
Introduction

There are occasions in surgery that require use of a
temporary cover for raw wounds. These include skin loss
secondary to burns, trauma, amputation, chronic ulcer, lep-
rosy, and skin graft sites. The body needs its own regen-
eration time, while complications consequent to loss of
skin cover can always occur.

The orderly ingrowth of epithelium over denuded ar-
eas needs a layer of collagen sheet to act as the scaffold
on which to grow and arrange itself. Denuded areas are
unable to provide this effectively, leading to formation of
extensive scars and even keloids. 

It is for these purposes that denuded areas need a tem-
porary cover until such time that the body is able to man-
ufacture a cover of its own.1

Desamidation of bovine collagen is a novel idea for
preparing chemically modified collagen, which is largely
unutilized. Desamidation of these wastes offers an alterna-
tive source of solubilized collagen with a much higher yield.2

Our aim is to apply desamidated collagen as a bio-
material to evaluate the utility of collagen, particularly as
a drug delivery device, as a haemostat, and as a wound
cover. We evaluated the utility of vitamin A, vitamin C,
50% glucose, and gentamiicin locally applied onto the open
wound. Any biomaterial should ensure non-toxicity to the
biological environment where it is applied.

Case study

The patient, S.S., 80 years old, was admitted for hos-

pitalization owing to pain in the toes of both feet, the pain
being specifically acute in the second toe of the left foot
and the middle toe of the right foot. The patient did not
state any vascular system discomforts, in terms of circu-
lation malfunctioning in the lower extremities. The pains
started after chiropodist treatment, i.e. after cutting and
treatment of the nails on the patient’s toes. The patient was
examined by a surgeon in another hospital and subsequently
admitted into our healthcare facility.

On examination, we ascertained:
• insufficient circulation in the second toe of the left

foot and the middle toe of the right foot
• distal necrosis and infection on the tips of the toes

Therapy and observation

Surgical treatment of the wound
• Debridement was performed up to the healthy tis-

sue together with resection of the tips of the dis-
tal phalanges on the affected toes using local anaes-
thesia.

• The wound was left open.
• The following were locally applied onto the open

wound: vitamin A (1 ml), vitamin C (5 ml), 50%
glucose (10 ml), and gentamicin, subsequently fol-
lowed by a collagen sheet-biological cover (layer).

• The rest of the vitamin A, vitamin C, 50% glu-
cose, and gentamicin was applied over the bio-
logical cover.

• The wound was then covered by five-layer gauze.
• The patient was discharged from hospital and car-

ried on his normal working activities, but with
some restrictions in terms of walking, with the aim
of preventing mechanical sliding of the collagen
cover on the wound.

• Wound bandaging in the first month was performed
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every second day with the addition of the speci-
ed medicaments.

• After a month, wound bandaging continued every
fourth day.

• Collagen cover sliding occurred only in the case
of adhesive surface disturbance between the wound
and a collagen layer itself (collagen layer sterili-
ty was disturbed by contact with the greater sur-
face of the skin layer).

• Adhesive surface disturbance was initiated by the
occurrence of exudate or mechanical sliding in the
process of the patient moving.

In the course of subsequent treatment, additional de-
bridement was performed, further spreading of the necrot-
ic area not having been ascertained.

A vascular surgeon was consulted. Doppler colour DE
was also carried out.

• Diagnosis: Occlusio arteriarum cruris bil. suspec-
ta. Leriche syndrome. Therapy: Trental (3 x 1),
Acetysal Ph 8 (2 x 1). On the recommendation of

the vascular surgeon, no additional surgical oper-
ation on the toes of the feet was performed

• The patient’s wounds were regularly bandaged and
eventually, apart from some lesser debridement,
including also bone debridement, following regu-
lar wound bandaging and therapy, gradual healing
occurred of the defects in the toes per secundam
in the middle of the toe (the area of the middle
phalanx), without any subjective discomfort for the
patient.

• The dressings were removed, the sites were in-
spected for infection, and reapplication of colla-
gen sheet was subjected to inspection (7 times for
4 months).

In the subsequent course of time a similar change oc-
curred in the little toe of the right foot, which was being
treated in the same way.

In the process of applying the collagen layers and of
locally applied therapy with vitamins, glucose, and antibi-
otics, the role of the agents was demonstrated in terms of
the initiation of rapid epithelialization and wound healing -
a common defect after amputation. A better and faster pro-
cess of healing was achieved in the surgical interventions:
in our case minimal necrectomies occurred without any in-
ammatory response, with solid local ndings, which led,
albeit in a somewhat longer time period (4 months), to the
elimination of the defects at the site of the toe amputation.

