Hoof Balance And The Sole Plane
by Anya Lavender
What is hoof balance and why is it important?
Scientific studies have shown that the hoof functions optimally when the centre of the pastern is central to the load bearing area of the foot. The third phalanx is level to the ground surface at the distal border medial laterally and at a slightly positive palmer/plantar angle(ELPO 2009) 

However consideration for the specific hoof and level of 'imbalance' needs to be taken too, as deformation and imbalance can also affect the bones and joints. 'Changes to P3, can include bone loss or gain in the form of a 'ski tip' on the distal dorsal tip of P3 and changes in trabacular alignment(Bowker 2011) inside the bone which affects ability to withstand stress. 

The question is how does a farrier know exactly where the internal structures are located within the hoof capsule in order to correctly trim for good balance? 

Different methods of balancing
Guidelines for balancing hooves have been varied. Many people have used the hoof walls as the benchmark. While a healthy already well balanced hoof wall can give a good idea of the position of internal structures, the walls are prone to deformation,  losing their attachment and relationship to P3(Bowker 2003). In that case using the shape and angle of the hoof wall as guidelines for balance tends to lead to hooves becoming more imbalanced. Stretched toes for example, are put under further pressure. 

Many people have tried to use standard angles and lengths as guidelines for trimming 'balance'(Weltz 2006). However, angles and lengths all vary within a species, even within 'normal' conformation, so at best there can only be an 'average' range and cannot reasonably dictate specifics accurately(Jackson 1997). The above problems of wall deformation also effect the results. Due to common shoeing and hoof management practices which include lack of support for the base of the hoof, P3 can 'sink' within the capsule

It has been long recognised that a more accurate method of determining balance has been needed. Many farriers and researchers have made reference to the 'centre point' of the foot to determine where the centre of articulation of the Distal Inter Phalangeal Joint. 'Duckett's Dot' for example is measured at 3/8” back from the apex of the frog(Bumbaugh 1992). According to Gene Ovnicek's studies, most measurements have usually been determined using the frog apex as the starting point and measuring 3/4” back.  While for the most part, this point remains static with relation to the tip of P3, recent studies of radiographs show many irregularities(Ovnicek 2010). 

In 2008 the Equine Lameness Prevention Organisation put together a scientific study to look at other reference points of the external hoof and how static their relationship to the DIP Joint, to determine a more accurate method of determining 'balance'. Their studies indicate that the widest part of the foot is not always directly below the centre of articulation of the DIP Joint, but it is a reliable distance from the tip of the distal border of the distal phalanx. They also found that in feet size 00-3, measuring back 1” from the apex of the frog was a more reliable estimate for finding the centre of the DIP joint than 3/4”(ELPO 2009) Using the ELPO guidelines to 'map' the foot, using both the apex of the frog and the widest part of the foot gives a very accurate – within 1/8” on hooves size 00-3 – guideline for finding the tip of P3 and therefore correct 'breakover' for the horse.

Mike Savoldi's studies, spanning thousands of dissections have shown that the live sole plane is of a uniform thickness at the lamellar line. In his paper “Uniform Sole Thickness” he states “The functional sole or the true sole where it attaches to the zona alba (white line) is very unique in that it will only vary within 1 to 2 mm in its vertical depth.”(Savoldi 2007) It appears that if you exfoliate the sole to the live sole plane and trim the wall to be balanced in relation to the sole plane, the foot will be well balanced in regard to the Distal Inter Phalangeal joint and P3.  
I cannot find reference to conformational or postural issues such as a 'club foot' or back injuries effecting the feet in relation to using the sole plane to correctly balance a foot, or any scientific research on donkeys, who seem, in my experience, to be prone to growing a lot of excess sole when on soft footing. These type issues may be exceptions to Mike Savoldi's 'rule'. 

Trimming The Sole
In Savoldi's paper The Arch of The Sole, he explains about thin soles being due to pressure from P3 and the palmer processes pushing on parts of the sole. Despite this, the external rim of the sole, proximal to the walls is still of uniform thickness. He cautions about leaving extra wall length for the purpose of changing 'balance' for this reason(Savoldi 2007). McLaughlin's recent thermography study of endurance horses also shows reduction in circulation and 'distal descent' in horses who's soles aren't supported(McLaughlin 2011). These studies illustrate the importance of not leaving excess wall length in relation to the live sole, as well as not thinning live sole . It also illustrates the importance of providing support to the base of the hoof, to prevent the vertical force of the horse, via P3 from lowering and thinning the sole. 

