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ABSTRACT 
 

BACKGROUND & OBJECTIVES 

Skin incisions are by tradition made using scalpels with disposable blades, these 

incision are more bloody and painful1. At the beginning of the 19th century, Surgical 

diathermy was introduced to negate the inherent disadvantages of steel scalpel 7-9.In our 

study we aimed to compare postoperative pain and wound healing between skin 

incisions by scalpel versus diathermy. 

METHODS 

We conducted a prospective observational study. We included adult patients 

undergoing elective abdominal surgeries- laparotomies, open cholecystectomy, hernia 

repair and the patients undergoing emergency abdominal surgeries were excluded. 

Patients were divided into scalpel group where scalpel with disposable blade was used 

to incise skin whereas in electrocautery group, incision was made through skin and 

deeper tissues using diathermy pen electrode(cutting mode).Study variables analyzed 

were: postoperative pain and wound healing on POD 2,5 and 14. 

RESULTS 

60 subjects were analyzed , whose age ranged from 18 years to 70 years and 

were allotted into the scalpel and diathermy group, 30 in each group and there was no 

statistically significant difference in the postoperative pain nor postoperative wound 

complications between the two study groups. 

CONCLUSION 



 

Our study showed no difference in the postoperative pain in the use of 

electrocautery versus use of scalpel in abdominal skin incision in all patients at any 

time point.  

We observed that, there is significant difference in the distribution of post-

operative pain over the time points in both techniques. We also observed that, there is 

significant difference in distribution of post-operative pain between each time point. 

There was no significant difference in the distribution of wound redness, wound 

swelling, wound discharge and wound infection between the two techniques used for 

the abdominal skin incision. 

KEYWORDS 

Skin incisions; diathermy vs scalpel; electrocautery vs. scalpel ; postoperative 

pain and wound healing (redness, swelling, edema, discharge , infection) 
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Introduction 

Traditionally skin incisions are made by scalpels with disposable knives, these 

incisions are more bloody and painful6.  Surgical diathermy negates the disadvantages 

of steel scalpel 7-9. It is haemostatic and convenient to use9,11. There has been a 

widespread use of diathermy for haemostasis but fear of production of large scars and 

improper tissue healing has restricted their usage in making skin incisions2,3.  

Thoughit is becoming a common practice for  surgeons to use electrocautery 

to incise the abdomen, many textbooks of General surgery and even Gynaecological 

surgery advocate the use of scalpel for abdominal skin incision to reach the peritoneal 

cavity i.e to use the scalpel through skin , subcutaneous tissue and the rectus sheath . 

50–53 Some authors state that skin incision or even the fascia shouldn’t be made using 

cautery.53 

The reasoning for this is because incisions that are created with the 

electrosurgical unit in an animal models are seen to be associated with anincreased 

wound infection rate and tend to show lesser wound strength than an incision created 

with a scalpel. 54,42 

An ideal technique for skin incision should be able to allow for a precise 

incision with minimal chance of surgical site infection (SSI) and minimal risk of 

bleeding . The probable benefits of diathermy use for  incising the skin could include 

quick tissue dissection and separation lower incision-related bleeding.55 

This study aims to assess and compare the outcomes of diathermy and scalpel 

for skin incision in patients undergoing elective abdominal surgeries under Dept. Of 

General Surgery in  Shri Dharmasthala Manjunatheshwara  Hospital, Dharwad 
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AIMS AND OBJECTIVES 

To assess the 

A) Postoperative pain and  

B) To assess post operative wound healing (wound – redness , swelling , discharge , 

infection) on postoperative day 2, 5 and 14 between skin incisions made by 

scalpel versus diathermy in abdominal skin incisions in patients undergoing 

elective abdominal surgeries under Dept. Of General Surgery in  Shri 

Dharmasthala Manjunatheshwara  Hospital, Dharwad 
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REVIEW OF LITERATURE 

History  

William Gilbert, physician to Queen Elizabeth I in the 16th century performed 

experiments with magnets and electricity which led to his title of – Father of 

electrotherapy.26 Many investigators experimented and tried with different type of 

current therapy delivering the effect without shock or muscular contraction. 

D’Arsonial and O’Udin in France in 1890 started to attempt to define physiological 

effect of alternating currents. 26,27 

Doctor William Bovie at Harvard university was the first person to introduce 

electrosurgical device in operation. Dr. Harvey Cushing, a neurosurgeon was the first 

to use electrosurgery in a neurosurgical procedure at Peter Bent Brigham Hospital in 

Boston on 1st October 1926. 29,17,18 

Conductive heating of tissue became a well known tool in medicine as early as 

6th century B.C and as far back as prehistoric times when stones were heated and 

applied to obtain haemostasis . Use of electricity in medicine coincided with the 

earliest scientific discoveries beginning in the 18th century. 28 Goldwyn described 

three eras of development of electrosurgery technology. 29 The first era began with the 

discovery of static electricity.   

The second era better referred to as  “Galvanization” originated from Luigi 

Galvani who accidentally discovered galvanization in 1786. During which he 

observed muscle twitching in frogs legs hanging from copper hooks as they brushed 

the iron railing at his residence. His observation and experiments was the birth of 

electrophysiology. In 1831 the third era Faraday of England and Henry of America 

showed that a moving magnet could induce electrical current in a wire. 30 In 1881 

Morton discovered that oscillating current at a high frequency hertz of 100 kHz can 
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pass through the human body without causing pain, spasm or burn. 30 D’Arsonial in 

1891 started working on electrosurgery with high frequency current up to 10000hertz 

and above which there was no neuromuscular stimulation and noted the change in 

body temperature and respiration. The biterminal D’Arsonial apparatus was capable 

of high current with a spark from 5-15 mm long in air which produced analgesic 

effect. Oudin devised a similar system with slightly different resonator which 

developed a high voltage with low currents ,he did not publish his work but his name 

is linked to uniterminal or Oudin resonator. 26,27  

Medical use of electricity began in the 19th century. Franz Nagelschmidt in 

1897 discovered patients with articular and circulating ailment benefitted from 

application of electric current. He coined the term diathermy to describe the heating 

effect discovered by D’Arsonial 6 years ago. In 1990 a Parisian physician Joseph 

Rivere observed while treating insomniac patients with electricity produced by a 

generator similar to Nagelschmidt noted that a spark arcing from an electrode 

coagulates an area of the skin. He later used this to treat carcinomatous ulcers on 

patients hand. This was cited as the first surgery. In the next decade electricity was 

used in treating lesions of skin oral cavity ,bladder and for coagulating of vascular 

tumours and haemorrhoids. 5,30 

In early 1900’s Simon Pozzi  used a high frequency ,high voltage , low 

amperage current to treat skin cancer ,he called the technique fulguration. Doyen 

improved this technique by attaching a grounding plate to the generator and placing 

under the patient. The current penetrated deeper into the tissue and had an effect 

termed electrocoagulation. 29,30  

In 1910 William Clark modified the electrosurgical unit used by Doyen and 

Nagelschmidt by increasing the amperage and decreasing the voltage generated by the 
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machine to produce hotter and shorter spark which can penetrate the deeper tissues. 

