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Background and Objective: Studies on the influence of low-power laser
light on wound healing have shown inconsistent results, or, as in the
case of burns, are very scarce. We have studied the effects of two dif-
ferent low-power diode laser lights on the healing of burns in rats.
Study Design/Materials and Methods: Thirty rats were burned on both
flanks and randomly allocated to one of three study groups. In group A,
both wounds remained untreated; in groups B and C, one wound each
was irradiated with 635 nm or 690 nm laser light (1.5 J/cm2), whereas
the other wound remained untreated. Diameter, redness, and edema of
the wounds were examined daily.
Results: Between and within groups, diameter, redness, and edema of
the wounds were similar throughout the entire observation period. Ir-
radiation of the burns did not accelerate wound healing when com-
pared with control wounds.
Conclusion: We conclude that neither 690 nm nor 635 nm low-power
laser light produced any beneficial effects on the healing processes of
burns in rats. Lasers Surg. Med. 27:39–42, 2000 © 2000 Wiley-Liss, Inc.
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INTRODUCTION

In the course of the past two decades, many
studies have been conducted to investigate wound
healing after irradiation with low-power laser
light [1,2]. Researchers have hoped for improved
and accelerated wound healing by the use of low-
power laser light. In a review published in 1995,
Basford described therapy with low-power laser
light as a not yet established clinical tool [1]. This
statement reflects the controversial results ob-
tained to date on the effects of low-power laser
light. Many studies reported accelerated and en-
hanced wound healing; however, several investi-
gators were unable to repeat these results [3–11].
The power output of the laser used as well as the
wavelength of the emitted laser light were differ-

ent in the various studies. The laser most com-
monly used was a helium-neon laser with a wave-
length of 632.8 nm [3,9,12].

Although many investigations have been
performed to evaluate the effects of low-power la-
ser light on healing processes, the effects on the
healing of burns have only rarely been studied.
Moreover, the results of previous studies on the
effects of low-power laser irradiation on wound
healing in burns are not comparable [11,13,14].
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The aim of the present study was to elucidate
the question of whether low-power laser irradia-
tion might possibly accelerate the healing of
burns. Therefore, we examined the effects of two
low-level diode lasers with different wavelengths
on the healing of burns.

MATERIAL AND METHODS

Animals and Wounding

This prospective, blind, and randomly as-
signed study was approved by the “Committee for
Animal Experiment Matters (Austrian Animal
Protection Act, Federal Law Gazette No. 501/
1989: GZ 66.011/69-Pr/4/98) of the Austrian
Federal Ministry of Science and Research.” The
present study was performed on 30 male Sprague-
Dawley rats. Initial body weight was approxi-
mately 250 g. The rats were kept in separate
cages at a temperature of 24 ± 1°C with a 12-hour
light/12-hour dark cycle and free access to stan-
dard pellets and water.

The laboratory animals were anesthetized
with intraperitoneal pentobarbital 40 mg/kg−1

and buprenorphine 0.04 mg/kg−1. The fur was cut
off and the skin was shaved on both flanks. A
burn specialist, using a metal stamp 14 mm in
diameter (surface: 1.54 cm2), administered one
burn on both of the rats’ flanks. The stamp was
held in the blue flame of a Bunsen burner for 10
seconds and then pressed onto the shaved skin for
4 seconds. In the further course of the experi-
ments, the wounds received no treatment except
laser irradiation in groups B and C.

Laser Treatment

The allocation of the rats to one of the three
study groups and the selection of the flank to re-
ceive laser treatment was performed in a ran-
domly assigned manner. Rats in group A were
generally used as a control group. None of the two
burns were treated with laser light.

In group B, one of the two wounds was irra-
diated with a low-power laser light at a wave-
length of 690 nm. The laser used was a continu-
ous-wave low-power diode laser with a power
output of 30 mW (Minilaser 2030 F, Helbot
Medizintechnik, Austria). The second wound re-
mained untreated and, hence, served as a control
wound.

Wounds in group C were treated with low-
power laser light from a continuous-wave low-
power diode laser with a power output of 12 mW,

emitting red laser light at a wavelength of 635 nm
(Helbot Medizintechnik, Austria). As in group B,
the second wound was used as a control wound.

Laser irradiation in groups B and C was per-
formed with a constant laser beam with an energy
density of 1.5 J/cm−2 at each treatment. The first
laser treatment was administered randomly on
one of the two flanks immediately after inflicting
the burns. Laser irradiation was continued on a
daily basis over a period of 30 days (30 laser treat-
ments on each rat). Neither of the two wounds
received any additional treatment.

Evaluation of the Wounds

Evaluation of the wounds was done by daily
visual observation. A burn specialist examined
macroscopic influences of the laser light on the
process of wound healing. Criteria for classifica-
tion of the burns included edema, redness, and
epithelialization of the burns (Table 1). Further-
more, the diameters of the burns were measured
daily. The smallest and the largest diameter of
each wound were measured. These two diameters
were added and the result divided by two. Thirty
days after inflicting the burns, all rats were killed
by a lethal dose of intraperitoneal pentobarbital.

