Published Clinical Trials of Red Low-Level Laser Therapy (LLLT) Applied to Reducing Post-Surgical Pain
Seven randomized controlled clinical trials published in scientific peer-reviewed journal publications were identified wherein low-level
laser therapy (LLLT) was evaluated for its therapeutic ability to reduce post- operative pain following surgical procedures. These studies
are summarized and presented in tabular summary format below (Table 1)

Table 1: Summary of Published Clinical Trials of LLLT Applied to Reducing Post-Surgical Pain

Primary outcome

Secondary outcome

Study Study Goal LG Study Design Study Arms Sample size Sampl.e . assessment and assessments & =i
Parameters characteristics - . outcomes
findings findings

1. Low-intensity To evaluate - 660nm RCT: - Active: laser Total: n=90 - Approx. two- -VAS N/A No adverse
Laser (660 NM) | the effect of -6J/cm? - randomized, application thirds male - McGill Pain events or other
has Analgesic LLLT on pain - double-blind, | immediately after | - Active: - average age Questionnaire safety events
Effects on after coronary - placebo surgery and on n=30 around 60 - each assessed reported.
Sternotomy of | artery bypass controlled post-operative - Placebo: years. during
Patients Who grafts. days2,4,6 &8at | n=30 hospitalization &

Underwent 8 points around - Control: one-month post-

Coronary the surgical n=30 operative.

Artery Bypass incisions, each

Grafts point approx. - Active group had

Fernandes et 2cm apart. statistically

al., 2017 - Placebo: Same significantly lower

Ann Card as active but laser VAS pain ratings, &

Anaesth. not turned on. sensory & effective

- Control: no laser scores on McGill on

days 6 and 8 post-
operative
compared with
control & placebo
groups (p<0.05).

2. The Effect of To investigate 1. 650nm Prospective, - Active: Laser Total: n=54 - Average age: | 1. VAS pain rating 1. Analgesic use No adverse
Low-Level the effects of 100mw double-blind, administered to 25 years. across the first 24 | across the first 24 events reported.
Laser on Post- LLLT on acute Continuous randomized, medial, lateral, - Active: post-operative post-operative
Operative Pain | pain after tibial | mode sham anterior, n=27 - Average BMI: hours. hours: It was
After Tibial fracture 3 J/cm? controlled posterior, and approx. 71 concluded that
Fracture surgery. Area: 1 cm? (control group popliteal aspects | -Control: kg/m? - VAS pain ratings - Opioid use across LLLT is a safe,
Surgery: A 30 s/point received of tibial fracture n=27 were statistically first 24 hours painless, & non-
Double-Blind 2.808nm inactive site plus 6-8 No statistically significant lower for | following surgery invasive means
Controlled 300mwW treatments). trigger points on significant active compared was statistically to reduce post-
Randomized Continuous Subjects muscles & differences in with sham subjects | significantly less for | operative pain
Clinical Trial mode matched surgical wounds demographics at each of 2, 4-, 8-, active compared and analgesic
Nesioonpour et 6 J/cm? between post-operatively. nor surgical 12-, & 24-hours with sham (p<0.01). | use that has
al. 2014 Area: 1 cm? groups with variables none of the side




points above and
below suture,
each 1cm?, 15
secs each. Total
dose per point of
4.5 J/cm?; Total
energy 27J.

Control: same but
device not turned
on.

each of 1-, 4-, 8-,
12-, 16- & 24-hours
post-surgery
(p<0.5).

first 24 hours
following surgery
was statistically
significantly less for
active compared
with sham group
(p<0.01).

- Time to first
request for
analgesic was
statistically
significant longer
for active than
sham group
(p<0.01).

Anest Pain 20 s/point respect to age, | - Sham: same as between post-surgery -effects of other
Med weight, and active, but treatment (p<0.5). means and is
height. device not turned groups. easily accepted
on. by patients.
X Primary outcome | Secondary outcome
Study Study Goal LB Study Design Study Arms Sample size Sampl.e . assessment and assessments & =i
Parameters characteristics . . outcomes
findings findings
. The Effect of To investigate 1. 650nm - Prospective, Active: Total: n=80 No statistically VAS pain rating 1. Analgesic doses No adverse
Low-Level the effects of 100mw - double-blind, | - Irradiation along significant across the first 24 taken across the events reported.
Laser on Post- LLL on acute 1J/cm? - randomized, incision site - Active: differences in post-operative first 24 post-
Operative Pain | pain after Area: 1 cm? - sham approx. 7-10 cm?, | n=40 demographics hours. operative hours. It was
After Elective elective 10 secs controlled total combined nor surgical 2. Time to first concluded that
Cesarean cesarean (inactive dose of 3 J/cm?; -Control: variables - VAS pain ratings request for LLLT is a good
Section section. 2.804nm treatments). total energy 21- n=40 between statistically analgesic. method to
Poursalehan et 200mwW 30.. treatment significantly lower reduce post-
al. 2018 2 J/cm? - Surrounding groups. for active - Average number operative pain
Anest Pain 10 secs tissue also compared with analgesic doses due to the fact
Med treated, 2 cm, 3 sham subjects at taken across the that it is a safe

and non-
invasive method
which is also
accepted by
patients.




Laser Surgery

normoglycemic
subgroups.

Device / Sample Primary outcome Secondary outcome Safety
Study Study Goal Study Design Study Arms Sample size . . assessment and assessment and outcomes
Parameters characteristics . T
findings findings
4.Low Level Laser | To evaluate LLLT: 660nm - prospective, - | 4 arms: Total: - Males and Pain during Pain during No adverse

and Light- the efficacy of | -2.4) double-blind, - n=120 females aged coughing according | coughing at one- events of side
Emitting Diode | LLLT and LED -6J/cm? randomized, - 1. LLLT 18-75 years to VAS and McGill month post- effects reported
Therapy for for reducing -0.04W sham and 2. LED 1. LLLT: n=40 | - BMI<29.9 Pain Questionnaire. | operative follow-up. | related to the
Pain Controlin | painin - Spot size: control design. | 3. Placebo 2. LED: kg/m?: application of
Hyperglycemic | hyperglycemic | 0.4cm? (sham) n=40 - hyperglycemic | LLLT & LED groups No pain reported by | LLLT or LED.
and and - 60 s/point 4. Control 3. Placebo: or both demonstrated | any subject in any
Normoglycemic | normoglycemic | - # spots: 8 n=40 normoglycemic. | statistically group at one-month | It was
Patients Who patients who - SAEF: 0.24 Each arm further 4. Control: significantly lower post-operative. concluded that
Underwent underwent divided into 2 =40 pain ratings on LLLT and LED
Coronary coronary LED: subgroups of both VAS and had similar
Bypass Surgery | bypass surgery | 640+20nm hyperglycemic McGill on post- analgesic effects
With Internal with internal -10.1) and operative days 6 & post-operatively
Mammary mammary -6J/cm? normoglycemic 8 compared with for
Artery Grafts: A | artery grafts. -0.07W according to their placebo and hyperglycemic
Randomized, - Spot pre-surgery control (p<0.05). and
Double-Blind size:1.77cm? fasting blood normoglycemic
Study With - 152 s/point glucose level. No differences patients and
Follow-Up - # spots: 8 found between both were
Lima et al. - SAEF: 1.06 LLLT and LED better than for
2016 groups or between the placebo and
Photomed. & hyperglycemic and control groups.




Device / Sample Primary outcome Secondary outcome Safety
Study Study Goal Study Design Study Arms Sample size . . assessment and assessment and outcomes
Parameters characteristics . T
findings findings
5.Low Level Laser | To evaluate 660 nm, 30mW | - prospective, - | 4 arms: Total: n=88 Females aged 1. Numeric Rating Global Change No side effects
Therapy the effect of randomized, - 18 to 39 years Scale (NRS) Perception Scale reported.
improves pain LLLT on 1. Experimental | double-blinded . Experimental Arm 1: n=22 | with score on 2. Algometry (GCPS).
in post- immediate treatment 1: | - sham & group 1 the Numeric It was
cesarean postpartum -4 J/cm? control. . Experimental Arm 2:n=22 | Rating Scale Recorded at 12-, Significant concluded that
section: a pain relief group 2 (NRS) 23 inthe | 20-24-, & 44-48- difference between | LLLT was
randomized during 2. Experimental . Placebo Arm 3:n=22 | immediate hours post-partum. | groups at 20-24 & effective in
clinical trial. cesarean treatment 2: (inactive laser) postpartum 44-48 hours relieving
Araujo et al. section. -2J/cm? . Control (no Arm 4:n=22 | stage of c- Significant postpartum surgical wound
2020. treatment) section. interaction (p<0.05). pain after c-
Lasers In 2 treatment between time vs. section and
Medical sessions: 12- & Group for NRS and seems to be a
Science 24-hours post- algometry good non-
partum. Laser (p<0.001) pharmacological

administered
perpendicular
to skin, non-
contactat1cm
intervals along
the length of
the incision.

No significant
differences
between laser
doses

resource for
pain
improvement
after c-section.




Device / Sample Primary outcome Secondary outcome Safety
Study Study Goal Study Design Study Arms Sample size . . assessment and assessment and outcomes
Parameters characteristics . T
findings findings

6. Effect of To evaluate Combination - prospective, 4 arms: Total: n=120 | 57% males Assessment of pain | N/A LLLT can be an
preoperative the effect of Laser: - randomized, aged 18 to 65 was made using the effective
ibuprofen in LLL irradiation - double- 1. Active 1: - Active 1: years. Heft Parker Pain alternative for
controlling and ibuprofen 1. 905 nm: blinded 400mg n=30 Survey at conventional
post- in reducing the -12-16mW | - control lbuprofen 1 treatment end and use of NSAIDs in
endodontic onset and 2. 875nm: group. hour pre- - Active 2: at 4-, 8-, 12-, 24-, & controlling
pain with and severity of - 60mwW procedure n=30 48-hours post- postendodontic
without LLLT in | post-operative | 3. 640 nm: 2. Active 2: LLLT operative. pain, thereby
single visit pain following -7mW after - Active 3: eliminating the
endodontics: A | single visit procedure for | n=30 Pain scores on the adverse effects
randomized endodontics. 3 mins. at Heft Parker Pain of such drugs on
clinical study. periapical - Control: Survey were patients.
Nabi et al. region on n=30 statistically
2018 buccal and significantly lower
Indian J Dent lingual aspect. for each of the 3
Res 3. Active 3: pre- active treatment

procedure
lbuprofen +
post-
procedure
LLLT.