He substituted a multiple spark gap for the common single producing a smoother 

current. Microscopically he observed tissue shrinkage while applying the current due 

to dehydration. He coined the term desiccation to describe the effect when tissue is 

destroyed but not carbonised by dehydration. He was the first American to routinely 

use this process to remove malignancy from skin ,head ,neck, breast and cervix. 

Clark’s alteration of electrosurgical unit set the foundation for Bovie and Cushing in 

developing the modern version of the unit. 30 

Bovie based his electrosurgical unit work on the discoveries of his 

predecessors. He constructed a diathermy unit to produce high frequency current 

delivered by a cutting loop used for cutting ,coagulation and desiccation. This was 

first used in Peterbent Brigham hospital in Boston on 1st October 1926 . 

Dr.Harvey Cushing used it to remove a large vascular myeloma from a 64 year old 

patient head. He tried to remove it earlier but failed due to the vascularity of the 

tumour. 26,27,30,16  

In 1930 there was a widespread use of surgical cautery in surgical fields. 

Cushing and Adson used it routinely for haemostasis. Kelley and ward used it 

extensively in Gynaecological surgeries. Hesse used electrosurgery in the treatment of 

malignant diseases of nose and throat. It was also used in thyroid surgery. 

Electrocautery made rapid advance for Transurethral surgery and Genito-urethral 

surgeries. Arsalan Siraj et al conducted an experimental prospective comparative 

study between diathermy and scalpel incision in elective midline laparotomy and 

concluded that diathermy is quicker and more haemostatic than scalpel but are similar 

in terms of wound infection and pain in the postoperative period. 10 Chrysos et al 

showed that there was no difference in wound infection with scalpel or electrosurgical 
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scalpel 11. They also suggested that local tissue healing increasing subcutaneous 

oxygen tension and thus enhances the resistance of surgical wounds to infections. 11 

Dixon et al compared scalpel and electrosurgical needle incision and showed it was 

more effective , quicker , better cosmetic result with minimal blood loss. Kearns et al 

compared the electrosurgical and scalpel methods in hundred patients with elective 

midline incision and found that diathermy was associated with significantly less blood 

loss , quicker and no difference in wound healing it also showed significantly less 

postoperative pain and lower requirement of analgesia. 14 

Franchi M et al conducted a large clinical trial using diathermy and scalpel to  

assess early and late onset of infection , non infection related complications in 

gynaecologic oncologic patients undergoing abdominal surgery. they concluded it was 

safe to use electrosurgery with no increased risk of wound infection early or delayed. 

The coagulation mode effectively controlled small vessel bleeding and reduced 

postoperative pain. 2 

Groot et al used electrocautery in surgery for abdomen and thorax operations 

to reduce postoperative pain and infection. In patients of cholecystectomy the 

abdominal incision was performed by using a diathermy to reduce bleeding and make 

the incision quicker. 27,20,21 

Nasar Zaheer Ahmad et al did a meta analyses of the effectiveness of surgical 

scalpel versus diathermy in making abdominal incisions and that both are equally 

prone for wound infection. He also noted that postoperative pain , quickness of 

surgery and decreased blood loss was noted when diathermy was used. 18 

Pearlman et al compared the incisions made for cholecystectomy and concluded that 

diathermy incision is associated with significantly less blood loss, decreased time but 

similar postoperative pain.19 
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Peterson A said electrosurgical incision is not a cutting incision but one that 

causes molecular dissolution along the pathway of the electrode. 20  

Sebben J E advised that electrosurgical incision should be quick and a small 

electrode to be used and care should be taken for adequate grounding of the patient to 

prevent burns. 23 

Muhmamad Shamim conducted a double blinded randomized clinical trial on 

diathermy vs scalpel in both elective and emergency general surgery and said that 

with diathermy there is decrease in blood loss , reduced incision time and decrease in 

pain. 24 

Johnson and Serpell Studied 240 general surgery patients and said there was 

no significant difference in wound infection 25 

Michael J Z , Stanley W A thought that scalpel incision was superior to 

diathermy as there was more wound infection and poorer wound strength at the site of 

the infection. These results were demonstrated in animals. 44,33,39,31 Therese T , 

Rodney G said there is a controversy in the choice of scalpel or electrocautery for 

incision on the skin and subcutaneous tissue. Animal studies have shown increased 

wound infection and decreased tensile strength after use of electrocautery but human 

studies show varying results. 49,39 

Histology of incisional wounds 

The effect of electrocautery on tissue at the incision site are that localised 

injury due to heat. Various studies (Link et al) have compared the healing of skin 

incisions on mouse using electrosurgery and steel scalpel. Onset of inflammatory 

response to both are the same. At the site of the incision made by the scalpel the tissue 

at the edges were normal as compared to the cautery edges which were necrosed. 
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Proliferation of new cells and migration of epithelial cells are seen within 12 

hours after the incision with the scalpel , but take up to two days to those made by 

electrocautery ,completion of migration of epithelial cells in scalpel incision takes 2-6 

days whereas in electrocautery takes 6-14 days. The electrocautery scars are double 

the width of the scalpel incision. Many studies have been conducted in the use of 

electrocautery on tissue.  

Rappaport et al have described an increase incidence of tissue damage 

,reduction in tensile strength at the site of the wound. Due to intense heat produced by 

continuous use of current for cutting procedures causes the cell to explode due to 

steam and leaves a cavity in the cellular matrix. 2,42,44,40,39,38,37 

Sanders et al corelated negative evidence between microscopic inflammation 

and necrosis of the fascial wound strength in laparotomy wounds of rats. 19 Allan et al 

noted that wound healing had significant difference from the first to the 35th day 

scalpel wound was held together by fibrin whereas diathermy wound was held 

together by necrotic tissue. 2,42,44,40,39,38,37 

Between 7th to the 10th day when wound dehiscence occurred there was no 

major difference in wound rupture. Soballe in 1998 and Kim in 1990 noted poorer 

wound strength and infection rates in electrocautery incisions. 48,49 Amaud et al in 

1980 stated there was no difference between the two wounds caused by scalpel and 

diathermy. complete healing had occurred across the abdominal wound at the fifteenth 

day and no histological delay in wound healing. 

Lawrenson et al revealed that tensile strength showed no difference in the 

tensile strength between the two groups after one week though there was a 

histological difference. However at one month no macroscopic or histological 

differences could be seen. 44 
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Peariman et al has shown that scalpel incisions are associated with greater 

blood loss than electrocautery incisions . cautery incisions were less painful and no 

difference in the number of wound seromas/infections were noted between the groups. 