Statistical Analysis

Analysis of variance for repeated measure-
ments was used to analyze mean differences in
wound diameter between the study groups over
time. Multiple comparisons were performed with
a two-sided Dunnett’s t test. Global hypotheses
were tested two-sidedly by using a 0.05 signifi-
cance level.

Wound diameters are expressed as means ±
standard deviations. Degrees of redness and
edema were analyzed in a descriptive manner.
Data are represented as mean of the scores.
SPSSt 8.0 (SPSS, Inc., Chicago, IL) was used for
statistical analysis.

RESULTS

Twenty-nine rats were enrolled in the data
analysis. One rat in group A died because of an

TABLE 1. Macroscopic Scoring Used for Burns

Score Condition Finding

0 Edema None
Redness None

1 Edema Minimal edema
Redness Slightly red

2 Edema Clearly distinctive edema
Redness Completely red
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anesthetic mishap. No visible disturbance in
wound healing was observed during the entire
study period in all burns examined.

Wound closure, expressed as mean diameter
of the wounds and in percentage of the initial
wound diameter, respectively, is shown in Figure
1. On day 1, the mean diameter of all wounds did
not differ significantly. Measurable and visible
wound closure started 6 days after infliction of the
burns. The diameter of both the control wounds
and the laser-irradiated wounds did not differ sig-
nificantly. Visual examination and measurement
of the wound diameter yielded complete healing
in all burns on day 28.

As shown in Figure 2, degrees of edema and
redness were similar in all wounds throughout
the entire observation period. Redness and edema
are represented descriptively as means of the in-
vestigated scores.

DISCUSSION

Enhancement of the wound healing process,
particularly in the case of disturbed healing, has
been the aim of many investigations. The use of
low-power laser light seemed a promising way to
accelerate wound healing. Previous in vivo and in
vitro studies demonstrated that treatment with
low-power lasers improves wound healing pro-
cesses [7,8,11,12,15–18]. The effectiveness of low-
power laser light in wound healing is, however,
still a matter of controversy [1]. Many investiga-
tors reported an enhancement of wound closure,
increased epithelialization, and improved tensile
strength of scars [7,8,12,18]. Nevertheless, sev-
eral other studies were not able to reproduce the
results mentioned above [3,9,10,19,20].

Similarly, the results of studies on the appli-
cation of laser light in the treatment of burns are
inconsistent. Mester et al. [11] and Rochkind et al.
[14] demonstrated that irradiation of burns with a
ruby laser (694.3 nm) or a helium-neon laser
(632.8 nm) accelerate the healing process. In con-
trast, Cambier et al., by using a gallium-arsenide
laser and a helium-neon laser, did not find an
enhancement of wound closure after low-power
laser treatment [13].

In the present study, two low-power diode-
lasers with a wavelength of 635 nm and 690 nm,
respectively, were examined. Because all rats in
both groups that received laser treatment were
also their own controls, we included a placebo
group in our study; these rats were not subjected
to any form of laser treatment at all. This study
design allowed us to investigate systemic effects
on wound healing due to laser irradiation on the
control wounds in groups B and C.

The wavelengths of the low-power lasers
used in the present study were similar to those
used by Mester et al. (694.3 nm) and Rochkind et
al. (632.8 nm). In contrast to their findings, we did
not observe any acceleration of wound healing.
Our results confirm the data of Cambier and his
co-workers [13]. When compared with the control

Fig. 1. Wound closure represented as percentage of the mean
diameter of the lesions after burn infliction.

Fig. 2. Degrees of edema and redness of the wound after burn
infliction, represented descriptively as means of the investi-
gated scores. A classification of burns is shown in Table 1.
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wounds, the time course of wound closure as well
as the visual observations regarding edema and
redness of the laser-treated burns were similar
within and between the groups. Measurable and
observable wound closure started 4 days after
burn infliction in all rats investigated. The time
course of wound closure was similar in all burns.
Figure 1 may suggest that wound closure in
wounds treated with 635 nm laser light was faster
in the period between day 10 and day 20. How-
ever, compared with the control wounds, no sig-
nificant differences were found. Furthermore, one
of the two control burns of the untreated group
showed a similar course of wound closure.
Twenty-eight days after inflicting the burns, all
wounds had healed completely.

Likewise, the diameters, edema, and redness
did not differ between and within the groups. Ede-
mas and redness appeared in parallel. The high-
est scores were observed between days 5 and 6
after inflicting the burns. All wounds were free of
edemas and redness on day 10. Neither excessive
formation of edemas nor redness occurred in any
of the wounds. We infer from this that none of the
rats we studied exhibited disturbed wound heal-
ing. Laser treatment did not have any visible in-
fluence on wound healing in our rats.

