
STUDY ON THE EFFICACY OF TOPICAL SILVER PREPARATIONS

FOR TREATING NON-HEALING ULCERS

DISSERTATION SUBMITTED TO

In partial fulfillment of the requirement for the degree of

M. S. (GENERAL SURGERY)

Branch I

of

THE TAMIL NADU DR. M. G. R MEDICAL UNIVERSITY

CHENNAI- 600032

DEPARTMENT OF GENERAL SURGERY

TIRUNELVELI MEDICAL COLLEGE

TIRUNELVELI- 11

MAY 2019



CERTIFICATE BY THE GUIDE

This is to certify that the dissertation entitled “STUDY ON THE

EFFICACY OF TOPICAL SILVER PREPARATIONS FOR TREATING

NON-HEALING ULCERS” is a bonafide research work submitted by

Dr.V.MAHADEV, Postgraduate student in Department of General Surgery,

Tirunelveli Medical College & Hospital, Tirunelveli to the Tamilnadu Dr MGR

Medical University, Chennai, in partial fulfillment of the requirement for M.S.

Degree (Branch - I) in General Surgery.

Date:
Place: Tirunelveli

Dr. ALEX ARTHUR EDWARDS, M.S.,
Associate Professor

Department of General Surgery
Tirunelveli Medical College,

Tirunelveli.



CERTIFICATE BY THE HEAD OF THE DEPARTMENT

This is to certify that the dissertation entitled “STUDY ON THE EFFICACY

OF TOPICAL SILVER PREPARATIONS FOR TREATING NON-

HEALING ULCERS” is  bonafide and genuine research work carried out by

Dr.V.MAHADEV Post Graduate M.S student in Department of General

Surgery, Tirunelveli medical college & Hospital, Tirunelveli under the guidance

of Dr. ALEX ARTHUR EDWARDS, M.S., Associate Professor, Department

of General Surgery, Tirunelveli Medical College Tirunelveli in partial fulfilment

of the requirements for the degree of M.S in GENERAL SURGERY.

Date:
Place: Tirunelveli

Prof. Dr.  VARADARAJAN  M.S.,
Professor and HOD,

Department of General Surgery,
Tirunelveli medical college & Hospital,

Tirunelveli.



CERTIFICATE BY THE HEAD OF INSTITUTION

This is to certify that the Dissertation “STUDY ON THE EFFICACY

OF TOPICAL SILVER PREPARATIONS FOR TREATING NON-

HEALING ULCERS” presented here in by Dr.V.MAHADEV is an original

work done in the Department of General Surgery, Tirunelveli Medical College

Hospital, Tirunelveli for the award of Degree of M.S. (Branch I) General Surgery

under my guidance and supervision during the academic period of 2016 -2019.

Date:
Place: Tirunelveli

Dr. S. M. KANNAN M.S., M.Ch.,
The DEAN

Tirunelveli Medical College,
Tirunelveli - 627011.



DECLARATION

I solemnly declare that the dissertation titled “STUDY ON THE

EFFICACY OF TOPICAL SILVER PREPARATIONS FOR TREATING

NON-HEALING ULCERS” is done by me at Tirunelveli Medical College

hospital, Tirunelveli. I also declare that this bonafide work or a part of this work

was not submitted by me or any others for any award, degree, or diploma to any

other University, Board, either in or abroad.

The dissertation is submitted to The Tamilnadu Dr. M.G.R.Medical

University towards the partial fulfilment of requirements for the award of M.S.

Degree (Branch I) in General Surgery.

Place: Tirunelveli
Date:

Dr.V.MAHADEV
Postgraduate Student,
M.S General Surgery,

Department of General Surgery,
Tirunelveli Medical College

Tirunelveli.



ACKNOWLEDGEMENT

I express my deep sense of gratitude and indebtedness to my respected

teacher and guide Dr. ALEX ARTHUR EDWARDS, M.S. Associate Professor,

Department of General Surgery, Tirunelveli Medical College, Tirunelveli, whose

valuable guidance and constant help have gone a long way in the preparation of

this dissertation.

I am also thankful to Assistant Professors Dr. VINOTH KUMAR M.S.,

Dr.NIRMAL KUMAR, M.S., Dr.SUGIRTHARAJ DNB., and Dr.JENITTA,

M.S., for their help.

I express my thanks to all of the staff members of the Department of

General Surgery and all my Postgraduates colleagues and friends for their help

during my study and preparation of this dissertation and also for their co-

operation.

I always remember my family members for their everlasting blessings and

encouragement.

Lastly, I express my thanks to my patients without whom this study would

not have been possible.





CERTIFICATE – II

This is certify that this dissertation work title “STUDY ON THE

EFFICACY OF TOPICAL SILVER PREPARATIONS FOR TREATING

NON-HEALING ULCERS” of the candidate Dr.V.MAHADEV with

registration Number 221611356 for the award of M.S. Degree in the branch of

GENEARL SURGERY (I). I personally verified the urkund.com website for the

purpose of plagiarism check. I found that the uploaded thesis file contains from

introduction to conclusion page and result shows 14 percentage of plagiarism in

the dissertation.

Guide & Supervisor sign with Seal.





CONTENTS

SNO TITLE PAGENO

1 INTRODUCTION 1

2 AIMS AND OBJECTIVES 9

3 REVIEW OF LITERATURE 10

4 MATERIALS AND METHODS 54

5 OBSERVATION AND RESULTS 59

6 DISCUSSION 80

7 SUMMARY 84

8 CONCLUSION 86

9 BIBLIOGRAPHY

10 ANNEXURE

PROFORMA

CONSENT FORM

MASTER CHART



1

INTRODUCTION

The topical antimicrobial agent silver has been used for hundreds of years

in wound care1. Recently a wide range of wound dressings that contain

elemental silver or a silver- releasing compounds have been developed

which are easier to apply, provide sustained availability of silver, need less

frequent dressing changes that have overcome some of the problems

associated with the first silver preparations. Silver dressings maintain a

moist wound environment and help in facilitation of autolytic

debridement2.

Silver ions are highly reactive and affect multiple sites within

bacterial cells, ultimately causing bacterial cell death by binding to the

bacterial cell membranes and causing disruption of the bacterial cell wall

and cell leakage, they also interfere with energy production, enzyme

function and cell replication and thus are active against a broad range of

bacteria, fungi and viruses.

SILVER DRESSINGS

• Topical antimicrobial dressings, including those containing silver,

are used to prevent or manage infection in a wide range of wounds3

• Silver has been used as an antimicrobial since the 1800s.

• But since the discovery of systemic antibiotics in the earlier 20th

century, the use of silver has declined.
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• In the last two decades interest in silver for wound treatment re-

emerged.

HISTORY OF SILVER

• The topical antimicrobial agent silver has been used for 100s of

years in wound care.

• For example:

• silver has been used to prevent and manage infection in its

solid elemental form (Silver wire placed wounds).

• As solutions of silver salts to cleanse wounds (Silver nitrate

solution)

• As creams and ointment containing a silver antibiotic

compound.

• SSD cream has been an important part of Burns management.

• In recent years, a wide range of wound dressings that contain

elemental silver or nanocrystalline silver or a silver releasing

compound has been developed4.

• These dressings are easier to apply may provide sustained

availability of silver, less frequent dressing changes and provide

additional benefits such as

• Management of excessive exudate

• Maintenance of moist wound environment

• Facilitation of autolytic debridement
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• Topical antiseptics, such as silver differ from antibiotics

• They have multiple sites of antimicrobial action on target cells

and therefore a low risk of bacterial resistance.

• As a result, antiseptics have the potential role to play an

important part to control bio burden in wounds, while limiting

exposure to antibiotics and reducing the risk of development

of further antibiotic resistance5.

• Silver is found in dressings in a number of forms.

• Elemental silver – eg: silver metal, nano crystalline silver6

• An inorganic compound – eg: silver oxide, silver phosphate,

silver flouride, silver sulphate and silver calcium- sodium

phosphate.

• An organic complex – eg: silver- zinc allantoinate, silver

alginate, silver carboxymethyl cellulose

• The silver component of dressings may appear

• As a coating – on one or both external surface of dressings

(elemental or nano crystalline silver)

• Within the structure of dressing – either as a coating on

dressing material (elemental or compound silver), within the

spaces of dressing material, or as a compound that forms part

of dressing structure (silver alginate)

• As a combination of these
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• Silver on the surface of the dressing may come into contact

with the wound where it exerts an antimicrobial action.

• Silver within the dressing structure acts on bacteria absorbed

into the dressing with the wound exudate, but it is likely also

to diffuse to some extent into the wound.

• In elemental form, silver is unreactive and cannot kill bacteria.

• To become bactericidal silver atoms (Ag or Ag0) must lose an

electron and become positively charged silver ions.

• Elemental silver ionises in air, but more readily when exposed to an

aqueous environment such as wound exudate.

MECHANISM OF ACTION OF SILVER

Silver ions are highly reactive and affect multiple sites within bacterial

cells, ultimately causing bacterial cell death

• They bind to bacterial cell membrane, causing disruption of cell wall

and cell leakage.

• Silver ions transported into the cell, disrupt the cell function by

binding to proteins and interfering with energy production, enzyme

function, cell replication.

• Silver ions are active against broad range of bacteria, fungi and

viruses including antibiotic resistant bacteria such as MRSA and

VRE.
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• Silver dressings may reduce bacterial adhesion and destabilize the

biofilm matrix and increase the susceptibility of bacteria to

antibiotics.

• Nano crystalline silver contains elemental silver in very small

crystals that are about 10-100 nm in diameter

• It releases small particles of silver that come in contact with greater

wound surface area, thus increasing the bioactivity and silver

solubility.

• Nano crystalline silver has been found to have anti-inflammatory

effect and encourage blood vessel formation (angiogenic effect).

PHARMACOKINETICS

• Only a small proportion of silver in a dressing is involved in

antimicrobial action.

• Most of the rest remains within the dressing or binds to proteins in

the wound or wound debris.

• Very little Is systematically absorbed.

• Even if absorbed systematically, silver is excreted mainly via the

biliary route in faeces. Some is also excreted in urine.

Silver is not absorbed into the central or peripheral system

Recommendations for appropriate use of silver dressings

• The major role of antimicrobial dressings such as silver in the

management of wounds is to
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• Reduce Bio Burden in acute or chronic wounds, that are infected or

are being prevented from healing by micro-organisms.

Acts as an antimicrobial barrier for acute or chronic wounds at high risk of

infection or re-infection

When to implement the antimicrobial dressings

Silver dressings may be used on acute wounds,traumatic wounds or

surgical wounds,and chronic wounds that present with localised, Spreading

or systemic infection.Silver dressings should be used in the context of

accepted standard wound care which involves assessment of the

wound,management of underlying  co-morbidities and wound bed

preparation
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CONTRAINDICATIONS OF SILVER DRESSINGS

• In the absence of signs of localised,spreading or systemic infection

• Clean surgical wounds at low risk of infection

• Patients who are sensitive to silver

• Chronic wounds healing as expected according to co morbidities and

age

• Wounds being treated with enzymatic debridement

• During pregnancy or lactation

• When contraindicated by manufacture eg; during MRI,patients

undergoing RADIOTHERAPHY.

