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ABSTRACT

PURPOSE: To compare the biomodulatory effects of LED and ultrasound combined with semipermeable dressing in the repair of
cutaneous lesions.

METHODS: Eighty-four Wistar rats were submitted to surgical injury (2.5 cm) and divided into four groups (n=21): Group I (control),
Group II (LED therapy, LED), Group III (LED therapy + dressing, LED+D) and Group IV (ultrasound + dressing, US+D). At seven, 14
and 21 days, the animals were euthanized, and the specimens of interest removed for histological analysis.

RESULTS: Histological and histomorphometric analysis revealed a greater percent wound regression in animals receiving the dressing
(group I1I: 55.97; group IV: 53.06), as well as a greater reduction in the inflammatory infiltrate (group III: 29.14; group IV: 31.71) since
day 7. A later effect, with progression of the tissue repair process only after 14 and 21 days, was observed in the LED group intense
fibroblast proliferation and greater collagen fiber production and organization were seen in the LED+D and US+D groups compared to
the other groups.

CONCLUSION: LED combined with a dressing was more effective at accelerating in the repair of cutaneous lesions.
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Introduction

Several studies have led to the development of increasingly
efficient therapeutic approaches to tissue repair, with minimization
of the factors that delay or impair this process'. Among the
current approaches, light emitting diode (LED) phototherapy and
therapeutic ultrasound (TUS) have yielded good results at low cost
and have attracted the attention of the scientific community*®.

The LED is a device that emits spontaneous and non-
coherent radiation and has been commercially introduced as an
alternative to therapies using low-intensity laser. The action of
LED therapy differs from that of non-ablative treatment since it
causes no tissue damage due to photothermolysis. LED acts by
direct intracellular stimulation based on NADH activation and
oxidation and on the alteration of the mitochondrial redox potential,
resulting in the so-called photobiostimulatory or photomodulatory
effect. This action permits noninvasive wound treatment’#,

Ultrasound is also a noninvasive alternative for wound
treatment and low-intensity pulsed application is the modality
most frequently indicated by researchers. This preference is based
on the beneficial effects observed, such as acceleration of the
tissue repair process due to increased angiogenesis, the formation
of granulation tissue and fibroblasts, and consequent collagen
synthesis. In addition, US treatment favors a reduction in the
number of leukocytes and macrophages at the site of injury®”'?

Dressings represent an important resource to restore
skin continuity by protecting and regenerating the epidermis.
Studies have shown that a semipermeable film dressing permits
the therapeutic effects which are usually restricted to the wound
margins, to extend to the wound bed’''. In addition, dressings
protect the wound against external contamination and permit
constant inspection of the insertion site with the least manipulation
possible.Vapor-permeable dressings permit gas exchange and
maintain the physiology of the epidermis close to normal'!-'3.

Whereas several studies that confirm the isolated action of
the LED and TUS in acceleration tissue repair and the importance
of the reduction in post surgical time procedures in clinical practice,
the objective of the present study was to compare the biomodulatory
effect of LED and TUS with combined semipermeable dressing in the

repair of cutaneous lesions.
Methods

The study was approved by the Research Ethics Committee
of Integral Differential Faculty (FACID) (Protocol No. 246/ 2009)
and was conducted according to the guidelines of Arouca Law No.

in the repair process of cutaneous lesions in rats

11.794/2008.

Eighty-four male Wistar rats (Rattus norvegicus) aged 60
days and weighing on average 250g were used.

The animals were housed in polypropylene cages under
good hygiene conditions, with free access to standard rat chow
(Labina™) and water. All experiments were planned in such a way

as to minimize animal suffering.

Experimental groups

The animals were divided at random into four groups of
21 rats each: group I (control); group Il (LED therapy, applied
to the wound bed, total dose of 16 J/cm?, LED); group III (LED
therapy applied to the wound bed in combination with a dressing,
total dose of 16 J/em?; LED + D), and group IV (US applied to the
wound bed in combination with a dressing; US + D). Each group
was then divided into three equal subgroups which were monitored
for seven, 14 and 21 days of the experiment, corresponding to the
different phases of the healing process.

Forty-eight hours after the surgical procedure and
bleeding cessation, the skin was cleaned with 70% alcohol and
the animals were submitted to the experimental treatments. The
remaining treatments were applied on alternate days in such a way
that animals of the 7-day groups received three applications, those
of the 14-day groups seven applications, and those of the 21-day
groups 10 applications.

At the end of each experimental time, seven animals
from each group were euthanized and the skin of the region of

interest was submitted to histological analysis.

