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ABSTRACT

Plantar pressure information is very useful to thi&betic patients' foot health. A lot of pressureasurement studies
have carried out on diabetic person. However, gigte could be found to know the diabetic foot'fiilent stage such
as toe deformity. The purpose of this study waguantitatively assess plantar pressure associatiwith toe
deformed diabetic patients. Six neuropathic diabstibjects with the fifth toe deformity, and sie @mnd gender
matched neuropathic diabetic controls without defity, were examined. Dynamic barefoot plantar puess were
measured with Novel EMED pressure platform. Peasgure and pressure—time integral for each of 7 fegions
were calculated. Peak pressure was significantihéiign the patients with toe deformity at heellingl and other
toes regions, when compared with controls. MeareyHdading sustained time extend longer in toe argiof
deformed group than the controls, and the centgrre$sure was nearly in the big toe region duriog-bff stage.
Diabetic subject with toe deformity could causenpda contact area, pressure and gravity center @by It shall
attach importance to toe deformity situation, besmit highly associated with ulcer risk especiathjallux region.

Keywords: Toe deformity; Plantar pressure; Hallux; Gait

INTRODUCTION

It has been estimated that the number of people avibetes worldwide will surpass 365 million by32(1]. The

loading pressure applied to the plantar surfadeatfduring gait has changed in patients with diabenellitus and
peripheral neuropathy [2]. Some excessive pressuifegt that lack protective sensations considesed major risk
factor for plantar ulceration[3], which is the ma@stmmon precursor to lower extremity amputation agnpersons
with diabetes [4]. Peripheral neuropathy can calusgoatients emerging with lower limb injury, ewtisability. The

foot injury due to the decreasing foot nerve sensould easily been overlooked, thus increasingrigie of skin

ulcers or damage [5]. Previous study found thdiehabetic foot tending to show toe deformity {8, imbalance in
lower limb muscles [8], and finally lead to abnotrptantar pressure [9]. When the lesion or dysfiomcbf the

human foot structure, and human movement stategelsarplantar pressure and pressure distributiohcldnge
consequently [10, 11].

It is clear that the emergence of the diabetic feataused by the changes of plantar pressure. Wieepressure
distribution altered, this can destroy foot bloogsly, and finally lead to foot ulceration even argiion. However,
there is rare report about toes deformation whidihé early signs of diabetic foot deformation el major reason
changes of plantar pressure. Therefore, this stimding to measure the plantar pressure of diakmtéents whose
fifth toe has deformed. Also, identity the charastec of this toe deformed, hoping to supply somgortant

information for diabetic shoes design to allevigtithe pain in patients' deformed feet, reducing disease
incidence of diabetic foot.
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EXPERIMENTAL SECTION

Twelve female diabetes patients with toes lesiontbtavelve age-matched female diabetes patienttidmlthy foot
were selected. Subjects in the experimental groenge whosen based on deformity present in thetfigthof the foot
while non-weight bearing. Although their toe haslaw or hammer-shaped deformation, subjects haghibit of
the characteristics of festering, with the abilitfy walking normally. All subjects’ baseline chamdstics are
summarized in Table 1.

For plantar pressure data measurement, the Novetlgiovel Gmbh, Munchen, Germany) plate was used.
During the test, subjects were asked to walk aldBgmeters straightly with the normal speed as ugual
measuring plate was locating in the center of aiskll subjects have three days practicing befdre t
experiment to familiar the walking environment. i@ area was divided into seven regions, whichhame,

mid foot, lateral forefoot, middle forefoot, medifarefoot, hallux and 2-5 toes (other toes). Focheeegion,
peak pressure, pressure-time integration and led¢utie Center of Pressure were calculated fromdie
successfully walking trial.

SPSS 17.0 for Windows was used for statistical ysial (SPSS, IL, USA). The differences between
measurements in deformed and control subjects wpadyzed using a two-tailed t-test for paired saapl
Statistical significance was determined at the ®G5 level.

RESULTS

By comparison of the plantar pressure distributimiween deformed group (Figure. 1)and the controlm

pressure distribution pattern showed significanifferent (Figure. 2). The forefoot area, espeygidile other toes
region of the deformed group was significantly l#sn the value in control group. Particularly, fiigh toe region

showed no contact force.