FACTORS MOST LIKELY TO INFLUENCE CHOICE OF

SILVER DRESSINGS ARE :

• Availability and familiarity

• Additional needs of the patient and wound, eg; level of exudate

production and condition of the wound bed

• Whether a secondary dressing is required

• patient preference

COST EFFECTIVENESS

A number of studies have found that silver dressings are associated

with factors that may be beneficial in terms of cost effectiveness eg;

• Reduced time for wound healing

• shorter hospital stay
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• Reduced dressing change frequency

• Reduced need for pain medication during dressing change

• Fewer MRSA bacteraemias resulting from MRSA -infected wounds
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AIMS AND OBJECTIVES

 To study the efficacy of topical silver preparations in the treatment

of non-healing ulcers.

 Comparison of results over the conventional saline dressing.
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REVIEW OF LITERATURE

DEFINITION

An ulcer is defined as a break in the continuity of the covering

epithelium – skin or mucous membrane. It may be due to molecular death

of surface epithelium or its traumatic removal.

PARTS OF AN ULCER

1)Margin

2)Edge

3)Floor

4)Base

Margin

Junction between normal epithelium and the ulcer. It is the boundary

of the ulcer.

Edge

It is the area between the margin and the floor of the ulcer

5 common types:

 Undermined edge
 punched out edge
 Sloping edge
 Raised and pearly white beaded edge
 Rolled out or everted edge
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1)Undermined edge

Eg:  tuberculosis.

The disease causes the ulcer to spread in and destroys the subcutaneous

tissue faster than it destroys the skin. The overhanging skin is thin, friable,

reddish blue and unhealthy.

2)Punched out edge

Eg: gummatous ulcer or deep trophic ulcerThe edge drops down at right

angle to the skin surface as if it has been cut by a punch. The diseases

which cause the ulcers are limited to the ulcer itself and do not tend to

spread to the surrounding tissue.

3)Sloping edge

Eg: healing traumatic or venous ulcers . Every healing ulcer has a sloping

edge, which is reddish purple in colour and consists of new healthy

epithelium

4)Raised and pearly white beaded edge

Eg: rodent ulcer

This type of edge develops in invasive cellular disease and becomes

necrotic at the centre



12

5)Rolled out or everted edge

Eg: squamous cell carcinoma or ulcerated adeno-carcinoma

This ulcer is caused by fast growing cellular disease, the growing portion

at the edge of the ulcer heaps up and spills over the normal skin to produce

an everted edge.

Floor

It is the exposed surface of the ulcer

Base

On which the ulcer rests. It is better felt than seen. Base will be felt by

picking up the ulcer between the thumb and the index finger.

CLASSIFICATION

Two types of classification of ulcers are possible : 1) Clinical

2) Pathological

Clinical classification : Ulcer may be of either 3 types
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Spreading ulcer

Healing ulcer

Callous or chronic ulcer

Pathological classification : ulcer can be classified into

Non- specific ulcer

Specific ulcer

Malignant ulcer

CLINICAL CLASSIFICATION

Spreading ulcer

Skin of the ulcer is inflamed and the floor is covered with profuse

and offensive slough without any evidence of granulation tissue. The edge

is inflamed, oedematous and ragged. It is a painful ulcer. The draining

lymph nodes are enlarged, inflamed and tender and may be suppurated

with abscess.

Healing ulcer

It means the ulcer is healing. The floor is covered with pinkish or

red healthy granulation tissue. The edge is reddish with granulation. The
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margin is bluish with growing epithelium. The discharge is slight and

serous.

Callous or Chronic ulcer

It means the ulcer shows no tendency towards healing. The floor is

covered with pale granulation tissue. It may show typical wash-leather

slough in gummatous ulcer which is an example of this type. Discharge is

scanty or absent. The base is indurated and so is the edge and the

surrounding skin.

PATHOLOGICAL CLASSIFICATION

NON- SPECIFIC ULCERS

These ulcers can be further classified into the following categories

Traumatic : mechanical, physical, chemical

Arterial : Atherosclerosis, Buerger’s disease, Raynaud’s disease

Venous : Varicose ulcer

Neurogenic (Trophic) : Bed sore, perforating ulcer

Associated with malnutrition: Tropical ulcer

Ulcers associated with diseases: gout, diabetes, anaemia, avitaminosis,

erythrocyanosis frigida, rheumatoid arthritis
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Other types : Bazin’s ulcer, Martorell’s ulcer,

WOUND HEALING

Wound healing process involves stabilisation of the wound both

structurally and functionally. The primary objectives in wound healing are:

1. Restore all barriers to control loss of fluid and entry of infection

from   outside.

2. Mechanical integrity must be maintained.

3. Normal blood flow and lymphatic flow to the injured tissues must

be re-established for the tissue to survive.

Regeneration in its true sense is the ideal process of wound healing

but it is theoretically applicable only during development of embryo.  It is

however found in cases of some lower level organisms such as salamander.

It is also found in tissues such as bone and liver. These tissues are capable

of regeneration. In adult human species the precision of wound healing is

found to be compromised for the speed in repairing the tissues.

All tissues proceed through the same series of events, and for ease

of understanding, these are divided into specific stages. However, these

phases overlap in both time and activity.
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Every wound go through the similar basic steps of tissue repair.

There are however differences in the healing between acute wounds and

chronic wounds.  Acute wounds heal in a more proper, orderly way and

within a short-time.  Chronic wounds are more difficult to treat because it

will be stuck in an inflammatory phase and does not immediately give way

to spontaneous closure.  Wound closures are classified into primary,

secondary and tertiary types of healing.

HEALING BY FIRST INTENTION

(PRIMARY HEALING)

It involves clean wounds. They heal by first intention. They involve

mainly clean, Uninfected surgical wounds, Graft wounds, Flap cover,

simply sutured clean wounds.

SECONDARY (SPONTANEOUS)

It includes contaminated wounds. It heals by re-epithelialisation and

wound contraction. There is no active mechanism like primary healing.

HEALING BY TERTIARY INTENTION

In tertiary intention healing, the wound is initially contaminated.  It

is stabilised by regular dressings and slough excision. Once the wound is

fit for closure and free from slough, it is sutured or skin grafting or flap

cover is done.
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PHASES OF WOUND HEALING

The immediate response to injury is the inflammatory (also called

reactive) phase.  The body’s defences are aimed at limiting the amount of

damage and preventing further injury. The proliferative (also called

regenerative or reparative) phase is the reparative process with re-

epithelialisation, matrix synthesis, and neo vascularisation to relieve the

ischemia of the trauma itself7. The final maturational (or remodelling)

phase is the period of scar contraction with collagen cross-linking,

shrinking, and a loss of edema. The stages are detailed below,

1.HEMOSTASIS AND INFLAMMATION

Following injury to tissue, endothelium is damaged and

subendothelial collagen is exposed. Platelets come in to contact and they

undergo aggregation. Coagulation Cascade is then activated. There will be

initially reflex vasoconstriction at first. This is followed by vasodilatation.

This increases the permeability of vessels. Then haemorrhage is

controlled when the platelets along with the erythrocytes plug up the

capillaries. Type 4 and type 5 collagen activates the platelets8.
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STAGES IN WOUND HEALING

Platelet granules are storage organelles which contain Platelet Derived

Growth Factor (PDGF), Transforming Growth Factor (TGF-ß), Insulin-like

Growth Factor IGF-1, Fibronectins, Fibrinogen, Thrombospondin, and

Von Willibrand factor.
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Mast cells are responsible for endothelial permeability.  They cause the

Plasma leakage.  The mediators involved in this process are histamines

along with serotonins.

STAGES OF WOUND HEALING WITH THEIR DURATION

The fibrin strands trap red blood-cells, leading to formation of the

clot and sealing of wound9.  Lattice framework which results will be the

frame for endothelial cells, inflammatory cells, and fibroblasts.  Traction at

the leading edge of the cell develops through binding of the integrin

followed by translocation of the cell over the adherent segment of the

plasma membrane.
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Migration of neutrophils into wound site will functionally activate

many events such as expression of antigen on the surface of the cell,

potentiate cytotoxicity, release and aggregate the cytokines production.

Activated polymorphs feed on dead debris, bacterias and foreign body10.

2.PROLIFERATIVE PHASE

On resolution of the acute events in inflammatory response the

framework for repair of the wound is laid down. The three stages are

angiogenesis followed by Fibroplasia and finally Epithelialisation occurs.

It is featured by granulation tissue formation. It involves capillary and

fibroblast proliferation. Collagen is loosely laid down on the matrix. It also

includes Hyaluronic acid and Fibronectin formation.

A.STAGE OF ANGIOGENESIS

After occurrence of injury, the basement membranes of venules are

acted upon by activated cells.  Gaps occur between these cells through

which other cells migrate. This result in formation of new tubules and

formation of new vessels (Angiogenesis) . Those interactions will result in

the up regulation of the expression of cell surface adhesion molecules, like

vascular cell surface adhesion molecule VCAM-1. Matrix-degrading

enzymes, such as plasmin and the metalloproteinase, are released and will

be activated.
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Some of the new capillaries differentiate into arterioles and venules,

but the others will undergo involution along with apoptosis, and finally

ingested by macrophages.

B.STAGE OF FIBROPLASIA

Fibroblasts are specialized cells that gets differentiated from resting

mesenchymal cells in connective tissue; they do not arrive in the wound

cleft by diapedesis from circulating cells. After injury, the normally

quiescent and sparse fibroblasts are chemoattracted to the inflammatory

site, where they divide and produce the components of the ECM.

After stimulation by macrophage and Platelet Derived Cytokines and

growth factors, the fibroblast, which is normally arrested in the G0 phase,

undergoes replication and proliferation. Platelet derived TGF-ß stimulates

fibroblast proliferation indirectly, by releasing PDGF.

C.STAGE OF EPITHELIALISATION

The re-epithelialisation of acute wounds begin within just hours after

occurrence of the insult.  At first the wound is sealed by clot formation.

Then epithelial cells begin to move across the gap. Keratinocytes from the

undamaged epithelium begins to migrate over to the surface of the injured

area.  Epithelialisation occurs in the wound by,
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• Detachment of the Keratinocytes

• Migration

• Proliferation

• Differentiation

• Stratification

Intactness of the basement membrane is an accelerating factor for

Epithelialisation

D. EXTRACELLULAR MATRIX FORMATION

The next stage is formation of extracellular matrix.  It is composed

of complex interaction with

• Fibrin

• Fibronectin

• Fibrinogen

• Vitronectin

• Glucosaminoglycans
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• Proteoglycans

E.COLLAGEN SYNTHESIS

Collagens, which are the predominant scar proteins, are the end

result. Attachment proteins, such as fibrin and fibronectin, provide linkage

to the ECM through binding to cell surface integrin receptors. Stimulation

of fibroblasts by growth factors induces the upregulated expression of the

integrin receptors, facilitating cell-matrix interactions11

After secretion into the ECM, specific proteases cleave the

propeptides of the procollagen molecules, forming collagen monomers.

