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Footwear in the causation and prevention of foot ulcersin

diabetes mellitus
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ABSTRACT

Background. Inappropriate footwear may be a major
cause of foot ulceration among patients with diabetic neuropathy
in India. No study has specifically examined the types of
footwear or its components in patients with diabetes mellitus
and their role in causing foot ulcers. We analysed the role of
commonly used footwear in India in inducing first foot ulcers
(FFU) in people with diabetes.

Methods. Of 4800 patients with diabetes attending our
centre over 1 year, 301 had FFU from different causes. Sixty-
six patients with diabetic neuro-/vasculopathy presenting with
ulcers due to footwear were included as cases. An equal
number of patients with diabetes but without foot ulcers were
enrolled as controls. Cases and controls were matched
demographically and clinically for type of diabetes, metabolic
control, duration of diabetes, comorbid conditions and foot
neurovascular status. We did a detailed foot examination for
neurological, vascular and wound status. We also evaluated the
footwear in both groups.

Results. In one-fifth of 335 limbs (301 patients), the
primary cause for the FFU was use of inappropriate footwear.
The patients used seven different models of footwear, six of
which were found to be inappropriate. The straps of footwear
caused over 50% of ulcers. Another one-third were due to
penetration of sharp objects through the outer sole of footwear;
among these cases, 13.6% of ulcers were caused by not using
soft inner soles.

Conclusions. The use of softer insole is least effective in
preventing foot ulcers. Similarly, straps contribute to a higher
percentage of foot ulcers. Foot ulcers can be prevented by a
combination of soft insole, with midsole and hard outsole with
proper back counter and adjustable front and back straps.
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INTRODUCTION

Diabetic foot infection and ulceration isthe most common reason
for lower limb amputation.t To prevent such foot ulcers we need
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to know the causes. M ultiple factors have been postul ated for the
occurrence of infection and ulceration that lead to amputation.
These include walking barefoot, illiteracy, low socioeconomic
status, | ate presentation, ignorance about diabetic foot careamong
primary care physicians, and belief in aternative systems of
medicine.2* Many studies have assessed the benefit of footwear
and shoes in the prevention of foot ulceration and its recurrence
in people with diabetes.>® Inappropriate footwear has also been
implicated as one of the primary causes of foot ulcers.® However,
no study has analysed the type of footwear used by people with
diabetes during the first foot ulcer (FFU) episode and its causes.
Similarly, little research has focused on the role of soft or hard
inner soles, outer soles and straps in the prevention/causation of
ulcers.

We surveyed the type of footwear used and attempted to
answer the following: (i) What is the role of footwear in the
prevention or causation of FFUs? (ii) What kind of footwear/
footwear component(s) such as uppers/straps, inner soles and
outer soleseither prevent or causeulcers?(iii) What typeof injury
is caused by footwear, and at which site?

METHODS

We collected data from our centre at Karigiri in southern India,
which serves a population of both rural and urban residents of
Vellore town. Around 4800 patients attended the Karigiri centre
for treatment of diabetes during the 1-year study period.

Inclusion and exclusion criteria

Patients who had type 1 or 2 diabetes with FFU due to footwear-
related causes, and diabetic neuropathy or vasculopathy were
included. Controls were individuals with diabetic neuropathy or
vasculopathy but with no past or present foot ulcer. Patients with
other causes of peripheral neuropathies such as leprosy and/or
recurrent foot ulcersand foot deformitieswere excluded. Patients
and controls were matched demographically and clinically. The
clinical featuresmatched weretypeof diabetes, metabolic control,
duration of diabetes and any existing comorbid conditions.

Wedefined FFU asafull-thicknessskinlesion below theankle
which either occurred for the first time after the diagnosis of
diabetes or when the patient, unaware of his'her diabetes, sought
medical assistance with foot ulcer asthe presenting symptom and
was diagnosed to have diabetes.

