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ABSTRACT

The purpose of this study was to compare two saddle height determination methods by the effectiveness of pedal reaction force.
Ten male subjects (age: 24.0+£2.4 years, height: 175.1£5.4 cm, weight: 69.3£11.1 kg, inseam: 77.844.5 c¢m) participated in three
minutes, 60 rpm cycle pedaling tests with the same load and cadence. Subject's saddle height was determined by 25° knee flexion
angle (K25) when the pedal crank was at the 6 o'clock position (knee angle method) and 97% (T97), 100% (T100), 103% (T103)
of trochanter height (trochanteric method). The RF (resultant force), EF (effective force), and IE (index of effectiveness) were
compared by measuring 3D motion and 3-axis pedal reaction force data during 4 pedaling phases (phasel: 330°-30°, phase2: 30°-
150°, phase3: 150°-210, phase4: 210°-330°). Results showed that there were significant differences in EF at phasel between T97
and K25, in EF at phase4 between T100 and T103, in IE at total phase between T97 and K25, between T100 and T103, in IE
at phasel & phase2 between T97 and K25. There was higher IE in the K25 than any other saddle heights, which means that K25
was better pedaling effectiveness than the trochanteric method. Therefore it was suggested the saddle height as 103.7% of tro-
chanter height that converted from K25.
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T Apolzo] ZAETE FER| o} alsEed o] ul
%+ 23 274 2 Ao|tk(Holmes, Pruitt & Whalen, 1994;
Peveler & Green, 2011). 3}A] &2 Zo|9} H]&o e
AAg ePdEol= Hgd AHE A-dsA fxstal st
Aol A ‘?z_”ga‘ﬁ I EIE mEF o= I HE
o g 7] wZel sRHAEe] Feks E4E 7 e
(Pruitt, 2006) 1Al wpg]EAS FHa4s & 4 Ak
(Baily, Maillardet, & Messenger, 2003). W2t o]
of 3 A= Egle] Mo gt o]t =0l
A7 9" o] wit =ZA 7 7] e R o
Foizitt.

A WA= A A (trochanteric method)©] TH(Lemond
& Gordis, 1987). XA 3x|e] B4 4 v&S
ZY QY Afe]=e] sk HE WEo R HlwE 7hds)
3L AR shA] AA 9] HlEE A& Rtk &
ol Aok, HAAPHE o83 MAYATE AR, thd
A Eolo] 96%7F MMM HAsh dThal SR
(Borysewicz, 1985), th=} Eo]9] 100%= Pd=olE
A & As AEY AdEs Hask o it
(McCoy & Gregor, 1989). Hgt tjdz} =o]9] 97%,
100%, 103%% AAste] 2ol 7lIAE 5] dEFE

IsAS o, thedzt =olol ek 3%2] 2 Wishk= &
2o 9gFe FA v & tHTamborindeguy &
Bini, 2011).

F WA= FE459(Knee angle method)©]tH(Holmes,
et al., 1994). FEZ4=HL2 sy Al 3FAFE (bottom
dead center)ollA o] FZZI=E 25%04 35°A)0]2 245}
© " PHeR ZAes ST SHAT dasive ¢
o] AR 7H7R10] }23 olgh &4 & WE HRIAE
Hast & 9\}1‘“ dol St} HZole FEAERS

o] g3 AF=0] & 3]' | 1 FoIR| AL Atk A A
25°¢] F-574=7} Q—L—' Pg=olE Ak Aol 359

o] sk
s

227109 9 1j(lnseam)7.a_]°]-4 109%2 SH=o)|E AA
She AR AkaAu|E §843 T lojA] ¢

Folthe AL gRIgH A7 UL (Peveler, 2008), th
Ao R MgEolE AAsks AL FHERAE 9% A
A FE42 (2503595 Yoy g Fogo] fgo] =35
3kl gk A --(Peveler, Bishop, Smith, Richardson, &
Whitehorn, 2005; Peveler & Green, 2011) % 25°¢] ¥
E4T7) HEE ool E AAsl= Ao| 3500 FE7}
Tt HEE PFEolE AAse AXT o sl
ettt Btk A7F ATk (Seo, Choi, Kang, Bae,
& Tack, 2012). o|A§ 2| A+ AA2= Fd5Y
2 FPA] SN FEAEY T 25° FEAER QF
FEolE AAske Aol 0}\0}‘:}5’— H7k=] 5l et s8R
T O EEe] Aol ZEASE), AtAaadE) e o