These monomers assemble to form collagen fibrils in the ECM, driven by

collagen’s tendency to self-assemble. Covalent cross-linking of the lysine

residues provides tensile strength12.

F.DEGRADATION OF THE ECM

Proteolysis is tightly regulated. Many are secreted as inactive

precursors that are activated when required. In addition, cell surface

receptors bind these proteases, ensuring that these enzymes act only on

sites where they are needed. Finally, protease inhibitors, such as the tissue

inhibitors of metalloproteinase (TIMP), can bind these enzymes and block

their activity.
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3.PHASE OF MATURATION

It involves contraction of the wound. It involves the in-drawing of

the whole of the surrounding skin.Thus the scar area is reduced in size.

Extensive contraction of the wound will result in wound contracture.

wound contracture will limit the physical movement across the contracted

skin. It will result in functional impairment across the area. Examples are

joint contracture causing limitation of movement across the joint. Eye-lid

contracture after burns will result in difficulty in closing the eye-lids which

will in-turn lead to corneal ulceration

The actin appears at day 6 after wounding and persists at high levels

for 15 days and is gone by 4 weeks when the cell undergoes apoptosis. It

appears that the stimulated fibroblast develops a contractile ability related

to formation of cytoplasmic actin-myosin complexes. When this stimulated

cell is placed in the fibroblast-populated collagen lattice, contraction

occurs even faster. The tension that is exerted by the fibroblasts’ attempt at

contraction appears to stimulate the actin-myosin structures in their

cytoplasm.

4.REMODELING PHASE

Finally, tissue remodeling, in which wound contraction and tensile

strength is achieved, occurs in the next 6-12 months. After the third week,
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the wound undergoes constant alterations, known as remodeling, which can

last for years after the initial injury occurred.

Collagen is degraded and deposited in an equilibrium-producing

fashion, resulting in no change in the amount of collagen present in the

wound.  The collagen deposition in normal wound healing reaches a peak

by the third week after the wound is created. Contraction of the wound is

an ongoing process resulting in part from the proliferation of the

specialized fibroblasts termed myofibroblasts, which resemble contractile

smooth muscle cells.

Wound contraction occurs to a greater extent with secondary healing

than with primary healing13. Systemic illness and local factors can affect

wound healing.

COMMON GROWTH FACTORS INVOLVED IN

WOUND HEALING

• Monocyte Chemotaxis - PDGF, FGF, TGF-B

• Fibroblast migration - PDGF, EGF, FGF, TGF-B, TNF’

• Fibroblast proliferation - PDGF, EGF, FGF, TNF’.

• Angiogenesis - VGEF, FGF’

• Collagen Synthesis - TGF-B, PDGF, TNF’.

• Collagenase Secretion - PDGF, FGF, EGF, TNF, TGF-B’.



26

GROWTH FACTORS IN WOUND HEALING

The careful balance between constructive and destructive processes

leads to the normal process of wound healing. Many growth factors and

cytokines play key role in this process of balancing. If the balance

progresses in favour of destruction, delayed healing is the result.
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The recent advances have resulted in interacting with this wound healing

cascade in multiple ways as to speed up this process and result in early

wound healing.

STAGES OF NORMAL CUTANEOUS WOUND HEALING
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AETIOLOGY OF LEG ULCERS

• Venous disease leading to local venous Hypertension

(e.g. Varicose Veins)

• Arterial disease, either large vessel (Atherosclerosis) or

Small Vessel (Diabetes)

• Arteritis associated with autoimmune disease

(Rheumatoid Arthritis, Lupus, etc.,)

• Trauma : could be self-inflicted

• Chronic Infection – Tuberculosis / Syphilis

• Neoplastic – Squamous or basal cell Carcinoma, Sarcoma
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DETERRENTS OF WOUND HEALING

Factors that delay the Wound Healing Process

Local Factors Systemic Factors

• Continued Pressure

• Desiccation and dehydration

• Trauma and Edema

• Infection or Heavy

Colonization

• Necrosis

• Incontinence leading to

maceration.

• Lack of Oxygen delivery  to

the tissues

• Old Age

• Obesity

• Chronic Diseases

(e.g., Diabetes, Anemia)

• Mal-Nutrition

• Vascular Insufficiency

• Immuno Deficiency

• Smoking

• Stress

• Poor Health
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CHRONIC WOUNDS - PATHOPHYSIOLOGY

Chronic wounds are defined as, wounds that fail to proceed in the

orderly process of healing and producing an unsatisfactory anatomical

functional integrity14.

Chronicity of wounds is perpetuated by repeated trauma, hypoxia,

poor perfusion and excessive inflammation. Unresponsiveness to normal

regulatory stimulus of wound healing leading to failure of normal growth

factor synthesis. In chronic wounds, it has been found that there is

increased break down of growth factors with over expression of

proteolytic activity and failure of normal anti-protease inhibitor

mechanisms. There is presence of senescent fibroblasts with poor

proliferative potential and decreased growth factor receptor expression in

chronic wounds15.

DIABETIC WOUNDS

Diabetic ulcers are the major contributors for chronic non-healing

ulcers, which is attributed to neuropathy, foot deformity and ischemia in

long standing diabetes. 60% to 70% diabetic ulcers are due to neuropathy

and 15% to 20% are due to ischemia while the remaining are due to a

combination of both these factors.
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Neuropathy in diabetes is both motor and sensory.It is due to persistently

elevated glucose levels. Motor neuropathy leads to Charcot’s arthropathy,

which is characterized by collapse of inter phalangeal or

metatarsophalangeal joints causing pressure ulcers in unprotected areas.

Sensory loss allows unrecognized injury due to trivial trauma, ill fitting

footwear and foreign bodies.

There is severe micro and macro vascular circulatory impairment

contributing for local hypoxia. Once ulceration occurs, uncontrolled

diabetes results in reduced inflammation, poor angiogenesis and collagen

synthesis. There is an increased rate of wound infection and failure in

diabetic wounds16.

There is defective granulocyte function, fibroblast proliferation

and capillary ingrowth observed in diabetic wounds. Obesity,

hyperglycemia and insulin resistance individually and significantly

contribute to impaired wound healing. Wound healing significantly

improves in patients with good glycemic control, increased oxygen

tension, appropriate antibiotics and correction of co-existing metabolic

abnormalities17.
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Pathogenesis of Diabetic Ulcers.

Diabetes Mellitus

Neuropathy & limited joint mobility

Atrophy of intrinsic muscles & clawing

Pressure transfer from heel & toes to metatarsal heads

No redistribution of pressure

Ulceration18

Predisposing factors for ulceration:

1) Limited joint mobility.

2) Peripheral neuropathy.

3) High plantar pressure.

4) Decreased vascularity
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Grading of Diabetic foot: Wagner's Classification of diabetic

foot.

Grade Clinical features

Grade 0 Normal foot with variable degree of neuropathy. Joint

deformity, foot at risk.

Grade 1 Superficial ulcer, cellulitis

Grade 2 Uncomplicated deep ulcer

Grade 3 Complicated deep ulcer, deep infections, osteomyelitis

Grade 4 Limited necrotizing gangrene

Grade 5 Extensive gangrene

The Diabetic Foot: Medical and Surgical Management:

A. Baseline Approach in Managing the Acute Problem of the

Diabetic Foot:

1. Careful inspection with emphasis on web spaces and back of

heels19.

 Record pulses, venous filling time, rubor

 Record sensation.
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2. Describe lesion

3. Describe Necrotic tissue, probe sinuses with sterile probe to

determine the extent of disease.

4. Culture pus for aerobic and anaerobic organisms

5. Begin with broad spectrum antibiotic until appropriate

antibiotics can be given according to culture and sensitivity.

6. Medical Management of Diabetes - Blood sugar monitoring and

antidiabetic measures to achieve good glycemic control, Doppler

study of vessels.

7. X - ray both feet to exclude osteomyelitis.

8. No weight bearing (Hospitalize with absolute bed rest when

indicated.

Crutches or walker when feasible.)

Principles of Medical Management:

 Pus from ulcers sent for culture and sensitivity.

 Careful monitoring of the blood glucose levels.

 Appropriate antidiabetic measures either insulin

preparations or oral hypoglycemic drugs.
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 Broad spectrum antibiotics to be started at the onset and

change over to other antibiotics depending on the culture and

sensitivity report20.

 Patients with limb threatening infections require

hospitalization. It is most prudent, initially to administer

antibiotics parenterally to ensure adequate serum levels.

Principles of Surgical Management:

 Early recognition and prompt intervention.

 Control of blood glucose

 Complete rest of injured area.

 Careful but complete debridement and drainage of all

involved areas.

 Appropriate antibiotic coverage

 Wound care and dressings

 Appropriate vascular reconstructions

 Careful follow up including podiatric appliances and

modified footwear21.
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 More experienced consultation as necessary.

Wagner Grade 1 foot: These are patients with superficial ulcers and

cellulitis. Infection is controlled with appropriate antibiotics and

debridement if required. Ulcers occur because of repetitive pressures.

Pressure is relieved by complete bed rest, use of total contact cast,

walker, braces etc. Associated vascular insufficiency has to be

corrected by vascular reconstruction.

Wagner Grade 2 and Grade 3 foot: These are patients with deep

ulcers, with or without complications like abscesses and osteomyelitis.

Aggressive surgical debridement, excision of the infected bone and

vascular reconstruction if necessary is the mainstay of the treatment.

To avoid recurrence education about foot care is essential.

Wagner Grade 4 and 5 foot:

These are patients with localized or extensive gangrene. Management

is by appropriate minor or major amputation followed by vascular

reconstruction22.

Surgical Management of diabetic foot

 Antibiotics

 Medical Management of diabetes23

 Dressing change atleast once daily.
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 Surgical debridement, frequently if necessary.

 Consideration for possible arterial reconstruction

 Drainage or open amputation.

Rehabilitation

 Podiatrist for patient education, preventive maintenance,

orthotics, healing sandals and special shoes.

 Nutritionist to advice on diet needs.

 Surgeon to ensure proper wound healing and proper

prosthetics

Physician to make final decision about diabetes management.

 Psychiatrist to return to normal activity.

PREVENTION IS BETTER THAN CURE:

Prevention of ulceration and recurrence once ulceration has

occurred are the ultimate goals of any modern team approach to the

diabetic foot.

Wagner's Grade O: These are the patients who are potentially "at

risk" to develop ulcer or infection due to varying degree of neuropathy

and joint deformities. They need regular assessment annually for

neuropathy and vascular status. Hence the role of proper footwear and
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hygiene cannot be overemphasized. The diabetic patient and his

family must establish a routine for daily foot and shoe inspection and

hygiene. Every patient must be taught to shake his shoes at and

inspect them prior to wearing. Proper hygiene must become a religion.