Data collection

Both patients and controls were known to have diabetes mellitus
(either at the time of data collection or before enrolment). The
detail s regarding type of diabetes and duration up to the point of
data collection were obtained for both patients and controls.
Additional demographic information such as age, gender,
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education and occupation were also obtained from the patients
and controls. The diagnostic criteria for diabetes mellitus were
FPG >126 mg/dl on at least two occasions.** An HbAlc <6.5%
was considered as well-controlled blood sugar while >6.5% was
considered as uncontrolled.*

Details on disabling comorbid conditions were obtained from
patients and controls. Evidence of the following was recorded:
(i) severevisua impairment defined asinability to read anewspaper
after correction; (ii) end-stage renal disease, defined as need for
renal replacement therapy; (iii) heart failureand/or anginapectoris
as per the New Y ork Heart Association classification 3 and 4;
and/or (iv) mobility impairment which refersto inability to stand
or wak without help.

Examination of the foot

A detailed neurological, vascular and wound eval uation was done
for the patients. In the controls a neurological and vascular
evaluation was done.

Neurological evaluation. We identified patients with loss of
protective sensation using thefollowing tests. Thedatacollectors
were blinded to the study classification of the patients.

(i) Touch pressure sensation. No. 10 g Semmes-Weinstein
monofilament (5.07) was used to test protective sensation.
The 10-foot examination sites suggested by Singh et al.*°
weretested. If thepatient wasunabl etolocalizetwo or more,
it was considered as loss of protective sensation due to
diabetic peripheral neuropathy.°

(ii) A biothesiometer was used to test sense of vibration at two
sites, one on the dorsum of the hallux and the other over the
media malleolus. Inability to detect a vibration perception
of >25 V in these sites was considered as a severe |oss of
vibratory sense due to diabetic peripheral neuropathy.

(iii) Pain stimuli: This was done with the use of a neuro-tip to
differentiate between sharp and blunt objects. If at two or
more of the 10-foot examination sites (same as for touch
sensation’®) the patient was not able to appreciate pain
stimuli, it was considered to be due to diabetic neuropathy.

If any two of the above three neurological examinations were
abnormal, the limb was considered to be neuropathic.**

Vascular evaluation. Vascul arity was assessed by the presence
of claudication or rest pain, by checking the pedal pulses, and by
measuring the ankle—brachial pressure index (ABPI) using a
handheld Doppler device. An ABPI of <0.9 and/or two absent
pedal pulses, namely, dorsalis pedis and posterior tibial pulsein
thefoot with theul cer wasconsidered to represent vascul opathy. %
Based on the above examinations, the foot was categorized as
neuropathic, ischaemic or neuro-ischaemic.

Evaluation of the wound. Ulcers were graded at the time of
enrolment, based onthePEDI S(Perfusion, Extent, Depth, Infection
and Sensation) system developed by the International Consensus
on the Diabetic Foot for the classification of patientsfor clinical
research purposes.! The foot lesion(s) was marked on afoot map
divided into 10 areas (Fig. 1). The ulcer was considered infected
if two or moreof thefollowing signswerepresent: frank pus, local
warmth, erythema, lymphangitis, oedema, pain, fever and foul
smell (as per Eurodiale definition).t

The foot included for the study was examined thoroughly for
deformities such as claw toes, hammer toes, high and low arch
foot, prominent metatarsal heads and hallux rigidus/limitus. If
any were present, the patient was excluded from the study.
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Evaluation of footwear

A detailed interview was conducted of the type of footwear worn
over the past 3-6 monthsincluding the quality of the straps/upper
cover, inner sole and outer sole. A history of footwear useinside
and outside the house and hours of use per day including the use
or non-useof footwear at thetime of theformation of theul cer was
collected. Using thealgorithm for choosing footwear in diabetes,®
each type was classified as appropriate or inappropriate based on
the underlying foot pathology of each person with diabetes. A
brief description of the algorithm is given below.