Miller and grot noted similar findings. Keenan et al in 1984 showed that 

electrocautery causes tissue damage and may make the tissue susceptible to infection.  

Kumagai et al in 1991 demonstrated a decrease in wound tensile strength and increase 

incidence of wound infection in electrocautery incisions. 

Cruse and Ford studied 23649 surgical wounds and found significantly higher wound 

infection with electrosurgical knife compared to scalpel. 

Effect of thermal energy on tissue 

The main reaction caused due to intense energy introduced into the tissue is 

thermo chemical in nature. The thermal energy will increase the local tissue 

temperature and bring about various biochemical reactions and ultimately causing cell 

death.   

Henriques and Mortiz experimented on pig skin to a great extent (40-100*c) 

and  noted various pathological effects from erythema to necrosis .They found 

irreversible cell damage when the temperature is increased after 1 second, 5 seconds, 

5 minutes through 50 ,60,70 degree centigrade with complete epidermal necrosis  26 

Mechanism of thermal cell injury and tissue vaporization 

Using a thermal knife for incision and exposing the tissue to over 100 degree 

centigrade results in vaporization of cellular water content and pyrolysis of the 

remaining cellular contents. 12,26,42 Pyrolysis is known as the activation energy of 

dissociation .the exact amount of energy required to pyrolyze biological compounds is 

not known. 



10 
 

The main constituent of tissue is water which vaporises at 100 degree 

centigrade but pyrolysis of fat and protein occur at higher temperatures. The main 

constituent of lipid which is triglyceride disassociates at approximately 300-400 

degree centigrade whereas protein is at 600 degree centigrade. Thus the tissue 

vaporization and pyrolysis takes place over a range of temperature between 100 to 

600 degree centigrade.26 

Interdependency of thermal damage and haemostasis 

Electrocautery depends on thermal energy to incise the tissue and reduce 

bleeding ,it is used to make an incision and maintain haemostasis or only haemostasis. 

When an incision is made with a thermal knife blood vessels on the incisions should 

be cauterised to reduce or stop the bleeding. This effect is brought about by local 

heating that is thermal coagulation. if the thermal damage of the incision is reduced so 

also the degree of coagulation  

Electrosurgery – principles of operation  

Electrosurgery has two main characteristics  

(1) high frequency electric current greater than 10000 hertz can be passed through 

the human body without a muscle contraction or pain  

(2) body tissue and fluid have a definite electrical impedance 26 

At lower frequencies there is a marked neuromuscular stimulation this occurs 

at 3000hertz and above 5000hertz the effect decreases till 10000hertz ,now the body 

tissue and fluids act as a conductor due to various ions in the body fluids. 26,42 
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Figure 1 :  Application of different current frequencies 30 

Many factors influence the flow of current such as – age, disease, frequency of 

the current and external features like season and environment. The resistance along 

the conduction pathway is called impedance. 

The current is introduced into the body from an electrosurgical unit through an 

electrode of the handpiece which maybe of various shape and size but small so that 

the current is concentrated over a small area with high density and local resistance, 

thus providing the necessary effect for cutting and coagulation  

Heat produced by the resistance to the current flow is absorbed and converted 

into thermal energy. At the tip of the electrode the effect of vaporisation and pyrolysis 

is maximum as the current flow through the entire body which is a large area there is 

no significant raise of body temperature .the current completes the circuit through the 

electrosurgical unit through the return electrode or return plate or a dispersive 

electrode. 

The return plate is a large surface which is coated with electrode jelly and 

placed under the gluteal/thigh/calf region thus avoiding regions of local heating or 

burns to the patients body as the current exits the body. 26,43,44 
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Figure 2:  ESU current circuit 

 Cutting or coagulation or both depends on the waveform of the current .for 

cutting tissue undampened continuous sinusoidal current is best, this waveform 

provides no coagulation. A dampened sinusoidal wave is best for coagulation but has 

limitations for cutting. Similar type of waveform are used to achieve fulguration or 

sparking of tissue which results in dehydration and carbonisation .when the active 

electrode is in contact with the tissue these waveform produce desiccation and 

dehydration. 
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Figure 3:  Desiccation of tissue due to contact with electrode30 

 By varying the on and off time ,different degree of cutting and coagulation can 

be achieved .A waveform of interrupted sinuses has been found effective for cutting 

with coagulation. 26,27,43,46 
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Figure 4 : Relative voltage and thermal spread at different generator settings 30 

Characteristics of electrosurgery 

 The histological changes produced by electrosurgery are not always constant 

or specific to different types of waveforms used. When high current is used for a short 

time it coagulates without alteration of the cell contour.  

With pure cutting current there is only a thin line of tissue destruction on 

either side of the incision the first layer of destruction is of carbon particles and 

finally by vaporization and pyrolysis .26,43,46 In a broader incision it is composed of 

coagulation of the tissue where the thermal effect is strong enough to kill viable cells 

but not intense enough to breakdown the protein or cause molecular breakdown. The 

current does not provide a wide coagulatory effect but enough to seal capillaries and 

lymphatics. 
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FIGURE 5:  Use of continuous current pure cutting mode  30 

 A wide range of histological changes occur when coagulating current is used 

depending on the time and duration of application of the current. Initially there is 

desiccation of the cells as water evaporates and a coagulum forms as the tissue boils 

in their own fluid and surrounding lymph. The microscopic structure of the coagulum 

will vary from dried, shrivelled cells to those completely obliterated by steam from 

within. Continuous application of the current leads to coagulation which is either 

coaptive or obliterative. 

 Obliterative coagulation is accomplished by  direct electrode contact with or 

without sparks to the tissue causing shrinking of the vessel wall and occlusion of the 

lumen by the coagulum of the contracted tissue and debris. 26,43 
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Figure  6 : Use of interrupted current coagulation mode resulting in fulguration 30 

 Coaptive coagulation results from mechanically opposing the edges of a vessel 

with a haemostatic forceps and applying the current to the instrument sealing the 

vessels. If the necessary current is applied adventitia surrounding the vessel will be 

altered or destroyed where the thermal energy is most concentrated or may even char . 

Smooth muscle layers are shrunken and dehydrated with cellular breakdown. there is 

flattening of the intima and fenestrated membrane by the pressure of the clamp and 

are fused in place. The blood in the lumen shows various levels of cellular 

destruction. Veins are affected more quickly even with less current as they are thin 

walled and have lower blood pressure. 