Washing the feet everyday with mild soap and rinsing and drying

thoroughly especially between the toes are advised.

The physician or health care provider must always set the

example. Controlling blood glucose, weight, and blood pressure;

eliminating smoking; encouraging daily exercises are important.

Periodical neurological and vascular examinations are important.

Early recognition and prompt reporting of a problem are encouraged24.

Local Treatment of Diabetic Foot:

Uncontrolled diabetes affects infection and infection adversely

affects diabetes.

The basic rules in treating any foot infection are:

 Absolute bed rest

 Regulation of diabetes

 Adequate culturing of wound

 Administration of appropriate antibiotics

 Adequate drainage of all infection

 Appropriate wound care.
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Drainage: Drainage means opening all abscesses, probing carefully,

and laying open all sinus tracts, debriding all necrotic tissue and

providing unhindered dependent drainage of pus in the resting foot.

The pus must drain down and out26.

Gas in the tissues can often be felt as crepitus or may be the first

detected on x-ray film. This is a serious finding and must be treated

immediately by open drainage of all infected spaces and prompt i.v.

antibiotics.

Drainage of an infected area may involve amputation of a

necrotic toe or toes or even an open amputation. Such amputations are

drainage procedures primarily. The avascular joints tolerate infection

badly, and ultimately the infected joints in the toes and the feet have to

be removed. When an infected area has been enclosed, it is important

to plan and attempt to salvage tissue for a possible definitive wound

closure.

The basic equipment necessary for bedside foot care is:

1. Sterile debridement set containing

 Sharp scissors for debriding

 Blunt ended needle wound probe

 Smooth forceps

2. Sterile toe nail clippers
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3. Sterile gauze dressings

4. Tube gauze, paper tape, culture tubes

5. Medicines - Povidone iodine 2.5% - Bactericidal

 Dakin's solution (chlorazene 0.25%)

 Bacitracin ointment - antibacterial

 Vaseline gauze

 Normal saline

Dakin's solution: is a chlorine releasing agent that is both bactericidal

and active in loosening necrotic tissue to aid in local debridement.

Dakin's also helps to control fetid odours from severely infected

wounds27.

Open wounds require packing using an unfilled gauze

moistened with a therapeutic solution. Changing packing two or three

times a day is recommended for debridement of a necrotic wound.

Allowing sufficient time between dressing changes gives the packing

time to begin to dry and therefore provide gentle debridement as the

packing is removed from the wound. Unfilled gauze is recommended

for packing wounds. Care must be taken not to pack the wound too

tightly as it tightly obstructs drainage.

A properly applied dressing will not constrict the foot or leg or

slip, possibly causing wound trauma or exposure. Spiralling or
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wrapping the roller gauze in a figure of eight fashion is the best way to

prevent a tourniquet effect and will decrease the risk of compromising

the circulation of the foot.

Routine Foot Dressings:

 Moisten gauze with appropriate solution and pack the wound

gently28. Fashion a heel cup from cut, folded and taped

abdominal pad.

 Fluff two 4 inch gauze sponges over toes.Secure the primary

dressing, including heel cup by using a spiral roller by wrapping

in a figure of eight fashion. Apply paper tape to secure the roller

gauze.

Casts / Splints:

A cast or splint may be applied to immobilize a limb after a skin

graft or to protect the incision and reduce contractures after a below

knee amputation. Applying a rigid plaster cast or splint to any

neuropathic extremity can be hazardous and may cause pressure

sores29.
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Amputation Stump Dressings:

The dressing applied to any amputation stump is fashioned to

meet the needs of the wound. Since most amputation wounds do not

have drains, the dressing is put on more for wound protection than to

collect and contain blood and secretions. A first trans metatarsal

amputation dressing is a bulky standard foot dressing. A posterior

splint may be applied to prevent plantar flexion and thus avoid tension

on the delicate suture line. A below knee amputation (BKA)

requires an extra bulky initial dressing to contain the initial expected

bleeding. Below knee amputations are managed with a posterior splint

that extends from the crease of the buttocks to beyond the end of the

stump. A well padded knee immobilizer is the splint of choice. Knee

flexion is a natural pain relieving action or reflex that, if allowed to

occur, can lead to serious contracture. It is customary to have a patient

with a BKA measured for a prosthesis on the 3rd or 4th post op day.

Depending on the progression of stump healing, a patella bearing

prosthesis may be fitted and patient begins mobilization eight to ten

days postoperatively30.

The initial dressing for an Above Knee Amputation (AKA) is

bulky and similar to the BKA dressing. Splints are not used for AKA

despite the tendency for patients to hold up and flex the painful thigh.
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The stump usually falls down with muscle fatigue, thus decreasing the

tendency for a hip contracture.

Skin graft dressings are usually applied in accordance with the

surgeon's preference. Mesh grafts are the most common split thickness

skin graft. The mesh graft has proved to be the most successful

because the open mesh allows adequate wound drainage.

Bed rest is the first thing in the care of a diabetic foot lesion.

Bed rest must be absolute and continuous. A patient with diminished

circulation who has a painful ischemic foot lesion may be helped by

having the head of the bed elevated to 6-8 inches. This elevation

allows gravity flow of blood to the feet and is known as arterial

position or Reverse Trendelenberg position.

Non-Surgical Modalities to Enhance Healing:

1. Growth Factors

Greater understanding of the healing process at the cellular level

has resulted in the use of growth factors like becaplermin,

recombinant platelet- derived growth factor ,which are produced

through recombinant DNA technology. According to a study by Steed

et al, debridement enhances the effectiveness of becapiermin in

healing chronic neuropathic ulcers.
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2. Human Skin Equivalents

Modern human skin replacement dates back to the 1960s, when

advances in tissue culture technologies led to the cultivation of human

epidermal cells. These were obtained via biopsy of the tissue and

treated with trypsin so that the dermis get separated from epidermis.

The keratinocytes were then grown in vitro to produce sheets of

autologous epidermal tissue. These sheets were fragile, delicate to

handle, and provided only 50 percent to 60 percent permanent take.

New tissue required two to three weeks growth time, and lacked a

dermal component, vital in skin grafting.

More dermis grafted means less wound contracture and

scarring, more tensile strength and better cosmetic results.

Refinements in the development of a matrix led to the development of

Dermagraft, a living, metabolically active, immunologically inert

dermal tissue.

Dermagraft contains normal dermal matrix proteins and

cytokines, and is composed of cultural neonatal fibroblasts grown on a

polyglycolic acid bioabsorbable mesh. As the tissue grows it produces

extracellular proteins and closely resembles human skin.
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Apligraft, another living tissue equivalent, was approved by the

Food and Drug Administration in 1998 for venous leg ulcers.

Apligraft consists of bovine Collagen matrix containing fibroblasts

and connected to a layer of stratified epithelium. The result is a sheet

of tissue with both dermal and epidermal layers, metabolically and

biochemically comparable to human skin. The dermoepidermal

junction is flatter, however, and there are no melanocytes, Langerhans

cells, lymphocyes or hair follicles present.

3. Miscellaneous Topical Agent:

Collagen: Collagen is critical in the proliferative phase of wound

healing.

Exogenous sources of collagen primarily purified bovine

extracts, are available as gels, particles, and in an alginate dressing.

Exogenous collagen provides additional protein for tissue repair. As a

foreign agent it might also revert the chronic wound to an

inflammatory phase, "jump-starting" the healing process.

Hyaluronic Acid: Hyaluronic acid is involved in the structure and

organization of the extracellular matrix and is associated with

increased mitotic activity. It is a highmolecular weight polysaccharide

synthesized in the plasma membrane of fibroblasts and other cells.
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The ability of injured fetal tissues, which are high in Hyaluronic acid,

to heal without scarring has prompted extensive research

Beta Glucan: It is a major cell-wall carbohydrate extracted from

grains such as oats and barley. The biological activity of beta glucan

results from its ability to bind macrophage beta-glucan receptors and

promote macrophage stimulation.

Beta glucan products enhance the activities of not only macrophages

but also neutrophils, natural killer cells, T cells and B cells. Beta

glucan is thought to increase macrophage infiltration, speeding the

onset of fibroplasia and fibrogenesis, stimulation of increased tissue

granulation, and enhanced reepithelialization. Beta glucan is available

as either BCG matrix or Glucan II.

Both are available in multifilament mesh dressings; BCG matrix is

also impregnated with collagen.

Silver Arglaes: Silver compounds are powerful antimicrobials,

useful in promoting healing. Arglaes is an inorganic phosphate similar

to other compounds such as silver nitrate, silver oxide and silver

chloride. It consists of fused sodium and calcium phosphates with

small amounts of silver in the presence of water, these materials

release free silver ions.
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4. Pharmaceuticals:

Oxandrolone: Oxandrolone is an anabolic steroid with a high

anabolic and low androgenic ratio, and has anticatabolic, protein-

sparing properties. Exogenous anabolic agents clubbed with

nutritional intervention can result in a threefold to fourfold higher rate

of protein synthesis than with nutritional interventions alone.

5. Devices

Vacuum Assisted Closure(VAC): Argenta and Morykwas

determined that intermittent negative pressure at 125 mmHg promoted

wound healing by improving blood flow, granulation tissue growth

rates and nutrient flow while reducing bacterial levels. Based on these

findings, Kinetic Concepts (San Antonio, Texas) developed the VAC

system. The VAC consists of a wound dressing (a charcoal -

impregnated sponge - like material) connected by tubing to a wound

canister, with a pump that creates negative pressure. A transparent

drape or film over the dressing establishes the seal needed to create a

vacuum. The pump can be adjusted for various levels of intermittent

or continuous pressure. Exudate is collected in the cainster. The VAC

also is said to reduce edema.
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Radiant Heat Bandage: Heat therapy has long been employed,

especially for musculoskeletal conditions, but it has not been widely

used as a wound healing modality. Heat increases local blood flow,

subcutaneous oxygen tension which improve healing mechanisms. In

clinical studies by Santilli and Robinson on patients with venous leg

ulcers, those who used radiant heat bandage devices reported

significant decreases in both wound size and pain across two weeks

with no adverse effects.

Topical Hyperbaric Oxygen Therapy:

The therapy is based on achieving an atmospheric pressure of

1.02 to 1.03 atmos, which is thought to stimulate fibroblast, growth,

collagen formation and neoangiogenesis. This provides a lethal

environment for anaerobes, often a normal part of the diabetic foot's

flora. Topical hyperbaric oxygen is administered using a sealed

polyethylene bag over the affected area and administering 100 percent

oxygen to a pressure between 20 and 30 mmHg. Treatments last 2 to 2

and a half hours.
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Dressings:

Most foot infections do not require extensive incisions

debridement, yet the principles must always be remembered.

Dressings are used to serve the following purposes.

 Contain wound drainage.

