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INTERNAL EXAMINAR EXTERNAL EXAMINAR

ABSTRACT

In recent years, terms like ‘going greand ‘eco-friendly’ have become buzz
words on talk shows, commercials and product makKirge term eco-friendly has
been used for many different product practices.

Likewise we have brought our product under thedshaof eco-friendly and
disposable. As the title reveals ‘Development afesinsole for diabetic patients’on
the basis of natural products.

Our main product is shoe insole for a diabeticepas. The shoe insole hold the
natural products such as bamboo and chitosan. Bafilber being a biodegradable
textile material has many antibacterial qualiti®sove that chitosan has both
anti-bacterial and antimicrobic performance inhiitytbacteria’s growth .

Bamboo fiber is converted into web using cardireachine. The web obtained
is fed for needle punching. The non-woven matésimhade to dry and taken out and
for testing. The specimen undergoes follows antidréal test, wound pathogen test
and the result gave good activity towards bactenid organism like staphylococcus
aureus, klebsiella, pseudomonas. Since it is a tsed material, it need not have to

support sufficient mechanical proprerties.
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CHAPTER 1
INTRODUCTION

As our project title states our main aim, to preva shoe insole for the diabetic
patients in general.Till now, the manufacturesihe®duced only the normal shoe
insoles. But we have put effort and idea to hegpdtabetic patients in making the

feel comfort and relieve them from severe foot ulce

As per the need, our product holds all the basedseand properties that a shoe
insole is supposed to have. Other than that, we hbso introduced wound healing

measure which is very necessary for the diabetiemta.

The main aim of our product is to keep the diabetitients free from wound
caused in their foot. By making use of this prodtice patient can feel a great

relief from foot ulcer.

Most of the diabetic patients suffer from foot wlead bleeding of fluids. Now

here is a solution for it. A use and throw diabstioe insole is introduced.

Our product holds a greatest advantage of wourainige If the product is
introduced in the market, there are more probéslifor the patients to use. Since

it is a use and throw product this seems to turpresy worth.

Bamboo fabric is very soft and can be worn direntixt to the skin. Many people
who experience allergic reactions to other natfibaés, such as wool or hemp, do
not complain of this issue with Bamboo. The fibsenaturally smooth and round
without chemical treatment, meaning that therereresharp spurs to irritate the
skin.In Bamboo fabric, this translates to an excelwicking ability that will pull

moisture away from the skin, so that it can evagorBamboo also has many
antibacterial qualities, which Bamboo fabric is amgmtly able to retain, even
through multiple washings, which helps in reducthg bacteria that thrive on
clothing. It can also kill odour causing bactehattlive on human skin, making the
wearer and his/her clothing smell sweeter. In éaldit Bamboo fabric has
insulating properties and will keep the wearer epah summer and warmer in

winter. [2,3]

2.1.2 WET PROCESSING:

Singeing: Carried out in moderate condition.
Desizing: Should be consolidate &desizing rate should be 8086.

Scouring: Pure Bamboo normally need no scouring, sometimeshvit with a
little alkaline soap. The scouring process showddniade in terms of contents
blended with cotton. When pure Bamboo fabrics ardeu scouring, the alkali
should not be over 10g/litre, but be applied inoadance with the thickness of
fabrics.

Bleaching: The processing should be made in terms of theifgmgon and

thickness of fabrics.

CHAPTER 2

LITERATURE SURVEY
2.1 BAMBOO:
2.1.1 INTRODUCTION:

Bamboo fibre is a natural textile made from theppof the bamboo grass. Fabric
made with Bamboo fibre has been growing in poptylabecause it has many
unique properties and is more sustainable than tertie fibres. Bamboo fabric is
light and strong, has excellent wicking propertiemd is to some extent
antibacterial. The use of bamboo fibre for clothwas a 20 century development,
pioneered by several Chinese corporations. Bambdiwei fastest growing plant in
this planet and has the ability to grow in manyedént climates, from jungles to
high on mountainsides. Bamboo is just a grass,vaties in height from dwarf
plant (30cm) to giant timber Bamboos (30m). Bamlmaised as the primary
construction material and for making great varietyuseful objects from kitchen
tools to paper to dinnerware. Generally bamboosanemonly used for furniture,
construction, musical instruments and many moragthi Bamboo is not only
highly fashionable for decorative purposes but wisébo. As it is a viable
replacement for wood, in far Eastern countriess the primary building material.
Bamboo is in fact one of the strongest building eriats available and even

provided the first re-greening in Hiroshima aftee fitomic blast in 1945. [1,2]

The various advantage lies with bamboo has evolvesd a suitable textile grade
material. Bamboo fabric is light & strong and hesellent wicking properties.
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Mercerizing: The fabrics are normally free of mercerizing, daetheir sound
lustre and bad anti-alkaline. However, some fatmécgiire mercerization, in order
to enhance their capacity to absorb moisture & tyes

Dyeing: The most preferable dyeing process is to use thieeadyestuff during
dyeing. The alkali concentration & treatment terapare is tried to maintain
below 20g/litre & 1000C respectively. The post ehgeioperation(drying), is
carried out by applying light tension under low t@rature condition. [4]

2.1.3 PROPERTIES OF BAMBOO FIBRE:

Natural Anti-bacterial property: Scientist has found bamboo owns a unique
anti-bacteria and bio agent named “bamboo Kun”sThithe substance which is
not lost after bamboo is passed through seriesrafegs for extrusion.Bamboo
fiber has particular and natural functions of dr#éteria, bacteria-stasis and
deodorization. It is validated by japan textilepestion association that, even after
fifty times of washing, bamboo fabric still possessexcellent function of anti-

bacteria, bacteria-stasis.

Breathable and Cool: Bamboo fiber has its unusual breathability andlress,
due to its cross-sections filled with various migaps and micro holes and it has
better ventilation and absorption. With its unpaed micro-structure this can
absorb and evaporate human sweat in a split settonil. never stick to skin even
in hot summer. Bamboo apparels are 1-20C lower timmal apparels in hot

summer. Bamboo apparel is crowned as “Air ConditigiDress”.

Green & Biodegradable: Raw material bamboo is well-selected from non-
polluted region. They are 3-4 years older than bemboo. The whole distilling
and producing process in plan is green processouitany pollution. Bamboo
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fiber is biodegradable textile material and can1l0@% biodegraded in soil by
micro-organisms and sunshine. The decompositiocggdoesn’t cause any kind
of pollution to environment. “Bamboo fiber come ritonature, and completely
returns to nature in the end”. Bamboo fiber is gedias “the natural, green and
eco-friendly new type textile material of 21st eept. [5]

2.1.4 BAMBOO FIBRE APPLICATIONS:

Bamboo intimate apparels These apparels have comfortable hand, special
lustre, bright colors and good water absorbance fdwels, blankets, sweaters,
bath suits and mats. Due to its special functioargsbacterial it can be used in
underwear, tight T-shirts, scarves, skirts and soBlamboo is suitable in summer
mainly to the pregnant ladies and children fromtiggtaffected by ultraviolet

radiations due to presence of anti- ultraviolerarebter.

Bamboo non-woven fabrics: They are made out of pure bamboo pulp and
resemble the same properties of viscose fibers.bBantan be used in sanitary
napkins, masks, mattress and food-packing bagstalwéde prospective in the

field of hygiene.

Bamboo decorative series: Bamboo has an advantageous utilization in the
decorating industry. It has the function of ant#iéo bacteria-stasis and ultraviolent
proof, because of the deterioration of the atmosppellution and destruction to
the ozonosphere, the ultraviolent radiations affect more and more.Long time
exposure to UV radiations leads to skin cancersth®owallpapers and curtains
absorb all the UV radiations in various wavelengthys helps us in getting
harmed. Bamboo decorating products won’t go moldg th the damp. Curtains,

sofa covers, table covers, wall hangings, bed shetet are made of bamboo fiber.

Fig 2.1(c) Applications

Bamboo baby wear: Baby wear generally need comfort, softness, dm&y t
should not cause any type of allergies. Bamboor fikleich we use has all the
properties required which the baby needs like @& and it's a natural anti-
bacterial protected. Bamboo fabrics used are gbyeraitted and terry towel
fabrics.

Bamboo shoes:lt is uniqgue among all bamboo fiber market dué toparalleled
advantages while comparing it with others. Appeeeaof the bamboo shoes are
very advantages to the patients suffering with fdeteases. The making of
bamboo shoes include materials of bamboo, fiber&abal, adopting the modern
high-tech means and optimizing the inside structofe shoes. The inner
environment of the shoes has been amelioratesdayi a role of anti-bacterial,
bacterio-stasis, anti-mite and deodorization. Dwét tspecial features like soft,
wear- resistant and good flexibilty it is comfdtea for the
customer.[6,7,8,9,10][11][12][13]

Fig 2.1(a) Applications

2.2 CHITOSAN POWDER:
2.2.1 INTRODUCTION:

Chitin is a natural biopolymer derived from exositehs of crustaceans and also
from cell walls of fungi and insects. Chitosan iffedent from chitin; chitosan is a
collective name representing a family of de-N-alegeygl chitins deacetylated to
different degrees.Both chitin, chitosan and theadified derivatives have been
applied in medicine, agriculture, food, and nonedioimdustries. Chitosan was
introduced in the year 1990 and various sectorsefical and health industry are

using its benefits. [14]

The antibacterial and antimicrobic performanceii®gy with the inhibition of the
bacteria’s growth, so having an anti-smell functioa. The high level of comfort,
the anallergicity and the high humidity absorptmg(sweat) give to the clothes
realized with this fiber the capability to be ustd direct skin contact, as in

underwear, socks, pyjama and so on.[14]

Chitosan is gaining popularity as a textile fibrhieh can be specifically used for
medical purposes. It is a unique material withaiarspecial properties, preferred
for medical usage. It has been found that woundsiltgs from chitosan can
increase the rate of healing by 75%. Molecularcstme of chitosan is very similar
to chitin and cellulose. If chitosan really canymet the fat absorption, it can also
prevent the absorption of other fat-soluble sulitanand negative-charged

substance (chitosan is positively-charged). [14]

Chitosan, the deacetylated derivative of chitirg isatural D-glucosamine polymer
that can be extracted from the shells of seafoet as prawns, crabs and lobsters.
It can be used as a wound healing promotion agehaatimicrobial agent.