Each patient’s foot was categorized into low, moderate and
high risk for ulceration based on sensory and motor neuropathy,
vasculopathy, presence of pressure skin lesions, and previous
history of ulceration and foot deformities. The low-risk category
werethosewithnormal sensation, normal musclestrength, pal pable
pulses and no high-pressure skin lesions. Patients with low risk
can wear footwear of any type with a back strap as an optional
feature. Those with moderate risk for ulceration had loss of
protective sensation, with/without intrinsic muscle paralysis,
with/without mobile deformities such as low and high arch foot
and, with/without high-pressure skin lesions. Patients in this
category can wear microcellular rubber (MCR) insole with hard
outsole and adjustable front and back straps. Patients at high risk
for ulceration had loss of protective sensation, intrinsic muscle
paralysis and fixed deformities such asrocker bottom foot dueto
Charcot osteoarthropathy, or severe scarsin high-pressure areas.
Such patientsrequire custom-madefootwear with/without braces.
Only moderate risk patients without secondary foot deformities
were enrolled in the study.

Statistical analysis

Weestimated asamplesizeof 300 peoplewith diabetespresuming
a25% prevalence of diabetic foot ulcers®with a 95% confidence
interval and 80% power. Among the 4800 people with diabetes
visiting our centre during the study period (April 2011 to March
2012), 345 people presented with FFU.

Fic 1. Division of the foot for mapping an ulcer—21. Dorsum of
the toes; 2. Dorsal and lateral aspect of the foot (except toes);
3. Plantar lesser toes; 4. Inter-digital space of toes; 5. Plantar
great toe; 6. 5th metatarsal head; 7. 2nd to 4th metatarsal head;
8. 1st metatarsal head; 9. Lateral border of the foot, in-between
head of the 5th metatarsal and heel; and 10. Plantar hind foot,
weight-bearing area of the heel.
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Thestatistical packageof social sciences(SPSSInc., Chicago,
IL) was used for all analysis. A p value <0.05 was considered
significant.

RESULTS

Of the 301 patientswho agreed to participatein the study, 267 had
an FFU in oneleg, 4 of whom had had a below knee amputation
of their contralateral leg dueto afoot ulcer beforeinclusioninthe
study. They had devel oped afoot ul cer intheir contralateral legfor
thefirsttime. Theremaining 34 had ulcersinbothlegs. Thus, data
on 335 limbs were available for analysis.

Case—control study

Demographic and clinical. The demographic characteristics
of both patientsand controlswerecomparable(Tablel). Thestudy
population’s age ranged between 35 and 81 years. Disabling
comorbid conditions were present in 7 patients (10%) and 12
controls (18%) and were not significantly different (Table II).
Diabeteswas detected at thetime of devel opment of thefoot ul cer
in 5 patients (7.6%).

Characteristics of FFU and use of footwear. About one-fifth
of patientsreportedto usfor treatment within aweek of devel oping
their FFU. The surface areaof theulcer during their first visit was
<5 cm?areain 47 (71.2%) and superficial in 39 (59.1%) limbs.
However, 39 (59.1%) foot ulcers were infected at the time of
presentation (TableI11). There was no differencein footwear use
in terms of hours and habit of using it indoors between patients
and controls. None of the patients or controls had features only
of ischaemia. They were either neuropathic or neuro-ischaemic
(2 [3%] among patients and 3 [5%] among controls; Table ).

Indices of types 1 and 2 diabetes. Vascul opathies were found
only among people with type 2 diabetes. Loss of vibration
perception threshold was high in both types of diabetes ranging
from 77.9% to 93% (Table V). People with type 1 diabetes with
FFU had a higher prevalence of comorbid conditions than those
with type 2 diabetes. Also the blood sugar levelsin both types 1
and 2 diabetes were high at presentation.

