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Abstract 
 
Medical teachers work tirelessly to develop innovative and effective educational tools that enhance and supplement the conventional 
didactic lectures. We introduced crossword puzzles prior to didactic lectures, as a supplemental learning tool to help students get 
primed with upcoming terms and concepts.  
 

Before traditional lectures, the crossword puzzles were administered in groups of 8 students each (n=73) on two different 
occasions. They were allowed to discuss and refer to books/internet to solve the puzzles. A batch of 82 students was not given 
crossword puzzles served as the control group. A Multiple Choice Question test (MCQ) was conducted and the scores in crossword 
group and control group were compared.  

 

Students’ perceptions on the crossword puzzles were assessed using a questionnaire. 
The average raw scores in MCQ test of the students in crossword group (n=73) and control group (n=82) were 36.43 ± 6.14 and 
31.59 ± 7.18 respectively (p =0.000) and the students’ satisfaction with this learning method was >75% for most of the items of the 
questionnaire. 
  

 Crossword puzzles constitute an interactive and fun-filled active learning with peers in a non-threatening environment. Given 
before teaching the topic, they primed the students with the upcoming concepts and later during traditional teaching, the same were 
reinforced. Solving crossword puzzles enabled students to self-assess their own understanding of concepts and also to identify their 
weak areas, which can be corrected later through a targeted approach. 
 

Keywords: Crossword; Active Learning; Self- directed Learning. 
 

Introduction  
 

For years, the mode of presenting facts or concepts to the 
students has been through passive teaching, primarily 
didactic lectures.  Gradually methods are evolving that 
engage students in the learning process. Competency based 
medical education (CBME) encompasses a shift in the 
teaching-learning (TL) paradigm from teacher-centric to 
student-centric medical education. With the 
implementation of CBME curriculum in India, innovation in 
the active TL method is the need of the hour. The 
advantages of the use of games or puzzles as learning tools 
have been widely reported in various medical specialities. 1,-

3 Puzzles are problem-solving activities that require learners 
to formulate solutions and are gradually proving their 
effectiveness in medical education 4. Crossword puzzles as 
a learning tool has been used successfully in pathology, 
pharmacology, physiology, nursing and veterinary sciences 
as a fun activity.1,3,5-7 Solving crossword puzzles has shown 
to stimulate the intellect, intensify the glossary and preclude  
 

 
 
passive memorization of facts.8 Thus, solving of crossword 
puzzles promotes critical thinking and analytical skills and 
also improves self-directed learning skills among the 
learners.7 The above-mentioned studies that introduced 
crossword puzzles, examined the students’ perceptions on 
crosswords but most of them did not compare the scores of 
the students. Also, in all of the studies, the crosswords were 
given after the didactic lectures. The current study was 
planned to introduce crossword puzzles prior to the 
didactic lectures, as a supplemental learning tool to help 
first year undergraduate medical students get primed with 
and understand the terms and concepts of renal physiology 
by a collaborative approach. The objectives of the study 
were to evaluate the effectiveness of crossword puzzles in 
reviewing and understanding the concepts of renal 
physiology when used along with traditional teaching and 
to describe students’ perceptions on introduction of 
crosswords in Physiology teaching. 

 



International Physiology / Volume 8 Number 3 / September - December 2020 
 

Materials & Methods 
 

The study was commenced after taking approval from 
Institutional Ethics Committee. A total of 155 first year 
undergraduate medical students participated in the study.  
 

Before traditional lectures on some topics of renal 
physiology, the crossword puzzles were administered to 73 
students, in a non-testing environment in groups of 8 
students each, on two different occasions. The crossword 
puzzles were made online at the Discovery School’s puzzle 
maker Web site http://puzzlemaker.school.discovery.com.  
The puzzles (Fig. 1 and 2) had vertical columns with words 
running from top to bottom and horizontal rows with words 
running from left to right.  None of the words ran diagonally 
or were inverted. Before introducing the crossword puzzles 
to students, the contents of both the crossword puzzles were 
validated by experts from the Physiology Department.  Each 
crossword contained 20 clues covering two topics - 
glomerular filtration and tubular reabsorption. Since the 
students were given these crosswords before teaching the 
renal system, many of the questions were factual (lower 
levels in Bloom’s taxonomy) but some were conceptual 
testing higher degrees of Bloom’s pyramid.  The students 
were given one hour to complete the crossword puzzle; for 
solving these puzzles, they were allowed to discuss among 
themselves and refer to books/internet.  A teacher and two 
residents were present in the class during the activity. 
Thereafter the answers of the crosswords were discussed.  
The activity was followed by didactic lectures in the given 
topics over a period of three days where the facts and 
concepts which were asked in crosswords were reinforced. 
After finishing all the teaching lectures on renal physiology, 
a system completion test of 50 MCQs was organized. The 
test consisted of a mix of factual and conceptual questions; 
testing all the levels of Bloom’s hierarchy.  
 

A group of 83 students, were not given crossword 
puzzles. However they appeared for the same system 
completion MCQ test after their didactic lectures were over. 
They served as the control group of our study. 

 

A feedback on the crossword activity was obtained from 
the students (n=73) by administering a pre-designed and 
validated questionnaire.9 The responses were measured on 
a Likert scale. The Likert scale was reversed for items 6 and 
9; this was intentionally done because people have a 
tendency to check the best responses in feedback forms 
without sometimes reading the questions. So to ensure that 
they read the questions and then answer, the scale in these 
items was reversed. Students were asked to complete the 
survey during class time in the presence of the tutors.  They 
were asked not to record their names for anonymity. 
Feedback responses of the students were recorded and 
satisfaction index for each item was calculated with the 
following formula:- 

 

[(n1 * 1) + (n2* 2) + (n4* 4) + (n5* 5)] * 20 
(n1+ n2 + n4 + n5) 

 

Where, n is the total number of students gaining the 
score mentioned in the subscript for that particular item (n3 
is not included because it is the neutral response). 

 

Statistical analysis was performed using the IBM 
Software (Statistical Package for the Social Sciences) SPSS 
21. The data was tested for normality. The mean and 
standard deviation of marks obtained were calculated and 
scores in both the groups were compared using an 
Independent Student t test. A p<0.05 was taken as 
statistically significant.   
 

 
 

Fig. 1: Crossword puzzle: GFR. 

 

 
 

Fig. 2: Crossword puzzle: Tubular Reabsorption. 
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Results  
 

The average scores of the students of crossword group 
(n=73) and control group (n=82) were 36.43 ± 6.14 and 31.59 
± 7.18 respectively. Minimum score (out of 50) in crossword 
group was 22, and maximum 47 while in control group, the 
minimum and maximum scores were 12 and 47 
respectively.  The data was tested for normality by plotting 
histograms and Q-Q plots. The Independent Student t test 

was applied to compare the scores in both the groups. 
Additionally, the homogeneity of variances was satisfied by 
Levine’s F test with F (153) = 1.87, p= 0.173. The independent 
samples t-test was associated with a statistically significant 
effect T 153=-4.48, p=0.000. Thus the students of crossword 
group obtained significantly higher scores than controls. We 
also compared the scores of control group and crossword 
group on MCQ tests on two other systems (GI system and  
 
 

 
 
Respiratory system) in which crossword puzzles were not 
administered to any of the groups; and the difference in 
scores was not significant. Perceptions of the students 
(n=73) on incorporation of crosswords were obtained on a 
validated questionnaire. (Table 1) In our study, for all of the 
items of the questionnaire, the satisfaction score was >70%.  
The best score was given to item 9, which stated that the 
activity was enjoyable.  This was followed by item 1, 
according to which the crossword activity was useful in 
comprehending the given topic.  However, item no. 3 that 
stated “the activity helped in enhancing communication 
skills” was rated the lowest by the students. As the students 
were not asked to make any presentations about their 
experiences with the crossword activity, this could be the 
reason for their rating badly to this item. 
 

Table 1: Students (n=73) responses to the feedback questionnaire and the satisfaction index. 
 

 

Table 1: Students (n = 73) responses to the feedback questionnaire and the satisfaction index. Scores were determined as follows: 1=strongly disagree, 
2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree. *Scores were reversed for items 6 and 9 (5 = strongly disagree, 4 = disagree, 3 = neutral, 2 

= agree, and 1 = strongly agree). 

 
Discussion 
  

The overall goal of medical education is to make an 
undergraduate medical student competent, and the medical 

educators strive to make their teaching effective by 
introducing innovative teaching-learning tools. The current 
study was planned to evaluate crossword puzzles as a 
teaching-learning tool to supplement traditional didactic 
lectures. Use of games and puzzles for teaching concepts 
have been shown to improve knowledge and identify the 
gaps in knowledge.3,10  In addition, games help in 
developing critical thinking and analytical skills among 
students.2 They enhance cooperative and collaborative skills 
as students work together in groups to reach a common 
conclusion.7,11 Gaming, as an active teaching-learning 
strategy, has been used in gynecology, pediatrics, 
pharmacology, psychiatry etc. in addition to didactic 
lectures.6,12-14  There are many studies involving successful 
implementation and evaluation of games like crossword 
puzzles, jigsaw puzzles, quizzes etc. for understanding 
concepts in Physiology3,11,12,15-17, however they mostly 
evaluated only the perception of students, not the scores.  
 

In our study, the scores in the MCQ test were compared 
and found significantly higher in the crossword group than 
controls. The controls were comparable to the crossword 
group in demographics as well as their level of knowledge 
because the pattern and difficulty level of the entrance exam 
to join the medical course was similar for both the groups. 
However, as compared to controls, the students in 
crossword group got extra two hours of classroom time and 
interaction with instructors. The beneficial effect of  
 
 

 
 
crossword puzzles may be attributed partly to this too 
which is a limitation of our study.The perceptions of the 
students were obtained on a validated questionnaire. 

 

The students enjoyed the interactive learning session 
with their friends in a fun filled, non-threatening 
environment. This is in congruence with findings by Shah S 
et al., 2010.3 Crosswords given before teaching the topic, 
primed them with the upcoming terms and concepts. The 
students also felt that this intervention aided 
comprehension of topics, and retention of the concepts. 
Similar findings were observed in other studies also.3,6,7 
since the crosswords were introduced prior to teaching the 
system, high order questions were few in number. 
However, all the concepts that were asked in the crosswords 
were completely comprehended by the students. Enhanced 
comprehension could be due to thorough discussion on 
clues with their peers while searching for answers, and 
recalling and reviewing the text while solving the puzzle. 
The discussion on the answers by the instructor 
immediately after the crossword sessions made them 
understand the concepts which they read at the time of 
solving the crossword but could not interpret. As for 
example in Figure 1, answer to clue number 3 across is “the 
hydrostatic pressure in glomerular capillaries is higher than 
that in the capillaries elsewhere in the body”. The students 

read this concept while searching for the answer and 
understood when the answers of the crosswords were 
discussed. The same concept was reinforced during 
traditional lectures. 
 

