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Objective 

 Example off loading strategies (there are others!)

 Biomechanics led design (evidence led design)

 Focus on getting optimised solutions for individual patients (targeted)

++ Focus on prevention 



“there is something different about the foot of each patient that I need to 

understand and use to build my orthotic prescription, if I don’t it will affect 

the outcome”.  

Assumption 



Integrate with 

experience

Set objectives for the 

orthotic (or footwear)

identify orthotic design features (shapes, 

materials) that might meet these 

objectives…but it is “trial and error”

 FOOT SHAPE (foot type or deformity)

 TISSUE (thickness, stiffness, position, quality)

 ACTIVITY (low or high levels)

 MOBILITY (stiff to compliant foot)

 FOOTWEAR (activity choices)

Assumption 

“there is something different about the foot of each patient that I need to 

understand and use to build my orthotic prescription, if I don’t it will affect 

the outcome”.  
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Clinical OBJECTIVE

RELEVANT RELEVANT
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Clinical OBJECTIVE

For a given set of FOOT biomechanical 
characteristics, there are a set of optimal 

orthotic/footwear design parameters which 
can be used to achieve a specific clinical 

biomechanical objective



ENPODHE 2018 

The University of Salford is proud to host the 7th ENPODHE conference March 21-23rd 2018.

Dr Sicco Bus

“Evidence based approach 

to off loading the diabetic 

foot?”

International Working 

Group on the Diabetic 

Foot. http://iwgdf.org/
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Owings et al 2008

Orthotic example





Medial arch 
shape Distance 

of 1st MPJ 
Pressure 
from heel

Magnitude of 1st

pressure

Distance of 
Met bar from 
heel

Clinical 
Biomechanical 

objective

Minimise  
1st MTP 
pressure

Height of met 
bar

Med/Lat 
shape of met 
bar

RELEVANT RELEVANT



We need to build explicit relationships 

between 

(1) foot biomechanics 

(2) orthotic / footwear designs 

(3) orthotic / footwear effects



Lets answer……

1. Do we know how changing orthotic/footwear features affects 

plantar pressure? (2 to 3)

2. Are we measuring the right foot characteristics to be able to predict 

the BEST off loading designs? (1 to 2)

3. Is the hassle/cost of getting (MEASURING?) foot data worth it in 

terms of the orthotic/footwear achieving its aim? (1 to 3)

1 – Foot biomechanics

2 – Orthotic/Ftwr 

design features

3 – Effect & biomechanical 

objective



1. Use of foot biomechanics 

data to optimise rocker 

footwear for pressure reduction 

in diabetes

2. Use of plantar pressure data 

to optimise orthotic features 

under the forefoot



Rocker = 3 DESIGN features

1. Apex Position 

2. Rocker Angle

3. Apex Angle



 n=30 diabetes

 Controlled walking speed 

 Plantar pressure in 12 shoes

(variations of RA, AP, AA)

Study 1: Rocker angle vs Apex position vs Apex Angle

Shoe
Rocker 

angle  (RA)

Apex position

(AP)

Apex angle 

(AA)

1 (control) (Heel height) - -

2 (reference*) 20º (3 cm) 60% +80º

3 (RA1) 10º (1 cm ) 60% +80º

4 (RA2) 15º (2 cm ) 60% +80º

5 (RA4) 25º (4 cm ) 60% +80º

6 (RA5) 30º (5 cm ) 60% +80º

7(AP1) 20º (3 cm )  50% +80º

8 (AP2) 20º (3 cm )  55% +80º

9 (AP4) 20º (3 cm )  65% +80º

10 (AP5) 20º (3 cm )  70% +80º

11 (AA1) 20º (3 cm )  60% 70º

12 (AA2) 20º (3 cm )  60% 90º

13 (AA4) 20º (3 cm )  60% 100º



Mean effect: 1st MPJ

No consistent change 

in pressure

Pressure decreased

Apex angle increased 

(more perpendicular):

Slight decrease in 

pressure as rocker 

angle increased 
AA AP

RA

50 55  60 65 70

?
70 80 90 100 10  15 20  25 30



Distribution of 

optimal design

• Apex Angle – 90° and 

100°are BEST for >90% 

of participants

AA AP

RA

• NO BEST Apex 

POSITION – optimal 

position different 

greatly. 

• NO BEST Rocker 

Angle, but 3/5 higher 

angles gave better 

results

%

?
70 80  90 100 50  55  60  65  70 10  15  20  25  30



 Apex ANGLE is optimised = 95°

 Investigate APEX POSITION further – person specific response

 Need to establish interaction between Rocker ANGLE and

Apex POSITION

Outcomes study 1



Clinical 
Biomechanical 

objective

Minimise  
1st MTP 
pressure

APEX Angle

APEX Position

ROCKER Angle

Study 2: Understanding the effect of 

varying rocker angle and apex position

on plantar pressure.