Fig 2.2 Prawns

The chitosan acetate bandages work to heal woupdseboming sticky as it
contacts blood, creating a gluelike substance ¢batrols bleeding and seals the
wound tightly. These bandages control bleeding deepatients on blood thinner

medication, allowing the blood to clot naturall§4]

You can find numerous brands of chitosan nutriiosapplements. Popular
manufacturers include Now Foods, Good and Nat@@lyce Naturals and Natural
Max. [14]

Chitin is one of the most abundant organic mateiiainature and in fact chitosan
is the partially deacetylated form of chitin. Theadetylated amino groups are
responsible for the positive charge of chitosanicikvimakes it water soluble and
reacts readily with a variety of negatively chargeaterials. [14]

Chitosan has enormous potential as therapeutic rimattue to its intresting
features such as antimicrobial nature, scar préenand biocompatibility.
Chitosan is impermeable to exogeneousmicrorganism td its top layer and
inherent antimicrobial property of chitosan and wghaexcellent oxygen

antibacterial agents to prevent or retard the droaft bacteria is becoming a
standard finishing for textile goods.

Accordingly, an ideal textile antibacterial finislgi should be safe and
environmentally begin besides killing undesirable&nstorganisms.Chitosan, as
nontoxic, biodegradable and biocompatible natuxdymer, as well as having
antimicrobial activity, is an ideal candidatemaakrjl4]

2.2.5 CHITOSAN IN MEDICAL TEXTILE:

Chitosan has many useful biological properties bsea of its good
biocompatibility. These properties, along with @#bundance and easy sourcing
makes it extremely fit for biomedical uses. Chitogeas high biocompatibility,
bio-absorbability, wound healing property, haemistaanti-infection and anti-
bacterial effects. In addition, chitosan is easfaadle for clinical uses because of
its resistive nature to heating due to intra-madlecinydrogen bonding formed
between the hydroxyl and amino groups. Thereforghmattention has been paid
to chitosan-based biomedical materials, for exangrieg delivery carriers, wound
healing agents, etc. However, clinical applicatiom® limited due to low
mechanical strength. Fibres from chitosan have biseful for absorbable sutures
and wound dressings. It has been claimed that walredsings from chitosan
fibres accelerate the healing of wounds by 75%td8hh has also been applied

successfully in artificial kidney systems and ol skin.

An ideal wound dressing material must be capablabsbrbing the exuded liquid
from the wounded area and should permit water eatipo at a certain rate and
allow no microbial transport. As a key parametegareing wound dressing, the

antimicrobial property assessment is necessaryto€in, owning hydrogel-
11

permeability, controlled evaporative water loss antlanced fluid drainage ability.
[14]

2.2.2 PROPERTIES:

« Very strong antibacterial effect
« Total biodegradability
« Biocompactability (anallergicity)

« High humidity absorption [14]
2.2.3 PROPERTIES AND EFFICACY OF CHITOSAN:

Table 2.1 Properties aredficacy of chitosan

Biodegradation Being an organic material, the ity

is degraded by microorganisms

Antimicrobial Activity Inhibits bacterial growth

Body Activation Accelerates wound healing

Slow Releasing Action Permits slow and steady ssleaf

medicines maximizingthe efficacy

2.2.4 APPLICATION IN TEXTILE INDUSTRY:

Antimicrobial treatment is increasingly becomingtandard finish for some textile
products such as for medical, institutional andiéryig uses. Natural textiles such
as those made from cellulose and protein fibersoften considered to be more
vulnerable to microbial attack than man-made fikieréight of their hydrophilic

porous structure and moisture transport charatitevis Thus, the use of

10

forming properties have been considered to be ddgeous in their application as
a wound dressing materials. Chitosan-based matetialve received much
attention in this regard.

Typically, there are four forms in which chitosamyides antimicrobial effect to
wound dressing materials: fiber, membrane, spongk lydrogel. Majority of
antimicrobial products perform their talent in fetfiorm. [14]

2.3 DIABETIC FOOT ULCER:
2.3.1 Diabetic Foot Ulcer:

A diabetic footulcer is an open sore or wound tihast commonly occurs on the
bottom of the foot in approximately 15% of patiemtish diabetes. Of those who
develop a foot ulcer, approximately 6% will be hitased due to infection or
other ulcer-related complication. It may take weekseven several months for

your foot ulcers to heal. Diabetic ulcers are oftamless. [15]
2.3.2 Causes of diabetic foot ulcers:

Diabetic foot ulcers are caused by neuropathicv@)eand vascular (blood vessel)

complications of the disease.

Nerve damage due to diabetes causes altered ofetengss of feeling in the foot
and/or leg. This is known as peripheral neuropa®rgssure from shoes, cuts,
bruises, or any injury to the foot may go unnotic@dhe loss of protective
sensation stops the patient from being warned tti@tskin is being injured and

may result in skin loss, blisters and ulcers.

12



Vascular disease is also a major problem in diabatel especially affects very
small blood vessels feeding the skin (microangiopatin this situation a doctor
may find normal pulses in the feet because theiestare unaffected. However
other diabetic patients may also have narrowedi@steso that no pulse can be
found in the feet (ischaemia). The lack of healthipod flow may lead to
ulceration. Wound healing is also impaired.

Vascular disease can complicate a foot ulcer, iaduthe body’'s ability to heal
and increasing the risk for an infection. Elevasiam blood glucose can reduce the
body’s ability to fight off a potential infectiomd also retard healing.

Vascular disease is aggravated by smoking.

Diabetes is the leading cause of non-traumatic le@xé&remity amputations in the
developed world, and approximately 14 to 24% ofiguas with diabetes who
develop a foot ulcer have an amputation. Rese&imiever, has shown that the
development of a foot ulcer may be preventable][ 165

Classic Uicer

Fig 2.3 Foot ulcer
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c = FOOT INFECTED THAT
RISK FOOT WITH CALLUS
INADEQUATE SHOI 7t J
AND CLAW TOES INADEQUA' OES EVOLVE TO AN ULCER

Fig 2.5 Diabetic patient with neuropathycallus and claw toes
2.3.3 TYPES:
There are three types of foot ulcers: venous stalsisrs, which are the most
common type, arterial and neurotrophic ulcers, tWhice caused by diabetes.
According to the Cleveland Clinic, about 90 percehulcers are venous stasis.

Arterial are typically the most painful.[17]

2.3.4 IDENTIFICATION:

Each type of ulcer looks a bit different.

* Venous stasis ulcerare usually found around the ankle area, can appea

red, and have an asymmetrical shape. They alsodray out fluid. The
skin around the ulcer may feel hot, according eoGeveland Clinic.
 Arterial ulcers occur on the foot, even on the toes, and may not bleed.
« Neurotrophic ulcers occur on the bottom of the feet, and may apped¢ pin
or even black, depending on the condition of theeul Amazingly, some
people with neurotrophic ulcers may not even realiey have one, which

15

In 1995, it was estimated that there were 135 aomilindividuals worldwide with

this disease, a figure that is likely to have riged54 million by 2000. By 2025, it
is projected there will be 300 million individualgth diabetes across the world.
The vast majority of new cases will be type 2 (rinsdlin-dependent) diabetes,
with a 42% increase of cases in developed coungaies a 170% increase in

developing countries.[27]

Inadequate knowledge,
practices and services

@] v Y

[ Hypertension | [ Hyperglycemia ] [ PoOR FOOT CARE]
[ Smoking ] 2
Hyperiipidemia mn:: r:r::ﬁm/lcck
I v

[ PERIPHERAL VASCULAR DISEASE | INFECTION

GANGRENE
AND

AMPUTATION

Fig 2.4Causes of ulcer
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makes them even more dangerous, because they tzam lidcome very
infected before any treatment begins. [18]

2.3.5 FORMATION OF DIABETIC FOOT ULCERS:

Ulcers form due to a combination of factors, sushiack of feeling in the foot,
poor circulation, foot deformities, irritation (ducas friction or pressure), and
trauma, as well as duration of diabetes. Patiehts mave diabetes for many years
can develop neuropathy, a reduced or complete dadkeling in the feet due to
nerve damage caused by elevated blood glucoseslexar time. The nerve
damage often can occur without pain and one mayeweh be aware of the
problem.[16]

Fig 2.6 Foot ulcer

Your healthcare professional can test feet for mpathy with a simple and

painless tool called a monofilament.

