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A conservative approach for deep dermal burn wounds using
polarised-light therapy
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SUMMARY. This article reports a clinical study investigating the role of polarised-light therapy in the conservative
treatment of deep dermal burn wounds. In 22 out of 67 patients with deep dermal burn wounds, clinical evaluation
revealed only a very limited potential for spontaneous healing, and, despite the fact that the majority of the surgeons
(four out of six) would have recommended surgery, these patients were treated conservatively with polarised-light therapy (400–2000 nm, 40 mW cm92, 2.4 J cm92) until complete closure. Evaluation by a panel of four surgeons, all experts
in burn surgery, revealed that conservative treatment of these deep dermal wounds with polarised-light irradiation
resulted in a significantly shorter healing time, with almost no hypertrophic scarring, and optimal aesthetic and functional results at long-term follow-up. No extension of the hospital stay was required. Polarised-light therapy may be a
valuable way of avoiding surgery in patients with deep dermal burns. © 2002 The British Association of Plastic
Surgeons
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Recently, low-power lasers and polarised light have
been given considerable attention in wound-healing therapy. Different biological effects have been observed after
phototherapy, including the stimulation of cell proliferation
(especially in fibroblasts), the release of growth factors and
the enhancement of collagen synthesis.5–13 Several clinical
studies have revealed accelerated wound closure, with
increased wound epithelialisation and improved tensile
strength of scars.14–19 However, other investigators have
found no improvement in wound-healing processes and
were not able to reproduce the above-mentioned effects
of phototherapy.10,20–22
Because of these inconsistent and contradictory results,
there still is no consensus on the real effect of phototherapy on wound healing, and many clinicians, especially
surgeons, are still very sceptical of this therapy.
In a previously reported prospective randomised
single-blind study performed in our institution, 20 pairs
of identical donor sites of split-thickness skin grafts were
treated according to the same wound-care protocol.19,23
One site was treated with polarised light and the other
was not; each patient served as their own control. The
wound-healing process was evaluated on a daily basis
in a standardised manner by two independent blinded
observers. The results of this study demonstrated that
polarised light had a significantly beneficial effect
on wound healing, resulting in faster epithelialisation of
the wound and an improved quality of early scar-tissue
formation.19,23
This clinical study in burn patients was set up to
investigate whether polarised-light therapy could accelerate wound closure in deep dermal burn wounds, thus
reducing the need for surgery, without increasing hypertrophic scarring and contractures.