Items 
Scores Satisfaction 

Index (%) 1 2 3 4 5 

The crossword activity was useful in comprehending the given topic. 5 7 5 33 23 78 
The activity enabled in depth coverage of the topic. 6 9 18 26 14 72 
The activity helped in enhancing communication skills. 8 9 14 28 14 71 
A thorough discussion on the crossword puzzles increased analytical ability. 6 11 3 35 18 74 
The activity helped in overcoming shyness and hesitation in the class. 6 5 15 33 14 75 
This form of exercise should not be incorporated for all the topics in physiology. * 6 11 16 20 20 73 
Are you confident that this knowledge could be applied in clinical practice? 5 11 13 26 18 74 
The activity helped me to score better in my formative tests. 6 8 19 25 13 72 
The exercise was not enjoyable. * 3 8 5 35 22 79 
Crossword puzzle is an effective way of learning. 5 9 10 33 16 75 
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The students recommended that these activities should 
be continued as a supplement to didactic lectures.  The 
crossword puzzles have been used successfully as a 
supplement to traditional didactic lectures in obstetrics and 
gynecology, psychiatry, and physiology.1,13,14,17-19 

 

 It is seen that if crossword puzzles are administered 
before lectures, it can be used as a method of priming the 
students before the lectures for upcoming terms and if given 
after lectures, it can be a method of assessing the students’ 
learning. Also, crossword puzzles can be employed for 

taking a revision class where a fair number of varied 
concepts can be taught in one enjoyable class. 

 

Conclusions:  
 

The results of this study show that crossword puzzles 
incorporated as a supplement to traditional lectures can 
engage students and encourage them to collaborate learning 
with their peers. This may also increase the understanding 
of the concepts. Solving crossword puzzles also enabled the 
students to evaluate their own understanding of concepts 
and also to identify their weak areas, which can be corrected 
later through a targeted approach.  This method thus 
promotes self-directed learning among students.  It 
increases their involvement in the learning process and 
keeps them motivated.  
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Abstract 
 
Lymphedema is a disease affecting lymph flow causing symptoms of pain, oedema, and increased chance of infection. There are 
different modalities of treatment of lymphedema and includes decongestive compression therapy and methods to cause debunking 
of the oedema. Recently we came across use of LLLT in lymphedema treatment as well as a hand-held low-level laser machine. We 
share our experience of the application of the hand-held laser device in the management of lymphedema. 
 

Keywords: Low Level Laser Device; Lymphedema. 
 
 

Introduction  
 

Lymphedema is a disease caused by obstruction to lymph 

flow.1 Primary lymphedema arises from aberrant lymphatic 

development. The damaged lymphatics cannot transport 
lymph in adequate quantities and the lymph accumulates in 

the lymphatic spaces.2 Low Level Laser Therapy (LLLT) is 

reported to have beneficial effects on cells and tissues in a 
broad range of conditions, including lymphedema, through 
encouraging formation of lymphatic vessels (lymph 
angiogenesis), promoting lymphatic flow and stimulating 
the immune system. LLLT uses waves between 650-1000 

nm.3,4 

 

Materials & Methods 
 

This is a prospective case study of a 29-year female admitted 
in the department of Plastic Surgery in August 2019, with 
c/o swelling of the left lower limb for 16 years. The patient 
was assessed and investigated thoroughly. The patient was 
diagnosed to have primary lymphedema of the left lower 
limb associated with secondary skin changes (WHO grade-
7). The patient was given standard care as per International 
Society of Lymphology (ISL) guideline. As the patient was 
not willing for any microsurgical or excisional procedure, a 
decision was made to perform liposuction. The patient was 
given low level laser device (fig. 1) for prevention of 
recurrence over the affected limb. The patient was  
 
 
 

 
 
instructed to use the device once a day for 15 minutes over 
the affected limb every day for 6 weeks and the cost of the 
laser comb devices range from 400 to 400 to 5000 INR. 
 

Results  
 

There was no recurrence of the lymphedema and the patient 
was satisfied with the treatment after 6 weeks of follow up. 
(Figure 2) 
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Fig. 2: after liposuction at 6 weeks of follow up. 
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Abstract 
 
The nervous system normally adjusts the rate of alveolar ventilation as per the demands of the body so that partial pressure of oxygen 
(PO2) and partial pressure of carbon dioxide (PCO2) in the arterial blood are hardly altered, even during heavy exercise and other 
respiratory stress situations. 
 

Respiratory centres are classified into two types i.e. medullary and pontine. These centres contain various neurons like Dorsal 
respiratory group of neurons (DRG) controls inspiration and Ventral group of neurons (VRG) controls expiration along with other 
centres controlling the rate and depth of respiration. Reflexes like cough reflex, sneeze reflex and J reflex are mediated through these 
centres. Central and peripheral control of respiration is mainly regulated by PCO2 and PO2. 
 

Keywords: Alveolar Ventilation; Respiratory Centres; Cough Reflex; Sneeze Reflex; J Reflex. 

Introduction  
 

The nervous system normally adjusts the rate of alveolar 
ventilation as per the demands of the body so that partial 
pressure of oxygen (PO2) and partial pressure of carbon 
dioxide (PCO2) in the arterial blood are hardly altered, even 
during heavy exercise and other respiratory stress 
situations.1 
 

Role of Respiratory centres  
 

The respiratory centres are classified into medullary and 
pontine centres. Medullary includes dorsal respiratory 
group of neurons (DRG) which controls inspiration and 
ventral group of neurons (VRG) controls expiration. Pontine 
includes pneumotaxic centre which controls rate and depth 
of respiration and apneustic centre controls inspiration2. 
Dorsal respiratory group of neurons (DRG) arises from 
Nucleus tractus solitarius (NTS) Rhythmical discharges 
from DRG leads to generation of inspiratory ramp: Make – 
2sec and Break – 3sec. Ventral respiratory group of neurons 

(VRG) functions both in inspiration and expiration. 
Pneumotaxic centre is located dorsally in the upper pons. It 
controls the “switch off” point of the inspiratory ramp thus 
controlling the duration of inspiratory signals. Strong-
inspiration might be lost in as little as 0.5 second i.e. shallow 
breathing. Weak, the ramp continue to rise for as long 5 to  
 

 
 
10 seconds i.e. slow breathing3. Apneustic centre is situated 
in the lower part of pons. It discharges tonically upon the 
DRGN- promoting more sustained respiratory activity.  
Two factors normally control and lessen this tonic influence 
are Pneumotaxic centre and vagal afferent impulses (Hering 
Bruer inflation reflex). An animal with midpontine 
transection and vagotomy develops apneustic breathing i.e 
prolonged inspiration- brief expiratory period- another 
sustained inspiration4. Lung inflation signals limit 
inspiration by Hering-Breuer inflation reflex. When the tidal 
volume becomes more than 1.5 lit/ breath, stretch receptors 
situated in the walls of bronchi and bronchioles becomes 
stimulated thus transmitting signals through vagi and 
inhibits DRGN which switches off inspiratory ramp. This 
reflex acts as a protection from excessive lung inflation.5 
 
Role of Cough Reflex 
 

Cough reflex begins with the irritation of the bronchi and 
larynx. The impulses pass through vagus nerve to medulla 
(Inspiratory Center) for initiating inspiration and thus 2.5 
litres air is inspired. Epiglottis and vocal cords close 
completely to obstruct the air below vocal cords. The 

expiratory muscles contract forcefully and create a pressure 
of 100 mm Hg in the lungs and respiratory passage below  
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the vocal cords and the vocal cords suddenly open widely. 
Air in the lungs explodes out widely with a velocity of 500 
miles/hour thus removing the irritating foreign particles, 
present in the respiratory passage.6 
 

Role of Sneezing Reflex 
 

In sneezing reflex, all the steps are almost the same as that 
of cough reflex except that the irritation occurs in nasal 
mucosa instead of bronchi and lungs. Sensation travels 
through Trigeminal nerve instead of vagus nerve and soft 
palate and uvula are closed instead of vocal cords.7 
 
Role of J- reflex 
 

“J receptors”- are sensory nerve endings in the alveolar 
walls in juxtaposition to the pulmonary capillaries. They are 
stimulated when the pulmonary capillaries pressure is 
increased or the pulmonary capillaries become engorged 
with blood or when pulmonary oedema occurs in such 
conditions as congestive heart failure, high altitude and 
exercise. Excitation may give the person a feeling of 
dyspnoea.8 
 
Role of CO2, H+ and O2  
 

Direct or central control of respiratory centre activity is by 

CO2 and Hydrogen ions. Chemo sensitive area of 
respiratory centre is situated on the ventral surface of 
medulla.  Primary stimulus is H+   for stimulation of chemo 
sensitive area and CO2 has a weak direct effect. Potent 
indirect effect occurs through H+ Decrease stimulatory effect 
of CO2 occurs due to renal readjustment by increasing 
bicarbonate which binds with H+ ions in blood and 
cerebrospinal fluid. Changes in PO2 have little direct effect 
on control of respiratory centre.9 Peripheral chemoreceptor 
system for control of respiratory activity is mainly by PO2. 
Role of O2 in respiratory control is carried by Carotid bodies 
and aortic bodies. Impulses are transmitted along 
glossopharyngeal nerve and vagal nerve. Decrease arterial 
O2 stimulate chemoreceptors when PO2 is 60-30 mm Hg.10 
 
Mechanism of stimulation of chemoreceptor by O2 
deficiency 
 

Glomus cells located in peripheral chemoreceptors have O2 
sensitive K+ channels which are inactivated when blood PO2 

decreases. As a result of depolarisation there is increased 
opening of voltage gated calcium channels leading to 
increase in intracellular calcium concentration and release of 
neurotransmitter (ATP) resulting in activation of afferent 
neurons   to CNS leading to stimulation of respiration.11 
 

Conclusion: 
Spontaneous respiration is produced by rhythmic discharge  
 

 
 

of motor neurons orchestrated by brain that innervate the   
respiratory muscles. The rate and depth of respiration 
change appropriately in response to alterations in metabolic 
demands without any voluntary effort on our part. This 
involuntary process is mainly controlled by various 
respiratory centres located in pons and medulla. 
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Abstract 
 

Wound represents one of the biggest surgical dilemmas with great variation in care. The reason is due to the different variants in the 
nature of wound & treatment, limited evidence convincing in wound care and disparate opinions among treating doctors & nurses. 
Tissue injury leading to a wound is a platform for multidisciplinary interventions. A wound, whether created by a scalpel, trauma or 
infection, undergoes a reparative process in a definite sequential manner. Hence, evidence based care should be followed thereby 
ensuring optimum care to the patient as well as the wound. 
 

Keywords: Wound Healing; Evidence Based Medicine; Wound Management. 

