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Abstract-A 3-D Foot Print Device has been used to 
measure the plantar foot pressures for normal subjects and 
diabetic patients with neurotrophic ulcers. The results confirm 
that patients with peripheral neuropathy develop over 40% 
higher forefoot pressures when compared with normal 
subjects. 

INTRODUCTION 

One of the most serious complications of longstanding 
diabetes is the diabetic foot syndrome which often leads to 
amputation and marked adverse consequences in terms of 
morbidity and mortality. 

Diabetes mellitus affects 10 million people in the United 
States alone and the incidence of diabetes in the United 
states appears to be increasing at a rate of 6% per year. A 
complication of diabetes mellitus, is characterized by 
affection of the peripheral nerves which involves both 
sensory and motor fibers, but chiefly the former. The long 
terms effects of diabetic neuropathy are associated with a 
predisposition to neuropathic ulceration. Seven percent of 
the hospitalized diabetics will require surgery or 
amputation of the foot. The end result is that over 35,000 
diabetics will experience a major amputation every year and 
42% of these will have an amputation of the remaining leg 
in 1 to 3 years, and 56% in 3 to 5 years following the 
initial surgery. Therfore, early identification of those 
patients at risk for neuropathic foot ulcers is of paramount 
importance. The pathogensis of pedal morbidity in the 
diabetic patients as well as appropriate therapeutic 
management in vivo are being studied which will help to 
reduce the ulceration and amputation rate within the 
diabetic population of the United States of America. 

MATERIALS AND METHODS 

A 3-D Foot Print Device is used to analyze the gait of 
diabetic and normal subjects [ 11. The system incorporates 
the latest Pressure Sensitive Resistors, which number 
2048 in an active area of 193 x 412 mm, the overall 
dimensions are 630 x 325 x 32 mm. The maximum 
applied pressure is 500 psi (34 mPa) with a scanning time 
for 1 scan of 15 ms., and sampling frequency of 136.5 
kHz. The maximum delay between scans is 50 ms., while 
the minimum times for 64 scans is 960 ms., and the 
maximum time for 64 scans is 4110 ms. The maximum 
number of scans is 64 and the sensor size is 5 x 5 mm. 
The data olbtained is stored frame by frame as absolute 
pressures for the sampling interval. The StatGraphics 
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program is used for statistical analysis. 

RESULTS 

Fig. 1 slhows the typical pressure patterns under the foot 
of a norrnal subject (3-D and flat display). Fig. 2 shows 
the flat display and the centers of foot pressure for both 
feet for subject in Fig. 1. Fig. 3 shows the typical pressure 
pattern under the diabetic foot (3-D and flat disply), high 
pressures under the metatarsal head can clearly be seen. 
Fig. 4 shows the grid magnification and the actual pressure 
value!, under different areas of the patient under study in 
Fig. 3. Fig. 5 shows pressure patterns for another patient 
with diabetes. Fig. 6 shows high pressure areas under the 
foot clf a ]patient as in Fig. 5. Plantar foot pressure data 
were obtained using the 3-D Foot Print Device for 20 
normal subjects and 20 patients with neurotrophic ulcers. 
The rc:sults show 628 & 78 W a  (values are means f SE) 
for nlclrmal subjects and 1501 f 128 kPa for patients with 
neurotrophic ulcers. These results also confirm that 
diabdic patients will be at risk for amputation. 

CONCLUSIONS 

The conclusions drawn from this study are that the ulcers 
occuir at the location of highest horizontal shear force and 
also at the location of highest vertical force. The 
mechanism involved in diabetic foot ulceration is high 
forefoot pressures have been linked with the plantar foot 
ulceratioins. Elevated foot pressure accompany a 
charcteristic foot deformity, with hyperextension of 
metaiarso-phalangeal joints, and distal migration of fibro- 
fatty cushions. It is the combination of insensitivity and 
abnormally high loading of metatarsal heads leads to 
ulceration. This deformity slowly leads to peripheral 
neuropathy and later on could lead to lower extremity 
amp 11 tati on. 
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Fig 1. 3-D and a flat display of planter foot presssures for a normal subject. 

Fig 2.  Flat display and centre of foot pressure both the feet of the normal subject. 3-D and flat display of 
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Fig 3. Planter pressure patterns for a diabetic patient. (high pressures under the metatarsal head) 

Fig 4. Grid magnified and pressure values ;as for patient in Fig 3. 
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Fig 5. 3-D and flat displays of pressure for another diabetic patient. 

Fig. 6. High pressure areas for patient as in Fig. 5.  
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