4. Control: no
treatment.

groups compared
with control, with
the greatest
difference
occurring for
subjects receiving
both Ibuprofen and
LLLT.




Primary outcome

Secondary outcome

Safety

Study Study Goal L) Study Design Study Arms Sample size Sample assessment and assessment and IO
Parameters characteristics . T
findings findings
7.Therapeutic To evaluate Dentoflex® RCT: - Active: intra- Total: n=18: Males and - VAS pain - Use of rescue No adverse

Laser for pain the effect of Laser - randomized, operative laser + females aged 5- | assessment daily analgesics. events or other
relief after LLLT on pain - double-blind, | 24-hour post- - Active: n=9 | 15 years. for 7 days post- safety events
tonsillectomy after 685nm - control group | operative laser - Control: operative. - 45% of active reported.
Neiva et al tonsillectomy 50mwW n=9 subjects required at
2018 in children and | 4J/cm? - Control: - Median VAS least one dose of
Rev, paul adolescents. standard of care scores were analgesics on 1st
pediatr pain medication / statistically post-operative day

no intra-
operative laser

significantly lower
in active compared
with control on 1st
2nd 4th & 5th
(p<0.05) post-
operative days.

compared with
100% of placebo
subjects (p<0.01).
- Across first 7 post-
operative days,
active subjects
consumed a
statistically
significant lower
quantity of
analgesics
compared with
control (p<0.001)

The list of references of the above articles is listed below.
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2019 Oct 28. PMID: 31659541.

2. Fernandes GA, Araujo Junior RB, Lima AC, Gonzaga IC, de Oliveira RA, Nicolau RA. Low-intensity laser (660 NM) has analgesic
effects on sternotomy of patients who underwent coronary artery bypass grafts. Ann Card Anaesth. 2017 Jan-Mar;20(1):52-56. doi:
10.4103/0971-9784.197836. PMID: 28074796; PMCID: PMC5290696.
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de Oliveira, and Renata Amadei Nicolau. Low-Level Laser and Light-Emitting Diode Therapy for Pain Control in Hyperglycemic and
Normoglycemic Patients Who Underwent Coronary Bypass Surgery with Internal Mammary Artery Grafts: A Randomized, Double-
Blind Study with Follow-Up. Photomedicine and Laser Surgery. Jun 2016;34(6):244-251.http://doi.org/10.1089/pho.2015.4049.




. Nesioonpour S, Mokmeli S, Vojdani S, et al. The effect of low-level laser on postoperative pain
after tibial fracture surgery: a double-blind controlled randomized clinical trial. Anesth Pain Med.
2014;4(3):e17350. Published 2014 Jun 21. doi:10.5812/aapm.17350

. Poursalehan S, Nesioonpour S, Akhondzadeh R, Mokmeli S. The Effect of Low-Level Laser on
Postoperative Pain After Elective Cesarean Section. Anesth Pain Med. 2018;8(6):e84195.
Published 2018 Nov 20. doi:10.5812/aapm.84195

. Nabi S, Amin K, Masoodi A, Farooq R, Purra AR, Ahangar FA. Effect of preoperative ibuprofen in
controlling postendodontic pain with and without low-level laser therapy in single visit
endodontics: A randomized clinical study. Indian J Dent Res. 2018 Jan-Feb;29(1):46-50. doi:
10.4103/ijdr.IJDR_327_15. PMID: 29442086.

. Felipe Costa Neiva, Fernando Mirage J., VieiraClaudia Regina Figueiredo, Aldo Eden C.,
StammLuc Louis M., WeckxShirley Shizue N., Pignatari. Therapeutic laser for pain relief after
tonsillectomy. Rev. paul. pediatr. Sept 2010:28 (3): https://doi.org/10.1590/S0103-
05822010000300011

In summary, seven randomized controlled clinical trials published in scientific peer-reviewed
journal publications were identified wherein low-level laser therapy (LLLT) was evaluated for its
therapeutic ability to reduce post-operative pain following surgical procedures known to cause
worse post-operative pain in terms of intensity and duration than in the two existing Erchonia
post-operative trials of breast augmentation and liposuction surgery. These studies evaluated
post-surgical pain related to:

Coronary artery bypass graft surgery

Coronary bypass surgery with internal mammary artery grafts
Tibial fracture surgery

Cesarean section (2 studies)

Endodontic surgery

tonsillectomy



APPENDIX A: SUPPORTIVE LITERATURE SEARCH COMPLETE ARTICLES

Background: The mm of s shudy was to evalute the efficucy of low-level laser thempy
for seducng the acute pmn of sternotomy in patients who undenwent o coromary artery bypass
giuft (CABG) Methods: This study was conducted with ninety volunteers who electively submtted
to CABCL. The voluntears were randomly allocated into theee groups of equal size fr = 30} contral,
placebo, and laser (4 of 660 nm and spatial average energy fluency of 1.06 Jlem®) Pain when
conghing was assassed by u visial analog scale (VAS) and MeGill Pain Questionmiaire, sccording to
sensory, affective, svaluative, and miscellancous domatns. The patients were followed for 1 month
afler the surgery. Resultss The luser group had » greater deorease in pain with analogous results, as

indicated by both the VAS and the McGill questionmiire (P < 0.05) on sensory and nffective sooees,

on duys 6 and 8 postsurgery cormpared 1o the placebo and control groups. €

Lax o

Laser seems

10 be effective promotng pain reduction wfter coronary-wtenal bypass grafting,

Low-leve! laser therapy, myocardial ye

wiion

While the ratc of monalty from
cardiovascular  disease (CVD) has  been
decreasing over the last four decades in
Eurcpean and other developed countries,
CVD still causes the majority of deaths
in certain age groups ! In developmg
coumtries, such ns Braal, the maortality
rate of CVD) i comparable Lo that in
developed countnes. CVD is one of the
major causes of nontrsumatic death and
responsible for approximately 20% of all
deaths of individuals older than 30 years in
Brazil ¥ The last epidemivlogical study on
the subject revealed that 962931 individuals
older than 30 vears had died in 2009,
with CVD responsible for 95,449 deaths
and stroke for 97,860 deaths!™ Recently,
climeal and public hesith etforts 1o reduce
the impact of CVD have highlighted the
impontance of calculating the short-term
death nsk by examining trends in the
predicted  10-year risk for CVI with
algorithins derived from the Framirgham
Heart Smdy!* Furthermore, in many cases.
the disease severity may lend patents to
caronary artery bypass grafling (CABG)

The swgical procedure 18 complex
and most interventions need a stemnal

Thv1s an open acoess sty diseibuted under the terms of the
Creimme Commeoy Atribation HonCommerdnt-Shamdlée 10
Ueonss which Fows othess 10 (esin Iveeak, s Dol upon the
etk oo cutmirees ally o oyl wd the st is owdited and e
ot Ot g Boonsed woder the o ons

For repriens convtact: e primi s ednovecom
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longitudinal  incision, which can  cuuse
moderate to severc pamn postsurgery, as
well ns nonnegligaible incidence of chromie
pain, which can persist for more than
| year Pmn mtensity around the incision
hos been described us higher on the 7* day
postsurgery compared to | month after
hospital discharge. and 1t has significant
repercussions  on  functionality.  Adequate
analgesia after @ sternotomy  reduces
postoperative adverse events and improves
patient satisfaction and clinical cutcomes !

The analgesio effects of low-level laser
therapy (LLLT) have been vahdated both
i vitro and i vive. Possible mechanisms
of action include erdlorphin  secretion
stimulation,  reduction  of  interstitial
fluid at the site of inflammation with a
marked increase in  vasccilstation, and
improvement m local circulstion’ LLLT
also can sumulate immediate analgesin
to control neuropathic pain by releasing
local newrotransmitters such as serotonin,
promoting the release of endorphing
or mereasimg  mitachondrial — ATP
production, or through anti-inflammatory
effects ™™ Although many studies have been
performed to help wndersiand the analgesic
and tissue repar mechanisms of LLLTE®

| How to cite this article: [Fecnandesz GA, Araigo
Junior Bd, Lima AC, Genzaga 16, do Ofivesa AA,
b RA. Low: ity lasor (G800 NM) has
anulyenio offocts oo stomotomy of pationts who
undesaen coronsy sty Dygesn grafes. Ann Gaid
Anseath 2017,20.52-6,
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addrtional chimeal studies are necessary to better understand
those effects.

The am of this study was to evaluate the efficacy of LLLT
for reducing acute pain from stemotomy in patients who
underwent CABG

Methods

All of the individuals provided written, informed consent.
and their rights were protected. The protocol for this study
was approved by the Local Research Ethics Committee,
CAAE DI1270043.000-11, and  registered with  the
Braziltan Clinical Trial Registry and the Intermational
Clinical Trals Registry Platform of the World Health
Onganization undler RBR-38wgx6 amd Universal Trial
Number U1111-1128-9666, respectively,

This was @ mandomized. double-blind clinical  trial
containing both a placebo and 2 control proup, It was
carried out at Santa Mar Hospital that performs cardiac
surgery for the Brazilian public health system, in Teresina,
Piaui, Brazil All patients admitted to the hespital during
the study period were invited to participate if they had
indicated interest in having CABG and met the inclusion
eriteria The stly was condueted with nmety volunteers
who were randomly allocated into three groups of equal
size (n = 30): control. placebo. and laser groups.

