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ABSTRACT

Introduction: The skin flap is a surgical technique widely used in clinical practice and
generally presents postoperative complications. Therefore, elucidating interventions
that assist in tissue conservation is essential. Photobiomodulation (PBM) and
therapeutic ultrasound (TUS) are non-invasive alternatives for assisting tissue repair,
however, there is no consensus on the parameters used. Objective: To describe the
effectiveness of the different parameters of PBM and TUS in the viability of the
dorsal random pattern skin flap in mice. Methods: Fifty-five Swiss mice were used,
distributed in eleven groups. The animals were submitted to surgical technique
including revascularization of the area limited through a plastic barrier (polyester/
polyethylene) with the same dimension as the flap. PBM or TUS was applied for five
consecutive days. Photographic and thermographic recordings were performed with
Cyber-Shot DSC-P72 and FlirC2 cameras and analyzed using the Image]® and FLIR
Tools software, respectively. In the statistical analysis, the data were submitted to the
GraphPad Prism® 8.0 software. Analysis of variance (ANOVA Two-way) and Tukey’s
post-test was performed, considering 5% significance level. Results: Groups 5 (PBM
830 nm; 10 J/cm?) and 6 (TUS 3 MHz; 0.4 W/cm?) showed percentages of viable tissue
significantly higher on the third and fifth day of the experiment, when compared to
the other groups. The temperature decreased significantly in group 1 when compared
to the others in the postoperative period. Conclusion: The continuous TUS at 3 MHz
and PBM 830 nm were more effective in improving the viability of the dorsal random

pattern skin flap in mice.

Keywords: low-level light therapy; laser therapy; ultrasound therapy; dermatology;
surgery, plastic.

https://doi.org/10.7322/abcshs.2021013.2122 Page 1 of 6


https://doi.org/10.7322/abcshs.2021013.2122
https://doi.org/10.7322/abcshs.2021013.2122
https://doi.org/10.7322/abcshs.2021013.2122
mailto:alexandre.marcolino@ufsc.br

Fontanela et al.

ABCS Health Sci. 2022;47:€022227

INTRODUCTION

The skin flap is a surgical technique widely used in plastic sur-
gery for correction or reconstruction, which provides functional
and aesthetic improvement of traumatic or congenital defects'2

The random skin flap corresponds to a portion of tissue from
a donor anatomical area that is repositioned in a recipient area,
linked using a base, through which the circulation that supplies
it passes’.

The main cause of failure of the technique is believed to be va-
sospasm, which acutely interrupts blood flow in the microvascu-
lature and promotes an ischemia-reperfusion injury**. Once the
local blood flow is sufficient, especially in the distal part of the
flap, necrosis is no longer a problem®.

Thus, studies have been conducted aiming to increase
the local blood supply with non-invasive resources, such as
Photobiomodulation (PBM)%. The effects of PBM in the biologi-
cal system depend on the amount of energy absorbed and the rate
of energy deposition’ so that the wavelength used determines the
dispersion and absorption of light**°.

PBM presents several benefits in tissue repair, such as reduction
of the inflammatory process', stimulation of fibroblast prolifera-
tion, modulation of inflammatory response'?, modulation of the
inflammatory response, increased collagen deposition, and pro-
motion of neoangiogenesis'.

In the proliferative phase of tissue repair, the therapeutic ul-
trasound (TUS) is a resource that also presents positive effects'*.
It highlights early neovascularization, accelerated cellular me-
tabolism'®, extensibility, and collagen deposition', as factors that
may increase tissue survival rates'>”.

Because of its thermal and non-thermal effects, TUS has been
widely used in soft tissue injuries’. By delimiting the parameters
of the TUS mechanical waves, it is possible to target the effects on
superficial or deep tissue, without causing damage to the outer-
most part of the skin's.

The choice of TUS parameters in the present study was based
on previous literature, which showed positive effects on wound
healing in rats'*'¢. The PBM parameters were based on previous
studies”*'2, which used wavelengths of 660 and 830 nanometers.

However, despite the wide use of these resources in clinical
practice, there is little concise evidence about the parameters that
should be used”. Thus, this study aims to describe the effective-
ness of different parameters of PBM and TUS on the viability of

the dorsal random skin flap in mice.

METHODS
The study was carried out at the Animal Facility of the

Universidade Federal de Santa Catarina at the Ararangua Campus
- SC, with approval from the Ethics Committee on Animal Use of
the Universidade Federal de Santa Catarina (CEUA/UFSC) under

https://doi.org/10.7322/abcshs.2021013.2122

number 4017201117. The manuscript was described according to
the ARRIVE guidelines.