Surgical procedure

All animals were anesthetized intramuscularly with 10%
ketamine hydrochloride (0.1 ml/100 g/kg) and the same dose of 2%
xylazine. Next, a 6-cm long by 4-cm wide portion of the dorsolateral
region was shaved and disinfected with 4% iodine alcohol. A
circular skin wound measuring 2.5 cm in diameter was produced
with a circular metal instrument with a cutting metal blade (n°.4) in

its lower margin and the tissue was completely removed.

Semipermeable film dressing, LED therapy and

therapeutic ultrasound
Forty-eight hours after surgery, the skin was cleaned with

70% alcohol and the dressing was cut according to the size of the

wound (exceeding the wound margins) and applied by exerting

Acta Cirvrgica Brasileira - Vol. 29 (9) 2014 - 589



Nogueira VC et al.

gentle pressure on the film to guarantee perfect adhesion. For
removal of the dressing, one of its edges was raised and the hand
positioned under the dressing, carefully pulling it parallel to the
skin in the direction of the hairs.

The Tegaderm® dressing roll distributed by 3M do Brasil
Ltda. is a transparent, elastic, semipermeable, moisture-retaining
polyurethane film with tissue repair-stimulating properties that
accelerates skin wound healing. The dressing is indicated for
uninfected open skin wounds and should be changed at intervals
of seven days or according to the saturation of the material.

The LED used in the present study was produced by the
Institute of Research and Development (IP&D, Br) of UNIVAP,
which emits light in the spectral range of 640 £ 20 nm, with an
output power of 30 mW and a total dose of 16 J/cm?. The power of
the apparatus was determined in detail before use.

A clinical US apparatus (Sonopulse Special, Ibramed,
Br) with a fundamental frequency of 3 MHz, pulsed mode with a
power density of 0.5 W/cm?, pulse repetition frequency of 16 Hz
to 50%, effective radiating area of 3.5 cm?, and application time
of two minutes was used. Ultrasound was applied by the direct
coupling method with oscillatory movements. The instrument was
calibrated by the manufacturer before and after the experiment in
order to determine that there had been no loss of intensity during

the treatment of the experimental groups.

Macroscopic evaluation

Images were obtained with a digital camera (Nikon
Coolpix P100, with 10.3 megapixel resolution) for measurement
of the wound area and for macroscopic evaluation. The camera
was fixed to a tripod and kept at a constant 30-cm distance from
the surgical wound.

Macroscopic morphometry was performed using the
Imagel software in order to calculate the wound area at the
different time points. The initial area was compared to the final one
in all specimens of the different groups, with delimitation of the
periphery of the wound. Percent wound reduction was calculated
by the following formula:

Initial wound area — final wound area/initial wound area
x 100",

Histological and histomorphometric analysis
The animals were euthanized with a sodium pentobarbital

overdose (60 mg/kg). The anatomical specimen of interest was

removed with a sterile scalpel with a 1-cm margin around the wound
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and the fragments were identified, fixed in 10% formalin and routinely
processed for histology. Longitudinal 5-um histological sections
were obtained, stained with hematoxylin-eosin (HE) and Masson’s
trichrome (TM) and submitted to histological and morphometric
analysis based on digital images obtained from three regions of the
surgical wound (right margin, central region, and left margin) of each
animal using a Leica® DMLB2 optical system (x40).

Inflammatory cell counts were performed in an area
precisely delimited by the cell counter function of the Imagel
program'*. The histological parameters analyzed in HE-stained
slides were features related to progression of the wound repair
process, including morphological modifications in the epidermis
and dermis and the degree of epithelialization, cell content,
vascularization, fiber position, and collagen fiber grading and
remodeling. In view of the variation among groups and among
animals within each group, the results are reported as the mean for
each group. The qualitative analysis of the slides stained with TM
enabled verify grading and remodeling of collagen fibers

Statistical analysis

Data were analyzed statistically by ANOVA followed
by the Tukey test, which presents 95% reliability. The level of
significance was set at p<0.05. The analyses were carried out using
the GraphPad Prism 3.0 software (Windows platform).

Results

With respect to percent wound regression at seven days, a
significant difference in the wound diameter was observed between
the groups receiving the dressing and the other groups. The most
expressive results were observed for the LED + D (p<0.01) and US +
D (p<0.05) compared to control. At 14 days, a significant difference
was observed between the treated groups and control (p<0.001 for
LED + D, p<0.01 for US + D, and p<0.05 for LED). At 21 days, a
significant difference (p<0.001) was observed for the LED, LED +
D and US + D groups when compared to control. Intergroup analysis
revealed a significant difference (p<0.01) only for the period of 21
days between the US + D and LED groups (Figure 1).
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FIGURE 1 - Percentage of wound regression in the experimental groups on days 7, 14 and 21. The p values are indicated by (*p<0.05, **p<0.01, and

##5p<(.001).