The peak pressure of the deformed group (FigureoBjpared with the control group found significgrdifference
in heel, hallux and 2-5 toe regions. It should beed that in 2-5 toe area, the peak pressure af¢f@rmed group
also significantly less than the control group, phessure value of the 2-5 toes region only appkeane third of the
value shown in the control group. While the peadspure value in hallux was found 32% higher thapjteared in
the control group.

For pressure-time integral value, lateral forefoogdial forefoot, hallux and the 2-5 toes areasveliba significant
difference between two groups (Figure. 4). The ltesompared with peak pressure showed a differerttem,

mainly in the heel, lateral forefoot and mediakfimot areas. For heel region, the pressure-tinegrat value wasn't
found significantly difference, but lateral foretand medial forefoot which weren’t shown in peaggsure value.

Fifth toe deformed group showed slight medial si®ve tendency from Center of Pressure line. Irtdkearea, the
percentage of contact time in toe deformation graag significantly larger than this in control gpodt need to
focus that, in the toe region, toe deformed gro@ester of Pressure line has been completely ghifi¢he hallux,
while the control group normally between the fastl second toes.

Figure.l Theillustration of thefifth toe defor mation
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Figure.2Plantar pressuredistribution between toe deformation group(left) and controls(right)
(*means significantly difference exist)
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Figure 3.Peak pressure comparison between toe defor mation group and controls
(*means significantly difference exist)
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Figure 4.Pressure-time integral comparison between toe defor mation group and controls
(*means significantly difference exist)
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Figure5.Center of pressurelinevariety during walking in two groups
DISCUSSION

Importance of biomechanical study of toe defornityliabetic patients has been demonstrated by que\studies
[12, 13]. The results in this study clearly showeat the fifth toe deformity is associated withrsfgcantly changed
index such as peak pressures, pressure-time itgegrad Center of Pressure line at the plantarasarf These
founding reflected that the fifth toe deformed @isome impact on the patient's gait charactesistic

Kinematics measurement methods are widely empléyetudy foot function, the mechanical pathogenesi®ot
disease and as a diagnostic and outcome measureamnfior many treatment interventions [14]. It slen
significantly impact decreased in the lateral a&foot and 2-5 toes regions in toe deformation prdn@cause of the
fifth toe has demonstrated significant deformitgittis unable to withstand any loading. The condéaet in the toe
deformation group is also significantly less thha tontrol group, which is similar with the prevéostudies [15].
The main function of the toes in gait is to contdet surface and exert sufficient pressure to nbdafixed point
from which the body can be propelled [16]. Due lie teformation group’s the fifth toe function hasicusly
damaged, it made the hallux region undertake mopact to reduce the burden which lateral toes &leat. Highly
increased pressure under hallux shall be takerousdy, because this phenomenon would cause a sedbu
symptoms such as hallux valgus, plantar aponeupasis etc [17, 18].
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Clinically, the importance of studying the biomegtts of toe deformity in diabetic patients has bdemonstrated
by several studies which showed that foot struttabmormality is a significant independent prediabmplantar
ulceration in these subjects [12, 13]. Hallux destmated significantly greater suggest that diabailgects with the
fifth toe deformity are at increased risk for uldevelopment at this part. What's worse, the halkgion is also the
most common sites for plantar ulcers to occur erthuropathic foot [19]. Combining with Center eégsure line
during gait cycle, we could found that the toesiige is significantly different in two groups (&g 5),which may
be an important factor contributing to the highdivg of hallux. As the contact area of toes redutedhe
deformation subjects, they must rely on the hatlwbear more loading for keeping the body in sigbduring
toe-off stage.

CONCLUSION

This study found that hallux region is the mostsi#ire area in the fifth toe deformity group. Oné the
contributions of this study is helping diabeticipats or doctors fundamentally understand the aprsece of the
diabetics with the fifth toe abnormalities. Alsosttall pay attention to changes of pressure digtah, center of
pressure line as this caused the hallux regiorefard contact time increasing. It is necessargdoce the risks in
this region through some implements like functiofumitwear, making the patient's plantar pressus&ibdution in
normalization.
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