Introduction  
 

Wound healing is a series of complex events that resurface, 
restore and reconstitute the tensile strength to damaged 
skin. A good understanding of the sequence of events, 
which includes molecular signals, and cells involved in 
wound healing, can aid in a better optimization of wound 
care. If the process of wound healing goes askew in any 
phase, it results in exuberance of fibroblastic proliferation 
called hypertrophic scars, keloids and contractures leading 
to aesthetic and functional problems. Hence the primary 
goal in wound care should be prevention of complications 
and preservation of functions.2 any available national and 
international guidelines for different wounds can be 
followed.1 

 
History 
 

Hippocrates first defined healing by first and secondary 
intention.3 Alexander Flemming discovered the first 
antibiotic, Penicillin.4 The cardinal signs of clinical infection 
- rubor (erythema), tumor (swelling), dolor (pain) and calor 
(heat) was described by Celsus. Indian contribution to 
wound healing was done by Sushruta, the Father of ancient 
plastic surgery, when he described 14 different types of 
dressings and described ancient Indian surgical technique 
and wound management and noted in his book the 
‘Sushruta Samhita’5 Ambroise Pare (1510-1590) proposed 
use of various dressings for traumatic gunshot wounds like 
rock alum, verdigris, vitriol, rose honey and vine.6 Lorenz  
 

Heister from Germany wrote ‘general system of surgery’ 
and described wounds of all kinds, operations and 
bandages.7 Henri Francois Le Dran (1685-1770) gave concept 
of debridement.8 The routinely used Gamgee pads were 
described by Joseph Sampson Gamgee (1828-1886) as cotton 
wool covered with unbleached gauze to make dressing 
pads.9 Louis Pasteur, a French Scientist, ‘The Father of 
Microbiology’ developed sterile surgical procedures and 
Joseph Lister, an English surgeon used gauze pieces with 
carbolic acid leading to significant reduction in mortality 
rate.10  
 

The present modern era has been overwhelmed with the 
ever increasing number of high technology, engineered 
advanced wound care products like ‘Living Skin 
equivalents’, Growth factors,  Cultured keratinocytes and 
Stem Cell Therapy.11,12 The nervous system normally adjusts 
the rate of alveolar ventilation as per the demands of the 
body so that partial pressure of oxygen (PO2) and partial 
pressure of carbon dioxide (PCO2) in the arterial blood are 
hardly altered, even during heavy exercise and other 
respiratory stress situations.1 

 

Pathophysiology 
 

The pathophysiology of the wound healing varies according to the 
type of wound, if it is: 
 

1. Acute wound (or) 
2. Chronic wound 
  



22 
 

International Physiology / Volume 8 Number 3 / September - December 2020 
 

Pathophysiology of Acute Wound Healing 
 

Acute Wound healing is characterised by three phases i.e., 
inflammatory phase, Proliferative phase and Maturation 
(remodelling) phase. 
 

Inflammatory Phase 
 

This phase comprises vascular and cellular events which 
begin immediately post injury and lasts for 2-5 days. The 
immediate vascular event is characterised by a brief period 
of vasoconstriction which can last from 3-5 seconds to 5 
minutes. Followed by vasoconstriction, a persistent and 
progressive vasodilatation initiates within half an hour, 
which leads to an increased blood flow through the area, 
which increases the warmth at the injury site. The 
progressive vasodilation causes an increase in hydrostatic 
pressure, causing fluid leak, thereby causing local swelling. 
 

The cells that are released during this phase are 
neutrophils, macrophages and monocytes. The neutrophils 
help in opsonisation of the bacteria. Monocytes are 
converted to activated macrophages, which produce growth 
factors and cytokines, aiding in scavenging non-viable 
tissue and bacteria.13 

 

Proliferative Phase 
 

The proliferative phase lasts from 2 days to 3 weeks. This 
phase is characterised by formation of granulation tissue.  
The macrophages from the infiltrative phase recruites 
fibroblasts, which in turn stimulate the synthesis of a 
network of collagen fibrils. The fibroblasts get converted 
into a myfibroblast (with smooth muscle) which aids in 
wound contraction, thereby bringing the wound edges 
closure and decreasing the size of the wound.13 

 

Remodelling Phase 
 

This phase begins at 3 weeks of the injuries and can last upto 
2 years. The soft, gelatinous, immature collagen laid during 
the proliferative phase is replaced by an organized mature 
collagen, this provides tensile strength to the wound, which 
gradually increases over years, but is never as same and 
strong as the original tissue.13 

 

Pathophysiology of Chronic Wound Healing 
 

Chronic wound healing is characterised by an increased 
duration of inflammatory or proliferative phase. This 
impairment is due to changes in one or more of the 
components that aid in wound healing like growth factors, 
cytokines, etc., The prominent cytokines that are increased 
and thereby contributes to a chronic wound are Matrix 
metalloproteinases (MMPs) like MMP-1 (collagenase), 2 
(gelatinase A) and 9 (gelatinase B), serine proteases, pro-
inflammatory cytokines such as TNF-αa and interleukin-1β 
(IL-1β), and TGF-β. There is also a decrease in the level of 
Tissue Inhibitor of Metalloproteinases (TIMP).  
 

Free radicals like Nitric Oxide (NO) can cause oxidative 
damage, contributing to the non-healing nature of the 
wounds. Non-viable tissue (slough) promotes bacterial 
colonisation, thereby increasing the inflammatory phase of 
wound healing. In addition to colonisation, with time, 
biofilm is produced by the bacteria, which are bacterial 
colonies in a polysaccharide matrix secreted by the bacteria 
itself. This creates a great hindrance to wound healing as it 
is resistant to host defence as well as extraneously applied 
antimicrobial agents.  

 

Apart from external factors, various internal factors also 
lead to non-healing wounds. For example, diabetes is 
characterised by micro neuropathy; which leads to trophic  

 
 
changes in the skin; microangiopathy which involves 
thrombosis of small arteries causes ischemia and gangrene. 
In addition to these, the hyperglycemic state in the blood 
provides an excellent environment for bacterial 
proliferation as well as lowering resistance to infection. 14 

 

Types of Wound Healing  
 

Wound healing can be of three types:  
 

When a clean wound or a surgical incision is closed with 
sutures or skin adhesives it is termed as primary healing.  
When a wound is left open to heal on its own by means of 
granulation, epithelialization and wound contracture it is 
termed as secondary healing. When wounds are not ideal 
for primary closure, eg)., infected or grossly contaminated, 
they are left open initially for a period of 5-10 days, and 
then closed after the wound is clear from infection. This is 
termed as delayed primary closure. 14 

 

Anatomy 
 

The skin acts as an inherent protective mechanism against 
the harshness of the external environment. It has two layers 
- epidermis and the dermis. The epidermis is characterised 
by 5 layers, from deep to superficial - stratum 
germinativum, stratum spinosum, stratum granulosum, 
stratum lucidum, stratum corneum. Stratum corneum is an 
accumulation of desquamated keratinocytes synthesized by 
the stratum germinativum, which gradually ascends up to 
the superficial layers and sheds. The dermis lies under the 
epidermis, is further divided into papillary and reticular 
dermis. It consists of a rich dermal vascular network, which 
serves the important function of thermoregulation and also 
supports the avascular epidermis metabolically. The other 
structures are fibroblasts - which synthesize structural 
polymers, including ground substance, collagen, and 
elastin. Skin appendages include sebaceous glands, hair 
follicles, and sweat glands (figure 1). 15 

 

 
 

Fig. 3: Anatomy of skin. 

 
Skin is a dynamic organ which undergoes various 

modifications and has a variable thickness. It is thickest in 
the soles and palm (1.5 mm thick), and thinnest behind the 
ears and the eyelids (0.05 mm thick). Children have thin skin 
which thickens as the child ages. This continues till the 4th - 
5th decade of life when there is loss of epithelial 
appendages, elastic fibres and ground substance, which 
leads to thinning of the skin. 
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Classification 
 

Based on the thickness of the skin involved, wounds 
can be classified into superficial (epidermal loss), 
Partial thickness wounds (epidermal and dermal 
loss), and full thickness wounds (epidermis, dermis, 

subcutaneous fat, with or without underlying muscle 
or bone). 
 

Wounds can also classified based on: 
 

Etiology 
- Traumatic (Sharp/Blunt). 
- Iatrogenic (Surgical). 
- Burns (Thermal, Electrical, Chemical, Radiation etc.). 

 

Duration (Length of time) 
- Acute (< 6 weeks). 
- Chronic (> 6 weeks) (includes diabetic ulcer, venous 

ulcer, pressure ulcer, malignant ulcers, traumatic ulcers 
etc.). 
 

Depth 
- Superficial (above sub dermis). 
- Deep (traverses sub dermis). 

 

Mode of Injury 
- Abrasion: superficial skin involvement. 
- Ulceration: Defect in epithelial lining (skin or mucosa). 
- Incisions: By sharp objects. 
- Lacerations, Contusions and Bruise: By blunt objects. 
- Degloving, Traction and Avulsion Injury: shearing of skin   

from underlying fascia. 
- Puncture Wounds: eg) needle stick injury.  
- Bite Wounds (By animals, human, Snake etc.). 
- Crush Injury (when body part caught between two 

objects). 
 

Based on amount of contamination at the time of surgery 
- Clean (Class I) 
- Clean-contaminated (Class II) 
- Contaminated (Class III) 
- Dirty-infected (Class IV) 
 

A wound is a breakdown in the protective function of the 
skin; the loss of continuity of epithelium, with or without 
loss of underlying connective tissue following injury to the 
skin or underlying tissues/organs caused by surgery, a 
blow, a cut, chemicals, heat/cold, friction shear force, 
pressure or as a result of disease, such as leg ulcers or 
carcinomas. 16, 17 

 

Epidemiology 
 

The epidemiology of various wounds are different in 
different ethnicities. For example, the western population 
has a high prevalence of post traumatic wounds, whereas 

the developing Asian countries have a high prevalence of 
wounds due to acute and chronic conditions. 18 India being 
the world capital of diabetes has a high incidence of diabetic 
ulcers.19The prevalence of pressure ulcers worldwide has 
been reported as 6-18.5%.20 In the USA, 80% of the lower 
limb ulcers are diagnosed to be venous ulcers.21 

 

Etiologies 
 

Infection: Examples Surgical site infection, leprosy, 

Cancrum, tuberculosis etc.,22 

 

Arterial Insufficiency: Arterial insufficiency, leading to 
localised ischemia, hypoxia, and thereby ulceration of the 
area. Eg., are thromboangiitis obliterans, atherosclerosis, 
atheroembolisms etc.,2 

 

 

 

Venous Insufficiency: Venous ulcers can occur due to 
faulty valves and thereby reflux of blood, like in varicose 
veins or due to thrombosis of the deep veins which can also 
case chronic venous insufficiency.24 

 

Lymphedema: Ulcerated lymphangiectasia, lymphorrhea, 
inflammation and pustule formation, skin maceration, 
infection, papillomatosis and hyperkeratosis.  

