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Sports Injury and Performance Clinic
Foot Shape and Function

Body assessment 

	Flexibility
	Left
	Right

	Hamstrings
	Good
	Ave
	Poor
	Good
	Ave
	Poor

	Hip
	Good
	Ave
	Poor
	Good
	Ave
	Poor

	ITB
	Good
	Ave
	Poor
	Good
	Ave
	Poor

	Hip Flexors
	Good
	Ave
	Poor
	Good
	Ave
	Poor

	Quads
	Good
	Ave
	Poor
	Good
	Ave
	Poor

	Glute strength
	Average
	Average

	Leg Length Difference (mm)
	- 15mm
	+15mm

	Arch profile
	Normal drops on weight bearing
	Normal drops on weight bearing

	Forefoot Varus
	Yes 3 - 5º
	Yes 3 - 5º

	One leg Squat
	Poor glute med control
	As with left but increased internal rotation from the foot


Measurements 
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	Initial (mm) 
	New (mm)

	A. Saddle Height
	785
	785

	B. Crank Length
	172.5
	172.5

	C. Saddle Fore/Aft
	0
	2

	D. Saddle to Stem
	481
	483

	E. Saddle Width
	145
	145

	F. Bar Width
	100
	100
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Sports Injury and Performance Clinic

Bike Analysis and Set Up


                                                        Power 

Aerodynamics         Speed

                                                     Comfort 

1. Level the saddle, forward tilt on the saddle places too much stress on the arms and hands while a rear tilt reduces the anterior tilt of the pelvis which constricts breathing, increases pressure on the perineum leading to pain, low back pain and less control of the bike. If you still feel uncomfortable with a level saddle after the set it may be best to try another type of saddle.

2. Saddle Height: Knee flexion angle at the bottom of the stroke should be >145º < 155º. Greater than 155º reduces the amount of power transferred to the pedal as the large muscle groups are taken out of their optimal midrange position. Less than 145º increases power but also increases the risk of knee injury. For most amateur / leisure riders a position near 150º is probably more beneficial because it doesn’t strain the hamstrings as the majority of amateurs display tight hamstrings to some degree. 
3. Saddle Fore/Aft: Road Bike – pedal while holding the brake levers. At the 9 o clock position the front of your knee should be slightly in front of the pedal crank. This results in more power being pushed into the pedal in the downward stroke. If your knee is too far forward the power is being pushed out over the pedal i.e. lost power! If knee is in front of the spindle move the saddle back. Remember that if you move the saddle back it increases the saddle height therefore if you move the saddle back 1cm you must then lower the saddle 0.5cm or reverse for saddle forward.     
4. Handle Bar Height: Of all the variables on the bike this position is determined more by the riders comfort than their need for speed. In the ideal position a riders back should be no greater than 45º above horizontal dependent on whether they have the muscular strength to maintain such a position which may need to be worked on. The arms should be perpendicular to the torso, 90º, in this position also to reduce strain on the shoulders. In the 12 o clock position the hip angle should not be less than 30º as this closes the hip joint too much which restricts breathing and also takes the glutei and hamstring muscles out of their optimal range of power production which can be detrimental in the run stage of a triathlon. Therefore what we look for is the most comfortable and lowest position a rider can maintain.
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Figure 1a – c
 The main issue that needed to be addressed in the original position is the bunched position on the bike. As can be clearly seen from figure 1a the shoulder angle of 78.9º is quite a distance away from the recommended neutral of 90º.  A further indication of this is that the top of the shoulder is in front of the elbow which should be in line.

As the knee over pedal position was too advanced with the knee too far in front it was decided that a backward shift of the saddle was appropriate to rectify these anomalies. Figure 1 b represents a 2cm backward shift of the saddle along with the requisite 1cm drop in saddle height as discussed above. This move has improved the shoulder and knee over pedal position but the angle at the left knee at the bottom of the stroke has dropped to 145º. With the left leg being shorter than the right this represents a problem in that right knee would then register a lower angle at the bottom of the stroke due to the leg being longer.

