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Abstract

Diabetes is one of the most common chronic diseases in the world. The aim of this study was to quantitatively
evaluate the foot load-bearing characteristics of diabetic patients with fifth toe deformity through comparative analysis
with diabetic patients with normal foot and healthy. Six female diabetic neuropathic subjects with fifth toe deformity
and six age-matched diabetic neuropathic subjects without any foot deformity participated in the test. walk test.
The dynamic pressure of bare feet is measured with Novel's EMED force plate. Peak pressure and pressure-time
integration for all 7 forefoot, midfoot, lateral forefoot, central forefoot, medial forefoot, forefoot, and other toes were be
collected. Peak pressure was significantly higher in patients with toe deformity in the posterior forefoot, midfoot, and
big toe region than in the control group. Meanwhile, the force retention time was longer in the big toe region of the
deformed group compared with the control group, and the center of pressure was almost located in the big toe region
during the toe deformity phase. Diabetics with fifth toe deformity may experience decreased contact area on the sole of
the foot in the rest of the toe and increased load on the big toe. Results showed that 5th toe deformity was associated

with potential ulcer risk, especially in the big toe region.
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Introduction

Diabetes is one of the most common chronic diseases affecting
people's daily lives. It is estimated that the number of people with
diabetes worldwide will exceed 365 million by 2030. Diabetic feet suffer
from foot ulcers or foot deformities that impair normal mobility. It is the
result of long-term load on the soleus surface during walking that has
changed or shifted to specific regions in patients with diabetes mellitus
and peripheral neuropathy. Excessive pressure in the unprotected foot
is considered a major risk factor for plantar ulceration, which is the
most common precursor to lower extremity amputation in diabetics
[1]. Peripheral neuropathy can cause lower extremity damage and even
disability in people with diabetes. Due to impaired sensation in the foot
nerves, foot injuries can be easily missed, increasing the risk of ulcers
or skin damage. At least 15% of these ulcers result in some form of
foot amputation. A previous study found that the feet in early-stage
diabetics tend to deform in the toes and imbalance in the muscles in
the feet or lower extremities, which then causes abnormal pressure in
the lumen foot. When human foot structure and human mobility are
damaged or dysfunctional, foot pressure and foot load distribution will
change accordingly. It is clear that the occurrence of diabetic foot ulcers
is largely due to changes in the bearing properties of the foot. And
diabetic feet can change the distribution of pressure in the legs, leading
to uneven distribution of blood flow in the legs, thereby destroying
the blood supply to the feet, eventually leading to foot ulcers and even
amputation. However, there are rare reports of kinetic changes in toe
deformity, which is an early sign of diabetic foot deformity and a major
cause of foot load changes [2-5]. Therefore, this study aimed to measure
the soleus pressure of diabetic patients with fifth toe deformity. Analysis
of the pressure distribution in the soles of the feet in normal gait was
conducted, and the foot load characteristics in the fifth toe deformed
foot were illustrated by comparison with patients with diabetes mellitus.
line with normal and healthy feet, aims to provide useful suggestions
for the design of footwear for diabetics, relieve pressure, relieve pain in
the patient's deformed foot, and reduce the incidence of diabetes rates
of ulcers or even amputation of the feet due to diabetes.

Participants

A total of 12 people with diabetes of the same age participated
in the experiment, 6 of them had damaged toes and 6 others had
healthy feet. Subjects in the experimental group were elected based on
the deformity manifesting in the fifth toe under no-load conditions,
considering hammer toes or crooked toes leading to deformity unlikely
to show a significantly different biomechanics [6]. All had no history of
foot surgery or rehabilitation treatment. Although the deformed fifth
toe was claw- or hammer-shaped without any signs of swelling in the
foot, the deformed participants and the control group were able to walk
normally. This study was approved by the Ethics Committee of Ningbo
University. Prior to testing, subjects were informed of the walking
test requirements and procedures. All gave their written consent to
participate in the study.