Patents who underwent elective coronary artery bypass
argery with o longitudingl  stemotomy  incision  und
extracorporeal circuiation and patients batween ages 18 and
75 years and of both sexes who were hemodynamically
stable and had a body mass index (BMI) of less than
299 ko/m* were inchwled m the study Exclusion cnteria
consisted of previous thoracic surgery. emergency or
urgent coronaty artery bypass surgery. respiratery or renal
msufficiency after surgery, low cardiac output syndrome,
clinical complications that demanded changes in analgesic
protocels, and any other postsurpery complications. Patients
who could not be monitored during the 1* month afier the
operation were also excinded from the study,

The mandomizition and blinding procedures consisted of
simply drawing cards marked 1, 2, 3, or 4, where 1 meant
the control group, 2 meant the placebo group, and 4 meant
the laser group, whereas 3 meant that the indwidual should
be part of another group irradiated with light-emitting
dicde (LED), as part of secondary studics carried on by
research group!'” The drawing was performed dunng the
patient’s hospital sdmission, which always occurred at least
24 h before the surgery. The rescarchers were separated
into therapists and evaluators, The therapists were assistants
responsible for conducting the therapy and registering
the procedures, and the cvaluaters were responsible for
assessing the patients and thewr outcomes. Each patient
was identified by a code registered by one of the therapist
researchers; who ensured that the evaluating researchers
were blinded to the code until the final statistical analysss

Annals of Cardiac Anaesthesia | Vol 20 | Issue 1 | Jan-Mar-2017

ity laser (860 NM) has anadgesic sffects on stemotomy

was performed. The patients were blinded to the study by
the use of opaque gopeles duning the laser rradiation.

A preoperative assessment consisted of an explanation of
the procedures; inclusion and exclusion eriteria certification,
& clinical assessment, including lahoratory tsts: and group
drawing, The laser group was subjected to irradiation
mmediately after surgery und on subseguent days 2. 4, 6,
and 8. The irradiation was performed at spots alongside the
meision 2 om apart, perpenchoularly and in contact with the
skin. for a total of eight points. A translucent film protected
the probe. The equipment's charactenstics and irrachation
parameters are described in Table | The placebo group
was subjected to the laser spplication process but with
the cquipment turned off The comtrol group was only
subjected to the assessment protocols and the follow.up,
The outcome assessed was pain during the hospitalization
period and after the |* month postsurgery.,

The evalusting researchers participated m a traung program
for mira- and inter-examines agreement 1o cahbrate therr leve!
of concordance. Pain was assessed using an 11-point visual
analog scale (VAS) and the MeGill Pain Questionnaire from
day 2 to the 1" month pestsurgery. Patients were stimulated
to cough, and their fevel of pamn was recorded at that
moment. Coughing 15 mpartant for these patients because
they must be stimulated to keep their arways free from
obstructions, which helps prevent respiratory complications
n the postoperative period. The employed amalgesic protocol
was the one routinely set by the hospital, which consisted
of tramadol hydrochloride and  dipyrone  administered
mtravenously en a fixed 6-h schedule. Morphine sulfate
was administered on an as-needed basis, Those patients who
needed morphine were exchuded from the stady. The patients
were followed for | month after surgery; and their pain was
ulso evaluated during this peried

The results were evaluated using the software STATISTICA

7.0 StatSoft® (Dell Stanstiea  (Headquarters), Tulsa
Tabde 12 Parsmeters of the instrumenty tsod lTor

F— LA ! =

Parameters Values

Equipment Laser Hand MM Optics®

Energy density (3em’) 6

Energy () 24

Power (W) 004

Spot deatneter (¢m) 05

Spot size {em’) 04

Time of irradiation (5) o

Power density (Wiem?) 0.1

Treatment tune per point (s} 60

Number of spots 8

SAEF 024

Wavelength (rm) 660

SAEF = Power output » time freatment per poind = @;rmnlmm-
total treated arca. SAEF: Spatal average energy Hluency
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United States). Intergroup compansons were performed
by the Kruskal-Wallss test with multiple comparison by
Dunn’s test, All significance levels were set at P < (005,

Rosult

Ninety patients were subjected to the study, and their
anthropometric characteristics are described in Table 2. No
sipnificant differences m age. weight, height, or BMI were
found among the groups. According 1o preoperative clinical
registers, all participants were using anbhypertensive drugs
of different classes, such as thiazde churetics, calcim
channel blockers, angiotensin II receptor antagonists, and
beta-blockers. Control and placebo groups have also been
@ part of the study carried on by the same research group,
comparing the healing and analgesic effects of LED at 2
640 + 20 nm. previously published by de Olivewra et ol

Pain according 1o the sisuad annlog e

Figure 1 shows a significant decrease in the pain level for all
groups from the 1* 10 the 8" day and a complete absence of
pain perception after the 1Y month. Nevertheless, the laser
group experienced less pam on days 6 and 8 postsurgery
compared to the control and placebo groups, according to

PAIN ACCORDING TO VAS
o Mean and 2SE
am
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ity laser (860 NM) has anadgesic sffects on stemotomy

an intergroup Kruskal-Walls test with multiple comparison
by Dunn’s test (P < 0.05)

ding 1o the LeCall Pain Questionnsiire

Figure 2 shows pmn perception based on the MoGill Pam
Score. It 15 possible 10 note a significant decrease in the
pain level for all groups from the 17 to the §* day. but the
Taser group eéxperienced lower pain scores on days 6 and
8 postsurgery compared to the control and placebo groups
(P < 003),

Dixcu

Ninety individuals were included in the present study based
on the mclusion and exclusion criteria. Table 2 shows
the anthropelogical data of the participants. Variables
such as weight, height, and BMI presented no significant
differences among the groups. Regarding gender, males
had 2 umes preater prevalence, which comesponds to
eprdemiological statistics for CVD.!M

Cardiac  swgery  with  stenotomy  causes  acute  pain
immediately after surgery: A number of studies have suggested

Non
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Figute 1: Pain according to visual analog scale (mean £ standard error)

Figure 2: Pain according to MGl scors

| e iric ciaractenst

s (mcanssiandord devy

of parti I on)

Group
Control Placebo Laser

o n (%) MeantSD n (%) Mean=SD (%) MeaniSD
Gander

Female 11 (367} 10(33.3) 11(36.7)

Mals 19163.3) 20(06.7) 19(63.3)
Age 00.2+10 0088 60+8
Weight 6466410 633489 65 334:10.00
Height 1at).| 1at0 | 1.6040.07
BEMI 25.42+2.5 25233 25.55+3.04

EMI Body mass mdex
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that cardimc swgery patients have significant pam after surgery
i both the Intensive Care Unit and after their wansfer to
the floor This pain 1s bebieved 1o be caused by peripheral
mechanocecepeors  that  are  stimulated  during  swgical
procedures with sternal retraction. Most of the pein after a
sternotomy s caused by damage to the skin and subcutaneous
tssues, bone, and stemal cartilage ™ The principal thoracic
nerves providing sternum sensiivity are T2-T6 Intercostal
nerves anising from the thomcic nerve roots inmervate the
sterram, 1ibs, and swrounding subcutaneous tissue. The
pencardium 15 mnervated with pun fibers that ascend from
the phrenic nerve, vagus nerve. and sympathetic trunks !’

After CABG, patients experience considerable pain during
the critical postoperative period Cardiac postsurgery pain
can cause complications such a4 atelectasis, pneumonia,
and deep vein thrombosis because pam can Iimit a patient’s
ability to cough and mobilize cfficiently. Marcover, persistent
postoperative pain can have a negative psychological effect
and delay postoperative recovery!™' [n this study. pam
was assessed by the VAS and the MeGill questionnaire
for the first tume on the 2*' day after surgery. At this tume,
patients were conscious, extubated. breathing spentanecusly,
and, consequently, sble to ocooperate. The patients were
stimulated to cough, and their pain level was recorded. The
assessment was repeated every 2 days until the 1* day after
hospital discharge, on the 8% day postsurgery, and agamn at
the l-month postsurgety follow-up. Yorke ef ol studied
104 patients’ perceptions of pam after cardiac swgery
and reported that 46.1% of patients expertenced pain
with coughing, 26.5% with physical therapy, 32.4% with
self-moving, and 27.4% with movement assisted by nurses,
Lehtinen ef @l also testified that cough was the main
trigger for stemotomy pain after CABG. In their study with
113 patients. 78% mentioned pain when coughing as severe,

The VAS has been proven ta be ane of the most reliable
scales for the eveluation of pan intensity."” Although the
VAS 15 @ subjective method of pain assessment, it 15 one of
the best available options far pain studies '™ In Figure 1,
we can scc that all groups experienced a pain decrease
from the 2! day to the end of the 1" month postsurgery.
when patients: recorded a pain level of zero. On the
20 1o 4% days, all groups had similar pain perception,
Nevertheless, on the 6 day to 1* day after hospital
discharge {the 8* day postsurgery), we noticed that the pain
reduction was statistically greater m the laser group than in
the placebo or control groups (F < 0.05) when coughing.

Figure 2 shows a graph with pain perception sccording
o the MeGill Pam Questionnaire, This questionnaire was
developed by Melzack to assess the sensory, nffecrive, und
cvaluative dimensions of pain™ and it has been translated
nto Brazilian Portuguese and used to complement the
VAS.F2 This instrument has also been used to evaluate
pain after cardiac surgery ™7 According to the sensory
dimension, the laser group experienced a lower pain level
on days 6 and 8 postsurgery as cempared 10 the control and
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placebo groups. When assessed by the affective dmension.
the analgesic effect was observed on the 6 day. Evaluative
and  miscellancous  dimensions did not  present  any
significant difference among the groups in pain perceplion,
Sensory scorés arc comparable with those on the VAS:
assessment [Figure 1), revealing an analgesic effect on the
& and 8% days, However, the other dimensions were not
capable of detecting this effect, which could be explamed
by the fact that sensory words are easier for patients who
just underwent surgery 1o express, Yotke ef ol mentioned
that sensory expressions had been used to deseribe sugieal
pam, including words such as sharp, stabbing. aching, and
dull, and arc expressed more casily by patients: Pimenta
and Teixeira™" also mentioned that the sensory dimension
had & higher mpact en the MeGill guestionnaire on pam
assessment. This idea was reinforced by Gauthier of all™
when vahdating the Mc(ill Pan Questionnaire to assess
pain in younger and older people with cancer

Similarly. postoperative carchac surgical patients related
strong emctional components of pain, which could explain
why that dimension oould be considered more effective
for revaluating postsurgical pain. This fact has important
chnical implications. Patients are expected to ambulate and
participate in u physiotherapy regimen beginning the day
after sungery When pain 15 not properly managed, patients
may experience difficuitics in reaching the planned goals
of aare. Khoueiry ef all*) reperted that st bascline snd
| month postoperative, 98% of patients had some level of
amxiety. Those findings were also reported by Lima ef ol
and Karlekar ¢f al™! and could support the higher influence
of affective aspects on the MeGill scores when applied to
pestoperative cardisc patients.