 Debride a wound

 Protect an area from trauma

 Protect an area from contamination

 Promote proper wound healing

Classification of Dressings:

Wound dressings have evolved over the years on the principles

of providing protection to wound raw surface, absorbing exudates,

controlling infection and promoting granulation tissue formation and

creating ideal environment for healing.

There are two major categories in dressings:

1. Short term application: we should replace these dressings

frequently

2. Long term or skin substitutes:

Temporary : these are applied till complete healing. Used in

partial thickness wounds
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Semi-Permanent : these are used till autografting. Used over

full thikness wounds.

They are classified as conventional, synthetic, biological, based

on material used for preparation. Each further divided into :

Primary Dressing :Which is in physical contact to the wound

bed.

Secondary Dressing :Primary dressings are covered with these

dressings.

 Island Dressing : At the central region there is absorbent part,

adhesive part surrounds the central portion.

Conventional Dressings:

Fabric materials like gauze are used, but these allow moisture

to evaporate and dries the desiccated wound bed. It also causes

exogenous bacteria to enter the wound. Some used paraffin soaked

dressings. This also led to development of usage of antibacterial

agents like polymyxin , carbolic acid in combination with dressings.

A. Synthetic Dressings:

1. Films : these are polymer sheets with adhesive coated on one

side. Polyurethane, polyethylene, dimethyl aminoethyl methacrylate,

polytetra fluoroethylene are commonly used. Used in superficial

wounds. But causes accumulation of wound fluid, due to
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impermeability to water vapour and gases, and lack of absorbing

capacity. Thus leading to leakage and entry of exogenous bacteria.

2. Foams and sprays: Polymers of polyvinyl alcohol and

polyurethane are converted to foam solutions and are used for

dressings. They are better than film dressings. They provide thermal

insulation and keep the surface moist. They are permeable to gas.

They are non adherent also.  Silastic foam and lyofoam are examples.

Spray dressings are co polymers of certain compounds, eg: hydroxyl

vinyl chloride acetate modified maleic acid ester is polymerised to

form Aeroplast.

3. Composite dressings:This dressing consists of more than one

layer. Durability and elasticity maintained by outer layer. And inner

layer maintains the adherence.

They are classified as:

a. Hydrocolloid dressings:These contain mixture of gelling

agents and elastomeric adhesive. Commonly used absorptive agent is

Carboxymethyl cellulose.

b. Hydrogel sheets:These are hydrophilic polymers made into

sheets of 3 dimensional networks.polyethylene oxide, polyacrylamide

and polyvinylpyrrolidine are usually used. Used in thermal burns

because of their cooling ability. Eg: Vigilon.
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c. Hydrogel Amorphous :They are similar to hydrogel, but there

isn’t any crosslinking between the polymers. Collagen or complex

carbohydrates are present in small amounts. They give moisture to

dry wound eschar and also promotes autolytic debridement

d. Super Absorbents : examples are Combiderm, Convatec.

e. Gels : examples are HEMA, Hydran, Geliperm etc.

Above mentioned dressings usually act as a temporary covering. In

large burns injuries these are combined with alternative wound

closure techniques.

C. Biological Dressings:

They are obtained naturally from tissues and are combined with

collagen lipid and elastin in various formulations. Their main

advantages over synthetic dressings are:

1. Prevent dehydration of wound by restoring a water vapour

barrier.

2. Lessen heat loss by evaporation

3. Exudative loss of protein and electrolytes are reduced.

4. Contamination of wound by organism are prevented.

5. Change of dressings are less painful.

6. Joint mobility is maintained.

7. Wound debridement can be done.
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8. Autografting made easy by creating good granulation.

9. Reduce the healing time and

10.Healing quality is improved and contraction of tissues are

decreased.

Other Biological dressings which are used are

allografts,embryonic membranes, skin of foetus/neonate, fibrin, grafts

from cultured epidermis/dermal matrix, bovine collagen is

reconstituted to films. Hetero-grafts from pigs and dogs are also used.
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MATERIALS & METHODS

This is a randomized, comparative interventional study carried out in

Tirunelveli Medical College Hospital from March 2017 to June 2018. The

study was approved by the Institution ethical committee. The study group

comprised of hundred patients with ulcers due to diabetes mellitus, wound

infections and post operative wound ulcers,traumatic ulcers,burn ulcers

and venous ulcers

Patients were selected, randomized and divided into two groups.

• Group-A: 50 patients treated with topical silver dressing

• Group-B: 50 patients treated with conventional normal saline

dressing.

METHOD OF DATA COLLECTION:

Clinical assessment done during time of inclusion

• Complete history and detailed examination done at inclusion

• Ulcer and devitalized tissue accurately assessed

• Measurement of ulcer using sterile gauze and graph paper

• Area of ulcer calculated in Sq.mm

INCLUSION CRITERIA:

Patients aged more than 20 years

• Wagners ulcer grade-II and grade-III

• Duration of ulcer 3 weeks & above

• Size of ulcer less than 15X15 cm
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• Patients giving consent for topical silver application

WAGNERS ULCER GRADE

• Grade-I: Superficial ulcers

• Grade-II: Deep ulcers upto subcutaneous tissue exposing soft

tissue or bone

• Grade-III: Abscess formation underneath / osteomyelitis.

• Grade-IV: Gangrene of part of tissue / limb / foot.

• Grade-V: Extensive gangrene.

EXCLUSION CRITERIA:

Ulcers with severe active infections

• Wagners ulcer grade more than III

• X-Ray features of underlying osteomyelitis

• Diabetic foot with major vascular disease

• Uncontrolled diabetes mellitus

• Patients with hepatic, renal and haematological diseases

which impair wound healing

• Patients on immunosuppressive drugs, long term steroid

therapy, radio therapy or chemotherapy.

INVESTIGATIONS:

• Complete blood count

• FBS and PPBS

• Renal function test
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• Liver function test

• Wound culture and sensitivity

• X-Ray of involved part

• Doppler scan, if vascular compromise is suspected

MATERIALS USED FOR STUDY

Silver nanocrystalline gel

(Containing 32 ppm of colloidal silver in a gel base)

TREATMENT PHASE:

• Patients were randomized using computer generated random

table after stabilization of ulcer.

• All patients during initial treatment phase underwent surgical

debridement and devitalised tissue was removed.

• Daily cleaning and dressing done till ulcer became stable (i.e.,

no progression in size of ulcer)

• Good glycemic control was achieved in diabetic patients and

maintained throughout the treatment phase.

• Culture and sensitivity was done during the phase and

appropriate antibiotics were started.

• Patients were assessed at 0(randomization), 1, 2, 3weeks

• Reduction in slough, reduction in ulcer size and progression

in healthy granulation tissue formation noted weekly.
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• Induration, discharge and odour were noted weekly during

this phase.

• Safety and tolerability of the study was closely monitored and

assessed by questioning the patients regarding pain, itching and

hypersensitivity reaction during the treatment phase.

• Study group received silver nanocrystalline gel which was

applied to one fourth thickness of shallow wounds or

completely fill deep wounds.It was then covered with

secondary dressing such as gauze or pad depending on the

wound drainage

• Control group received conventional dressing with sterile

gauze soaked with normal saline (0.9%) over the wound.

The following parameters were assessed

• Slough and discharge

• Formation of healthy granulation tissue

• Wound size(initial wound size and final wound size were

measured in mm2 and final reduction in wound size was

expressed in %

• Pus culture at 0,1,2,3 weeks

The results in the study and control groups were compared and analysed in

terms ofPresence of slough and discharge at the end of 3 weeks

• Formation of healthy granulation tissue at the end of 3 weeks
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• Pus culture positive or negative at weeks 1,2,3.

• Percentage Reduction in wound size at the end of 3 weeks.
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OBSERVATIONS AND RESULTS

TABLE 1: AGE DISTRIBUTION

Age group

Study group Control group

Frequency Percent Frequency Percent

21-30 1 2 1 2

31-40 0 0 4 8

41-50 10 20 5 10

51-60 12 24 12 24

61-70 22 44 16 32

71-80 5 10 12 24

Majority of patients in the study were in the age group of 61-70

years44% from the study group;32% from the control group were in the

age group of 61-70 years
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TABLE 2: GENDER DISTRIBUTION

Gender

Control group

Frequency Percent Frequency Percent

Male 26 52 25 50

Female 24 48 25 50

There were 52% males in the study group and 50% males in

the control group. There were 48% females in the study group and

50% females in the control group
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TABLE 3: DURATION OF ULCER

Duration of

Ulcer(in weeks)

Study group Control group

Frequency Percent Frequency Percent

9-12 13 26 19 38

13-16 17 34 23 46

17-20 14 28 5 10

21-24 6 12 3 6

34% of patients in the study group and 46% of patients in the control group

had duration of ulcer from 13-16 weeks. There was no significant

difference in the study and control groups in terms of duration of ulcer

distribution.(p value 0.063)
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TABLE 4 :AETIOLOGY OF ULCER

Etiology Diabetic Venous Traumatic Burns Pressure Post

infective

Nos % Nos % Nos % Nos % Nos % Nos %

Cases 37 74 1 2 3 6 1 2 7 14 1 2

Control 33 66 1 2 8 16 2 4 6 12 0 0

Majority of patients with non healing ulcers have diabetic origin

74% patients in the study group have diabetic origin
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66 % Patients in the control group have diabetic origin
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TABLE 5:SITE OF ULCER

Site Dorsal Plantar Medial

Malleoli

Lateral

Malleoli

Sacrum

Nos % Nos % Nos % Nos % Nos %

Cases 14 28 25 50 8 16 3 6 0 0

Control 15 30 26 52 5 10 3 6 1 2

The most common site of nonhealing ulcers in the study was the plantar

aspect of foot50% cases in the study group have ulcers in the plantar aspect

of foot
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52% in the control group have ulcers in the plantar aspect of foot
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TABLE 6:GRADING OF ULCER

grade of Ulcer

Study group Control group

Frequency Percent Frequency Percent

Grade 2 21 42 21 42

Grade 3 29 58 29 58

42% of patients in the study group have grade 2 ulcers and 58%

have grade 3 ulcers (based on wagners grading)

42% of patients in the control group have grade 2 ulcers and 58%

have grade 3 ulcers (based on wagners grading)
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TABLE 7:ORGANISM CULTURED

Organism SA PM PA KP EC

Nos % Nos % Nos % Nos % Nos %

Cases 22 44 16 32 4 8 6 12 2 4

Control 29 58 14 28 4 8 2 4 1 2

The most common organism isolated from the wound in the study group

was staph aureus44%
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The most common organism isolated from the wound in the control group

was staph aureus 58%
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TABLE 8:SLOUGH AND DISCHARGE

Slough& discharge(at 3rd

week)

Study group Control group

Frequenc

y

Percen

t

Frequenc

y

Percen

t

No 44 88 28 56

Yes 6 12 22 44

Only 12% of patients in the study group had slough and discharge at

the end of 3 weeks whereas 44% patients in the control group had

slough and discharge at the end of 3 weeks
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TABLE 9:GRANULATION TISSUE FORMATION

Healthy granulation tissue

(at 3rd week)

Study group Control group

Frequency Percent Frequency Percent

No 10 20 36 72

Yes 40 80 14 28

40% of patients in the study group and 14% in the control group had

healthy granulation tissue at the end of 3 weeks
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TABLE 10:CULTURE POSITIVITY AT WEEK 1

Positive Culture in Week 1

Study group Control group

Frequency Percent Frequency Percent

No 31 62 22 44

Yes 19 38 28 56

62% patients in the study group and 44% patients in the control group were

culture negative at the end of 1st week.
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TABLE 11:CULTURE POSITIVITY AT WEEK 2

Positive Culture in Week 2

Study group Control group

Frequency Percent Frequency Percent

No 43 86 38 76

Yes 7 14 12 24

-86% patients in the study group and 76% patients in the control

group were culture negative at the end of 2nd week.
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TABLE 12:CULTURE POSITIVITY AT WEEK 3

Positive Culture in Week 3

Study group Control group

Frequency Percent Frequency Percent

No 48 96 42 84

Yes 2 4 8 16

-96% patients in the study group and 84% patients in the control

group were culture negative at the end of 3rd week.
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TABLE 13:GROUP STATISTICS

group N Mean
Std.