 The principal feature of this union with a bond of coagulated connective tissue 

in which tissue destruction is minimal. immediate high temperature with unnecessary 

high current will produce boiling of the cellular fluid and blood within the vessels 

with possibility of rupture of the cells and coagulation in the vessel. Insufficient 

current will create a weak bond which may not withstand arterial pressure and thus 

cause bleeding .the coagulum holds together till fibrosis results in the healing process. 
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The output power of an electrosurgical unit should be relatively constant over 

a wide range of load even though the tissue impedance from patient to patient ,site to 

site can vary. Most modern units are designed to meet the effective load resistance 

from 100 to 1000 ohms which is the range likely to be encountered in surgical 

application. 

A unit should be capable of delivering adequate power for the most 

demanding procedure. Modern units are capable of delivering very high power thus 

causing charring and unnecessary damage of the tissue which leads to delayed 

healing, infection and scarring hence fine control is required. 26,21,43,46,47,48,49,45,41 

 

 

Figure 7 : Electro surgery Unit 
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Figure 8 : Electro surgery Unit with monopolar cautery and cautery plate 

Types of electrosurgical instruments  

(1) Monopolar  

(2) Bipolar  

 

Figure  9 : Monopolar cautery 30 
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Figure 10 : Monopolar cautery pencils 30 

Monopolar cautery 

 The monopolar instrument (bovie) being the most common example delivers 

the current through an active electrode which travels through the patient and back to 

the generator through a conductive adhesive grounding pad applied to the patient 

before the procedure. 

 By incorporating a stream of argon gas it can improve the surgical 

effectiveness and maintain haemostasis of a larger surface. The argon beam is useful 

for large areas of coagulation such as in liver transplantation. 

 The bowie electrosurgical pencil doesn’t function in liquid medium(blood) as 

the current gets dispersed, but by addition of the argon beam unit ,this is overcome as 

there is a column of argon gas at the tip of the electrode. The argon gas gets ionized 

by the electrosurgical unit and displaces the blood and since argon is a noble gas it 

allows the current to arc from the electrode to the underlying tissue following the path 

of the column of the gas creating a diffuse superficial coagulation ideal for obtaining 
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haemostasis over a large surface area. The argon beam unit uses a standard generator 

and grounding pad but typically use a higher a current in coagulation mode to 

desiccate the tissue of interest. 

Bipolar cautery 

 

Figure 11 : Bipolar cautery with description  30 

 Bipolar instrument appear similar to a surgical forceps with the active 

electrode and the return electrode both performing at the surgical site. The 

electrosurgical energy doesn’t travel through the patient but is confined to the tissue 

between the tips of the forceps. Bipolar cautery delivers energy with very little chance 

of unintended dispersal of current due to this configuration. Bipolar electrosurgical 

instruments are used in creating complete fusion of the intimal layers of vascular 

structures by coagulation . with recent advances in computing technology being 

integrated into electrosurgical generators use of sophisticated closed loop feedback 

control algorithms has created the possibility to fuse vascular structures up to 7mm in 

diameter. This vessel sealing devices were introduced in 1998 to achieve haemostasis 

without sutures, staples or clips and thereby forming an autologous clip for 

haemostasis. 
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Figure 12  Different types of  Bipolar Cautery 

Complications of electrocautery 

 There is a slow and limited acceptance of electrocautery as high intensity leads 

to extensive charring and destruction of tissue and delayed healing leading to 

infection.26,21,43,46,47,48,49,45,41 Most electrosurgical units deliver more power than 

needed and can cause excessive destruction of tissue. Burns is a hazard which can 

happen in the area of the return electrode. This happens when the conductivity 

between the patient and the electrode becomes poor due to drying out of the 

conductive paste or excessive wrinkling of the plastic patch or misplacement of the 

electrode plate.  

 

Figure 13 : Cautery  Pad site burn 
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 Rarely burns may occur at any alternate current pathway of other pieces of 

electromedical equipment such as ECG monitor or at a point at which the patient is 

electrically grounded.26,43 Electricity chooses the path of least resistance a monitoring 

electrode or a grounding point may offer a low impedance path for the current to 

complete the circuit if there is an undetected malfunction of the electrosurgery unit. 

Since ECG electrodes have a small surface area the current is of high density and 

causes serious burns. 26,43 

Inflammable material and environment should be avoided when electrosurgery 

is done, example using inflammable anaesthetic agent. Explosive nature of bowel gas 

where there is a high concentration of methane and hydrogen are present bowel gas 

explosion by cautery is a rare possibility.26,43Interference of high frequency current of 

electrosurgery with cardiac pacemakers have been reported. It may cause ventricular 

fibrillation or arrythmias if the electrosurgery unit is improperly functioning. 

Finally, it is important to note that as with any electrical device which receives its 

primary power from a wall outlet the risk of severe electric shock or electrocution can 

occur in the circumstance of dysfunction. 

Current uses 

 Electrosurgical instruments and units are very useful and most common used 

tools by surgeons. There is a certain pervasive dogma in surgery to open skin using 

the traditional scalpel and deeper tissue by electrosurgical tool. The use of bovie 

causes poor cosmetic result at closure and predisposes the surgical wound to infection 

in the post period. Electrosurgery devitalises tissue at the wound edges leading to 

approximation of dead tissue. There is literature to support use of electrosurgical 

Instrument to open both superficial and deep tissue during laparotomy. 
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Electrodes rapidly heat cells to a point of vaporization in cutting mode excess 

heat is dispersed as steam and smoke and not passed to the adjacent site. 

Electrosurgical incisions is not a true cutting incision and this may further explain the 

tissue charring and scarring and wound healing. 

Bipolar electrocautery is used in sealing vessels in recent times. 

Electrosurgical sealing of vessels show equivalent bursting pressures when compared 

to vascular staples ,titanium clips or sutures and significantly higher pressures when 

compared to the harmonic scalpel in vessels of 4-7 mm diameter range. 30 

Electrosurgery has been used extensively to seal vessels in various surgical 

procedures such as splenectomy, thyroidectomy, hepatic lobectomy pulmonary 

resection ,haemorrhoidectomy , gastric resection and nephrectomy.  Romano and co-

workers reported success using the Liga Sure sealing system in performing 

laparoscopic splenectomy on ten patients ,in this study it was noted that 10% reduced 

bleeding as compared to others. Thus reducing the duration of surgery.30  

In head and neck surgery the Liga Sure sealing system was used in 

thyroidectomy and demonstrated reduced duration of surgery and incision length. 30 

The Liga Sure sealing system has been successfully used in hepatectomy with 

minimal blood loss and decreased mortality and morbidity. 

 
Figure  14  Mechanism of vessel sealing technology 
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Figure 15 :  Obliteration of blood vessel lumen by “vessel sealing” instrument30 

Future directions30 

 Electrosurgical generators use a closed loop control loops to adjust the voltage 

and current to keep the output power constant through monopolar electrodes through 

tissue of varying impedance.  

