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ABSTRACT 
 
   
 
Background: Skin grafting is a well-established procedure using skin or skin 
substitute to cover non-healing wounds or burns. Management of donor site wounds 
with a suitable dressing material in high-risk patient groups is crucial. These wounds 
are often painful for patients and can be infected as healing time especially in 
patients with comorbidities like diabetes or hypertension can be prolonged.  
 
Methods: The aim of this study was to compare three different dressing materials in 
donor site wounds in a prospective clinical trial in a patient cohort aged 55 or older 
with one or more comorbidities. The grafts were harvested in a standardized 
procedure and wounds were dressed under sterile conditions with Biatain Ibu, 
Mepilex Ag or Suprathel. Dressing changes were scheduled day 10 to 14 when re-
epithelialization was expected. Wound healing was photodocumented and 
evaluated using the Hollander Wound Evaluation Scale (HWES). Pain scores were 
evaluated daily according to the Visual Analogue Scale (VAS: from 1 to 10) and pain 
medication used by patients was recorded.  
 
Results: Patients with Biatain Ibu dressing (p<0.001) and Suprathel (p<0.004) 
showed a statistically significant pain reduction up to two weeks postoperatively. No 
statistically significant difference was observed in re-epithelialization time, ease of 
use and patients satisfaction between the foam dressings and Suprathel. Six 
patients (three each with Mepilex Ag and with Suprathel) required extra pain 
medication.  
 
Conclusions: The results of this study indicate that Biatain Ibu should be used as a 
standard dressing in elderly patients to reduce postoperative pain effectively. 
Suprathel fulfills the same qualities, but is more expensive. No statistically significant 
difference in handling and patient comfort, as well as patient satisfaction, was 
observed in the study.  
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ZUSAMMENFASSUNG 

 
Hauttransplantation ist eine etablierte und häufig angewendete Methode um nicht 
oder schwer heilende Wunden oder Verbrennungen mit Haut oder Hautersatz zu 
decken. Verbände von Wunden solcher Art sind nach wie vor eine Herausforderung, 
um optimale Ergebnisse zu erzielen. Die Spalthautentnahmestellen sind nicht selten 
schmerzvoller als die Wunden, die mit den Hautteilen gedeckt werden. Aufgrund 
dieser zusätzlichen Wundfläche sind diese PatientInnen schmerzsensibler und 
bedürfen wegen des erhöhten Alters und eventueller Komorbidität besonderer 
Aufmerksamkeit. 

Das Ziel dieser Studie war es, drei verschiedene hochqualifizierte Verbandsstoffe 
für Spalthautentnahmestellen an älteren PatientInnen (ab 55 Jahren) in einer 
prospektiven klinischen Studie zu testen. Die Spalthaut wurde nach standardisierter 
Methode geerntet und die Entnahmestellen unter sterilen Kautelen mit Biatain Ibu, 
Mepilex Ag oder Suprathel verbunden. Anhand der Visuellen Analogue Scale (VAS)  
wurden täglich Schmerzwerte erhoben und zusätzliche Schmerzmedikation notiert. 
Nach 10 bis 14 Tagen - nach zu erwartender Reepithelialisierug - wurde der 
Verband abgenommen, der Abheilungsgrad nach der Hollander Wound Evaluation 
Scale (HWES) bewertet und die Wunde/Narbe fotografiert. Anhand von Fragebögen 
wurden Handhabung und Effizienz der Verbände als auch die 
Patientenzufriedenheit erfasst. 

Biatain Ibu (p<0.001) und Suprathel (p<0.004) zeigten innerhalb dieser 14 
postoperativen Tage eine signifikante Schmerzreduktion.  Bei Reepithelialisierung, 
Handhabung und Patientenzufriedenheit gab es keine nennenswerten 
Unterschiede zwischen allen drei Verbänden. Sechs PatientInnen (je drei Patienten 
mit Mepilex Ag und mit Suprathel) verlangten nach zusätzlichem Schmerzmittel.  

Nachdem Schmerz eine nicht unwesentliche Bedeutung für die Wundheilung im 
Allgemeinen und bei älteren komorbiden PatientInnen im Besonderen hat, ist 
Biatain Ibu für diese Art der Wundheilung den anderen Verbänden zu bevorzugen. 
Handhabung und Patientenzufriedenheit sind sowohl bei beiden 
Schaumstoffverbänden als auch bei Suprathel ohne Unterschied. Bei annähernd 
gleicher Qualität sind die Schaumverbände kostenfreundlicher. 
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A prospective clinical trial comparing three 
different dressing materials for donor site wounds 
in elderly patients undergoing split-thickness skin 

graft surgery 

 

INTRODUCTION 
 

Transplantation medicine is one of the most challenging fields of modern medicine, 
forming an increasingly important aspect of regenerative medicine. Skin grafting, as 
a type of graft surgery, is a well-established surgical procedure that uses skin or a 
skin substitute to cover non-healing wounds or burns. This method was established 
and performed for thousands of years by surgeons to permanently replace damaged 
or missing skin. The progress of modern medicine has enabled the aging of patients 
suffering from chronic diseases like diabetes and hypertension, resulting in an 
increased number of patients in need of skin-grafting therapy due to diabetic ulcers, 
chronic wounds, burns or tumor wounds. Split-thickness graft therapy is an optimal 
way for patients to cover large or non-healing wounds with the body’s own tissue 
(1). In addition to the actual wound grafting it requires the creation of a new wound 
at the donor site - which needs the best possible care to minimize infection and pain 
for the patients and to achieve optimal healing results (2, 3) especially in the elderly 
patient cohort. To achieve this aim, the choice of the dressing material used at the 
donor site wound is crucial (3). As new dressing products enter the market, there is 
an urgent need to evaluate which type of dressing to choose in order to fulfill the 
aforementioned needs for the donor site area (4).  

 

1. THE SKIN 

 

The character of skin varies greatly among individuals and its composition depends 
on the area of the body, genetic disposition, age, living circumstances and sun 
exposure. Skin consistency and texture change during a lifetime. In newborns and 
children, the skin is thin; from age 10 to 35 it thickens progressively and within the 
fourth decade, the skin thickness starts to decrease gradually until death. This 
decrease is attended by loss of skin elasticity and a progressive loss of sebaceous 
gland content (1).  
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The integument - the skin and its appendages - is the largest organ of the human 
body with several major functions including protection, thermoregulation, sensation, 
excretion and absorption (5). It fulfills the function of immunology, detoxication and 
retention and has a remarkable regenerative capacity. The skin interacts with the 
inside of the body and with our environment (6). Skin thickness ranges between 0.5 
mm and 3 mm, and varies greatly with the body area. It is thinner on the face, neck 
and upper extremities; the skin of the eyelids is thinnest, while the skin is thickest 
on the back, the palms of the hands and soles of the feet and on the scalp (7).  

The skin consists of two major layers, the epidermis (outer layer) and the dermis 
(inner layer) (8). The hypodermis consists of loose connective and adipose tissue 
(panniculus) affiliating the skin with its underlying structures, binding it via the 
superficious body fascia to the particular regions of the body (6) (Fig. 1). About 95% 
of the skin is dermis, and the residual 5% is epidermis (9, 10). 

 
 

 

  

Figure 1. Schematic of skin and its appendages, epidermis, dermis and subcutaneous 
skin (Netter’s Essential Histology, 2nd Edition, p.244) (10) 
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1.1   The Epidermis 
 

The epidermis is 0.05 to 0.1mm thick and consists of a layer of keratinocytes and 
several layers of rapidly dividing cells underneath. More than 90% of the cell 
population of the epidermis is keratinocytes that provide protection and produce 
keratin, a complex filamentous protein. Other epidermal cells are Melanocytes 
(melanin producing cells in the bottom of the stratum basale), Merkel cells (slow 
adapting touch cells), which derive from the neural crest and Langerhans cells, 
which are important for immune defense. The epidermis is vascularized and 
innervated   via the dermis by unencapsulated free nerve endings losing their 
myelin-sheaths when they enter the epidermis (10). The color of the skin depends 
on the melanin produced (6). There is a permanent renewal of this outer layer, 
consisting of five different sheets - stratum corneum, stratum lucidum, stratum 
granulosum, stratum spinosum and stratum basale (Fig. 2 and Fig. 3), where cells 
from bottom to the top undergo mitosis, differentiation, maturation and are finally 
shed from the skin after keratinization (9). Slow cycling stem cells provide a reservoir 
for regeneration of the epidermis. Stem cells divide infrequently in normal skin, but 
in cell culture they form active growing colonies (11). The basement membrane 
forms the border to the dermis and describes a matrix layer from which all of its cells 
originate (10).  

 

 

 

Figure 2. Strata of epidermis (Netter’s Essential Histology, 2nd Edition, p.246) (10) 
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Figure 3.  Light micrograph of thick skin at the dermoepidermal junction; MC: Meissner 
corpuscle = tactile corpuscle (Netter’s Essential Histology, 2nd Edition, p.246) (10) 

 

 

1.2   The Dermis 
 

The dermis (corium) is the fundament of the skin (6) and  consists of two parts, the 
external papillar layer and the internal reticular layer. The papillar dermis represents 
the sensory part of the skin, where inflammatory reactions occur (9). The reticular 
dermis has few cells, containing an extensive meshed network mainly from type I 
collagen accompanied by thick elastic fibrills which give the skin reversibility, 
dilatability and tear strength. Collagen, the major structural protein for the entire 
body, represents 70% of the dry weight of the skin, of which the fibrillar collagen 
represents the major group (12).  

The dermis is richly vascularized by large muscular arteries and veins that are found 
in the subcutaneous connective tissue. The deeper reticular plexus and a more 
superficial papillary plexus are connected together (Fig. 4 and Fig. 5). The dermis 
also contains sebaceous glands, sweat glands close to the connecting tissue and 
hair follicles (10). There exists a complex network of sensory nerves and efferent 
sympathetic innervation of sweat glands and arrector pili muscles (smooth muscles) 
throughout the dermis (9).  
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Figure 4.  Blood supply to dermis (Netters Essential Histology, 2nd Edition, p. 252) (10) 

 

 

The skin appendages are mainly of epithelial origin. They arise from the deflection 
in the epidermis and are formed under regulatory influence of the dermis. Hence, 
they require a live interaction between the dermis and the epidermis (10). While the 
various adnexal structures serve specific functions, they all can act as reserve 
epidermis in the re-epithelialization after injury by the migration of keratinocytes from 
the adnexal epithelium to the skin surface (9). 

 

 

Figure 5. Light micrograph of skin layers, epidermis, papillary and reticular dermis (13) 
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1.3   The Subcutaneous Tissue 
 

The subcutaneous tissue consists of a meshwork of connective tissue with lobes of 
fat inside. They reach the stratum reticulare of the dermis, as well as the straight 
connective tissue of the firm underlying structures like muscles, tendons or bone, 
where they fix as so-called “retinacula cutis”, the skin with the deeper body 
structures. This is important for sensory receptor-communication and balancing 
pressure, mainly on the palms of the hands and the soles of the feet (9). 