Analysis of the inflammatory cell population at seven
days showed a reduction in the inflammatory infiltrate in the LED
+ D (p<0.01) and US + D groups (p<0.05) compared to control.
At 14 days, a significant difference (p<0.001) was observed
between the LED + D and control groups. In addition, although at
a lower significance level (p<0.01), the US + D and LED groups

presented a smaller number of inflammatory cells than the control
group. A significant reduction (p<0.001) in the inflammatory
cell population was observed after 21 days in all treated groups
compared to control animals. Intergroup comparison revealed a

significant difference (p<0.05) only at 7 days between the LED +
D and LED groups (Figure 2).
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FIGURE 2 - Number of inflammatory cells (20.000 um?) in the experimental groups on days 7, 14 and 21. The p values are indicated by (*p<0.05,

#%p<0.01, and ***p<0.001).
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Qualitative histological analysis based on the degree
of reepithelialization and the presence of inflammatory cells
revealed results similar to those of histomorphometric analysis.
The absence of reepithelialization associated with large numbers
of inflammatory cells was observed in the control group at seven
days. In contrast, the US + D and LED + D groups exhibited partial
reepithelialization with a less evident inflammatory infiltrate. The
LED group showed reepithelialization in the early stage and an
inflammatory infiltrate similar to that observed in the LED and
LED + D groups. Initial remodeling of newly formed collagen
fibers was observed in the LED, LED + D and US + D groups,
whereas remodeling was still absent in the control group. At 14
days, the control group still showed no reepithelialization and large
numbers of inflammatory cells, while partial reepithelialization,
more advanced remodeling and a more discrete inflammatory
infiltrate were observed in the remaining treated groups (LED,
LED + D, and US + D) compared to control. At 21 days, partial
reepithelialization and an abundant inflammatory infiltrate were
still seen in control specimens. In the LED group, reepithelialization
was still incomplete and a small number of inflammatory cells was
present. In contrast, the wound was fully reepithelialized in the
LED + D and US + D groups, remodeling was in an advanced
stage, and only some inflammatory cells were visible in the wound
area. In contrast, the process of collagen fiber remodeling was in
an intermediate stage in the control group.

The qualitative data regarding the presence of
inflammatory cells, fibroblasts, blood vessels, and collagen fiber
organization are shown in Figure 3. Intense neovascularization, a
reduced inflammatory infiltrate and fibroblast proliferation were
observed at 14 and 21 days in the treated groups compared to
control. Reepithelialization was minimal in the control specimens,
which exhibited large numbers of inflammatory cells, discrete
neovascularization, fibroblast proliferation, and disperse newly
formed fine collagen fibers.

Analysis qualitative of collagen fiber organization in
the treated groups revealed partial organization at 14 days and

complete organization at 21 days compared to control (Figure 4).
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wounds in the experimental groups at 7 (A), 14 (B) and 21 (C) days of
treatment (HE, x400). Group I: Control; group II: LED; group III: LED
+ dressing, and group IV: US + dressing. Yellow arrows: inflammatory
cells; red arrows: blood vessels; blue arrows: fibroblasts.

FIGURE 4 - Qualitative aspects of collagen fibers in the experimental
groups at 7(A), 14(B) and 21(C) days of treatment (Masson’s trichrome,
x400). Group I: Control; group II: LED; group III: LED + dressing, and
group IV: US + dressing.
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Discussion

Macroscopic, qualitative histological and
histomorphometric analyses permitted the assessment of the
progression of tissue repair and to relate it to the efficacy of the
treatments employed. In addition to satisfying the functional
objectives of the reconstructed part and the reduction in local
morbidity, it is necessary to pay attention to the cosmetic aspect of
second-intention healing, since treatment failure can have significant
deleterious effects on the esthetic result of skin repair'*'5.

At seven days after surgery when the tissue repair process
has reached the end of the inflammatory phase, a significant
difference in percent wound regression and a significant reduction in
the inflammatory infiltrate were only observed in animals receiving
the dressing (LED + D and US + D). More expressive results were
obtained for the LED + D group, demonstrating that phototherapy is
more effective than US during this phase, although there is consensus
that US can accelerate the inflammatory response, promoting the
release of histamine, macrophages and monocytes and increasing
collagen synthesis and fibroblast proliferation®®?.

