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Biomechanical Differences of Cycle Pedaling
according to Uphill Slope
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Objective: The purpose of this study is to provide quantitative data through biomechanics
analysis of lower extremity movements according to uphill slope when pedaling a cycle.
The method of the study were as follow.

Method: Ten healthy adult males (age: 30.18 + 4.2 yrs., height: 173.75 + 2.99 cm, weight: 66.9
+2.64 kg), and who have a weekly exercise distance of more than 100 km and participated
in amateur competitions with no lower extremity musculoskeletal injury within the past six
months participated in this study. The experiment was conducted at three uphill slopes of
8%, 14%, and 20%, and the intensity of the experiment was 5.5 to 6 watts per kg of body
weight for each slope for 4 minutes. A 3-Dimensional motion analysis with eight infrared
cameras (sampling rate: 200 Hz) and five-channel of EMG (sampling rate: 2,000 Hz) was
performed. In this study event 1, 2, 3, and 4 were set at angular position of pedal at 330°,
30°, 150° and 210°, respectively. Also connections of events were set as phases (P1~P4). A
one-way ANOVA with repeated measures was conducted to verify the intervention effect
and the statistical significance was set at a=.05.

Results: As the uphill slope increased, the position of COM moved further back from the
center of the cycle. In the knee joint, P1 and P3 showed greater ROM and higher angular
velocity as the slope increased, while P2 and P4 showed opposite results. As the slope increased
the peak activation timing was found to be faster for the vastus lateralis and biceps femoris,
while the peak activation timing for the medial gastrocnemius muscle was delayed.

Conclusion: There was a difference in kinematics as the uphill slope increased during
cycling, and the difference between 8% and 14% showed a greater change than the difference
between 14% and 20%.
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Zia, Ax= T2 AMEOA Q7] Y AXXE FRED Q)
CH(Chun-Kai, Hsiu-Chen, Ching, Kai-Cheng & Yi-Fen, 2018). &=
ok AO|2 232 A0 met A} E2 =2 A0|2E 7
2E|H, 0| & =2 MO|E2 7HE 217] )l BF0|Ct

L2 AIO|E 4F &= ChYe =40t X[Hoi|lM 4F7t o|F
OX|H, 47| ZotE A%steH 2% 9g2 st A2 A
AX|E BARO BEXQl F0| AL ZRSICHRichard
Davison, Swan, Coleman & Bird, 2000). =2 AtO|2 ZF0|
M R0t 2to|E = Atof T 30| FofLtn, S0j| Cf
ot O =2 £otet 10| Mg m2E It/ flo Chdst
XMl HEFS FARSICE £3], AO|E 2+ fI0IM2l XtMl=
0|28 & MH d&& oLt & e = A=K 23
StCHCaldwell, Li, McCole & Hagberg, 1998; Stein, 2012).

20|H = Q20 Tl Al LEHE oz LA S HHe
E O|SAIZICE O|HE2 220 HAMENM EHESe=
2 Qg MA| 4ol 2 0|t HHE S8 AHYS WX
5l7| 2Ist MEFO|CHFonda, Panjan, Markovic & Sarabon, 2011;
Fonda & Sarabon, 2012).
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Hong & So, 2016). £2 HE
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23t 240|CHHamar, Gazovi¢ & Schickhofer, 1994; Karas,
2012). RLEY A2 FH A| & 42| Hal= 28 5
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20l F=tstR| ChJorge & Hull, 1986; Ryan & Gregor,
1992; Li & Caldwell, 1998; Hug, Bendahan, Le Fur, Cozzone &
Grelot, 2004; Dorel, Couturier & Hug, 2008; da Silva et al,
2016). O|E= AtO|2 TN SHYS 24517 RIShM =
APOIZ HIEE Al MM SHQ| {1, oK 2EQ| 5T
Z&zo| Bal O2jn FFZO| 2 Yk 58 AAMY| #
2O} BHCH(Pilissy et al, 2007; Turpin & Watier, 2020; Fonda
et al, 2011; Bini, Senger, Lanferdini & Lopes, 2012; Fonda &
Sarabon, 2012).
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METHOD
1. AR AR}

2 ¢ aAt=s A2 67HE Ol Z2=3A Hsiut
+=% 0|30| gl M2 HotstRirct ojm, & CHaAt
£ F2t 25 AH27F 100 km O|4), OFAEA AO|2 &
(masters cycle toun0l SEE|0f OtOt30| CHz|Of| E7tst=
20~30CH 2 10 (LIO]: 30.2£4.2 yrs, A& 1737429 cm,
HZ: 669426 kg)2 2 MHBIIULCE

2. MEEA}
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15min(120-150 w) Tmin (200 w) 2min (kg/5.5-6 w) 2min (kg/5.5-6 w)
SR e e | .......... oo
Warm-up RVC Recording Recording
5min e e ».