Some recent literature reports have suggested that treatment with low-energy lasers and polarised light may
accelerate wound healing. However, other investigators
have published diverging results, and the benefits of
phototherapy in wound healing are still controversial.
This lack of consensus led us to investigate the role of
phototherapy further, in a clinical study on deep dermal
wounds, whose treatment is still controversial. Indeed,
even experienced surgeons often find it impossible to
predict whether a better aesthetic and functional result
will be obtained by early excision and skin grafting or
whether to recommend a conservative approach that
avoids surgical intervention but increases the risk of
hypertrophic scarring and contractures. Here, we report a
clinical study investigating the role of phototherapy in the
conservative treatment of deep dermal burn wounds.
Superficial dermal burns are always treated conservatively, and full-thickness burns always require surgery.1
However, more than 50% of burn wounds are deep second degree or deep dermal burn wounds.2 The treatment
of choice for these ‘intermediate thickness’ burns is still
much debated and controversial.3,4 The main question is
whether better aesthetic and functional results can be
obtained by early excision and skin grafting or whether
conservative therapy should be recommended. Conservative treatment avoids a surgical intervention, but may
result in prolonged wound healing with a high risk of
hypertrophic scarring and contractures. It is universally
agreed that the faster a second-degree burn wound heals,
the less necessary surgery becomes.
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Materials and methods
Since 1997, most superficial and deep second degree
burns, as well as residual defects after initial grafting procedures, have been treated in our department using
polarised-light therapy. A linearly polarised light source
(Bioptron, Mönchaltorf, Switzerland) with the following technical characteristics was used: wavelength:
400–2000 nm; degree of polarisation: 995%; power density: 40 mW cm92; light energy: 2.4 J cm92. The study
was approved by the Ethical Committee of the University
Hospital. All wounds were treated according to the same
protocol: polarised-light therapy was given for 6 min
daily at a distance of 10 cm, and the wound was then
dressed with Vaseline gauze in combination with silver
sulphadiazine (Flamazine). Standardised colour photographs were taken every day. Phototherapy was stopped
when the wound had completely healed. At that time all
patients were submitted to the usual standardised protocol of customised pressure garments, if necessary in
combination with silicone inlays, especially on concave
and irregular surfaces. The patients were usually followed up in the outpatient clinic every 2–6 weeks.
In 1997 and 1998, 67 patients with large areas of deep
dermal burns were treated in our burn centre. From this
group we selected 22 cases in which the majority (at least
four out of six) of surgeons in our burn centre would
have recommended surgical treatment with tangential
excision and skin grafting. These patients did not
undergo surgery for various reasons: the need to operate
on other burned areas first; a poor general condition; the
patient’s wish not to undergo surgery; and, last but not
least, the encouraging clinical results and those of the
previous prospective single-blind study.
This group of 22 patients consisted of 12 males and 10
females, with a mean age of 38.6 years (range: 1–88
years). The mean total body surface area burned was
14.4% (range: 2%–36%) and the mean area treated with
polarised light was 10.2% (range: 2%–30%). The mean
hospital stay was 18.1 days (range: 1–53 days). All these
deep dermal burns were treated conservatively using
polarised light, as described above, until the wounds
were completely closed. The mean follow-up was 10.2
months (range: 7–25 months).
Clinical assessment of the burn wounds was performed by a panel of four surgeons, all heads of different
burn units and all having more than 15 years experience
in burn surgery. They were not informed of the reasons
for or the motive behind this evaluation. The four surgeons were asked to evaluate three series of standardised
colour slides and to fill out a questionnaire. A first series
of 30 colour slides, all showing deep dermal burn
wounds, included the 22 study cases together with eight
control cases. The complete clinical history of the patient
was given, but no details of the therapy. The surgeons
were asked whether these burn wounds should be treated
surgically and, if treated conservatively, how long healing
would take and whether they would expect hypertrophic
scarring. A second series of slides was composed of the
22 study cases, with a first picture before treatment, a
second picture halfway through wound closure and a
third picture at the time of complete epithelialisation. The
surgeons were asked to estimate the time interval between
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the successive slides and to comment on whether they
expected hypertrophic scarring and contractures. In a third
series, final long-term follow-up pictures of the 22 cases
were shown. The surgeons were asked to score the result
as much worse, worse, comparable, better or much better
than the result they would have expected after surgical or
conventional conservative therapy. The answers were
statistically analysed by an independent expert.
Results
The panel of surgeons would have operated in 18, 12, 11
and 10 of the 22 cases, respectively (mean 12.8 cases or
59%). In 16 cases (73%) at least two of the experts were
convinced that surgery was necessary.
The mean time to wound closure was 3.2 weeks
(range: 2.1–5.5 weeks). There was no correlation between
the estimated healing period and the actual time to complete wound healing (using the Pearson correlation test).
Using the Wilcoxon matched-pairs signed-ranks test, the
estimated time for healing was found to be significantly
longer (P : 0.001) than the actual healing time, with
mean values of 41 days and 22 days, respectively (Fig. 1).
The surgeons were very consistent in answering the
questions: there was a strong correlation (P : 0.001,
Fisher’s exact test) between the indication for surgery
and the expectation of hypertrophic scarring after conservative treatment. In fact, we saw hypertrophic scarring in
only one patient, who was not compliant in wearing pressure garments. This rate of hypertrophic scarring was significantly lower (P : 0.001) than that expected by the
observers ( 2 test): the expected incidence of hypertrophic scarring in the 22 cases was 13, 17, 16 and 17
cases, respectively, with a mean of 15.8 cases.
The experts rated the clinical results at least comparable with the expected results after surgical treatment in
73.8% of cases (P : 0.001, Wilcoxon matched-pairs
signed-ranks test) (Fig. 2). In the subset of cases
that were considered to require surgery, 65.3% scored
comparable, better or much better. Compared with a