TasLE |. Demographic characteristics of the study population

Characteristic Patients Controls p value
Male Femae Tota Male Female Tota
Sex 47 19 66 43 23 66 0.46
Age (years)
30-39 3 1 4(6.0 2 0 2(3.0 0.72
40-49 3 6 9(136) 3 4 7(10.6)
50-59 16 8 24(36.3) 12 10 22 (33.3)
60-69 17 3 20(30.3) 16 8 24 (36.3)
70-79 7 1 8(121) 10 1 11 (16.6)
>80 1 0 1(15) 0 0 0
Education
Illiterate 4 8 12 (18.2) 5 15 20 (30.3) 0.38
Primary level 7 6 13(197) 7 3 10(15.1)
Secondary level 35 4 39(59.0) 28 5 33 (50.0)
University 1 1 230 3 0 3(45)
Occupation
Labourer 11 7 18(27.2) 13 4 17 (25.7) 0.89
Retired 6 0 6(9.1) 6 0 6(9.0)
Housewife 4 2 6(91) 4 2 6(9.0
Skilled worker 6 0 6(91) 3 0 3(45)
Business 1 9 10(152) O 14 14 (21.2)
Professional 19 1 20(303) 17 3 20 (30.3)

Cross-sectional study

First foot ulcers. Of the 4800 peoplewith diabetes, 345 (7.2%)
had FFU. Among these 301 met the inclusion criteria, with
footwear being the direct cause of the FFU in one-fifth of the 335
limbs studied; al of them had a unilateral ulcer (Table V).
Prolonged low pressure exerted by the footwear wasthe causefor
two-thirds of the ulcersand the remaining one-third occurred due
to high-pressureinjury caused by asharp foreign body penetrating
through the soft outer sole of the footwear.

TasLE II. Clinical characteristics of the patients and controls
Patients (%)

Characteristic Controls (%) p vaue

Foot: Sensory/ischaemic status

Normal - -

Neuropathic 64 (96.9) 63 (95.5) 0.65
Neuro-ischaemic 2(3.0) 3(4.5)

Type of diabetes

1 9 (13.6) 9 (13.6) 1.0
2 57 (86.4) 57 (86.4)

Duration of diabetes*

First visit to clinic at thetime of study 5 (7.6) 2(3.0)

1 month-5 years 23 (34.6) 16 (24.2) 0.2
6-10 years 18 (27.3) 30 (45.5)

11-20 years 18 (27.3) 15 (22.7)

>20 years 2 (3.0) 3(4.5)

Blood sugar

Well-controlled (HbA 1c <6.5%) 14 (21.2) 21 (31.8) 0.17
Uncontrolled (HbA1c >6.5%) 52 (78.8) 45 (68.2)
Comorbid conditions

No 59 (89.4) 54 (81.8) 0.43
Yes 7 12

1. Visual impairment 3(4.5) 8 (12.1)

2. Heart 1(15) 2 (3.0)

3. Mobility 1(1.5) 0

4. Renal 2 (3.0 2 (3.0)

Footwear usage per day

<5 hours 35 (53.0) 41 (62.1) 0.49
6-10 hours 22 (33.3) 16 (24.2)

>10 hours 9 (13.6) 9 (13.2)

Use footwear indoor

Yes 10 (15.2) 4(6.1) 0.08
No 56 (84.8) 62 (93.9)

* At the time of assessment in controls and at the time of first ulcer in patients

TasLE IIl. Characterisitics of the first foot ulcer among patients
(n=66)

Characteristic n (%)
Duration of ulcer

<1 week 14 (21.2)
1 week to 3 months 41 (62.1)
>3 months 11 (16.7)
Area of ulcer (in cn?)

<5 47 (71.2)
>5 19 (28.8)
Depth of ulcer

Superficial 36 (54.5)
Deep 30 (45.5)
Infection

Present 39 (59.1)
Absent 27 (40.9)
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TasLE IV. Variousindices of first foot ulcer patients with types |
and 2 diabetes

Characteristic

Diabetes
Type 1 (n=9) Type 2 (n=57)

p value

Blood glucose control

Well controlled (HbA1lc <6.5%) 3(33.3) 11 (19.3) 0.6
Uncontrolled (HbA1c >6.5%) 6 (66.7) 46 (80.7)
Comorbid conditions

No 6 (66.7) 53 (93.0) 0.04
Yes 3(33.3) 4 (7.0)

1. Visual impairment 0 3

2. Heart 1 0

3. Mobility 1 0

4. Renal 1 1
Ankle-brachial pressure index

<89 0 2 (35)

>90 9 (100.0) 55 (96.5)
Vibration perception threshold unit

Hallux

<25 2(22.2) 4 (7.0)

>26 7 (77.8) 53 (93.0)

Medial malleolus

<25 1(11.1) 7 (12.3)

>26 8 (88.9) 50 (87.7)

Role of footwear in the occurrence of FFU. Seven models of
footwear (Fig. 2: 1ato 1c, 2ato 2c and 3a) were used by patients
while the controls used five models (Fig. 2: 1ato 1c, 2b and 3a).
Inappropriate use of footwear was seen in 86.4% of non-FFU
patients with neuro-/vasculopathy, and was 100% among those
who developed FFU.

