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What do we know about the 
diabetic foot?

• Diabetic neuropathy 
changes the foot 
structure

• Affects foot function
• Abnormal mechanical 

loading of the foot
• Diabetic foot 

ulceration

C.H. M van Schie, Int J Low Extrem Wounds. 2005 Sep;4(3):160-70



What is different about gait in the 
diabetic and neuropathic patient?

Diabetics with 
neuropathy

• Smaller stride 
length

• Slower walking 
speed

• Spend less time in 
single support

Katoulis et al., Diabetes Care. 1997 Dec: 20(12):1904-7.



What is different about gait in the 
diabetic and neuropathic patient?

• Peak vertical force is 
greater, especially in 
diabetics with 
neuropathy

• With neuropathy, timing 
is different so that the 
peak vertical force 
occurs at heel strike 
instead of toe-off

• Force - pressure
Shaw et al. Diabetes Care.1998 Nov;21(11):1955-9



What Causes Abnormal Foot Pressures?

1. Bony prominences
2. Plantar tissue stiffness or flexibility 
3. Plantar tissue thickness
4. Prominent metatarsal heads
5. Increased hardness (resistance to pressure) of 

the skin
6. Charcot arthropathy
7. Callus
8. Limited joint mobility (ankle, STJ & 1st MTP)
9. Thickness of the Achilles tendon
10.Thickness of the plantar fascia



What is the role of joint stiffness in 
abnormal forefoot pressures?

• Joint stiffness is a 
function of joint 
moment and motion.
– Joint is stiffer if it has 

less motion
– Joint is stiffer if it has a 

greater moment or 
torque

http://www.univie.ac.at/cga/courses/be524/knees/grv.avi


What is the role of joint stiffness in 
abnormal forefoot pressures?

Is there a difference 
in joint stiffness 
between diabetic 
patients with and 
without neuropathy? 

Williams et al. J Appl Biomech.2007 Nov;23(4):251-60
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Ankle Joint Stiffness in Diabetics

• Less ankle stiffness
• Timing - peak 

dorsiflexion occurred 
earlier at 60-70% of 
stance

• Large increase in 
stiffness in the 
transition period 
between dorsiflexion 
and plantarflexion

Williams et al. J Appl Biomech.2007 Nov;23(4):251-60
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Ankle Joint Stiffness in Neuropathic 
Patients

• Higher ankle 
stiffness

• Peak dorsiflexion 
occurred later at 65-
80% of stance

• Consistent increase 
in stiffness toward 
dorsiflexion

Williams et al. J Appl Biomech.2007 Nov;23(4):251-60
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How does stiffness correlate to 
increased plantar pressures?

• Muscle strength may 
not be a contributing 
factor

• Timing to peak ankle 
dorsiflexion may be

Williams et al. J Appl Biomech.2007 Nov;23(4):251-60



What is the role of limited joint mobility 
in causing high plantar forefoot 

pressures?
• Progressive stiffening 

of the collagen 
containing tissues

• Loss of joint mobility
• Lead to a fixed flexion 

deformity
• Predisposes to foot 

ulceration 
Prayer sign

Delbridge et al., Diabet Med.1988 May-Jun;5(4):333-7



Limited Joint Mobility
35 Diabetics 

with
Neuropathy 

(at-risk)

35 Diabetic 35 Non-
Diabetic

Ankle joint 
mobility

17.9 ± 0.7 28.4 ± 0.8 31.0 ± 1.6

1st MTP joint 
mobility

35.3 ± 1.1 62.0 ± 0.8 59.4 ± 1.0

Pressure time 
integrals 
(N · s/cm2)
P<0.0001

27.4 ± 0.8 16.1 ± 0.7 16.4 ± 0.6

Zimny et al. Diabetes Care. 2004 Apr;27(4):942-6



Correlation of the passive ankle 
joint mobility and PTI 

35 at-risk foot 
35 diabetic control   

Zimny et al. Diabetes Care. 2004 Apr;27(4):942-6

http://care.diabetesjournals.org/content/vol27/issue4/images/large/zdc0040410850001.jpeg


Correlation of the passive first MTP 
joint mobility and PTI 

35 at-risk foot 
35 diabetic control

Zimny et al. Diabetes Care. 2004 Apr;27(4):942-6

http://care.diabetesjournals.org/content/vol27/issue4/images/large/zdc0040410850002.jpeg


Are there other causes for increased 
forefoot pressures in diabetic patients?