16



2.3.6 WHO CAN GET A DIABETIC FOOT ULCER?

Anyone who has diabetes can develop a foot uldderanen are more likely to
develop ulcers. People who use insulin are at hehnigisk of developing a foot
ulcer, as are patients with diabetes-related kidegg, and heart disease. Being
overweight and using alcohol and tobacco also plagle in the development of

foot ulcers. [16]

3

Toe Licer
Fig 2.7 Toe ulcer
2.3.7 WHO IS AT RISK OF DIABETES?
Be tested for diabetes if you are:

* over 40 years of age

« overweight

« have a family history of diabetes
« had gestational diabetes or

¢ are at high ethnic risk [17]

17

1. Loss of sensation(peripheral neuropathy).

« Injuries occur without pain.
* People delay seeking help.
» Peripheral neuropathy also contributes to musclekmess and foot

deformities.
2. Poor circulation

¢ Pain in calf muscles when walking or climbing stéircline
« Burning pain in feet at night

« Poor healing of wounds on the feet and legs

. Stiffening of the joints
. Muscle weakness
. Foot deformities

. Skin changes

~N o 0o~ oW

. Slower healing due to high blood sugar [28]
2.3.10FOOT RISK ASSESSMENT:

¢ Check for nerve damage
« Check for poor circulation

« Examine feet for skin, joint and nail problems
Assess footwear [18]

2.3.11 PREVENTION:

19

2.3.8 SIGNS AND SYMPTOMS:

It is not unusual for patients to have had diabfetit ulcers for some time before

presenting to doctors because they are frequeathfgss.

Tissue around the ulcer may become black due t@athkeof healthy blood flow to

the foot. In severe cases partial or complete garggmay occur.

Diabetics are also very prone to secondary infaaibthe ulcer (wound infection)

and surrounding skin (cellulitis).

Nylon Monofilament Test: There is a risk of ulcerrhation if the patient is unable
to feel the monofilament when it is pressed agathst foot with just enough

pressure to bend the filament. The patient is agkeay "yes" each time he or she
feels the filament. Failure to feel the filamentf@ar of 10 sites is 97% sensitive

and 83% specific for identifying loss of protectsensation. [17]

© 1998 Floyd E. Hosmer

Fig 2.8 Nylon monofilament test

2.3.9 DIABETIC AFFECTED FEET:

The prevention of foot ulcers involves losing wejghone is at a risk for diabetes.
Smoking also increases the risk of diabetes, antlirn, the risk of foot ulcers, so
quitting is a preventive measure, as well. If diebenas already been diagnosed,
making sure foot hygiene is well maintained is im@ot, as well as wearing

proper shoes with the right support.
Prevention for ulcer in people who are at high:risk
Self care:

« Daily foot inspection to check for injuries

« Apply moisturizing cream to dry skin to preventaked skin and fissures
* No walking barefoot

« Avoidance exposing feet to sources of heat

« Eg: electric blankets, hot water bottles, heaters
First Aid:

« Clean with water, apply dressing, rest the areasaett help if not healed in
48 hours.
« See a podiatrist for regular treatment of toenailcamalities, calluses etc.

Choosing the right shoes:

« Leather upper

« Deep and wide enough at the toe to fit toes

* Round toe with 1 thumb width at the end

« Firm, enclosed heel counter (no sling backs)
« Laces (or velcro) to keep the foot from sliding
* Flexible rubber soles 5-10mm thick

« No rough seams inside [18]
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2.3.12 SOME COMMON FOOT PROBLEMS WITH DIABETES:

Anyone can get the foot problems listed below. fewple with diabetes, however,
these common foot problems can possibly lead teectidn and serious

complications, such as amputation.

Athlete's foot: Athlete's foot is a fungus that causes itchingness, and cracking.
Germs can enter through the cracks in your skincaude an infection. Medicines
that kill the fungus are used to treat athletets.fdhese medicines may be pills
and/or creams applied directly to the problem afe&. your doctor to recommend
a medication for athlete's foot.

Fungal infection of nails:Nails that are infected with a fungus may become
discolored (yellowish-brown or opaque), thick andtle, and may separate from
the rest of the nail. In some cases, the nail maynble. The dark, moist, and
warm environment of shoes can promote fungal groWthaddition, an injury to
the nail can put you at risk for a fungal infectidfungal nail infections are
difficult to treat. Medications applied directly the nail are available, but they
only help a small number of fungal nail problemsalOmedications (pills) may
need to be prescribed by your doctor. Treatmentmby include periodic removal
of the damaged nail tissue.

Calluses:A callus is a build-up of hard skin, usually o timderside of the foot.
Calluses are caused by an uneven distribution @jhtiegenerally on the bottom
of the forefoot or heel. Calluses also can be ahtiyeimproperly fitting shoes or
by a skin abnormality. Keep in mind that some degrecallus formation on the
sole of the foot is normal. Proper care is necgséaou have a callus. After your

bath or shower, use a pumice stone to gently rertlozrebuild-up of tissue. Use
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Foot ulcers: A foot ulcer is a break in the skin or a deep saigich can become
infected. Foot ulcers can result from minor scrapess that heal slowly or from
the rubbing of shoes that do not fit well. Earlyteivention is important in
treatment. Ask your doctor for advice on how totlwese for your wound.
Hammertoes: A hammertoe is a toe that is bent because of &emeal muscle.
The weakened muscle makes the tendons (tissuesdhaect muscles to bone)
shorter, causing the toes to curl under the featidertoes can run in families.
They can also be cause by shoes that are too dHammertoes can cause
problems with walking and can lead to other foobhpems, such as blisters,
calluses, and sores. Splinting and corrective featwean help in treating them. In
severe cases, surgery to straighten the toe magdessary.

Ingrown toenails: Ingrown toenails occur when the edges of thegrailv into the
skin. They cause pressure and pain along the dgése The edge of the nail may
cut into the skin, causing redness, swelling, pdiainage, and infection. The most
common cause of ingrown toenails is pressure froaes. Other causes include
improperly trimmed nails, crowding of the toes amgpeated trauma to the feet
from activities such as running, walking, or domeyobics. Keeping your toenails
properly trimmed is the best way to prevent ingroteenails. If you have a
persistent problem or if you have a nail infectigoy may need a doctor's care.
Severe problems with ingrown nails may be correetitd surgery to remove part
of the toenail and growth plate.

Plantar warts: Plantar warts look like calluses on the ball ¢ foot or on the
heel. They may appear to have small pinholes gritiack spots in the center. The
warts are usually painful and may develop singlynoclusters. Plantar warts are

caused by a virus that infects the outer layerkaf sn the soles of the feet. DO
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cushioned pads and insoles in your shoes. Meditattso may be prescribed to
soften calluses. DO NOT try to cut the callus onoge it with a sharp object.
Corns: A corn is a build-up of hard skin near a bony arfa toe or between toes.
Corns may be the result of pressure from shoesrtitagainst the toes or cause
friction between the toes. Proper care is neceséaou have a corn. After your
bath or shower, use a pumice stone to gently rertfev@uild-up of tissue. Do not
use over-the-counter remedies to dissolve corns.N@J try to cut the corn or
remove it with a sharp object.

Blisters: Blisters can form when your shoes rub the same spoyour foot.
Wearing shoes that do not fit properly or wearihges without socks can cause
blisters, which can become infected. When treakisfers, it's important not to
"pop" them. The skin covering the blister helpsteco it from infection. Use an
antibacterial cream and clean, soft bandages o preltect the skin and prevent
infection.

Bunions: A bunion forms when your big toe angles in tow#nd second toe.
Often, the spot where your big toe joins the refsthe foot becomes red and
callused. This area also may begin to stick outtembme hard. Bunions can form
on one or both feet. They may run in the familyt ost often are caused by
wearing high-heeled shoes with narrow toes. Thasessput pressure on the big
toe, pushing it toward the second toe. The uselobf foam padding on the foot
may help protect the bunion from irritation. A dewialso may be used to separate
the big and second toes. If the bunion causese@ain and/or deformity, surgery
to realign the toes may be necessary.

Dry skin: Dry skin can crack, which can allow germs to entése moisturizing

soaps and lotions to help keep your skin moistsarid
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NOT use over-the-counter medications to dissoleewvtart. If you are not sure if

you have a plantar wart or a callus, let your dodezide. [15]

2.4 SHOE INSOLE:

The insole is the inside part of the shoe that mmderneath the sole (bottom) of
the foot. Insoles can usually be easily removedveimeteas will sometimes replace
the manufacturer’s insole with speciality insolbeyt have purchased separately.
Insoles are also sometimes refer to as footbeds,swles or innersoles. The insole
measurement is the width of the inside of a shde.Ehused to determine the
width size for feet.The insole measurement is alsed to determine replacement
or additional insoles that can be inserted intchaedn many cases this is for
support and comfort.