Discussion

1. Why choose collagen sheet?
For the following reasons, collagen sheet provides mul-

tiple benets that cannot be provided by conventional dress-
ings:

Chemically, bovine collagen is very similar to the hu-
man form. This is crucial, as the human immune system
will reject everything that deviates too much from its own
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Fig. 1a - Fresh burn injury-before collagen application. Fig. 1b - Three days after collagen application.

Fig. 1c - Ten days after collagen application.



proteins. For these reasons, collagen sheets are well qual-
ied for use as an effective wound cover.3

Collagen sheet is prepared from bovine collagenous
tissue by treating tissues with a series of chemical and en-
zymatic procedures. This is followed by chemical cross-
linking, packing, and sterilization.

Collagen sheet is retained in the tissue and gradually
absorbed by inammatory cellular activity; the brous tis-
sue is replaced by broblasts. Granulation tissue developed
at a normal rate and the cellular events were precisely the
same as those occurring in normal wounds.

Collagen is well recognized as a useful and important
biopolymer in the eld of biomaterial engineering. In or-
der to gain satisfactory results from collagen when used
as a biomaterial, its physical and biological properties prove
necessary. Desamidation of collagen is one such approach
that develops better biomaterial with minimal alterations
in collagen’s native properties.

Desamidation of hide trimmings and Achilles tendons
resulted in a modied form of collagen. It improved the
solubility as well as the swelling properties of the
biomolecule, which are prerequisites for a biomaterial. Col-
lagen contains moderate amounts of positively and nega-
tively charged groups derived from the diamino dicar-
boxylic acids built into the molecule. The collagen molecule
contains 45 aspartic acids, 72 glutamic acids, and 37 ly-
sine and 45 arginine residues. These residues are polar in
nature and, on dissociation, the carboxyl groups are neg-
atively charged. In the isoelectric state and in equilibrium
with water in the pH range from 5.5 to 9.5, these polar
groups are completely ionized. Collagen is an amphoteric
ionic structure attaining the highest degree of charge, both
positive in the isoelectric pH range, i.e. around 7.0 for col-
lagen. Desamidation causes progressive hydrolysis of
amide groups of asparagines and solubility of collagen.
Desamidation collagen has high viscosity and a very high
hydroxyproline content, like native collagen.1

Any biomaterial should ensure non-toxicity to the bi-
ological environment where it is being applied. Owing to
its greater swelling, desamidated collagen presents a greater
surface area for cell growth and interaction.4

Collagen sheets are very useful in rst- and second-
degree burns. The cost factor comes down, and the pain
associated with dressing can be avoided. It is especially
useful in children since the trauma of dressing can be
avoided.

• Composition of the material (collagen sheets)
Collagen sheets are produced from bovine tissues com-

prising mostly type I and III collagen, packed in a neutral
glass vial containing sterile preserving liquid medium (a
mixture of isopropyl alcohol and water) sterilized with
ethylene oxide.

• Basic principles of technological treatment
Collagen is a biological skin substitute, i.e. natural,

easily available, ready to use, non-immunogenic, and
non-pyrogenic. Biological dressings are the logical best
candidate for the management of wounds since they cre-
ate the most physiological interface between the wound
surface and the environment. This enables the body’s
reparative and immune systems to function most effec-
tively.5
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Fig. 2a - Two weeks after burn injury - classic treatment. Fig. 2b - Collagen applied.

Fig. 2c - Ten days after collagen application.



On the basis of work carried out in our department,
we have summarized the physical properties of collagen
sheet as follows:

a. Biological
• Collagen sheet is non-inammatory
• Collagen sheet facilitates migration of bro-

blasts and microvascular cells
• Collagen sheet helps in the synthesis of neo-

dermal collagen matrices
• Collagen sheet has low antigenicity
• Collagen sheet has minimal biodegradation
• Collagen sheet is non-toxic
• Collagen sheet helps in minimizing scarring

b. Physiological
• Collagen sheet is impermeable to bacterial mi-

gration
• Collagen sheet modulates uid ux from the

wound
• Collagen sheet is elastic, soft, and supple
• Collagen sheet has good tear strength
• Collagen sheet has good suturing characteristics
• Collagen sheet has enough strength to be

peeled off the wound
c. Adverse effects
Collagen sheet has been found to be well tolerated in

clinical trials. There have been no reports of clinically sig-
nicant immunological or histological responses to the im-
plementation of collagen sheet, and no reports of rejection
of collagen sheet.

