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Abstract

Background: Bariatric surgery is a successful method for weight loss in cases of morbid obesity; however, as
an invasive procedure, surgical complications may occur. Low-level laser therapy (LLLT) has been increas-
ingly used due to its effectiveness in controlling the inflammatory response, accelerating tissue repair, and
reducing pain. The objective of this study was to investigate photobiomodulation effects after bariatric surgery
and determine the laser actions during the inflammatory process, wound healing (clinical observation), and
analgesia. Methods: This study was a randomized, placebo-controlled, clinical trial in which 85 patients
underwent Roux en-Y gastric bypass (RYGB) by conventional techniques (i.e., open surgery). Patients were
divided into two groups and were irradiated with LLLT at 10 different points through the surgical scar in three
sessions of applications: the laser group (laser-on) consisted of 43 patients who received the CW diode laser
(MMOptics), while the placebo group (laser-off) consisted of 42 patients who were treated by the same
protocol but with a disabled laser. Temperature was measured by a digital thermometer in both groups, and pain
was evaluated using the visual analogue scale for pain. Biochemical analysis and digital images were used to
document and evaluate the inflammatory response as well as tissue repair process at the surgical wound site.
Results: Patients in the laser group demonstrated diminished wound temperature as erythrocyte sedimentation
rate (ESR) compared with the placebo group, indicating better inflammatory process control as well as im-
proved wound healing and reduced pain. Conclusions: LLLT applied with the described protocol led to a
decrease by biochemical markers and wound temperature compared with the placebo, which indicated that
LLLT was able to control the inflammatory process; in addition, seroma and pain were reduced and cica-
trization was improved by this preventive procedure.
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Introduction

Obesity is considered one of the most relevant public
health issues worldwide. The World Health Organiza-

tion estimates that a quarter of the global population has
become either overweight or obese.1 Bariatric surgery is used
as an adjuvant method for reducing the morbidity and mor-
tality related to these conditions. Despite the benefits of the
procedure, unexpected complications can potentially occur;
thus, the more that is known about how to handle such events,
the better patients will recover from bariatric surgery.

Low-level laser therapy (LLLT) acts through photo-
physical and chemical responses that promote biomodulation

effects in the treated tissues and cells. This photo-
biomodulation can cause two types of effects, that is, bios-
timulation and/or bioinhibition responses.2

Electromagnetic radiation interactions occur mostly in
unstable redox environments (typically in physiological
stress situations); these interactions stimulate photo-
acceptor molecules in the cellular membrane and in mi-
tochondrial receptors, thereby aiding injured tissue to
reach homeostasis.3,4

LLLT has been clinically applied to reduce edema by
modulating the inflammatory response; LLLT has been shown
to increase phagocytosis and collagen synthesis, reduce pain,
and promote tissue repair and re-epithelialization.5–7
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Goals

The goals of this study were to investigate responses to
LLLT applied in the early postoperative period in patients
who had undergone bariatric surgery, with a specific focus
on the short- and medium-term effects on inflammation and
cicatrization.

Methods

A randomized, placebo-controlled clinical trial was con-
ducted in 85 patients of both genders, ranging in age from
18 to 65 years. The patients were divided into two groups,
that is, the placebo and laser therapy groups. All patients
were admitted to the Hospital Complex of Mandaqui (São
Paulo, SP, Brazil) to undergo open gastroplasty and were
evaluated by anamnesis and physical examination.

LLLT was used in three sessions: immediately postoperative
(IPO) and on the first and seventh PO days. The laser device was
placed over the abdominal wound, with *1 cm spacing along
the perimeter. The CW diode laser (MMOptics) was applied
with the following parameters: k= 808 nm; fluence = 10 J/cm2;
power = 100 mW; intensity = 495 mW/cm2; time = 20 s per
point; E = 2 J; beam diameter = 0.5 cm; and spot area = 0.20 cm2.

Patient blood samples were analyzed for levels of inflam-
matory markers, including C-reactive protein, creatine kinase

(CK), lactate dehydrogenase (LDH), and erythrocyte sedi-
mentation rate (ESR), during the pre- and postoperative
periods. Temperature was also measured with a digital ther-
mometer (non-contact LCD IR laser infrared thermometer; it
measures temperature range from -50�C to 200�C with an
accuracy of –1�C) IPO and on the first and seventh PO days on
two sites, close to and 20 cm away from the surgical wound.
The patients were randomized as follows: an individual who
was blinded to the patients and the proposed treatment tossed a
fair coin in the air; depending on how the coin landed, 0 or 1
was corresponding to laser or placebo groups.