Sample size analysis was performed, totaling fifty-five animals.
The calculation was based on the outcome variable and calculated
using G*Power software, version 3.1, for F-tests, ANOVA with
repeated measures, intergroup interaction, F effect size 0.3, sig-
nificance level o 0.05, power (1-B) 0.80, for eleven groups with 3
repeated measures.

We used 55 adult male Swiss mice weighing between 40 and 65
grams. The animals were housed in isolated boxes, each containing
five animals, with water and feed available during the entire period of
the experiment. The animals were kept under a 12- hour light/dark
cycle, with controlled temperature (2242 °C) and humidity (60-80%).

The treatment was applied for five consecutive days, in which
all animals were subjected to the same stress, with the handgrip
technique. The animals did not present any kind of diseases before
the intervention. On the last day of the protocol, the animals were
euthanized with a high dose of anesthesia. The study remained

unchanged and there was no sample loss.

Surgical procedure

Sedation consisted of the intraperitoneal administration of ket-
amine hydrochloride (Agener Unido®) - 100 mg/Kg associated
with xylazine hydrochloride (Dopaser®) - 10 mg/Kg, followed by
trichotomy by manual traction.

The animals were positioned in ventral decubitus, with their
legs extended and their backs free on the surgical table. A 3.0 x
1.5 cm marking was made, totaling an area of 4.5 cm®. The upper
base of the flap was delimited by the lower angles of the scapulae,
so that the base remained intact, allowing the passage of oxygen
and nutrients to the flap.

The incision was made caudally, with depth reaching the deep
retinaculum of the skin. After the cut, the flap was folded in the
cranial direction for the positioning of a plastic barrier (polyester/
polyethylene) with the same dimensions as the flap, on the muscle
fascia, to limit vascularization only through the base of the flap.
The tissue was then repositioned in its origin and sutured with 4.0
monofilament nylon thread.

Experimental Groups

The animals were randomized into eleven experimental groups,
aiming at a comprehensive comparison of the resources used, with
different parameters. In group 1 (sham) the animals were submit-
ted to the surgical procedure, being handled under the same stress
as the other groups; however, the treatment was performed with
the device turned off, aiming only at the placebo effect. The other
groups received treatment according to the parameters presented
in Tables 1 and 2.

The form of application of the PBM was the same for all ex-
perimental groups, punctually with contact below the inferior
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Table 1: Photobiomodulation parameters used in the treatment of groups 2 to 5

830 660

Wavelength (nm) 660 830
Power (mW) 30 30 30 30
Output beam (cm2) 0.6 0.11 0.6 0.1
Power density (mW/cm?2) 16.66 19.44 16.66 19.44
Dose (J/cm2) 5 5 10 10
Time (s) 10 20 20 40
Energy per point (J) 0.3 0.6 0.6 1.2

Nm: nanometers; mW: megawatts; cm?: square centimeters; s: seconds; J/cm?: Joules per square centimeter; J: joules.

Table 2: Parameters of therapeutic ultrasound used in the treatment of groups 6 to 11.

growp | 6| 7 | 8 | o | 0 | __ 11 |

Type of treatment Continuous Pulsed
Type of treatment Circular Circular
Frequency (MHz) 3 3
Duty cycle (%) 100 20
FﬁSe repetition frequency ) 100
Intensity - STPA (W/cm?) 0.4 2
SATA (W/cm?) - 0,4
BNR 8:1 8:1

Continuous Pulsed Pulsed Pulsed
Circular Circular Stationary Stationary
1 1 1 3
100 20 20 20
- 100 100 100
0.4 2 0.4 0.4
- 0.4 0.08 0.08
8:1 8:1 8:1 8:1

MHz: megahertz; Hz: hertz; W/cm?2: watts per square centimeter; SATA - spatial average temporal average.

angles of the scapulae, with the pen positioned at 90 degrees.
The application of the TUS was performed through circular
movements in all groups except 10 and 11, which received the
application in a stationary manner over the region during the
period of energy emission.

Photobiomodulation therapy

We used the aluminum, gallium, indium, and phosphorus
(AlGalInP) diode laser, which emits a wavelength of 660 nm,
and the gallium aluminum arsenide diode laser (AsGaAl) with a
wavelength of 830 nm, with a continuous beam, from Ibramed®
Equipamentos Médicos, Sdo Paulo, Brazil. The parameters used
are shown in Table 1.

