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WYhyie ziiel Sieignge i Cyaling

= Cranle [ength

= Viaximal power:

= Metabolicicost or etficicncy:

= Fatigue during maximal sprinting
= Pedaling Technique

= Metabolic cost/efficiency

= Power

Crankalsenghis Premises
diheneis an optimal crankslcnghior
cachieycelist

The optimal crank length will
substantially improve performance
Non optimal crank length will
substantially compromise performance




Cydling Craplle Derlgibl
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= Books, magazines, web) sites ete:

= Scientific evidence?

Inbar et al., 1983 (Wingate test power)
Yoshihuku and Herzog 1996 (model)

Martin et al., 2000, 2001, 2002 (maximum power)
McDaniel et al., 2002 (metabolic cost)

Thomas and Martin, work in progress (fatigue)

Cyelitg Crplle Dgngitl

(Googler optimall&s cranke lenpth = 2270Mits
Books; magazines, web)sites ete.

Scientific evidence?

Inbar et al., 1983 (Wingate test power)

Yoshihuku and Herzog 1996 (model)

v Martin et al., 2000, 2001, 2002 (ma>

v’ McDaniel et al., 2002 (metabolic cost)

v Thomas and Martin (fatigue)

Martin et al. Biomechanics 2000
Martin et al. Euro JAP 2001, 2002




PUIOSES

m Determine the effects of crank length on
— Maximum cycling power
— Optimal pedaling rate
— Optimal pedaling speed
» Crank length x pedaling rate
m Determine the optimal crank length for
maximum power

Wiginecls

=6 tramed cyclistsipertornmed maximall cyeling;
syath 1200] 145, 1705195, and 220mimi cranks

TALL and sion cyclists
= Measured Thigh, Tibia, and Total leg length
Two practice sessions on each length

Maximal power-velocity relationships

[ngeiizl Bz Cyole Brgatriciny
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Martin et al. Med Sci Sports Exerc. 1997




Wlene Bowweeys Crenlle Egngil
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Crank Length (mm)

Power (watts)
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Wlene Howeeys Creille Egngil

3.9%
| i
120 145 170 195 220

Crank Length (mm)

Power (watts)




Wlene Bowweeys Crenlle Egngil

Power (watts)

1.6 %
i i
120 145 170 195 220

Crank Length (mm)

Wiiat abouit [ndividnal
Diftterences?

Leg length
Thigh length
Tibia length

Deg/Cratlic Detlgin s, Hoyer
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Relative Maximum Power

0.15 0.2 0.25
Crank Length to Leg Length Ratio




Deg/Cratlic Betlgin s, Hoyyer

Relative Maximum Power

0.2 0.25
Crank Length to Leg Length Ratio

OnerSize s AUl

170 mmi cranksiwould compromise the
powerof the shoertest and tallest riders by,
AT MOST 0.5%

For example 6 watts out of 1200

Basiciscicnce:s Powervsy Pedalimg Riaic
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PoweivissPedalispeed
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Pedal Speed (m/s)
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PEdaliSpeeds ks Pedaling Riate

Veloeity Specilfic Fornce

Scaled by Excitation

(time for full activation)

S UL

= Bffcetof crankslengthirsismall and
Signiticant only at extiemelcngths
= |70mm cranks will compromise power o

the tallest and shortest tiders by at most
0:5%

= Pedal speed and pedaling rate interactively
limit power

e Goed NEWsSE

Cyclists caniride thelcrankilcngtirthey:
prefer without concern of decneasing
maximal power
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McDaniel, Durstine, Hand, and Martin JAP 2002

Baglcgrgurid

= Metabolicicost inctcases;

with pedaling rate
= Higher metabolic cost

means lower efficiency

= Pedaling rate proportional
to pedal speed for any

specific length

Metabolic Cost (watts)

Higher pedaling
rate /

Lower pedaling
rate

T T T T |
50 100 150 200 250

Mechanical Power (watts)




PUIOSES

IDetermine vhe ettects ol
= Pedaling nate
= Pedall speed

= Crank length

on metabolic cost

Wiginecls

= ONtraincd cyclistsipertonmed Submaximal cycling
= (45, 170, and 195mm cranks
= 300, 60, 90% of lactate threshold
= 40, 60, 80, and 100 spm

= Combination of 3 lengths and 4 rates = 12 pedal speeds

L J
Metabolic cost determined with by measuring VO,
L]
and VCO,

Power and pedaling rate recorded with SRM

Wigizlnglic Cogi vy, Wlednzmicz | Poyver

170mm cranks

100 rpm

60 rpm

Metabolic Cost (watts)

