4th 1050 kgm/min 900 kgm/min 750 kgm/min 600 kgm/min
Stage (3.5Kg/ 172 W) (3.0Kg/ 147 W) (25 Kg/123 W) (2.0 Kg/98 W)
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-2 1000 | R’= S 400 b 2_
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5 800 ¢ S 300 f
N b
= 600 g
S 400 T g 2007 ¢
2 L L
= 200 r = 100 >
2 =2
< 0 2 0
0 200 400 600 800 1000 0 100 200 300 400 500
Recorded force in z direction (N) Recorded force in x direction (N)

o

Bl 53 frned (22 9)2 T4 (X3 )2 R ERREL S BB

=
-8 - —
§ T T T T T —=24-0 g 15.5 y—022127x+11116
g 5 R?=0.9901
S - - - - - - kS]
5 30 25 20 15 10 5 950 { ° 15 L
= £
g Gl -26.0 52 145
g2 S
g -27.0 1 g 14 L
: y =0.4033x - 18.191 3
E R?=0.997 280 1 S 1is
3 =
~ -29.0 - 0 5 10 15 20 25
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