Roleof componentsof footwear in FFU. Thethreecomponents
assessed were: (i) inner sole, (ii) outer sole, and (iii) shoe-uppers/
sandal straps.

Inner and outer soles. All inner and outer soles were made
from either hard materials, soft materials or acombination. Hard
inner soles were either |eather or synthetic materials. The outer
soles were either fitted to a soft or a hard inner sole, or both the
outer and inner sole were made from the same soft material, asin
Hawaii/beach sandals (Fig. 2: 1c) or the same hard material asin
sandals (Fig. 2: 1a).

One-third of footwear injuriesobserved weredueto penetration
of sharp objects through the footwear, where its outer layer was
not sufficiently hard (Fig. 3). Only 13.6% of injuries were as a
result of not using soft inner soles (Table VI).

Straps. Just over half (53%) of the ulcerswereformed on non-
weight-bearing area caused by straps of the footwear (Table V1).
Three different types of straps were used. These are described
below:

1. Footwear withtoegrip. Threemodels of sandalswere used by
both the patients and controls and had atoe grip fitment in the
first web space (Fig. 2: 1lato 1c). These models were used by
nearly 80% (52 of 66) of patients who developed FFU (Table
V). These three models were inappropriate for the patients,
especially if they had loss of protective sensation combined
withintrinsic muscle paralysis. They tend to exert pressurefor
longer duration over the toe grip and this can cause ulceration
(Fig. 4). If loss of protective sensation was present without
intrinsic muscle paralysis, the use of sandalswith a soft inner
sole (Fig. 2: 1b) was found to be appropriate.
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3(a)

—
Compensates for loss of intrinsic muscle strength,
which leads to over-gripping of the second toe

Front adjust- It helps to accommodate the extra space required
ment strap for ulcer dressing and neuropathic oedema

MCR to cushion and distribute the pressure evenly
to relieve the areas of high pressure

To prevent penetration of sharp objects such as

Hard nails and thorns

outsole

Fic 2. Footwear models used by the study participants. The
lowermost enlarged illustration is the ideal footwear for people
with diabetes and neuro-/vasulopathy—1. Footwear with toe-
grip strap: a. sandals, b. Microcellular rubber (MCR) insole
fixed in sandals, c. Hawaii/beach sandals; 2. Footwear without
toe-grip strap: a. Slip-in sandals, b. Sandals with back strap, c.
MCR insole with soft outsole, adjustable front and back straps,
d. MCR insole with hard outsole, adjustable front and back
straps; 3a. Fully covered uppers, slip-on shoes.

2. Footwear without toe grip. Three types of sandals used by
patientswith FFU had strapswithout atoegrip fitment (Fig. 2:
2ato 2¢). Nearly one-fifth of thosewho devel oped an ulcer (12
of 66) used one of three such upper strap modelswithout atoe
gripfitment (Tablelll). Of these, only one model was used by
the controls (Fig. 2: 2b).

3. Sip-on shoes: In other instances slip-on shoes with fully
covered uppersshowninFig. 2: 3(a) wereused by both patients
and controls. This model too was inappropriate.