• Limited joint mobility 
at the ankle

• Limited joint mobility 
at the MTP

• Increased thickness 
of the Achilles tendon
– Armstrong et al., JBJS, 1999
– Hastings et al., J Orthop 

Sports Phys Ther, 2000



What is the role of the plantar fascia in 
abnormal forefoot pressures?

Relationships among
• Thickness of plantar  

fascia
• Mobility of the 

metatarso-
phalangeal joint 

• Forces expressed 
under the metatarsal 
heads.

61 diabetic patients
– 21 without diabetes (C) 
– 27 diabetics without 

neuropathy (D)
– 19 diabetics with 

neuropathy (DN)
– 15 diabetics with 

neuropathy & previous 
ulceration (DNPU)

D’Ambrogi et al. Diabetes Care. 2003 May;26(50;1525-9



Diabetic patients presented with 
increased thickness of plantar fascia
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MTP range of motion

• Diabetics had 
significantly 
reduced MTP 
range of motion

• The thicker the 
plantar fascia 
the less range 
of motion noted 
at the MTP

MTP Joint Mobility
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Vertical forces under metatarsal 
heads

Direct correlation 
between 
thickness of the 
plantar fascia and 
increased vertical 
forces under the 
metatarsal 
heads.
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Taking it one step further

• Using data from the  
previous study

• Does increased 
thickness in the 
plantar fascia alter the 
windlass mechanism?

Ambrogi et al. Diabet Med. 2005 Dec;22(12):1713-9



Taking it one step further.

• Diabetic patients 
presented with 
increased 
thickness of the 
Achilles tendon

• Inverse correlation 
between the PF & 
AT with DNPU
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Diabetic patients had increased thickness of the  
Achilles tendon

Ambrogi et al. Diabet Med. 2005 Dec;22(12):1713-9



Vertical Ground Reactive Forces
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DN & DPU patients had lower heel and higher 
metatarsal integrals during landing

Ambrogi et al. Diabet Med. 2005 Dec;22(12):1713-9



Vertical Ground Reactive Forces
Propulsion
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Result: an early and 
prolonged loading of the
metatarsal area

Ambrogi et al. Diabet Med. 2005 Dec;22(12):1713-9



Altered onset of the windlass 
mechanism

• The Windlass should 
engage during 
propulsion.

• If the plantar fascia is 
abnormally thickened, 
the Windlass will 
engage early

• Foot becomes locked 
in a rigid configuration 

Ambrogi et al. Diabet Med. 2005 Dec;22(12):1713-9



What does this mean for treatment 
options?

• 17 diabetic subjects 
with high plantar  
pressures.

• Effects of:
– Orthoses
– Cushioning
– Combination 

Duffin et al. JAPMA. 2003 May-Jun;93(3):214-20

http://www.lbguk.co.uk/uk/product.php?productid=16223&cat=268&page=1


Results

Patients were evaluated twice
• 3-mm flat PPT cushioning – 20% reduction
• Custom-made orthoses – 15% reduction
• PPT + Custom –made orthoses – 27% 

reduction 
• Results were variable and in some cases 

reductions of up to 63% were achieved.

Duffin et al. JAPMA. 2003 May-Jun;93(3):214-20



Most interesting

• Diabetics who had been using orthoses for 
12 months had a significant reduction in 
peak plantar pressure when reassessed 
without orthoses.

• Those that had used orthoses walked 
slightly faster than in the initial 
examination, while those who had not 
used orthoses walked slower. 

Duffin et al. JAPMA. 2003 May-Jun;93(3):214-20



Questions to ponder
• Diabetics walk 

slower
• Timing is different in 

neuropathic patients
• Timing to peak 

dorsiflexion is 
different

• Early loading of the 
metatarsals

• Early engagement 
of the plantar fascia

http://images.google.com/imgres?imgurl=http://www.heartsandbones.net/images/faq.jpg&imgrefurl=http://www.heartsandbones.net/FAQ.htm&h=259&w=257&sz=8&hl=en&start=1&usg=__eMkMMI5MOFT0XioOPIesPYrE-X0=&tbnid=by4CArm3AfPUaM:&tbnh=112&tbnw=111&prev=/images%3Fq%3Dquestioning%2Bdogs%26gbv%3D2%26hl%3Den%26sa%3DG


Questions to ponder
1. Were plantar 

pressures reduced 
because the 
orthosis had an 
effect on timing?  

2. If this is so, should 
we be using 
functional orthosis 
in the diabetic 
patient?

Thank you
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