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Introduction
Given the nature of a triathlon race, the cycling distance is typically much longer than swimming and running
across race distances from sprint to Ironman. Besides, triathletes should try to not only maintain a certain level of
cycling power but also consider cycling economy to make a better performance in both the cycling portion and
the overall race (Bonacci et al., 2013; Sleivert & Rowland, 1996; Swinnen et al., 2018). The cycling economy is an
important indicator to predict cycling performance in terms of time to complete a certain distance. Both cycling
economy and performance are determined by the interaction between mechanical output and physiological
input (Barratt et al., 2016; Korff et al., 2007; Sunde et al., 2010). Theoretically, improving cycling economy elicits a
better cycling time trial performance and/or less physiological demands (e.g., rate of oxygen consumption: V̇O2,
heart rate) to complete at a given distance. The crank arm length (CAL) is one of the important factors among
many variables that affect the economy and performance in cycling (McDaniel et al., 2002). Therefore, the
appropriate selection of CAL may play a key role in improving the cycling portion of the race and entire triathlon
performance. The purpose of this review is to identify the effects of acute changing CAL on physiological and
biomechanical responses during cycling.

Overview
Previous researchers have reported changing of CAL affect cycling power production (MacDermid & Edwards,
2010; Martin & Spirduso, 2001; Too & Landwer, 2000), lower limb joint angle, cadence (Barratt et al., 2011 & 2016;
Candotti et al., 2007; Christiansen et al., 2013), pedal torque (Hull & Gonzalez, 1988), lower limb muscle activity
(Watanabe, 2020), and V̇O2 (Ferrer-Roca et al., 2017; Morris & Londeree, 1997).
The effect of different CALs on cycling power, lower extremity joint kinematics, and kinetics during such a
short duration (~30 seconds) with supramaximal effort have been well documented (Barratt et al., 2011;
Christiansen et al., 2013; MacDermid & Edwards, 2010; Martin & Spirduso, 2001; Too & Landwer, 2000; Watanabe,
2020). There is also a strong body of research that provides insight into the physiological and biomechanical
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responses according to acute changing of CALs at the constant work rate during submaximal cycling intensity
(Barratt et al., 2016; Ferrer-Roca et al., 2017; Hull & Gonzalez, 1988; Korff et al., 2007; McDaniel et al., 2002).
Some researchers have recommended using shorter CAL than conventional lengths (165~175mm) for
generating more cycling power (Barratt et al., 2016; Hull & Gonzalez, 1988; Inbar et al., 1983). Ferrer-Roca et al.
(2017) revealed the tendency of increasing hip and knee range of motion and hip extensor moment with a longer
CAL than preferred CAL. However, other studies have been reported that there were no significant differences in
cycling power, joint angle, and V̇O2 depends on when using different CALs (Barratt et al., 2011; Inbar et al., 1983;
MacDermid & Edwards, 2010; McDaniel et al., 2002; Morris & Londeree, 1997; Watanabe, 2020). Furthermore,
previous studies were limited in the type of subject recruited either elite or well-trained cyclists (Barratt et al., 2011
& 2016; Christiansen et al., 2013; Korff et al., 2007; MacDermid & Edwards, 2010; Martin & Spirduso, 2001; McDaniel
et al., 2002; Morris & Londeree, 1997) or young healthy students (Ferrer-Roca et al., 2017; Hull & Gonzalez, 1988;
Inbar et al., 1983; Too & Landwer, 2000; Watanabe, 2020).
Some researchers have recommended using shorter CAL than conventional lengths (165~175mm) for
generating more cycling power (Barratt et al., 2016; Hull & Gonzalez, 1988; Inbar et al., 1983). Ferrer-Roca et al.
(2017) revealed the tendency of increasing hip and knee range of motion and hip extensor moment with a longer
CAL than preferred CAL. However, other studies have been reported that there were no significant differences in
cycling power, joint angle, and V̇O2 depends on when using different CALs (Barratt et al., 2011; Inbar et al., 1983;
MacDermid & Edwards, 2010; McDaniel et al., 2002; Morris & Londeree, 1997; Watanabe, 2020). Furthermore,
previous studies were limited in the type of subject recruited either elite or well-trained cyclists (Barratt et al., 2011
& 2016; Christiansen et al., 2013; Korff et al., 2007; MacDermid & Edwards, 2010; Martin & Spirduso, 2001; McDaniel
et al., 2002; Morris & Londeree, 1997) or young healthy students (Ferrer-Roca et al., 2017; Hull & Gonzalez, 1988;
Inbar et al., 1983; Too & Landwer, 2000; Watanabe, 2020).

Considerations
In this review, we focused on the effect of the acute changing of CAL on cycling. Even though ample research
has been conducted to investigate the relationship between cycling performance and CAL in both biomechanics
and exercise physiology perspectives, the effects of changing CAL on cycling time trial performance still remains
unclear.
Previous studies showed inconsistent results regarding the effect of changing CAL in cycling mechanic
and physiological parameters. Increasing power output in a short duration may not a good indicator of cycling
time trial performance. In terms of successful endurance cycling, the strategy to apply propulsion forces effectively
over a long duration is more important than achieving a higher power output in a short amount of time. Furthermore,
the maximum cycling power test mainly relies on anaerobic capacity (i.e., phosphagen & anaerobic glycolytic
system); however, aerobic metabolism is a major energy source during endurance cycling from 80% up to 99%
(Sunde et al., 2010). Therefore, the functional threshold power (FTP) test may be a better predictor of endurance
cycling performance than the maximum power test in a short duration (Sørensen et al., 2019).
Besides, a large range of CALs (110 to 265mm) was used for several studies that were impractical to use
for cycling training and real race event. Based on the review of literature, the well-trained triathletes/cyclists could
maintain approximately the same amount of cycling power output and V̇O2 across different CALs (Barratt et al.,
2011; Watanabe, 2020). However, the changing of CALs may have more influence on the cycling economy and
performance to novice triathletes/cyclists.
Research by Martin and Spirduso (2001) demonstrated that the ratio between CAL and lower limb length
for the maximal power production was 20% of leg length and 41% of tibia length, respectively. Also, this study
showed an inverse relationship between cadence and speed depends on increasing CALs. Therefore, the aged
group or novice triathletes should choose an appropriate CAL based on their lower limb length, cycling technique,
and race strategies for better race performance.
From these points of view, more research is needed about the effect of CAL in a standard range (165 ~
175mm) on endurance cycling performance as an aspect of both biomechanical and physiological parameters.
Also, future research will be testing the reliability of the effect of CAL on cycling mechanics and power output
between the laboratory setting and overground.
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