mEba] 2 Aeas oy MeAolx] HZH o]
$ol2 AT APl 25°0) ¥8 2ot HE ek
ZolE FHA tF=olR s sta, A AH(Tam-
borindeguy & Bini, 2011014 ARE-SF tizA} =o]e] 97,
100, 103%%} Hlawsle] AA 3% 2 Wiyl 53
5915} Radee] o)A R2slEo] ohd iy T
/30 WA= FES GRletara} st H7F #igle #)
ool 28-3= & T2l RF (resultant force), YTl
2oz Z83k= &< EF (effective force), 2|3 RF}
EFe] Bl&Z Yepf= dEvts] 84 2520 IE (index
of effectiveness)o|™, SFgolol] w2 = W wgutal S

AR
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2 A7 A@xk= A FZAA ool §la B
ol Hld&do] 7Fssk A0 FA 108 (el 24.0+2.44],
175. i54cm A% 693+11.1 kg, Inseam: 77.8+4.5 cm)
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Table 1. The saddle height of subjects (unit: cm, %)

Subjects  T97 T100 T103 K25  T% ofK25
Sub 1 94.6 97.5 100.4 102.0 104.6%
Sub 2 82.5 85.0 87.6 85.7 100.8%
Sub 3 83.4 86.0 88.6 89.8 104.4%
Sub 4 80.5 83.0 85.5 87.0 104.8%
Sub 5 84.9 87.5 90.1 92.8 106.1%
Sub 6 82.0 84.5 87.0 86.0 101.7%
Sub 7 83.9 86.5 89.1 923 106.7%
Sub 8 86.3 89.0 91.7 93.7 105.3%
Sub 9 89.2 98.0 94.8 93.0 101.1%
Sub 10  83.6 86.2 88.8 87.8 101.9%
mean 85.1 87.7 90.3 91.0 103.7%

SD 4.1 43 44 49 22

Note: T=trochanteric method, K=knee angle method
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BE A3 AFEe] 71E AllEH sYs AEHS

g e IAE AlolEelA T EATHBae, Choi,
Kang, Seo, & Tack, 2012). #Hg3} A9 =g 5
st7] flaf Aol FhE el = HdE 3R T2 24
Al (Motion Analysis, USA)S ARESISIT #HEH Al
HIwe dolHe] g5 A AR 35 HgntE F)
=25 ARESIATHEISH A & £0.5%, HIAEA: £0.5%;
Lee et al, 2014). ¥A3t Adsd &= 2 & A8t
71 98] AlelE Edold ZZ2#9l [-Magic trainers
(Tacx, Netherlands)®} SRMI}$] v E{(SRM, Germany)S
A&t

o] AW A FEAEHS ARG
ok AP ARt AANASE sl AR} =
o]Z Fatdom, A Eolel 97, 100, 103% (T97,
T100, T103) Al 7FA] g0l E 24 813 tH Tamborindeguy
& Bini, 2011). FEZ=HE IAY Alo]ZellA] Hdd] =
AE FHsta, dge] 9Ix7F 28] 7P W 3ol 9
2|5k AR eM o] 22T 25° (K257 HEs A4
S} tH(Holmse et al., 1994; Figure 1). Z} Igx}] tj
A} wole} 2HH S0l <Table 1> Zth 2E

CHE AL
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\
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(bottom dead center)