With the advent of computer chip technology and being implemented in 

generators, they are more sophisticated than the traditional electrosurgical unit and 

there potential clinical uses have increased such as 

➢ Radiofrequency energy is used for ablation therapy in targeting tissue , some 

applications are hepatocellular carcinoma , for cardiac arrythmias 

➢ Anastomosis of bowel and blood vessels performed using optimised delivery of 

electrosurgical energy 

➢ in the future herniorrhaphy may be possible by fusing alloderm or similar tissue to 

the  margins of the defect , removing the necessity of prothesis and thereby 

negating the complications of prosthesis as well. 
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Materials and Methods 

Study design: Hospital based Prospective Observational Study  Source of data  

- Our Study was conducted in the Department of General Surgery,Shri Dharmasthala 

Manjunatheshwara Hospital, Dharwad a tertiary level teaching Hospital.  All patients 

undergoing elective abdominal surgeries – laparotomies(midline,Kochers) ,hernia 

repair (inguinal, ventral hernia)  were included in the study.   

Study site: Dept. Of General Surgery in  Shri Dharmasthala Manjunatheshwara  

Hospital, Dharwad   

Study Participants: Adult patients aged between 18 to 70 years of age and undergoing 

elective abdominal procedures and consenting to be a part of the study .   

Sample size: 60, 30 subjects in each limb of scalpel versus diathermy skin incsions  

Study period: December 2019 and November 2020 (12 months).  

INCLUSION CRITERIA:  

• All patients undergoing elective abdominal surgeries – laparotomies(midline, 

Kocher’s) ,hernia repair (inguinal, ventral hernia) during the period under study 

and between the age of 18 to 70 years.  

EXCLUSION CRITERIA:  

• Patients who were on concurrent anticoagulant or corticosteroid therapy or having 

bleeding disorders, spinal injuries or having epidural analgesias were excluded 

from the study.  

Study instrument  

Patietn Data and suregery details were collected and documetned in a proforma. 

Data collection  

• Only  after obtaining the written informed consent were the patients included in 

our study.  
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• Data collection was done using a proforma to collect the patients demographic 

details , comorbidites , diagnosis, surgery details and post-op wound 

complications up-to Pod14. 

• The patients included in the study were assigned into two groups according to 

whether the diathermy or scalpel is used in making skin incision by chit method. 

• The two groups are Group A consisting of patients receiving scalpel skin incision 

(scalpel group) and group B consisting of patients receiving diathermy skin 

incision (diathermy group).  

• In both groups diathermy was used in coagulation mode for haemostasis.  

• The surgeon was informed of the type of technique for skin incision to be used 

just before the start of the surgery.  

Wound closure and postop pain management 

• Subcutaneous tissue was closed with Polyglactin 2/0 interrupted sutures and skin 

was approximated using skin staples. 

• Postoperatively both groups of patients received IV tramadol 50mg three times a 

day plus IV Paracetamol 1gm SOS. 

• Once patient was started on orals, each group received Tab tramadol 

hydrochloride 37.5mg, acetaminophen 325mg combination plus Tab Paracetamol 

625mg SOS.  

Postoperative pain assessment 

• It was assessed according to a visual analogue scale (VAS) from 0 (no pain) to 10 

(worst pain imaginable) on postoperative day 2,5*,14 at 7am before the morning 

dose of analgesics was given to the patient under study. 
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Figure 16 – Visual analogue scale 

Postoperative Wound healing assessment 

• Post surgery the wound was assessed on POD- 2/5*/14  for redness , edema / 

swelling and discharge /surgical site infection 

• Any purulent discharge or fluid discharge containing pathogenic organism at any 

stage post surgery (up-to POD14) and cosnidered to be a surgical site infection. 

*The patients , if discharged before POD5, they were given a VAS form and were 

called and asked about their pain and wound details which were documented. 

Study analysis 

R software version 4.1.2 and Excel were used for analysis of the data . A 

frequency table was used for representing Categorical variables . Continuous 

variables are given in Mean ± SD/ Median (Min, Max) form. The association between 

attributes was evaluated  using the Chi-Square test. Two sample t test is used to 

compare the mean length of incision over techniques. Mann Whitney U test is used to 

compare the distributions of post-operative pain over techniques at different time 

points. Friedman’s test is used to compare the distribution of post-operative pain over 

time points. Pairwise Wilcoxon test is used as post hoc analysis. A result was 

considered Statistically significant when  the  P-value was equal or less than 0.05. 
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RESULTS 

Data contains measurements on 60 subjects whose age ranged from 18 years 

to 70 years with mean age 49.5 ± 14.72 years. The following table gives the 

distribution of subjects according to different variables. 

Table 1 : Distribution of subjects according to age. 

Age (years) 
Number of Subjects  

N – 60      (100%)  

<20  3                (5%) 

20-39 12               (20%) 

40-59 26               (43.3%) 

60-70 19               (31.7%) 

Mean ± SD 

 Median (Min, Max) 

49.5 ± 14.72       

52 (18, 70) 
 

 

Graph 1 - Distribution of subjects according to age. 

The above table and graph shows age distribution of the subjects of our study. 

There were 60 patients included in the study. The range of age of patients in the study 

was between 18-70 years. Between 18-20 years of age there were 3 patients (5%). 

Between 20-39 years of age there were 12 patients (20%).Between 40-59 years of age 

there were 26 patients (43.3%). Between 60-70 years of age there were 19 patients 

(31.7%).  The mean age of the patients was 49.5 ± 14.72 years. 

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

<20 20-39 40-59 60-70

5%

20%

43.3%

31.7%



29 
 

Table  2  : Distribution of subjects according to Gender. 

Gender Total (n-60 ) 

Female 16        (26.7%) 

Male 44       (73.3%) 

 

In our study out of 60 subjects, 44 (73.3%) were males and 16 (26.7%) are females  

 

Graph 2 : Distribution of all subjects according to gender. 
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Table 3  : Distribution of subjects according to their  Comorbidites 

Comorbidities Number of subjects 

Asthma 2 (3.3%) 

DM 3 (5%) 

DM, HTN 2 (3.3%) 

Hepatitis-C 1 (1.7%) 

HTN 4 (6.7%) 

HTN, Alcoholic 1 (1.7%) 

Obesity 2 (3.3%) 

TB-2015 1 (1.7%) 

TB-2021 1 (1.7%) 

None 43(71.7%) 

Total 60 (100 %) 

 

• In our study out of 60 subjects 43 (71.7%) of the patients did not have any co 

morbidities. 

• 4  patients were  HTN, 3 patients were DM , 2 patients were DM and  HTN , 2 

patients had asthma , 2 patients had obesity 

• There was 1 patient each having HTN and alcoholic , TB in 2015 , TB In 202, 

Hepatitis C. 

Graph 3 : Distribution of subjects according to their Comorbidites 
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Graph  4: Distribution of subjects according to technique used for skin incision. 