.............. i 8%, 14%, 20% (repeat) i
rest Frrna@ernnnnnnnnnnnnn, s

S s S

Figure 1. Experimental procedure protocol

8%, 14%, 20%

2 AT0IM BE MRS QI MOIS2 AFBBHLT, A
012 ¥ Al 225 YA G2 2SN 22N A

=)
2|sto] 104e| AOFE E2f|0]LH(WahooKICKR, USA)QF
o 8ol Me|M 7tH2HOqus300, Qualisys, Sweden)S At
5t0f 3Kt B2 2AE =S, FtO2tel At: F
EE(sampling rate)2 200 Hz2 MAHSIALE QK| H|O|El=
Qualisys Track Manager (Qualisys Sweden)S At23}0] =5}
1, 7t ZHEE NLT (non-linear transformation) #Alo 2
TSI CHx = &/2, y & B/ZF, z F: A/3h. O+t OfL
2t Mxel 2EE ESH7| {5t 2 iaRte| MAof &
42749] BrA} OPHE 2&HSHA D (Figure 2), 2% & (vastus
lateralis, VL), CHE| O] %2 (biceps femoris, BF), 43 (tibialis
anterior, TA), L§Z H| 2 (medial gastrocnemius, MG) &ZF7|
2 (erector spinae, ES)0l EH M=2 25, 24 &
M (Ultium ESP Noraxon, USA) At2 # 5 & (sampling rate)2
2,000 Hz2 MFsHAULC.

noop rE o

3. Xtz A2 W EMEHe

ACHO| WRS TESI0] 8%, 14% 12|10 20% Ml 7HX| BA} 2 g7 £=3E XY fIX| HolE e Xtz FEWE &
2 AYE ISR taite Ad Y % 24 FH| LMt QAE £0[7] I8 24t XM Y -EnHEE (butterworth
= 1527F 120~150 watte] X Z=2 YUAS HADH F < 2nd order low-pass filter, XtEH o= 10 H)E ARSI OO,
SEto| BET RAIS Flot = 2 HEs TYSIRCE 2 o AO[E I EHE Al ABE =529 & 4= Ho|EHes 77t
52 £7| 12 X300 watt)at CHS 289 EX| =¥ St ZHE AL5H0] M| SHRATHAME b= 20~400 Hz).
(kg/5.5~6 watt) 12|10 LIHX| 229 228 AAL F&(kg/ HolM ZioEr FHIZ F ST CHAXIQ X XtEe=
55~6 wath)Q 2 ZEEES HHESIUH, 212t ZAOtct Qualisys Track Manager (Qualisys Sweden) Z21& £}
o Z2EEE HESI0 ™S SIUCL olm, HjojE BH2 0| c3d otY=2 #ME = Visual 3D (C-motion, USA) ZZ 174
RVC Recording Al 10£ #Y = &7+ 5225 RVC Eo HI0|H 2 0|83l BelES MESIY 245tRUCt o MRS
2 AIBSIRIN, 229 AA FAH2 30XM HF5igien O o 2 Mk HFEIE It0l MY AE T x7| 122 7
T U A= HEY 102/E AHESI0 228 AA FH BWSH= 200 watt e FA AlQ & 2HEE 7|FELE Xt
HO|E{E Hlm BEMSIAC} £k T3 = Ho|H FHEES ¢ L 7|FE 3 %RVC (reference voluntary contraction) &8
z 1 = ArESRICE
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ATOIM A
2 4749] AlE(Event, Bt 4702] TZt(Phase, P2E HH
(Figure 3), Zt A|M2 AtO|E2| 23 Yeko| 12412
JIESR St AlA WEo R HY0| fX|ste £F K|
MEAZ|QIom, HZHo| 309! «7to] E1, HZ0| 150°¢!
| E2, HZ0| 210°Q! #7+2 E3, J2|1 HZ0| 330°Q

= ALOIZ HEE Al2] O|HMIER} F7t0]

©, OF nx
N O N g9 0% rm

Ay F> oA
=
(@]

7H2 A2 HHSISCt E4~E1S ESHE 22 P1, E1~
25 Eutsts FZH2 P2, E2~E3E S1t5tE #7H2 P3, E3~
E4E S1I5hs F2t2 P4t HE7ESIACHDorel et al, 2010).