The visual analogue scale for pain was used to assess each
patient IPO (after recovering from anesthesia) and on the
first and second PO days; these assessments were conducted
by the same professional who was blinded to the randomi-
zation. The surgical wounds were assessed on the first and
seventh PO days for edema, erythema, and hematoma via
both clinical evaluation and digital photography. Follow-up
evaluations of the surgical scar for keloid formation, de-
hiscence, and seroma were performed before the laser was
applied IPO and on the 1st, 7th, and 30th PO days.

Results

From November 2014 to October 2015, 86 patients un-
derwent open bariatric surgery at the Bariatric Surgery
Reference Center at Mandaqui’s Complex Hospital. One
patient was withdrawn from study due to the development of
respiratory failure and coagulopathy during the postopera-
tive period, leaving 85 patients remaining in the study.

Out of these 85 patients, 78 (91.8%) were females aged
from 23 to 65 years (median, 44 – 10). In the laser group, 39
(90.7%) were females aged from 23 to 65 years (median,
44 – 10). In the placebo group, 39 (93%) were females aged
from 25 to 63 years (median, 44 – 10). The overall median
body mass index (BMI) was 46 – 4; the median BMI in the
laser and placebo groups was 46 – 4 and 46 – 5, respectively.

Table 1. Differences Between the Groups

Total Laser Placebo

Sex 0.9 – 0.2 39 Women (90.7%) 39 Women (93%)
Age 44 – 10 44 – 10 44 – 10
BMI 47 – 7 46 – 4 46 – 5
Diabetes 0.2 – 0.4 11 Patients (26%) 12 Patients (29%)
HAS 0.6 – 0.5 28 Patients (65.0%) 23 Patients (55%)
Sleep apnea 0.1 – 0.3 6 Patients (14%) 6 Patients (14%)
Smokers 0.6 – 0.2 3 Patients (7%) 2 Patients (5%)

BMI, body mass index; HAS, hypertension.

FIG. 1. In the inferential analysis
to assess the temperature, we ob-
served a significant p (*p < 0.05) in
scar in IPO, in first and seventh PO
days, and away from the scar
(20 cm away) in IPO and seventh
PO day, showing that there was a
decrease in temperature after laser
therapy, and in the first away from
the scar, there was a decrease in
temperature with laser therapy but
without statistical significance. The
first bars group is represented by
the placebo group and there is no
statistical difference in temperature
measurements either before or after
inferential temperature analysis.
However, when observing the sec-
ond bars group, the laser group, the
temperature measures drop. PO,
postoperative; IPO, immediately
postoperative.

BENEFICIAL EFFECTS OF APPLYING LOW-LEVEL LASER THERAPY 581



FIG. 2. Assessing the VAS, it
was observed that the p value was
statistically significant (*p < 0.05).
There was statistical difference in
VAS of pain in patients who re-
ceived laser therapy both in IPO
and in first and second PO days.
We observed a reduction of more
pronounced pain in the three pe-
riods of laser application com-
pared to the placebo group. The
bars group first represented the
placebo, observe the immediate
PO period, followed by the first
and second PO postoperatively.
We observed a decrease in pain in
both groups, which is natural in the
course of postoperative time, but
in the laser group, pain reduction
was more pronounced, which
facilitates the reduction of co-
morbidity such as atelectasis,
thrombosis, pulmonary embolism,
and infections. VAS, visual ana-
logue scale; PO, postoperative;
IPO, immediately postoperative.

FIG. 3. Biochemical anal-
ysis showed a decrease in
ESR, decreasing seroma and
hematoma. We can see the
difference with statistical sig-
nificance in ESR after laser
therapy compared to placebo,
represented by the asterisk.
Showing a reduction of the
inflammatory process. ESR,
erythrocyte sedimentation rate.
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Regarding the comorbidities in the laser group, 28 pa-
tients (65%) were hypertensive. In the placebo group, 23
(55%) were hypertensive, as shown in Table 1 with the
median and standard deviation.

In this study, a significant drop in temperature was ob-
served in patients where the LLLT was applied, when
compared to placebo, as shown in Fig. 1.

It was also observed that the patients’ pain in the laser
group was lower compared with the placebo group, as
shown in Fig. 2.

The biochemical analysis showed a reduction in the ESR
post-LLLT, and also a decline in complication rate in both
seroma and hematoma was observed (Fig. 3).

Also, the biochemical analysis presented an increase in
postoperative CK and LDH values in the laser therapy group,
which may have been related to faster muscle healing in this
group; however, these differences were not significant.