Figure 1—Real versus estimated time for wound healing. The estimated time was significantly longer than the actual time (Wilcoxon
matched-pairs signed-rank test: P:0.001).
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standard conservative treatment, 97.6% of the cases were
rated at least comparable. Half of the cases were rated as
better or much better.
There was no significant difference between the mean
hospital stay in this group of 22 patients and that of a
similar patient population treated 3 years previously
(mean: 18.1 days versus 19.6 days).
All observers expressed their surprise at the remarkably good function and aspect of the skin in the hand-burn
cases. In none of these cases was any loss of function
observed during or after phototherapy.
Representative results are shown in Figures 3–7.

Figure 2—Evaluation of the results as compared with the expected results
after surgery. (Wilcoxon matched-pairs signed-ranks test: P : 0.001.)
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Discussion
The treatment of deep second degree burns is still very
controversial.1,2 These deep dermal burns often have limited or questionable healing potential, resulting in prolonged granulating wounds. Therefore, the majority of
surgeons advocate early excision and skin grafting of
these burns to reduce the risk of infection, decrease hypertrophic scarring and contractures, and shorten hospital
stay.3,4 Particularly in cases of deep dermal burns to the
hand, most surgeons consider that surgery is required to
achieve an optimal functional and aesthetic outcome.1–4
It is universally agreed that the faster a second degree
burn heals, the less likely it is to require surgery and the
less likely it is that hypertrophic scarring and contractures will develop. Many articles have suggested that
treatment with low-energy lasers and polarised light
might accelerate wound healing. Subsequently, we set up
a clinical study in burn patients to investigate whether
this therapy might be beneficial in the healing of deep
dermal wounds.
Phototherapy has been studied in many areas of medicine over many years.5–22 Mester et al evaluated the
effects of laser irradiation on cells over 30 years ago, and
discovered that low-energy laser irradiation has a biostimulating effect.5 In a later clinical study, they found
that laser irradiation stimulated wound healing and
resulted in faster closure of the wounds, especially in
cases of refractory and persistent ulcers.6
Fenyö developed a polarised-light source and observed a
similar stimulation of wound healing to that seen with the
low-energy laser.11 Polarised light was found to trigger
human cellular and humoral defences.11–13 Moreover, this
light source had several advantages over the laser, including
lower costs, fewer risks, a larger treatment area and no
important user skills.

Figure 3—A 1-year-old boy with burns to the thorax, abdomen, right arm and anterior legs after being scalded by hot oil. (A) Appearance
8 days after the injury. (B) Appearance at 1 month, showing almost complete wound closure. (C) Follow-up after 1 year.

A

Figure 4—A young woman with a flame burn of the face and neck. (A) Appearance 2 days after the injury. (B) The wound was closed after 12 days.
(C) Appearance after 8 months. (D) Appearance after 15 months.

424

Figure 5—A young woman with a flame burn of the right arm.
(A) Appearance 2 days after the injury. (B) The wound was closed after
19 days. (C) Appearance after 11 months.

Several other authors have reported different biological effects after polarised-light irradiation, including
stimulation of cell proliferation (especially in fibroblasts), release of growth factors and enhancement of collagen synthesis.11,14–16 In accordance with the reordering
of liquid-crystal molecules after light irradiation, linearly
polarised light is thought to interact with the polar heads
of the lipid double layer of the cell membrane, resulting
in structural changes that influence the cellular processes
connected with the cell membrane.11,14,15
The first clinical reports of the use of polarised light in
the treatment of wounds were very promising: different
investigators observed accelerated wound closure,
increased wound epithelialisation and improved tensile
strength of scars.7–9,11,17,18 However, other investigators
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Figure 6—Scald burns of the buttocks in an 82-year-old woman.
(A) Appearance 10 days after the injury, at the initiation of light therapy.
(B) The wound was closed 18 days later. (C) Appearance after 1 year.