An insoleis the flat cushioning interface betwelea shoe and your foot.Because a
common insole is basically a flat pad, and not eldike your foot, it offers zero
support, and frankly, precious little cushioningh&ever benefits it does offer
won't last long because common insoles can weandpuckly. Just how quickly
depends upon the person, the shoe and the use. it and orthotics are
frequently used to relieve a wide variety of lovetremity ailments, including
ankle or knee pain or, more specifically, plantesciitis, posterior tibial syndrome,
Achilles tendonitis, patellarFemoral pain syndroroe osteoarthritis. These
pathologies are particularly frequent in populasidimat perform highly demanding
physical activities such as running or militaryitiag. The effect of shoe inserts
and orthotics is still debated. Many studies cldirat 50-90% of patients who
were treated with orthotics reported complete faliegreat improvement of their

condition. Shoe inserts and orthotics can be ckeniaed by their shape and
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material properties, which are assumed to be dabdat their effect on lower
extremity ailments. It has been suggested that Bissets and orthotics reduce the
symptoms of injuries by realigning the foot or bg ttushioning effect of the insert
material. The realigning effect of shoe inserts antthotics is still controversial.
However, prospective studies showed that shockrbivgp

Shock-absorbing shoe inserts also reduced the exsean the lower extremities
and back for soccer referees. These results irhplythe material characteristics of
shoe inserts are important features for injury pnéion. Footwear comfort must be
different for different individuals. Thus, a footarecondition that is comfortable to
some people may be uncomfortable to others. Thezefo is speculated that
functional groups of subjects with similar charaistécs and same preferences of

shoe inserts exist.

The main location for stress fractures and paintfier insert and control group
were the foot, knee, and lower back regions. Howethe fact that in the current
study inserts of different shapes and materialsiged injury frequency suggests
that shock absorption may not be the major asp&dbjory reducing inserts.

running shoes where the thickness of material mfrgen 15 to 20 mm, and, thus,
the effect of differences in material may be evearendistinct. The use of
cushioned or shock-absorbing insoles has been stgghes a mechanism to
reduce the impact forces associated with runnihgreby protecting against
overuse injuries. The purpose of this study wadetermine whether the use of
cushioned insoles reduced impact forces duringingnin healthy subjects. During
running, loads equaling 1.5 to 5 times body weight repetitively absorbed
through each leg.1 It has been suggested thategpétitive loading and associated
impact shocks cause microtrauma to the underlyismués and may eventually

cause enough damage to impair function. The usesifioned or shock-absorbing
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Fig 2.9The different deformities of “at risk” diabetic foot.

Shoes for the patients at risk for ulceration stiohve certain characteristics.
High heel shoes are completely inappropriate, @&y thift the body weight

towards the forefoot and increase the pressureruhedenetatarsal heads.

Patients with toe deformities need shoe with encogim at the toe box to prevent
friction and pressure on the dorsum of the toest Fteformities is defined
according to the international consensus on thbetiia foot as ‘the presence of
structural abnormalities of the foot such as presesf hammer toes, claw toes,
hallux valgus, prominent metatarsal, status—posturaesteoarthropathy,

amputations or other foot surgery.
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insoles has been suggested as a mechanism to riduicepact forces associated
with running, thereby protecting against these woser injuries. Some
investigations have found that the use of cushionedles reduces the risk of
stress fractures and overuse injuries. 3-mm-thidoles and 6mm thick insoles
were found to have similar impact-attenuating proge. Many materials used in
footwear lose their effectiveness in a relativehors time, depending on the
patient’s activity. Therefore regular replacemeithe insoles atleast three times a
year is necessary, insoles must be custom-moldeédtzock absorbing. In addition
insole reduces shear stress since the total conteimises the horizontal and

vertical foot replacement.

For patients with diabetics foot complications areever present risk. However it
is possible to design a plan for keeping the feethealthy as possible. It is
important for the patient to learn as much as péessibout diabetic footcare and to
take an active role in medical decisions and caihile routine medical
examinations are important, every day foot cargspthe biggest role in stopping
foot complications before they start.
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The patients shoe should be snug, not tight angdbks should be cotton, loose
fitting and change every day. Patients who haveshépen feet or have had a
previous foot ulcer may benefit for the use of sgplemustomised shoe.

The insole provides cushioning and weight distiiiutfunction to take pressure
off any residual pressure point of the plantaratef as could be in the case of any
diabetic shoe insole. The insole is also modifeedittach toe filler to it to block out
the area of the missing forefoot. It reduces aniglates the side to side and front
to back movement or the foot inside the shoe, whbahcause friction that leads to
further breakdown.

Ulcers occur at the location of the highest horiabshear force and also at the
location of the highest vertical force. The mechamiinvolved in diabetic foot
ulceration is high fore foot pressure linked witlargar foot ulcerations. It is the
combination of insensitivity and abnormally highadting of the metatarsal heads
that leads to ulceration. Special shoe insoles shuks have been developed to

reduce the fore foot high pressures for diabetiepts. [25]
2.5 NONWOVEN FABRIC:

2.5.1 NONWOVEN FABRIC:

Nonwoven fabrics are broadly defined as sheet dr steictures bonded together
by entangling fiber or filaments (and by perforgtifilms) mechanically,

thermally, or chemically. They are flat, porous etlsethat are made directly from
separate fibers or from molten plastic or plastim.f They are not made by

weaving or knitting and do not require convertihg fibers to yarn. [19]
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2.5.2 NONWOVEN FABRIC USAGE:

Beyond simple definitions, these engineered falwjmen up a world of innovative
possibilities for all types of industries.

Nonwovens may be a limited-life, single-use faboic a very durable fabric.
Nonwoven fabrics provide specific functions such absorbency, liquid
repellency, resilience, stretch, softness, strenfiime retardancy, washability,
cushioning, filtering, bacterial barriers and digti These properties are often
combined to create fabrics suited for specific jalbsle achieving a good balance
between product use-life and cost. They can miimé dppearance, texture and
strength of a woven fabric, and can be as bulkhashickest paddings. [19]

2.5.3 PROPERTIES OF NONWOVEN FABRIC:
. Absorbency

- Bacterial barrier

- Cushioning

- Filtering

- Flame retardancy
- Liquid repellency
- Resilience

. Softness

. Sterility

- Strength

. Stretch
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- Roofing

- Sterile medical-use products
. Tags

- Upholstery

- Wall coverings

Nonwoven fabric is a fabric-like material made fréong fibres, bonded together
by chemical, mechanical, heat or solvent treatniEme. term is used in the textile
manufacturing  industryto  denote fabrics, such e#tsf which are
neither woven nor knitted. Nonwoven materials tgpic lack strength unless
densified or reinforced by a backing. In recentrgeaonwovens have become an
alternative to polyurethane foam. [19]

2.5.4 APPLICATIONS:

Nonwoven fabrics are broadly defined as sheet dstvacturesbonded together by
entangling fibre or filaments (and by perforatiflgi) mechanically, thermally or
chemically. They are flat, porous sheets that aaderdirectly from separate fibres
or from molten plastic or plastic film. They aretnoade by weaving or knitting
and do not require converting the fibres to yarypigally, a certain percentage of
recycled fabrics and oil-based materials are usednonwoven fabrics.The
percentage of recycled fabrics vary based uposttieagth of material needed for
the specific use. Conversely, some nonwoven falwées be recycled after use,
given the proper treatment and facilities. For th&ason, some consider
nonwovens a more ecological fabric for certain @apibns, especially in fields
and industries where disposable or single use ptsdare important, such as
hospitals, schools, nursing homes and luxury acoodations.

- Washability

Today, innovations in nonwoven fabrics are growasgrapidly as the demand for

them, with almost unlimited possibilities for a wistariety of industries, including:

- Agricultural coverings

- Agricultural seed strips
Apparel linings
Automotive headliners

- Automotive upholstery

- Carpeting

- Civil engineering fabrics
Civil engineering geotextiles
Disposable diapers
Envelopes

- Filters

- House wraps

- Household & personal wipes
Hygiene products
Insulation

- Labels

- Laundry aids
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Nonwoven fabrics are engineered fabrics that maya binited life, single-use
fabric or a very durable fabric. Nonwoven fabriesyide specific functions such
as absorbency, liquid repellence, resilience, @dtresoftness, strength, flame
retardancy, washability, cushioning, filtering, @sea bacterial barrier and sterility.
These properties are often combined to createckbtiited for specific jobs, while
achieving a good balance between product use4ifecast. They can mimic the
appearance, texture and strength of a woven fatmit can be as bulky as the
thickest paddings. In combination with other matisrthey provide a spectrum of
products with diverse properties, and are usedeatoras components of apparel,

home furnishings, health care, engineering, intalsind consumer goods.
Non-woven materials are used in numerous appliestimcluding:

Hygiene:

baby diapers or nappies
feminine hygiene
adult incontinence products

- wet wipes

- bandages and wound dressings
disposable bath and face towels

- disposable slippers and footwear
Medical:

isolation gowns
- surgical gowns
- surgical drapes and covers
surgical scrub suits
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. caps
- medical packaging: porosity allows gas sterilizatio

- gasoline, oil and air - including HEPA filtration

- water, coffee, tea bags

- pharmaceutical industry

- mineral processing

- liquid cartridge and bag filters

- vacuum bags

- allergen membranes or laminates with non-wovenrtaye

Geotextiles:

. soil stabilizers and roadway underlayment

. foundation stabilizers

. erosion control

- canals construction

. drainage systems

. geomembrane protection

. frost protection

. agriculture mulch

- pond and canal water barriers

- sand infiltration barrier for drainage tile
Other:

- carpet backing, primary and secondary
- composites
- marine sail laminates

. tablecover laminates
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2.6NEEDLE PUNCHING:
2.6.1 NEEDLE PUNCHING PROCESS:

Needle punch non-woven fabric production line ise diind of methods for
producing non-woven fabrics.In the process of poitly instead of using the
traditional weaving process of the fabrics, thedi@egunch bond method uses
triangle needles averagely punching in the cotteb w make the fibers directly
tangle each other together; controlling the densittensity, and function of the
fabrics by needle density, needle depth,needle rumband other physical
elements. No water, air, heat and chemicals ardetkat all. It is a kind of pure
physical and mechanical bonding method, saving ggnemd non-pollution.
Finished products maintain 100% yield form ram mate It is the best green
products for environmental protection. And finatltill can be 100% recycled by
physical disposal and can be reused. The produatie by needle punch bond
method are with 3 dimensions’ (3D)effect, with elem flexibility, and accessible
to extension for processing into mold, Furthermatds with good ventilation,
which the various traditional fabrics can't be wiffhe same equipment can be
used for various fiber materials, including artdicfiber, synthetic fiber, recycled
fiber, inorganic fiber, and metal fiber. The scafgaw materials that can be used
is wide and the products that can be produced laresa limitlessly diversified.
According to individual industrial requirement, thabrics can be made into
various materials for their special functions. Thaege of usage is very extensive.
It can be used for livelihood products, industraoducts, hi-tech aviation.
Industrial products, and even national defensestra products. [20][21]
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- chopped strand mat

- backing/stabilizer for machine embroidery

- packaging where porosity is needed

- insulation (fiberglass batting)

- pillows, cushions, and upholstery padding

- batting in quilts or comforters

- consumer and medical face masks

- mailing envelopes

. tarps, tenting and transportation (lumber, steedjpwing
disposable clothing (foot coverings, coveralls)

weather resistant house wrap [19]

2.5.5MANUFACTURING PROCESS:

Nonwovens are typically manufactured by putting bfitares together in the form
of a sheet or web (similar to paper on a paper maghand then binding them
either mechanically (as in the case of felt, byeriloicking them with serrated
needles such that the inter-fibre friction resuits a stronger fabric), with

an adhesive, or thermally (by applying binder (fre tform of powder, paste,

or polymer melt) and melting the binder onto theébwvisy increasing temperature).
[19]

34

Fig 2.10 Needle punching machine
2.7 DIABETIC SOCKS:

2.7.1 DIABETIC SOCKS:

A diabetic sock is a non-binding and non-elastidateck which is designed so as
to not constrict the foot or leg.Typically suffesenf diabetes are the most common
users of this type of sock. Diabetes raises thecbfugar level, which can increase

the risk of foot ulcers. Diabetic socks are madkeainrestrictive of circulation.

Some diabetic socks also control moisture,a featdmeh can reduce the risk of
infection. Another beneficial feature of diabetimcks is seamless toe-closures to

reduce pressure and blistering. [22,23]
2.7.2 CHOOSING A DIABETIC SOCKS:

Various sock constructions are available, includiogon blend with stretch tops,
non-cotton with antimicrobial properties, compressiype, and plain non-binding
to allow circulation to flow more freely. Extra veédsocks are available for

excessive edema.

Diabetic socks may appear like regular socks, aacwaailable in both low-cut and
mid-calf styles. Although various colors are avalda white may be preferable for
people with open wounds or sores, as this could elearers with compromised



sensation to a draining wound. The diabetic sodksuld fit well, without
constricting cuffs, lumps, or uncomfortable seaiftse socks are generally made
of material that does not wrinkle.The advice of aliptrist may be helpful in
choosing a diabetic sock. [23,24]
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Fig 2.11 Diabetic socks

2.7.3What are diabetic socks and what do they do?

removable orthotic. Foot orthotics arethe deviceshsas shoe inserts, arch
supports, or shoe fillers such as lifts, wedges la@els. The diabetic shoes and
custom-molded inserts work together as a prevemtatystem to help diabetics
avoid foot injuries and improve mobility. [25]
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Innovation for
performance, comfort and injury prevention.
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Fig 2.12 Diabetic shoes

Diabetic shoes provide a wide-open market of p@knew customers. At some

point or another, most will also need other progyctu offer. Approximately 10.9
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The generic answer is to protect your foot and @mevcomplications like

infections and amputations. It is the design ofsbek that is useful to the diabetic.
| am not sure that the socks were invented spadifidor diabetics, but they

certainly are useful and the name has stuck andnbe@ standard in the sock
business.

Diabetic socks are a non-binding type of sock. Téeyloosely knit and have a lot
of stretch in the part that covers the ankle artl Tae bottoms normally have
extra padding and the socks are usually designédwe no seams or very smooth
seams. They are made in such a way that the skibreathe easily and some have
special moisture-wicking capabilities. That is theechanical properties of the
socks. These properties make them useful to pesaffering with many foot and
leg characteristics. [23]

2.8 DIABETIC SHOES:
2.8.1 DIABETIC SHOES:

Diabetic shoes, sometimes referred to as extrahdegherapeutic shoes, are
specially designed shoes, or shoe inserts, intertdededuce the risk of skin
breakdown in diabetics with co-existing foot diseas

People with diabetic neuropathy in their feet mayéna false sense of security as
to how much at risk their feet actually are.An uloader the foot can develop in a
couple of hours. The primary goal of therapeutiotfeear is to prevent
complications, which can include strain, ulcerdlusas, or even amputations for
patients with diabetes and poor circulation. Initiolial to meeting strict guidelines,
diabetic shoes must be prescribed by a physicidrfinby a qualified individual,
such as a certified pedorthist. The shoes must &lsoequipped with a
38

million, or more than one in every four U.S. resigeover age 65, is diabétic
While most of these people would qualify for Medi&aeimbursement for diabetic
footwear, less than 15 percent are actually recgithem. These patients could
benefit greatly from the protection diabetic shaes inserts provide against the
more serious foot health complications associatéti diabetes, such as foot
deformities, ulcerations and amputations.

The CDC recently released a study showing thatradke of diabetic amputations
has fallen by more than half since the mid-189@ince 1993 Medicare has
provided partial reimbursement for prescriptiorbaigc shoes and inserts. Medical
experts agree that many diabetic amputations cgoréeented by using diabetic
footwear as an integral part of a comprehensivedace program.

But diabetic footwear isn't just about Medicare.d@g’'s consumer is willing to
pay cash for wellness, especially when it comeh tie added benefit of style. It
can also open the door to carrying other relateditpble cash product lines such
as diabetic socks, slippers, sandals or compressan. [26]
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Fig 2.13 Stylish diabetic shoe available in market

2.8.2 PRODUCT DETAILS:

Considering the various requirements of medical usty, the company

offer DiabeticShoesandSandalfiese shoes and sandals are specially designed to

sooth variegated foot ailments related to diabe@s shoes and sandals are
reckoned for their softness, comfort and durabilyrther, these can be custom

made as per the specifications provided by thetdig27]
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nursing homes and dialysis centres)who have wedkeneune systems.These
health care-associated staph infections includgicalrwound infections,urinary
tract infections,blood stream infections and pnewiend32]

TRENDS in Microbiology

Fig 2.15 Staphylococcus aureus
Staphylococcus bacteria can also cause illnessmsops outside of hospitals and
health care facilities. Staphylococcus infectionsthe community are usually
manifested as skin infections, such as pimplestaild, and occur in otherwise
healthy people.
Staphylococcus bacteria are one of the most conraases of skin infections in
united states and are a common cause of pneunsemgical wound infections and
blood stream infections. Data from a prospectivelptn 2003, suggest that 12%
of clinical infections are community-associatedt bhis varies by geographic
region and population. [33]
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Fig 2.14 Diabetic shoe

2.9 STAPHYLOCOCCUS AUREUS:

2.9.1 INTRODUCTION:

Staphylococcus aureus, often referred to simpKstaph”, are bacteria commonly
carried on the skin or in the nose of healthy peofipproximately 25% to 30% of
the population is colonized(when bacteria are medeut not causing an
infection)in the nose with staph bacteria. Somesins¢aph can cause an infection.
Staphylococcus bacteria are one of the most comeaoises of skin infections
inunited states. Most of these skin infectionsraieor (such as pimples and boils)
and can be treated without antibiotics (also knoesm antimicrobials or
antibacterials). However, staphylococcus bacterlao acan cause serious
infections(such as surgical wound infections, blostleam infections, and
pneumonia).

Some staphylococcus bacteria are resistant toiaiit# by 25% to 35% of the
population is colonized with staphylococcus aur@taphylococcus infections

occur most frequently among persons in hospitadshealth care facilities (such as
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2.9.2 APPEARANCE OF STAPHYLOCOCCUS INFECTION:

Staphylococcus bacteria , can cause skin infectizatsmay look like a pimple or

boil and can be read, swollen, painful or have qusther drainage. More serious
infections may cause pneumonia, blood stream iioflestor surgical wound

infections.

Factors that have been associated with the spifeskirinfections include: close

skin-to-skin contact, openings in the skin sucttats or abrasion, contaminated

items and surfaces, crowded living conditions anak fnygiene. [32]

1. AgentStaphylococcus aureusa Gram positive bacterium. tMos
staphylococcus.aureusis divided into 2 groups: miflth-resistant (MRSA) and
methicillin-sensitive (MSSA).