Out of 60 cases, for the skin incision over the abdomen  cautery technique was 

used for 30 (50%) cases and scalpel was used for 30 (50%) cases 
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Table  4  : Distribution of all subjects according to different variables. 

Variables Sub Category Number of Subjects (%) 

Technique 

Cautery 30 (50%) 

Scalpel 30 (50%) 

Post op Pain Day 2 
Mean ± SD 

Median (Min, Max) 

4.48 ± 1.61 

4 (2, 9) 

Post op Pain Day 5 
Mean ± SD 

Median (Min, Max) 

2.56 ± 1.35 

2 (0, 7) 

Post op Pain Day 14 
Mean ± SD 

Median (Min, Max) 

0.18 ± 0.39 

 

0 (0, 1) 

 

Wound Redness 

No 
 

60 (100%) 

Yes 
 

0 (0%) 

Wound Swelling 

No 
 

60 (100%) 

Yes 
 

0 (0%) 

Wound Discharge 

No 
 

60 (100%) 

Yes 
 

0 (0%) 

Wound Infection 

No 
 

60 (100%) 

Yes 
 

0 (0%) 

 

Out of the 60 patients no subjects had wound redness, wound discharge and 

wound swelling. No patient in either of the groups had a surgical site wound infection. 
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Table  5  : Comparison of post-operative pain over technique and time. 

Post operative Pain 

Technique 

 

p-value 

Cautery 

Mean ± SD 

 Median (Min, Max) 

Scalpel 

Mean ± SD 

 Median (Min, Max) 

Day 2 

4.5 ± 1.4 

5 (2, 7) 

4.4 ± 1.8 

4 (2, 9) 

0.59MW 

 Day 5 

2.6 ± 1.2 

3 (0, 5) 

2.5 ± 1.5 

2 (1, 7) 

0.33MW 

  Day 14 

0.2 ± 0.4 

0 (0, 1) 

0.2 ± 0.4 

0 (0, 1) 

0.74MW 

p-value < 0.001F* < 0.001F* - 

Abbreviation: F – Friedman’s test, MW – Mann Whitney U test, * indicates statistical 

significance. 

From Mann Whitney U test, we observe that, there is no significant difference 

in the distribution of post-operative pain over the techniques at any time point.  

From Friedman’s test, we observe that, there is significant difference in the 

distribution of post-operative pain over the time points in both techniques. From post 

hoc analysis, we observe that, there is significant difference in distribution of post-

operative pain between each timepoint. 
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Graph 5  : Mean plot of post-operative pain over time and technique. 

 

There  is no significant difference in the distribution of post-operative pain over the 

techniques at any time point. 

There  is significant difference in the distribution of post-operative pain over the time 

points in both techniques. 

There  is significant difference in distribution of post-operative pain between each 

time point. 
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 Table  6  : Comparison of different variables over the skin incision technique. 

Variables Sub Category 

Technique 

p-value 

Cautery Scalpel 

Length of Incision 

Mean ± SD 

 Median (Min, Max) 

14.03 ± 3.49      

14.5 (8, 20) 

  13.65 ± 4.6       

15 (5, 20.5) 

0.71t 

Wound Redness 

No 30 (50%) 30 (50%) 

NAMC 

Yes 0 (0%) 0 (0%) 

Wound Swelling 

No 30 (50%) 30 (50%) 

NAMC 

Yes 0 (0%) 0 (0%) 

Wound Discharge 

No 30 (50%) 30 (50%) NAMC 

Yes 0 (0%) 0 (0%) 

Wound Infection 

No 30 (50%) 30 (50%) NAMC 

Yes 0 (0%) 0 (0%) 

 

Abbreviation: MC – Chi square test with Monte Carlo simulation, t – Two sample t 

test.NA –NOT APPLICABLE 

 

In our study no patient in the scalpel nor in the cautery group developed any post 

operative wound complication or surgical site infection. Hence there was no 

difference in the postoperative wound complication rates between the scalpel and 

cautery group for the skin incisions. 
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      Graph  6  : Mean plot of length of incision over techniques 

Variable Sub Category 

Technique 

p-value 

Cautery Scalpel 

Length of Incision 

Mean ± SD 

Median (Min, Max) 

14.03 ± 3.49 

14.5 (8, 20) 

13.65 ± 4.6 

15 (5, 20.5) 

0.71t 

 

Table 7:  Length of incision over techniques 

 

From two sample t test, we observe that, there is no significant difference in mean 

length of incision over techniques. 
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Graph 7  : Distribution of all subjects according to wound redness. 

 

Graph 8 : Distribution of all subjects according to wound swelling. 
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             Graph 9: Distribution of all subjects according to wound discharge. 

  Graph 10 : Distribution of all subjects according to wound infection. 

 

From chi square test, we observe that, there is no significant difference in the 

distribution of wound redness, wound swelling, wound discharge and wound infection 

between the two skin incision techniques. 
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Discussion 

 

 In the early twentieth century, electrosurgical instruments were first introduced for 

better hemostasis and tissue dissection , to tackle some of the disadvantages of scalpel 

blade such as  undesired blood loss, indistinct tissue planes , increased operative time 

, possibility of accidental injury.  

In recent years use of electro-surgery has increased in popularity. The management of 

complex surgical procedures has become simpler with the advent of newer 

electrosurgical instruments. Gradually Diathermy has been accepted as an alternative 

to the cold scalpel. 

In our day to day practice diathermy is used for hemostasis and tissue dissection. 

Despite this a few surgeons use diathermy to incise skin: this hesitance to use 

diathermy is partly due to the belief that electrosurgical instruments/cautery causes an 

increase in devitalized tissue within the wound, thereby leading to increased wound 

infections, increased scar formation and delayed wound healing. 10 Though these 

issues have not been proven to be true by recent studies to skin incision which have 

shown quicker operating times, decreased blood loss, lower early post operative pain 

and lower analgesia requirements with diathermy compared with scalpel incision. 

3,4,5,26 

In our study we aimed to assess the effectiveness of diathermy skin incision vs scalpel 

skin incision in terms of postoperative pain and to also assess complications like 

wound infection  

In our study, sixty patients underwent abdominal surgeries for various disorders. The 

incision was created using electrocautery and steel scalpel, the skin incision technique 

to be used, being randomly decided by picking of chits. The incisions were assessed 
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in terms, post operative pain and wound redness/edema/discharge and wound 

infection. 

It was observed that there were no surgical site infections that occurred neither in the 

scalpel nor in the cautery group. The wound healing of both categories of wounds 

were found to be comparable. 

In our study from Mann Whitney U test, we observe that, there is no significant 

difference in the distribution of post-operative pain over the skin incision techniques 

at any time point.  

In the study by Johnson and Serpell7, they demonstrated no difference in the 

postoperative pain ,wound inflammation and wound infection rate between skin 

incisions made with scalpel vs diathermy . 

