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EFFECT OF SEAT TUBE ANGLE ON THE WORK EFFICIENCY OF LOWER LIMB 
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The effect of seat tube angle (STA) on work efficiency at lower limb muscle was 
evaluated during a pedal rotation using inverse dynamic model. Since the target is not 
professional cyclist, the various seat tube angles of 78, 68, 58 and 48 degrees was 
investigated. Cycling simulation was performed at 250W and 60rpm. The works of 
individual muscle of lower limb and the total work was estimated. The result shows that 
the total work of single leg at seat tube angles of 78, 68, 58 and 48 degrees were 
168.1(J), 167.9(J), 168.9(J) and 170.8(J) respectively. In conclusion, the exertion of lower 
limb for delivering same amount of work to the crank is the smallest at around 72 degree 
of seat tube angle which mean work efficiency of lower limb is the greatest 
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INTRODUCTION: The effect of seat tube angle (STA) on the cycling performance was 
investigated many times in terms of metabolic cost (Price et al., 1997; Heil et al., 1995; 
Jackson, et al., 2008). The STA is measured at the position of the seat relative to the crank 
axis of the bicycle. Road racing cyclists prefer a STA between 72 and 76 degrees, whereas 
tri thletes prefer a STA between 70 and 78 degrees (Erik et al., 2005). Since cycling test 
results regarding the effect of STA on metabolic parameters are conflicting in the literature, 
further investigation was required. In this study the effect of STA on the cycling performance 
was investigated in terms of muscle mechanical work using human model simulation. 

METHODS: Cycling simulation was performed at seat tube angles of 78, 68, 58 and 48
degrees using commercial human model simulation software ADAMS LifeMOD [figure 1]. A
male human model (178cm of height, 79kg of weight) with lower limb muscle and bicycle 
model was built. Cycling intensity was set to 250W and pedalling rate was 60 rpm. For the 
work intensity, resistive torque which has sine wave characteristics was applied to the crank 
axle [figure 2]. 
  

Figure 1: Various seat tube angle of cycling. 

DISCUSSION: The data estimated by our models were found to be consistent with 
previously reported bone-pin studies (Benoit et al., 2006).  Of all the models discussed in this 
paper, the SCS model performed the most consistently in line with the literature in IE 
rotation, ML translation, and AP translation.  The observed discrepancies between the 
literature and the four models tested for gait tibial translation are most likely due to knee 
center location offset between the studies by approximately 10 mm anteriorly and 2 mm 
laterally, which is supported by the discrepancies in Cluster data in the two studies.  
Differences found in the last 10% of the normal gait stance phase are attributed to a 
shortcoming of our models resulting from the combination of full hip extension and high knee 
flexion.  The CMJ tibial translations are particularly interesting as they show clear differences 
between our models and traditional approaches.  Benoit et al. reported translations during a 
cutting maneuver, which is high impact and kinematically similar to a CMJ.  Figures 3b and 
3d present the similarity between reported cutting maneuver peaks and peaks of our models 
during the CMJ.  Of significant importance is the minimal variation of tibial translations 
throughout both the gait stance phase and the CMJ—data which were not replicated by PiG 
or Cluster models but are consistent with bone-pin data.   
 
CONCLUSION: We have presented a novel approach for modeling femur motion that is 
based on a slider-crank mechanism intended to reduce the impact of skin movement artifact.  
Our results show good performance of our model on the transverse plane in both normal 
walking and high impact tasks.  Future studies should improve model performance on the 
latter end of the gait stance phase and expand the model to include varus-valgus rotations.  
Regardless, this feasibility study demonstrates good performance in comparison to the 
literature and offers possibilities for more accurate knee kinematic evaluation. 
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Maximal work was showed by Vastus (47.9J) at STA 78 degree, whereas during cycling at 
STA 48 degree, Gluteus Maximus, Rectus Femoris, Vastus are showed same works level. 
Total amount of work of right leg is 168.1(J), 167.9(J), 168.9(J) and 170.8(J) at STA 78, 68, 
58 and 48 degrees respectively.  
 