Deviation

age
Study Group 50 60.68 11.92

Control Group 50 60.48 13.47

dura_ulcer
Study Group 50 15.64 4.13

Control Group 50 13.66 3.63

The mean age in the study group was 60.68 years and in the control group

was 60.48 years.

There was no significant difference between the two groups.

The mean duration of ulcer in the study group was 15.64 weeks and in the

control group was 13.66 weeks
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TABLE 14 :GROUP * GENDER CROSSTABULATION

gender

P valueMale Female

group Study Group 26 24

0.841Control Group 25 25

Total 51 49

In study group A,52% are males and 48% are females.

In control group B,50% are males and 50% are females.

No significant difference between the two groups with respect to gender.
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TABLE 15:group * duration of_ulcer_group Crosstabulation

dura_ulcer_group P

value1.00 2.00 3.00 4.00

group Study Group 13 17 14 6

0.063Control Group 19 23 5 3

Total 32 40 19 9

TABLE 16: group * grade Crosstabulation

grade

P valueGrade 2 Grade 3

group Study Group 21 29

1.000Control Group 21 29

Total 42 58

There was no significant difference in the duration and grade of ulcer in

the study and control group



77

TABLE 17: GROUP * GRANULATION TISSUE

Granulation

P valueNo Yes

group Study Group 10 40

<0.0001Control Group 36 14

Total 46 54

40% of patients in the study group and 14% in the control group had

healthy granulation tissue at the end of 3 weeks.There was significantly

higher healthy granulation tissue formation in the study group (p value

<0.0001).

TABLE 18: GROUP * SLOUGH

slough P value
No Yes

group Study Group 44 6 <0.0001

Control Group 28 22

Total 72 28

Only 12% of the patients in the study group had slough and discharge at

the end of 3 weeks whereas 44% patients in the control group had slough

and discharge at the end of 3 weeks.The study group had significantly

reduced slough and discharge at the end of 3 weeks(p value < 0.0001).
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TABLE 19: PUS CULTURE AT WEEK 1

culture__week1_positive P valu e

No Yes
group Study Group 31 19 0.071

Control Group 22 28
Total 53 47
There was no significant difference in culture negativity at the end of 1st

week. (p value 0.071)

TABLE 20:PUS CULTURE AT WEEK 2

culture_week2_positive P valu e

No Yes
group Study Group 43 7 0.202

Control Group 38 12

Total 81 19

There was no significant difference in culture negativity at the end of 2nd

week. (p value 0.202)

TABLE 21: PUS CULTURE AT WEEK 3

culture_week3_positive P valu e

No Yes
group Study Group 48 2 0.046

Control Group 42 8

Total 90 10

There was a significant difference in culture negativity at the end of 3rd

week. (p value 0.046)
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TABLE 22: AREA OF REDUCTION

Area of
Reduction CONTROL STUDY

Mean S.D Mean S.D P value

D 18.99 15.44 43.62 9.49 <0.0001

P 19.95 13.77 40.75 5.63 <0.0001

MM 10.92 2.32 42.71 9.62 <0.0001

LM 13.81 6.75 42.5 3.63 0.003

Area of Reduction Mean S.D P value

CONTROL 18.37 13.43

<0.0001STUDY 41.97 7.41

Study group had better area of reduction of 41.97%(SD-7.41)as

compared to the control group,the mean area of reduction was 18.37%(SD-

13.43).These was found to be statistically significant on independent

sample T test(p<0.0001)
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DISCUSSION

 A randomized comparative interventional study was carried out in

Tirunelveli medical college hospital from march 2017 to June 2018.

 It comprised of 100 patients with non healing ulcers due to various

origin.

 Patients were selected, randomized and divided into two groups.

 The study group A: 50 patients treated with topical silver dressing

 The control group B: 50 patients treated with conventional normal

saline dressing.

 Inclusion and exclusion criteria were setup.

 Daily cleaning and dressing were done in both groups for a period of

3 weeks.

 The results in the study and control groups were compared and

analysed in terms of

 presence of slough and discharge at the end of 3 weeks

 formation of healthy granulation tissue at the end of 3 weeks

 percentage reduction in wound size at the end of 3 weeks

 pus culture positive or negative at weeks 1,2,3.

 Majority of patients in the study were in the age group of 61-

70years.

 44% from the study group and 32% from the control group were in

the age group of 61-70years.the mean age in the study group was
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60.68 years and in the control group was 60.48 years. There was no

significant difference in the study and control groups in terms of age

distribution.

 There were 52% of males in the study group and 50% males in the

control group.

 There were 48% females in study group and 50% females in the

control group.

 There was no significant difference in the study and control groups

in terms of gender distribution.(p value 0.841)

 34% of patients in the study group and 46% of patients in the control

group had duration of ulcer from 13-16 weeks. There was no

significant difference in the study and control groups in terms of

duration of ulcer distribution.(p value 0.063)

 Majority of patients with non healing ulcers had diabetic origin.74%

patients in the study group and 66% patients in the control group had

diabetic origin.

 The most common site of non healing ulcers in the study was the

plantar aspect of the foot.

 50% cases in the study group and 52% in the control group had

ulcers in the plantar aspect of foot.

 Majority of patients had Grade 3 ulcers(wagners grading).
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-58% of patients both in the study and control group had Grade 3

ulcers.

42% of patients in the study and control group had Grade 2 ulcers.

The most common organism isolated from the wound in both study

and control groups was Staph aureus

>Study group – 44%

>Control group – 58%

 Only 12% of the patients in the study group had slough and

discharge at the end of 3 weeks whereas 44% patients in the control

group had slough and discharge at the end of 3 weeks.

 The study group had significantly reduced slough and discharge at

the end of 3 weeks (p value < 0.0001).

 40% of patients in the study group and 14% in the control group had

healthy granulation tissue at the end of 3 weeks. There was

significantly higher healthy granulation tissue formation in the study

group (p value <0.0001).

 62% patients in the study group and 44% patients in the control

group were culture negative at the end of 1st week. There was no

significant difference in culture negativity at the end of 1st week.

(p value 0.071)

 86% patients in the study group and 76% patients in the control

group were culture negative at the end of 2ndweek.There was no
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significant difference in culture negativity at the end of 2nd week. (p

value 0.202)

 96% patients in the study group and 84% patients in the control

group were culture negative at the end of 3rd week. There was a

significant difference in culture negativity at the end of 3rd week. (p

value 0.046)

 Study group had better area of reduction of 41.97%(SD 7.41) as

compared to the control group. The mean area of reduction was

18.37%, (SD 13.43).There was a significant reduction in the wound

size in the study group(p value < 0.0001).
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SUMMARY

The management of non healing ulcers is the challenging issue.

Delayed healing of wounds is the major problem in the community besides

causing morbidity and disability in the patient, burden on our health

resources.

Silver containing topical preparations has a positive impact on

wound healing by enhancing granulation tissue formation, reducing slough

and discharge and acting as a anti microbial agent and reducing the wound

size.

The present interventional study involved 100 cases of non healing

ulcers of various origin that fulfilled the inclusion criteria.

 Majority of patients in the study were in the age group of 61-

70years.

 There were 48% females in study group and 50% females in

the control group

 34% of patients in the study group and 46% of patients in the

control group had duration of ulcer from 13-16 weeks

 Majority of patients with non healing ulcers had diabetic

origin.

 74% patients in the study group and 66% patients in the

control group had diabetic origin.
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 The most common site of non healing ulcers in the study was

the plantar aspect of the foot.

 50% cases in the study group and 52% in the control group

had ulcers in the plantar aspect of foot.

 Majority of patients had Grade 3 ulcers (wagners grading).

 58% of patients both in the study and control group had Grade

3 ulcers

 The most common organism isolated from the wound in both

study and control groups was Staph. aureus

 The study group had significantly reduced slough and

discharge at the end of 3 weeks (p value < 0.0001).

 There was significantly higher healthy granulation tissue

formation in the study group (p value <0.0001).

 There was a significant difference in culture negativity at the

end of 3rd week. (p value 0.046)

 There was a significant reduction in the wound size in the

study group (p value < 0.0001).
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CONCLUSION

The result of the study appear to show more favourable results for

topical silver dressing group than for conventional dressing. It can be used

as an adjunct to conventional mode of treatment (conventional dressings

and debridement)

However, the results are highly significant, the strength of evidence

depend upon the study design.

The results of the study justify further research into the use of

topical nanosilver preparations in treatment of various wounds and ulcers.

Topical silver dressings

 Reduce slough and discharge

 Induces healthy granulation tissue formation

 Improves pus culture sensitivity

 Reduces wound size considerably



CLINICAL PHOTOGRAPHS

TOPICAL SILVER GEL USED IN THE STUDY



BEFORE

AFTER



BEFORE

AFTER



BEFORE

AFTER



BEFORE

AFTER



BEFORE

AFTER



BEFORE

AFTER



BEFORE

AFTER



BIBLIOGRAPHY
1. lansdown abg. A review of the use of silver in wound care:facts and

fallacies. Br j nurs.2004

2. parsons d,bowler pg,myles v,jones s.silver antimicrobial dressings in

wound management 2005

3. woodward m.silver dressings in wound healing:what is the evidence?

