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Objective: A prospective, randomized, controlled single center study was designed to evalu-

ate clinical efficacy of a polyhexanide containing bio-cellulose dressing (group B) compared

to a silver-sulfadiazine cream (group A) in sixty partial-thickness burn patients.

Patients and methods: Local ethics committee approval was obtained and patients consented.

Parameters were: pain reduction (VAS), healing time and wound bed condition, comparing

day 0 (start) versus day 14 (end), as well as, ease of dressing use and treatment costs.

Results: All completed the study (n = 30/n = 30) and were included in the ITT analysis, with a

total of 72 burns (group A: n = 38, group B: n = 34). We noted no differences in healing time.

Pain reduction was significantly faster and better in group B ( p < 0.01). There were fewer

dressing changes in group B, compared to group A. Ease of use for the bio-cellulose dressing

was rated better compared to group A. In group B, s 95.20 was saved for a 10 day treatment

period, compared to group A.

Conclusion: Group B demonstrated a better and faster pain reduction in the treated partial-

thickness burns, compared to group A. The results indicate the polyhexanide containing

bio-cellulose dressing to be a safe and cost effective treatment for partial-thickness burns.

# 2011 Elsevier Ltd and ISBI. All rights reserved.
1. Introduction

There is a need for more effective methods to relieve pain

associated with burns, especially regarding discomfort ob-

served during dressing changes [1,2]. Not only is acute burn

pain a source of suffering, but also it has been linked to

debilitating chronic pain and stress-related disorders [1].

Dressing changes are reported to be one of the most painful

and traumatic aspects of burn treatment [2]. During the last

years new products for second degree burns have become
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available [3,4]. One of the major advances of these alloplastic

temporary wound covers is the reduced frequency of dressing

changes, which results in overall pain reduction [5,6].

Although alloplastics have advantages, they may not be

suitable for burns located on e.g. fingers, throat, axilla, or in

case of a post surgical infection [3,4].

A polyhexanide containing bio-cellulose dressing (BWD +

PHMB) is proposed as an option in these cases [9–13]. The

biosynthetic cellulose dressing is hydrophilic and has the

ability to both donate and absorb moisture depending on the

wound bed condition [14]. It is synthesized by Acetobacter
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xylinum, and processed into a matrix material that is

biocompatible [15]. The dressing is reported to have demon-

strated faster healing and less pain than standard care [14,16].

BWD has been shown in clinical studies to reduce pain, to

support wound cleansing and to stimulate wound healing

[14,16]. The soothing effect may be attributed to the insulating

properties of BWD providing a seal and protecting the wound

with its synthetic blister roof [14,16]. Such a seal protects the

sensitive nerve endings and reduces major shifts in wound

temperature. BWD may be combined with polyhexanide

(BWD) to lower bacterial load [17–19]. PHMB is a cationic

polymer that can be used for the treatment of local infections.

PHMB products contain a surface-active substance (surfactant

– a wetting agent that lowers the surface tension of a liquid),

which can penetrate difficult coatings to stimulate wound

healing [17–19]. Surface tension is the property of a liquid

surface that acts like a stretched elastic membrane. The

proposed mechanism of action of PHMB is based on its low

surface tension, which supports the physical removal of debris

and bacteria from the wound bed [9,17–19]. In addition, its

antimicrobial properties facilitate a reduction in microbial

loads [18,19]. PHMB has a broad spectrum of activity against

Gram-positive and Gram-negative bacteria, fungi and biofilms

[18,19] and can be applied over a long period of time due to its

low toxicity. PHMB has good tissue compatibility based on its

activity against the acid lipids contained within the bacterial

cell membranes and minor effect on the neutral lipids of

human cell membranes [9–14]. This helps to prevent damage

to the surrounding healthy tissue [14]. PHMB has demonstrat-

ed efficacy in the management of non-healing chronic and/or
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Fig. 1 – Patient consort flow diagram.
refractory wounds (e.g. second degree burns), as well as for

lavages [10,14–16,20].

It may also be an alternative to silver-sulfadiazine cream

(SSD), which is commonly used in the treatment of superficial

burns [1,7]. There are concerns about the use of SSD for

superficial burns, such as enhancing pro-inflammatory

cytokines, prolonging inflammation, which may lead to poor

scarring [21–24]. Although SSD is still seen as a suitable

dressing for superficial burns [24,25] it has been long reported

to have potentially serious side effects [26–28]. Further there

have been reports on the successful use of cellulose dressings

in superficial burns that showed benefits over SSD application

[1,2,6].