Table 1 
Amount of work of individual muscles(J) 

  STA 78 STA 68 STA 58 STA 48 

Gluteus Maximus 41.9  41.0  38.2  35.3  

Rectus Femoris 17.2  21.1  26.9  33.0  

Vastus 47.9  43.1  37.8  33.6  

Biceps Femoris 29.7  28.9  28.6  30.2  

Iliacus 16.5  19.0  22.6  23.9  

Gastrocnemius 6.9  6.9  6.9  6.9  

Soleus 7.4  7.4  7.4  7.4  

Tibialis 0.5  0.5  0.5  0.5  

Total 168.1  167.9  168.9  170.8  

 
 
DISCUSSION: The total amount of work of right leg during a rotation of crank was the lowest 
between 78 and 68 degree of seat tube angle. So we can conclude that cycling at 72 degree 
of seat tube angle is most work efficiency because work cost of a lower limb muscle was the 
lowest where 250 Joule of work output at crank was achieved identically. It is same result to 
previous study that low seat tube angle between 72~76 degree is more preferable when road 
racing cycling (Heil et al., 1995). Work efficiency (74.7%) during transmission from muscle to 
crank can be deduced from equation described as flowing: 
 

250(J) / 167.9(J) X 2 X 100(%)                                                             (1) 
 
Where, 250(J): work output achieved from the crank, 
 167.9(J): total work of single leg muscle 
 

 
Figure 4: Total amount of work of right leg at various seat tube angles. 

 

 
Figure 2: resistive torque at crank axle. 

(Zero degree of crank position is Top Dead Centre) 
 
The work (J) of individual muscles during one revolution of crank are simulated for Rectus 
femoris, Vastus, Biceps Femoris, Iliacus, Gluteus Maximus,  Soleus. And total work of lower 
limb muscles was calculated 

RESULTS: The powers of individual muscles during a revolution of right leg are showed at 
Figure 3. And the work is calculated for each muscle. 

 

 
 

 

 
 
 

Figure 3: Power of individual muscle at right leg. 
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A Hill type model which incorporates the effects of the activation, elasticity, and pre-
history during force production has been developed. Its implementation required a 
balance between the lengths and forces produced by the muscle tendon unit and its 
elements. Knowing the muscle tendon length from the joint angles in the beginning of the 
muscle contraction, its constituent parts as well as forces, moments and subsequent 
kinematic phases were determined. It was concluded that the introduction of the tendon 
seems to be relevant for force enhancement and muscle efficiency. 
 
KEY WORDS: modelling, muscle, force enhancement, series elastic element, contractile 
element. 
 

INTRODUCTION: Modelling and prediction of muscle response in real time in a variety of 
phenomena has been a great challenge in biomechanics and motivated a large research 
investment in last years. A variety of mathematical and experimental models with different 
level of complexity (Hill, 1938; Huxley, 1957; Zahalak, 1990), representing muscle tendon 
unit (MTU) has been developed, but very few describes the muscular action that occurs 
during the stretch shortening cycle of short duration such that of athletic jumps.  
Usually, impulsive actions involve a counter-movement in which the muscles stretch initially, 
following by a shortening to accelerate the body or segment (Ingen Schenau, 1997).  
Force enhancement following stretching is a well known and widely observed phenomenon 
both in isolated fibres as well as in a variety of muscles (Alexander, 1988; Epstein, 1998; 
Herzog, 1997). In this process series elastic element (SEE) behaves as a management 
element of the energy produced. As stated in the literature, the mechanism of energy storage 
and reutilization works optimally when the muscular shortening is supported by the effect of 
SEE which contributes to a more efficient muscular contraction (Alexander, 1988).  
The purpose of this study was to (i) determine the influence of SEE in force production in 
different regimens; (ii) simulate mono and biarticular muscles (iii) represent and describe the 
phenomena that determine muscle function during the stretch shortening cycle (SSC).  
 
METHODS: A planar three rigid segment model, foot, shank and tight, was developed in 
Matlab/simulink/Simmechanics environment (The MathWorks Inc., USA). Segment lengths 
were obtained from measurements on the subject. Each segment represents a composition 
of a rigid and a soft part. In this study, parameters defining wobbling coupling forces were 
based on Gruber et al. (1998) model scaled using the segment length and mass to the model 
inertial properties. 
Two muscles, the soleus (So) and gastrocnemius (Gas), were assumed to provide the 
plantarflexion torque with Gas also crossing the knee joint. A Hill-type model comprising a 
contractile element (CE), SEE and parallel elastic element (PEE) describing the behaviour of 
each muscle have been developed being the velocity and active state the input. It was 
introduced in the model: (i) activation in the concentric phase of force velocity relationship 
(FV); (ii) modelling of the eccentric phase (iii) implementation of the mechanisms associated 
with the potentiation (pot), and (iv) explicit implementation of the primary mechanism of 
potentiation i.e., the interaction between muscle and tendon. 
MTU force was calculated multiplying the function force-length (0 FL 1) with the function 
force velocity FV (0 Fvel 1.6) having the force enhancement result from the previous 

CONCLUSION: In this study the effect of seat tube angle on the cycling performance was 
investigated in terms of net muscle works using human model simulation. A comparison 
between the net muscle works of lower limb muscle and the works achieved from crank 
during a crank revolution was made. In conclusion, at around 72 degree of seat tube angle is 
most efficiency at lower limb kinematics point of view.  
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