Primary intention. 2005

4. coates ar , halls g, hu y.novel classes of antibiotics or more or the same?br

j pharmacol 2011

5. percival sl , bowler p, russell d. Bacterial resistance to silver in wound

care.j hosp inf.2005

6. yang ej ,jang j,kim s,choi i h.silver nanoparticles as a antimicrobial

agent.journal of bacteriology and virology.2012

7. Hopkinsons molecular components of extracellular matrix. J.Wound care

1992,1:54 to 54

8. Locono J.A, Erlich H.P, Gottrup F wound biology and management 1998 10-

22

9. Young T. Debridement – Is it time to revisit clinical practice – 2011 : 24:28

10. A Brief History of Wound Healing. Yardley P.A 1998.

11. Fish F, Dawson J.O, Surgical Dressings, Ligatures & Sutures London 1967.

12. Pollock S. Wound Healing: A Review II 1982; 9; 14 – 61.



13. Winter G.D. Formation of scab & rate of epithelialization of wounds in young

domestic pig. Nature 1962; 193; 293 – 294.

14. Varghese M.C, Balin A.K, Carter M, et al. Local environment of chronic

wounds under synthetic dressings 1986; 122; 52 – 57 Arch Dermatol.

15. Hunt T.K, Zederfield B, Oxygen & Healing A M J Surg 1969; 118; 521 – 525.

16. Alvarez O. Moist environment: Matching the dressing to the wound. Wounds

1989; 1: 35 – 51.

17. Barnett A, Berkowitz RL, Mills R, et al.  A M J Surg 1983; 145;1;35-51.

18. Schwartz’s Principles of Surgery – 10th Edition

19. Lobmann R. et al, Expression of Matrix metalloproteinases & their inhibition

in the work of diabetic and non diabetic patients.  Diabetology 45; 1011, 2002.

20. Stanley A, Osler T. Senescence & healing rates of venous ulcer. J Vasc Surg

33; 1206, 2001.

21. Kim BC et al, Fibroblasts from chronic wounds show altered TGF – β
signaling & decreased TGF – β type II receptor expression, J Cell Physiol

195; 331 ; 2003.

22. Cruse JE, Ford KA; A prospective study of surgical wounds Arch – Surg 107

; 206 ; 1973.

23.Yue DK, McLennan et al, Effects of experimental diabetes, uremia &

malnutrition on wound healing. Diabetes 36 : 295 ; 1987

24.Grief et al; Supplemental perioperative oxygen to reduce incidence of

Surgical wound infection. N Eng J Med 342; 161; 2000.



25.Oxford English Dictionary.

26.O’ Brien M, Exploring methods of wound debridement J.Comm 2002; 7;

10-18.

27.Falanga V, Eaglstein WH, Trap hypothesis of venous ulceration  Lancet

1993: 341: 1006-8.

28.Mulder GD, Van de Berg JS. Cellular senescence and matrix

metalloproteinase, activity in chronic wounds JAPMA 2002; 1992; 34-37.

29.Hunt DK, Hussain Z, Physiology of wound healing. Adv skin wound care

2000; 13(2) 6-11.

30.Margolis DJ, Berlin JA, Strong BL, which venous ulcer will heal with limb

compression bandage?  Amj med 2000; 109(1); 15-9.



PROFORMA

NAME     : AGE     :

SEX :

IP NUMBER :

SOCIO ECONOMIC STATUS :

CHIEF COMPLAINTS :

COMORBID CONDITIONS :

PAST HISTORY :

ULCER (Examination):

• Duration

• Site

• Size

• Number

• Discharge

• Margins & edges

• Induration

INVESTIGATIONS:

• Haemoglobin

• Total counts

• Differential counts



• RFT

• LFT

• Culture & Sensitivity

• X Ray ( if required )

TYPE OF DRESSING:

 Topical silver
 Conventional saline

ASSESSMENT OF TREATMENT:

1st Week 2nd Week 3rd Week
Reduction in size

Reduction in slough

Granulation tissue

Pus culture and
sensitivity

Over-all clinical
response

Side Effects





Key for using the master sheet:

M : Male

F : Female

mm2 : millimetre square

D : Dorsal

P : Plantar

MM : Medial Malleoli

LM : Lateral malleoli

SA : Staphylococcus Aureus

KP : Klebsiella Pneumonia

PM : Proteus Mirabilis

PA : Pseudomonas Aeruginosa

EC : Eschericia Coli
CP+ Culture positive
G+ Granulation Tissue formation
IA Initial Area
FA Final Area