2. Identification:

a. The most common staphylococcal infections irelimpetigo, boils, carbuncles,
abscesses, and infected wounds. Methicillin-resistaStaphylococcus
aureus(MRSA) is the most common cause of commuattuired bacterial skin
infections in the United States.

In rare cases, community acquired staphylococcesauray result in bacteremia,
meningitis, pneumonia, or necrotizing fasciitis.

Outbreaks of staphylococcusaureusskin infectioa®tien found in close crowded

living conditions such as correctional facilitiémmeless shelters or in the military.
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b.Differential Diagnosis Miliaria (heat rash), diaper dermatitis, chemical
conjunctivitis, and cellulitis or abscesses due dtifver pyogenic organisms
(primarily group A streptococcus).

c. Diagnosis Culture of organism from involved site. PCR may used in some
circumstances to identify MRSA (not MSSA)

3.Incubation: Variable and indefinite; commonly 2 to 10 dayawéver, people
may be colonized for months-years before an irdaaticcurs.

4.Reservoir Human; some farm and domestic animals.

5.Source Nares, perineum, and any purulent lesion. Thutjorty percent of the
general population carries MSSA in their anteriares and moist body areas; 1-
3% carries MRSA in these same areas.

6.Transmission Usually by contaminated hands, contact with itddc or
colonized site, or fomites; airborne droplet sprisachre. Staphylococcus aureusis
not commonly found in water, especially water tisatdequately chlorinated.
7.Communicability: As long as viable organisms exist in lesion er ¢hrrier state
persists, the person may continue to autoinfectmsiedves or others.
Staphylococcusaureusmay survive in dry environmienteeeks.

8.Specific Treatment:

Case: Therapy should consider the drug sensitivity pattef the organism.
Resistance to methicillin is a marker for resistatw all B-lactam antibiotics such
as penicillin or the cephalosporins. Many skin datifens due to
staphylococcusaureuswill clear-up with good skimecand drainage of pus (if

necessary) and may not need antibiotics for treatme
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should be performed before and after changing tgesleSoap and water or an
alcohol based hand rub (at least 62% alcohol)effiéictively disinfect hands.

According to the California Food Code, if the patiés a food handler and has a
rash, skin lesion or open/draining wound on thaind(s) or the exposed part(s) of
their arm(s), they are required to wear an impehieeeover over the condition. If
the lesion is on another part of their body, thaystrwear a dry, durable, tight-
fitting bandage. Otherwise they must report theindition to their employer. All
employees with any cuts, sores, or rashes must gleaes when contacting food
and food contact surfaces.

Patients do not need to be on antibiotics or corep® antibiotic course before

returning to their usual activities. [33]

2.9.5 CONTACTS
Contacts are persons in close contact with patithtany staphylococcal disease
1. Emphasize hand hygiene, especially before amer &fandling any soiled

bandages.

2. Encourage contacts to check skin for any newnssor infections. Contacts
with new infections should be encouraged to seé tmealthcare provider for

diagnosis and treatment. [33]
2.9.6 CARRIERS:
It is rarely worthwhile to search for nasal casiesr perform environmental

sampling. [33]
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Carriers: There is no reason to treat carriers in commuretyirgs unless there
are repeated autoinfections. Consider decolonizatfopatients who will undergo
cardiac, orthopedic or neurosurgery procedures withlants. Decolonization
treatment consists of topical antibiotics to theesaand anti-staphylococcal soap to
the body for at least 5 days. Consult with ACDCcdinsidering recommending
decolonization.

8. Immunity : None.

2.9.3 REPORTING PROCEDURES :

Outbreaks: all outbreaks of Staphylococcus aureR§M or MSSA) in the
community are reportable within one working day idéntification. California
Code of Regulations, Section 2500

Severe community acquired Staphylococcus aureusiofes are also reportable. A
case is defined as a patient who dies or is adiriitten intensive care unit due to
infection with staphylococcus aureusand who hashaolt surgery or dialysis or
been hospitalized, or resided in a long-term caodify in the past year, and did
not have an indwelling catheter or percutaneousicakdevice at the time of
culture. Cases are reportable within seven workdays of identification.
California Code of Regulations, Section 2500. ACID@estigates severe cases of

community acquired staphylococcusaureus. [33]

2.9.4 PRECAUTIONS:

Appropriate hand hygiene should be emphasized. Bkions should be covered
with a clean dry bandage and patients should bghtawow to dispose of soiled
bandages appropriately. Patients may return to wsohool, or usual activities if
they can maintain a clean, dry bandage over any sgim lesion. Hand hygiene
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2.9.7 PREVENTION-EDUCATION
1. Stress importance of personal hygiene. Emphasiad hygiene, regular bathing
or showers, and changing clothes.

2. Stress importance that cases/carriers or cantiachot share personal skin care
articles such as soap, razors, towels, etc.

3. Emphasize proper disposal of bandages and elisioh of fomites.
Storage: Room temperature. [33]

2.10 KLEBSIELLA:
2.10.1 INTRODUCTION:

Klebsiellapneumoniae is a gram negative, non-moféeultative anaerobe
belonging to the Enterobacteriacece family.lt csingif straight rods 1 to 2
micrometres in length with a thick, surrounding ap when cultured, this species
produces a distinctive yeasty odour and bactednies have a viscous/ mucoid

appearance.

Klebsiellapneumoniae can cause serious infectibas rhay often be fatal. Drug
resistant pneumonia, chronic nasal infections,anyirtract infections, bronchitis
and even gangrene are some of the infections ttesenon bacteria can cause in
susceptible people. Infections can spread rapidtlyaae most often acquired in the
hospital while being treated for other illnessessorgical procedure. The main
sources of klebsilla infections are the hands ofspital staff and the

gastrointestinal tract of patients. [34]
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2.10.2 AVAILABILITY OF KLEBSIELLA:

Klebsiella also occurs naturally in the soil. Thesains of klebsiella are beneficial

because they carry out nitrogen fixation, a procesisal to the completion

Of the nitrogen cycle,Klebsiellapneumoniae carry oitrogen fixation as free
living soil organisms. The majority of human infects are caused by

klebsiellapneumoniae and klebsiellaoxytoca. [34]
2.10.3 PREVENTION/SOLUTION:

Klebsiella is mainly a nosocomial infection, whiate hospital acquired infections.
If an infection appears 48hrs or more after hospitlmission or within 30days of
discharge, it is considered to be nosocomial. @arfeénd washing by medical
staff before and after treating each patient igféective way to avoid nosocomial
infections. [35]

2.10.4 RISK FACTORS:

Contact with fecal matter is a significant sour€éénéection. Hospitalized patients
with invasive devices such as feeding tubes, inlilvgekatheters, central venous
catheters and who are generally in poor healtlagparticular risk for contracting

a klebsiella infection. Those with alcoholism, lutigease and diabetes are also at
risk. A klebsiella infection may often need two prful antibiotics as the bacteria
are resistant to penicillin and many others duestoessive use in hospitals of

broad spectrum antibiotics. [35]

49

Fig 2.16 Klebsiella

Fig 2.17 Agar plate streaked with klebsiellapneumoa
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2.10.5 CHARACTERISTICS:

Klebsiellaspp. is Gram-negative, nonmotile, usuadigcapsulated rod-shaped
bacteria, belonging to the family Enterobacteriac@dese bacteria produce lysine
decarboxylase but not ornithine decarboxylase amedganerally positive in the
Voges-Proskauer test. Members of the Enterobactsé family are generally
facultatively anaerobic, and range from 0.3 torh in width and 0.6 to 6.0 mm
in length. Klebsiellaspp. often occur in mucoidaués. The genus consists of 77
capsular antigens (K antigens), leading to diffesemogroups. [36]

2.10.6 PATHOGENICITY/TOXICITY :

Klebsiellaspp. have been identified as importantmmmn pathogens for
nosocomial pneumonia (7 to 14% of all cases), sapmia (4 to 15%), urinary
tract infection (K. rhinoscleromatis— causes rhate®ma (K. variicola— humans
and plants. [36]

2.10.7 MODE OF TRANSMISSION:

Klebsiellaspp. can be transmitted through skin acntwith environmentally

contaminated surfaces and/or objects; exampleadadLoofah sponges , medical
equipment, and blood products. Fecal transmissam dlso been suggested for
some cases of bacteremia caused by KlebsiellaspphiKoscleromatiscan be
transmitted from person-to-person via airborne etéams; however, prolonged
contact with infected individuals is required fofection.