 

  

2. SKIN GRAFTING 

 

Skin grafting is a well-established surgical procedure (14), successfully used   for 
over a century to cover superficial defects of any kind in the skin (7). The 
transplanted skin closes and protects the wound bed against trauma and infection 
and helps to regain functionality and the aesthetic look, which is of utmost 
importance for all patients.   
 
 

2.1  General Aspects 
 

A skin graft consists of epidermis and the dermis (parts of it or the whole) depending 
on the graft type chosen (15). Grafts of any kind, including skin grafts, require and 
depend on vascularization, which is crucial for their survival.       
  
Various types of grafts have been described. In an autograft procedure undamaged 
skin from another part of the patient‘s own body is transformed to cover a skin defect 
in a different part of the body of the same individual. An iso- or syngraft is a graft 
between genetically identical individuals of the same species. 
An allograft is taken from another individual of the same species. A xenograft 
(heterograft) is a graft, taken from an individual of one species grafted onto an 
individual of a different species (7).  
 

2.2  Historical Background 
 

Free skin grafts had already been used as early as 2500 to 3000 BC in India (16). 
Called the “Ancient Indian Method”, they used free grafts of skin, including 
subcutaneous fat that they took from the gluteal region, mainly to reconstruct ears 
and noses, which had been severed as punishment. The Indian surgeon Sushruta 
(600 BC) is called the “father of plastic surgery” for his description of the 
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reconstruction of earlobes and rhinoplasty for a severed nose in the “Sushruta 
samita”, which is still valid today. The operation, where a new nose was 
reconstructed with skin of the forehead in several steps, was reserved to the 
members of the brickmakers’ cast (17). 

From the beginning of the first millennium until the Middle Ages, knowledge about 
the survival of tissue was small. The earliest attempts of grafting were undertaken 
to replace amputated parts of the body. At the beginning of the 16th century, 
surgeons began to study the effects of removing and replacing pieces of skin on 
animals trying to reconstruct noses with free skin flaps from the arm (17). Ambroise 
Paré (1510-1590), a French surgeon, as well as the Italian surgeon Gaspare 
Tagliacozzi (1546-1599), known as one of the pioneers of plastic surgery for 
describing exact reconstruction techniques for the nose, ear and lip, contributed 
considerably to establish plastic surgery as it is known today (18). 
 
Giuseppe Baronio (1759-1811), an Italian physiologist, performed the first 
professional medical experiments with skin grafts in a series of animals, where he 
transferred various thicknesses of skin of various sizes at variable times. All the 
grafts were successful and started bleeding when cut off again.  His findings are 
carefully recorded in  “Degli Innesti Animali” of 1804 (19).  
 
Christian Heinrich Bunger (1782-1842), a German anatomist and surgeon, reported 
the partly successful transplantation of a free whole-thickness skin graft for the 
repair of a nasal defect in 1823. Sir Astley Cooper (1768-1841), an English surgeon 
and anatomist, was the first to remove skin from an amputated thumb to cover the 
stump. In 1869, the Swiss surgeon Jean-Louis Reverdin (1842-1929) detached bits 
of transplanted skin cut out with a scissor, to observe the healing of granulating 
wounds. He took thin parts of the epidermis only and called them “epidermic grafts”, 
now known as “pinch grafts”, small islands from which the epithelium spreads out 
from the individual islands that are grafted (20). These grafts contained a portion of 
dermis, as Reverdin later admitted.  
 
In 1872, the French orthopedic surgeon Louis Ollier (1830-1900) developed a split-
thickness skin graft modified later by the German surgeon Carl Thiersch (1822–
1895) in 1886 (21). Thus the names Ollier and Thiersch are synonymous today with 
thin (0.005-0.001 inch = 0.13-0.25 mm) split-thickness grafts. Later the Ollier-
Thiersch type of graft became much thicker and was called the “split-graft” (Blair 
and Brown). They also recognized that the depth of the graft is an important factor 
in donor site healing.  
 
Lawson (1870), Le Fort (1872) and Wolfe (1876) used full-thickness grafts for 
ectropion therapy of the lower eyelid. Wolfe and Krause were mainly involved in the 
improvement of this method, known today as “Wolfe-Krause grafts” (22).  
In 1942, Brown and McDowell reported using thick split-thickness grafts (0.01-0.022 
inch = 0.25-0.56 mm) for the treatment of burns (23). This was improved by Tanner, 
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Vandeput, and Olley in 1964 (24), when they expanded skin grafts with a machine 
up to 12 times their original surface area.  

Ten years later, epithelial skin culture technology started with Rheinwald and Green 
in 1975 (25). Rudolph and coworkers reported in 1976 that the dermal component 
of grafted skin exerts an important influence on wound contraction (26, 27). The first 
human keratinocytes were grown from an epithelial layer in 1979 which marked the 
beginning of the era of tissue engineering (27, 28).   

Techniques of harvesting split-thickness skin grafts changed over time. Long cutting 
blades were replaced by the mechanical dermatome, which was replaced by the 
electrodermatome being used today. This device enables plastic surgeons to 
harvest skin grafts with a thickness from 0.30 to 0.50 mm (Fig. 6). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Modern electrodermatome (Department of Plastic Surgery, LKH Graz) 
 
 
 
 

2.3  Skin Graft Types 
 
Skin grafts are classified as partial or split-thickness skin graft (STSG) and full-
thickness skin graft (FTSG), depending on how much of the dermis is harvested. All 
skin grafts must include at least a portion of dermal layer for survival. The graft 
interferes with the transport of nutrients to the important upper skin layers. 
Therefore, no fat should be included in the skin graft (15).  
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Full-Thickness Skin Graft (FTSG) 

A full thickness skin graft (FTSG) consists of two main layers of the skin (epidermis 
and dermis) and needs a well-vascularized recipient bed. It is mainly used to cover 
facial wounds for aesthetic reasons, or wounds where there is a strong mechanical 
demand – like on the palms or soles. Because of the unavailable regeneration of 
the wound bed, full thickness skin grafts are limited. The wound on the donor site 
has to be closed by suture (15). FTSGs contract less upon healing, they show better 
trauma-resistance and they have a more natural look when healed (7).    

 

Split-Thickness Skin Graft (STSG) 

Split-thickness grafts (STSG) contain the epidermis and varying amounts of the 
dermis (Fig.7). As the deep dermis (reticular dermis) in the donor site area is spared 
by the surgeon, it enables the wound bed to regenerate itself. Skin grafts can be 
harvested from every part of the body, but typical donor site areas include the 
buttock, thigh, back, or abdominal wall, sites that are normally hidden by clothes of 
the patients. The skin is harvested mainly from the thigh that is well supplied with 
blood and is not too close to the bones which improves the aesthetic appearance of 
the donor site. The graft is harvested by using an electrodermatome (Fig. 6) which 
is applied to the donor site area (7). Thin split-thickness skin grafts have the best 
“take” but as a disadvantage they tend to shrink, to pigment abnormally and they 
are prone to trauma (26).   
 
 
 

 
 

Figure 7.  Skin graft types (Grabb & Smith’s Plastic Surgery, 6th Edition, p. 8) (15) 

 
 
A graft can be laid in the form of a sheet (sheet skin graft) with the advantage of a 
continuous uninterrupted surface and a better aesthetic outcome. The disadvantage 
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of this graft type lies in not allowing fluid to pass through, thus complicating healing 
(15).  

Meshed grafts are sheet grafts with multiple mechanical incisions (Fig. 10) to 
enlarge the sheet by one-half or more to gain multiple extensions to cover large 
wounds. The incisions allow fluid to pass through into the dressing thereby 
preventing the formation of hematomas or seromas on the recipient site. This 
technique spares the patient a large donor site wound, but results in a reticulated 
appearance at the recipient wound site after healing (29). 

 

 

Micrograft Techniques 
 

 

Pinch/Punch Graft  

 

Almost one hundred years ago, John Staige Davis (21) used a modified version of 
Reverdin’s method of creating skin grafts which became known as the “pinch graft”. 
The pinch graft is a small rounded deep graft (3 to 5 mm in diameter) containing all 
the layers of the skin. A needle is used to pick up a cone of skin, which - after cutting 
it at its base with a knife - is brought to the recipient wound bed.  One avoids to 
place the skin island to close in wound area in order to allow a free discharge (25). 
If the skin is cut as a plug with a biopsy punch, it is called a punch graft.    

This type of skin grafting is used for granulating wounds, small wounds on the limbs, 
wounds with low-grade infection or contaminated wounds. They are predominantly 
used to promote epithelialization from the wound edge as well as from the skin 
islands. Nowadays, the pinch-graft has been widely replaced by attentive excision 
of the skin bed and coverage by split-thickness skin graft, as has been the punch 
graft method by the invention of dermatomes to produce mesh skin grafts (29).  

 

Patch graft 

The patch graft technique was first reported by Gabarro in 1943 (22). It was 
accomplished by removing a donor piece of skin of a certain size (one-sixth to one 
ninth of the wound size), which was placed on a piece of paper, then cut into small 
squares, and then placed onto the wound bed. This method has been almost entirely 
replaced by the advent of dermatomes (30, 31). 
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Meek Microdermagraft 

This technique is named after C. Parker Meek (32),  who harvested a thin split-
thickness graft and placed it on a cork carrier with the dermal side down. This cork 
carrier is then placed on a cutting block of a microdermatome to create microskin 
grafts. This technique (33) was developed for the re-epithelialization of small skin 
pieces where the wound area is quite large and requires the largest possible number 
of growing margins (29).    

 

Chinese Intermingled Technique 

This technique was developed in China in the 1980s and combines skin autografts 
and allografts for covering large burn wounds (31). When donor sites for autologous 
skin were limited (30, 31), a sheet of allograft is wrapped around the wound, and 
holes are punched out about 1 cm apart on the allograft skin. The holes are “filled” 
with autograft skin from the scalp. When the autograft skin migrates in between the 
allograft’s dermis and epidermis this is called the “sandwich phenomenon” (31).  

 

Microskin Graft 

With growing interest in this field and greater advancements of scientific research, 
a new technique with some patch grafting and an intermingled technique was 
generated. This technique involves a small piece of autograft skin being minced with 
scissors into small pieces (< 1mm3), then brought into saline, where the skin parts 
are able to direct themselves with the epidermis upward (34). The small pieces of 
skin are dispersed on a silk cloth, overlaid by a sheet of split-thickness allograft and 
then transferred as the graft to the wound.   

Many more micrograft-techniques exist, and/or modified or taken in combination 
with those mentioned above. They are used especially in patients with burn injuries 
(29), and are parallel developments to the very active research in the field of artificial 
skin  (35). 