Acceptable footwear models

Among the seven models of footwear used by patientswith FFU,
none were acceptable, except the model with MCR insole, hard
outsole, and adjustable front and back straps. The common
footwear used by our patientshad bucklesof ironor steel (Fig. 2d).
Thisisconsidered* acceptable’ and not ‘ appropriate’, asgenerally
footwear with buckles is not recommended for people with
diabetes. However, thiswas the most acceptable model that even
a poor person could purchase in any footwear store. Among al
controls who had diabetic neuropathy and/or neurovascul opathy
but no FFUs, the above model and sandals with back strap (Fig.
2b) were appropriate.
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TasLE V. Datarelated to cause of first foot ulcer and appropriateness of footwear among the study population

Footwear used at the time of first ulcer

Cause of first foot ulcer and type of harmful
pressure exerted by the footwear

Appropriateness of footwear used by patientst
and controls at the time of data collection

Footwear Non- Total Patients Controls (n=66)
footwear (n=66)
(%)*
Low High Total Inappropriate Appropriate |Inappropriate
pressure/ pressure/ (%)
ulcer due  penetration
to shoe bite of sharp object

Strap with toe grip
a Sandals 11 10 21 (17.2) 101 (82.8) 122 21 - 17
b. MCR insole fixed in sandals 9 3 12 (154) 66 (84.6) 78 12 3 7
c. Hawaii/beach sandals 14 5 19 (38) 31 (62) 50 19 - 31
Strap without toe grip
a. Slip-in sandals 1 1 (10) 9 (90) 10 1 - -
b. Sandals with back strap 7 - 7 (66.6) 3 (333 10 7 6 -
c. MCR insole with soft outsole; adjustable 0 4 4 (100) 0(0) 4 4 - -

front and back straps
d. MCR insolewith hard outsole; adjustable - - - 44 (100) 44 - - -

front and back straps
Fully covered uppers
a Slip-on shoes 2 0 2 (50) 2 (50) 4 2 - 2
No footwear used - - 13 13 - - - -

Total 44 22 66 (19.7) 269 (80.3) 335 66 9 57

* Non-footwear-related first ulcers were due to mechanical stress, non-footwear-related high and low pressures, thermal injury, trauma, home surgery, fungal infection, rat bite

and fissures T Appropriateness to the patients neuro-/vascul opathy

TasLE VI. Footwear components contributing to first foot ulcer

MCR microcellular rubber

Site of foot ulcer Cause Total
Shoe bite: Rubbing from Penetration of sharp objects through
straps and soles footwear:Due to soft outsole

Weight-bearing area
Plantar great toe 5 7 12
Plantar lesser toes 2 1 3
1st metatarsal head 2 2 4
Ulcers due to hard insole 9 (13.6)
2nd to 4th metatarsal head - 7 7
5th metatarsal head - 1 1
Plantar hind foot—weight-bearing area of the heel - 1 1
Lateral border of the foot—in between 5th metatarsal head and heel - 3 3
Non-weight-bearing area
Inter-digital space of toes 13 - 13
Dorsum of the toes 13 - 13
Dorsal and lateral aspect of the foot (except toes region) 9 - 9
Ulcers due to straps/uppers 35 (53.0)

Total 44 22 66
DISCUSSION studiesfromdevel oped countrieshavea soshownthat approximately

Thecauseof adiabeticfoot ulcerisboth complex and multifactorial.
Multiple factors contribute to the pathogenesis of foot ulceration
including peripheral neuropathy, foot deformity, peripheral vascular
disease, foot oedema and calluses.*® Any one of these factors is
usually insufficient to causean ulcer anditisusually acombination
of factorswhich lead to ulceration.'” We have shown that the use of
inappropriate footwear in the neuropathic and/or neuro-ischaemic
foot is an important cause of FFU in one-fifth of our study
population. Thus, improper footwear isamajor contributing factor
to ulceration. The use of four types of inappropriate footwear was
seen among controlswho had neuro-/vascul opathy with no history
of ulceration, but a high risk of developing future ulcers. Other

half of diabetes-related amputations are attributable to poorly
fitting footwear causing foot ulcers.'8®

Ulceration by upper straps with |ow-pressure shoe bite

A low pressure, defined as 1-5 pascal s, over along period of time
can cause ischaemic necrotic ulceration.?> We found that two-
thirds of footwear-related ulcers were caused by low-pressure
shoe bite either by straps/uppers (53%) or the hard inner sole
(13.6%) of thefootwear (Tablel ). A diabeticfoot with neuropathy
that sufferssustained impairment of blood supply dueto footwear
straps or hard inner soles could result in pressure necrosis and
ulceration. A study examining diabetic foot disease in Europe
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found more ulcers on non-weight-bearing (52%) than on plantar
surface of feet, perhapsdueto improperly fitting straps/upperson
the shoe.* Our study corroborates this finding.