 

Neoplasms (Cutaneous): eg., Basal cell carcinoma, 
squamous cell carcinoma, melanoma etc.25 

 

Pyoderma Gangrenosum: It starts as a small papule or 
collection of papules, and the central area then undergoes 
necrosis to form a single ulcer develops small painful papule 
or nodule followed by tissue necrosis and ulcerations.26 
 

Calciphylaxis: It is a rare condition, most often seen in 
patients with chronic kidney disease mostly in the lower 
legs.  This is due to calcification and occlusion of cutaneous 
and subcutaneous arteries and arterioles.27 

 

Necrobiosis lipoidica: It is a rash that is most commonly 
seen in the shin in diabetic patients. It may harbor a 
squamous cell carcinoma.28 
 

Vasculitic wounds: They can present as painful, 
erythematous nodules with ulcerations over lower legs in 
patients with autoimmune diseases.29 
 

Anticoagulant (warfarin) induced skin necrosis: It 
commonly occur 3 to 5 days after initiating treatment due 
inactivation of factor 2,7,9,10 by warfarin and inactivation of 
proteins C and S.30 
 

Mucormycosis: India contributed to approximately 71% 
of the global cases of mucormycosis in patients with 
COVID-19 based on published literature from December, 
2019, to the start of April, 2021. It can initiate as a sinus 
infiltration which can progress to a devastating erosion of 
the skin and bone.133 

 

Burns: Burns can be due to various etiologies like 
thermal, electrical, chemical, radiation, frostbite or frictional 
burns31-36 

 

Trauma: It can be a single wound or multiple wounds. It 
can be as simple as a superficial dermal abrasion to a 
complex injury involving skin, fascia, muscle, vessels, 
nerves and bones.37-43 

 

Pressure (decubitus) Ulcers: Pressure ulcers develop due 
to ischemia induced by prolonged external pressure on 
tissue which is commonly seen in bed ridden hospitalized, 
unconscious, and patients on ventilators with or without 
paraplegia, quadriplegia 44,45 

 

Neuropathy (Diabetic): Diabetic ulcer can be attributed 
to both autonomic and sensory neuropathy. It can also cause 
neuropathic osteoarthropathy (Charcot foot) leading to 
chronic non healing ulcers 46-49 

 

Idiopathic: (eg) Acne Keloidalis Nuchae (AKN) which is 
characterized by follicular based papule and pustules on the 
occipital scalp or nape of neck 50 

 

Investigations 
 

Investigations are done for finding the cause of the wound, 
factors leading to a slow wound healing, and for assessment 
for fitness of the wound for reconstruction.51-57 

 

This include Complete Blood count, renal function tests, 
Liver function tests; Coagulation studies; Tissue cultures;  
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Pulse volume recordings, Doppler studies, Ankle Brachial 
Index (ABI); plain radiography of the involved area, 
Computed Tomography, Magnetic Resonance Imaging for 
osseous abnormalities; vascular doppler studies, and 
Duplex studies, Edge wedge Biopsy to rule out malignancy 
in chronic wounds; Lymphoscintigraphy for Lymphoedema 
patients. 
 

Complications 
 

Acute complications: Bleeding from the wound, loss of 
tissue, colonisation by multiple drug resistant pathogens 
leading to antibiotic resistance, biofilm formation;  Chronic 
complications: Sinus formation, fistula, malignant 
transformation in the ulcer bed (Marjolin's ulcer),  
osteomyelitis, Post wound healing complications: 
Contractures, deformity, systemic amyloidosis, heterotopic 
calcification,  hypertrophic scars, keloids, cutaneous horn, 
verrucae. 
 

Systemic complications: Anaemia, fluid and electrolyte 
loss, septicaemia, etc.  
 

All the above said complications significantly impair the 
quality of life of the patient thereby adding to the morbidity 
of the condition.58-61 

 

Documentation and Assessment 
 

Wound assessment includes assessing the wound 
dimension, type of tissue, colour, shape, depth of the wound 
and nature of the edges, margins, floor, and base. These can 
be done by various techniques like estimation by ruler, 
digital planimetry, wound tracing, stereophotogrammetry, 
technical procedures (e.g. computer, image analysis, and 
colour imaging using hue saturation and intensity) and 
photography. 
 

Two tools commonly used to monitor and quantify 
wound healing are the Bates-Jensen Wound Assessment 
Tool (BJWAT) and Pressure Ulcer Scale for Healing 
(PUSH).62-68, 146 

 

Presumptive assessment for the risk of an ulcer 
development helps in preventing the morbidity that occurs 
with a formed ulcer. Braden scale is one such tool which 
helps in assessing risk of pressure ulcer development.69 Risk 
of development of diabetic ulcers can be assessed with the 
help of National Diabetes Education Program (NDEP).70 

 

Wound Bed Preparation (WBP) 
  

As described by Falanga, Wound bed preparation (WBP) is 
defined as the process of removing barriers to facilitate 
healing.71 Principles of wound bed preparation are better 
understood with the acronym ‘T.I.M.E’. 
 

TIME stands for: 
 

‘T’: Tissue - This is an assessment and management of the 
tissue in the wound, if it is non-viable or deficient. If the 
tissue is non-viable (necrotic) it should be debrided or 
removed.  
 

Different methods of debridement can be used. It can be broadly 
classified into:  

 Medical (enzymatic e.g. papain urea72, chemical, larva 
therapy, biological agents73, hydro jet debridement74 
etc.) 

 Surgical (sharp, laser, ultrasonic etc.).75, 76 

 
 

After debridement, the Deficient tissues may be covered by 
either primary or secondary wound closure in the primary 
setting77, or covering initially by biological skin substitute78 
or cover with skin graft or flap later.79  

‘I’: Infection and Inflammation management to restore 
bacterial balance. Bacterial load when it exceeds 105 to 106 
organisms per gram adversely affects the wound healing, 
whatever the organism may be. Wound cleansing by 
irrigation with saline, use of antimicrobials, super oxidized 
solution80, silver solution, Nano crystalline dressing etc., 
antibiotics and anti-inflammatories, can reduce the bacterial 
load and thereby aid in wound healing. 

 

‘M’- Moisture helps in wound healing. But in the form of 
an exudate it is detrimental. Methods of exudate control 
includes direct methods like use of absorbent dressings, 
Negative Pressure Wound Therapy (NPWT)81, 82and oedema 
control.83  

 

  ‘E’- Edge of wound (Non-advancing or undermined) 
management. This involves stimulated the epithelium in the 
edge of the wound to advance with various adjunctive 
therapies like Growth factors, 84Autologous Platelet Rich 
Plasma (APRP) therapy85, Autologous Lipoaspirate 
therapy.86  

 

To conclude introduction of various newer adjunct 
dressings and state of art technologies helps in a speedy 
wound bed preparation and thereby allowing a definitive 
cover of the wound as early as possible 87 

 

Management 
 

Management of an acute or chronic wound can be either 
Medical or surgical and can be done separately or 
concomitantly.  
 

Medical Management 
 

General Medical Treatment 
 

A. Resuscitation: The initial management of the patient 
always follows ABCDE protocol (Airway, 
Breathing, Circulation, Disability, Exposure). After 
stabilizing the patient hemodynamically, wound 
care is started. Tetanus prophylaxis should be 
given. In case of other associated system injuries, 
multidisciplinary care should be done. 

 

If the patient presents with a chronic wound, the 
systemic condition and associated problems should 
be looked for and have to be addressed before 
initiating wound management. 88 

 

B. Non-Surgical Debridement: A clean lacerated wound 
presenting immediately after the injury (within 6 
hrs), primary closure should be done, with no 
tension across the suture line. But if a patient has a 
compromised vascularity, it is better to wait, 
allowing the collateral channels to open. 

 

In a chronic wound, if there is no necrotic tissue, 
then a medical debridement can be done like with 
pulse lavage therapy with hydro jet etc. Wet gauze 
is safer to use than dry gauze as it may not disrupt 
the healthy granulation tissue.88 

 

C.  Nutrition: Anemia due to blood loss or preexisting 
nutritional deficiency which requires blood and 
nutritional replacement in acute wounds. 
Hypoalbuminemia and anemia in chronic wound, 
can be managed by providing 1.25-1.5 g of protein 
per kilogram of body weight and 30-35 calories/kg 
gradually increased according to the size of the 
wound. Micronutrients have to be supplemented 89 

 

D. Infection: Certain topical antimicrobials like 
Hydrogen peroxide are cytotoxic to healthy cells 
and interfere with epithelialization. Systemic 
antibiotics according to tissue culture reports can be 
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added. The bacterial load should be reduced by 
debridement of dead tissue. 

 

E. Dressing: Dressing can be primary dressing which 
covers the wound, or a secondary dressing which is 
used to cover the primary dressing. Dressing serves 

to protect the wound from the external 
environment. Nature of dressings can vary.  Newer 
techniques of antibiotic incorporated dressings for 
infected wounds like antimicrobial coated dressing 
is useful.90 

 

F. Adjuvant Modalities: Growth factor rich  autologous 
platelet rich plasma and other topical agents, Egg 
membrane, autologous lipoaspirate (Fig. 3) 
cultured keratinocytes have been described (fig. 2 a, 
b, c).91 

 

 
 

Fig. 2a. Egg membrane being applied on the wound. 

 

 
 

Fig. 2b: Sucralfate being applied in pressure sore. 

 

 
 

Fig. 2c: Vit D applied over the wound. 

 

 
 

Fig 3: Autologous lipoaspirate infiltrated in the wound. 

G. Relieve Pain: Pain can be avoided by techniques 
like use of topical lignocaine gel, moistening the 
gauze with saline before removal to avoid 
adherence to the wound bed, topical and systemic 
pain relievers.92 

 

H. Negative Pressure Wound Therapy (NPWT): It refers 
to any device that tightly seals the wound creating 
a near airtight environment with a negative 
pressure of  125 mm Hg. Various modifications of 
NPWT combination with oxygen and irrigation, 
known as Regulated Oxygen Enriched-Irrigation 
Negative Pressure Therapy (ROI-NPT).93 It can 
also be used with oxygen and irrigation, known as 
Limited Access Dressing (LAD) (figure 4).94 

 
I. Hyperbaric Oxygen Therapy: HBOT is the use of 

100% oxygen at pressures greater than 
atmospheric pressure while the pressure of the 
treatment chamber is increased to greater than 1 
atmosphere absolute(ATA) or more. It is useful in 
compromised skin grafts and flaps, crush injuries, 
arterial insufficiencies, necrotizing fasciitis etc., 95 

 

 
 

Fig. 4: Limited Access dressing. 
 