 

 

  



19 
 

2.4  Modern Skin Grafts – The Surgical Procedure 
 

Before being able to place and suture the graft to the recipient area, the surgeon will 
undertake a proper and careful preparation of the wound, as skin grafts do not 
usually survive on tissue with limited blood supply. The wound has to be cleaned of 
necrotic tissue particles by debridement; foreign material or any bacterial 
contamination has to be removed. The wound will then be rinsed with saline or mild 
antiseptics. To enable proper suturing, epinephrine can be applied on the wound to 
constrict blood vessels. Graft placement can even sometimes be delayed when the 
wound bed is too infected (30). 

The skin graft must be held in proximity to the wound bed, which is achieved by 
suturing the graft in place and using a firm dressing to avoid shearing. Tie-over 
packs will be necessary in cases where small skin grafts have to be secured (neck 
or head area) or where deep defects (axilla wounds) have to be covered (15). 
  
A skin graft harvested from the donor site is completely separated from its blood 
supply. Brought to its new position, the graft initially survives by diffusion of nutrients 
from the wound bed into the graft. This keeps the graft alive for the first 3 to 5 days 
and is called imbibition. After 48 hours, an anastomosis between recipient vessels 
and vessels in the skin graft starts to set in. This step is called inosculation, followed 
by revascularization and replacement of the fibrin network which first acts as a 
biological glue and adheres the graft to the wound bed (36). By infiltration with 
fibroblasts a fibrous tissue attachment is formed. Blood vessels in the wound bed 
start to form endothelial buds and meet the blood vessels in the skin graft which 
gives the graft a red-purple color (26, 36). A physiological integration of the skin graft 
into the recipient site is called “take” (37).  Maturing of the graft continues by 
regaining partial sensation from the sensory nerves of the wound bed (38).  
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The following figures (Fig. 8 to Fig. 10, Photographs taken at the Department of 
Plastic Surgery, LKH Graz) demonstrate the harvest of a split-thickness skin graft; 
Figure 10 shows how it is enlarged by meshing.  

 

 

 

 

Figure 8. First slide of harvest 

    

 

            

   
Figure 9. Beginning of second slide harvest. It is important to keep the skin taut and to 

apply appropriate pressure while operating the electrodermatome. 

 



21 
 

 

 
Figure 10. Second slide harvest. The skin sheet is thin and must be handled with care; it 

is placed in saline before being meshed. 

 

 

 

 

                          

Figure 11. Transformation of a sheet skin graft into a meshed graft to increase volume 
and to allow wound drainage. 
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2.5  Postoperative Aspects of Skin Grafts and Donor Sites 
 

The donor site regenerates by re-epithelialization. Epidermal cells immigrate from 
the hair follicle shafts and adnexal structures of the dermis. This regeneration 
capacity is specific to the epidermis and is not existent in the dermis. Therefore, the 
number of split-thickness skin grafts from one particular part of the body is 
dependent on the thickness of the donor dermis (15).  

All skin grafts contract immediately after removal from the donor site. The more 
dermis the graft contains, the more contraction will be experienced. The secondary 
contracture happens later at the donor site as a result of the activity of 
myofibroblasts. It depends on the thickness of the skin graft: the thinner the graft, 
the greater the secondary contracture. Full thickness skin grafts contract more on 
initial harvest.  

Skin grafts are reinnervated by ingrowth of nerve fibers from the place to which they 
are transplanted. It depends on the portion of dermis harvested, as well as on how 
much of the epithelial appendages are transferred. The greatest sensory return is 
achieved by full thickness skin grafts, because of a greater availability of nerve 
sheaths (15). 

In general, full thickness skin grafts produce the hair growth of the donor site, 
whereas split-thickness skin grafts, especially thin thickness skin grafts - depending 
on the dermis portion - are generally hairless. After re-epithelialization, the scar 
should constantly be nourished with oil-based ointment to prevent it from drying out. 
Similarly to every other scar, it should be protected against sun for one year to 
minimize scarring. Donor sites are deep red during the first months (Fig.19) and 
become pale within one year, until they appear only slightly lighter than the 
surrounding skin (30). They regain all the missing properties back, including 
functionality, and theoretically can be donor sites again. 

Donor sites may be extremely painful and vulnerable for infection. Careful 
preparation and meticulous inspection of the graft can minimize infection and the 
risk of loss. Causes of graft failure can be bleeding or serum collection beneath the 
graft, which disrupts proper nutrition. Further risks in split-thickness skin grafting can 
be infection or nerve damage. 
 

 

2.6  Wound Healing 
 

Any injury to the skin integrity is potentially harmful as it will disrupt the functions 
noted above and will cause pain to the patient. Depending on the size, depth and 
localization, a wound will either heal by itself with little or no scarring or it must be 
sutured by a physician. When wounds are extensive, closure by suturing will not be 
possible and skin grafting is necessary to cover the wound and minimize scarring.  



23 
 

By definition, wound healing might include the repair or reconstitution of a defect in 
an organ or tissue, mainly in the skin (15). This requires a complex process that is 
best demonstrated in cutaneous wound healing. The intrinsic and extrinsic clotting 
systems are activated and acute and chronic inflammatory responses start to 
happen (Fig.12). Neovascularization begins, furthermore cell proliferation, division, 
apoptosis and migration are necessary to deposit the extracellular matrix and to 
remodel it (39).  

Wound healing may occur in different ways according to time and efforts at 
treatment. Healing by primary intention (sanatio per primam intentionem, p.p.) 
mainly describes a wound closed by approximation of wound margins or by 
placement of a graft or a flap, and takes place in the case of wounds created in the 
operation room. It occurs directly without intervention of granulations, it heals with a 
scar and it does not require special wound care.  
 
Wound healing by secondary intention (sanatio per secundam intentionem, p.s.) 
occurs when wounds are left open to prevent infection and the subsequent defect 
is filled with granulation tissue and then re-epithelialized. For these wounds, special 
wound care and treatments are necessary. When wounds are highly contaminated, 
and only delayed closure is possible, it is called healing by third intention.  

Acute wounds are those for which injury has occurred up to a month previously. If 
wounds are persisting beyond 4 to 6 weeks or longer, these wounds are considered 
chronic wounds, as are wounds that do not heal for months or years (40).  
 
 

2.6.1 Wound management from ancient history to modern times 
 

Wound care management is an important cornerstone of modern medicine. The first 
steps in treatment of wounds were already taken in ancient history as it was realized 
that hygiene was a key factor to ensure proper wound healing. The history of surgery 
has been the history of wound therapy since the beginning of mankind.  

Wounds are associated with pain, hemorrhage and loss of skin continuity and tissue 
substances (41). Attempts to handle wound care were always an experiment in trial 
and error. Medical knowledge has evolved in every highly developed culture. Some 
of these cultures had primitive methods, while others had some highly developed 
healing methods. The first written records date from about 2500 BC from 
Mesopotamia, where wounds were washed with water or milk and were dressed 
with honey, resin, or myrrh. The useful effect of many plants has been used for 
healing over thousands of years and continues to be used today. Bandages could 
have been made of linen or wool (42).  

In the Ebers Papyrus, dated to ca 1550 BC (after Georg Ebers, a German 
Egyptologist), the Egyptians described the use of linseed and honey in wound 
management. They also introduced many minerals into wound treatment and 
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already observed that closed wounds heal better than open ones. In order to 
incorporate this knowledge, they invented the adhesive bandage to draw wound 
edges together. Massive bleeding may have been treated with cauterisation (43). 

Greek medicine was influenced by the Egyptians. The Greek medical tradition 
began with Asklepios, the god of medicine and healing in ancient Greek religion 
(41). The first Greek medical references were found in Homer‘s Iliad (800 BC). 
Hippocrates of Kos (460-377 BC), an ancient Greek physician, is known as one of 
the most important figures in the history of medicine. He suggested that contused 
wounds should be treated with salves in order to promote suppuration, remove 
necrotic material and reduce inflammation. Hippokrates differentiated between 
ordinary wounds without detritus and complicated wounds, and he advocated that 
the majority of wounds should be kept dry. It was common to clean wounds with 
wine or vinegar and cover them with a fat or oil-based balm (44).  

Aulus Cornelius Celsus (25 BC-50 AD) was considered one of the most important 
contributors to medicine and science during the Roman Empire - he was the first to 
mention the four characteristics of inflammation (rubor, calor, tumor, donor) that later 
were rediscovered by Rudolf Virchow (1821-1902), a German pathologist (39). 
Celsus differentiated between wounds and chronic sores and also mentioned that 
they required different management. He advocated the primary suture of fresh 
wounds and the debridement of contused or contaminated wounds to convert them 
back to fresh wounds that could then be sutured. The fifth characteristic of 
inflammation (functio laesa) was added by Galenos of Pergamon (129-216 AD), 
famous for his four element theory (fire, earth, air and water). Even as early as the 
third century he acknowledged the importance of maintaining wound site moisture 
to ensure successful closure of the wound. He brought medical knowledge from the 
Orient to the Arabs. By the end of the tenth century the dominant centre of Islamic 
medicine had come from Bagdad to Cordoba. Thus, early European surgery was 
influenced by Galenos. Islamic medicine made a number of important scientific 
contributions including the discovery of distillation and crystallization – and Arab 
knowledge in chemistry provided the first scientific base of pharmacy. The first 
European medical school was founded at Salerno in the ninth century (41).  

Most milestones in wound treatment were reached mainly during the 19th century 
and the beginning of the 20th century. The introduction of antiseptic in surgery 
played an important role. Joseph Lister (1827-1912), an English surgeon, inspired 
by applying the work of the French chemist Louis Pasteur (1822-1895) - the “father 
of microbiology” and an advocate of the germ theory of disease, based on the works 
of Fracastoro, Bassi and Henle (45) introduced antiseptic in surgery by sterilizing 
instruments. He discovered that carbolic acid that was swabbed on wounds 
remarkably reduced the incidence of gangrene. Instruments were washed in the 
same solution and assistants sprayed the solution in the operating theatre.  

Ignaz Semmelweis (1818-1865), an Austro-Hungarian physician, reduced the 
mortality rate of women dying of puerperal fever (childbed fever) enormously, when 
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he gave advice to his doctors to clean their hands with chlorinated lime solution 
when changing from the section room to the obstetrical clinic. He knew only about 
the existence of cadaveric pathogens, but did not understand exactly what they 
were.  

This was discovered in the same century by many famous physicians and scientists 
who made essential achievements in modern medicine and natural sciences. 
Representative of these are Robert Koch (1843-1910), a German physician, who 
together with Ferdinand J. Cohn (1828-1898), a German plant pathologist, is 
considered one of the founders of bacteriology, as well as Sir Alexander Fleming 
(1881-1955), a Scottish bacteriologist, widely regarded for his discovery of penicillin 
in 1928 (45). 

 

2.6.2 Modern standards in wound management 
 
The concept of moist wound healing (MWH) is relatively new. It was first supported 
by John Bull et al in 1948 (46), and later demonstrated by George Winter in 1962  
(47), and Howard Maibach (Hinman and Maibach 1963) by experimental studies on 
animals (domestic pigs) where they could show that epithelialization occurred twice 
as fast when wounds were kept moist. Until this finding, the interim view was to allow 
wounds to dry out and promote healing by forming scabs (40, 41). 
A scab or eschar is the endpoint of drying out a wound and consists of the epidermis 
and the superficial dermis (48). The results have been taken as representative of all 
wound healing situations and MWH is a basic principle of modern wound 
management (49).  
 