Collagen serves as a template for the inltration of -
broblasts, macrophages, and lymphocytes and attracts ad-
ditional monocytes to the wound, thus increasing the
amount of debris removed and capillaries forming the neo-
vascular network. As healing progresses, collagen is de-
posited by the broblasts, replacing the collagen portion
of the collagen sheet.6

Before healing can begin, haemostasis must occur. Col-
lagen applied at the time of haemostasis acts as an auxil-
iary mechanism to augment clotting. Collagen actually in-
creases platelet adherence to the endothelial vessel wall,
thus sealing it off.7

There is no threat of HIV or hepatitis infections, as
bovine material is obtained from countries free of bovine
spongiform encephalopathy (BSE) and possesses a long
shelf-life under normal storage conditions.

2. Why glucose sugar?
Fibroblasts combine and build amino acids into a sug-

ar protein structure to form collagen at the wound site.

3. Why choose gentamicin or Garamycin?
Both are effective and cheap antibiotics.

4. Why choose vitamin A?
Vitamin A is a family of fat-soluble vitamins. Retinol

is one of the most active and usable forms of vitamin A
and is found in animal foods such as liver and eggs.8

Vitamin A plays an important role in eyesight, bone
growth, reproduction, cell division, and cell differentiation,
which is the process by which a cell decides what it is go-
ing to become. It also maintains the surface linings of the
eyes and the respiratory, urinary, and intestinal tracts.9

When the linings break down, bacteria can enter the body
and cause infection.10 Vitamin A also helps the body to
regulate its immune system. The immune system helps to
prevent or ght off infections by making white blood cells
that destroy harmful bacteria and viruses. Vitamin A may
help lymphocytes - a type of white blood cell that ghts
infections - to function more effectively. Vitamin A may
also help to prevent bacteria and viruses from entering the
body by maintaining the integrity of skin and mucous mem-
branes.11

5. Why choose vitamin C?
• Vitamin C contains L-ascorbic acid as its prima-

ry ingredient.
• The choice of this particular form of vitamin C is

based on long-established medical and biological
knowledge that L-ascorbic acid is the only form
of vitamin C that the body can recognize and uti-
lize to stimulate collagen synthesis. Vitamin C, in
the form of L-ascorbic acid, is the one vitamin
that doctors and biologists agree can accelerate
wound healing, protect fatty tissues from oxida-
tion damage, and play an integral role in collagen
synthesis. L-ascorbic acid, at 10% concentration
applied directly to the skin, stimulates the growth
of collagen and produces astounding rejuvenating
effects.

• The production of collagen is highly dependent on
the availability of vitamin C to broblasts in the
stratum basale cells.11

• The trouble with this priority system is that the
skin is very sensitive to any shortfall in vitamin
C availability.

• Vitamin C aids in the absorption of iron and the
formation of red blood cells and converts folic acid
to active folinic acid. It has histamine-reducing
properties and increases lymphocyte formation.

• Vitamin C is antioxidant and provides optimal nu-
tritional support to all physiological functions, no-
tably including vascular and capillary integrity in
support of the circulatory system.

• Vitamin C is utilized in all organs of the body,
including the skin, and research has shown that
whenever there is a shortfall in the body’s over-
all requirements vitamin C is selectively withdrawn
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from the skin to make up the shortfall in any of
the other organs.

• As the human system does not manufacture vita-
min C, it must be taken into the body from out-
side sources. Environmental conditions cause dam-
age to the fragile capillary pathways that feed the
skin. Nutrients circulating in the bloodstream can
no longer reach the skin in adequate amounts. With-
out these essential components, the skin cells can-
not make the healthy collagen needed for healing.13

• If we are not able to maintain a base level of vi-
tamin C in the body pool, we must - if we are to
compensate for vitamin C deciency - deliver the
nutrients directly to the skin to provide support to
the stratum basale.

• The problem with the oral supplementation ap-
proach is one of both absorption and selective de-
livery. For example, if we take one standard as-
pirin tablet we deliver three molecules of aspirin
to every cell of the body. This is obviously a prob-
lem if we only need the aspirin for a sore toe. To
get sufficient vitamin C into the system orally to
deliver 100 milligrams of vitamin C to the skin of
the face you would need to ingest more than one
kilogram of vitamin C.

• It has been shown that collagen production is in-
creased by up to 300% in broblast cells exposed
to vitamin C.14

• Collagenase is a destructive enzyme secreted by cells
to degrade the extracellular matrix protein, collagen.

• Vitamin C is a potent inhibitor of collagenase.
• Some people are allergic to vitamin C. If they ex-

perience an allergic reaction, blotches, or itching,
they should wash the area with cool water and not
reapply it.