J. Physiotherapy: Physiotherapy comprises of correct 
positioning of the limb within splints, usage of 
pressure garments, off-loading foot wear, air 
mattresses, cryotherapy, exercises which may be 
active or passive, electrical and ultrasonic 
stimulation of the muscles, laser therapy, 
hydrotherapy etc.,96 

 

Specific Medical Treatment (according to type of 
wound) 
 

A. Pressure Ulcers: It includes frequent position 
change every 2 hours,97 adequate cushioning at 
the pressure points eg.,air bed98 avoiding of 
maceration with urine/stool/sweat,99 using 
antiperspirant. 

 

B. Venous Ulcer: It comprises edema management 
with compression garments and limb elevation, 
surgical management of the incompetenet 
perforators by ligation of the same.100  

 

B. Diabetic Foot Ulcers: Prevention is done by 
instructing the patient to inspect the foot 
everyday for wounds, the ulcer can be managed 
by debridement, dressings, assessment for 
osteomyelitis followed by antibiotic therapy. 
Control of blood glucose, management of 
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peripheral arterial insufficiency is paramount. 
Wound coverage can be done by Split Skin 
grafts, or biological dressings or application of 
growth factors stimulating spontaneous wound 
healing, negative pressure and hyperbaric 
wound therapy.101,102 

 

D. Lymphedema: It includes Complex decongestive 
therapy, limb elevation, compression garments. 

 

E. Burns: It includes fluid resuscitation, stabilising 
hemodynamics. This is followed by wound 
management, and pain control. Wounds can be 
managed with Silver sulfadiazine dressings, or 
biological (collagen) dressings. Secondary 
infection prevention, pressure sore prevention 
and avoiding of contractures with splints is 
mandatory.103,104 

 

F Malignant Wounds: This includes antibacterial 
impregnated dressing, local antibiotics, exudate 
control dressings like hydrogel dressing.105 

 

G. Bleeding Wounds: Control of bleeding can by 
conservative measures-compression and limb 
elevation, by medical management (topical 1:1000 
adrenaline etc) or by surgical management 
(ligation or cauterization is done.106 

 

H. Chemo-Extravasation: Once extravasation of 
cytotoxic drugs has been recognized the 
immediate management is to stop the infusion. 
The cannula should not be removed as it may be 
required to aspirate the drug and to give 
neutralizing drugs. This is followed marking of 
the area to assess progress, cold compression if the 
compound is non vesicant, hot compression of the 
compound is vinca alkaloids.107 

 
Surgical Management 
 

A. Debridement, Incision and Drainage, Amputations: 
Dead non viable tissue has to be debrided, which 
can be either sharp dissection with a knife, or 
using latest technologies like radiofrequency, 
ultrasonic waves etc. If an entire limb or body part 
is non viable beyond salvage, amputation has to 
be done. 

 

B. Primary Closure: Initially primary closure was 
done with sutures. With advent of many new 
technologies, it can be done with steristrips, 
medical glue etc. 

 

C. Delayed Primary Closure: If the wound is not 
amenable for suture closure, once it is free of 
bacteria and filled with healthy granulation 
tissue, it can be covered according to a 
reconstructive ladder. Newer modalities like 
bioengineered skin grafts can be used.108 

 

D. External Tissue Expansion Wound Closure (ETEWC): 
If delayed primary closure is not feasible, then 
External tissue expansion aided wound closure 
(ETEWC) can be used. This utilizes the 
biomechanical properties of skin, but the 
drawback is that it will take time for the wound 
to close (figure 5).  
 

E. Bioengineered Skin Substitutes: A biological skin 
substitute can be used as temporary cover which 
contains collagen from various sources and 
stimulates the wound bed for healing. eg. 
Apligraf is a bovine collagen109 Dermagraft 

contains human fibroblast-derived dermal 
substitute.110,111 

 

 
 

Fig. 5. Ziplock tags as a external tissue expansion device. 
 
 

F. Fasciotomy: Compartment syndrome is 
characterised by a rise in intracompartmental 
pressure within the limb. It has to be managed 
immediately. This is done when the pressure rises 
to 10-30mmhg from the patient’s diastolic 
pressure.112 

 

G. Escharotomy and Escharectomy: Eschar is a thick, 
tough, non-elastic burn tissue, and can contribute 
to burn induced compartment syndrome. This 
can be managed by either an escharotomy-where 
the eschar is surgically divided and the 
underlying tissues are allowed to relax or 
escharectomy, -where the eschar tissue if non 
viable and is excised.113 

 

H. Tangential Excision: This technique, similar to a 
skin graft, but involves excision of unhealthy 
tissue with a skin graft knife, until healthy dermal 
bleed is noticed. Following this procedure, the 
wound either left for healing by secondary 
intention or can be covered with skin graft, or 
temporary substitutes.114 

 

I. Sequential Excision: Unlike escharotomy or 
tangential excision, this involves staged excision 
of the burnt tissue, followed by cover with skin 
graft. This can be done in areas like face.115 

 

J. Aspiration or Deroofing of Burn Blisters: Burn 
blisters can be aspirated or deroofed with a 
scalpel, specifically over joints and other vital 
structures whose function may be affected.116 

 

K. Autologous Skin Grafting: If the wound bed is ideal 
it can be closed with autologous skin graft in 
various forms. 

 

L. Flaps: The higher rung of the reconstruction 
ladder comprises flaps. Wounds with exposed 
bare bone or cartilage or tendon without 
paratenon are not suitable for coverage with skin 
grafts. In those scenarios, flap cover can be done. 
Flap can be either local flap, regional flap, 
pedicled flap, propeller flap, random flap, or axial 
flap, perforator flap, free microvascular flap can 
also be skin only flap,  fasciocutaneous flap, 
muscle flap, or combination. 118 

 

M. Tissue Expander Assisted Wound Closure: Tissue 
expansion utilises the expansile property of the 
skin recruiting adjacent normal skin for wound 
coverage, expanding it with a tissue expander. 
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Tissue expander plays a role when there is a 
paucity of microvascular free tissue for transfer. 
But the disadvantage is that it takes time.119 

 

Foetal Wound Healing 
 

Wound healing in a fetus differs from adult wound healing 
in that it heals with very minimal scarring. The exact 
mechanisms of healing in the foetus are unclear. Minimal 
inflammatory response with a marked deposition of 
glycosaminoglycans, particularly hyaluronic acid is seen 
during foetal wound healing. Foetal wound healing is an 
organ specific response as organs other than skin and bone 
are unable to regenerate scarlessly. Sterile, warm amniotic 
fluid rich in growth factors, hyaluronic acid and fibronectin 
could modulate healing. The foetus has very low pO2 and 
foetal fibroblast achieves repair without macrophages.137 

  

Recent Advances 
 

The most eminent of all is gene therapy, where delivery of a 
gene into a wound would turn the specific gene on and off 
and thereby promoting faster wound healing and avoiding 
abnormal hypertrophic scars or keloids.120 

 

Mesenchymal stem cell as a delivery vector to deliver the 
genes has been proposed.121.The ultimate goal is to produce 
artificial skins that are readily implantable.122  Various other 
methods described in wound dressings and treatment are 
quaternary ammonium compounds in wound healing134, 
PolyHexaMethylguanide in wound bed preparation137, 
combination therapy of negative pressure and autologous 
platelet rich plasma138, filling of substances like collagen in 
wound cavities to promote wound healing139, use of 
Microporous Polysaccharide Hemosphere Technology in 
wound healing140, use of prolotherapy in wound 
management158, Use of hemoglobin141 and sucralfate142 in 

wound bed preparation, Use of Non-Suction Epidermal 
Blister Grafting (NSEBG) for wound cover143, Use of 
cholecalciferol granules144 in diabetic ulcers, use of 
Technology Lipido-Colloidal (TLC) with Silver 
Impregnated Poly Absorbent Fibre.145 

 

Indian Experience in Wound Healing 
  

Wound healing in India has evolved to a greater extent, 
beginning from Sushruta to the present century. India has 
been privy to various techniques like homeopathy, 
acupuncture, herb mix pastes, yoga and music therapy.123 

Research has been done on the effectiveness of various 
natural herbs like propolis,124 Grewia tiliaefolia,125 Jatyadi 
Taila,126  Curcumin,127 Carissa spinarum Linn,128 Pyrostegia 
venusta,129 and many herbs.130 A holistic approach to wound 
management has also been described.136 

 

The Society for Wound Care and Research (SWCR) have 
come out with general clinical guidelines for wound 
management. Similar to ABCDE for trauma management, 
ABCDE approach to wound management has been 
described.135, 132 

 

References 
 

1. Ubbink DT, Santema TB, Stoekenbroek RM. 
Systemic wound care: a meta-review of cochrane 
systematic reviews. Surg Technol Int 2014; 24: 99-
111. 

2. Reinke JM, Sorg H. Wound repair and 
regeneration. Eur Surg Res 2012; 49(1): 35-43. 

3. The Genuine Works of Hippocrates. Trans F 
Adams, London 1849. 

4. Fleming A. Penicillin. British medical journal. 

1941 Sep 13;2(4210):386. 

5. Sushruta Samhita Vol. 1 to 3Trans KK 
Bhishgratna Varanasi, India, Chowkhamra 
Sanskrit. 

6. Wangensteen OH, Wangensteen SD, Klinger CF. 
Wound management of Ambroise Pare and 
Dominique Larrey, great French military 
surgeons of the 16th and 19th centuries. Bulletin 
of the History of Medicine. 1972 May 1;46(3):207. 

7. Heister L. A General System of Surgery in Three 
Parts, 6th edn. Translated into English by Heister 
L Whiston, London, 1768.  

8. Helling TS, Daon E. In: Flanders Fields: the Great 
War, Antoine Deparge and the resurgence of 
debridement. Annals of Surgery 1998; 228(2): 173-
181.  

9. Brennan SS, Leaper DJ. The search for an ideal 
wound dressing. Bristol Medico-Chirurgical 
Journal. 1984 Jul;99(3):77. 

10. Johnson PC. Wound care, packing cavity wounds. 
Nursing Times 1987; 83(36): 59-62. 

11. Branski LK, Gauglitz GG, Herndon DN, Jeschke 
MG. A review of gene and stem cell therapy in 
cutaneous wound healing. Burns. 2009 Mar 
1;35(2):171-80. 

12. Chittoria R.  History, Epidemiology and 
Prevention of Burns. In: Sarabahi S, editor. 
Principles and Practice of Burn Care. 1st ed. Jaypee 
Brothers Medical Publishers (P) Ltd, New Delhi, 
India; 2010. p. 3-17. 

13. .Hunt TK, Hopf H, Hussain Z. Physiology of 
wound healing. Advances in skin & wound care. 
2000 May 1;13:6. 