In relation to the clinical analysis, on the first PO day, a
decrease in erythema and edema was seen and documented
photographically; on the seventh PO day, a lack of erythema
was observed, as well as better coaptation edges and less
seroma production in patients in the laser group indicated
better wound healing (Fig. 4).

On the 30th PO day, the scars of patients who received
LLLT exhibited better visual aspects and were thinner; the
pain scores were also reduced in these patients. This anal-
ysis was performed by two plastic surgeons who were
blinded to the treatment groups (Fig. 5).

Discussion

According to the literature, LLLT has been increasingly
used due to its ability to control aspects of the inflammatory
response, including edema and pain, as well as to improve
the healing process; overall, LLLT is noninvasive, secure,
and painless. Most studies indicate that LLLT is effective,
but none has investigated the LLLT application in the di-
gestive tract or bariatric surgery.8–12

Bariatric surgery is considered the most successful method
for treating morbid obesity; however, in Brazil, it is still
performed to a large extent using open techniques, mainly in
the public health system (Sistema Unico de Saude—SUS). As
with any other major surgery, this procedure inherently has
the potential for complications, particularly considering the
presence of obesity; such complications include pain, seroma,
wound infection, and wound dehiscence, among others.13–15

In the tissue environment, vascular endothelial cell growth
and fibroplasia occur simultaneously during the formation of
granulation tissue in the first cicatrization phase, which is
stimulated mainly by macrophages and platelet elements.16

Laser therapy promotes wound healing and prevents the
formation of post-surgical dehiscence, resulting in faster
functional recovery. LLLT is capable of provoking biomo-
dulation processes depending on the optical properties of the

FIG. 4. We also noticed that
LLLT prevented seroma. In the
laser group, seroma occurred at
30% and in the placebo group, it
was 76%, showing statistical sig-
nificance with *p < 0.05. Regard-
ing infection, dehiscence, and
keloid, there was no statistical
significance. Shown clearly in the
graph, LLLT decreased seroma,
which facilitated management of
the patient after surgery. LLLT,
low-level laser therapy.

FIG. 5. Shows the difference of healing, edema, and hy-
peremia in different stages of placebo group compared to the
laser group, and we found the pictures of the IPO, and 7th and
30th PO days grouped in each figure. The first series of figures
are the placebo group and the second series of figures are the
laser group. Analyzing the figures is the clear observation of
less hyperemia, less swelling, and a better coaptation of the
wound edges in the laser group, with minor dehiscence and
seroma. IPO, immediately postoperative; PO, postoperative.
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target tissue and the laser parameters used (i.e., wavelength,
fluence, intensity, exposure time, and focal length). In fact,
LLLT can lead to biostimulation (healing) and/or bioinhi-
bition (pain) responses, consequently assisting the tissue
recovery and analgesic processes involved.5,17

In our study, the healing response seemed to be faster in the
laser group than in the placebo group. The observed reduction
in the ESR indicated that the LLLT was able to assist and
reduce the local edema and inflammatory processes.

It was observed a significant drop in temperature near the
wound, indicating also a reduction in local inflammation. The
biochemical analysis showed the increased CK and LDH
levels after the surgery, which were related to muscle injury.

The pain evaluation demonstrated a faster functional im-
provement in the laser group than in the placebo group. The
patients who were treated with LLLT were more amenable
to walking early during the IPO period, which reduced their
risk for morbidities.17

The effective reduction of seroma in patients who re-
ceived LLLT suggested that faster wound healing contrib-
uted to reduced infection and dehiscence rates. Compared to
the high incidence of seroma reported in the literature for
conventional open techniques, the decline in seroma with
LLLT was significant.13

It is important to point that this study has some limitations.
Brazil’s public health system still largely uses conventional
open methods for RYGB, and laparoscopic interventions are
mostly reserved for patients receiving private health services.
Despite these limitations, the use of LLLT as a tool for de-
creasing postoperative pain and seroma and promoting tissue
repair is promising in major surgery.18 An understanding of
the cellular/molecular mechanisms that control the surgical
wound healing induced by phototherapy will reveal new in-
sights and potential new targets for the development of in-
novative therapies. Aiding healing in this way could diminish
complication and pain, thereby facilitating the mobility of
patients after bariatric surgery.

Conclusions

This study demonstrates that LLLT was able to act as an
anti-inflammatory mediator in surgical wounds and exert an
analgesic effect postbariatric surgery. The results also in-
dicated that LLLT was able to prevent morbidity by re-
ducing seroma, consequently improving the cicatrization
process in patients after bariatric surgery and possibly in
other major surgeries. Thus, laser therapy also proved its
cost-effectiveness by reducing the average time of patients’
stay in hospital and improving their quality of life.
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