Therapeutic ultrasound

Table 2 shows the parameters used in the SONOPULSE device
(1 and 3 MHz, Ibramed®, Sao Paulo, Brazil). An effective radiation
area (ERA) of 1 cm was used?, and the TUS application time was

3 minutes for all groups.

Analysis Procedure

During the experiment, four evaluations of the macroscopic
viability area were performed, preoperatively (Figure 1A), imme-
diately postoperative (PO) (Figure 1B), on the third day (Figure
1C), and fifth day (Figure 1D).

The evaluations were performed through photographic re-
cords using a digital camera model “Cyber-Shot DSC-P72”
(Sony®, United States of America), 5.1 megapixels, zoom 3.2.
Subsequently, the images were analyzed using Image]® software.

https://doi.org/10.7322/abcshs.2021013.2122

Figure 1: Representation of the area of the dorsal random skin
flap on the different days of the experiment. A: Preoperative; B:
Postoperative; C: Third day; D: Fifth day.

The temperature was recorded using a FLIR C2 camera (FLIR®
Systems, Inc.), with a spectral range of 7.5-14 um, an accuracy
of £2°C or 2% at 25°C, and a 320x240 pixels display. The analy-
sis was then performed in FLIR Tools software (FLIR®, Systems,
Inc.), with the temperature scale maintained from 20 to 40 °C.

All portraits were taken by two independent raters, who were
previously trained by an experienced rater. The images were taken
in a standardized manner, with distance determined by a twenty-
centimeter-high stand.

Throughout the experiment, 440 photographic records were
made. The data were tabulated in Microsoft Excel 2019 and

checked for differences between raters.

Statistical Analysis

For statistical analysis, the data were submitted to GraphPad
Prism software® 8.0 (San Diego, CA, USA) to verify the existence
of statistically significant differences between the treatments and
parameters used. To analyze data normality the Shapiro-Wilk test
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was used, which verified the normal distribution of the sample.
For the comparative analysis of the data obtained, the Two-Way
ANOVA test was used, followed by Tukey’s post-test. All analyses

were performed with a 5% significance level.

RESULTS

In the macroscopic analysis of viability, in the immediate post-
operative period, all animals presented 100% of the viable area.
The results shown in Figure 2 showed significant differences on
the third day between group 10 when compared with G3, G8, G9;
group 6 when compared with G1, G2, G3, G8, G9; and group 5
when compared with G1, G2, G3, G8, G9.

On the fifth day of the experiment, the statistically significant
differences were between group 10 compared to G1; group 6 com-
pared to G1, G3, G8, G9, and G11; and group 5 compared to G3,
G8, and G9, as shown in Figure 2.

Among the groups submitted to PBM treatment, the best re-
sult was presented by G5, which was irradiated with PBM with a
wavelength of 830 nm and fluence of 10 J/cm?, showing approxi-
mately 85% viable tissue on the third day and 75% on the fifth day
of the study.

Regarding the groups undergoing treatment with TUS, the one
that showed the best result was G6, submitted to the frequency of
3 MHz, continuous mode, and intensity of 0.4 W/cm?, showing
a viable area of 84% on the third day and 86% on the fifth day.
Followed by group 10, which performed the treatment with the
frequency of 1 MHz, pulsed mode and intensity of 0.4 W/cm?,
and stationary application mode, expressing 78% and 66% of the
viable area on the third and fifth day, respectively.

1009~ - §e
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Area of Viability (%)

Figure 2: Graph of the mean and standard deviation of viable area.
Y-axis: viability area (%); x-axis: experimental groups subdivided
according to the collections. PO: postoperative; 3dd: third day; 5dd:
the fifth day of the experiment. § p<0.05 between G5 and G1, G2,
G3, G8, and G9; # p<0.05 between G6 and G1, G2, G3, G8, and
G9; * p<0.05 between G10 and G3, G8 and G9 on the third day of
evaluation. §§ p<0.05 between G5 and G3, G8 and G9; ## p<0.05
between G6 and G1, G3, G8, G9, and G11; ** p<0.05 between
G10 and G1.
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All necrotic areas were on the distal part of the skin flaps. None
of the groups presented 100% viability, nor 100% necrosis at the
end of the study.

Regarding the animals’ skin temperature, there was a significant
difference only in the PO between G1 when compared to G6, G7,
G9, G10, and G11, as shown in Figure 3. The other evaluations

showed no significant differences.