14. Wlaschek M, Scharffetter�Kochanek K. 
Oxidative stress in chronic venous leg ulcers. 
Wound Repair and Regeneration. 2005 
Sep;13(5):452-61. 

15. Kolarsick PA, Kolarsick MA, Goodwin C. 
Anatomy and physiology of the skin. Journal of 
the Dermatology Nurses' Association. 2011 Jul 
1;3(4):203-13. 

16. Mani, Shankar. (2014). Wound Healing and its 
Importance- A Review. Der Pharmacia Sinica. 1. 
24.  

17. Mohil RS. Classification of Wounds. In: Sarabahi 
S, editor. Principles and Practice of Wound Care. 
1st ed. Jaypee Brothers Medical Publishers (P) Ltd. 
New Delhi, India; 2012. p. 42-52. 

18. Graves N, Zheng H. The prevalence and 
incidence of chronic wounds: a literature review. 
Wound Practice & Research: Journal of the 
Australian Wound Management Association. 
2014 Mar;22(1). 

19. Gupta N, Gupta SK, Shukla VK, Singh SP. An 
Indian community-based epidemiological study 
of wounds. Journal of wound care. 2004 
Sep;13(8):323-5. 

20. Tubaishat A, Papanikolaou P, Anthony D, 
Habiballah L. Pressure Ulcers Prevalence in the 
Acute Care Setting: A Systematic Review,          
2000-2015. Clinical Nursing Research. 2018;27 
(6):643-659. doi:10.1177/1054773817705541 

21. Chronic venous insufficiency and venous leg 
ulceration.Valencia IC, Falabella A, Kirsner RS, 
Eaglstein WHJ Am Acad Dermatol. 2001 Mar; 
44(3):401-21; quiz 422-4. 

22. Sharma KK, Kalawat U, Chittoria RK, Gururaj 
KA, Raju NS. Chronic non healing ulcer due to 
shewanella algae. Journal SWCR 2009; 1(1): 64-67.  

23. Hopf, H.W., Ueno, C., Aslam, R., Burnand, K., 
Fife, C., Grant, L., Holloway, A., Iafrati, M.D., 
Mani, R., Misare, B., Rosen, N., Shapshak, D.,  



28 
 

International Physiology / Volume 8 Number 3 / September - December 2020 
 

24. Benjamin Slade, J., Jr, West, J. and Barbul, A. 
(2006), Guidelines for the treatment of arterial 
insufficiency ulcers. Wound Repair and 
Regeneration, 14: 693-710. 
https:/doi.org/10.1111/j.1524475X.2006.00177.x. 

25. Sevitt S. The mechanisms of canalisation in deep 
vein thrombosis. J Pathol. 1973;110:153–65. 

26. Arjun A, Chittoria RK, Friji MT, Mohapatra DP, 
Kumar DS, Vijayraghavan N et al. Basal cell 
carcinoma of the lower eyelid: reconstruction 
with the Mustarde flap. JIPMER Journal of Cancer 
2014; 56-58.   

27. Brooklyn T, Dunnill G, Probert C. Diagnosis and 
treatment of pyoderma gangrenosum. BMJ. 
2006;333(7560):181-184.doi:10.1136/bmj.333.7560 
.181. 

28. Marques SA, Kakuda AC, Mendaçolli TJ, Abbade 
LP, Marques ME. Calciphylaxis: a rare but 
potentially fatal event of chronic kidney disease. 
Case report. An Bras Dermatol. 2013;88(6 Suppl 
1):44-47. doi:10.1590/abd1806-4841.20132280. 

29. Muller SA, Winkelmann RK. Necrobiosis 
lipoidica diabeticorum. A clinical and 
pathological investigation of 171 cases. Arch 
Dermatol. 1966;93:272–81. 

30. Shanmugam VK, Angra D, Rahimi H, McNish S. 
Vasculitic and autoimmune wounds. J Vasc Surg 
Venous Lymphat Disord. 2017 Mar;5(2):280-292. 
doi: 10.1016/j.jvsv.2016.09.006. Epub 2016 Dec 14. 
PMID: 28214498; PMCID: PMC5319730. 

31. Chittoria RK, Vijayaraghavan N, Mohapatra DP, 
Friji MT, Shivkumar DK, Ashokan A, Bibilash B, 
Pandey S. Warfarin induced tissue necrosis and 
its management. JSWCR 2014; 7(1): 42-44. 

32. Chittoria R, Mohapatra DP, Friji MT, Kumar SD, 
Ashokan A, Pandey S. Camphor burns of the 
palm and non-suicidal self-injury: An 
uncommonly reported, but socially relevant 
issue. IJPS 2014; 47(2): 252-255. 

33. Kumar P, Chirayil PT, Chittoria R. Ten years 
epidemiological study of paediatric burns in 
Manipal, India. Burns 2000; 26(3): 261-264.  

34. Keswani MH, Dhanaraj P, Kumar P, Chirayil PT, 
Chittoria R, Shah AK et al. Then and now: burns 
in India. Burns 2000; 26(1): 63-81. 

35. Mehrotra S, Nanda V, Chittoria R, Ksharma R. 
"Chunni burn": a rare mode of clothing-induced 
friction burn. Plast Reconstr Surg 2004; 114(1): 
282-283.  

36. Ramana YV, Nanda V, Chittoria R. Management 
of thermal burns in children. CMJNZ  2002; 8(4): 
65-70. 

37. Parashar A, Chittoria R, Nanda V. 
Extrapyramidal symptoms following electrical 
burns--a case report. Burns 2004; 30(4): 402-404. 

38. Chittoria RK, Mohapatra DP, Friji MT, Kumar SD, 
Ashokan A, Vijayaraghavan N. Unburied K-wire 
induced injuries: taking the edge off. Plastic 
Aesthet Res 2014; 1:121. 

39. Mohapatra DP, Friji MT, Chittoria RK, Kumar SD. 
Algorithm based on eighteen patients with 
acquired traumatic earlobe defects not associated 
with jewellery. Clin Otolaryngol 2013; 38(5):386-
389.  

40. Nandhagopal V, Chittoria RK, Mohapatra DP, 
Friji MT, Shivakumar DK, Ashokan A. A novel 
application of dermabrasion. NIJS 2015; 6(1): 15-
17. 

41. Chittoria R, Makkar S. Dermabrasion-a 
comprehensive review. CMJNZ 2003; 9(3): 57-59. 

42. Kumar P, Bhaskara KG, Chittoria R, Thomas PC. 
Flaps in lower limb trauma: current status. IJPS 
2000; 33: 30-37. 

43. Chittoria R, Mishra SM. Fasciocutaneous flaps in 
reconstruction of lower extremity: our experience. 
KUMJ 2004; 2 (4): 344-348.  

44. Thiruvoth FM, Mohapatra DP, Chittoria RK, Babu 
B. A haematoma sign in flexor tendon injury. BMJ 
Case Reports 2014. 

45. Chittoria R, Makkar S. Management of pressure 
sores. CMJNZ 2003; 9(4): 47-49.  

46. Kumar P, Bhaskara KG, Chittoria R. Primary 
closure of pressure ulcers revisited. IJPS 2000; 33: 
22-26.  

47. Chittoria RK, Yootla M, Sampatrao LM, Raman 
SV. The role of super oxidized solution in the 
management of diabetic foot ulcer: our 
experience. Nepal Med Coll J 2007; 9(2): 125-128.  

48. Padmaja A, Munuswamy K, Chittoria RK. A 
study to assess the knowledge and practice of foot 
care in diabetic patients. Journal SWCR 2009; 1(1): 
7-12. 

49. Chittoria RK. Management protocol for diabetic 
foot. Journal SWCR 2009; 1(1): 56-60. 

50. Chittoria RK. International consensus on 
diagnosis and treatment of diabetic foot 
infections. Journal SWCR 2011; 4(1): 50-54.  

51. Chittoria RK, Mohapatra DP, Thiruvoth FM, 
Kumar D, Ashokan A, Nandhagopal V. Diode 
and Nd: YAG laser in a case of refractory acne 
kelodalis nuchae. Plast Aesthet Res 2015; 2: 40-42.   

52. Chittoria R. Current concepts in the management 
of pressure sore. JNGMC 2004; 4(1): 8-10.  

53. Chittoria RK, Arora S. Management of fingertip 
injuries. Bombay Hospital Journal 1999; 41(1): 
127-30.  

54. . Chittoria RK, Kalawat TC. Role of PET CT in 
documentation of infection & viability of stored 
bone graft. Journal SWCR 2012; 5(1): 44. 

55. Kalawat TC, Chittoria RK, Reddy PK, Narayan R, 
Lakshmi AY, Parthasarathi R. Role of infection 
imaging (Technetium 99m-Ciprofloxacin 
Scintigraphy) in chronic non-healing diabetic foot 
ulcer. Journal SWCR 2013; 6 (1): 40-43. 

56. Kalawat TC, Chittoria RK, Narayan R, Lakshmi 
AY, Parthasarathi R. Utility of bone scintigraphy 
and 18 F FDG PET CT to rule out osteomyelitis in 
a case of electrical burn. Journal SWCR 2013; 6 (1): 
48. 

57. Kalawat TC, Chittoria RK, Reddy PK, Suneetha B, 
Narayan R, Parthasarathi R. Role of 
Lymphoscintigraphy in diagnosis and 
management of patients with leg swelling of 
unclear etiology. IJNM 2012; 27(4): 226-230. 

58. Padmaja A, Chittoria RK. Wound Assessment. In: 
Wound Management For Nurses. Germany: LAP 
LAMBERT Academic Publishing 2012. p. 26-27. 

59. Chittoria R, Rout A. Keloids and hypertrophic 
scars - a comprehensive review. CMJNZ 2003; 
9(2):35-38. 

60. Chittoria RK, Reddy PK. Cutaneous horn: a case 
report and review of literature. Journal SWCR 
2012; 5(1): 34-36. 

61. Chittoria RK, Reddy PK. Giant Verruca Plantaris. 
Journal SWCR 2012; 5(1): 37-39. 

62. Sterling C. Methods of wound assessment 
documentation: a study. Nursing Standard (Royal 
College of Nursing (Great Britain) : 1987). 1996 
Nov;11(10):38-41.DOI:10.7748/ns1996.11.11.10.38 
.c2430. 



International Physiology / Volume 8 Number 3 / September - December 2020 
 

63. Foltynski P, Ladyzynski P, Ciechanowska A, 
Migalska-Musial K, Judzewicz G, Sabalinska S. 
Wound Area Measurement with Digital 
Planimetry: Improved Accuracy and Precision 
with Calibration Based on 2 Rulers. PLoS One. 
2015;10(8):e0134622. Published 2015 Aug 7. 
doi:10.1371/journal.pone.0134622. 