Conclusions

1. Collagen sheet provides multiple benets that can-
not be provided by conventional dressings.

2. We point out the utility, when locally applied on-
to an open wound, of vitamin A, vitamin C, 50%

glucose, and gentamicin with a biological covering.
3. By controlling infection in poor vascular profu-

sion, this report shows that collagen sheet func-
tions as a drug delivery device.15

4. The collagen mesh provides a blueprint, a road
map, and the right way.15

5. Collagen serves as a template for the inltration
of broblasts, macrophages, and lymphocytes and
attracts additional monocytes to the wound, thus
increasing the amount of debris removed and the
capillaries forming the neovascular network. As
healing progresses, collagen is deposited by the -
broblasts, replacing the collagen portion of the col-
lagen sheet.

6. There is no threat of HIV or hepatitis infections;
bovine material is obtained from countries free of
BSE, and has a long shelf-life (5 years) under nor-
mal storage conditions.

7. Collagen sheet has been found to be well tolerat-
ed in clinical trials. There are no reports of clin-
ically signicant immunological or histological re-
sponses to the implantation of collagen sheet, and
no reports of collagen sheet rejection.

8. If we are not able to maintain a base level of vi-
tamin C, vitamin A, antibiotics, and glucose in the
body pool, then - in order to compensate for a de-
ciency - we deliver the nutrients directly to the
skin to provide support to the stratum basale.

9. Without these essential components, the skin cells
cannot make the healthy collagen needed for healing.

10. In our opinion the use of collagen, vitamin A, vi-
tamin C, gentamicin, and 50% glucose resulted in
better quality wound healing and overall wound
treatment.

11. We are convinced that collagen sheet is very use-
ful in rst- and second-degree burns. The cost fac-
tor is reduced and the pain associated with dress-
ing can be avoided. It is especially useful in chil-
dren since the trauma of dressing can be avoided.

12. Any biomaterial like collagen sheet should ensure
non-toxicity to the biological environment where
it is applied.
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RÉSUMÉ. Dans cet article les Auteurs se proposent de décrire l’application du collagène désamidé comme biomatériau pour éva-
luer l’utilité du collagène, particulièrement comme mécanisme de livraison des médicaments, comme hémostatique et comme cou-
verture des lésions. Ils ont en outre évalué l’utilité de la vitamine A, la vitamine C, du glucose à 50% et de la gentamicine appli-
quée localement sur les lésions ouvertes. Tous les biomatériaux devraient garantir la non-toxicité de l’environnement biologique où
ils sont appliqués. Les Auteurs soulignent l’utilité de la vitamine A, de la vitamine C, du glucose à 50% et de la gentamicine ap-
pliquée localement sur les lésions ouvertes avec une couverture biologique. La feuille de collagène est toujours plus évidente dans
leurs études actuelles, et ils sont convaincus que la feuille de collagène est très utile dans les brûlures de premier et deuxième de-
gré. Le facteur économique est moins pesant et la douleur associée aux pansements peut être évitée. Cette méthode est particuliè-
rement indiquée pour les enfants puisqu’elle évite l’expérience douleureuse des pansements.
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The international Burn Foundation of the United States invites applications for the 2006
Tanner-Vandeput-Boswick Burn Prize to be awarded at the September 2006

ISBI Congress in Fortaleza, Brazil.

PURPOSE OF THE AWARD
The prize was conceived and established to promote the aims of the In-
ternational Society for Burn Injuries and to motivate individual investi-
gators to perform research, undertake patient care and treatment, and at-
tempt to solve other aspects of the burn problem.

ELIGIBILITY
The prize will be awarded to a person or persons who have made an
outstanding contribution to any aspect of burn management or to an
outstanding practitioner of burn treatment. This could be a specific
achievement or might represent a body of work over a period of years.
The recipient does not have to be a member of the ISBI nor a physi-
cian, but be responsible for major advancement in the field of burn
care.

THE AWARD
The prize consists of a gold pin and a cash payment estimated to be over
$ 100,000.

NOMINATIONS
A candidate may make application on his own behalf or nominations may
be submitted by colleagues.

DEADLINE FOR APPLICATIONS
Deadline for receipt of applications in Denver, Colorado will be Febru-
ary 28, 2006.

HOW TO APPLY
Nominations/applications must include:
•  Completed application letter
•  Letter of nomination
•  One-page summary detailing research & accomplishments of applicant
•  CV including list of publications
•  Two additional letters of support from colleagues

FOR MORE INFORMATION AND APPLICATION MATERIALS
International Burn Foundation
P.O. Box 24386 - Denver, CO 80224  USA
intlburnfndn@yahoo.com - Phone 303.985.4065