2 AF0A BME HoloR s REEE HRIORE MK
o, 7R, Z4E20|H, AN FHo| iE VELEE |
g ZuE 7|FE2R nPEH ALE EO|HM AO|Z F
Al CHARES| 2HEO| SARE HEAL Op2| 2{X| CIO|EZ
AHESU D, THSEHRQ A& e HHAL OO Qs &
SHA| 239 3%t A 242 o MESIRUCE *SYSH
Holg 2 2Eeol 2O 28d AEES 245310 RMS
(root mean square)E Sofl MEE|QUCEL BE ZXE gf2 Al
O|2 % Al 200 watt MZE F& AlQ| AHHA J|&E =5 Al
SHUSIE 2T 42 7IFELE Hassturt

2 oM A8 QY BEL B E BE AEA Q| WY

E4(330°)

Phase 1

Dead Point

<« :X /7 <
o & \2 =
w > 1= Q
© o Bl
£ 3 /o
o g2 N
o -
Dead Point

Phase 3

E3(210°) E2(150°)

Figure 3. Event & Phase during cycle pedaling
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RESULTS

Aol 2B £Y HolS|
AfOIZ HZY Al 229 FAbzo|

=
Zit= G2t ZCHTable 1, 2, 3).
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Table 1. Average COM position at each climb degree unit: deg
COoM 8%° 14%P 20%* F(p Post-hoc
X 64+.01 64+.01 65+.01 0.23 (.80)
COM Y 72+.03 67+.03 63+.03 188.01 (.00") c<b<a
z .99+.02 1.01+.02 1.03+.02 89.18 (.00") a<b<c

a: 8% of degree of climb, b: 14% of degree of climb, c: 20% degree of climb

*Indicate significant difference among climb degree
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Table 2. Average ROM of lower limb joint at each phase unit: deg
Phase Group 8% 14%P 20%° F(p) Post-hoc
Hip 6.68+1.83 6.01£1.15 5.48+.93 9.13 (.02%) c<ab
P1 Knee 14.03+2.16 15.80+2.31 17.74+2.68 128.87 (.00") a<b<c
Ankle 6.63+3.75 721453 6.68+4.02 0.22 (.81)
Hip 42.28+2.45 4244+2.41 42.83+2.25 0.50 (61)
P2 Knee 66.76+3.07 65.80+3.48 63.75+3.39 7.79 (.00%) c<a
Ankle 16.70+6.12 17.37+5.98 16.69+5.41 0.87 (43)
Hip 5.41+1.63 5.83+1.26 647+1.78 6.47 (.01%) a<b<c
P3 Knee 22.44+4.03 2497+3.94 27.08+4.12 34.52 (.00%) a<b<c
Ankle 6.01+3.14 7.67+2.98 6.66+3.57 2.81(13)
Hip 36.05+£1.52 36.70+2.74 37.18+1.94 3.12 (07)
P4 Knee 58.44+2.76 56.68+3.74 54.38+3.92 18.12 (.00%) c<b<a
Ankle 12401543 11.42+5.05 11.14+4.73 2.24 (14)
a: 8% of degree of climb, b: 14% of degree of climb, c: 20% degree of climb
*Indicate significant difference among climb degree
Table 3. Average Velocity of lower limb joint at each phase unit: deg/sec
Phase Group 8%° 14%P 20%¢ F(p) Post-hoc
Hip 40.30+27.57 22.49+25.83 8.20+28.96 58.19 (.00") c<b<a
P1 Knee -125.10+£19.40 -143.06+20.03 -166.02+22.93 168.79 (.00") a<b<c
Ankle 58.32+35.65 61.35£49.64 60.10+39.99 0.05 (.96)
Hip -189.79+13.72 -188.16+12.66 -193.25+14.45 147 (.26)
P2 Knee -292.89+18.48 -285.06+20.99 -280.48+22.86 4.91 (.02") c<a
Ankle -61.51+£37.46 -65.66+32.19 -68.35+28.98 1.88 (.18)
Hip 15.66+27.47 27.86+25.49 40.02+23.04 31.14 (.00%) a<b<c
P3 Knee 184.84+27.08 207.27+26.16 229.33+27.33 54.09 (.00") a<b<c
Ankle -21.11+49.24 -14.37+64.7 -5.21+£62.67 2.78 (.09)
Hip 160.09+11.78 160.78+16.03 166.86+15.24 3.83 (.04)
P4 Knee 257.56+24.96 246.65+27.52 241.35+30.25 9.0 (.00%) ¢b<a
Ankle 439+23.19 43.05+16.96 41.39+19.85 0.27 (.77)