Shoe
Rocker angle  

(RA)

Apex position

(AP)

1 15º 52%

2 15º 57%

3 15º 62%

4 15º 67%

5 20º 52%

6 20º 57%

7 20º 62%

8 20º 67%

Varying Rocker angle and 

Apex position

• n= 87 with diabetes (Salford & Cologne)



Apex position

% of shoe length

20°Rocker Angle

1st MPJ

15°Rocker Angle

Pressure

kPa



40% patients best  = 

20° rocker

52% of shoe length

What about the 

other 60% of 

people?

What about in 

between 52% and 

57%?

What is the compromise if we give everyone 

the GROUP BEST versus their own 

PERSONAL BEST?



PERSONAL best vs GROUP best shoe

Owings et al (2009). 

Cavanagh and Bus (2011)

“ It may be that such a 

threshold is unique to 

each individual, but the 

200 kPa value can 

serve as a goal for 

plantar off-loading 

until better evidence is 

available.”

How many 

people 

< 200kPa?



PERSONAL best vs GROUP best shoe

How many people < 200kPa?

Control
GROUP 

Best

PERSONAL

Best

26%
>200kPa

55% 
>200kPa

21%
>200kPa



PERSONAL best vs GROUP best shoe

How many people < 200kPa?

You would need to give bespoke footwear to 

100 people to get 5 extra people below 200 kPa

Is it worth it?

Can we short cut the decision as to who needs 

bespoke footwear ? 



Clinical 
Biomechanical 

objective

Minimise  
1st MTP 
pressure

APEX Position

ROCKER Angle

Footwear

specification

algorithm

Study 3: Developing an algorithm to predict optimal rocker shoe 

design from an input of gait data.

?

?

?

 Foot motion (ang/vel)

 Ankle moments

 GRF

 COP.... Neural Network

“Trial and 

error?”



Lets answer……

1. Do we know how changing footwear features affects plantar 

pressure variables we want to control?  (2 to 3)

2. Are we measuring the right foot characteristics to be able to predict 

the BEST off loading footwear designs? (1 to 2)

3. Is the hassle/cost of getting (MEASURING ?) foot data worth it in 

terms of the footwear achieving its aim? (1 to 3) NO –

Apex Angle = 95°

Apex Position = 55%

Rocker Angle  = 20°

YES –

Apex Angle

Apex Position 

Rocker Angle

NO –

Wrong measures? 

Too complex? 

Multiple Optimal designs



Patient specific customisation of rocker 

soles is trial and error 

– go for good design 
(+ there is an evidence base for it)



Distance of 
Met bar from 
Pressure

Material

Shape of met 
bar

AXIS 2: 

a) Poron

b) EVA 

c) “no material” or void.

Bespoke - Determined 

by peak pressure 

AXIS 1: 

Position of Met Bar – (a) next to peak pressure, (b) 

proximal to it, or c) distal to it?



Input data to the orthotic 

design:

1. 3D foot scan

2. Plantar pressure data

SMARTPIF protocol PAN.avi


Middle
Distal 

(middle +2% FL)

Proximal

(middle -2% FL)



AXIS 1

Distal Middle Proximal

EVA Insole 1 Insole 2 Insole 3

Poron Insole 4 Insole 5 Insole 6

Void Insole 7 Insole 8 Insole 9

Soft EVA

Insole 1

A
X

IS
 2



Data collection

Sample:

• n=60 diabetic patients with neuropathy with no history 

of previous ulceration  

Shoes:

• Retail shoes: achieve the highest offloading without 

changing patient’s shoe



EVA

PORON

VOID

Metatarsal bar position 

relative to peak pressure

What is best ? 

Prox DistalMiddle

p<0.05

p>0.05

Control



EVA Poron Void

9/60 = 15%

Prox Middle Distal Prox Middle Distal Prox Middle Distal



EVA Poron Void

9/60 = 15%

Prox Middle Distal Prox Middle Distal Prox Middle Distal

% >200 kPa

 Control condition = 70%

 GROUP best = 55%

 PERSONAL best  = 42%

Personalising helps 13 extra people

(Ftwr 26%)

(Ftwr 21%)

(Ftwr 55%)



Lets answer……

1. Do we know how changing orthotic features affects plantar 

pressure variables we want to control?  (2 to 3)

2. Are we measuring the right foot characteristics to be able to predict 

the BEST off loading orthotic designs? (1 to 2)

3. Is the hassle/cost of getting (MEASURING ?) foot data worth it in 

terms of the orthotic achieving its aim? (1 to 3)
NO/YES

Met bar in the middle 

Poron or EVA

YES –

Met bar position, 

material

NO –



Optimised design 

now available as prefabricated orthosis



1) If you want to reduce pressure  - Footwear 1st line, Orthoses 2nd line

2) Data has given us evidenced designs 

Apex Angle = 95°
Apex Position = 55%

Rocker Angle  = 20°

Met bar at the site of pressure, Poron or EVA

3) We can do better 

26% still  >200kPa in Rocker Shoes 

55% >200 kPa in orthoses

but we need to use personalised data to get the optimised designs, on each 

patient.....and its not worth it/difficult to predict

Foot biomechanics in diabetes 

and off loading strategies
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