(b) Knee angle method
Figure 1. The saddle height determination method
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= 2] dlolHE Aol AREsiith HelHe
(noise)= A A3 & 3= &2l o] Bl =(sampling
frequency: 120 Hz) 22} Butterworth Z E{(2nd order zero-
lag Butterworth filter)S ©]-83l4 6 Hz At F3<=(cut-
off frequency)® &3], #|EwH ©|o|E=(sampling
frequency: 1000 Hz) 42} ButterworthZE]S ©]-83}] 4Hz
2 S22 2231 thBini, Dieferthaeler, & Mota,
2010). HEwky dolEoA HEe HF 3 (anterior-
posterior force)?} 4°% & (normal or vertical force)2] H
B3 (sum vector)O 2 A|FTHAA Hgol 7RiAE & &
¢l RFE AF=Esiinh 33k S2dolY & #H23 3=
Shloll F2hgh whatulA o] fixJHlo|HE o]§ate] #HE7}
2 FP37ES A= o™, RFQ #hollAl W4 (inner
productyS o]&3ted AP FHO=Z A= <l EF
= AXrsdthFigure 2). =3 RF9F EF] Hl-&-2 UER)
= HEdE 884 odlx [EE Fslo] ebgsso] AAW

Hol| w2 ¥ Wi =)
360 360
IE = j EF dt/j RF dt
0 0
Ay =i W A4S 98] ZE HEE dlolEE A

g)&le] 1= HolA] 4=FH7kA] (Phase 1: 330-30°, Phase 2:
30-150, Phase 3: 150-210°, Phase 4: 210- 330°) 4714

Fx=Anterior-Posterior force

Fz=Normal force

- EF= Effective force (90° of crank arm)

. RF=Resultant force (sum vector of Fx & Fz)

EF

Figure 2. The definition of forces
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Figure 3. The pedaling phase

Z o] v w3 th(Dorel et al, 2010; Figure 3).

Z2E Wl HEXoi= MATLAB. v7.7 (Mathworks,
USAYS ARS8 o Qbdzo] W FAIARL foxt gkl
S 9l SPSS v19 (SPSS, USA)E Algslo] whE=4
ANOVA (repeated measure ANOVAYE F-3315 0 A}
T A 7F ¥IRE 9IS bonferroni®] THERIALE st
ek TAA FTFES a=052 AT

oS3 7t} mheel B B obdizold] wE {231
zpo)7F UeREA] erokth. mEka Fdek 27eA 9 e
go] TS Flstith(Table 2).

2. HEHE Zat

oFgo] ¥ WYUK (RF, EF, [E)e Ha 2 %583t
A= <Table 3>3 72t}

1) RF (Resultant Force)

QFgzold] W RFS] A¥= <Figure 4>¢} T}, RF
= FAASE folgt Zpol7t e A] o 15
ALt BE FA PEEol7t YEEE FoRe A
S YERAAT

2) EF (Effective Force)