64. Lazarus GS, Cooper DM, Knighton DR, Margolis 
DJ, Pecoraro RE, Rodeheaver G, Robson MC. 
Definitions and guidelines for assessment of 
wounds and evaluation of healing. Arch 
Dermatol 1994; 130(4): 489-493. 

65. Fava, G.A. & Tomba, Elena & Sonino, N. (2012). 
Clinimetrics: The science of clinical 
measurements. International journal of clinical 
practice. 66. 11-5. 10.1111/j.1742-
1241.2011.02825.x.  

66. De Vet HC, Terwee CB, Bouter LM. Current 
challenges in clinimetrics. J Clin Epidemiol 2003; 
56(12): 1137-1141. 

67. Shijina K, Ravi Kumar Chittoria, Vinayak 
Chavan, Abhinav Aggarwal, Saurabh Gupta, 
Chirra Likhitha Reddy. Role Of Bates-Jenson 
Wound Assessment Tool (Bjwat) In Wound 
Management. Jpst; 1(1): 19-23, 2019.. 

68. Stotts NA, Rodeheaver GT, Thomas DR, Frantz 
RA, Bartolucci AA, Sussman C, Ferrell BA, 
Cuddigan J, Maklebust J. An instrument to 
measure healing in pressure ulcers: development 
and validation of the pressure ulcer scale for 
healing (PUSH). J Gerontol A Biol Sci Med Sci. 
2001 Dec;56(12):M795-9. doi: 
10.1093/gerona/56.12.m795. PMID: 11723157. 

69. Michelle Kiser, Gustaf Beijer, Stephen Mjuweni, 
Arturo Muyco, Bruce Cairns, Anthony 
Charles,Photographic assessment of burn 
wounds: A simple strategy in a resource-poor 
setting, Burns, Volume 39, Issue 1, 2013, Pages 
155-161, ISSN 0305-4179, 
https://doi.org/10.1016/j.burns.2012.04.003. 

70. Bergstrom N, Braden BJ, Laguzza A, Holman V. 
The Braden Scale for Predicting Pressure Sore 
Risk. Nurs Res 1987; 36(4): 205-210. 

71. Griffeya S, Piccininoa L, Gallivanb J, Lotenbergc 
LD, Tuncerb D. Applying national survey results 
for strategic planning and program improvement: 
The National Diabetes Education Program. 
Evaluation and Program Planning 2015; 48: 83-89. 

72. Falanga V. Classification for wound bed 
preparation and stimulation of chronic wounds. 
Wound repair regen 2000; 8(5): 347-352. 

73. Nagarathnam M, Chittoria RK. The effectiveness 
of papain urea dressing on wound healing. 
Journal SWCR 2009; 1(1): 37-43.  

74. . Chittoria R, Darwajeh W. Role of topical 
solcoseryl in wound healing. IJPS 2002; 35: 85-88. 

75. Luedtke-Hoffmann KA, Schafer DS. Pulsed 
lavage in wound cleansing. Phys Ther 2000; 80: 
292-300. 

76. Chittoria RK. Wound bed preparation. In: 
Principles and practice of wound care. S 
Sarabahi,VK Tiwari (eds), Jaypee Medical 
Publishers, New Delhi, India, 1st ed; 2012. p 53-58. 

77. Chittoria RK. Wound bed preparation (WBP) for 
diabetic foot ulcers. Journal SWCR 2010; 3(1): 53-
59. 

78. Venkat Raman S, Chandra Sekhara Rao LM, Jena 
A, Yootla M, Chittoria RK. Prospective, 
randomized, clinical trial to study the efficacy of 

biological membrane in management of diabetic 
foot ulcers. Journal SWCR 2008; 1 (1): 15-21. 

79. Nandhagopal V, Chittoria RK, Mohapatra DP, 
Thiruvoth FM, Shivakumar DK, Ashokan A. 
External tissue expansion for difficult wounds 
using a simple cost effective technique. J Cutan 
Aesthet Surg 2015; 8: 50-53.  

80. Cherian T, Kurien J, Vijaykumar DK, Chittoria R. 
Our experiences with platysma myocutaneous 
flap in head and neck reconstruction. IJPS 2000; 
33: 7-11. 

81. Chandra Sekhara Rao LM, Venkat Raman S, Jena 
A, Yootla M, Chittoria RK. Prospective, 
randomized, clinical trial to study the efficacy of 
oxidized water in wound preparation for definite 
reconstruction. Journal SWCR 2008; 1 (1): 9-14. 

82. Friji MT, Chittoria RK, Mohapatra DP, et al. 
Negative pressure wound therapy in wounds 
with external fixators - a simple and cost effective 
technique. Journal of Orthopaedic Education 
2015; 1 (1): 27-31. 

83. Friji MT, Mohapatra DP, Chittoria RK, 
Nandhagopal V, Ashokan A. Use of urine 
collection bag as an alternative of custom-made 
plastic bag for Limited Access Dressing (LAD). 
Journal SWCR 2013; 6 (1); 40-43.  

84. . Falanga V. Introducing the concept of wound 
bed preparation. Int Forum Wound care 2001; 
16(1): 1-4. 

85. Chittoria RK. Role of growth factors in wound 
healing. Journal SWCR 2012; 5 (1): 2-6. 

86. Vijayaraghavan N, Mohapatra DP, Chittoria RK, 
et al. Role of Autologous Platelet Rich Plasma 
(APRP) in Wound Healing. Journal SWCR 2014; 
7(1): 23-28. 

87. Chittoria RK, Nandhagopal V, Mohapatra DP, 
Thiruvoth FM, Shivakumar DK, Ashokan A. Role 
of Autologous Lipoaspirate Therapy (ALT) in 
wound healing. NIJS 2014; 5 (3-4): 38-42. 

88. Panuncialman J, Falanga V. The science of wound 
bed preparation. Surgical Clinics of North 
America. 2009 Jun 1;89(3):611-26. 

89. Frykberg, Robert & Banks, Jaminelli. (2015). 
Challenges in the Treatment of Chronic Wounds. 
Advances in wound care. 4. 560-582. 
10.1089/wound.2015.0635.  

90. Arnold M, Barbul A. Nutrition and wound 
healing. Plastic and reconstructive surgery. 2006 
Jun 1;117(7S):42S-58S. 

91. Pathan I, Chittoria RK, Reddy CL, Mohan PB, 
Shijina K, Kerakada N,Thomas N, Madhusudan 
K, Mirajkar G, Madan S. Role of Technology 
Lipido-Colloidal (TLC) with SilverImpregnated 
Poly Absorbent Fibre in the Management of 
Chronic Non-Healing Ulcers: A Case Report.JSW 
CR 2020; 13(1):11-13. 

92. . Neljo Thomas, Ravi Kumar Chittoria, Chirra 
Likhitha Reddy et el. Role of Modified Egg 
Membrane in Wound Healing. RFP Journal of 
Dermatology 2020; 5(2):51–53. 

93. Woo, Kevin Y. PhD, RN, ACNP, FAPWCA 
Exploring the Effects of Pain and Stress on 
Wound Healing, Advances in Skin & Wound 
Care: January 2012 - Volume 25 - Issue 1 - p 38-44 
doi: 10.1097/01.ASW.0000410689.60105.7d   

94. Panayi, Adriana & Leavitt, Tripp & Orgill, 
Dennis. (2017). Evidence based review of negative 
pressure wound therapy. World Journal of 
Dermatology. 6. 1-16. 10.5314/wjd.v6.i1.1.  



30 
 

International Physiology / Volume 8 Number 3 / September - December 2020 
 

95. Kumar P, Exploiting potency of negative pressure 
in wound dressing using limited access dressing 
and suction-assisted dressing. Indian Journal of 
Plastic Surgery 2012; 45: 302-315. 

96. Bhutani S, Vishwanath G. Hyperbaric oxygen and 
wound healing. Indian J Plast Surg. 2012;45(2):316-
324. doi:10.4103/0970-0358.101309 

97. McCulloch JM. The role of physiotherapy in 
managing patients with wounds. Journal of 
wound care. 1998 May 2;7(5):241-4.. 

98. Gillespie BM, Chaboyer WP, McInnes E, Kent B, 
Whitty JA, Thalib L. Repositioning for pressure 
ulcer prevention in adults. Cochrane Database 
Syst Rev. 2014;2014(4):CD009958. Published 2014 
Apr 3. doi:10.1002/14651858.CD009958.pub2113. 
Reddy M, Gill SS, Rochon PA. Preventing 
pressure ulcers: a systematic review. JAMA 2006; 
296(8): 974-984. 

99. Kuffler DP. Techniques for wound healing with a 
focus on pressure ulcers elimination. Open Circ 
Vasc J. 2010;3:72–84.. 

100. Krouskop TA, Reddy NP, Spencer WA, Secor JW. 
Mechanisms of decubitus ulcer formation — An 
hypothesis. Med Hypotheses. 1978;4:37–9 

101. Rai R. Standard guidelines for management of 
venous leg ulcer. Indian Dermatol Online J. 
2014;5(3):408-411. doi:10.4103/2229-5178.137830 

102. Andrews KL, Houdek MT, Kiemele LJ. Wound 
management of chronic diabetic foot ulcers: From 
the basics to regenerative medicine. Prosthetics 
and Orthotics International. 2015;39(1):29-39. 
doi:10.1177/0309364614534296 

103. Wunderlich RP, Peters EJ, Lavery LA. Systemic 
hyperbaric oxygen therapy: lower-extremity 
wound healing and the diabetic foot. Diabetes 
care. 2000 Oct 1;23(10):1551-5. 

104. Sarabahi S. Burn wound management. In: 
Principles and practice of burn care. S 
Sarabahi,VK Tiwari, Goel A, Gupta LC (eds), 
Jaypee Medical Publishers, New Delhi, India, 1st 
ed, 2010. p 153-96. 

105. Nandhagopal V, Chittoria RK, Thiruvoth FM, 
Shivakumar DK, Ashokan A. Efficacy of topical 
local anesthetics for pain relief in acute burn. Int J 
Clin Diag Res 2015; 3(3): 11-13.  

106. Saunders J, Regnard C. Management of malignant 
ulcers — a flow diagram. Palliative Medicine. 
1989;3(2):153-154. 
doi:10.1177/026921638900300210 

107. Hemantkumar S, Nandhagopal V, Mohapatra 
DP, Thiruvoth FM, Shivakumar DK, Chittoria RK. 
Application of fibrin sealant in cleft palate 
surgery. NIJS 2015; 6(1): 23-25.  

108. Kim JT, Park JY, Lee HJ, Cheon YJ. Guidelines for 
the management of extravasation. J Educ Eval 
Health Prof. 2020;17:21. 
doi:10.3352/jeehp.2020.17.21 

109. Urciuolo, & Casale, Costantino & Imparato, 
Giorgia & Netti, Paolo. (2019). Bioengineered Skin 
Substitutes: The Role of Extracellular Matrix and 
Vascularization in the Healing of Deep Wounds. 
Journal of Clinical Medicine. 8. 2083. 
10.3390/jcm8122083.  