A number of studies revesled that LLLT could affect pain
in multiple ways. de Jesus ef af* showed that in rais
vath partially mjured Achilles tendons, LLLT probably
maodulated the pro-inflammatory agents by reducing the
mtatleukin-1f  (IL-1p) and cyclooxygenase-2 (COX-2)
messenger RNA (mRNA) expressions and. consequently,
reducing the PGE2 levels. and also by reducing cell
mugration and the quantity of neutrophils, mast cells, and
macrophages i the injured tissue. Furthermore, comparable
results were found by Prantt ef 2/, who studied the
COX-2 mRNA expression in both subplantar and total
brain tissucs 10 a model of peripheral mflammation induced
by the odministmuion of camageenan. Souzd ef all
reported that LLLT could reduce oxidative stress hecause it
15 associated with a mechanism involving the upregulation
of histone deacetylase nctivity and the mhubition of
lipopolysaccharide/H.O,-induced mumor necrosis factor and
IL-8 secrction, which also results in pain control

Limitations

Ag “adequate pain relief” was not defined. most of the
patients remained with pain scores more than 5, up to day 6,
This is & gross lmitation, which we did not overcome.
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In this study. we mvestigated the efficiency of a therapy
protacol using LLLT (with 6 Jam®) for analgesic purposes
i patients who underwent CABG, With the presemt thempy
parameters, it may be assumed from our data that LLLT
was effective in controlling pain mainly after the 6% day
postsurgery. Further study is needed to clanfy the mflvence
of different protocols and doses and their effects on mediators
arxl cell types in inflammatory models and chnical trials
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easily accepted by patients.

Badkground: Postoperative pain is a common complication that can fead o serious morbidivies and defaved recovery.

Objectives: The aim of this studywas (o Investigate the effect of lowdevel laser therapy on acute pain after tibial fracnure surgery
Patients and Methods: [n this randomized clinkal trial, 54 patients who were candidate for tibial fracture surgery were allocated
randomly to twa groups, namely, control and laser the mpy Bath groupshad the same type of sumgery and technijue afspinal anesthesia,
Patients (11 1aser group were treated with the combination oftwo lasers (GaALAs 808 nim; and GaALIRE 650 im) at theend of the surgery
while control group received laser in turneoff mode with the same duration as laser group. Patients were evaluated for pain Intensity
according to the visual analogue scale (VAS}and the amount of analgesic use durtng 24 hours after surgeny

Results: [asergroup expersenced less paim intensiy in comparson with control group at sacond, fourth, eighth, 12, and 24 hoursafter
surgery (P value < 0.05), In additian, the amount of consumed epiotd In laser group was significantly less than the control group (5164 =

Condusions: Low Level Laser Therapy ts a proper method to reduce postoperative pain because It Is paintess, safe and nonimvasive and 1s

Keywords: Low Level Laser Therapy: Postoperative Paim, TIbial Fractu re Surgerny

1. Background

One of the undesirable complications of surgery Is
postoperative pain that may result in serious morbidi-
ties such as dgitation, hypertension, mood changing,
tachycardia (1, 2) and delay in wound healing, which can
be more dangerous in patients with the underlying dia-
betes mellitus, hypertension, or coronary heart diseases
as it may fead to fatal complications such as myocardial
infarction {3), There Is a high vaclability among patlents
intolerance to pain anddnalgesic requirement{4,5). The
studies show rhatabour 80% of parientsexperience a mild
o severe pain after surgery(6). There is inadequate post-
operative analgesia in the half of all surgeries,can lead to
chronic postoperative pain (7). Several methods are avail-
able to control and reduce postoperative pain such as ad-
ministering opioids or nonsteroidal anti-inflammatory
drugs (NSAIDs) and parientcontrolled analgesia (PCA).
It is established that the use of systemic opioids alone is
not sufficient to relieve postoperative pain. In most cases,

Inadequate dosage Is prescribed to reduce the side effects
of these drugs like respiratory depression and therefore,
the medication cannot control pain completely (8, o) An-
algesic nephroparhy, skin reactions, and pepric ulcersare
comman side effects of nonsteroidal anti-inflammatory
drugs {10) Recent advances present new technlques for
prevention and reduction of postoperative pain. One of
the most important technologies of this century is the
use of low-level laser (LLL} at the site of surgery (n).
Low-level laser therapy {1LLT] was pioneered ar Rus-
sia and Hungry and then at Europe in early 1966s. lrisa
branch of laser treatments that has been Indicated for
pain killing and wound healing. LLLT uses irradiation
with laserlight of low intensity and its effects are notdue
to producing heat. These nenthermael effects are thought
1o be mediared by a photochemical reaction thar alters
cell membrane permeability, leading to increased mRNA
synthesis and cell proliferation. FDA has started differ-
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ent investigations on LLLT for 15 years and has approved
the use of LLET for pain refief in carpal tunnel syndrome
since 2002 (11,12) Itis also used to rreat damages in sport
Injuries and musculoskeleral disorders. In addition, It
is-applicable to redure neck pain and the size of keloid
scarring after surgery {1347). Many studies found that
LLL stimulates respiratory cycle in mitochondria and
increases adenasine triphasphare molecules (14) that
reduce swelling and pain (16}, In another study, applying
LLL directiy over painful polnes was useful intreatment of
stress fracture of tibia (18), The LLL is effective in relieving
pain of knee osteparthritis, breast augmentation surgery,
and cryosurgical trearment of oral leukoplakia (15, 17)

2. Objectives

Fain following orrhopedic surgeries are considered
severe pain (19, 20); hence, the aim of this study was to
investigate the effect of LLLT on acute pain afier tbial
fracture surgery.

3. Patients and Methods

This double-blind, controlled, randomized clinical trial
was conducted in 2012-2013 in Imam Khomeini Hospital,
Ahvaz, Iran. The stady was approved by the Ethical Com-
mittee of Jundishapur University of Medical Sciences
(ETH-654) and all subjects signed an informed consent,

Sample size was calculated at 27 In each arm of the
study by setting the power at §0% and the values for Z,
w2y e P AN P; 211,96, 0.84, 068, and .32, respectively,
based on a previous observarional study {21). A toral of
54 patlents aged betwesn 18 and 50 years who were can-
didate fortiblal fracture surgery in American Soclety of
Anesthesiologists {(ASA) classes | and 1 were allocared
randomly to two equal groups of control and laser. All
subjects were matched based on their age, welght, and
height. Patients who were pregnant, those with malig-
nant tumors, benign tumors with malignant potential,
hypersensitivity to light, e.g. systemic Tnpus erythema-
1osus, coagulopathies, high intracranial pressure, histo-
ry of chronic pain, those on long-term opioids or other
painkillers during the preceding month, or those who
did not agree to undergo spinal anesthesia were exclud.
ed [rom the study.

Monitoring equipment inciuding electrocardiograph,
pulse oximeter and sphygmomanaomerer were e mployed
for all patlents; they recelved 10-mLKg intravenous lac-
tated Ringers' solution and then spinal anesthesia was
induced by the anesthesiologist:

Spinal anesthesia was induced by Intrathecal adminls-
trarion of 16-mg 0.5% bupivacaine (Astrazeneca Co., Gor-
many) with 25-gauge needle in the siting position and
withthe midline technique.

If the systolic blood pressure dropped by 20% ar more,
10-mg ephedane would be injected intravenously. Upon
achieving successful anesthesia, pull-tight elasticared
tourniquet was clamped and operation was started. The

surgical prucedures were similar in both groups and in-
cluded open reamed interlocking intramedullary nail-
ing, which is the preferred approach for trearment of
tibial shaft fractures(22).

After the surgery and before the final bandage In sur-
gery room, patients in laser group were treated with a
combination uf two lasers (Canadian Optic and Laser
Center, Canada): (1} GaALAs hand held probe (PLP-IR)
with wavelength of 804 nm and 300-mW output power
In continuous mode (dose, 6 Jfem?; area, 1 cm?; and time,
20 s{point); and (2) GaALInP hand held probe (PLP-R}
with wavelength of 650 nm and 100-mW output pow-
er in continuous maode, {(dose, 3 Jfem?; area, 1 em?; and
rime, 30 s/point).

Eachtibial fracture was radiated from four sides in con-
ract technique with the combination of IR and R faser in
dose of o |{rm* (medlal, lateral, anterior, and posterior
sides of fracture region and popliteal fossa). For radiation
on popliceal fossa, the legs were elevated by 607 angels,

In addition, trigger points on muscles and surgical
wounds (6-8 points) were radiated with 4 jfem? by the
same combination of IR and R lasers (ten secomds of each
laser; 3 Jfpoint IR plus i Jjpoint R laser).

For placebo laser treatment in control group, all those
sires were treated with the lasers in turn-off mode with
the same duration.

One of authors who was blind o the group allocation
and did net participate in the laser therapy proceduores,
filled out the questionnaires, The amount of total analge-
sic and pain intensity at second, fourtly, eighth,12', and
24" hours after the surgery were investigated in both
groups. Pain intensiry was quantified by visnal analogue
scale (VAS) In which zero and ten represented analgesia
and worst possible perception of pain, respectively. If VAS
was three or more, 0.3 mg/kg of perhidine was injected
intravenousiy

A1 Statistical Analysis

The data are presented as mean + standard deviation
{SD). We performed Shapiro-Wilk test and Levene's test
for normality of the data distribution and equality of
variances. Independent samples t test, repeated measure
test, and Bonferronl post hor test were used o analyze
the data. P Value of less than 0,05 was considered as sta-
tistically significant. Allthe startistical analyses were done
by SPSS software version 16 (SPSS Inc, Chicago, 1L, USA),

4, Results

Demographic characteristics of paricipants are pre-
sented in Tahie 1.Two groups were similar interms of age,
weight, height, and body mass index. There was no signif-
icant difference berween groups regarding the duration
of surgery (57.34 + 3.2 and 56.29 + 1.4 minutes in control
and laser groups, respectively; P = 0,71) and anesthesia
duration (84.14 1 5.21 and 85.02  4.98 rninutes in control
and laser groups, respectively; P= 0.69).