ePgizolel] whE EFS] A= <Figure 5>9F 7t} EF
B AR et Zpo)7k vehdA] @gkort 1, 4=t

Table 2. Results of SRM powermeter

Method Power RPM
T97 112.9+4.5 60.7+1.0
L '7=—:l EI‘ T100 112.4+4.5 60.4+0.9
1. meoje| Za T103 111.6+5.0 60.2+0.8
K25 112.3+£5.3 60.3+0.8
o] AupEel wE SRMIFIN|E Y] SR p-value 0336 0120
Table 3. Results of pedal reaction force & index
Index Method Total phase Phase 1 Phase 2 Phase 3 Phase 4
T97 152.4+17.1 16.7+3.2 80.3+6.3 27.9+4.9 27.5+6.1
T100 145.8+19.8 16.7+2.4 76.8+8.5 26.2+5.0 26.1+6.7
RF (N) T103 148.8+25.7 17.9+2.9 77.6+£9.9 26.8+7.6 26.5+7.8
K25 144.7+£30.8 17.6+3.0 76.4+11.9 26.5+9.0 24.3+8.6
p-value 0.257 0.293 0.169 0.624 0.126
T97 73.5+7.8 -1.4+1.9* 74.5£5.0 16.6+4.8 -16.2+3.6
T100 67.6+8.7 -0.7£2.9 71.4+7.2 13.6+4.4 -16.8+4.9%
EF (N) T103 73.9+11.7 0.1£3.0 72.8£9.0 16.1+6.6 -15.0+5.0%
K25 76.8+15.3 1.6+£3.0* 72.4+10.8 16.2+8.9 -13.4+4.7
p-value 0.070 0.003 0.353 0.022 0.009
T97 48.7+6.2* -8.1+11.5* 92.9+1.7* 59.7£12.7 -59.7+8.3
T100 46.9+7.6# -3.8+17.7 93.1+2.3 51.8+13.1 -63.949.3
IE (%) T103 50.2+6.8# 1.4+16.0 93.9+1.2 57.8+12.5 -55.8+12.6
K25 53.5+£5.7* 10.8+£17.1* 94.8+1.3* 57.7£14.8 -56.3£10.7
p-value 0.001 0.001 0.003 0.343 0.103

significant difference between #, *, means p<.05 : bonferroni
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Figure 4. The result of RF about phase
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Figure 5. The result of EF about phase

HAlA] Frofgt Zfo|7t Yehsdth AFA R 15HA =
T97HTE K25 oA B £9koH 4=HolA= T100 Kk
T10390A )&k E=dch 3k 15A3} 473 25 ¢t
o7t olASE Zkshe FHE BT 29w 4
=HA| A= Folgh xfo|7t e A] 99kt

3) IE (Index of Effectiveness)

Qbgizolel me wEnuky 849 A¥= <Figure 6>
I o) wgnE G842 AATIA frelgh Aot
Vel A¥-Ao® 1973 K25, T1002 T103904] <t
o7t Skl wel AgntE g84e] ol &
7¥eldey. =Hd sgwe g4 1SH 25 HA
ol zol7t YERgon, T97HT K25014 f2lahil &
7Fsldet. 35 4=HoM e folgh 2fol7t YEh A

23kt
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Figure 6. The result of IE about phase

B AFelre AA HEd Al ePdizoldl we WY
o] §848 RISl o5 T3 A M=olE &
o}X 32} SI3ATH

BE Idxe E A4 60 RPME] X5 3
FABEE 3L, HA| AFME Ha T} B
B frolgk 2pol7F YERA] 2 TH(Table 2). ©l& B
3 Bl 93 U3 24N AFo] FHHUSS 9
=

AT A B QP=o|7t S7igel wet felsh
Z7FIA. RFF EFeE SAIXOZ fojgt zlo|7t §lSle
U QPgEol7y F71Ekel wet QlAlA Hdel ZFiA=
39l RF= #ashke FAE 2o A Hde 374
71= ¥ EFe S7Fke 43S Bt o9 & A3
+ RF¢} EFe] HIE&E Yeplle dlgdige] 587 <Y
2~ B9 goll G T =, dugoz w2 =
olollA TE7} 571 AL AA|= He) 71t 33 Hg
o] "Wh= 3le] o)y} Homz FoAQl Fgdgolata 3
I A7tk 53] EY #tel 7P =9 K259] hdEo]
AN 7P &gl o] FEHAT HrE S 2l
o}

g AEskd Blas sl =aEE SIS AajolA
1] RF= Hg=old] e f2gt xpol7b YA
AUA T [E9} EFlME SAHOR f2l3h 202 B
ok &, #Hdol 7iet d2 Aol IR Fige] WA
£ o= ztol7} AUSdth 15l ] FHgEe A
S AWWhs X2 FE2 Hudwrt =y adoe] F
27t He F7rolth, = kg wheke] glo] FH
oz Zgohs PO oAl Ad-F WEke] 39l Fx

i,
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7b Sk o R A gslol st £H Wl Frs AR
2 /jFoR Pl YoM et Yo ABsol} o
th ol AARIS Avks B4 el zime] G