50 100 150 200

Mechanical Power (watts)




Wigizlnglic Cogi vy, Wiednzmnicz | Poyyer

Biengths
4 pedaling rates

12/ pedal speeds

Metabolic Cost (watts)

100 200 300
Mechanical Power Output (watts)

Wistzinolic Cogt vy, Wiednzniczl Poyver

vanability ot duc
10 power outpul

5% remaining
(residual)

-
g
E
2
o
O
L
g
=

[}
=

100 200 300
Mechanical Power Output (watts)

Aukibysis of lgdgl iegicerls

556 Oiti ther 5%
not accounted tor
by power:

2.9% ot the total
variation

Model Residuals (watts)

Pedal Speed (my/s)




Aukelhydis of Wloddlegidugls

Model Residuals (watts)

Pedaling Rate (rpm)

Anebysiy of lgdal Regidils

—
2
<
£
£
2
]
b=t
w2
Q
7
©
=
=

Crank Length (m)

[rnproved Wigddl Posyer aid Pedal Sgeed

Powerand pedal
specd accounted for
9806 01 e,
variability in
metabolic cost for
all subjects

Individual
predictions were
even better: 99%

Modeled Metabolic Cost (watts) .

500 1000 1500
Metabolic Cost (watts)




Improved ModelNREsidizlSEPedalineaRaic
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Model Residuals (watts)

Pedaling Rate (rpm)
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0.16 0.18 0.2
Crank Length (m)

ST

= Power OutputiandPedaliSpecd account o
OBY0 ot thie varaibility mimetabolic costin
this group) ot 9 cyclists.

= 09% of the variablity for eachiindividual

= Of the remaining 2% variability, crank

length and pedaling rate each accounted for

1% or 0.02% of total




Closcltigion

Crankilengtinand pedaling rateintiuence
metabolicicost and efficicncy: only by

influencng pedal speed

e GEood INEWS:

= Cyclists)can'nrde thic cranks they prefer
Wwithout concenn off decreasimg; elticicney;
= Crank lengths can be cliosen: toimeet other:
criterias
= Aerodynamic position (shorter)
= Ground clearance (shorter)
= Rehabilitation or flexibility (longer)
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CrankSengtirand Eatisue

Our previous wonk cxamined metabolic cost
during cyclmgbelow lactate;thnestiold and
maximum rested power for < 4'sec

Aleksander Thomas’ Masters) Thesis

Practical question: Effects of crank length on
fatigue during a maximal 30/sec sprint

Basic science: Fatigue mechanism

= Excitation vs. Force production

Wlgitioedls

ticnicyclistsi(road; ity and trathiomn)
Maxamal 30) s trials
1207 and 220 mm) cranks

Pedaling rate for maximum power
= 135 rpm for the 120mm
= 109 rpm for the 220mm

Power recorded with SRM

Results

No difference

Significant differences
in average power and
total work

Power (watts)

Time (s)




No differences when
viewed “per revolution”

z
®
z
3
H
S
a

Crank Revolutions

SUIIAT

= Rate of fatigue was greaterwihen cyclimg witl
shorter cranks than lenger cranlks

= Hatigue per nevolution was identical for the two
crank lengths

= Crank length per se does not influence fatigue
= Data suggest that a relatively fixed increment of

fatgue occurs with each maximal contraction




Perigrnnge Agglicaiio

= Pedaling ratesiat o slightlysbeloyw optimeal
pedaling rate should maximize total work: by
maximizing power and minimizing tfatige

1500
1000 e U
e :

500

Power (watts)

0

50 100 150 200
Pedaling Rate (rpm)

Crapile Deplginl Suitninzng

= Veryssmalllelfect on maximumipower:

= No ctiicct on metabolic cost (etticicncyy)
= [45-195mmi cranks

= No ) effect on fatigue

Pedaling Mediiefie: Preriliges

Blite cyelists have hirghly developed pedaling
technique thatimakes them mone etficient
Efticient pedaling requites pedaling “cincles™
or producing even torque throughout the cycle
Devloping the technique to produce maximal
power, especially at high pedlaing rates, takes
years of training




Peclalitg Tegtitiic|ie

= Gopglcr Pedalingiicchniquess 6523 0Nits

= Pedal circles, pull up; pulllacross/the bottom, te...