were unable to reproduce these effects and found no
improvement in the wound-healing process after irradiation with low-power lasers or polarised light.10,20–22
As a result of these inconsistent and conflicting data,
there is still no consensus on the real effect of phototherapy
in the healing of wounds in general, and very little is known
about its possible role in the healing of burn wounds.
In order to establish the indications for using
polarised-light therapy in burns, we first used this treatment in a pilot study of 15 patients with difficult wounds,
such as deep dermal burns, residual defects after grafting
procedures using widely meshed skin grafts, and nonhealing donor sites. Despite being highly sceptical of the
therapy, we were impressed by the apparently beneficial
effects of polarised light on the healing of these wounds.
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Figure 7—A young man with a flame burn to the hand. (A) Appearance 2 days after the injury. (B) The wound was closed after 21 days.
(C) Appearance after 19 months. (D) Optimal function of the hand was achieved.

We therefore decided to set up a randomised prospective single-blind study to investigate further the effect of
polarised light on the healing of standardised wounds. In
20 patients we compared the healing of pairs of identical
donor sites; the wound care protocol was identical for
both wounds, except that one donor site was treated with
phototherapy and the other site was not. Each patient
served as their own control.19,23
Because of these convincing results, for over 3 years
now we have been treating most superficial and deep second degree wounds in our department with polarisedlight therapy. For this study, we selected 22 out of 67
patients with deep dermal burn wounds, which the majority of the surgeons (at least four out of six) in our burn
centre would have treated surgically with tangential excision and skin grafting. We wanted to investigate whether
the statistically significant results obtained in our donorsite study could be translated to a clinically more relevant
study of deep dermal burns.
For objective assessment, four experts in burn care, all
heads of specialised burn centres, were asked to evaluate
our clinical results. All four surgeons had more than 15
years experience in judging and evaluating the indications for conservative versus surgical treatment of deep
dermal burns and in predicting the development of hypertrophic scarring and contractures. These experts would
have operated in the majority of the cases presented.
Moreover, they all significantly overestimated the healing

period: the actual time to complete wound healing was
significantly shorter (22 days versus 41 days). Moreover,
in none of these patients would surgery have resulted in
an earlier discharge from hospital.
Although no surgical intervention was performed and
the panel had expected hypertrophic scarring in the
majority of cases (mean: 72%), there was only one case of
hypertrophic scarring, in a patient who was not compliant
in wearing pressure garments. In the cases where the
panel would have recommended surgery, the results after
phototherapy were judged to be at least comparable to
the expected surgical results in 65.3%. Compared with
any other conservative treatment, phototherapy scored at
least as well in 97.6% of cases, and better or much better
in half the cases.
All our patients were submitted to the usual protocol
of customised pressure garments and silicone application,
which is standard in our burn centre to prevent hypertrophic scarring. We felt that, after treatment with
polarised light, the application of pressure garments and
silicone inlays could be started earlier and caused fewer
problems with the just-healed skin (less blister formation
and epithelial breakdown). We were, however, unable to
confirm this clinical impression statistically.
Another major advantage of treating deep dermal
burns of the hands with polarised light is that physiotherapy, which is started immediately, can be continued
throughout treatment without interruption, in contrast to
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operated hands, which always require a period of immobilisation. The promising results of polarised-light therapy in treating deep dermal burns of the hand will be
further investigated in a future clinical study. The old
dogma of early excision and skin grafting in burns of the
hand might have to be reconsidered.
In conclusion, the results of this clinical study demonstrate that polarised-light therapy reduces the need for
surgery in the treatment of deep dermal burns. In this
group of patients, the use of polarised light accelerated
wound healing and allowed very early pressure therapy,
thus reducing hypertrophic scarring and contractures. No
extension of the hospital stay was required. Because of
the better aesthetic and functional results (especially in
burns of the hands), polarised-light therapy has become
the therapy of choice for deep dermal burns in our
University Hospital.
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