Pete Ramey states that where live sole is trimmed, the internal structures tend to drop lower in the hoof capsule, but the live sole “adjust to perfect uniformity quickly after you stop trimming into it.”(Ramey 2005) This is apparently backed up by Savoldi's studies outlined in The Arch Of The Sole Establishes The Plane Of The Pedal Bone. Ramey also explains that the live sole adapts by producing more horn material where the horse needs it. For example on a club footed horse, the sole will also be thicker at the heels. Therefore assuming this happens – again I have been unable to find any scientific evidence on the subject, trimming to, but without invading into live sole will provide the horse with the correct balance for it's conformation. Ramey also notes that donkeys, minis and others may need apparently live sole exfoliated.(Ramey 2005)
There may be a variety of reasons why we may not want to exfoliate to live sole. These include horses fresh out of shoes or unused to rough ground, as well as perhaps club footed horses, if Ramey's theory of extra sole growth doesn't hold true, who may need the extra thickness of dead sole for support and protection. Subsolar abscessing, where dead 'false' or 'retained' sole is protecting live sole which is too thin to do without it is another reason for leaving extra sole material. There is much anecdotal information available and Ramey talks about using the depth of the collateral grooves as an accurate assessment of how much sole a horse may have in any region of the foot. He states that the natural depth of the collateral grooves at the apex of the frog should be around 5/8”, the same or slightly deeper around half way along the bars. Collateral grooves should also be the same medially as laterally(Ramey 2005). I have not been able to find any scientific data to confirm the accuracy of using the collateral grooves. 

Studies on sole depth of wild and domestic horses have shown also that sole depth and wall height vary with environment. On harder footing, the soles are thick and the walls are worn to level with the peripheral rim of the sole(Hampson, Connelley, de Laat, Mills & Pollitt). This appears to indicate that thicker sole is needed for providing protection on rough ground, while walls being short allow for full support of P3 from underneath. Therefore we could suppose that horses who are required to work on hard, rough surfaces, should not have their soles exfoliated. I can not find any scientific or other studies done on when it's best to remove or leave it. 

Conclusion
Using the live sole plane as a reference for how far to trim the walls has been shown as an accurate way of determining anterior/posterior balance and well as medial/lateral balance of P3. 

Using the widest part of the foot and the true apex of the frog is an accurate way to determine where the centre of rotation of the DIP Joint and the tip of P3 is located within the hoof, to judge anterior/posterior balance with regard to hoof wall deformation.

Trimming into live sole can cause further issues of imbalance along with sensitivity. When trimmed or unsupported, the live sole, being too thin, can allow the distal phalanx and palmer processes to sink to a lower position within the hoof capsule(Savoldi 2007). I have found no good reason why live sole should ever be pared from a horse, although according to Ramey this may not be the case for donkeys and minis(Ramey 2005).

Exfoliating to the live sole can be important, especially in determining correct hoof balance that may be hidden by dead sole. It may also be important to leave the retained sole in many circumstances. While understanding what and how much is dead is important, and trimming the walls accordingly, if the sole doesn't exfoliate easily or there is any doubt about what should be removed, it is probably best left in place.
It appears that trimming to balance the wall height around the entire sole, without invading it or leaving very much length at all above it – depending on environment – has become widely accepted as an accurate ways of balancing a hoof, taking into consideration the postural and conformational needs of the horse at any given time. It also appears that balancing the collateral grooves and ensuring they are at least 5/8” deep may be another good 'landmark' to help ascertain balance and adequate sole depth.
It is obvious there is not enough scientific data to make many definite or precise statements at all. Of particular interest in my opinion, would be studies on; 

Sole depth in relation to the collateral grooves;

Anatomical differences of donkeys and the effects of paring live sole from them and other horses deemed to have 'too much sole';

Sole depth studies on horses with angular deformities, clubbed feet and retained sole.
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