= Scientific evidence?
= Coyle et al., 1991 Physiol
factors associated with eli
= Korffet al., 2007 Pedaling technique and efficiency

= Martin et al., 2001 Learning to produce max power
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Negative
Torque

TORQUE  (Nm)

Weckilinng Tedinie|ue ald Bifigigngy
oett a2l 2007
s e Coyleresulisiwere complicated by musclCHibertype

u Wihatifthesame cyclist pedalcdiwathrdiififerent
techniques?

m Methods

ists were instructed to pedal with four techniques
red
= Circling

= Pushir

Pedal

= Efficiency




Crank Torque (Nm)

PedalmgMicchnigierand fiicicncyskotictal

u Cyclistsitollowed therdinectionsand signiticantly;
changed thempedalingtechnigue

50 . Preferred

40 —— Circling

30 ——Pulling

20 - = - -Pushing

10

0
=10 S
0 20 180 270 360
Crank Angle (degrees)

PedalmgMicchnigierand iicicney Kot ctal

Perpendicular Total Eotce
Force

[ndex of eftectiveness
18 the ratio of the fonce
perpendicular to the
crank to) the total force
Averaged over the
entire cycle

PedalmgMicchnigieiand ficicney Kot et il

sRVioteHonce wasiperpendiculartohicichankawittipull g
u Pullimg wasimorc etiicctive

Index of Force Effectiveness (%) @

preferred circling pulling pushing




Pedalimpiicehngueandiiicicney oTHiEct 2l

m N orquewas distrbuted more evenly throusiioms
the eyclewith = pullimng*

Avg T/Peak T
8

Evenness of Torque Distribution (%)
N
o
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preferred circling pulling pushing

PedalimsaicchniqueandNiTcicCneyoHiscial
Pulling up was signiticantly [CESSFetticicnt!
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preferred circling pulling pushing

Pedalimpicehnmgueandiiicicney oHiEct 2l

m|Pulling uprisisigniticantlylessietiicient than
pedaling with your ownlintuitive preteried
technigue

m/ Data suggest that muscles that flex the leg
ave intrinsically less efficient




Pedalimpiicehngueandiiicicney oTHiEct 2l

u Hew: can it bermoere cliicicnt to prodice
negative torquerand power?

m Force and power measured at the pedal
reflect the combined effects of:

— Muscular effort

— Gravity: weight of the limb

— Changes in kinetic energy:
accelerating/decelerating the limb

Pedalioyer = Muscular==Non=musculas
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—#= Pedal Power
=0= Muscular Power

= Non-muscular power

PedalFEoyer—Muscular==Nom=rmuscular

Power (watts)

== Pedal Power
=0==Muscular Power

—+— Non-muscular power




ake Home VIESSages

= Viusculampower s almost aliweys positive
cyen innelativebeginners

= Exception at high pedaling rates (Neptune and
Herzog 1999)

= The negative power observed at the pedal is
mostly due to gravity

= That power is essentially balanced by the
weight of the other leg

Tl Couiide ot Beaiilng io Pigdiige
VigxamuimPosyemViatticoalby 200 0N SV

= Jhinteen trained racing cyclists (Cat 1=3)

= Jrhinty five active menwiho didinot ewin
bicycles

= [nertial load power tests 4 times per day
for 4 or 8 days

Dezinniinig io Prgduge \pcimi Posyer

Trained cyclists” powerwas| stable from the first trial

Activermen increased power withini day: 1 and until day:3;

Maximum Power (watts/kg)




Dezinniinig io Prgduge \Ypciui Posyer

Tirained and active subjects’ optimal pedaling rate stable

Active men reached max
power at higher pedaling rate

ot TR

Day 2 Day 3 Day 4

Pedaling Rate for Maximum Power (rpm)
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diCChnigUesSUminan

= Bliie cyclistsidornotpullfup more;thian
regionalllevel cyclists

= Pulling up is LESS efficient than prefersed
pedaling technique

= Pedal power and crank torque do not tell the

whole story: muscular/non-muscular power

= [earning to produce maximum power

requires only 3 days (36 sec total) practice




Jugt Wt Dogs Wleritae? 777

= Vaximizing the poweiyoul canproduce

= Viinimizing the power you must produce

WY lvcieniiZing fie gower ol gzl grodiice

= [land traimimigtomproyes VA9, max and
[Factate thresholdiforendurance

= Following a well-designed program

= [ncreased muscle mass and anaerobic
capacity for sprint power

= Proper nutrition and hydration

= Recovery

VAN Oy OUNIUS PO TCE

=S Ricdlicingactodynamic diag
= 30dy; position andequipment
= [Drafiting
= Cornering: Don’t leave gaps
= Climbing; Important even on steep climbs
= Cross winds: Find whatever draft is available

= Reduced weight during climbing

» Maintaining equipment
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=== Pedal Power
=0 Muscular Power

=+ Non-muscular power

Power (watts)