In conclusion, we did not find any accelera-
tion of wound healing in burns after treatment
with low-power laser light. Neither laser light
with a wavelength of 690 nm nor laser light with
a wavelength of 635 nm had a significant impact
on the healing of burns in healthy rats. The rea-
son why such different results are obtained on the
use of low-power laser light in wound healing is
unclear. Therefore, we hope that further investi-
gations will shed light on the effects of low-power
lasers, particularly on wound healing in burns.

ACKNOWLEDGMENTS

The authors thank Dr. Heinrich Dietrich and
his staff (Central Laboratory Animal Facility,
University of Innsbruck) for their help and care of
the laboratory animals.

REFERENCES

1. Basford JR. Low intensity laser therapy: still not an es-
tablished clinical tool. Lasers Surg Med 1995;16:331–
342.

2. Conlan MJ, Rapley JW, Cobb CM. Biostimulation of
wound healing by low-energy laser irradiation: a review.
J Clin Periodontol 1996;23:492–496.

3. Allendorf JD, Bessler M, Huang J, Kayton ML, Laird D,
Nowygrod R, Treat MR. Helium-neon laser irradiation at
fluences of 1, 2, and 4 J/cm2 failed to accelerate wound
healing as assessed by both wound contracture rate and
tensile strength. Lasers Surg Med 1997;20:340–345.

4. McCaughan JS Jr, Bethel BH, Johnston T, Janssen W.
Effect of low-dose argon irradiation on rate of wound clo-
sure. Lasers Surg Med 1985;5:607–614.

5. Bisht D, Gupta SC, Misra V, Mital VP, Sharma P. Effect
of low intensity laser radiation on healing of open skin
wounds in rats. Indian J Med Res 1994;100:43–46.

6. Hall G, Anneroth G, Schennings T, Zetterqvist L, Ryden
H. Effect of low level energy laser irradiation on wound
healing: an experimental study in rats. Swed Dent J
1994;18:29–34.

7. Kana JS, Hutschenreiter G, Haina D, Waidelich W. Ef-
fect of low-power density laser radiation on healing of
open skin wounds in rats. Arch Surg 1981;116:293–296.

8. Lyons RF, Abergel RP, White RA, Dwyer RM, Castel JC,
Uitto J. Biostimulation of wound healing in vivo by a
helium-neon laser. Ann Plast Surg 1987;18:47–50.

9. Surinchak JS, Alago ML, Bellamy RF, Stuck BE, Belkin
M. Effects of low-level energy lasers on the healing of
full-thickness skin defects. Lasers Surg Med 1983;2:267–
274.

10. Anneroth G, Hall G, Ryden H, Zetterqvist L. The effect of
low-energy infra-red laser radiation on wound healing in
rats. Br J Oral Maxillofac Surg 1988;26:12–17.

11. Mester E, Spiry T, Szende B, Tota JG. Effect of laser rays
on wound healing. Am J Surg 1971;122:532–535.

12. Braverman B, McCarthy RJ, Ivankovich AD, Forde DE,
Overfield M, Bapna MS. Effect of helium-neon and infra-
red laser irradiation on wound healing in rabbits. Lasers
Surg Med 1989;9:50–58.

13. Cambier DC, Vanderstraeten GG, Mussen MJ, van der
Spank JT. Low-power laser and healing of burns: a pre-
liminary assay. Plast Reconstr Surg 1996;97:555–558.

14. Rochkind S, Rousso M, Nissan M, Villarreal M, Barr-Nea
L, Rees DG. Systemic effects of low-power laser irradia-
tion on the peripheral and central nervous system, cuta-
neous wounds, and burns. Lasers Surg Med 1989;9:174–
182.

15. Abergel RP, Lyons RF, Castel JC, Dwyer RM, Uitto J.
Biostimulation of wound healing by lasers: experimental
approaches in animal models and in fibroblast cultures. J
Dermatol Surg Oncol 1987;13:127–133.

16. Grossman N, Schneid N, Reuveni H, Halevy S, Lubart R.
780 nm low power diode laser irradiation stimulates pro-
liferation of keratinocyte cultures: involvement of reac-
tive oxygen species. Lasers Surg Med 1998;22:212–218.

17. Mester E, Mester AF, Mester A. The biomedical effects of
laser application. Lasers Surg Med 1985;5:31–39.

18. Yu W, Naim JO, Lanzafame RJ. Effects of photostimula-
tion on wound healing in diabetic mice. Lasers Surg Med
1997;20:56–63.

19. Lundeberg T, Malm M. Low-power HeNe laser treatment
of venous leg ulcers. Ann Plast Surg 1991;27:537–539.

20. Smith RJ, Birndorf M, Gluck G, Hammond D, Moore WD.
The effect of low-energy laser on skin-flap survival in the
rat and porcine animal models. Plast Reconstr Surg 1992;
89:306–310.

42 Schlager et al.