a: 8% of degree of climb, b: 14% of degree of climb, c: 20% degree of climb

*Indicate significant difference among climb degree

Sk Z0E A4EHEDH Jt3Yelel Zutet Hiet FYE Lt = KOIE

EtWCHp<.05). T Al P11 P3OIN BAETL SItEsE 7F S/HEST AH27t A5
FE SEAM O WE AH=E LIEIRICD, P22t P40|A
BMEIL SOt sE FE HEL AHE7F S2|A LIEfL

-1

HYCHp<.05). 3 9F HH2 PI0ME AL
O, P3YAME B7ISHALCE

http://e-kjab.org
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Table 4. Average muscle activation of lower limb muscle at each phase unit: %RVC
Phase Group 8%° 14%P 20%¢ F(p) Post-hoc
ES 1.07+0.28 1.19+0.35 1.05+0.38 1.61 (.23)
VL 1.05+0.26 1.08+0.27 1.11+0.34 0.26 (.80)
P1 BF 1.29+0.26 1.36+0.32 1.34+043 0.13 (.90)
TA 1.20+0.40 1.54+0.62 145+0.57 1.03 (40)
MG 1.11+0.26 1.19+0.27 1.12+0.34 0.44 (.65)
ES 1.37+0.28 1.53+045 1.41+0.31 0.53 (.60)
VL 1.11+0.27 1.48+0.32 146+0.52 4.53 (.03") a<b
P2 BF 1.36+0.39 1.38+0.35 1461042 0.52 (.61)
TA 1191044 1.27+049 1.14+0.46 1.01 (49)
MG 1.04+0.21 1.08+0.22 1.05+0.22 042 (.71)
ES 1.22+0.24 1.41+0.39 1.44+0.58 0.92 (42)
VL 1.15+0.19 1.39+0.29 1361044 233 (13)
P3 BF 1.45+0.31 1.59+0.36 1.70+0.39 1.64 (.23)
TA 1.37+0.60 1.51+0.70 1.27+0.59 1.38 (.30)
MG 0.95+0.10 1.07+0.22 1.09+0.24 4.64 (.05)
ES 0.89+0.24 1.00+0.38 0.87+0.46 1.11 (40)
VL 1.08+0.21 1.12+0.33 1.07+0.24 0.20 (.82)
P4 BF 1.27+0.25 1.31+0.31 1.31+0.25 0.11 (91)
TA 1.25+0.38 1.65+0.99 1.59+1.16 1.25 (32)
MG 1.07+0.16 1.19+0.25 1.07+0.28 1.63 (23)
a: 8% of degree of climb, b: 14% of degree of climb, c: 20% degree of climb
ES: elector spinae, VL: vastus lateralis, BF: biceps femoris, TA: tibialis anterior, MG: medial gastrocnemius
*Indicate significant difference among climb degree
Table 5. Peak muscle activation timing of each muscle during pedaling unit: %
Phase Group 8%° 14%P 20%¢ F(p) Post-hoc
ES 3836+11.63 40.07+11.14 51.29+14.04 3.01 (07)
VL 63.09+3.65 61.13£3.97 61.19+3.32 5.91 (.01%) b<a
360° BF 88.50+8.93 68.90+12.77 66.65+12.18 10.4 (.00") bc<a
TA 38.25+£10.70 41.19+10.05 38.05+9.59 049 (.62)
MG 57.88+19.59 70.58+16.09 73.38+19.43 4.78 (.02") a<c

a: 8% of degree of climb, b: 14% of degree of climb, c: 20% degree of climb
ES: elector spinae, VL: vastus lateralis, BF: biceps femoris, TA: tibialis anterior, MG: medial gastrocnemius

*Indicate significant difference among climb degree

Korean Journal of Applied Biomechanics
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