Statistical analysis

Novel EMED pressure plate is used to measure plant pressure data.
Before the test, the participants had to adjust their walking speed by
placing their right foot on a pressure pad, which was mounted in the
middle of the aisle. During testing, subjects walked along an aisle in a
straight line with comfortable equipment and chose to exercise their
normal gait characteristics. Each participant walked six consecutive
trials to demonstrate their normal gait. In order to accurately and
thoroughly illustrate the characteristics of plantar load, the foot has
been divided into seven anatomical regions, namely, posterior forefoot,
midfoot, lateral forefoot, central part of the forefoot the middle of the
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forefoot, the big toe, and the other toes [7-9]. For each zone, peak
pressure, pressure-time integral, and pressure center trajectories were
collected, and the mean of the six walk tests was used to analyze the
data to minimize errors. All statistical tests were performed using SPSS
and statistical test data from both groups of subjects, that is, mean,
standard deviation and significance statistics. A significance level of p =
0.5 was used for all analyses.

For the trajectories of the center of pressure, the deformed group
and the control group did not show significant differences in CoP scores
in the posterior and midfoot regions, but showed significant differences
in the forefoot region. front and toes. Especially, for the CoP line in the
forefoot area, the deformed group tended to slightly shift to the midline,
while the displacement amplitude of the control group increased [10].
The present results confirm recent reports of the forefoot pressure
group with predominantly mid-forefoot lesions, and the control group
pressures with a consistent concentration in the central and medial
regions of the forefoot. front foot. From the standing interval of the
total pressure away from the midline of the forefoot area, it can be easily
concluded that the time ratio of the deformity group was significantly
lower than that of the control group, while in the toe, the time rate of
the deformity group was markedly higher than that of the control group
[11-15]. It should be noted that in the toe area, the pressure center of
the deformed group shifted completely to the phantom area, while the
control group remained between the first and second toes.

Discussion

The clinical importance of studying the biomechanics of toe
deformity in neuropathic diabetic patients has been demonstrated by
several prospective population-based studies showing abnormality of
the toe. This structure is a significant independent predictor of plantar
ulceration in diabetic patients. The results of this study clearly show
that fifth toe deformity is associated with significantly altered foot load
parameters, such as peak pressure, pressure-time integral and fundus.
pressure center at the plantar surface of the foot. This result shows that
the 5th toe deformed foot of the diabetic patient causes a greater impact
load in the patient's gait. From the vegetation pressure point of view, the
deformed group's CoP flow shifted to the corridor part during walking.
As the fifth toe was significantly deformed and could not withstand the
higher pressures, it showed a marked decrease in peak pressure in the
lateral forefoot and other toe regions. The contact area in the other toes
of the deformed group was significantly lower than that of the control
group, which is similar to previous studies. An important function of
the toes in gait is to touch the surface and apply enough pressure to
achieve a fixed point from which the body can be pushed. Due to the
deformity of the toes and reduced contact area, the pressure on the soles
of the toes shifts to the forefoot. Patients with fifth toe deformity showed
a decreased area of contact with the sole of their foot and a significant
increase in the pressure-time integral. Unlike other distortions, the
reduced peak functions can be compensated by increasing the load on
other regions. As toe function declines, the pressure that the metatarsal
part of the forefoot is resisting during the push-up phase increases
dramatically and the load the toes carry decreases. The results of these
findings were inconsistent with the results of previous studies, and
the toe area resisted impact and pressure was significantly reduced in
patients with diabetes. This will cause the pressure to shift to a nearby
area with an increase in the pressure peak. However, expansion of peak
pressure leads to necrosis of muscle tissue and atrophy of muscle fibers
and exacerbates the risk of injury in these regions of increased peak
pressure. The cause of increased pressure peak in the deformed 5th toe
group may be that the toes are deformed, leading to the destruction
of fatty tissue leading to unable to withstand extreme pressure, so the

Figure 1: Diabetic Foot with toe deformation.

pressure in the ankle area increases suddenly variable to maintain body
stability(Figure 1).

Conclusion

This study found that the big toe and forefoot are the load-bearing
parts of the foot in the 5th toe deformity group and are the most
susceptible to foot ulceration due to the long-term effects of the collapse.
Changes in pressure distribution in the soles and center of pressure
trajectories should be considered when analyzing and treating plantar
ulcers associated with diabetic deformity. Quantitative illustration of
the foot load characteristics of fifth toe deformity can be of great benefit
to diabetics to understand their foot load status and to physicians or
rehabilitative therapists function to develop protocols that prevent or
even restore foot ulcers associated with fifth toe deformity and other
injuries. Some functional shoes are needed to reduce the risk of ulcers
in the affected areas, normalizing the distribution of diabetics with fifth
toe deformity.
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