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SUMMARY 

The purpose of this study was to quantify the relationship 

between the magnitude of muscle activities and pedal forces 

during each phase of outdoor real-road uphill cycling. We first 

established an outdoor experimental platform to measure 

pedaling and biomechanical variables during real-road cycling. 

Muscle activities of lower limbs and the pedal force were 

quantified during cycling. In addition, linear regressions of 

muscle activities and pedal force were also determined. We 

found that the vastus lateralis muscle is more activated in the 

top phase, and gastrocnemius lateralis muscle is more 

activated in the push-down phase than other investigated 

muscles. The approach and results of this study can be further 

used to construct a pedaling model for studying outdoor 

cycling or developing bikes.  

 

INTRODUCTION 

Cycling is a process that energy transports from lower 

extremity muscles, via pedal and the transmission mechanism, 

to the wheel to push bicycle forward. For the bike, the pedal 

force is the main energy source during the transportation.  

During cycling, leg muscles contract in a sequential order and 

pattern, which is also relative to the force applied on the pedal 

[1-2]. With the human musculoskeletal structure of lower 

limbs, it is almost unfeasible to generate constant force during 

pedaling [3]. For studying purposes, a pedaling cycle is 

usually divided into four phases (with the crank angle of 0° 

corresponding to the vertical direction with the pedal at the 

highest position) – the top phase (315-45°), push-down phase 

(45-135°), bottom phase (135-225°) and pull-up phase (225-

315°) (Figure 1) [4]. 

 

 
Figure 1: Four phases of pedaling cycle with the crank angle 

of 0° corresponding to the vertical direction with the pedal at 

the highest position (1: top phase = 315-45°; 2: push-down 

phase = 45-135°; 3: bottom phase = 135-225°; 4: pull-up 

phase = 225-315°) [4]. 

  

Most previous studies of bicycle riding were conducted on 

treadmills, bicycle trainers, or ergometers indoors [e.g. 1, 2]. 

However, it is not well proved that the rider has the same 

patterns of muscle activities between real-road cycling and in 

an indoor experimental setup. 

 

Therefore, the purpose of this study was to establish a outdoor 

cycling experimental platform, and to quantify the relationship 

between the magnitude of muscle activities and pedal forces 

during each phase of outdoor real-road uphill cycling. 

 

 

METHODS 

We first established an outdoor experimental platform 

(instrumented bike) to measure pedaling and biomechanical 

variables during real-road cycling (Figure 2). The outdoor 

experiments were then conducted with the experimental 

platform, and the relationship between muscles and pedal 

force was presented by linear regression model. The 

instrumented bike was equipped with an encoder (360 P/R), a 

load cell and multi-channel surface electromyography (sEMG) 

with a laptop computer (serving as a data logger and online-

computing device). During cycling, the riding information 

such as crank angles, pedal forces, and sEMG were recorded 

with a sampling rate of at least 1000Hz. 

 

 
Figure 2: Instrumented bike (outdoor experimental platform) 

is equipped with an encoder, a load cell and multi-channel 

surface EMG with a data logger. 

 

Healthy subjects (we plan to test at least ten subjects) are 

asked to ride on the instrumented bike on an outdoor straight 

asphalt road (>30-m long) with 8% slope for providing for 

providing sufficient resistance to force the subject to always 

generate positive power during pedaling. Three constant 
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cadences – 40, 60, and 80 rpm, corresponding to 2.31, 3.47, 

and 4.62 m/s bike speed, respectively, were tested for three 

trials each with a randomized order. EMG patterns of vastus 

lateralis (VL), rectus femoris (RF), biceps femoris (BF), 

gastrocnemius lateralis (GL) and pedal force are measured at 

1000Hz. EMG signals were normalized by the EMG during 

maximal voluntary contraction (MVC) of each muscle; the 

pedal force was normalized by subject’s body weight.  

 

In addition to quantify muscle activities and pedal force during 

each cycling condition, we also determined a linear regression 

model to describe the correlation between muscle activities 

and resultant pedal force. The linear regress model is 

expressed as: 

 

nForce = A × nVL + B × nRF + C × nBF + D × nGL + E 

 

where nForce is normalized pedal force; nVL, nRF, nBF and 

nGL are normalized (by MVC) EMG signals of VL, RF, BF 

and GL muscles respectively. A, B, C, D and E are constants. 

Regressing analysis was performed by SPSS (SPSS Inc, USA). 

 

 

RESULTS AND DISCUSSION 

We have successfully established an instrumented bike to 

capture pedaling and biomechanical variables on real-road 

cycling. Since we are continuing testing subjects, 

representative date of one of subjects (male; age= 23 yrs; 

height= 1.71 m; weight= 61 kg; non-professional bike rider) 

are shown here. The regressions of EMGs and pedal force in 

different phases are shown in Table 1. For the top and push-

down phases, all regression (except E in the push-down phase) 

coefficients reached statistical significance level (P < 0.05). 

Therefore, we further compared the coefficients in different 

muscles and pedaling phases to determine the contribution of 

each muscle on pedal force. We found that VL was the main 

force source during the top phase, and GL was more active 

than the other muscles during the push-down phase. VL and 

BF muscles, however, were the main active muscles during 

the bottom phase.  

Previous studies showed that VL is the main power source 

during cycling [e.g. 5]; however, from our outdoor study, 

different muscles may contribute to the pedal force in different 

pedaling phases in real-road cycling. We will further conduct 

studies in various outdoor conditions to provide a more 

complete pedaling model. 

 

 

CONCLUSIONS 

We established an instrumented bike and use outdoor real-

road uphill experiments to quantify the effects of muscle 

activities of lower limbs on the pedal during outdoor cycling. 

The approach and results can be further used to construct a 

pedaling model for studying outdoor cycling or developing 

bikes.  
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Table 1: Regression results of pedal force model (R
2
 > 0.8 and P<0.05 for linear regressions of the four phases). 

 

Crank 

angle 

Top phase 

315
 o
 ~ 45

 o
 

Push-down phase 

45
 o
 ~ 135

 o
 

Bottom phase 

135
 o
 ~ 225

 o
 

Pull-up phase 

225
 o
 ~ 315

 o
 

 
Unstandardized 

coefficients 
Sig. 

Unstandardized 

coefficients 
Sig. 

Unstandardized 

coefficients 
Sig. 

Unstandardized 

coefficients 
Sig. 

A (nVL) 1.404 (0.073) 0.000 0.606 (0.146) 0.000 2.391 (0.764) 0.003 0.444 (0.234) 0.064 

B (nRF) -1.104 (0.182) 0.000 -1.517 (0.412) 0.001 -4.199 (2.553) 0.106 0.368 (0.382) 0.340 

C (nBF) -0.597(0.089) 0.000 0.411 (0.173) 0.021 2.013 (0.503) 0.031 -0.035 (0.194) 0.857 

D (nGL) 0.581 (0.127) 0.000 0.925 (0.198) 0.000 -1.950 (0.729) 0.010 -0.435 (0.340) 0.207 

E 0.183 (0.057) 0.003 0.150 (0.098) 0.130 -0.391 (0.259) 0.137 -0.019 (0.041) 0.642 

R
2
 0.919 0.899 0.839 0.952 

P 0.000 0.000 0.000 0.000 