The hypothesis was that partial thickness burns treated

with BWD + PHMB would demonstrate equivalent healing

time and better and faster pain reduction when compared to

SSD dressings. A prospective, randomized, single-center

clinical study was conducted to test this hypothesis.
2. Patients and methods

Ethical committee approval was granted before the start of the

study. Sixty subjects with a mean age of 38 years (�14.96),

suffering from seventy-two second-degree burns [2] were

included in the study, after giving informed consent (Fig. 1).

The majority of patients were male (n = 39/60), most of

them had scalds on their thighs (n = 26/72) or arms (n = 24/72).

The mean wound size for the included patients was 147.4 cm2

(�101.9 cm2), in group A this was 151.2 cm2 (�109.6 cm2) and in
 72 
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Table 1 – Demographics and patients’ characteristics.

Frequency (SD) Overall Group A Group B

Patients’ demographics

Patients 60 30 30

Male 39 19 20

Female 21 11 10

Wounds 72 38 34

Mean age in years 38 (�14.96) 46.5 (�15.6) 34 (�14.2)

Wound size in cm2 147.4 (�101.9) 151.2 (�109.6) 134.7 (�99)

Wound locations

Hands 8 2 6

Arms 24 11 13

Thorax 4 2 2

Abdomen 6 4 2

Thighs 26 18 8

Feet 4 1 3

Burn cause

Hot water 33 17 16

Hot surface 10 8 2

Hot oil 5 2 3

Flame 12 5 7
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group B 134.7 cm2 (�99 cm2). Table 1 shows the patients

demographics and characteristics at the start of the study. All

included patients, presented at the center with up to 10% of

total body surface area (TBSA) second degree burns [1,2].

Exclusion criteria were: age below 18 years, the presence of

dermatological diseases as well as pre-existent poly-neuropa-

thy. Suitable patients were assigned to one of the treatment

groups, using computer generated randomization. Burns were

either treated with SSD (group A; Flammazine1, Solvay,

Germany) or with the polyhexanide containing bio-cellulose

dressing (group B; Suprasorb1 X + PHMB, Lohmann &

Rauscher, Rengsdorf, Germany) (Fig. 2). Two patients with

multiple burns were randomized to both treatment groups.

These patients had burns located on their arms as well as their

thighs. All patients were treated in an outpatient setting.

Dressing changes took place once/daily with SSD in group A

and every second to third day with BWD + PHMB in group B. The

dressing changes were performed by either trained wound care
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Fig. 2 – Biosynthesized cellulose dressing.
specialist nurses or a doctor. Pain status between dressing

changes was assessed using a 10 point visual analogue scale

(VAS) before dressing removal [8]. Pain level during dressing

changes was assessed after the dressing change had taken

place. Wound healing was documented using standardized

digital photographs [29], which were assessed by two experi-

enced wound specialists, that were blinded for the treatment.

Healing was defined as a wound that had fully (100%) re-

epithelialized with the absence of drainage and not needing a

dressing.

The patients were interviewed concerning the care of the

wound dressing and possible impairment in their daily living.

Treatment costs overall were counted up to the day of

complete epithelization and are given in Euro (s) (Table 2).

For calculations of costs for dressing changes of SSD and bio-

cellulose dressings, the following information was used: the

list price DE [30], the average price that can be claimed for a

dressing change, based on the AOK tariff [31]. (AOK is the

General local Healthcare Insurer, one of the largest insurers of

Germany). Calculations were done according to Sellmer [31].
3. Results

Sixty patients (39 male) with seventy-two second-degree

burns were included in the ITT analysis. Thirty-four wounds

were allocated to group B (BWD + PHMB) whereas thirty-eight

wounds were included in group A (SSD). The majority of burns

were scalds (n = 33/72) mainly on the arms (n = 24) and on the

thighs (n = 26). The median healing time for both group A and B

was ten days. There was a significant faster and better pain

reduction observed for patients treated with BWD + PHMB

( p < 0.01, Wilcoxon signed rank) both during and in between

dressing changes (Fig. 3). There was a lower frequency of

dressing changes in group B compared to group A (1/day in

group A versus 0.4/day in group B). Ease of use was rated better

for BWD + PHMB compared to SSD. Only small amounts of

loose fibrin were noted on the wound bed in this group

whereas in the SSD treated burns the evaluation of wound bed



Table 2 – Comparison of material and personnel costs.