Sl.No NAME AGE SEX IP NO ETIOLOGY
LIMB

AFFECTED
GROUP

duration in
weeks

GRADE
slough &
Sischarge

GRANULA
TION

INITIAL
AREA in
mm2

FINAL
AREA in

mm2

IA-FA =
CA
(controlle
d area)
mm2

AREA OF
REDUCTI
ON  in %

1ST WEEK
2ND

WEEK
3RD

WEEK

1 PUTHURAJA 53 M 33793
DIABETIC
FOOT D A 10 2 G+ 1496.05 436.02 1060.03 70.8 SA CP+

2 ESAKKI 47 M 84412
DIABETIC
FOOT D A 14 3 G+ 1386.6 642.4 744.2 53.6 SA

3 MARIAAPAN 50 M 85228
DIABETIC
FOOT P A 16 3 G+ 2292.05 1122.89 1169.15 51 SA CP+ CP+

4 MARAGATHAM 67 F 90814
DIABETIC
FOOT P A 12 2 + 3181.93 2060.76 1121.17 35.2 PM

5 JANAKI 55 F 91107
VENEOUS
ULCER P A 16 3 G+ 2192 1322.87 869.12 39.6 SA

6 JANAKIAMMAL 80 F 92051
TRAUMATI
C ULCER MM A 19 2 G+ 1090.55 432.22 658.33 60.3 SA CP+

7 KALI 50 M 92207
PRESSURE
ULCER D A 9 3 G+ 2735.65 1656.43 1079.22 39.4 PM

8 MURALI 54 M 92387
DIABETIC
FOOT D A 14 3 G+ 1563.08 942.36 620.71 39.7 SA

9 MUTHU
65 M 33793

POST
INFECTIVE
ULCER

MM A 21 2 G+ 2536.97 1625.69 911.28 35.9 SA
CP+

10 PARIPOORNAM 57 F 36024
TRAUMATI
C ULCER MM A 17 3 + 1535.73 989.14 546.59 35.5 SA

11 AYYERAM 42 M 35958
PRESSURE
ULCER D A 16 3 G+ 1432.38 881.68 550.7 38.4 SA CP+

12 MUTHU 65 M 37472
DIABETIC
FOOT D A 15 3 G+ 2293 1122.82 1170.18 51 PM

13 RAJENDRA PILLAI 56 M 39233 BURNS D A 18 2 G+ 3191.83 2067.93 1123.9 35.2 PM

14 RAMALAKSHMI 62 F 39444
PRESSURE
ULCER MM A 15 3 G+ 2392 1422.87 969.12 40.5 SA CP+ CP+ CP+

15 KULALAMANI 70 F 34559
DIABETIC
FOOT MM A 19 2 G+ 1191.66 532.22 659.44 55.3 PM

16 SELVI 66 F 92207
PRESSURE
ULCER P A 12 3 G+ 2835.65 1756.43 1079.21 38.05 PA

17 MOOKANDI 68 M 94141
DIABETIC
FOOT P A 18 3 G+ 1633.08 1042.36 620.71 37.32 SA

18 MURUGAN 53 M 94758
DIABETIC
FOOT P A 13 3 2537.9 1725.69 812.28 32 PM

19 MUTHUKUMAR 18 M 1028
DIABETIC
FOOT LL A 23 2 G+ 3233.13 1923 1310.13 40.5 SA CP+

20 ELIZA 48 F 2408
DIABETIC
FOOT MM A 24 3 G+ 3563 2110 1453 40.7 PA

21 VADIVU 50 F 5957
DIABETIC
FOOT D A 14 2 G+ 3543.93 2293.45 1250.4 35.28 PM

22 MARIAMMAL 67 F 5958
DIABETIC
FOOT P A 11 2 2369.83 1372.29 997.53 42.09 SA

CASES GROUP



Sl.No NAME AGE SEX IP NO ETIOLOGY
LIMB

AFFECTED
GROUP

duration in
weeks

GRADE
slough &
Sischarge

GRANULA
TION

INITIAL
AREA in
mm2

FINAL
AREA in

mm2

IA-FA =
CA
(controlle
d area)
mm2

AREA OF
REDUCTI
ON  in %

1ST WEEK
2ND

WEEK
3RD

WEEK

23 SUBITHA 55 F 6454
DIABETIC
FOOT P A 17 3 G+ 3487.83 2108.77 1379.08 39.54 EC CP+ CP+ CP+

24 SHANMUGAVEL 70 M 8412
DIABETIC
FOOT P A 13 2 G+ 3425.44 1971.57 1453.87 42.4 KP CP+

25 CHELLAPA 70 M 9249
DIABETIC
FOOT D A 10 2 G+ 2194.93 1241.01 953.91 43.4 PM

26 PAPATI 80 F 9247
DIABETIC
FOOT P A 18 3 G+ 2425.62 1393.67 1031.95 42.5 KP CP+

27 JINETH 65 F 41115
DIABETIC
FOOT P A 9 2 G+ 3333.13 2023 1310.13 39.3 SA

28 MARIAPPAN 53 M 41456
DIABETIC
FOOT P A 16 2 G+ 3663.1 2110.1 1553 42.3 PA

29 PAUL MUTTAIH 70 M 44688
DIABETIC
FOOT MM A 13 3 + 3698.93 2373.45 1325.47 35.8 PM CP+ CP+

30 VINCENT 55 M 44699
DIABETIC
FOOT LL A 22 2 G+ 2399.83 1432.27 967.53 40.3 SA

31 GNANRANI 65 F 44976
DIABETIC
FOOT D A 20 3 G+ 3587.83 2208.74 1379.08 38.4 PM

32 SAMUTHRAKANIINDRANI 70 F 44052
DIABETIC
FOOT D A 15 3 + 3429.82 1871.59 1558.22 45.4 SA CP+

33 INDRANI 70 F 50542
DIABETIC
FOOT P A 19 3 G+ 2174.93 1242.01 932.92 42.8 EC

34 MICHEAL 62 M 50502
DIABETIC
FOOT P A 10 3 2392.63 1293.67 1098.96 45.9 PM CP+

35 MURUGESHAN 69 M 31613
DIABETIC
FOOT P A 14 2 G+ 3546.63 1493.67 2052.96 57.88 PA

36 KOMBAN 70 M 9531
DIABETIC
FOOT P A 11 3 G+ 2533.94 1598 935.94 36.93 SA

37 AMUTHA 52 F 10128
PRESSURE
ULCER P A 20 2 G+ 2533.76 1617.93 915.83 36.14 PM CP+

38 ASHRAF ALI 75 M 8129
DIABETIC
FOOT P A 23 3 G+ 3316.07 1829.88 1486.18 44.81 KP

39 SHIEK PEER 67 M 13056
DIABETIC
FOOT P A 16 2 2532.84 1440.97 1091.87 43.1 PM CP+

40 MANDA KANNU 50 M 14695
DIABETIC
FOOT P A 12 3 + 3331.93 2101.91 1230.02 36.9 KP

41 ESAKKIAMMAL 50 F 18522
PRESSURE
ULCER P A 15 2 G+ 2636.84 1692.39 944.44 35.8 SA

42 MURUGESAN 65 M 42110
TRAUMATI
C ULCER P A 9 3 G+ 1635.73 990.23 645.49 39.4 PM CP+ CP+

43 RAJA NARAYANAN 49 M 44383
PRESSURE
ULCER MM A 19 2 G+ 3231.93 2010.91 1221.02 37.7 SA CP+

44 GNANASUNDARI 85 F 51606
DIABETIC
FOOT LL A 11 3 G+ 2535.83 1350.19 1185.63 46.7 KP

45 RAMALAKSHMI 80 F 53222
DIABETIC
FOOT P A 19 3 G+ 3216.07 1739.28 1476.79 45.91 PM



Sl.No NAME AGE SEX IP NO ETIOLOGY
LIMB

AFFECTED
GROUP

duration in
weeks

GRADE
slough &
Sischarge

GRANULA
TION

INITIAL
AREA in
mm2

FINAL
AREA in

mm2

IA-FA =
CA
(controlle
d area)
mm2

AREA OF
REDUCTI
ON  in %

1ST WEEK
2ND

WEEK
3RD

WEEK

46 SURIYAKANI 59 F 53372
DIABETIC
FOOT D A 10 3 G+ 2423.95 1498.09 925.86 38.1 PM

47 FRANCIS 67 M 40800
DIABETIC
FOOT D A 20 2 G+ 2425.62 1393.67 1031.95 42.5 SA CP+ CP+

48 MEENATCHI 52 F 40814
DIABETIC
FOOT D A 15 3 + 3487.83 2108.74 1379.08 39.5 KP

49 PARVATHY 70 F 90854
DIABETIC
FOOT P A 23 3 G+ 2550.02 1550 1000.02 39.2 SA CP+ CP+

50 SHENBAGAM 46 F 91104
DIABETIC
FOOT P A 17 2 G+ 1896.04 1294.04 602 32.7 SA



Sl.No NAME AGE SEX IP NO ETIOLOGY
LIMB

AFFECTED
GROUP

duration in
weeks

GRADE
slough &
Sischarge

GRANULA
TION

INITIAL
AREA in
mm2

FINAL
AREA in

mm2

IA-FA =
CA
(controlle
d area)
mm2

AREA OF
REDUCTI
ON  in %

1ST WEEK
2ND

WEEK
3RD

WEEK

Sl.No NAME AGE SEX IP NO ETIOLOGY
LIMB

AFFECTED
GROUP DURATION GRADE

SLOUGH
&

Discharg

GRANULA
TION

INITIAL
AREA in
mm2

FINAL
AREA in

mm2

IA-FA =
CA
(controlle

AREA OF
REDUCTI
ON  in %

1ST WEEK
2ND

WEEK
3RD

WEEK

1 ABDULHASSIN 70 M 84491
DIABETIC
FOOT P B 11 3 + 3187.09 2780.73 406.36 12.75 SA

2 SELVARJ 62 M 86613
DIABETIC
FOOT P B 13 3 G+ 1925.77 1561.63 364.14 18.9 PM CP+

3 RAJESWARI 80 F 86677
TRAUMATI
C ULCER P B 21 2 + 1948.87 1662.9 285.96 14.6 PA

4 LAKSHMI 50 F 88470
DIABETIC
FOOT P B 10 3 3117.32 1766.06 1551.33 46.7 SA CP+ CP+ CP+

5 BALASUBRAMANIYAM 67 M 92130
PRESSURE
ULCER P B 15 2 + 3536.87 2991.73 545.14 15.4 PM CP+

6 MARIAAPAN 36 M 92437
DIABETIC
FOOT P B 11 3 + 3147.49 2283.48 864.01 27.4 KP CP+ CP+ CP+

7 VASANTHA 71 F 34016
PRESSURE
ULCER P B 16 2 3428.93 2887.52 541.4 15.7 SA

8 KANIAMMAL 62 F 35520
DIABETIC
FOOT D B 13 3 G+ 3473.83 2961.9 511.92 14.7 SA CP+

9 MARIAMMAL 48 F 35520
TRAUMATI
C ULCER D B 14 3 + 2763.83 2402.7 361.12 13.06 PM CP+ CP+ CP+

10 SABARIAMMAL 60 F 36024
PRESSURE
ULCER MM B 24 2 G+ 2265.74 1939.14 326.6 14.4 PA

11 MARIMUTHU 74 M 37548
TRAUMATI
C ULCER LL B 9 3 + 3456.65 3132.76 332.88 9.63 SA CP+

12 CHANDRAN 52 M 39345
DIABETIC
FOOT LL B 10 2 G+ 3226.56 2895.51 331.04 10.2 SA CP+

13 SARASWATHY 65 F 92437
DIABETIC
FOOT MM B 14 3 + 2436.79 2163.1 273.69 11.2 PM CP+

14 SHANMUGAVADIVU 85 F 94437
DIABETIC
FOOT D B 16 2 + 2663.75 2228.39 435.36 16.3 SA

15 VEERABAGU 70 M 94598
DIABETIC
FOOT P B 9 3 + 2893 2619.32 273.67 9.4 KP CP+ CP+ CP+

16 VEERAPAPILLAI 64 M 1035
DIABETIC
FOOT P B 19 2 + 2693.85 2402.7 291.14 10.8 SA CP+

17 CHELLATHAI 80 F 4727
DIABETIC
FOOT P B 14 3 + 3365.95 2875.51 490.43 14.57 SA CP+

18 SUBBIAH 65 M 6244
TRAUMATI
C ULCER P B 20 3 + 3564.98 3217.03 347.94 9.76 PM

19 THANGARAJ 43 M 8126 BURNS P B 9 2 G+ 1344.99 1153.01 191.98 14.2 SA

20 PARAMASIVAN 57 M 9176
PRESSURE
ULCER P B 16 3 + 2535.55 2271.88 263.67 10.3 PM CP+ CP+ CP+

21 ESAKIAMMAL 54 F 7468
VENEOUS
ULCER P B 20 3 G+ 3547.2 3078.67 468.52 13.2 SA

22 CHRIDTY 76 F 39615
PRESSURE
ULCER P B 10 2 + 2673.99 2360.06 313.9 11.7 SA CP+ CP+ CP+

CONTROL GROUP



Sl.No NAME AGE SEX IP NO ETIOLOGY
LIMB

AFFECTED
GROUP

duration in
weeks

GRADE
slough &
Sischarge

GRANULA
TION
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AREA in
mm2

FINAL
AREA in

mm2

IA-FA =
CA
(controlle
d area)
mm2

AREA OF
REDUCTI
ON  in %

1ST WEEK
2ND

WEEK
3RD

WEEK

23 KARUPPAMAL 65 F 41131
TRAUMATI
C ULCER D B 15 3 G+ 3134.45 2845.14 289.3 9.23 SA

24 SEITHING NIVAS 36 M 41389
DIABETIC
FOOT D B 18 3 1425.78 1201.91 223.8 15.7 PM

25 ALWAR 75 M 45053
DIABETIC
FOOT D B 10 2 G+ 2918.1 2590.72 327.29 11.2 SA CP+

26 RAHMATH NISHA 39 F 46588
DIABETIC
FOOT P B 13 3 G+ 2973.09 2281.36 691.73 23.26 PA

27 VALLIYAMMAL 67 F 50575
DIABETIC
FOOT D B 11 3 + 1783.06 683.04 1100.02 61.69 SA CP+ CP+

28 SANKAR 53 M 51896
DIABETIC
FOOT P B 12 2 G+ 1436.08 736.04 700.04 49.08 SA

29 ESAKIMUTHU 65 M 53992
DIABETIC
FOOT P B 13 3 1536.21 526.02 1010.01 65.74 SA

30 ARUMUGAM 57 M 28223
DIABETIC
FOOT MM B 9 3 3426.77 3086.11 340.66 9.94 PM CP+ CP+

31 VELMURUGAN 52 M 29749
DIABETIC
FOOT P B 17 2 + 3034.45 2645.15 389.3 12.8 SA

32 SUBBIAH 52 M 29934
DIABETIC
FOOT D B 22 3 2473.43 2261.11 222 8.57 PM

33 MUNIYANDI 53 M 31716
DIABETIC
FOOT D B 11 3 3427.26 2991.67 435.58 12.7 SA

34 ARUMUGASAMY 63 M 33214
DIABETIC
FOOT D B 15 2 G+ 2439.11 2071.82 367.28 15.05 SA CP+

35 MAHESWARI 66 F 9548
TRAUMATI
C ULCER P B 16 3 + 922.09 723.01 199.08 21.5 PA CP+

36 PARVATHY 44 F 10055
DIABETIC
FOOT P B 13 2 3555.91 3017.11 538.79 15.1 SA

37 VIJAYALAKSHMI 26 F 10920
DIABETIC
FOOT P B 9 3 + 2592.82 2202.72 390.09 15 PM

38 VADIVELAMMAL 75 F 11275
TRAUMATI
C ULCER P B 12 3 2881.99 2419.32 462.66 16.05 SA CP+ CP+ CP+

39 SHANMUGAM 32 M 12818
PRESSURE
ULCER D B 13 2 + 2552.75 2221.49 331.26 12.9 PM CP+

40 RAMAKRISHNAN 55 M 12895
DIABETIC
FOOT D B 14 3 2310.73 2078.66 232.06 10 SA CP+

41 MARIAMMAL 62 F 15146
DIABETIC
FOOT S B 10 3 G+ 2236.72 2063.99 172.73 7.7 SA CP+ CP+ CP+

42 VARCHALA 75 F 16299
TRAUMATI
C ULCER MM B 13 2 G+ 3026.36 2691.31 335.04 11.07 SA CP+

43 PETCHIAMMAL 55 F 16924
DIABETIC
FOOT MM B 9 3 3056.69 2811.71 244.98 8 EC CP+

44 KALIAMMAL 60 F 18729
DIABETIC
FOOT LL B 11 3 + 2199.72 1722.6 477.11 21.6 PM CP+ CP+

45 SELVAM 61 M 20510
DIABETIC
FOOT P B 13 2 G+ 2211.83 1902.11 309.71 14 SA
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46 MOHAMMED HANIFA 78 M 42380
DIABETIC
FOOT D B 15 2 2999.11 2561.9 437.21 14.5 PM

47 MUPPIDATHI 47 F 44560 BURNS P B 15 2 3011.91 2675.52 336.38 11.1 SA

48 SAMUTHRAM 70 F 51659
DIABETIC
FOOT D B 14 2 3083.4 2140.11 943.29 30.5 PM CP+

49 THANGAM 75 F 53225
DIABETIC
FOOT P B 12 3 + 5336.81 3741.73 1595.07 29.8 SA CP+ CP+

50 KRISHNAN 75 M 40875
DIABETIC
FOOT D B 14 2 + 3015.7 1504.01 1511.69 50.1 SA
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