K. granulomatisare sexually transmitted. They misp &e vertically transmitted
(from mother to child) or by accidental inoculaticFransmission rates between
partners are low (<50%) compared to other sexuilysmitted diseases. [36]
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2.11 PSEUDOMONAS:
2.11.1 INTRODUCTION:

It is a gram- negative, aerobic coccobacillus braate with unipolar motility.An
opportunistic human pathogen and also an oppotianathogen of plants.
P.aeruginosa secretes a variety of pigments, iimgugyocyanin(blue-green),

pyoverdine (yellow-green and fluorescent) and pyorred-brown). [39]

Pseudomonas aeruginosa is often preliminarily ifledt by its pearlescent
appearances and grape lika or tortilla like odowrvitro.Definitive clinical

identification pseudomonas aeruginosa often indudentifying the production of
both pyocyanin and fluorescein as well as its hi6 grow at 42C. Pseudomonas
aeruginosa is capable of growth in diesel anduet Where it is known as a hydro
carbon using microorganism causing microbial coomé creates dark gellish

mats sometimes improperly called as “algae”becatiieeir appearance. [39]

Fig 2.18 Phagocytosis of P. aeruginosa by neutrophiin patient with
bloodstream infection (Gram stain)

52



2.11.2 AVAILABILITY OF PSEUDOMONAS:

Pseudomonas aeruginosa is a common bacteriumahaatise disease in animals,
including humans.It is found in soil,water,skin rio and most man made
environments throughout the world.It uses a widegeaof organic material for
food, and animals,the versatility enables the dsyario infect damaged tissues or
those with reduced immunity.The symptoms of sudediions are generalised
inflammation and sepsis.If such colonisation ocdarsritical body organs such as
the lungs,the urinary tract, and kidney the resait be fatal.Because it thrives on
most surfaces,this bacterium is also found on amdddical equipment. [40]

2.11.3 CHARACTERISTICS:

The genus Pseudomonas of the Pseudomonadaceaefamdyile gram-negative
aerobic bacteria, 2 —dn long plump-shaped rods, with polar flagella whietve
an important role in pathogenicity. They are noarsforming and can produce
pigments, such as pyocyanine (green-blue) and pyiorgyellow-green)
fluorescence. P. aeruginosacan produce a largetyari extracellular toxins,
including exotoxin A and enterotoxins. Other subsés such as hydrocyanic acid,
proteolytic enzymes, toxic surface slime, and hdgticcssubstances may also
contribute to the pathogenicity of this speciesxifi® combined with harmful
substances are determinant factors in the higltevice of P. aeruginosain a
variety of different hosts. [40,41,42,43]

2.11.4 MODE OF TRANSMISSION:

P. aeruginosahave been found to survive withinldtapclei and can remain in
aerosols for long periods of time, thus there id@vce of potential airborne
transmission with contaminated water is also a majote, but since the oral
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of unburned skin at wound margins and green pigrmestibcutaneous fat. P.
aeruginosais also associated with swimmer's edis(ekterna). Other
Pseudomonas species are also opportunistic; howeasss of infection are rare.
[44]

2.11.6 EPIDEMIOLOGY :

Worldwide — often a problem in hospitals as it barfound on equipment,
increasing the risk of nosocomial infections. 3046f those with cystic fibrosis
will acquire chronic pseudomonal infection. P. ggmosainfections account for
20% of pneumonia and 16% of urinary tract infectidPrevalence in the
community is less than in the hospital, and cassswere community-acquired

infection are rare. [43,33]
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infectious dose is thought to be very high, rotites pose the greatest health risk
are skin exposure (for example, in contaminatedutotvater) and lung exposure
from inhaling aerosols discharged from infectegimagory tracts. The bacterial
can often enter the body through injuries and wesuiithe use of contaminated
mechanical respiratory ventilators in hospitalisgtt is also a common source of
nosocomial infections. [44]

2.11.5 PATHOGENICITY/TOXICITY :

As opportunistic pathogens, Pseudomonas spp. mitedes the host tissue and
cause infection and bacteremia in immunocomprontisets (e.g., HIV/AIDS,
cystic fibrosis, bronchiectasis, and severe chrobatructive pulmonary disease,
burns, malignancy, or diabetes mellitus. The comsitenof infection is the lower
respiratory tract, and severity ranges from colatian without immunological
response to severe necrotizing bronchopneumorgh; svere infection in patients
with cystic fibrosis is almost impossible to erade&once established in the
airways. Pseudomonal pneumonia often develops énmspharyngeal
contamination or secondary bacteremia, and isatsmmmon cause of nosocomial
ventilator-related pneumonia in intensive carersgst Infections also include
endocarditis, osteomyelitis, urinary tract infeospgastrointestinal infections,
meningitis, and, commonly,septicaemia. P. aerugiisdbe most common agent
associated with infection and inflammation durimgitact lens wear. The bacteria
colonize on lenses and produce proteases to kith@de corneal cells, an
infection that can lead to scarring and vision I@$® species is also the most
virulent with a mortality rate of 30%, which can higher depending on
predisposing conditions. P. aeruginosacan alsdlyeamonize on open burn
wounds, causing infections, abscesses, and sejiigiedema and/or discoloration
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CHAPTER 3
MATERIAL AND METHODS
3.1 WEB PREPARATION:

Every single lap is made by making use of the cardnachine, weighing the fibre
to 40gms. The weighed fibre is fed into the cardimrchine as required and finally

a lap is formed. Likewise the necessary laps aveldped.
3.2 NEEDLE PUNCHING:

The bamboo lap is fed into the needle punching machThe needles penetrate
into the lap and a punching of lap occurs. Fingily needle punched non-woven

material is produced.
3.3 CHITOSAN SOLUTION PREPARATION:

The solution is prepared based upon the materighwand also by varying the

weight of the chitosan. Here citric acid used &sdive the chitosan powder.

In generally the material is weighed. Accordingthe M:L ratio 1:20, the water,
citric acid and the chitosan is taken as per thight®f the non-woven material. In
another process, material weight is kept constaat the amount of chitosan

powder is varied.

Take a beaker, fill the required amount of watedd Ahe citric acid and allow it to

dissolve in it. Then add the chiotosan powder. @awius stirring should be given

to the solution, so that the chitosan can disselasily and hence the chitosan
solution is prepared.
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3.4 TRAY TECHNIQUE:

Cut needle punched material to the required sizepdace in a plastic tray. Now
take the solution and spread it evenly on the rizt@the material is left to dry at

the room temperature for 48hrs.

3.5 TESTING:

3.5.1 ANTIBACTERIAL TEST:

AATCC 147 parallel streak test method:-

To detect bacteriostatic activity on tensile materi

- A loopful of inoculums is transferred to the sudadf sterite agar plate in 5
streaks.

- Rectangular cut sample is placed traversely aaimsaks to ensure intimate
contact with agar surface.

- Incubation period of 24-48 hours at body tempegatur

. Aclear area of interrupted growth underneath dadgathe sides of the test

material indicate antibacterial activity.

The parallel streak method has filled a need faelatively quick and easily
executed qualitative method to determine antibadteactivity of diffusible

antimicrobial agents on treated textile materials.

AATCC method 100, antibacterial test on textile en@s, is a quantitative
procedure which is adequately sensitive but cundeestime and screening
tests.Therefore when the intent is to demonstraigiebiostatic activity by the
diffusion of the antibacterial agent through agaethod 147 fulfills this need.In

the parallel streak method, the agar surface isullabed making it easier to
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The sample is cut into a size of 50*50 sq.mm arigited. The weight is noted as
initial weight. The sample is soaked in water itregy for about 6 hours. Later the
sample is taken out and kept still for 16 hourse $ample is allowed of weighing.
The final weight is noted.

Water desorption/ water absorption = (Final weiglnitial weight)/ Final weight
3.5.4 WET TENSILE TEST:

The required sample is cut into a dumble shapeh Bw ends are hooked and are
allowed under load. At an optimum point the matdsr@aks. That point is noted.

It is applied in a formula,
Tensile strength=load / (Width*thickness of the entl)
3.5.5 FLEXING INDEX:

The samples are cut into strips of 10mm each. @deoéthe sample is fixed, and
other is allowed to get fixed to a swing. The pdoduis allowed to swing from
one point to another, likewise at one point of titme material breaks. That point is
noted in the instrument. The values are notedfoua30 cycles. The log value is
found by comparing the norms. The values are noted.
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distinguish between the test organism and contarhioeganism which may be
present on the unsterilized specimen.The paralidals method has proven
effective over a number of years of use in progdevidence of antibacterial
activity against positive and negative bacteria.

3.5.2 WOUND PATHOGEN TEST:
AGAR DIFFUSION PLATE TEST:

ENISO 20645 is essentially qualitative test metfmddetermining the effect of
antibacterial treatments applied to woven,knitted ather flat textiles.A minimum
diffusion of the antibacterial into the test agess nhecessary with the
procedure.Standard conditions specify a contace tpariod of 18 to 24 hours

using pseudomonas and klebsiella.

The antibacterial activity of the finished fabriasvtested according to EN ISO
20645 against Klebsiella sp., and Pseudomonaslapient agar plates were
prepared by pouring 15 ml of media into sterileriRishes. The plates were
allowed to solidify for 5 minutes and 0.1% inoculwas swabbed uniformly and
allowed to dry for 5 minutes. The finished fabritthwthe diameter of 2.0 £ 0.1 cm
was placed on the surface of medium and the pleges kept for incubation at
37°C for 24 hours. At the end of incubation, theezof inhibition formed around

the fabric was measured in millimeters and recarded
3.5.3 WATER ABSORPTION AND WATER DESORPTION TEST:

The sample is cut into 50*50 sg.mm. Initial weightnoted. The sample is then
soaked in water with the help of a tray for abotmoéirs. Then the sample is taken
out and left on a blotted paper. The water is diembrand later the sample is

allowed for weighing as final weight.
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CHAPTER 4
RESULT AND DISCUSSION
4.1 ANTIBACTERIAL TEST:
4.1.1 PROCEDURE:
AATCC 147 parallel streak test method:-
To detect bacteriostatic activity on tensile matsri

- Aloopful of inoculums is transferred to the sudaaf sterite agar plate in 5
streaks.