Materials s SSD (costs per day) s SSD (costs per 10 days) s Total savings s

SSD: 50 g

Gauze: 10 cm � 10 cm

Fixomull: 10 m

17.65

0.13

15.26

Daily dressing changes 5.30

0.13

1.53

52.95

1.30

15.26

Material costsa 33.04 6.96 69.51

Personnel costsa 9.63 96.30

Total 16.59 165.81

Materials s BWD + PHMB (costs per day) s BWD + PHMB (costs per 10 days) s Total savings

BWD + PHMB

Cleansing solution

Fixation film

6.96

0.49

5.39

0.4 Dressing changes per day

Material costsa 12.84 5.14 51.36 18.15

Personnel costsa 9.63 19.25

Total 14.77 70.61 95.20

Notes. Fifty gram packaging of SSD is estimated to be sufficient for 3 dressing changes. For calculations of costs for dressing changes of SSD and

bio-cellulose dressings, the following information is used.
a List price DE [30], the average price that can be claimed for a dressing change, based on the AOK tariff [31]. (AOK is the General local

Healthcare Insurer, one of the largest insurers of Germany).
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condition was not possible in several cases, due to discolor-

ation. In these patients the wound bed contained a combina-

tion of fibrin and ointment residue that had oxidized. The

wound specialists that performed the dressing changes in the

evaluated patients reported to prefer BWD + PHMB in terms of

use and clinical performance compared to SSD. Moreover the

BWD + PHMB was shown to be more cost-effective than SSD in

the treatment of superficial burns. Total materials costs for 10

days treatment with SSD = s 69.51, when personnel costs are
[()TD$FIG]

Fig. 3 – Pain scores (VAS) comparing group A and group B

results. Pain was assessed with a visual analogue scale

(VAS) before and after dressing changes. SSC = group A:

silver-sulfadiazine cream and BWD + PHMB = group B: bio-

cellulose wound dressing containing polyhexanide. There

was a significant faster and better pain reduction observed

for patients treated with BWD + PHMB ( p < 0.01, Wilcoxon

signed rank) both before and during dressing changes,

when compared to group A. At day 0 direct after dressing

application the pain decreased significantly and stayed

low (score <1 VAS) versus group A were pain scores during

dressing changes were >5 VAS up to day 5.
included the total = s 165.81. For the BWD + PHMB group

total material costs for 10 days treatment = s 51.36, when

including personnel costs the total = s 70.61. When using the

BWD + PHMB for partial thickness burns up to s 95.20 can be

saved for a 10 days treatment period. For details see Table 2.
4. Discussion

Burns require a high standard of care to reach optimal healing

results and to avoid hypertrophic scarring. One of the key

points to achieve such a high standard is to be able to assess

the wound accurately during treatment [29,32]. Silver-sulfadi-

azine cream represents one of the current standards for the

treatment of superficial burns [1,7,24,25]. Apart from increas-

ing resistance to silver, one of the main disadvantages of

silver-sulfadiazine is the fact that judging the wound becomes

difficult or even impossible after two to three days [7]. This is

due to the layer that the remnants of the ointment form when

in contact with fibrin [1]. Various reports suggest SSD to delay

wound healing enhancing the proinflammatory cytokines and

it use may lead to poor scarring [21–23]. There have been

reports on SSD used in burns, promoting dermatitis and

haemolytic anaemia [26–28]. An even greater issue for the

patient are the frequent and painful daily dressing changes

that are required when using silver-sulfadiazine cream

[1,10,20,33].

BWD + PHMB has been shown to be cost-effective as well as

clinically effective in burns [10]. Moreover PHMB is shown to be

safe and effective and does not show the resistance issues as

SSD [11–15]. The current study demonstrated a better and

faster pain reduction and fewer dressing changes were

required. Patients reported BWD + PHMB to be comfortable

and due to the film dressing used as fixation, daily activities

were less impaired than in the SSD treated group. The wound

healing specialists preferred the BWD + PHMB over the use of

SSD, especially concerning handling, wound cleansing and

assessment of the wound bed.
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5. Conclusion

The results of the present study showed an equal healing time

for both group A and B. BWD + PHMB was shown to be safe and

comfortable for the patients with a faster and significant better

pain reduction than was shown in group A. Moreover the cost

for 10 days treatment with BWD + PHMB lead to a reduction of

s 95.20 per treated patient, compared to treatment with SSD.

Based on the significant increase of patient comfort and cost

savings, BWD + PHMB is proposed as a safe and effective

treatment alternative for partial-thickness burns.
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