110. Cui, Haomin & Chai, Yimin & Yu, Yaling. (2019). 
Progress in Developing Decellularized 
Bioscaffolds for Enhancing Skin Construction. 
Journal of Biomedical Materials Research Part A. 
107. 10.1002/jbm.a.36688.  

111. Shen JT, Falanga V. Innovative therapies in 
wound healing. Journal of Cutaneous Medicine 

and Surgery: Incorporating Medical and Surgical 
Dermatology. 2003 Jul 1;7(3):217-24. 

112. Hart CE, Loewen-Rodriguez A, Lessem J. 
Dermagraft: use in the treatment of chronic 
wounds. Advances in wound care. 2012 Jun 
1;1(3):138-41. 

113. Williams AB, Luchette FA, Papaconstantinou HT, 
Lim E, Hurst JM, Johannigman JA, Davis Jr K. The 
effect of early versus late fasciotomy in the 
management of extremity trauma. Surgery. 1997 
Oct 1;122(4):861-6. 

114. .Orgill DP, Piccolo N. Escharotomy and 
decompressive therapies in burns. Journal of 
Burn Care & Research. 2009 Sep 1;30(5):759-68. 

115. Sarabahi S, Sujata S, Tiwari VK. Clinical atlas of 
burn management. JP Medical Ltd; 2011. 

116. Engrav LH, Heimbach DM, Walkinshaw MD, 
Marvin JA. Excision of burns of the face. Plastic 
and reconstructive surgery. 1986 May 1;77(5):744-
51. 

117. Swain AH, Azadian BS, Wakeley CJ, Shakespeare 
PG. Management of blisters in minor burns. Br 
Med J (Clin Res Ed). 1987 Jul 18;295(6591):181. doi: 
10.1136/bmj.295.6591.181. PMID: 3115367; 
PMCID: PMC1247035. 

118. Braza ME, Fahrenkopf MP. Split-Thickness Skin 
Grafts. [Updated 2020 Jul 31]. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls 
Publishing; 2021 Jan-. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK551
561/. 

119. Boyce DE, Shokrollahi K. Reconstructive surgery. 
BMJ. 2006;332(7543):710-712. 
doi:10.1136/bmj.332.7543.710 

120. Radovan C. Tissue expansion in soft tissue 
reconstruction. Plast Reconstr Surg 1984; 74: 482-
492. 

121. Larson BJ, Longaker MT, Lorenz HP. Scarless fetal 
wound healing: a basic science review. Plastic and 
reconstructive surgery. 2010 Oct;126(4):1172. 

122. Pang C, Fan KS, Wei L, Kolar MK. Gene therapy 
in wound healing using nanotechnology. Wound 
Repair and Regeneration. 2021 Mar;29(2):225-39.  

123. Jackson WM, Nesti LJ, Tuan RS. Mesenchymal 
stem cell therapy for attenuation of scar formation 
during wound healing. Stem cell research & 
therapy. 2012 Sep;3(3):1-9. 

124. Centanni JM, Straseski JA, Wicks A, et al. 
StrataGraft skin substitute is well tolerated and 
not acutely immunogenic in patients with 
traumatic wounds. Ann Surg 2011; 253:672-683. 

125. Shijina K, Ravi K Chittoria, Vinayak Chavan, 
Abhinav Aggarwal, Saurabh Gupta, Chirra L 
Reddy, Padmalakshmi Bharathi Mohan, Imran 
Pathan, Praveen R. Effect Of Music Therapy As 
An Adjunct In Management Of Diabetic Foot 
Ulcer. Diabetic Research Open Journal (Droj); 
5(1): 23-25, 2019. 

126. Martinotti S, Ranzato E. Propolis: a new frontier 
for wound healing?. Burns Trauma. 2015;3:9. 
Published 2015 Jul 22. doi:10.1186/s41038-015-
0010-z 

127. Ullah W, Uddin G, Siddiqui BS. Ethnic uses, 
pharmacological and phytochemical profile of 
genus Grewia. Journal of Asian natural products 
research. 2012 Feb 1;14(2):186-95. 

128. Gupta V, Tyagi A, Bhatnagar A, Singh S, 
Gaidhani SN, Srikanth N. Topical application of 
Jatyadi Ghrita and Jatyadi Taila accelerates 
wound healing in Sprague-Dawley rats: a study 



International Physiology / Volume 8 Number 3 / September - December 2020 
 

in gamma-radiation-induced skin wound model. 
Int J Radiat Biol. 2021 Apr 19:1-17. doi: 
10.1080/09553002.2021.1913526. Epub ahead of 
print. PMID: 33872127. 

129. Panchatcharam M, Miriyala S, Gayathri VS, 
Suguna L. Curcumin improves wound healing by 
modulating collagen and decreasing reactive 
oxygen species. Molecular and cellular 
biochemistry. 2006 Oct;290(1):87-96. 

130. Sanwal R, Chaudhary AK. Wound healing and 
antimicrobial potential of Carissa spinarum Linn 
in albino mice. J Ethnopharmacol 2011; 135(3): 
792-796. 

131. Roy P, Amdekar S, Kumar A, Singh V. 
Preliminary study of the antioxidant properties of 
flowers and roots of Pyrostegia venusta (Ker 
Gawl) Miers. BMC Complementary and 
Alternative Medicine. 2011 Dec;11(1):1-8 

132. Renin T, Suja K, Mellita S. Wound healing herbal 
remedies of kani tribes. Journal SWCR 2011; 
4(1):27-33. 

133. Chittoria RK, Kumar P, Bajaj SP, Singh AK, Gupta 
DK. General clinical guidelines for wound 
management: redefining acronym SWCR. Journal 
SWCR 2014; 7(1): 2-7.  

134. John T, Jacob CN, Kontoyiannis DP. When 
uncontrolled diabetes mellitus and severe 
COVID-19 converge: the perfect storm for 
mucormycosis. J Fungi. 2021; 7: 298 

135. Mohan Pb, Kumar Cr, Gupta S, Shijina K, Reddy 
Cl. Use Of Quarternary Ammonium Compound 
In Wound Dressing – A Case Report. Indian J 
Orthop Surg 2019;5(3):222-3.  

136. Mohan PB, Chittoria Rk, Aggarwal A, Gupta S, 
Reddy Cl, Sijina K. ABCDE Approach To Wound 
Management: Case Study. Jswcr 2018; 11(1):21-23. 

137. Vinayak C, Chittoria Rk, Sireesha Kr, Aggarwal 
A, Gupta S, Reddy Cl, Padmalakshmi. Holistic 
Approach For Non-Healing Wounds. Ijmhs; 5(2): 
65-68, 2018. 

138. Abhinav Aggarwal, Ravi Kumar Chittoria, 
Vinayak Chavan, Chirra Likhitha Reddy, Saurabh 
Gupta, Padmalakshmi Bharathi Mohan, Imran 
Pathan, Shijina K. Role Of Poly Hexa Methylene 
Biguanide (Phmb) In Wound Bed Preparation: 
Report Of A Successfully Managed Case. Ijcdr; 
7(6): 1-7, 2019. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

139. Reddy Cl, Chittoria Rk*, Sireesha Kr, Vinayak C, 
Aggarwal A, Gupta S, Padmalakshmi Combined 
Use Of Npwt With Aprp In Treatment Of Chronic 
Wounds : Our Experience  Ijcdr Vol 7 Issue 1  

140. Saurabh Gupta, Ravi Kumar Chittoria, Vinayak 
Chavan, Abhinav Aggarwal, Chirra Likhitha 
Reddy, Padmalakshami Bharathi Mohan. 
Innovative Method Of Filling Collagen Particles 
In Difficult Cavity Wounds. Nijs; 10(6): 627-630, 
2019. 

141. Shijina K, Ravi Kumar Chittoria, Vinayak 
Chavan, Abhinav Aggarwal, Saurabh Gupta, 
Chirra Likhitha Reddy. Role Of Microporous 
Polysaccharide Hemosphere Technology In 
Wound Healing. Jpst; 1(1): 31-33, 2019. 

142. Koliyath S, Chittoria RK, Reddy CL, Mohan PB, 
Pathan I, Thomas N, Kerakada N, Madhusudan 
K, Mirajkar G, Madan S. Role of Prolotherapy in 
Wound Management: A Case Report. JSWCR 
2020; 13(1):7-10. 

143. Imran Pathan, Ravi Kumar Chittoria, Saurabh 
Gupta, Chirra Likhitha Reddy, Padma Lakshmi 
Bharathi Mohan, Shijina K, Nishad K, Neljo 
Thomas, Daisy Loyola. Role Of Sucralfate In 
Wound Bed Preparation. Ijcdr; 8(3): 1, 2020. 

144. Imran Pathan, Ravi Kumar Chittoria, Saurabh 
Gupta, Chirra Likhitha Reddy, Padmalakshmi 
Bharathi Mohan. Role Of Hemoglobin Spray In 
Wound Bed Preparation. Clinical Research Notes 
(Crn); 1(2): 011, 2020. 

145. Thomas N, Chittoria RK, Mohan PB, Pathan I, 
Kerakada N, Reddy CL et al. Role of Non-Suction 
Epidermal Blister Grafting (NSEBG) in wound 
management. IP Int J Aesthet Health 
Rejuvenation 2021;4(1):17-8. 

146. Role of Topical Cholecalciferol Granules For 
Antimicrobial Drug Delivery In Diabetic Foot 
Ulcers. Ijos 2019; 5(2): 165-167. Abhinav 
Aggarwal, Ravi Kumar Chittoria, Vinayak 
Chavan, Chirra Likhitha Reddy, Saurabh Gupta, 
Padmalakshmi Bharathi Mohan, Imran Pathan, 
Shijina K, 

147. Shijina K, Ravi Kumar Chittoria, Saurabh Gupta, 
Chirra Likhitha Reddy, Padma Lakshmi Bharathi 
Mohan, Imran Pathan, Abhinav Aggarwal, 
Vinayak Chavan. Role Of Digital Planimetry In 
Wound Management. Jpst; 1(1):35-38, 2019. 

 
  



32 
 

International Physiology / Volume 8 Number 3 / September - December 2020 
 

149.  

 
 



International Physiology / Volume 8 Number 3 / September - December 2020 
 

 
 



34 
 

International Physiology / Volume 8 Number 3 / September - December 2020 
 

 
 



International Physiology / Volume 8 Number 3 / September - December 2020 
 

 
 
 



36 
 

International Physiology / Volume 8 Number 3 / September - December 2020 
 

 
  



International Physiology / Volume 8 Number 3 / September - December 2020 
 

 
 
 
 
 
 
 


