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Biomechanical Considerations in Cycling

By Matt McNamara

Two of the more important, yet often overlooked, considerations to a good bike fit are the movement of the knee in the “Z Plane” and the Varus/Valgus action of the foot relative to the knee and pedal.  The “Z Plane” is the term applied to the rotational movement of the knee in the anterior plane relative to the hip and ankle. A good way to think of it is the simple “figure – 8” pattern of the patella during a pedal stroke. The smaller and straighter we can make this movement (or completely eliminate it!) the more efficient the energy transfer. Evaluate the athlete from a relative baseline since some people will have a naturally ‘bigger’ figure 8 pattern to begin with, even in a neutral position 

TheZ- Plane Graph, below right can be looked at as a target with the cross-hairs centered at the top of the patellar tendon/kneecap. 


Of course central to the tracking of the knee is the Varus/Valgus inclination of your foot. Varus deformity is a term for the inward angulation of the distal  segment of a bone or joint, valgus is the opposite (thanks Wikipedia!) Does your knee tend to angle in on hard pedaling, remain neutral, or align slightly bow-legged? Ideally the foot is well supported at the metatarsals and doesn't collapse inwards (varus) or outwards (valgus). If it does you might consider the use of a shim or a custom footbed to help keep the foot in a neutral and efficient position. Power transfer will improve as will cycling efficiency. Now there is much more to this set up and process than what I've described here so don't take the law into your own hands, you take 'em to court...oh wait, wrong show! Find a qualified person* to assess your natural biomechanics and then use that information to set you up on the bike in as neutral a position as is feasible.

*Qualified = Demonstrable competence with cycling biomechanics in addition to the use of technology to optimize your position

Pedaling Dynamics

In coaching we often discuss the pedaling dynamics for an athlete and focus on how to improve them, but what does that mean, really? Pedaling Dynamics is a way of thinking about the entirety of the pedal stroke through all 360 degrees, from knee to ankle to hip, and involving all of the different motor patterns and musculature – whew!

Really it is a simple process of looking at your pedal stroke and understanding how to improve it most efficiently. The graph below represents muscle activation profiles of the 8  primary movers in cycling in relation to the crank angle. 
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You can clearly see that depending on where in the pedal stroke you are will directly impact the muscles activated and the degree of that activation. Using the Vastus Lateralis (VL) as a starting point we can see that it is very active in the first 90-100 degrees of the pedal stroke and then largely inactive until the last phase of pedaling. In this instance 0-degrees represents Top Dead Center (TDC) of the pedal stroke, while 180 Degrees represents the bottom, or 6-o’clock position. Of interest is the degree of activation, and the longevity of activation for the hamstring muscles. The Semitendinosis (ST), and biceps femoris (BF-LH) are both active throughout the pedal stroke, and most active between 90 degrees (3 o’clock) and 180 degrees (6 o’clock). This runs counter to the common perception of the quadriceps doing all of the work during the ‘push’ phase of the stroke and reinforces the vital nature of hamstring recruitment and efficiency. Look also at the Gluteus Maximum (butt!) – it is very active in the first 90 degrees of the stroke, less so later – so get in the habit of recognizing when it is under load during hard efforts! Finally, of interest to developing good dynamics is the relationship of the Tibialis Anterior (front of the calf) to the pedal stroke. Notice how late it comes into play, mostly in the last 90 degrees of the stroke while striving to get the ankle and  lower leg around the dead spot between 9 o’clock and 11 o’clock (try to ‘feel’ that TA working as you pull up through the top of the stroke!). Focusing on TA use will help increase pedaling efficiency by sharpening the joint/lever angle between the ankle and the knee as you transition through the dead spot

Last for this discussion is the concept of Quadrant Analysis. Simply put Quadrant Analysis is the process of looking at where a cyclists self-selected pedaling style falls in a simple scatterplot format. There are four options, expressed as quadrants on a graph:

Q1 –  (upper right): high force and high velocity
Q2 –  (upper left): high force but low velocity.
Q3 –  (lower left): low force and low velocity.
Q4 –  (lower right): low force but high velocity.
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Global View of Several Workouts Overlaid – From Andy Coggan Article

You can easily see how the demands of different events require a different pedaling style to be most efficient. For example climbing tends to be a mostly Q2 experience (depending on gradient) since you are typically pedaling relatively slowly (70-85rpm) and with higher torque. At the other end of the spectrum (Q4) are Spin classes, which tend to put emphasis on the speed of your pedaling,  often over 100 rpm, rather than the torque (this is a somewhat unfair comparison since “spinning” is traditionally an aerobics class, not cycling)). This high velocity/low torque paradigm can be highly efficient! Track racing is a good example of Q1 pedaling due to the high cadence and high torque requirements of a typical track race (not a lot of softpedaling!).  An example of Q3 pedaling would be that low cadence recovery ride where you are just turning over the legs (low velocity, low torque). Using Quadrant Analysis is as simple as looking at your target event, and it’s typical pedaling requirements, and then adding those elements to your regular training regimen.

Now to put it all together let’s consider the differences in pedaling mechanics for a few different disciplines. At first glance most would probably give the “best pedal stroke” to a Track Sprinter since they pedal on a fixed gear at very high RPM’s. At the other end of the anecdotal spectrum  are Mountain Bikers based on the perception that they slog uphill at low cadence and high torque.  Well, in fact, the EXACT OPPOSITE is the case. Track racers are much more the “mashers” of the peloton, while mountain bikers have consistently the best pedal stroke. Why is this? For starters Mountain Bikers have to deal with gradients of traction that the other disciplines don’t encournter routinely. Climbing that loose, technical single track is great for teaching you how to engage throughout the pedal stroke, to un-weight the trailing leg, and to adjust your torque readily.  As you look to your own training and racing try to include these elements in your planning process 
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