DISCUSSION

The findings show that the group subjected to PBM with a
wavelength of 830 nm and fluence of 10 J/cm?, showed a larger
viable area on the third day (85%). In contrast, the group that
showed the highest viability on the fifth day (86%), was the group
subjected to TUS, with a frequency of 3MHz, continuous mode,
and intensity of 0.4 W/cm”.

In this sense, PBM proved to be effective when applied in the
short term, corroborating the study of Pouremadi et al'®, which
concluded that PBM was significant in wound healing on the
third postoperative day. These results are related to the stimula-
tion of fibroblasts, keratinocytes, and the release of growth factors
provided by PBM.

Furthermore, PBM helps in angiogenesis, reducing the per-
centage of tissue necrosis and consequently increasing the viable
area®®21, The parameters used in G5 coincide with the literature,
which indicates the wavelength of 830 nm is more promising in
neoangiogenesis and tissue healing® when compared to 630 nm.

Other studies that also applied PBM with a wavelength of
830nm, showed similar results regarding the increase of viable
area” and reduction of necrotic areas of the skin flap’. The effects
of the 830nm wavelength may be related to its ability to penetrate

deeply into the tissues®.

Cutaneous Temperature (°C)
w
8

T T T T
Basal PO 3days 5days

Figure 3: Cutaneous temperature. PO: postoperative; 3days: third
day and 5days: the fifth day of the experiment. * p<0.05 between
G1 and G6, G7, G9, G10, and G11.
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The mechanisms associated with photobiotoactivation include
increased levels of ROS, increased production of adenosine tri-
phosphate (ATP), and release of nitric oxide (NO), as well as in-
creased fibroblast proliferation and consequently, increased col-
lagen and elastin production, deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA) synthesis®. In addition, the application
of PBM at a single point on the flap pedicle area appeared to be
superior to multiple irradiations.”.

When analyzing the viable area on the fifth day of the experi-
ment, TUS obtained more effective results. This finding may
be related to morphological changes such as increased epider-
mal cell proliferation and neoangiogenesis, induced by TUS*.
Furthermore, microflow generates forces and stresses that can
modify the normal configuration of cells and the position of in-
tra- and extracellular particles®-'.

The groups treated with TUS that presented the best percentag-
es of viable area (G6 and G10) were submitted to the same inten-
sity of 0.4 W/cm?, which may justify the similarity in the results of
these groups. Corroborating this finding, the study by Emsen*also
concluded that TUS may have intensity-related effects to achieve
greater skin flap survival.

The study by Yiicel et al.** analyzed the effect of TUS -assisted
preconditioning at a frequency of 3 MHz on ischemic skin flaps,
and obtained optimistic results in increased vascular endothelial
growth factor (VEGF) and angiogenesis. In addition, the litera-
ture evidence that TUS application normalizes microcirculation
increases fibroblast synthetic and proliferative activity and initi-
ates macrophage reaction showing early wound closure**.

The cavitation generated by TUS when applied in a stationary

manner may also have influenced tissue viability, considering that

this property increases vascular conductance, being able to re-
verse ischemia and increase muscle blood flow**.

In the evaluation of temperature, a marked reduction is noted
after surgical induction in all groups. Anesthesia inhibits several
regulatory mechanisms in the body, including those responsible
for normothermia® As a consequence, an internal redistribution
of heat occurs in an attempt to maintain thermal balance**justify-
ing this sudden drop in temperature.

The control of body temperature provides relevant data to
guide the treatment, being a clinical parameter of easy manipu-
lation and understanding®. The study by Stadler et al.*® demon-
strated that the application of PBM 830 nm in mice can induce
a slight temperature increase on the skin surface, corroborating
with the third evaluation of this study, where G5 showed the
highest temperature among the groups after the application of
PBM 830 nm.

Despite the absence of microscopic analysis, which is a limita-
tion of this study, the effects of TUS and MBP on the viability of
the skin tissue were evaluated to provide more knowledge about
the use of these resources for tissue repair. On the fifth day, the
effects of TUS in G6 and G10 reached better percentages when
compared to the groups that received PBM.

Therefore, it is evident that the best results of the groups treated
with TUS, the group submitted to the continuous mode and fre-
quency of 3 MHz circular application mode, presented a better
result. Among the animals that were treated with PBM, the group
with a wavelength of 830 nm showed fewer necrotic regions.
When comparing the electrophysical agents and their parameters,
we conclude that the TUS is effective in promoting greater viabil-
ity of the dorsal random skin flap in mice.
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