[e)

ETHHug & Dorel, 2009). W2 =& obgzole] 74
FEdo] 238504 A2 Asts= 157Ho
Al o] HA ZterE BAEE Aol Wb Flo]
m 47 3] AL =3P 42& AlgdEch 2 o
TollM F7H R IHAE 7IFSR (0: AR, 180: o
AR el HA = *Hj% glgk A3}, T97
17.6+£2.6, T100& 17.1£1.7, T103S 16.1+2.8, K25&
14.9:43% PEol7t S71E5 frolshl faste] 4
ARl 7R AoE ERISIATE. whebr] AR ollA
T2 3o wE ek EFe ol dFS FAL A

HN

o= e QoA EFel glol 9% ek v, &
o qbgizolold 9ol gk LiERYT) ol el &g

o oX ['l

< Hehli= B9 3ol J3S Fo] AAH SR K25
o] QPdzoloA HE® B&/do] SUFeItal ddETh
25e] A= Bl SAF SR folgh xlo]E JER
ow T979 Hla K25004 FelakAl F7ketitt. RE<}
EFellX = frolgh zto|7h vehbA] g3tet. 25ollA 9] 7]
g9y 7 B 8 Ue e AA ARA F
gkl Qlo] 7P &2 HlTE A HEd A 7P
o] FAl 3ol wWaFo] Yehe FZrel7lE Stk
(Zameziati, Momieux, Rouffet, & Belli, 2006). twe}A]
FFEolo] WE B9 S7h= #lg® B&A0NA 2 on
7F JHAL ARRET PR oR Ee ePdEellxe H)
1:1-310] U]-/] &8 44_71\_331-—5‘]'04 Aol ]1:1-31_% zlzgg
stk et 5 St} S Avs £50FE BE
sl AEe] 2 *?SEP— TR 35 A=
Hg 3 &84, RE, EF 2% 5A82 {932 veh)
A ket 45%?‘;«1 7‘?:]_-"]")“/‘1‘\:‘ [ES} RFOIA 23 2fo]
£ sk ZPAN EFollA folg xfol& e o
T100°] HIsh T103904 F2lakA] F7tetict. A a4
o 7¥IA= o] o)Al Feo] Wiake|] W= Ze31=
T2 4Fwe EAQ HLYL 8 vl A8
32 43} skl 2v7F Jth(Zameziati et al., 2006).
webs SPgEelel S et B9 frele ol 9l
A% BFS] ke FAHOR felshil waste Yo
o e PgEolt wHlE 485 B¢ HAs s
o glo] BEAIT & 5 9

AnH o gzl APe] whe B9 i Az
o AtHoR F& shizoldl Haw Tedel &
Jhete mglem oAl Ha) FErkEvo) iH o
2 % a8H0 2oz vehgeh FE s
=S ALlR 124 SN FEA4EHS ol 89 K25
o] ebEolrt RS ole

Al FEE PA= FeE YET ol PdEe] A%
W] me gy FledS Blaste] PR §-
TS YER FH2o] Aed ( eo et al, 2012)9H%

O

At A3 YeRRSITE &, FdEe] AWl glo] ¥
271 2558 71FEoR f?_ Pgizo] Axubhyo] Hdw
agzo) ADEE Yo B FANE AHe o
zolglal & 4 AZTh B 25%0f FFee PdEelE
%"éfﬂﬂ"ﬂt ojfgo] JorZ hHAES AT A
F27te 2550 sidshe Ak Eol9] 103.7%2] o3
Eo| A2 AA3= vle]ti(Table 1).

Jle n
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2 AolME PdEel 2ol sgntEe A=
IS elnw_w:} A}, A8 7] dEel AR
HE FolA FE2ZEY 25%) sgshe HdEelz A%
she o] Hgd g%*é?% HHoM 7P mEHQl Ao
2RI weby, P2 25 sigshe o
2F 2ol€] 103.7%2] FgEolE dEHs YT ZS A
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