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Abstract
Currently, the population percentage of diabetics suffering Diabetic Peripheral Neuropathy (DPN) and foot-drop gait anomaly was estimates as 15% in the
United States. The onset of foot-drop could not be detected until symptoms
could be observed visually, patient falling or patient experiencing painful gait
issues and expensive medical tests. This research showed that by utilizing the
plantar-pressure characteristics of DPN drop-foot gait, a set of index could be
developed for the severity of DPN.
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1. Introduction
Recent studies [1] highlighted the total numbers of more than 1.9 billion adults,
18 years and older, were overweight which included 650 million classified as obese [2]. The increase in the number of Type 2 diabetes (T2DM) was associated
with the raise in overweight and obesity. Authors in [3] argued that of the two
hundred participants with T2DM participated in the study, ninety-one per cent
of participants were either overweight or obese. This rate becomes a major public health concern worldwide as it is often associated with both increasing health
care cost and disability [2] [4]. These authors reported seventy-six per cent reported altered sensation in their lower limbs. Only 22.2% of participants reported having examined their feet and gait characteristics and only when they
experienced a problem with pain and gait issues. Drop-foot issue can often cause
falling of older T2DPN sufferers [5] [6]. The purpose of the study is to assess
whether drop-foot characteristics of T2DPN patient could be indexed based on
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gait plantar pressure characteristics which can be carried out at rural clinics at
low cost.

2. Methods
2.1. Plantar Pressure Sensors and Measures
In-sole sensor (Figure 1) and F-Scan software (Version 6.70-03), Tekscan, Boston were used in the research. The measures of plantar pressure were peak pressure, pressure time integral, and pressure contact area over ten regions of the
plantar surface, namely: (heel (H), midfoot (MF), first metatarsal head (1 MH),
second metatarsal head (2 MH), third metatarsal head (3 MH), fourth metatarsal
head (4 MH), five metatarsal head (5 MH), hallux (1stT), second toe (2ndT), and
three to five toes (3rd-5thT) (Figure 1 right) [1].

2.2. Recruitment and Protocol
In 2017, the investigation was approved by the Research Ethics Committee
(proposal number: (H18REA065). All participants signed an informed consent
form to participate voluntarily in the study [1].
The recruitment required older diabetic adults who were confirmed to have
diabetic peripheral neuropathy (DPN) at two local hospitals in Malaysia. Also,
older diabetic adults who have no DPN were recruited. Soft targets were placed
on the plantar surface at the heel and at the second metatarsal areas for precise
linear measurement of the foot on the pressure graph. A set of prototype stencils
were used to position the targets. Subjects wore shoes with in-sole pressure sensors (TekScan) and walked on a straight line for roughly 20 steps and repeated
six times. Based on the heel target position, the plantar distance covered from
heel-down along the foot-path for a specific period of time was calculated and
was called Plantar distance at the heel (PDH). Then, the amount of time it took
to cover a quarter of the foot-path from heel-down and the amount of time it
took to cover the foot-path from the second metatarsal head to toe-off were
called Time at heel (TAH) and Time at push-off (TAP) respectively.

Figure 1. Foot insole sensorpad (left); Foot pressure sampling location (right).
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Table 1. New parameters derived from plantar pressure for drop-off severity indexing.
Non-DPN
Subject

PDH

TAH

TAP

DPN
Subject

PDH

TAH

TAP

1

0.15

0.24

0.53

1

0.84

0.26

0.54

2

0.37

0.29

0.42

2

0.78

0.16

0.65

3

0.32

0.51

0.27

3

0.60

0.11

0.59

4

0.30

0.27

0.52

4

0.88

0.25

0.43

5

0.55

0.25

0.55

5

0.68

0.12

0.14

6

0.34

0.32

0.52

6

0.95

0.09

0.41

7

0.33

0.13

0.51

7

0.75

0.25

0.39

8

0.38

0.21

0.57

8

0.96

0.09

0.40

3. Results
The research results are presented in Table 1. The PDH, TAH and TAP measures of the Non-DPN subjects and DPN subject are listed side by side.

4. Discussion
The PDH measures of the DPN subjects were significantly higher than the
measure of non-DPN subjects. Also, the TAP measures were significantly higher
in the former. Based on these measures it would be possible to calculate an index
for foot-drop characteristics.

5. Conclusion
With the discovery of these measures, drop-foot anomaly could be determined
at an early stage, thus DPN patients could have access to orthotics promptly,
hence avoiding falling and other adverse effects such as plantar ulcer development, reluctance to walk and lack of enthusiasm for physical exercise. More
subjects are required to determine the index values.
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