Normal intrinsic musclefunctionisrequiredtogripthefootwear
between the first and second toes while walking. Patients with
diabetic neuropathy tend to buy poorly fitting footwear to stimul ate
some sensory feedback, thus prevents slipping of footwear.?*

Wepostulatethat footwear strapscould produceal ow-pressure
ulcer by one of two mechanisms: (i) people with neuropathic feet
tend to use atight-fitting non-adj ustabl e strap to prevent footwear
fromslipping off. Thisislikely to produce al ow-pressureulcer on
the dorsum of the foot due to neuropathic numbness. Such
pressure and ulceration may become further aggravated if the
patient has oedema; and/or (ii) both thetoe-grip strap and the hard
inner sole of footwear can cause low-pressure ulcers because
patientswith neuropathy tend to hold the toe-grip strap of sandals
tightly in their first web space to prevent footwear slipping off.
Such low pressure exerted on the web space and tip of thetoesfor
aprolonged period, especially if theinsole of thefootwear ishard,
resultsinischaemicnecrosis, particularly if vascular degeneration
ispresent.?? Figure 4 depictsa FFU caused by such amechanism.

Fic 3. A thorn penetrating a soft outer sole of the footwear caused
an injury in a person with a neuropathic foot

F|¢ 4; A plantar ulcer (common site) because of gripping the
footwear’ stoe-grip strap tightly for along time
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Toe-grip sandals are popular among the Indian population, as
illustrated in this study with 52 of 66 of presenting FFU cases
wearing this model.

Ulcers caused by penetrating injuries through the outer sole

High pressure, if >1000 pascals, can cause skin breakdown. A
soft outer sole was the second most common component to
contributeto ulceration. In our study, asoft outer sole contributed
to one-third of footwear-related ulcers. In a number of footwear
models used by peoplewith diabeteswith and without ulceration,
the same material (either soft or hard) was used to construct the
inner and outer components of the footwear. For example, the
Hawaii/beach sandal shad the same soft consistency in both upper
and lower rubber soles. Sharp objects such as nails and thorns
could easily penetrate such a soft sole and cause injury by a
foreign body to aneuropathic foot. An example of thisisdepicted
in Fig. 3, which shows that a thorn penetrated the soft outer sole
causing an injury resulted in ulcer and infection. A harder outer
sole may prevent such high-pressureinjuries.

Soft inner sole to prevent FFUs

Characteristicsof anideal footwear for diabetic patientsisavailable
in the literature.®. The lowermost illustration in Fig. 2
diagrammatically shows the midsole which is a part of an ideal
diabetic footwear. A midsole helps in providing stability to the
feet. However, the more cushioned the midsole, the less stability
to the feet. This can cause postural instability in patients with
diabetic neuropathy.? Onthe other hand, arigid midsole prevents
footwear bending and gives a rocker effect to footwear. Rocker
soles generally offload pressure from the anterior part of the foot
and help prevent forefoot ulcer formation.?* Clinics for people
with diabetes emphasi ze the use of soft insolesto prevent ulcers.
However, we found that a hard insole was associated with only
13.6% of ulcersin our patients. AlImost al ulcersthat occurredin
patients using hard inner soleswerein the forefoot region. Sun et
al. reported that plantar tissues over the forefoot area tend to be
stiffer in patients with diabetic neuropathy.? This can interfere
with their natural function as shock absorbers during weight-
bearing activities. This will reduce normal ability to dissipate
abnormal plantar pressures on the plantar forefoot region,
contributing to ulceration.

In summary, FFUs can probably be reduced in patients with
neuro-/vasculopathy if they use a hard outer sole, soft inner sole
and a midsole with adjustable front and back straps.
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