Anesth Pain Med. 2014;4(3 ).e17350
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Table 1. Demographic Characteristics of the Partic/pants 3P

Groups  Age,y  Weight,kg Height,em  BMI kg/m?
Control 2461+ 276 TR+ N34 16946 FFAUES Pa |
Group

LILT 25052268 722741080  IM25 70049102
Group

Pvalue 0.628 0777 0.701 0,706

3 Abbreviations: LLLT, low level laser therapy; and BMI, body mass index,
Dataane presestted as mean 1 50,
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Figure. Pain Intéensity at Different Hours in Il and Contral Groups

Table 2. Postoperative Pain Intensicy b
VAS at Different Time Polnts Alter Surgery
™y athy sthn ot 24thp

Control 6,64 4187 6504194 SHGELTL 4125005 4150153
Group

Groups

LT 546179 S3BLLES 442£172 3461116 LEBL136
Group
Pvalue 0.0% 0041 0.0 0,006 .o

A Abbreviations; LLLT, low-level laser therapy: and VAS, visuat analogusscale.
Data are presented as maan £ 51,

Based on VAS, mean scores of pain intensity afier opera-
tion in different periods are presented in Table 2, Pain
reduced considerably at second, fourth, eightly, 12%, and
24'™ hours after surgery in laser group in comparison
with the control group. Although there were no signifi-
cant differences in pain intensity berween the second
and fourrh, the fourth and eighth, the eighth and 12 as
well as the 12'M and 24™ hours in each group (P> 0.999,
P = 0110, P= 0,681, and P > 0.999 in control group; P >
0,999, P = 0.099, P= 0,097, and P > 0.999 In Jaser group,
respectively), there were significant differences between
the second and eighth, the second and 12, the second
and 24'M, the fourth and 129, the fourth and 2a'h, as well
as the eighth and 24" in each group (P < 0,001, P=0.010,
P < 0.001, P = 0.009, P < n.001, and P = 0.002 in control
group; P< 0.0, P=0.002,P<0.00LP =0.002,P <0.001,
and P<0.0011n lase group, respectively, Figure1).

The mean of total amount of analgesic {pethidine) used
in laser group was significantly less than control group.

Anesth Pain Med. 2014;4(3)17350

The mean of total amount of analgesic was 51.62 + 29.52
and 89.28 + 15.54 mgin laser and control groups, respec-
tively (P =0.008),

5. Discussion

Pain as a stressor, stimulates the physiolegical and psy-
chological responses. Its outcomes have a direct effect on
the postoperative complications, recovery time, and pa-
tient's satisfaction with the health system. The aim of this
study was to Investigate the etlect of [LL with the wave-
lengths 550 and 808 nm on pain after tibial fracture sur-
gery The results of this study showed that pain reduction
was significant at the second, fourth, eighth, 12", and 24™
hours afrer surgery (P Value < 0.05). Similarly, Moore et al
showed that low level galllum-aluminume-arsenide laser for
four to six minuces at the end of the cholecystectomy had
no significant effect on pain reduction at the first and the
fourth hours after surgery; however, the effect was signifi-
cant at the eighth, 12, 24™, and 48'™ hours after surgery
{21} Hegedus et al. reported that the use of LLL (wavelength,
830 nm; continuous wave; and power, 50 mW) in patients
with knee ostecarthriris resulted in pain reduction and im-
provement in joint movement (15}, Jackson et al. found that
laser irradiation with wavelength of 630 to 640 nm at the
beginning and at the end of breast augmentation surgery
reduced the postoperative pain {23). Moreaver, Ribeiro er
al reported that AsGaAl laser (650 nm) could decrease the
pain as well as postoperative recurrence rare In patients
withoral leukoplakia {17).

The results of our study showed the medn total amount
of analgesic use in laser group was significanty lower
than the control group (P < 0.03). This finding is consis-
tent with the findings of other researchers who reported
tharL1LT could decrease pain during and afterthe surgery
and had a positive effect on wound healing and edema
{12), LLLT is used In muscular farlgue {24), wound healing,
and pain reduction in dental procedures in patients with
and without diabetes (25-27). The researches showed that
LLL could cause analgesia by reducing prostaglandin E2
(28, 29), raising endorphin level, and increasing urinary
excretion of serotonin, the pain receptors stimuli. LLIT
also has a negative effect on pain neurotransmitters and
prevents accumulation of acetylcholine, a pain stimulus
in the receptors (30)

The results of this study showed that the combination
of lasertherapy and analgesic medications had better ef-
fectduring the 24 hours of recovery after the surgery La-
ser radiarion ar wavelengrhs of 650 and 808 nm {R and IR
laser) can decrease postoperative pain and analgesic use
In postoperative period. [LLT does not have side effects
like respiratory depression. skin reaction, and analge-
sic nephropathy that are seen with other methods. 1t {s
recammended to perform more studies concerning the
applications of LLLT in anesthesia field as it is a noninva-
sive, safe, and acceprable analgesic method in patients in
[ECOVETY OF SUTgery room.
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Abstract

plications and delayed recovery for patients.

Background: Postoperative pain is one ol the major concerns about a cesarean In pregnant women that can lead to serfous comi-

Objectives: The objactive Is o invest gate the effectof Jow power Laser on acute paln alter elecuve cesarean.

Methods: In this randomized, double-blind clinical trial, 80 candidates for an elective cesarean were divided randomly into two
groups, control and laser. The type of surgery was the same for both groups, which contained the spinal anesthesta technigue.
Al the end of surgery, the surgleal Incsion tn patents who were teated with laser {GaAlAs 304 nm and Gaallnp: 650 nm}) was
Irvadiated by laser. The control group also received laser off by the sane method. Patlents were monitored for 24 hours to assess the
severity of postoperative pain by VAS, the first request for analgesic and the total consumption of analgesic.

Results: The results demonstrated significant reduction of pain in the laser group L 4. #, 12, 16, 24 hours after surgery, compared
with the control group (P value < 0.05). Additionally, the average of total received analgesic in the group laser was less than the
controls (F value = 0.006), The first request for analgesic in the laser received group was significantly longer than the controls {#
value=0.005)

Conclusions: Low power laser therapy is agood method to reduce postoperative pain due to the fact thatitis asafe and non-invasive

method which is also accepted by patients,

Kewwvords: Low Level Laser, Pastoperative Pain, Cesarean

1. Background

Postoperative pain Isaneof the majorconcerns regard-
ing acesarean for pregnant women (1). Inaddition to devel-
oping the fear in patients o consent the surgery, pain also
impacts their spirits adversely (2},

The pain after cesarean delivery affects the mother's
abiliry to feed and care for the baby, which limits her abili-
tles, Since the risk of thromboembolism increases during
the pregnancy, lack of mobility, due to pain, increases rhe
possibility of thromboembalism for them. Chronic pain is
known as a common complication after the cesarean sec-
tlon; however, studies have shown that 12.3% of patientsex-
perience palnsix months after a cesarean, Experience of se-
vere acute pain, especially during the first 24 hours aftera
cesarean, can be the cause of persistent pain and postpar-
i depression at eight weeks after that{3).

Therefore, optimal perfoperative pain management s
of utmost importance and contributes ro greater patient

satisfaction, fewer adverse events, shorter hospital stays,
and reduction in health care costs (4)

Currently, there are several methods to relieve pain af
tercesarean. The most common method of analgesics ad-
ministration after surgery is applying a multi-modal ap-
proachusing opieidsand nonesteroidal anti-inflammarory
drugs, however, the use of opiates has side effects such
as respiratery depression, nausea and vomiting, urinary
retention and constipation. In addition, Intrathecal or
epidural injection of oploids, acupuncture, and patient
conrrolled analgesia have been used o relieve pain after
the surgery(5,6).

Inthe present cenury, laser irradiation on the surgical
field is one of the methods, which is used to prevent and
reduce post-operarive pain {7).

Lowe level laser therapy{LLLT) was approved bythe Food
and Drug Administration (FDA} for the treatment of pain
In2002 (8). Low level laser therapy is a treatment methad,
which uses the low intensity light in the range of 540 -830

Cogyright € 2018, Authoe{s) This iz an open-acesss article dizmibuted under the termsof the Creatiye Cormmians Attribotiza-NonC ammerclal 4.0 Interma nonal leense
[Rmpilferestivecammorsaog)lloenses by ne'4 4f) which permi s copy and redizm bate the macerial fustin noncormmmencial nsages, provided the orfginal ®ork 1 property
citect
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nm.

Light emitted by the laser does nat cause heat gener-
ation and is used to treat pain and wound healing. Ther-
apeutic effects of this method are achieved by the photo-
chemical reactions, which lead to change in the parmeabil-
ity of cell membrane, increase the mRNA synthesis, and
alse raise the cell proliferation (9. LLLT shows the great
ast potential to prevent tissue death and stimulates tis-
sue regeneration in a wide range of diseases in neurol-
ogy{10), ophthalmology (11}, cardiology{12), and atorhino-
laryngology (13). Many studies have found that low level
laser can stimulate the respiratory cycle in the mitochon-
dria and induces the production of adenosine wiphos-
phate (ATPR), whidch further reduces pain and edema (14,
15). LLLT has been effective to reduce the pain, inflimma-
tion, and edema for orthopedic injuries and degenerative
diseases, for the treatment of sport injuries and muscu-
loskeletal diseases{16.17}, for reduding postoperative pain
after tibial fracture operation {18}, for reducing the pain al-
tersurgeryof Breastaugmentation (), for reduction of the
size of keloid scar(15), and ako for prevenrion of oral mu-
cositls after cancer treatment{19}.

The purpose of this study was to evaluate the effect
of low level laser on postoperative pain after elective cae-
sarean section.