A large multicenter, collaborative study by Franchi et all 2also supports the findings of 

our study. They studied 964 subjects for early and late wound related complications in 

patients undergoing elective midline laparotomy by both electrocautery and scalpel 

skin incision and concluded there was no statistical significant difference with regards 

to the skin incision if it were by scalpel or electrocautery. They stated that there was 

no difference in the chances of wound infection occurring between the two groups. 

The study by Dixon et al 12 compared conventional scalpel and electrocautery incision 

and they inferred that there was no differences between the two groups with regards to 

wound complications like wound infection as evidenced by our study. 

The results of our study are in concordance with the results of Telfer et all16which 

compared 101 patients undergoing midline laparotomy by either cautery or scalpel. 

There study showed an insignificant difference in post operative pain between the two 

groups. 
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The findings of a study by Kearns et al 14, compared electrocautery and scalpel 

methods in 100 patients undergoing elective midline incision, their study showed that 

cautery incisions were associated with significantly less early postoperative pain and 

lower analgesic requirement. Our study showed no difference in the postoperative 

pain at any time point between the two groups. 

The study by Chrysos E et al 11, where either electrocautery or scalpel was employed 

for skin and underlying tissues in incisions while performing prosthetic mesh inguinal 

hernioplasties. Their study results showed no difference in terms of wound infection 

which is similar to our study 

The findings of Pearlman et al 19, compared the two methods of incision for 

cholecystectomy and their results were in concordance with the results of our study. 

In accordance with our study, it showed no significant difference with regards to the 

postoperative pain.  
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Conclusion 

Diathermy incisions are not as prone to develop wound infections as was 

previously hypothesized. 

Furthermore, the pain associated with cautery incisions on postoperative days 

were found to be similar to skin incisions by scalpel. 

In this study the study duration postoperatively was up to postoperative day 14 , 

so late complications such as scar hypertrophy  , keloid formation ,cosmesis 

between the two groups could not be assessed. 

We suggest a more detail study with a larger sample size and multicentre study 

and a longer postoperative follow-up to assess the long term outcomes between 

the two groups. 

With the availability of diathermy for performing skin incision, this makes the 

exclusion of scalpel from the operating field an attractive optionin view of the 

recent rise in blood borne diseases such as hepatitis B/ C and HIV infections 

Thereby ensuring the safety of the surgical team members from needle stick/sharp 

injuries.14 

Even though diathermy incisions were found to be similar in postoperative 

outcomes compared to scalpel incisions in terms of pain and wound complications 

potential complications related to both techniques should be weighed against their 

benefits before making a choice.  

To conclude , a surgeon’s preference and expertise may take precedence in 

making a decision against diathermy incisions but the gradual transition observed 

in recent years must carry on. 
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SUMMARY 

In recent years use of electro-surgery has increased in popularity. The management of 

complex surgical procedures has become simpler with the advent of newer 

electrosurgical instruments. Gradually Diathermy has been accepted as an alternative 

to the cold scalpel. In our day to day practice diathermy is used for hemostasis and 

tissue dissection.Despite this only a few surgeons use diathermy to incise the skin: 

this hesitance to use diathermy is partly due to the belief that electrosurgical 

instruments/cauterycauses an increase in devitalized tissue within the wound, thereby 

leading to increased wound infections, increased scar formation and delayed wound 

healing.10 

Therefore the aim of our study was to assess and determine the Postoperative pain and 

wound healing on postoperative day 2,5 and 14between skin incisions made by 

scalpel versus  diathermyinabdominal skin incisions. 

We had conducted a one year prospective observational study on 60 subjects (30 in 

each group) undergoing elective abdominal surgeries in Dept. Of General Surgery in  

ShriDharmasthalaManjunatheshwara  Hospital, Dharwad. 

A total of 60 patients were studied ,whose ages ranged from 18 years to 70 years with 

a mean age 49.5 ± 14.72 years. Between 18-20 years of age there were 3 patients 

(5%). Between 20-39 years of age there were 12 patients (20%).Between 40-59 years 

of age there were 26 patients (43.3%). Between 60-70 years of age there were 19 

patients (31.7%).   

In our study out of 60 subjects, 44 (73.3%) were males and 16 (26.7%) are females 

and were equally distributed between the two study groups. 
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In our study out of 60 subjects 43 (71.7%) of the patients did not have any co 

morbidities. There were 4  patients were  HTN, 3 patients were DM , 2 patients were 

DM and  HTN , 2 patients had asthma , 2 patients had obesity. There was 1 patient 

each having HTN and alcoholic , TB in 2015 , TB In 2021 ,Hepatitis C. 

There was no significant difference in the mean length of the skin incision between 

the two techniques used for the skin incision. 

There was no significant difference in the distribution of post-operative pain over the 

techniques at any time point. 

There was significant difference in the distribution of post-operative pain over the 

time points in both techniques. There was significant difference in distribution of 

post-operative pain between each time point. 

In our study no patient in the scalpel group nor in the cautery group developed any 

post operative wound complications(redness, swelling, discharge or surgical site 

infection).  

Hence there was no difference in the postoperative wound complication rates between 

the scalpel and cautery group for the abdominal skin incisions. 
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APPENDIX 2 -  PROFORMA FOR THE STUDY 

Demographic details  

PATIENT NAME/GENDER/AGE/ UHID LABEL/DIAGNOSIS /CONTACT NO. 

INDICATION FOR SURGERY 

 

TECHNIQUE –  CAUTERY  /   SCALPEL 

LENGTH OF INCISION (CM)  - 

WOUND CLOSURE -  STAPLES  

POSTOP PAIN  (USING VISUAL ANALOGUE SCALE) 

DAY 2  - 

DAY 5  - 

DAY 14       - 

 

  

WOUND (postop)   Day 2 Day 5  Day14 

REDNESS     

SWELLING    

DISCHARGE 

 

    

COMMENTS /ANY WOUND CULTURE 

 

DATE OF SURGERY  
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COMORBIDITIES 

DM/HTN/ASTHMA/TB/Others 

  

 

 

 

PERSONAL HISTORY 

ALCOHOL USE 

TOBACCO USE 

MEDICATION USE 
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  APPENDIX 3 -  INFORMED CONSENT 

CONSENT FORM 

A Study of Scalpel Versus Diathermy Use in Abdominal skin Incisions 

Undertaking by the Investigator: 

I,Dr.Kushal Rathnakar Heggade will be the one collecting your biodata and 

examining you for the study. The information that you provide will not be shared with 

anyone and I will not disclose your identity and it will only be used for the study. I 

will be allotting you to a study group where in it will be decided before the start of 

surgery the type of skin incision to be made for your surgery. The rest of your 

treatment will be continued as part of the routine management for your condition at 

this hospital as the standard of care and the cost will have to be borne by you. It will 

however not be an additional economic burden on you. You have the freedom to 

refuse to be a part of the study and leave at any time you feel. Your treatment at the 

hospital will be independent of your participation in the study 

CONSENT  

I have been informed by Dr.Kushal Rathnakar Heggade about the nature of the study 

,clearly in a language understood by me. I voluntarily accept to be included for the 

performance of the study. The nature, demands and hazards involved in the study 

have been fully explained to me by Dr.Kushal Rathnakar Heggade . I understand that 

I may withdraw from the studies at any time for any reason. I confirm that I have 

passed my eighteenth birthday, the required minimum age necessary to take part in an 

adult research study. 