“Moist wound healing” is not clearly defined and is sometimes described as “not too 
wet, not too dry” (49). It advocates that the optimal environment for the repair and 
restoration of tissue function is one in which the wound bed is kept moist for 
providing an ideal context in which the essential components of natural wound 
healing as described below can develop (50). Physiologically, the body provides a 
moist wound environment by producing exudate, which under exposure to the 
atmosphere transforms into a scab, covering the re-epithelialization of the wound 
bed with a physiological barrier and repelled as eschar (43, 44). 
A moist wound environment permits the possibility of increasing macrophage and 
fibroblast activity, re-epithelialization and collagen production. Moisture is important 
for cell movement and the gene-expression which is needed for repair activity (51). 
 
Consequently, moist wound healing is the basic principle of wound treatment today 
and a standard for current dressing materials and methods (52). 
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2.6.3 Steps of wound healing 
 

Normal wound healing in mammals occurs in four overlapping but distinct biological 
phases: coagulation, the inflammatory phase, the proliferative phase and 
epithelialization and remodeling phase (Fig.12), which is completed by scar 
formation.   

 

Coagulation 

Immediately after tissue injury, the wound healing process is initiated by platelets 
releasing mediators, including platelet-derived growth factor (PDGF), insulin-like 
growth factor-1 (IGF-1), epidermal growth factor (EGF), and fibroblast growth factor 
(FGF). First, hemostasis is stimulated by components of the injured tissue. 
Devitalized tissue is removed by phagocytosis by macrophages to prevent infection 
by microbial pathogens. Bleeding is stopped by activation of the clotting cascade. 
Finally, fibrinogen is converted to fibrin, and following polymerization, a mesh is 
formed. Growth factors work as mitogens to stimulate proliferation of wound cells; 
some are stimulating migration of target cells (chemotaxis) and have regulating 
potential (53).   

 

The Inflammatory Phase 

The inflammatory phase is named and characterized by inflammatory cells that are 
attracted by numerous biophysical cues, initiating the steps of the complement 
cascade. It is initiated by the blood clotting and platelet degranulation process and 
shows vasodilation, increased capillary permeability, complement activation and 
migration of polymorph nuclear endocytes and macrophages. Damaged ECM is 
degraded by elastase and collagenase which secrete new growth factors like TGF-
b, TGF-a, heparin-binding epidermal growth factor (HB-EGF) and basic fibroblast 
growth factor (bFGF) (53). The wound cavity caused by injury, is filled with 
neutrophils and prepared for healing by committed progenitor and mature cells of 
hematopoiesis. After 48 hours, circulating monocytes follow neutrophils into the 
wound, which happens up to 72 hours post-injury. They traffic the wound and 
transform to macrophages. After 3 days, they are the predominant cell type in the 
healing wound. The last cell to enter the wound is the lymphocyte, 5 to 7 days post-
wounding.  
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The Proliferative Phase 

The proliferative phase of wound healing consists of re-epithelialization and may 
last from day 4 to day 21 after injury. Re-epithelialization probably begins shortly 
after injury and means tissue-replacement with the same structure and function as 
before. Otherwise it is called reparation, and means to replace destroyed 
parenchymal cells with collagen connective tissue (39). In this phase, the 
desmosomal connections and the underlying basement membrane become loose, 
so that cells from the basement membrane are freed and begin to migrate laterally. 
The fibrin matrix, formed in the first phase of wound repair is replaced by a new 
migration-platform, the granulation tissue. This tissue is characterized by three cell 
types: fibroblasts, macrophages and endothelial cells. Endothelial cells are a critical 
component of granulation tissue - they are able to form new blood vessels, to induce 
angiogenesis and vasculogenesis (15). Extracellular matrix (ECM) is produced by 
fibroblasts and fills the healing scar. Macrophages, producing growth factors such 
as PDGF and TGF-ß-1, enable fibroblasts to proliferate and migrate and stimulate 
endothelial cells to form new vessels. The provisional fibrin-mesh is replaced with 
thinner type III collagen, which later will be replaced by the more powerful type I 
collagen (both fibrillated collagens and therefore structure proteins) as it was before 
(10). 

 

The Remodeling Phase 

The final phase is the remodeling phase. It describes the longest episode of wound 
healing and lasts from day 2 up to 1 year or longer. This phase starts after 
granulation and keratinocyte migration and re-epithelialization with regression of 
blood vessels. After collagen replacement the wound is contracted by 
myofibroblasts that later disappear. The migration-process, already induced from 
the basement cellular layer, starts from the edges of the wound where the epidermis 
newly starts to differentiate (39). 

Skin sites such as the face or scalp, which contain a lot of pilosebaceous units, re-
epithelialize more rapidly than do skin sites where adnexa of all types are sparely 
found, such as the back. Once a wound has re-epithelialized, granulation tissue is 
no longer produced. Therefore, wounds in an area with few adnexa will slowly fill 
with granulation tissue. In contrast, areas with numerous adnexa will quickly be 
covered with epithelium (12). The response to injury always depends on the 
wounded tissue, on the diseases, and on environmental factors, as well as on the 
individual  (54).  
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Figure 12. Wound healing phases (53) 

 
 
 
Scar Formation 
 
According to Ferguson a scar in the skin may be defined as “a macroscopic 
disturbance of the normal structure and function of the skin architecture resulting of 
the end product of a healed wound”. Thus, skin scars are the biological outcome of 
mammalian tissue repair. A temporary cellular matrix rebuilds the continuity of the 
wound before a reactivation for re-creation of the missing tissue is started. During 
normal wound healing, myofibroblasts finally disappear after the re-epithelialization 
process as described previously. The theory of evolution advocates that wounds 
heal quickly to prevent infection, and scars are the best price humankind pays for 
survival.  

Scar formation depends on individual and genetic (age, sex, race) background, on 
tissue site and on body location (55). Scarless skin healing only occurs in early 
mammalian embryos and invertebrates (56). The more pigmented the skin, the more 
scarring. In children and adolescents, scarring is severe because of an increased 
turnover of the cells. The skin of the shoulders and the breastbone tends to form the 
worst scars, whereas intraoral tissue scars the least. Scars show a wide spectrum 
of clinical phenotypes: from fine, pale lines, to hypertrophic or hypotrophic scars, 
elevated or nodular scars, ranging also to contractures or keloids with aesthetic and 
functional limitation (57).  
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2.6.4 Wound management of the donor recipient graft site 
 

Due to exposure of sensory nerve endings (58), the donor site wound is often more 
painful than the skin graft wound. The healing process occurs through re-
epithelialization by remnants in the reticular dermis. The duration of the wound 
healing process usually varies between 7 to 21 days (Fig. 12) depending on the age, 
general health condition and nutritional status of the patient.  

Appropriate dressing for the donor site is vital to the patient as removal of a dressing 
can cause pain. Dressing materials have to fulfill the needs of the wound healing 
phases. Normally the donor site wound produces a lot of exudate in the first days 
(wet phase) when an absorbent dressing should be applied to absorb the excess 
fluid. When the wound bed starts to become dry (dry phase) after 3 to 4 days 
postoperatively, a non-adherent function of the dressing should be desirable so that 
it does not adhere to the wound bed which can remain undisturbed in situ for several 
days not disrupting the re-epithelialization process. In addition to the choice of the 
most suitable dressing, which should be in expert hands, optimal pain management 
should be offered to the patients (30). 

 

 

2.6.5 Wound dressing 
 

  
Wound dressings have existed for as long as there have been wounds. The use of 
linen soaked in oil or grease continued for at last 4000 years until woven absorbent 
cotton gauze was introduced in 1817 (41). The awareness of the impact of wound 
dressings was already mentioned in the Edwin Smith Surgical Papyrus, dating back 
to 1615 BC: “closed wounds heal more quickly than open wounds” (59). Also, the 
knowledge of antisepsis and microorganisms in the late 1800s had a great impact 
on this field (44). Until the mid-1900s, man believed that wounds healed more 
quickly if kept dry and uncovered. In 1948, Oscar Gilje described the “moist chamber 
effect” for healing ulcers (60) and in 1962, George Winter conducted a landmark 
study in his works on moist wound healing (47). 

Historically, wound dressings simply provided protection to the wound surface. In 
modern times, a range of synthetic/semisynthetic or natural dressing materials are 
available that support or interact with the wound healing process in many ways.  
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To date, according to Morgan (61) and Thomas (62) the most essential 
requirements of the ideal wound dressing should guarantee the following attributes: 
 
 
Essential Requirements 
 

 be free of toxic or irritant components 
 not release particles or non-biodegradable fibres into the wound 
 form an effective bacterial barrier 
 be self-adhesive and form a water-resistant seal to the surrounding skin 
 produce minimal pain during application and removal 
 provide an optimal state of hydration 
 maintain optimum temperature and pH 
 allow gaseous exchange 

 
 
Additional Requirements 
 

 antimicrobial activity 
 hemostatic properties 
 capability to remove or inactivate proteolytic enzymes in exudate 
 release of pain medication 
 wound cleansing activity 
 odor-absorbing/neutralizing properties 

 
 

Wounds can be dressed with biologic or with synthetic materials in open, semi-open 
and occlusive manners (7).  
Occlusive wound dressings are utilized to accelerate wound healing and improve 
the final appearance of scars (63). Acute wounds that heal under occlusion show 
accelerated healing stages, a greater strength and a better cosmetic outcome (59). 
Semi-open wound dressings are characterized by the possibility of applying topical 
products or antiseptics and gauze bandages and allowing fluid drainage into the 
outer dressing. It ensures ventilation and thermal protection. One property of semi-
occlusive dressings is oxygen exchange. Most commonly, multiple dressing 
changes are made until the wound is healed (64). 

When wounds are left open, the healing duration is prolonged, and it is associated 
with more pain and higher risk of complication (7).  
Otherwise, as described by Allen et al (65), wounds left open to granulate are more 
sterile than wounds covered with skin dressings. Although covered wounds showed 
microbial flora. Szabo et al found out, that skin grafts have no intrinsic bactericidal 
properties (66), a fact, that is replaced in some dressing materials, like Mepilex Ag. 
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Modern dressing started with the invention of fibrous synthetics such as nylon, 
polyethylene and polyvinyl. Later improvements were achieved in composite and 
hybrid polymers, which amplified the wound dressing material available and 
permanently expanded it with temporary skin substitutes and the innovative field of 
tissue engineering (67). 
 
In particular, the dressing material used for the donor site must provide the optimum 
healing environment to allow the wound an undisturbed healing process, and so 
guarantee proper re-epithelialization. It should prevent infection and trauma, be 
comfortable for the patient, thus not causing any pain, assure easy handling and 
have a good correlation between cost and benefit (64). 
 