2. Methods

This study was a prospective, doubleblind clinical
trial that was conducted during the period of 2014 - 2013,
Groups of patients were selected among the admitted pa-
tients for elective cesarean from Imam Khomeini hospital
in Ahvaz, Iran. Setting the power at 80% and the values
for e, @, Zex, and ZF at 005, 0.2, 1.96, and 0.84, respec
tvely, the sample size was calculated ro include 40 sub
jects in each of the case and contrel groups. After approval
of the Ethics Committee of Ahvaz Jundishapur University
of Medical Sciences (ajums.recl392.40} and written con-
sent was taken from 80 pregnant women between 40 - 18
years, womenwith their first or second pregnancy and the
American Society of Anesthesiologists {ASA) dlasses | and
Il were candidates for elective cesarean and were selected
as the inclusion criteria of study. The subjects were ran-
domly divided into two groups of 40 individuals for laser
and controlled groups through a computer - generated list
of random numbers. The exclusion criteria of the study in-
cluded individuals determined as the patients with previ-
ous classical incision, malignancy, benign tumors with the
possibility to become malignant, sensitivity to light such
as lupus, history of epilepsy or seizure, the patient’s re-
fusal of spinal anesthesia, elevated 1CP, coagulopathy, in-
fection of the skin or soft tissue around the insertion of

td

the needle, and peripheral neuropathy of lower limb. Af
ter arriving to the operating room, patients received 10
mlJkg Ringer’s lactate solution. Moenitering equipment
employed were electrocardiogram, puise oximetry, and
sphygmomanometer; spinal anesthesia was done with 12
mg bupivacaine 0.5% {Astrazeneca Co. Germany) in the sit
ting position at the L4 - 15 space with midline technique.
After ensuring the neuroxial block with the lack of sense
withthetip of aneedle atdermarome T4, the patienrs were
operated as by Ffannenstiel incision.

During operation, at 5 minuteintervals, systolic and di
astolic blood pressure, oxygen saturation, and heart rate
were monitored.

The treatment were done in the surgery room after the
end of surgery and before the bandage. Laser group was
treated with the combination of IR and red lasers {PLI'IR
808 nm - 200 mW, PLP-R 650 nm - 100 mW)., For the con
trol group, lasers were set to *off” duning the treatment as
placebo. Lasers were designed and manufactured by Cana
dian optic and laser center(COLCenter). The powerdensity
for red laser was 1 Wjcm?® and for IR laser was 0.2 Wjen?
(Figuresland 2).

The incisions were treated by the red laser, | [jem? for
10 saconds, and IR Jaser; 2 |jemy’ for 10 seconds. The total
combination dose was 2 Jfem’ (1] Red 4+ 1] IR) en the surgi
cal suture. The size of the incisions was between 7- 10 cm”®,
therefore, thetotal energy was between 21 - 30 |, depending
on the size of the inclsion line.

Thesurrounding tissuewas reated with thesame com-
bination of lasers with the interval of 2 cm, three points
ahove and three points below the suture and each point’s
areawas equal1 e, Bach point was treated for 15 seconds
by Red and IR. The total dose for each pointsvas 4.5 [fom® {2

+ 3 )/ point Red + IR on the incision lina

+ 45 )/ point Red + IR

FRure 1. The polies 4t BGatons 1r7ad Wi L petiecss
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Figure X, Laser vadiatlon 1o surgicat site

| IR+15 | Red), and the total energy was 27 .

The partients and anesthesia resident who complered
the questionnaires were blinded to the patient groups and
did nor know the study groups. Only the operator of the
LLL was aware of the study group. Considering the end of
anesthesia, as the onset of pain through Visual Analogue
Scale (VAS), a measure, which is considered the least pain
equal to zero and the worst imaginable pain of 10, were ex-
amined ar1, 4, 8,12, 16, and 24 hours and they recelved in-
travenous Pethidine 0.3 mg/kg inthe presence of pain with
VAS equal to three or greater than that, The severity of post-
operative pain, first request of tranquilizer, and toral con-
sumed Pethidine after 24 hours were recorded in the ques-
tlonnaire by the assistant of anesthesia who didn't know
about patient groups. Side effectsincluding nausea, vomit-
Ing, dizziness, and hypotension were also studied at stated
hours.

2., Statistical Methods

Data were reported as the mean - standard deviation
(SD). In order to compare the groups after analyzing the
normal distribution and homogenelty of variances, the In-
dependent sample [-test, repeated measure test, and Bon-
ferroni post hoc test were applied. Significant level of data
was considered as P< 0.05. Statistical analyses were per-
formed using SPSS software (version 16).

3. Results

Inthis study, 80 patients were divided into two groups
of taser and control. According to the results in Table 1,
the twoe groups were similar in terms of demographicchar
acreristics (age, welghr, and height), and the durarion of
surgery (46,7 & 3.4 and 47.7 £ 5.59 minutes; P = 0,71} did
notdlffer significantly from each other.

Anesth Pain Med. 2018; 8{6 :€84195,

Table . Dewnygraphic (aractenstesal the Pasticipants™ "

Lroup Age.v Welght, kg Helght, cm
Control group HB03 L7 M55 e 13806 L .06
taser group PEXES B LR S HUS £ R
Pyalue 2662 0478 DAL

* Walies are expressed as mean -+ 5T
"< 0.05 shows sigmilicant defference between groups.

Postoperative pain severity was achieved by VAS scores
based on criterta at different periods in Table 2. Due to
the results, post-operative pain severity decreased signifi-
cantly in the laser group based on the VAS criteria at 4, 6, 8.
12,16, and 24 hours after the operation (P < 0.05).

According to the results of Table 3, the laser group
needed the tranquilizer later than the control; there was
a significant difference between two groups(P < 0.005),

Based on the results of Table 4, the average of rotal tran-
quilizer{analgesic)inthegroup receiving the lasar was sig-
nificantly less than the control group (P=0.006).

The side effects of nausea, vomiting, hypotension, and
dizziness weren't also observed in any of the two groups.

4. Discussion

Inthis study, the effect of GaAlAs laser, with wavelength
of 804 nm and GaAllnp with wave length of 650 nm were
examined on the post-operative pain of cesarean. The re-
sults showed a significant reduction of pain inthe1, 4, 8,
12,16 and 24 hours after the operation.

In the research of Moor and colleagues GaAlAs laser
with wavelength of 830 nm for 6 - 8 minutes after the op-
eration of cholecystochetomy reduced the pain after 8,12,
24, and 48 hours of the operation significantly; however,
it wasn't significant after one and four hours (20}, In the
research of Kreisler and colleagues, in 2004 on 52 parients
who were treated by endodontic surgery, it was found eut
that GaAlAs laser, with the wavelength of 809 nm, reduced
the pain in the place of surgery the after first 7days of oper-
ation, however, the pain reduction was significantonly one
day afterthesurgery (Pvalue =0,04 )while pain reduced in
next days, however, the difference wasn't significant(21),

Bjordal and colleagues reported in 2008 that low
power laser irradiation GaAlAS. with the dose of 904 nm to
the lateral elbow tendon directly, reduced the painand im-
proves the ability to move patients clearly (22). Hegadus
and colleagues, In 2009, reported that laser irradiation
(wavelength 830 nm; continuous wave; and power, 50 mwW)
in parients with osteoarthrirls of the knee led to reduce
pain and improve joint movement (16} Jackson and col-
leagues, in 2009, using the low power laser with 360 - 640
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Tahde 2. Formperatise Paim Iorencity™”

VAS at Different Thoe Poing Ater Surgesy

- o 41 £l (52 1) wh au
Control group SN 4103 ma2d L3 5604108 A424 163 4a41n 4004188
lasergroup COVE FHL B R+ S RS o S K ) PRE KT TS Er = 22 I T E S T3
Fralue ol .05 oy 006 0,041 oS

*Valu e are expressed a1 mean == 50
1 signtficane diBsrencs bermeengroups (e 0.08)

Tabde 3 First Analgesic Request Time

Lroup First Analgesic Request Time, min
Control group AL L)
lasergroap AES LSS

Falue oL

" yali &5 a7e espressed armean 4 50
" Sgnificant diference betweengroups (P < 0.05)

Table 4. Tocal Used Dozage of Anadgeck:®!

Group Total Used Dosage of Amlgesic, mg
Comrol group WITE

Laser group 5781 22557

Pyl 0006

$Values are paprassed 33 mesn 450
" Signi ficent dIMkreres betvergToops (F< 0. 053

nm wavelengths for four minutes at the initiation and the
endofbreastaugmentationoperation and its repetition 24
hours and one week after by the same protocoland follow
up of patients after 7,14, 41, and 24 houts, detaonstrated
that VAS level reduced ar the mentioned times, however,
the differences were significant only in the first 24 hours
rather than control group (P value = c.o 1), The analgesics
used in the first 24 hours and one week later was signifi-
canly reduced tn baser group (s}

Ribelroetal. in201, reported that using a GaAlAS laser
with a wavelength of 660 nm reduced the postoperative
pain In patients with oral leukoplakia and the recurrence
rate after surgery was lower in the group receiving laser
compared o controls (23). o one study, in 2014, using
GaAlAs laser with wavelengeh of 808 nm and GaAllnp laser
with wavelength of 650 1, demonstrated significant re-
duction of postoperative pain after Tibial fracture surgery
2L 2,4, 8,12, and 24 hours after surgery (18).

The results also showed that the first request time of
analgeslc, in the group who underwent laser was signifi-
cantly longer than the controi group (P < = 0,05).

Additonally.the average of total analgesic inthe group

receiving the faser was significantly lower than the control
group (P < 0.05}

These finding are marched wirh the resules of studies
that suggest using the ILLT, which reduces the consump-
tlon af analgesics at the postoperative perod, reduces the
edema and inflammation after surgery, and speeds up the
healing process (24) Researches show that LLIT can cause
the painless by reducing the PGE2 (21, 22), preventing the
production of stimulating compounds and adjusting the
inflammarion process, stimulating the release of exoge-
nous endorphin, and altering excitation and nerve con-
duction in peripheral nerves (25).

