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High doses of ionizing radiation of the skin can
be followed by both acute and chronic radioder-
matitis.1 The incidence of radiation-induced
necroses and ulcers after x-ray therapy depends on
the radiation protocol and dose, as well as on the
patient’s age at the time of irradiation.2 Moreover,
there is evidence for an elevated risk of skin malig-
nancies as a late complication after radiation ther-
apy.1,2 Treatment of hemangiomas with ionizing
radiation was performed several decades ago but
has been abandoned in the recent past because of
possible acute and chronic radiation damage.3,4

The histopathologic findings of chronic radiation
dermatitis are characterized by thinning of the epi-
dermis, fibrosis of the dermis, obliteration of small
arteries, and reduction of capillaries in number and
size. Moreover, partial or complete loss of skin
appendages is noted.1,5 Because of the poor heal-
ing tendency of radiation ulcers, surgical interven-
tion may be necessary in some cases to close the

defects. Recently, low-intensity laser irradiation
using athermic radiation with wavelengths in the
red and infrared region has gained increasing inter-
est as a noninvasive method for the induction of
wound healing in such cases.6,7 We describe a
patient with a long-lasting radiotherapy-induced
ulcer that healed after low-intensity laser therapy.
A video measuring system (VMS)8 was used to
determine the number of dermal vessels in the
ulcer before and after laser treatment.

CASE REPORT

A 28-year-old female patient presented with an ulcer
on the left cervical region, which had been present for 6
months. She had received a series of topical radium
treatments for a hemangioma at this site 25 years earli-
er. The partially necrotic ulcer, measuring 18 mm2, was
surrounded by telangiectases. A 2-mm punch biopsy
was taken that confirmed the diagnosis of an ulcerous
radiodermatitis. In view of previously reported results
with low-intensity laser irradiation for the induction of
wound healing in recalcitrant radiation ulcers6,7 and
because other conventional treatments had failed to
induce healing, we initiated low-intensity laser therapy.

MATERIAL AND METHODS

Laser therapy was carried out in an outpatient setting
with a helium/neon (He:Ne) laser device (wavelength,
632.8 nm; power output, 10 mW; energy density at skin
level, 30 J/cm2) twice weekly.
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RESULTS

After 4 weeks and a total of 7 irradiations, the
ulcer had healed completely. Histologic examina-
tion of the affected skin before treatment showed
an atrophic epidermis and flattened rete ridges.
The ulcer was covered by necrotic cells, fibrin,
and neutrophil granulocytes (Fig 1,A). Fibroblasts
in the dermis below the ulcer had bizarre shapes
and were reduced in number compared with nor-
mal skin. Light microscopy in combination with a
VMS revealed a decreased number of vessels in
both the center and the margin of the ulcer before
laser treatment compared with normal skin (Fig 2,
A). The number of capillaries in the ulcer’s sur-
rounding skin, however, did not differ from nor-
mal skin. After wound closure, an increased num-
ber of vessels was noted compared with both pre-
treatment conditions and normal skin (Figs l,B,
and 2,B).

Statistical analysis revealed a significant
increase in the number of dermal vessels after low-
intensity laser therapy in both the central (125%)
and the marginal (263%) parts of the ulcer, as
compared with the pretreatment status (Table I).

Skin biopsy specimens were obtained from lesional
(center and margin) and adjacent (surrounding) skin of
the ulcer before the initiation of laser therapy and after
complete wound closure as well as from the contralat-
eral side of the neck. Biopsy specimens were processed
for hematoxylin-eosin and periodic acid–Schiff (PAS)
staining. To determine the number of intradermal ves-
sels in PAS-stained sections we used a video measuring
system. Video prints (Mitsubishi V1A 100 video print-
er, Mitsubishi, Japan) were obtained from each of the 5
consecutive histologic sections.

By drawing one horizontal analyzing line marking
the dermoepidermal junction and two parallel vertical
analyzing lines in a distance of 500 µm (B, P1) at scan-
ning magnification, 3 areas of equal size (500 × 750
µm) were defined: the margin of the ulcer (MU: area
between the two vertical analyzing lines B and P1, the
center of the ulcer (CU: corresponding area adjacent
left of the MU area), and the surrounding skin (SS:
corresponding area adjacent right to the MU area).
The number of dermal vessels of 5 subsequent sec-
tions of the MU, CU, and SS area was averaged and
mean numbers of vessels before and after laser treat-
ment were then compared using Student’s t test.
Values of P less than .05 were regarded as statistically
significant.
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Fig 1. Histologic characteristics of radiation ulcer before (A) and after (B) low-intensity
laser treatment. (A, Hematoxylin-eosin stain; B, periodic acid–Schiff stain; original mag-
nifications:A and B, ×80.)
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DISCUSSION

This article demonstrates the complete healing
of a chronic radiation ulcer after low-intensity
laser irradiation. By means of light microscopy in
combination with a VMS we found a significant
increase in the number of dermal vessels after laser
therapy in the re-epithelialized skin compared with
pretreatment conditions. To our knowledge, this is
the first report on the quantitative determination of
the intradermal number of vessels after low-inten-
sity laser irradiation. Previous studies evaluating
the histologic changes after laser therapy in the

process of wound healing mainly concerned colla-
gen synthesis and tensile strength.9-11

The VMS represents a useful tool to quantify
the number of intradermal structures and has been
used successfully in the quantification of elastic
fibers.8 Because pathogenetic changes in radiation
ulcers are confined to the upper and mid-dermal
tissue, this method appears to be appropriate for
this particular investigation.