The range of wound dressings can be subcategorized as follows: 

 
 
Types of wound dressings 

 
Low adherent dressings 
Semipermeable dressings 
Hydrogels and hydrocolloids 
Alginates 
Film 
Foam 
Composite dressings 
Antimicrobials 
Sprays 
Temporary artificial skin substitutes 
 

 

Absorbent dressings have to be used if skin graft sites or donor sites produce large 
amounts of exudate. To prevent maceration of the skin graft and the surrounding 
skin, foam dressings, alginate or hydrofiber dressing should be preferred. 
Antimicrobial dressings, like silver dressing, can be necessary to reduce the 
bacterial load of the recipient site (50). 
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The following short description of the dressing types is taken out of “Wound 
Dressings”, by Jones, Grey, Harding, 2006 (68).  

 

Low adherent or gauze dressings  

These dressings are characterized by good availability and low material expense. 
They have a tendency to adhere to the wound resulting in more painful dressing 
changes and leaving behind microfibers, activating irritation and infection in the 
wound bed - a disadvantage for this dressing material. 

 

Semi occlusive dressings 

Semi occlusive dressings are impermeable to fluids but permit passage of gas 
molecules. They are suitable to cover freshly closed incisions and enhance 
epithelialization, but should not be used in contaminated wounds or wounds with 
moderate or higher exudation.  
 
 
Hydrogels and hydrocolloids 

Hydrogels are complex polysaccharides that maintain a moist wound bed and 
rehydrate wounds to avoid desiccation. They are non-adhesive and easily detach 
with dressing changes, as well as being able to absorb moderate amounts of 
exudate. They can be used in infected wounds, but require a secondary dressing.  

Hydrocolloids consist of hydrophilic polymers dispersed in water and are able to 
absorb mild amounts of exudates while being impermeable to liquids or gases (69). 
They provide a moist environment but should not be used in heavily colonized or 
highly exudating wounds.  

 

Foam dressings 

Foam dressings are made of non-adhering polyurethane. They are highly absorptive 
and useful for exudative wounds, but not for non- or minimally exudating wounds. 
One of the only disadvantages of polyurethane foam dressings is uncontrolled 
leakage  (13, 69). 

 

Alginate dressing 

Alginate dressings are naturally occurring amylaceous polysaccharides, extracted 
from brown seaweed. They are capable of absorbing significant amounts of 
exudate, but are not qualified for non-exudating wounds. They can absorb 20 times 
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their dry weight and so reduce the necessity of multiple dressings, and if used for 
dry wounds to maintain wound moisture, they should be hydrated with sterile saline.  

Foams, polymers, hydrogles, alginates and hydrocolloids are occlusive wound 
dressings.  

 

Antimicrobial dressings 

This dressing material contains an antimicrobial agent, usually silver. Silver ionized 
in the moist environment has biologic activity for a broad spectrum of bacteria and 
against a broad range of microorganisms including highly resistant organisms such 
as VRE (vancomycin resistant Enterococcus) and MRSA (multi resistant 
Staphylococcus aureus). 

  

Biosynthetic skin substitute dressings 

This dressing material mimics the function of skin by replacing the epidermis and 
dermis. They allow re-epithelialization and permit gas and fluid exchange. 

 

 

3. MATERIALS, PATIENTS AND METHODS 

 
3.1  Study Design and Patient Selection 

 

This observational, prospective randomized clinical trial was performed to compare 
three different dressing materials for donor site wounds in elderly patients receiving 
split-thickness skin grafts. The study was carried out between July 2012 and June 
2013 at the Division of Plastic, Aesthetic and Reconstructive Surgery, Department 
of Surgery, at the Medical University of Graz. It was approved by the local ethics 
committee and informed consent was obtained from each patient enrolled in the 
study. Only patients aged 55 or older were included in the study cohort. 
Comorbidities like vascular disease, diabetes, and hypertension, as well as 
carcinoma and smoking habits, were recorded as important variables in this study. 
Patients were randomly assigned to treatment of the donor site wound with Biatain 
Ibu (B) Mepilex Ag (M) or Suprathel dressing (S). A detailed description of the 
dressing material is given below. Patients with high risk for infection, serious disease 
or systemic medication as well as patients under immunosuppression or radiation 
therapy were excluded. Size of the expected donor site, gender of the patient and 
the decision to perform a split-thickness graft were not considered as outcome 
variables. 



34 
 

Forty-eight patients (26 male, 22 female) were included in the study (n=48). Mean 
age was 70.9 years (range 55-87). Comorbidities and smoking habits of the patient 
cohort are presented in Table 1.  

 

 
 
 
Dressing 
material 

 
Smoking 

Habits 

 
Comorbidity 

 
 

Nicotine 
 

Diabetes Tumor Vascular 
Disease 

Hypertension 

n (%) n (%) n (%) n (%) n (%) 
 

Biatain Ibu 
n: 18 

5 27.8 5 27.8 6 33.3 5 27.8 11 61.1 

Mepilex Ag 
n:15 

4 26.6 5 33.3 6 40 11 73.3 8 53.3 

Suprathel 
n: 15 

3 20 2 13.3 3 20 5 33.3 8 53.3 

Elderly 
patient 
cohort 
(n:48) 

 
12 

 
25 

 
12 

 
25 

 
15 

 
31.3 

 
21 

 
43.8 

 
27 

 
56.3 

Table 1. Percentage of smoking habits and comorbidity 

 

3.2   Dressing Materials 

Biatain Ibu (B), Mepilex Ag (M) and Suprathel (S) were used as dressing materials 
in this study. All three dressings are purely synthetic and have special properties 
that support the moist wound theory. They are easy to handle and adapt to the 
skinsurface, ensuring an almost painless dressing change guaranteeing minimal 
interaction until removal of the dressing. The products are available in different 
sizes. 

Patients were randomly assigned to receive one of the aforementioned dressing 
materials on the donor site wound. A detailed description of the dressing subgroups 
is given in Table 2. 

 

Biatain Ibu 

Biatain Ibu is a nonadhesive foam dressing (Coloplast A/S, Humlebaek, Denmark) 
consisting of an advanced foam with incorporated ibuprofen. Ibuprofen belongs to 
a class of drugs called non-steroidal anti-inflammatory drugs (NSAIDs) and is used 
for the management of mild to moderate pain, fever and inflammation. It is released 
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in the body by prostaglandins, unsaturated carboxylic acids based on the fatty acid 
arachidonic acid that act as chemical messengers. Ibuprofen inhibits 
cyclooxygenase, the promotor of prostaglandin, and thus reduces local release of 
inflammatory mediators. Ibuprofen is distributed in the foam dressing at 0.5mg/cm. 
Its continuous release is triggered by exudation and regulated by the amount of 
exsudate from the wound (71). 

 

                                                     

Figure 13. Biatain Ibu (B) 
 

 

Mepilex Ag 

Mepilex Ag (Mölnlicke Healthcare, Sweden) is a soft and highly comfortable anti-
microbial foam dressing made from polyurethane foam that absorbs exudate and 
maintains a moist wound environment. The outer surface of the foam is bound to a 
vapor-permeable polyurethane membrane, which acts as a barrier to liquid and 
microorganisms including viruses. The foam contains a silver salt that provides an 
antimicrobial action, inactivating pathogens taken up by the dressing. The effect is 
initially detectable within 30 minutes and lasts for up to 7 days. Silver kills bacteria 
and might be used both for preventing infection and on wounds with signs of local 
infection. The Safetac-technology ensures that the dressing can be changed without 
damaging the wound or surrounding skin (72). 
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Figure 14. Mepilex Ag (M) 
 
 

 
Suprathel 
 
Suprathel (PolyMedics Innovations, Filderstadt, Germany) is an alloplastic 
copolymer that is able to imitate the properties of natural epithelium by being an 
absorbable skin substitute that is highly permeable to oxygen and water vapor, and 
acts as a barrier against germs (bacteria). It mimics an artificial skin substitute with 
properties of natural epithelium and is considered a temporary skin substitute, 
primarily engineered/developed for skin graft donor sites in high risk patients, and 
for burns (73). The membrane adapts instantly to wound surfaces and becomes 
transparent during the wound healing process, allowing visual control of the healing 
without any manipulation. The membrane is intended to automatically detach from 
wound surfaces, which should have a positive impact in terms of pain reduction. 
Suprathel can be adapted optimally to any body part due to its elastic properties.  

Its degradation starts after few days accompanied by a gradual reduction of its 
permeability to the physiological range of the healthy skin (74). 
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                                                      Figure 15. Suprathel (S) 
 
 
 
 
 

Dressing material Frequency Percentage 

B 18  37.5 
M 15  31.3 
S 15  31.3 
Total 48 100.0 

 
Table 2. Dressing materials 

 
 

3.3  Development and Measured Outcome  
 

The split-thickness skin graft was routinely harvested from the anterior lateral or 
distal part of the thigh with an electrodermatome with an average breadth of 8 mm. 
The donor sites were postoperatively covered with hydrogen gauzes and patients 
were randomized to receive Mepilex Ag (M), Suprathel (S) or Biatain Ibu (B) 
dressing that was applied under sterile conditions at the end of the operation. All 
patients received standard perioperative pain-treatment. Pain scores were recorded 
continuously from the first postoperative day and during the first dressing change 
on the second postoperative day with pain scores before-during-after. Only the 
superficial gauze layers were removed and renewed at the first dressing change. 
Two weeks after the operation, the second dressing change was scheduled where 
all dressing materials were removed and the wound was inspected according to the 
Hollander Wound Evaluation Scale (HWES). The patients and the medical staff 



38 
 

completed the particular standardized questionaires. Photographs of the donor sites 
were taken. If full re-epithelialization was achieved, no further therapy was 
necessary otherwise the wound was covered again until complete re-
epithelialization was to be expected. 
Additional dressing changes were strictly avoided under the study period to 
minimize manipulation of the donor site wound and decrease pain and discomfort 
for the patients included. Exceptions were made when bleeding was suspected or 
patients experienced unexpected pain. 
 

The outcome measurements included:  

1. Evaluation of pain level in rest and in movement 
2. Re-epithelialization of the donor site 
3. Functionality during exercise and acceptability of the dressing (ease of 

application) – evaluated by the medical/nursing staff and patients 
4. Infection and other complications 
5. Costs  

 
 
 

3.4  Parameter and Tools 
 

3.4.1 Evaluation of pain scores 
 
Pain scores were assessed daily from the first day after operation by using the 
Visual Analogue Scale (VAS), which is a worldwide recognized scale to quantify 
pain or discomfort experienced by patients. The patients specify the sensation felt 
according to a linear scale from 0, indicating no pain, to 10, indicating unbearable 
pain (75). 

We recorded pain scores at rest and in movement and additional pain medication 
used by patients was noted. 