I understand that the study will involve - Physical examination including examination 

of my wound.  
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I have had the opportunity to ask questions about the study and all the queries that I 

have had have been clarified to my satisfaction. 

I consent to the release of scientific data resulting from my participation in this study 

to the Principal Investigator for use by him for scientific purposes. The principal 

Investigator assures my anonymity. I understand that the record of this experiment 

becomes part of my medical record and is protected as a confidential document. I 

understand that this record will only be available to physicians and investigators 

involved with this study. Other staff may be authorized by the Head to review the 

record for administrative purposes or for monitoring the quality of patient care. 

 I understand that in the case of any problem I can contact Dr(Professor). 

B.SRINIVAS PAI  & Dr(Professor) MALLIKARJUN DESAI, Head of the Dept of 

General Surgery or any member of the Institutional Ethical Review Board, SDM 

College of Medical Sciences And Hospital, Dharwad 
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CONSENT FORM 

I Mr/Mrs/Ms……………………………………………..agree to participate in the 

study “A Study of Scalpel Versus Diathermy Use in Abdominal skin Incisions”. 

 

Date:  

Name of participant : 

Signature of participant : 

Address and phone no. : 

 

 

Witness and Signature : 

Relationship to patient : 

 

Physician’s Statement: 

I,Dr.KushalRathnakarHeggade have carefully explained the nature, demands and 

foreseeable risks of the above study to the patient to my best ability. 

 

 

 

 

 

 

Date:                                                                     Signature: 
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ಒಪ್ಪಿಗೆ ಪತ್ರ 

 

1. ಕ್ೈಗ್ ೊಂಡಅಧ್ಯಯನವುಶ್ೈಕ್ಷಣಿಕಉದ್ದೇಶಮತ್ತುರ್ ೇಗಿಯಚಿಕಿತ್್ೆಗಾಗಿ. 

ಯಾವುದ್ೇಹ್ಚ್ತುವರಿಕ್ಲಸಗಳನತುಮಾಡಲಾಗತವುದಿಲಲ. 

ಮಾಡಿದಕ್ಲಸವುರ್ ೇಗಿಯಚಿಕಿತ್್ೆಯದೃಷ್ಟಿಯೊಂದಮಾತ್ರಇರತತ್ುದ್. 

2. 

ಈಅಧ್ಯಯನವನತುನನಗ್ವಿವರಿಸಲಾಗಿದ್ಮತ್ತುಅಧ್ಯಯನವುಏನನತುಒಳಗ್ ೊಂಡಿರತತ್ುದ್ಎೊಂಬತದನತುನಾ

ನತಅರ್ಥಮಾಡಿಕ್ ೊಂಡಿದ್ದೇನ್ಮತ್ತುಆದದರಿೊಂದಅಧ್ಯಯನದಲ್ಲಲಭಾಗವಹಿಸಲತನಾನತಒಪ್ುುತ್್ುೇನ್. 

3. 

ಮೇಲ್ಹ್ೇಳಿದಯಾವುದ್ೇಕಾಯಥವಿಧಾನವನತುಮತೊಂದತವರಿಸಲತಅನತಮತಿನೇಡಲತನಾನತನರಾಕರಿಸಬ

ಹತದತಎೊಂದತನಾನತಅರ್ಥಮಾಡಿಕ್ ೊಂಡಿದ್ದೇನ್. 

4. ಅಧ್ಯಯನವುಸಾಮಾನಯಮತ್ತುಕಿಲನಕಲುರಿೇಕ್ಷ್ಯನತುಒಳಗ್ ೊಂಡಿರತತ್ುದ್. 

ಮೇಲ್ಹ್ೇಳಿದಪ್ರಿೇಕ್ಷ್ಗಳುಅಧ್ಯಯನದಉದ್ದೇಶಕಾಾಗಿಮತ್ತುನನುಚಿಕಿತ್್ೆಗ್ಸಹಾಯಮಾಡತತ್ುವ್. 

5. 

ನನುಆಸುತ್್ರಯದಾಖಲ್ಗಳನತುಅಧ್ಯಯನಮತ್ತುಚಿಕಿತ್್ೆಯಉದ್ದೇಶಕಾಾಗಿಬಳಸತವುದರಬಗ್ೆನನಗ್ವಿವರಿಸ

ಲಾಗಿದ್ಮತ್ತುಇದಕಾಾಗಿನನುಆಸುತ್್ರಯದಾಖಲ್ಗಳನತುಬಹಿರೊಂಗಪ್ಡಿಸಲತನಾನತಒಪ್ುುತ್್ುೇನ್ಮತ್ತುಯಾವು

ದ್ೇಮ ರನ್ೇವಯಕಿುಗಳಿಗ್ಮಾಹಿತಿಯನತುಬಹಿರೊಂಗಪ್ಡಿಸತವುದಿಲಲಎೊಂದತಭರವಸ್ನೇಡಲಾಗಿದ್ 
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ರ್ ೇಗಿಯಸಹಿ ………………………………………… 

  

ಪ್ೂರ್ಥಹ್ಸರತ………………………………………………………….. 

  

ದಿನಾೊಂಕ …………………… .. 
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ಕಾಯಥವಿಧಾನವನತುರ್ ೇಗಿಗ್ವಿವರಿಸಿದಾಗನಾನತಪ್ರಸತುತ್ವಾಗಿದ್ದೇನ್ಮತ್ತುಕಾಯಥವಿಧಾನಕಾಾಗಿಅವನ / 

ಅವಳಕನ್ೆೊಂಟ್ಅನತುನಾನತತಿಳಿದಿದ್ದೇನ್ 

  

 ಸಾಕ್ಷಿಯಸಹಿ ………………………………………. 

(ಸಾಕ್ಷಿಅಧ್ಯಯನದ್ ೊಂದಿಗ್ಸೊಂಪ್ಕಥಹ್ ೊಂದಿದವಯಕಿುಯಾಗಿರಬಾರದತ) 
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APPENDIX 4 - MASTER CHART 
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APPENDIX 5  ETHICAL CLEARANCE 
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APPENDIX 6 - PLAGIARISM CHECK REPORT 

 

 