The results obtained in the present study are in
accordance with previous data of our group6,7,12

and others.13 Recently Yu, Naim, and Lanzafame14
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Fig 2. Print of the VMS (×120) displays histologic features of radiation ulcer before (A)
and after (B) low-intensity laser treatment. By drawing one horizontal analyzing line
marking the dermoepidermal junction (arrows)and two parallel vertical analyzing lines in
a distance of 500 µm (B, P1) at scanning magnification, three areas of equal size (500 ×
750 µm) were defined (CU, center of ulcer; MU, margin of ulcer; SS,surrounding skin
adjacent to the ulcer) for quantification of vessel numbers.
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Table I. Quantification of dermal vessel number by a video measuring system

Normal skin Ulcer before laser treatment Ulcer after laser treatment

C M B CU MU SS CU MU SS

No. of vessels 10.8 ± 2.5 10.6 ± 1.9 7.4 ± 1.9 6.2 ± 0.8 4.4 ± 0.9 9.0 ± 1.3 14.0 ± 2.3 18.0 ± 1.0 8.2 ± 1.5
(mean ± SD)

Statistical analysis P < .001 P < .001 NS
before/after treatment

Statistical comparison of vessel numbers in comparable 500 × 750 µm areas in upper dermal tissue before versus after low-intensity laser treat-
ment. Five consecutive sections of each biopsy specimen were evaluated. Analysis was performed by Student’s t test.
B, Border of specimen from normal skin; C, center of specimen from normal skin; CU, center of ulcer; M, margin of specimen from normal skin;
MU, margin of ulcer; SS,surrounding skin adjacent to ulcer.
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14. Yu W, Naim JO, Lanzafame RJ. Effects of photostimula-
tion on wound healing in diabetic mice. Lasers Surg Med
1997;20:56-63.

15. Ghali L, Dyson M. The direct effect of light therapy on
endothelial cell proliferation in vitro. In: Steiner R,
Weisz P, Langer R, editors. Angiogenesis: key princi-
ples-science-technology-medicine. Basel: Birkhäuser;
1992. p. 411-4.

16. Schindl A, Schindl L, v Baehr R, et al. Influence of low
power laser irradiation on the neovascularization in the
model of Arthus phenomenon induced in the rabbit
cornea: a controlled study. In: Waidelich W, Staehler G,
Waidelich R, editors. Laser in medicine. Berlin:
Springer-Verlag; 1995. p. 447-81.

17. Schindl A, Schindl M, Schön H, Knobler R, Schindl L.
Low-intensity laser irradiation improves skin circulation
in patients with diabetic microangiopathy. Diabetes Care
1998;21:580-5.

18. Iwase T, Hori N, Morioka T, Carpenter DO. Low power
laser irradiation reduces ischemic damage in hippocam-
pal slices in vitro. Lasers Surg Med 1996;19:465-70.

19. Karu T. Effects of visible radiation on cultured cells,
yearly review. Photochem Photobiol 1990;52:1089-98.

20. Steinlechner C, Dyson M. The effects of low level laser
therapy on the proliferation of keratinocytes. Laser Ther
1993;5:65-73.

21. Haas AF, Isseroff PR, Wheeland RG, Rood PA, Graves
PJ. Low-energy helium-neon laser irradiation increases
the motility of cultured human keratinocytes. J Invest
Dermatol 1990;94:822-6.

22. Slavin J. Fibroblast growth factors: at the heart of angio-
genesis. Cell Biol Int 1995;19:431-44.

23. Yu W, Naim JO, Lanzafame RJ. The effect of laser irra-
diation on the release of bFGF from 3T3 fibroblasts.
Photochem Photobiol 1994;59:167-70.

24. Funk JO, Kruse A, Kirchner H. Cytokine production
after helium-neon laser irradiation in cultures of human
peripheral blood mononuclear cells. J Photochem
Photobiol B 1992;16:347-55.

25. Breitbart H, Levinshal T, Cohen N, Friedmann H, Lubart
R. Changes in calcium transport in mammalian sperm
mitochondria and plasma membrane irradiated at 633 nm
(HeNe laser). J Photochem Photobiol B 1996;34:117-21.

applied a score system for the evaluation of biop-
sy specimens based on the degree of re-epithelial-
ization, granulation tissue formation, collagen
deposition, and vascularity for the assessment of
wound healing in diabetic mice. Their results
showed improvement in all these parameters in the
laser-treated wounds compared with sham-irradi-
ated controls.

Regarding the mechanism of action, there is
evidence that low-intensity laser irradiation is able
to induce neoangiogenesis in vitro15 and in vivo,16

to improve skin circulation in conditions of
microangiopathy,17 and to minimize tissue damage
caused by ischemia.18 In addition, it has been
demonstrated that this type of athermic photother-
apy can stimulate certain cellular functions such as
protein synthesis and mitotic rate,19 increase ker-
atinocyte growth rate and motility,20,21and induce
the release of growth factors involved in wound
healing22 such as cytokines and basic fibroblast
growth factor.23-25

In conclusion, we demonstrate another case of
successful treatment of a chronic radiation ulcer
by low-intensity laser therapy histologically char-
acterized by a significant increase in intradermal
vessel numbers determined by a VMS. Because
low-intensity laser irradiation represents a nonin-
vasive treatment, it may be considered as an alter-
native to complex surgical interventions of recalci-
trant radiation ulcers.
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