 

3.4.2  Hollander Wound Evaluation Scale 
 

To determine re-epithelialization of the donor site wound the Hollander Wound 
Evaluation Scale (HWES, Table.3) was used. The HWES is an objective description 
of the wound situation to assess erythema, warmth, tenderness and drainage of the 
wound. No (0) indicating healing, yes (1*; 2*) indicating a prolonged healing duration 
(1*) or a wound complication such as infection (2*).  Donor sites with 75% or more 
re-epithelialization were categorized as healed.  
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Hollander Wound Evaluation Scale (objective) after removal of dressing 
 
Wound description: 10 – 14 d.p. OP 
 
Erythema Warmth Tenderness Drainage 

 
__No(0) __No(0) __No(0) __No(0) 

 
__Yes(1) __Yes(1) __Yes(1) __Yes(1) 

 
__mm __mm __mm __Purulent(2*) 

 
   __Serosanguineous(1*) 

 
 

Table 3. Hollander Wound Evaluation Scale (Original Questionnaire) 
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3.4.3 Subjective questionnaires for the medical staff and the 
patients 

 

Questionnaire 1 contained eight questions anwered by the medical staff at the 
removal of the dressing material. Questions asked related to the removal of the 
dressing, adherence, abnormalities observed when dressing removed, odors and 
applicability (Table 4). Answers were categorized into four sections (very good, 
good, moderate, poor). Included are the original questionnaires in German, as the 
patient cohort received and responded to them in German (Table 4, Table 5). 

 

Beurteilung des ärztlichen bzw. Plegepersonals 10 bis 14 d postoperativ 

+Abnahme des Verbandes sehr gut gut mäßig schlecht 
 

+Auffälligkeiten nach Abnahme keine Wunde 
blutet 

Verband 
eingetrocknet 

Wunde 
blutet/Verband 
eingetrocknet 
 

+Entfernen des Produktes von 
der Wunde 

sehr gut gut mäßig schlecht 
 
 

+Patientenfreundlichkeit sehr gut gut mäßig schlecht 
 
 

+Verfärbung/Verschmutzung des 
Verbandes bzw. der Umgebung 
(Kleidung,Bett) 

keine gering mäßig schlecht 

+Geruchsbildung der Wunde keine gering mäßig stark 
 
 

+Anwendung/Applizierbarkeit 
des Testprodukt 

sehr 
einfach 

einfach schwierig sehr schwierig 
 

+Haftung des Studienmaterials 
auf der Wunde 

sehr gut gut mäßig schlecht 
 
 

 

Table 4. Questionnaire 1 
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Questionnaire 2 evaluated the different dressing materials by the patients. They 
were asked to answer five questions concerning skin sensation after receiving the 
dressing material, including questions regarding the nature of the sensation, the 
tolerance of the skin (e.g. reddening), possible discoloration and overall assessment 
(Table 5). 

 

Beurteilungsparameter durch Patienten: 10 bis 14 d postoperativ 

+Hautempfinden nach dem Auftragen 
des Verbandsmaterials 

sehr gut gut neutral unangenehm 
 
 

+Art der Hautempfindung angenehm keine mäßig schlecht 
 
 

+Verträglichkeit auf der Haut bzw. 
Hautrötung 

sehr gut gut mäßig schlecht 
 
 

+Verfärbung/Verschmutlzung des 
Verbandes bzw. der Umgebung (Kleid, 
Bett) 

keine gering mäßig stark 
 
 

+Gesamtbeurteilung sehr gut gut mäßig schlecht 
 
 

 

Table 5. Questionnaire 2 

 

Grading was sectioned in excellent (0), good (1), neutral/moderate (2) or poor (3). 

Low grades were indicative of a good outcome - the higher the grade the worse the 
outcome and the evaluation. 

 

 

 

3.4.4 Photographs 
 

Photographs were taken at the time of dressing-removal to document the re-
epithelialization rate of the donor site wound. 
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3.5  Statistical Methods 
 

The statistical analysis was performed using the Statistical Package for Social 
Sciences version 15.0 (SPSS Inc., Chicago, IL, USA). Significance was defined as 
p-value<0.05. 
The VAS data are not normally distributet, therefore the median was calculated. The 
Spearman’s rank correlation coefficient (Spearman’s rho) is used to measure the 
statistical dependence between two variables using a monotonic function. It is 
appropriate for both continuous and discrete variables, including ordinal variables 
(76). 
 
For re-epithelialization, ease of use and application, as well as patient satisfaction, 
Fisher's exact test or analysis of variance (ANOVA) was used to evaluate the 
statistical significance (77).  
 
 

4. RESULTS 

4.1 Pain Levels 
 

Pain scores were recorded continuously from the first postoperative day to the 
removal of the dressing by the study patients, at rest (VASr) and in movement 
(VASm), from the first postoperative day to removal. 

Biatain Ibu showed statistically significant pain reduction at rest (p<0.001; Table 6) 
as well as in movement (p<0.026; Table 7). 

 

Correlations 
 

      VAS_day VAS_at rest 
Spearman's rho VAS_day Correlation Coefficient 1,000 -,299(**) 

Sig. (2-tailed) . ,000 
N 252 252 

VAS_at rest Correlation Coefficient -,299(**) 1,000 
Sig. (2-tailed) ,000 . 
N 252 252 

     
** Correlation is significant at the 0.01 level (2-tailed). 

 
 

Table 6. Pain measurement according the VAS for Biatain Ibu at rest (VASr) 
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Correlations 
 

      
VAS_in 
movement VAS_day 

Spearman's rho VAS_in movement Correlation Coefficient 1,000 -,140(*) 
Sig. (2-tailed) . ,026 
N 252 252 

VAS_day Correlation Coefficient -,140(*) 1,000 
Sig. (2-tailed) ,026 . 
N 252 252 

* Correlation is significant at the 0.05 level (2-tailed). 
 
 

Table 7. Pain levels according to VAS for Biatain Ibu in movement (VASm) 

 

 
A statistically significant pain reduction was also shown for Suprathel at rest 
(p<0.004; Table 8) and in movement (p<0.002; Table 9). 

 
 

      VAS_day VAS_at rest 
Spearman's rho VAS_day Correlation Coefficient 1,000 -,196(**) 

Sig. (2-tailed) . ,004 
N 210 210 

VAS_at rest Correlation Coefficient -,196(**) 1,000 
Sig. (2-tailed) ,004 . 
N 210 210 

** Correlation is significant at the 0.01 level (2-tailed). 
 

Table 8. Pain levels for Suprathel at rest (VASr) 

 

 

 
 

      
VAS_in 
movement VAS_day 

Spearman's rho VAS_in movement Correlation Coefficient 1,000 -,215(**) 
Sig. (2-tailed) . ,002 
N 210 210 

VAS_day Correlation Coefficient -,215(**) 1,000 
Sig. (2-tailed) ,002 . 
N 210 210 

** Correlation is significant at the 0.01 level (2-tailed) 
 
 

Table 9. Pain levels for Suprathel in movement (VASm) 
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However, no significant pain reduction was observed in the patient group with 
Mepilex Ag (VASr p=0.533; VASm p=0.899) as following tables show. 
 
 
 
Correlations 
 

      VAS_day VAS_at rest 
Spearman's rho VAS_day Correlation Coefficient 1,000 -,041 

Sig. (2-tailed) . ,553 
N 210 210 

VAS_at rest Correlation Coefficient -,041 1,000 
Sig. (2-tailed) ,553 . 
N 210 210 

 
 

Table 10. Pain levels for Mepilex Ag at rest (VASr) 
 

 
Correlations 
 

      
VAS_in 
movemen VAS_day 

Spearman's rho VAS_in movement Correlation Coefficient 1,000 ,009 
Sig. (2-tailed) . ,899 
N 210 210 

VAS_day Correlation Coefficient ,009 1,000 
Sig. (2-tailed) ,899 . 
N 210 210 

 
 

Table 11. Pain levels for Mepilex Ag in movement (VASm) 
 
 

Median values of the pain level at rest and in movement are given in Table 12. No 
difference in the median was observed for pain levels at rest in all three dressing 
groups. For pain in movement Suprathel showed the highest deviation, whereas 
Biatain Ibu showed the lowest.  
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Case Summaries 
 

Dressing 
material  VAS_at rest 

VAS_in 
movement 

B N 252 252 
Median ,00 ,00 

M N 210 210 
Median ,00 ,50 

S N 210 210 
Median ,00 1,00 

Total N 672 672 
Median ,00 ,00 

 
Table 12. Median values according to pain for the three dressing materials 

 

 

The detailed statistical analysis of the subgroups is given in the supplement section 
(Table 20 to Table 25). 

 

4.1.1 Additional pain medication 
 
Six patients (12.5% of the study population) required additional pain medication 
during the first postoperative days: three patients with Suprathel dressing and three 
with Mepilex Ag. Two patients with Mepilex dressing did not require the pain 
medication until the 6th day postoperatively, and then for a 5-day duration; thus they 
required the greatest amount of medication. 
As pain medication, Metamizol (3 g per event, as tablet or drops, mostly 3 times a 
day, for 3 days at the longest), Paracetamol (0.5 g a day, once a day for 5 days), 
and Piritramid (7.5 mg, for 3 days, in addition to 2 g Metamizol and Metamizol drops 
for 5 days) was offered to the patients, according to the pain (Table 13). Paracetamol 
and Metamizol are non-opioid analgesics and have analgesic, antispasmodic, 
antipyretic (for Paracetamol) and minimal anti-inflammatory properties (for 
Metamizol); they are used for the treatment of acute pain mainly after surgery. 
Piritramid is a synthetic opioid with strong analgesic power (78). 
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  Additonal pain medication 

 
Patients 
 n (%) 

Dressing 
material 

Medication Amount in 
g/mg 

Duration 
in average 

3 (6.25) Mepilex Ag Metamizol 
Paracetamol 
(both NSARs) 
Piritramid 
(synthetic 
opioid) 

3g/event 
and drops 
 
0.5g a day 
7.5mg/day 

5 days 
for 2 times 
 
2 to 3 days 
(2 times) 

3 (6.25) Suprathel Metamizol 
(NSAR) 

3g/event 
and drops 

2 days 

0 Biatain Ibu 0 0 0 
6 (12.5) 

 
    

Total 
(n:48) 

 
 

Table 13. Additional medication required due to the donor site 
 
 
 

4.2 Re-epithelialization 
 

The re-epithelialization rate in percent of the donor site wound was assessed when 
dressing materials were removed. 55.6% of the patients in the Biatain Ibu dressing 
group showed full re-epithelialization at the time where the dressing was removed 
(22.2% was half re-epithelialized at this point in time), compared to 67% re-
epithelialization of the Mepilex Ag patient cohort (where 13% was 50% re-
epithelialized). 
Donor site areas treated with Suprathel showed a 60% rate of full re-epithelialization 
(compared to 20% to 50% each epithelialization of the wound surface). 
 