The results of this study showed that GaAlAs laser, with
the wave length of 804 and Gaallnp laser and with wave-
length of 850 nm can reduce postoperative pain and anal-
gesic consumprion after the operation. The side effects
of such respiratory depréssion, skin reactlons, analgesic
nephropathy, and ulcer pepiic have been seen in other
forms of analgesia consumption methods, are not seenin
LLLT. Finally it isrecommended that further studies should
be conducred abour using rhe LILT in anesthesiology, due
to the fact that 11L is a safe, non-invasive, and accepted
method by patients.
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Abstract

Objective: This study aimed to evaluate the efficacy of low-level laser therapy (LLLT) and light-emitting diodes
(LEDs} for reducing pain in hyperglycemic and normoglycemic patients who underwent coronary artery bypass
surgery with internal mammary artery grafts, Methods: This study was conducted on 120 volunteers who
underwent elective coronary artery hypass graft (CABG) surgery. The voluntegrs were randomly allocated to
four different groups of equal size {n=30} control, placebo, LLLT [A=640nm and spatial average energy
fluence (SAEF) = 1.06 J/cm®|, and LED (.= 660+ 20nm and SAEF=0.24 J/cm”). Participants were also divided
nto hypesglycemic and normoglycemic subgroups, according to their fasting blood glucose test result before
surgery. The outcome assessed was pain during coughing by a visual analog scale (VAS) and the McGill Pain
Questionnaire. Resudts: The patients were followed for 1 month after the surgery. The [LLLT and LED groups
showed a greater decrease in pain, with similar results, as indicated by both the VAS and the McGill ques-
tionnaire ( p<0.05). on the 6th and 3th postoperative day compared with the placebo and control groups. The
outcomes were also similar between hyperglycemic and normoglycemic patients. One month after the surgery,
almost no individual reported pain during coughing. Conclusions: LLLT and LED had similar analgesic effects
in hyperglycemic and normoglycemic patients, better than placebo and control groups.

Introduction

CARDIOVAS(‘I.II.MI oiSEASES (CVD) are the major cause
of nontraumatic deaths in Brazil, being responsible for
~204% of all deaths in individuals >30 years of age.! In many
cases, the discase sevetity may Icad the paticnt to coronary
artery hypass grafting (CABG). The surgery procedure is
complex, and maost interventions need a stemal longitudinal
incision, the sternotomy, which can cause modernte 1o severe
pain pastsurgery. Additionally, anastomosing the left internal
mammary sriery (LIMA) to the left snterior descending ar-
tery is still considered to increase the risk of deep sternal
wound infection.”

The pain intensity around the incision has been described
as higher on the 7th postoperative day than at 1 month atter

hospital dischange, and has a significant effect on functionality.
Borges et al.” showed that after CABG, patients’ functional
capacity was reduced. The functionality Jevel was also lower
an the 7th postoperative day than afier hospital dischasge, with
significant changes in day-to-day activitics. This impaioment
can affeet the quality of life, and must be considered an im-
portant progoostic factor after discharge from haspital.

Apart from being st high risk of CVD und also postsur-
gical complications, such as incision dehiscence, mediasti-
nitis, and delay in wound healing, hyperglycemic patients
can also develop peripheral polyneuropathy resulting in sen-
sorial abnommalities specifically related to pain perception.*
During the postoperative period, pan can be an impoctunt
factor limiting the patients” functional activities and restrict-
ing chest expansion during respiration.
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Although many studics have reported the use of low-level
laser thesupy (LLLT) 45 a coherent light source for analgesic
purpases, the mechanism whereby it relieves pain is still not
clear. Tr has been assumed that any biological effects are
secondary to the direct effects of phnwmc radiation, and are
not the result of thermal processes.” In the case of neuro-
pathic pain, LLLT has been proposed to mediate analgesia
by stimulating the local release of newotransmittess such as
serotonin, promoting the release of endorphins, increasing
mitochondrial adeposine triphosphate (ATP) production, and
through anti-inflammatory effects.” On the other hand, re-
cent studies have suggested that light- emitting diode (LED)
therapy, with noncoherent Light, has effects comparable Lo
those of LLLT, which suggests that coherence of light is not
the key factor for pain cantrol in phototherapy,

The aim of this study was to evaluate the efficacy of
LLLT and LED therspy for reducing pain in hyperglycemic
and pormoglycemic patients who undeswent CABG.

Materials and Methods

All subjects signed o written declaration of informed con-
sent, and their dghts were protected. The protocol for this
study was approved by the local reseacch ethics commitiee
(CAAE 0180.0.415.0800-11) and registered at the Brazilian
Clinical Toal Registry and the International Clinical Trials
Registry Platfoem of the World Health Organization under
RBR-38wgx6 and Universal Trial Number Ul111-1128-
9666, respectively.

This was 4 randomized, double-blind, clinical trial con-
sisting of both a placebo and & control group, It was con-
ducted i a private hospital that performs cardiac surgery for
the Brazilian public health system. All patients admitted to
the hospital during the stady period were invited to partic-
ipate, subjeet to indication for CABG and fulfilling of the
inclusion criteria. The study was conducted on 120 volun-
teers who were randomly allocated to four different groups
of equal size (=30 each group): control, placebo, LLLT,
and LED groups. Each group was also subdivided into two
subgroups—hyperglveemic and nommoglycemic subjects—

according to the blood glucose levels before CABG, fol-
lowmg the Amercan Diabetes Assomauon {ADA) und World
Health Organization (WHO) criteria.”

The individuals in the study were subjected 1o elective
coronary artery bypass surgery with a longitudinal ster-
notomy incision and extravomporeal circulation, anasto-
mosing the LIMA to the left anterior descending artery.
If necessary, saphenous vein grafts (SVG) were used w
anastomose other coronary arteties, Patients between 18
and 75 years of age, of both genders, hemodynamlcnllv
stable, and with hady mass index (BMI} 229.9 kg/m” were
included. The exclusion criteria were (1) a diagnosis of
type I diabetes mellitus; (2) a diagnosis of type 1l diabetes
meliitus made within the past 2 years, or not under regular
treatment with hypoglycemic drugs; (3) previous thoracic
sSurgery. or emergency or urgent coronary artery bypass
surgery: or (4) respiratory or renal insufficiency after sur-
gery, low cardiac output syndrome, clinical complications
that demarkled changes in analgesic protocols, or any other
postoperative complications. Individuals who could not be
monitored during the 1st month after the operation were also
exchided.

The randomization and blinding procedures consisted of
the subjects simply drawing cards marked 1. 2, 3, or 4, wheme
1 meant the control group, 2 the placebo group, 3 the LLLT
group, and 4 the LED group, The cards were drawn at the
tme of the patient’s hospital admission, which always oc-
curred at least 24 h before the surgery. The researchers were
separated into therapists and evaluators. The therapists were
assistants responsible for condncting the therapy and regis-
tering the procedures, and the cvaluators were responsible
for assessing the patients and their results, Each patient was
identified by a code registered by one of the therapist re-
scarchers, who ensured that the cyaluating rescarchers were
blinded to the code until the final statistical analysis was
performed. The patients were blinded to the study by the use
of opague goggles during the laser and LED imudiation.

On the day before the surgery, patients were subjected o
a preoperative assessment that consisted of an explana-
tion of the procedures, the inclusion and exclusion criteria

TABLE |, PARAMETERS OF THE INSTRUMENTS USED FOR PHOTOTHERAPY

Gallium-aluminium-indium-phosphate Gralli !/ i
Parameters {GaAlinP)} Laser (AG60 nm} (GaAlAs) LED (. 116401 20 nm)
Equipment Laserhand MM Optics® portable LED Microdont® portable
; equipment” equipment”
Energy density (J/em) 6 6
Energy () 24 10.1
Power (W) 0.04 0.07
Spot diameter (cm) 0s 1.3
Spul size (cm’) 04 1.77
Tmme of irradiation (sgc) 60 152
Power density (W/ecm™) 0.1 0.03
Treatment time per point {sec) 60 152
Number of spots 8 8
Spatial average encrgy fluence {SAEF) 0.24 1.06

Mannfacturer: MMOptics. Sio Carlos - SP, Brazil
"Manufacturer; Microdont. Sio Paalo — SP, Brazil.

“SAEF=powes output X time treatment per point X point numbers/otal trested area
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TABLE 2. ANTHROPOMETRIC CHARACTERISTICS OF PARTICIPANTS (MEAN L STANDARD DEVIATION)
Group
Control Placebo Laser LED
Diabetes Mellitus
Not Yer Not Yes Not Yes Not Yes
n 18 12 19 11 19 11 19 11
Age (years) 578106 638+75 58587 599499 S5B2:86 624179 612487 59.7:89
Weight (kg) 627298  67.6£103 6052623  6R1ELI08 653199 654107 614286 61584
Height (m) 156008 1631010 15721007 1611000 159007 1621006 159£008 153£009
BMI (kg/m°} 25630 252£13 246228 263432 259:x41 249+37 243+27 263+£329
Blood glucase R6.0:697 1413434 90.7:76 1382+46 931171 1378£52 8895169 1388157
(g/dL)y

certification, clinical assessment including fasting capillary
blood glucose test, and the gronp drawing. The experimental
groups (LLLT and LED) were subjected to radiation im-
mediately after surgery and on subsequent days 2, 4, 6, and
8. The irradiation was performed st spots alongside the in-
cision, 2cm from cach other, perpendicularly and in contact
1o the skin, for & total of cight points, The probes were
protected by a transhucent film. The equipment charactesis-
tics und Iradiation parnmeters are described in Table 1. The
placeho group was subjected to the LED application process
but with the equipment turned off. The control group was
only subjected o the assessment protocols and the follow-
up. The outcome assessed was pain during the hospitahza-
tion period and at the st month after surgery.

The evaluating researchers underwent & training program
for intra~ and intcrexamincr agreement to calibrate their level
of concardance. Pain was assessed using an 11 point visnal
analog scale (VAS) and the McGill pain questionnaire
from postoperative day 2 to 1 month postsurgery. Patients
were stimulated to cough, and their evel of pain was regis-
tered at that moment. Coughing is importamnt 10 these paticnts,
because they must be stimulated to keep their airways free
from obstructions. which helps prevent respiratory comph-
cations during the postoperative period. The employed an-
algesic protocol was the one routinely nsed by the hospital,
consisting of tramadol hydrochlovide and dipyrone admin-
istered intravenously on a fixed 6 b schedule, Morphine sulfate
was administered on an as-needed basis. Those patients who

TABLE 3, PAIN ACCORDING TO VISUAL ANALOG SCALE, INTRAGROUP COMPARISON OF HYPERGLYCEMIC

VERSUS NORMOGLYCEMIC PATIENTS.