It was decided to raise the saddle to its initial height again which returned the left knee angle to a slightly healthier 147.2º. Ideally an angle of 150º maybe a better option due to the longer distances required for the Ultraman. However a cleat shim would first be used to balance the leg lengths while work should be done on the hamstring and glute flexibility so that a higher saddle position can be maintained without increased strain at the knee.

Knee pain tip to get you home:

Hurts in front = raise the saddle

Hurts behind = lower it.
Pain Tip: if you develop pain in your upper back (trapezius muscle) the stem is too short or saddle too far forward. If the pain is in your shoulders (deltoid and triceps muscles) the stem is too long or the saddle is too far back. Remember if you move the saddle to change the arm angle with the torso don’t forget to adjust the saddle height accordingly.
Racing Tip: For shorter distance time trial events some riders lower the saddle so that the angle at the bottom of the stroke is between 145º and 140º. This gives more power output but can’t be maintained for longer distances.

Aerodynamic or Tri bike: This set up means that the shoulders and the torso are lower than the road bike with the torso being almost horizontal. To avoid bunching of the hips which can cause discomfort the riders in this position tend to bring the saddle 3 – 6cm forward of the road bike position. 
5. Knee Motion: the knee should ideally work in a piston like manner i.e. straight up and down. However this is not always the case as the majority of riders display a Forefoot Varus which as can be see below in figure 2 is a higher big toe compared to the little toe. The effect this has on the knee is that the foot has to roll in to get the big toe in contact with the pedal to exert more power but the consequence is that the knee rolls in along with the foot so that the bottom of the stroke appears to curve in. this rolling in of the foot and knee is termed Internal Rotation and occurs due to the arch of the foot flattening, forefoot varus or poor control of hip motion due to weak gluteal muscles but most often it’s a combination of all three.  



Figure 2
[image: image10.png]


 [image: image11.png]


 
Figures 3a & b
Clinically a forefoot varus and subsequent internal rotation of the knee in the squat test was noted. There is evidence of this in the curving in of the knee at the bottom of the stroke though the major cause for concern was the lateral drift of the knees as the knees came up through the stroke. This is due to excessive tightness of the hip joint which causes unnecessary strain on the knees by pulling on the Iliotibial Band (ITB). 
By widening the stance width and also using a temporary medial forefoot wedge we have straightened the knee motion so it would be advisable to use 4 - 5º Le Monde wedges but it is imperative to reduce the hip tightness to fully alter the stroke. 
6. Crank arm length: still rather controversial in terms of a definitive answer as to what is the right crank length for a given rider. As we work on the principle of a joints mid range being it’s strongest some recommendations we make are: 
Stay as close to or below 90º at the knee in the 12 o clock position – use a shorter crank for this and it also keeps the knee in the stronger mid range through more of the pedal stroke. Long cranks can cause a very sharp bend in the knee at top dead centre right where you begin to apply power. Cranks that are too short don't pose a risk to the knee joint but they also won't be efficient unless you spend a lot of time at high cadence.
Your crank is currently a 175 but as you can see from the recommendations below it may be easier for you to change to 172.5
A guideline rule of thumb for general (road) racing and training:

  * Below 5'10 use 170mm cranks, Inseam < 30”
  * 5'10 to 6'1 use 172.5mm cranks, Inseam > 30” but < 33”
  * 6'1 plus use 175mm cranks, Inseam > 33”
And modify for specialized events:

  * subtract 2.5mm for track racing (or more on short steep tracks

    or short events),

  * subtract 2.5 to 5mm if you have frequent knee problems,

  * add 2.5mm for time trials and hilly races, (and MTB races),

Shorter crank lengths can usually mean a higher cadence which is often less demanding on the knees as a lighter gear tends to be pushed. With the Ultraman distances up to 260 miles then the 172.5mm used above should be ideal.
Longer crank arms do make it easier to push more force into the pedal i.e. a heavier gear but the speed of crank rotation decreases slightly as the rotation is longer so to keep the same power output the cadence needs to increase which not easy to maintain. Some riders also find that during longer rides the lower cadence is slightly harder to maintain a constant momentum.