44.4% of the patients using Biatain Ibu, 40% of the patients with Suprathel and 33% 
of the Mepilex Ag-dressing-group had re-epithelialization periods longer than 14 
days. 
A detailed description of the re-epithelialization rates in percentage is provided in 
Table 14. 
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Re-epithelialization at time of removal 

 Dressing material 

Biatain Ibu 
(n 18) 

Mepilex Ag 
(n 15) 

Suprathel 
(n 15) 

Re-epithelialized 
donor site area 

n (%) n (%) n (%) 

Less than 50% 4 22.2 3 20 3 20 
 

50% re-
epithelialized 

4 22.2 2 13 3 20 
 

75% (=fully re-
epithelialized) 

10 55.6 10 67 9 60 
 
 

Total 18 100 15 100 15 100 
 
 

Table 14. Percentage of re-epithelialization 
 
 
 

No statistically significant difference existed in the re-epithelialization rate between all three 
dressings used in this study (p=0.90; Table 15). 
 

 
 
 
ANOVA 
 
HWE-total  

  
Sum of 
Squares df Mean Square F Sig. 

Between Groups ,306 2 ,153 ,106 ,900 
Within Groups 64,944 45 1,443     
Total 65,250 47       

 
 

Table 15. Re-epithelialization (mean ±SD) 
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Donor site wounds were photographed when the dressing was removed to 
document re-epithelialization. Figure 16 to Figure 18 illustrate donor sites which are 
representative for one of the dressing materials  used in this study.   
 

 

 
Figure 16. Re-epithelialized donor site 14 days after surgery, 

dressed with Mepilex Ag 
 
 
 

 
Figure 17. Re-epithelialized donor site 13 days after surgery, 

dressed with Biatain Ibu 
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Figure 18.  Re-epithelialized donor site 14 days after surgery, 

dressed with Suprathel 
 
 
 
 
 

 
Figure 19.  Incompletely re-epithelialized donor site 14 days after 

surgery, dressed with Suprathel 
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4.3   Apparent Complications  
 
 
We observed   a hypergranulation and increased pain at one donor site dressed 
with Mepilex Ag when we removed the foam dressing, where the healing time was 
prolonged to one month, with frequent dressing changes. The patient did not 
indicate discomfort or pain until removal of the dressing. Medication was not 
necessary. 
 
 
 

4.4  Ease of Application and Use 
 

All three dressings were easy to handle and apply with good adherence to the 
wound surface. All of them are available in different sizes and by covering only the 
wound bed they prevent maceration entirely. 

Questionnaires filled in by the medical staff were evaluated and detailed data are 
shown in Table 16. Mepilex Ag dressing was removed easily in over 90% of the 
patients (classified as excellent and good) followed by Suprathel (68%) and Biatain 
Ibu (44%). However, 80% of all patients in the Mepilex group experienced problems 
after dressing removal (classified as moderate and poor). Mepilex Ag was most easy 
to remove from the wound surface followed by Suprathel and Biatain Ibu. No 
significant differences were recorded regarding pleasantness for the patient, off 
odors and application of the dressing material. Discoloration of the dressings did 
occur more frequently in the Mepilex Ag group compared with the other dressings 
used in this study.  
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 Dressing material 

 

Biatain Ibu 

n (18) 

Mepilex Ag 

n (15) 

Suprathel 

n (15) 
n (%) n (%) n % 

Dressing 
removal 

Excellent 3 16.7 5 33.3 3 20.0 
Good 5 27.7 9 60.0 7 46.7 
Moderate 7 38,9 1 6.7 1 6.6 
Poor 3 16.7 0 0 4 26.7 
Total 18 100 15 100 15 100 

Noticeable 
problems after 
dressing 
removal 

Excellent 5 27.7 2 13.3 6 40.0 
Good 3 16.7 1 6.7 0 0 
Moderate 7 38.9 5 33.3 4 26.7 
Poor 3 16.7 7 46.7 5 33.3 
Total 18 100 15 100 15 100 

Removal from 
the wound 
surface 

Excellent 2 11.1 4 26.7 1 6.6 
Good 5 27.8 10 66.7 7 46.7 
Moderate 9 50 1 6.6 4 26.7 
Poor 2 11.1 0 0 3 20 
Total 18 100 15 100 15 100 

Pleasantness 
for the patient 

Excellent 10 55.6 13 86. 8 53.3 
Good 8 44.4 2 13.3 6 40 
Moderate 0 0 0 0 1 6.7 
Poor 0 0 0 0 0 0 
Total 18 100 15 100 15 100 

Mess or 
discoloration in 
proximity 

Excellent 14 77.8 12 80 14 93.3 
Good 4 22.2 1 6.7 1 6.7 
Moderate 0 0 2 13.3 0 0 
Poor 0 0 0 0 0 0 
Total 18 100 15 100 15 100 

Off odors 

Excellent 14 77.8 10 66.7 13 86.6 
Good 2 11.1 4 26.6 1 6.7 
Moderate 2 11.1 1 6.7 1 6.7 
Poor 0 0 0 0 0 0 
Total 18 100 15 100 15 100 

Application of 
the dressing 
material 

Excellent 13 72.2 11 73.3 11 73.3 
Good 5 27.8 4 26.6 4 26.7 
Moderate 0 0 0 0 0 0 
Poor 0 0 0 0 0 0 
Total 18 100 15 100 15 100 

Adherence to 
the wound bed 

Excellent 8 44.4 6 40 8 53.3 
Good 9 50 9 60 7 46.7 
Moderate 1 5.6 0 0 0 0 
Poor 0 0 0 0 0 0 
Total 18 100 15 100 15 100 

 

Table 16. Evaluation by the medical staff 
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No statistically significant difference for ease of use and application was apparent 
as between all three dressings used in this study (p=0.69; Table17). 

 

ANOVA 
 
Ease of use and application  
 

  
Sum of 
Squares Df Mean Square F Sig. 

Between Groups 6,668 2 3,334 ,362 ,698 
Within Groups 414,144 45 9,203     
Total 420,813 47       

 
Table 17. Statistical analysis for ease of use and application (mean ±SD) 

 

4.5   Patient Satisfaction 
 

Evaluation of questionaire 2, which was completed by patients, showed a high level 
of satisfaction with all dressing types used in this study. Skin sensation after 
application of the dressing (classified as moderate and poor) was most frequent in 
the Suprathel group (more than 50%) followed by Biatain Ibu (44%) and Mepilex Ag 
(40%). Only 7% of patients in the Suprathel group experienced discoloration 
compared to 17% in the Biatain Ibu group and 13% in the Mepilex AG group. 
Interestingly, 20% of patients in the Suprathel group evaluated the applied dressing 
as moderate and poor in the overall assessment, followed by 7% in the Mepilex 
dressing category. All patients in the Biatain dressing evaluated the dressing as 
excellent and good (Table 18). 
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 Dressing material 

Biatain Ibu 
n (18) 

Mepilex Ag 
n (15) 

Suprathel 
n (15) 

n (%) n (%) n (%) 
 

Skin sensation 
after receiving 
the dressing 
material 

Excellent 2 11.2 3 20.0 1 6.8 
Good 8 44.4 6 40 6 40 
Moderate 8 44.4 5 33.3 4 26.6 
Poor 0 0 1 6.7 4 26.6 
Total 18 100 15 100 15 100 

Type of skin 
sensation 

Excellent 3 16.7 0 0 2 13.3 
Good 11 61.1 6 40 6 40 
Moderate 4 22.2 9 60 4 26.7 
Poor 0 0 0 0 3 20 
Total 18 100 15 100 15 100 

Tolerance for 
the skin e.g. 
reddening 

Excellent 10 58.8 9 60 6 40 
Good 8 41.2 6 40 7 46.7 
Moderate 0 0 0 0 2 13.3 
Poor 0 0 0 0 0 0 
Total 18 100 15 100 15 100 

Possible 
discoloration 
(clothes, bed) 

Excellent 14 77.8 10 66.7 11 73.3 
Good 1 5.5 3 20 3 20 
Moderate 1 5.5 2 13.3 1 6.7 
Poor 2 11.2 0 0 0 0 
Total 18 100 15 100 15 100 

Overall 
assessment 

Excellent 4 22.2 8 53.3 2 13.3 
Good 14 77.8 6 40 10 66.7 
Moderate 0 0 1 6.7 2 13.3 
Poor 0 0 0 0 1 6.7 
Total 18 100 15 100 15 100 

 

Table 18. Patient evaluation of the dressing materials 
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No statistically significant difference was shown between all dressing materials as 
evaluated by the patients (p=0.11; Table 19). 

 

 

 

 

 

  
 
 
 
ANOVA 
 
Patient Evaluation 
 
 

  
Sum of 
Squares df Mean Square F Sig. 

Between Groups 24,335 2 12,167 2,249 ,117 
Within Groups 243,478 45 5,411     
Total 267,812 47       
      

 
Table 19. ANOVA for patient evalution of dressing material (mean ±SD) 

 

 

4.6   Cost 
 

The cost for Biatain Ibu is significantly lower than it is for the same size of Mepilex 
Ag, but both of the artificial foam dressings cost significantly less than the temporary 
artificial skin replacement Suprathel. Mepilex costs almost twice as much as Biatain, 
and Suprathel costs almost seven times as much as Biatain does (79). All three 
highly qualificated wound dressings can stay on place until re-epithelialization. 

 

5. DISCUSSION 
 

Donor site wounds from harvested split-thickness skin grafts (STSG) impose 
significant pain, irritation and discomfort for patients, so that they are often perceived 
more disturbing by the patients than the site treated with the graft (14, 80). In a split 
thickness skin graft study performed on patients with diabetic foot ulcers 60% in the 
control group turned down the option of skin grafting because they did not want to 
have another painful wound (81) showing that pain plays a key role in fragile patient 
groups burdened with comorbidities like diabetes or cardiovascular diseases. 
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Although numerous studies have been performed to find the optimal dressing for 
donor site wounds there is still no consensus (14, 79, 82). The optimal dressing 
material should reduce pain and avoid leakage of exudate, enhance epithelialization 
and provide the greatest patient comfort, as well as be easily handled and 
economical in cost (3, 81). Modern dressing materials like semi-occlusive and 
occlusive dressings fulfill these criteria by creating a moist wound healing 
environment, especially for high risk wound care (81, 82).  

All three dressing materials used in this study meet the requirements of modern 
wound management. They support the natural healing process and show good 
acceptability by patients. We observed a statistically significant pain reduction in the 
Biatain Ibu and Surathel group which is in line with findings by other autors (3, 79). 
They observed an immediate pain relief after application of Biatain due to the 
incorporated ibuprofen (3). In our study patients with Suprathel dressing 
experienced slight pain at the beginning of the study period, however, the pain 
decreased gradually over time, which is in contrast to Markls observation of renewed 
pain after five days in the patient group with Suprathel (3). Interestingly, all patients 
assigned to the Mepilex Ag group showed high satisfaction with the dressing 
material at the beginning of the study, but complained of pain or discomfort, mainly 
in movement in the second half of the study-period. This observation is in 
accordance with data published by Kaartinen et al which show a significant 
difference in pain levels between patients with Suprathel dressing compared to the 
patients in the Mepilex group (79). We hypothesize that this observation in our study 
may have been induced by a scab that became bound to the foam, which induced 
irritation and reactivated bleeding when the foam was loosened and thus resulted in 
pain and discomfort as healing progressed. We could not observe a statistically 
significant pain reduction in the Mepilex Ag group and one can only speculate 
whether the incorporated silver ions decreased pain in this patient group in the first 
half of the study period (83).   