In wound healing, cell proliferation characteristically
begins from the margins of the wound and extends to its center,
mainly because of the low availability of nutrients and oxygen
at this site. The energy provided by LED therapy alters this
condition, generating an environment that favors the formation of
new blood vessels and proliferation of fibroblasts, which produce
collagen fibers and extracellular matrix®'. Several studies have
demonstrated the action of LED during the early stages of tissue
repair in a variety of clinical situations by the early activation
of the inflammatory phase, significantly increasing fibroblast
proliferation and reducing the inflammatory infiltrate”!°.

Although the combination with a dressing is not
obligatory for LED therapy, the use of a film protects the wound
against infections. In addition, the present results showed that
application of a dressing accelerated the tissue repair process
since no significant difference was observed between the LED and
control groups, whereas a significant reduction in the inflammatory
process was observed in the LED + D compared to the LED
group. On the other hand, the combination of a dressing and US
is essential for application of the transducer to the wound bed.
It is therefore expected to combine the stimulating properties of
US and the positive effects of moisture-retaining dressings, which
would increase the velocity of tissue repair, with a positive impact
on the quality of the scar tissue®*'°.

At 14 days, a period corresponding to the phase of cell

proliferation, a significant difference in the percentage of wound

in the repair process of cutaneous lesions in rats

regression and asignificant reduction in the number of inflammatory
cells were observed in the treated groups compared to the control
group. In agreement with the present study, several investigations
have shown that LED therapy and therapeutic US stimulate the
healing of skin wounds by second intention, reducing the wound
area probably as a result of their action on myofibroblasts present
at the site of injury’®. More significant results were obtained for
LED therapy combined with a dressing, suggesting positive effects
of the dressing by maintaining the cellular microenvironment!!-*
associated with the early action of phototherapy which provides
the energy to accelerate wound healing’®.

The percentage of wound regression and the reduction in
the number of inflammatory cells at 21 days of treatment, a period
corresponding to the remodeling phase, were statistically significant
in all treated groups compared to control. This finding demonstrates
that the choice of any of the wound treatment methods studied
here is better than awaiting the natural course of wound repair.
The present results agree with literature reports showing that US
irradiation, especially low-intensity irradiation in the pulsed mode,
stimulates tissue repair and reduces the wound area, probably as a
result of the acceleration of angiogenesis, matrix deposition, wound
contraction, and reepithelization'®"”. In this respect, intergroup
analysis of wound regression at 21 days revealed more significant
results in the US + D group compared to the LED group.

The results of qualitative analysis of the specimens in
all experimental groups were similar to the histomorphometric
results, with the observation of a reduction in the inflammatory
process, fibroblast/collagen neoformation, and acceleration of
epidermal maturation in the treated groups. These results were
more expressive in the LED + D and US + D groups.

The results of qualitative analysis of collagen fiber
grading and remodeling by US irradiation and phototherapy
at seven days showed that both treatments favored collagen
synthesis, emphasizing the action of the dressing in the LED + D
and US + D groups due to its stimulating properties of acceleration
of reepithelization'* These findings agree with experimental
studies on the effects of therapeutic US and LED therapy, showing
that these treatments stimulate the inflammatory response and
consequent collagen synthesis!>16!%

At 14 days after surgery, a period corresponding to the
proliferative phase of wound healing, animals of the treated groups
exhibited a more discrete inflammatory infiltrate and remodeling
of collagen fibers, which were more numerous and mature and
were distributed homogenously and regularly. On the other
hand, animals of the control group were in the early stage of the

remodeling process. These findings demonstrate that therapeutic
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US and LED therapy stimulate fibroblast proliferation, in addition
to accelerating angiogenesis and increasing collagen secretion'”*:

Collagen content and tensile strength increase after 21
days of treatment's. At this time point, reepithelization was still not
complete in the LED group and the presence of small numbers of
inflammatory cells could not be noted. In contrast, in the LED +
D and US + D groups, remodeling was complete and the collagen
fibers were more differentiated, resembling normal fibers, a finding
suggesting a positive effect of the combination with a dressing!!-3.
Taken together, these results suggest that the combination of
LED therapy and therapeutic US with a semipermeable dressing
accelerates the healing of skin wounds in rats. However, further
studies are needed to identify the mechanism of action of this

combination in order to permit its clinical application.
Conclusions

The combination of a semi permeable dressing with
US or LED stimulates tissue repair by early activation of the
inflammatory phase and by acting since the onset of the process.
However, LED therapy combined with a dressing was more
effective to optimize the healing of skin wounds in rats, permitting
greater percent wound regression and a reduction in the number
of inflammatory cells and promoting fibroblast proliferation and
collagen fiber remodeling.
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