- Rectangular cut sample is placed traversely astosaks to ensure intimate
contact with agar surface.

- Incubation period of 24-48 hours at body tempegatur

- Aclear area of interrupted growth underneath dadgathe sides of the test
material indicate antibacterial activity.

The parallel streak method has filled a need faelatively quick and easily
executed qualitative method to determine antib&dteactivity of diffusible
antimicrobial agents on treated textile materials.

AATCC method 100, antibacterial test on textile enls, is a quantitative
procedure which is adequately sensitive but cundlbeestime and screening
tests.Therefore when the intent is to demonstrafetebiostatic activity by the
diffusion of the antibacterial agent through agaethod 147 fulfills this need.In
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the parallel streak method, the agar surface igullabed making it easier to
distinguish between the test organism and contarhioeganism which may be
present on the unsterilized specimen.The paraliedals method has proven
effective over a number of years of use in proygdavidence of antibacterial
activity against positive and negative bacteria.

61

4.1.4 SEM IMAGE OF ANTI-BACTERIAL TEST ON THE SAMPL E:

Fig 4.2Sem image of anti bacterial test carried othe sample
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4.1.2 INTERPRETATION:

A clear area of interrupted growth underneath alwhgathe sides of the te
material indicate ANTBACTERIAL ACTIVITY .The table 4.1figure 4.1 ar
figure 4.2 showghe antibacterial activi resulf graphical representation of t

result and sem image of the test respecti

Table 4.1 INTERPRETATION OF ANTIBACTERIAL TEST

ANTI-BACTERIAL ACTIVITY AGAINST
STAPHYLOCOCCUS AUREUS(zone of

inhibition-mm)

hed R

Needle pt non- 45

finished with chitosan

4.1.3GRAPHICAL REPRESENTATION:

60

50

40

30

RANGE OF ACTIVITY

STAPHYLOCOCCUS AUREUS

Fig 4.1Grapical representation of antibacterialactivity
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4.1.5 VARIABLES:
4.1.5.1 INTERPRETATION:

A clear area of interrupted growth underneath alwhgathe sides of the te
material indicate ANTBACTERIAL ACTIVITY . The table 4.2, figure 4.3, figu
4.4 shows the antibacteriaactivity result of three variables, graphic

representation of those results and sem imageedEtis respective

Table 4.2 Interpretation of anti-bacterial activity for the variables

SAMPLES ANTIBACTERIALACTIVITY
AGAINST STAPHYLOCOCCUS
AUREUS(ZONE OF INHIBITION
mm)

Bamboo web finished withchitosan -1 40

Bamboo web finished with chitosar-2 42

Bamboo web finished with chitosar-3 43

4.1.5.2 GRAPHICAL REPRESENTATION:

60

50

40

30

RANGE OF ACTIVITY

20

3
STAPHYLOCOCCUS AUREUS SAMPLE

Fig 4.3
Grapical representation for anti-bacterial test for variables
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4.1.5.3 SEM IMAGE OF ANTIBACTERIAL TEST CARRIED OUT IN
VARIABLES:

T17:03 Pra

e I el of AATOC 147 - Gl sive asalosds

e e ¥ oaphy oo

Fig 4.4 Sem image of anti-bacterial activity for veables
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4.2.2INTERPRETATION:

A clear area of interrupted growth underneath alehgathe sides of the te
material indicatesGOOD activitytowards WOUND PATHOGENThe table 4.3,
figure 4.5, and figure 4.6 shows the result of wbyrathogen test, graphic
representatio of the result, and sem image of the test resmiyt

Table 43 Interpretation of wound pathogen tes

SAMPLE ORGANISMS

KLEBSIELLA PSEUDOMONAS

sp., sp.,
BAMBOO WEB FINISHED 37 36
WITH CHITOSAN
4.2.3 GRAPHICAL REPRESENTATION:
E
=
&
S
8
g
KLEBSIELLA PSEUDOMONAS

Fig4.5 Graphical representationfor wound pathogen test
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4.2 WOUND PATHOGEN TEST:
4.2.1 PROCEDURE:
AGAR DIFFUSION PLATE TEST:

ENISO 20645 is essentially qualitative test metfmddetermining the effect of
antibacterial treatments applied to woven,knitted ather flat textiles.A minimum
diffusion of the antibacterial into the test ages nhecessary with the
procedure.Standard conditions specify a contace tpariod of 18 to 24 hours
using pseudomonas and klebsiella.

The antibacterial activity of the finished fabriasvtested according to EN ISO
20645 against Klebsiella sp., and PseudomonasNsfirient agar plates were
prepared by pouring 15 ml of media into sterileriPdishes. The plates were
allowed to solidify for 5 minutes and 0.1% inoculuvas swabbed uniformly and
allowed to dry for 5 minutes. The finished fabrithwthe diameter of 2.0 £ 0.1 cm
was placed on the surface of medium and the plaees kept for incubation at

37°C for 24 hours. At the end of incubation, theezof inhibition formed around

the fabric was measured in millimeters and recarded
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4.2.4 SEM IMAGE OF WOUND PATHOGEN TEST:

Antibacterial activity chitosan finished Bamboo web of ENISO20645 - Agar diffusion

method against Klebsiella sp., and § sp,

Kilehsielta sp., Pseudomonas sp.,

Fig 4.6 Sem image of wound pathogen test carried dhe sample
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4.3 MECHANICAL TEST:
4.3.1 WET TENSILE STRENGTH TEST:
4.3.1.1 PROCEDURE:

The required sample is cut into a dumble shapeh Bwt ends are hooked and are
allowed under load. At an optimum point the matevi@aks. That point is noted.

It is applied in a formula,
Tensile strength=load / (Width*thickness of the ent)

The figure 4.7 shows the graphical representatfcthe wet tensile strength result

for two direction of the fabric.

4.3.1.2 REPORT:

Mean tensile strength (direction 1) - 0.12 Mps
Mean tensile strength (direction 2) - 0.64Mps
Average thickness of the specimen is 2.2 mm

4.3.1.3 GRAPHICAL REPRESENTATION:

z8b= 8t
<HzE5 83
2eEs ]
E,av 1 [P R :

DIRECTION 1 DIRECTION 2
DIRECTION OF THE FABRIC

Fig 4.7 Graphical representation for wet terie strength
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4.3.2.3 GRAPHICAL REPRESENTATION OF WATER ABSORPTIO N:

600.00%

500.00% -

400.00% -

300.00%

200.00% -

LEVEL OF ABSORPTION

100.00% -

0.00% -

SHOE INSOLE

Fig 4.8 GRAPHICAL REPRESENTATION FOR WATER ABSORPTI ON

4.3.2.4 GRAPHICAL REPRESENTATION OF WATER DESORPTION:

100.00%

50.00% -

LEVEL OF DESORPTION

0.00% -

SHOE INSOLE

Fig 4.9 GRAPHICAL REPRESENTATION OF WATER DESORPTIO N
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4.3.2 WATER ABSORPTION AND DESORPTION TEST:
4.3.2.1 PROCEDURE:

The sample is cut into 50*50 sq.mm. Initial weightnoted. The sample is then
soaked in water with the help of a tray for abotoirs. Then the sample is taken
out and left on a blotted paper. The water is ditrand later the sample is

allowed for weighing as final weight.

The sample is cut into a size of 50*50 sq.mm arghited. The weight is noted as
initial weight. The sample is soaked in water itregy for about 6 hours. Later the
sample is taken out and kept still for 16 hourse Tample is allowed of weighing.

The final weight is noted.
Water desorption/ water absorption = (Final weiglnitial weight)/ Final weight

The figure 4.9 and figure 4.8 shows the water giigwr and desorption result
respectively.

4.3.2.2 REPORT:
Water absorption - 493.4%

Water desorption -85.2%
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4.3.3 FLEXING INDEX:
4.3.3.1 PROCEDURE:

The samples are cut into strips of 10mm each. @deoéthe sample is fixed, and
other is allowed to get fixed to a swing. The pdunduis allowed to swing from

one point to another, likewise at one point of tilme material breaks. That point is
noted in the instrument. The values are noted foua30 cycles. The log value is

found by comparing the norms. The values are noted.
4.3.3.2 REPORT:
Flexing index (Direction 1) -2.8

Flexing index (Direction 2) -13
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Hence, the shoe insole proves the following result.

- The given fabric sample hav®OOD antibacterial activity against the test
organism.

¢ The given samples ha@®ODwound healing activity against the test

organism.
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CHAPTER 5

CONCLUSION

The raw materials of our project itself are of gremportance because both the
materials are natural and have good anti-bacted#lity and hence the main
objective of our project is achieved. The produesvested for antibacterial and
wound pathogen test. Both the test gave good fctiewards bacteria and

organisms.

Therefore it is proven that our diabetic shoe iasaill heal the wound of foot
ulcer. Even by reducing chitosan to some extentremtanuch, it is possible to heal

the foot ulcer of the diabetic patients.

In recent trends people are looking up for easydgos product all stands up in

this way. This all adds up ase and throwand alsavound healing product

Since the diabetic patients are at high for subsecgi ulceration, the use of special
footwear to protect the feet is highly recommendéthen wound prevails in
diabetic patients, the time to heal the wound gjland hence to make it in a short
period of time and good healing activity; we haveuyaly introduced our product

as shoe insole for diabetic patients using bamitwe &nd chitosan powder.
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