Only six patients included in this study requested additional pain medication, 
however, all these patients already had severe wounds before and it might have 
been difficult for them to localize the exact source of their pain. 

In terms of re-epithelialization, there was no noteworthy difference between the 
dressing materials compared, in line with other studies (3, 70). In fact, it may not be 
possible, even with the best dressing materials, to greatly shorten the healing 
process. Early removal of the dressing should be strictly avoided as it will disturb 
the re-epithelialization process that already has occurred. Although dressing 
changes and removals in this study were carried out with minimal intervention the 
adhesion property of the dressing materials was an important key factor. Biatain Ibu 
dressing adhered best to the wound surface but was the one most difficult to detach 
from the wound area followed by Mepilex Ag. Both dressing materials are 
polyurethane films that lose their adherence when the wound healing process is 
completed. However, if a scab adhered to the dressing – most often in the centre of 
the dressing, but also at the peripheral wound margins – the patients complained of 
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greater discomfort and pain. This was observed at the end of the study-period most 
noticeably with Mepilex Ag. Otherwise the polyurethane dressings fulfilled their 
properties to provide an ideal healing environment and felt confortable to the 
patients, reducing or preventing pain, limiting shearing forces and minimizing labor 
input significantly  (14, 70) by being kept in place until complete epithelialization. 

It was more challenging to remove dressings from large wound areas, and the 
healing result of a continuous dressing piece was better than when the wound bed 
was covered with two separate dressing-parts, which resulted in irregular wound 
healing. By soaking the dressing with 3% hydrogen peroxide, or with 0.9% sodium 
chloride, loosening of the dressing was improved. Suprathel was the dressing with 
the best bonding, because it is thinner and conforms to the body shape. It also 
directs exudate into the outer gauze dressing rather than absorbing it. Suprathel 
dissolves during the healing process, but when the gauze and the scab merged, 
Suprathel thus adhered most to the wound which made it the most difficult to 
replace. As Suprathel becomes transparent while the healing process continues, it 
should allow the wound surface to be visible. Although it is designed for this purpose, 
we could not confirm whether sight of the wound surface was possible because the 
Suprathel had stuck to the paraffin gauze and by separating the superficial gauze, 
we provoked renewed bleeding. This insufficient material transparency of Suprathel 
was also discussed by Markl et al (3). Its semitransparent characteristic might be of 
importance when there are larger wound beds, such as in burn patients in respect 
of whom Suprathel is well researched (79, 80). By observing these problems we 
removed the dressing in some patients the earliest on day 14 postoperatively, where 
full re-epithelialization was expected to minimize bleeding risk and painful dressing 
removal. Interestingly, Kaartinen and Kuokkanen reported that Suprathel inhibited 
bleedings in donor sites and they did not discuss any problems with the onlying 
dressing layers to Suprathel (79). We observed in our study enhanced postoperative 
bleedings with Suprathel, which required additional gauze layers and occasionally 
more superficial dressing changes. 

In comparison to Suprathel, the foam dressings loosened from the epithelialized 
wound area and became stiff over the course of the time (Fig. 15). Foam dressings 
possess absorptive capacity, which is not unlimited and depends on the wound 
dimension (14), whereas Suprathel acts by loading exudate into the outer dressings. 
With large donor sites we observed that the intake capacity was at its limit, but it 
was not a handicap to the healing process. Heavy postoperative bleeding detaches 
the dressing from the wound surface and reduces the effect of the dressing (17). 
We did not observe uncontrolled leakage in the foam dressing groups, an often-
described disadvantage of this dressing (76, 77).  

However, a limitation in this study is the difficulty in estimating the exact re-
epithelialization time, as all dressings were removed when the epithelialization 
process was expected to be complete. Läuchli et al performed a randomized 
controlled trial comparing a calcium alginate dressing versus a polyurethane 
dressing the authors also discussed this shortcoming of their study (80).  
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Patients in all three study subgroups were highly content with the dressing types 
received. Uncomfortable skin sensations were recorded more frequently in the 
Suprathel group, however, the fear of exudate leakage and soiling of clothes and 
bed linen was lowest in this group and highest in the foam dressing groups; this is 
in line with findings by other authors (80). All three dressings had easy application 
and handling, as well as similar levels of patient comfort and satisfaction. Some of 
the patients had past experience in split-thickness skin therapy and subjectively 
were highly satisfied with these new comfortable dressing products.  

Although the study population comprised elderly patients with high risk comorbidities 
prone to infection, there was no wound infection recorded. Mepilex Ag, as a silver-
containing dressing for donor sites as well as for burns, has broad-spectrum 
antimicrobial properties with rapid and sustained action – according to Silverstein et 
al less analgesia is necessary with Mepilex Ag, which should prevent complications 
like infection, while automatically featuring pain reduction (83). Silver dressings 
show good results in clinical studies (2, 81) but do not surpass other highly qualified 
dressings (81, 83, 84). It is unresolved whether the advantages result only from the 
effect of the silver ions, or from the high performance of the foam dressing. The 
Mepilex Ag patient group was painless in the first half of the study time, but 
complained problems in the second. It is possible that this problem could be solved 
with an additional dressing change, which would, however, interrupt the healing 
process and require greater effort with higher costs. Due to the limited size of our 
patient cohort, we can only make observations rather than draw conclusions, and 
thus cannot contradict the findings of similar studies. 

Even though the costs for the dressing material used in this study in average are 
high (3, 79, 81), it is still economical as the dressings provide the best support in 
wound healing, are easy in handling and provide a high comfort for the patients (85). 
All three dressing are available in different sizes, are conformable to the body’s 
surface and are labour and cost efficient due to the minimal interaction required until 
removal of the dressing (85). Markl reported complex and time-consuming dressing 
changes with Mepithel and Biatain Ibu. In addition, patients today need not remain 
hospitalized until dressing removal. 

  



58 
 

6.    CONCLUSIONS 

 

Maintenance for donor site wounds in STSG patients is a complex task and 
comprises not only the perioperative wound management but the whole healing 
phase. The “ideal wound dressing” always depends upon the patient’s individual 
demands, and in that respect, polyurethane dressings - especially Biatain Ibu - 
would fulfill the criteria of an ideal donor site dressing. Although an ideal dressing 
does not yet exist, the polymer foams and Suprathel guarantee a supportive and 
painless healing-process with low intervention, especially in high-risk patients, and 
thus meet the requirements of an ideal dressing. It is impossible to meet all of the 
requirements of an ideal dressing isochronally, because there are different focuses 
at particular points in time. We observed painlessness as most important for patients 
immediately after surgery, as well as a painless dressing removal prior to re-
epithelialization.  

Suprathel was engineered as a dressing to cover donor sites after split-thickness 
skin transplantation (73). There should be no compromise in giving the patient the 
best possible individual care, but it is also a responsibility of medical care taker to 
consider the economic aspects. With respect to the higher cost and compared to 
the two foam dressings, it is not necessary to choose the most expensive one for 
the donor site, even in high-risk patients: more expensive does not always mean 
the best. 

We can further conclude that even though the costs for the dressing material used 
in this study are high on average, it is still economical as they provide the best 
support in wound healing, are easy to handle and provide high patient comfort. 
Subjectively, patients who had foam dressings appeared more satisfied.  
From an observational perspective, there was no significant difference in the 
characteristics of the three dressing materials (particularly the foam dressings) but 
we found that the discomfort caused to the patient at the donor site was negligible 
in comparison with the preoperative wound situation which is the primary aim and 
purpose in STSG donor site wound management.  
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7.   SUPPLEMENT 
 

7.1   Statistical Analysis (Complete Data) 
 

Pain levels: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Correlations 
 

      VAS_day VAS_at rest 
Spearman's rho VAS_day Correlation Coefficient 1,000 -,299(**) 
    Sig. (2-tailed) . ,000 
    N 252 252 
  VAS_at rest Correlation Coefficient -,299(**) 1,000 
    Sig. (2-tailed) ,000 . 
    N 252 252 

**  Correlation is significant at the 0.01 level (2-tailed). 
 
 
 

Table 20. Pain measurement according the VAS for Biatain Ibu at rest 
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Correlations 

 

  
    

VAS_in 
movement VAS_day 

Spearman's rho VAS_in 
movement 

Correlation Coefficient 1,000 -,140(*) 

    Sig. (2-tailed) . ,026 
    N 252 252 
  VAS_day Correlation Coefficient -,140(*) 1,000 
    Sig. (2-tailed) ,026 . 
    N 252 252 

*  Correlation is significant at the 0.05 level (2-tailed). 
 
 
 

Table 21. Pain levels according to VAS for Biatain Ibu in movement 
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Correlations 
 
 

     VAS_day VAS_at rest 
Spearman's rho VAS_day Correlation Coefficient 1,000 -,196(**) 
    Sig. (2-tailed) . ,004 
    N 210 210 
  VAS_at rest Correlation Coefficient -,196(**) 1,000 
    Sig. (2-tailed) ,004 . 
    N 210 210 

**  Correlation is significant at the 0.01 level (2-tailed). 
 
 
 

Table 22. Pain levels for Suprathel at rest 
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Correlations 
 

      
VAS_in 
movement VAS_day 

Spearman's rho VAS_in 
movement 

Correlation Coefficient 1,000 -,215(**) 

    Sig. (2-tailed) . ,002 
    N 210 210 
  VAS_day Correlation Coefficient -,215(**) 1,000 
    Sig. (2-tailed) ,002 . 
    N 210 210 

**  Correlation is significant at the 0.01 level (2-tailed) 
 
 
 

Table 23. Pain levels for Suprathel in movement 
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Correlations 
 

      VAS_day VAS_at rest 
Spearman's rho VAS_day Correlation Coefficient 1,000 -,041 
    Sig. (2-tailed) . ,553 
    N 210 210 
  VAS_at rest Correlation Coefficient -,041 1,000 
    Sig. (2-tailed) ,553 . 
    N 210 210 

 
 
 

Table 24. Pain levels for Mepilex Ag at rest; with no statistical significance 
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Correlations 
 

      
VAS_in 
movement VAS_day 

Spearman's rho VAS_in 
movement 

Correlation Coefficient 1,000 ,009 

    Sig. (2-tailed) . ,899 
    N 210 210 
  VAS_day Correlation Coefficient ,009 1,000 
    Sig. (2-tailed) ,899 . 
    N 210 210 

 
 
 

Table 25. Pain levels for Mepilex Ag in movement; with no statistical significance 
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