MANN-WaITNEY U TEST

Rank sum Valid n
Hyperglycemic Hyperglycemic
T s L i i 2 sided
Group Day Yes Not adjusted Yes Not exact p
Control Day 2 288.0 177.0 041 12 18 0.72
Day 4 274.0 191.0 -023 12 18 0.86
Day 6 2330 2320 =218 12 18 0.06
Postdischarge 2720 193.0 -032 12 18 .79
I Month 303.0 162.0 1.18 12 18 0.33
Placcho Day 2 303.0 162.0 0.38 11 19 073
Day 4 205.0 170.0 0.02 11 19 1.00
Day 6 306.0 159.0 0.54 11 19 0.64
Pastdischarge 293.0 172.0 -0.07 11 19 0.97
1 Month 280.0 185.0 ~0.75 11 19 .55
Laser Day 2 289.5 1755 -022 11 19 0.83
Day 4 272.0 193.0 =1.04 11 19 .35
Day 6 2770 188.0 ~0.82 11 19 0.47
Postdischarge 2770 188.0 ~0.80 11 19 047
1 Month 3115 153.5 0.85 11 19 0.47
LED Day 2 282.0 183.0 —0.56 11 19 0.61
Day 4 282.0 183.0 -0.57 11 19 0.6l
Day 6 266.0 199.0 -137 11 19 0.23
Postdischarge 279.5 185.5 -0.7 11 19 0.52
I Month 293.5 1715 -0.06 11 19 .97

Marked tests are sgnificant st p<0.05.
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FIG. 1. Pain according to
visual analog scale. Inter-
group companson. (a) Nor-
moglycenne  patients.  {b)
Hyperglyeemic paticnts.
Kruskal-Wallis wath mula-
ple compansen by Dunn's
test. Madked tests are sigmf-
icant. at p<085 *p<N05
laser x Elaccbo and control:
TtrS().O light-cmitting diode
{LED} = placebo and control,
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TasLE 4. PAIN ACCORDING TO MEGILL PalN QUESTIONNAIRE. INTRAGROUP COMPARKSON OF HYPERGLYCEMIC VERSUS
NormMoGLYCEMIC PATIENTS. Mann-Wrrivey I Test

Rank sum Valid n
H cEmic Hypergiveemic
SN z - PRI 2 sided
Group Day Yes Not adjusted Yes Not exact p
Control Day 2 3140 151.0 1.50 12 I8 015
Day 4 2785 186.5 -0.02 12 18 0ug
Day 6 270.0 195.0 .30 12 18 0.72
Postdascharge 256.5 208.5 .97 12 18 0.35
1 Month 305.0 160.0 1.21 12 18 0.20
Placebo Day 2 2880 177.0 -0.28 11 19 08
Day 4 2735 191.5 —.93 11 19 0.37
Day 6 2535 2115 -1.8 11 19 0.08
Postdischarge 3235 141.5 442 11 19 0.22
1 Month 286.0 179.0 042 11 19 0.73
Laser Day 2 151.0 284.0 046 11 19 0.67
Day 4 195.0 2040 1.08 11 19 0.31
Day 6 2820 183.0 .55 11 19 0.61
Postdischarge 179.0 286.0 .37 11 19 0.73
1 Month 1450 3200 -1.20 11 19 0.29
LED Day 2 2.0 163.0 -0.36 11 L] 0.75
Day 4 3375 127.5 1.25 11 19 0.23
Day 6 3250 140.6 0.69 11 19 0.53
Pustdischarge 284 .0 181.0 —-1.20 11 19 0.27
1 Month 296.5 168.5 -0.73 11 19 0.56

Marked testy are significant at p <0.05,

247




from www licbertpub com 06724721 For perzanal n=e only

3

Downloaded by 079744

248 LIMA ET AL.
a
25,00+ i
= 8 Control
= U Placebo
20,001 - ><|aser
— A Lep
1500
10,00
= FIG. 2. Pain according to
g MeGill Pam Questionnaire.
5,00 Intergroup comparison. (a)
é Nermcgl;?cenﬁc patients. (b)
0.00 Hychglyc:':mi; | patients.
Kruskal-Walbs with multi-
b ple comparison by Dun'’s
£ 325,007 test. Marked tests are sigrf-
& icant “at px<005 *p<G05
- 20,004 laser and placebo » control;
® tp <005 hight-eomtting diods
) {LED} and placebo < control.
2 15,00
10,004
S 007
0.00

DAY 02 DAY 04

needed deses of morphine were excluded from the study. The
patients were followed up for 1 month after sirgery. and the
pam was evalusted during thas period.

The results were evaluated using the software STATIS-
TICA 7.0 StatSoft®. Intragroup comparisons of pmn scares
were performed using the Mam-Whitney U test. Intergroup
compansons were performed usmyg the Knaskal-Wallis test
with multiple comparisens by Dunn’s test. All ssgnificance
levels were set at p <0.05.

Results

A total of 1280 patients were included i the stady; thew
anthropometric charactenistics are presented in Table 2. No
sigmficant differences in age, weaght, height, or BMI were
found ameng the groups, Individuals with blood glwcose
Jevels >126 g/dL. were considered hyperglycemic accord-
ing to the ADA and WHO criteria.” Twelve sabjects were
diagnosed as hyparglycenne in the control group, 11 1n the
placebo group, 11 in the LLLT group, and 11 in the LED
group. According to preoperative clinical yegisters, all par-
Geipants were using antihypertensive drugs of different
classes, such as thiszde dwiretics, calaium chamnel blockers,
angictensin [ receptor antagemsts (ARBS), and beta-blockers.
All patients were undenwent mterm] mammary artery grafting
(Table 2).

Faln scores on the VAS

Table 3 shows the results of the Mann-Whitney U test for
VAS pam scores between the normoglycemic and hyper-

DAY D06 Postdisc Morth1

glycemic subgroups wathin cach group. The results suggast
that thers were no staostical differences between them
(p=0.05). These findings mdicate that normoglycemic and
hyperglveemc individunls expenenced smular pain severty
after sternotomy, Whether or not they received phototherapy.
Each result was compared one by one between the normo-
glycemic and hyperglycems: subgroups. The same analysis
was performed in each growp (control, placebe, LLLT, and
LED} mdependently.

As shewn in Fig. 1, all the groups showed a signifi-
cant decrease in pain intensity from postoperative day 1 1o
8, and a complete absence of pain at 1 month postsur-
gery. Nevertheless, the LLLT and LED groups expeni-
enced less pain on postoperatave days 6 and 8 than d&d the
control and placebo groups, according to the miergroup
Kruskal-Wallis test with multiple comparison by Dunn's
test { pR3).

Paip seventy according to the MaGill
Pain QUesHonnaing

The McGall guestionnaise included two pain measurcs:
the numiber of pain descriptive words chosen and the pain
score. This questionnaire is orgamzed inte classes of word
desenptors, meluhing sensory, affective, cvaluatve, and nms-
cellaneous words. Table 4 presents an intragreup MeGill
Pain Score companison between hyperglycemic and nor-
moglycemic patients. Sumlar to the results of the VAS scores
in Table 3, the results for the MeGill questiconane also
suggest that there was no difference 1n pain percepton be-
tween hyperglyesmic and normoglycemic patients ( p= 0.05).
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Al 1 month after surgery, almost no individua! menticoed
pain during coughing.

Pigure 2 shows an intergroup comparison {i.e., among the
control, placebo, LLLT, and LED groups} of pain percep-
tion based on the MeGill pain scores, hyperglycemic and
normoglycemic mdividuals were evaluated separately, A
significant decrease in pain level can be observed in all
groups from postoperative day | to day 8; however, the
LLLT and LED groups presentad lower pain scores on
postoperative days 6 and 8, compared with the control and
placebo groups (p£0.05).

Discussion

Among the 120 individuals included in this study, at fcast
ome third were dingnosed with hyperglycemia with lasting
blood glucose levels >126 me/dl, among other sk factors
for CVD, as shown in Table 2. According to Bloomgarden |
two thirds to three qLumzrs ol patients with diabetes will
eventually dic of CVD.® Diabetes is becaming one of the
most important risk tactors of CVD because of its increasing
prevalence as a result of the high meidence in many coun-
tries and the increasing obesity in the population. Hypergly-
cemin can also be responsible for postsurgical complications
after CABG, such as defay in wound healing amd pain dys-
tunction, because of its neurological involvement. Further,
snastomosing the LIMA to the left anterior descending antery
is still cansxdcred to increase the fsk of deep sternal wound
infection.” which can delay the healing process and ageravate
inlammation, and consequently pair.

Ome af the neurologica! problems found in hyperglyeemic
persons is symmetrical diffuse distal sensocmotor neurop-
athy (SDSN). Daousi at al.” reported a pmvalem.e of 16.2%
for chronic, painful, peripheral neuropathy in people with
diabztes, which is significantly higher than the prevalence
amaong people without disbetes. Evidence of diffuse damnge
to the peripheral nerves has been found to be g characteristic
of the early stages of diabetes mellitus. As a resull, these
patients may develop h)pocstlmm and other sensory ab-
nocmalities, atfecting pain pcn.cpnon. mainly in the limbs, AG
Althongh the limb extremities are the most affected arcas,
Abad et al.," in their studies on subclinical pain and ther-
mal sensory dysfunction in individuals with Type 1 diabetes
mellitus, showed that sensory dysfunctions were highly cor-
related throughout different sites in the body, indicating &
generalized sensory dystunction, It has been suggested that
the small sensory fibers conveying thermal sensations—thinly
myelinated Ad and unmyelinated C—are more severely af-
fected than the large, myelinated fibess during the initial
phase of diabetes mellitus."!

Dyshipidemia, high blood pressure, ad high BMI are in-
volved in the sk of diabetic newropathy. Most of the pa-
ticipants in the present study were overweight (Table 2) and
had hypertension, According to Blidescu et al., 12 diabertic
peripheral neuropathy may develop regardless of intensive
hyperglycemic control. To explain how hyperglycemis af-
fects nerve conduction, there are two theories: metaholic and
vascular. The metabolic theory nudicates that complex pro-
cesses such as oxidatlon stress and glv-.osylanon of proteins
are involved in reducing the nervous speed.'” The vaseular
theory states that arteriolar narrowing, venous distension,
arterial and venous shunts. and vascular neoformation re-

sultng in hyperplasia and hypenmph) fead to denervation
and reduced neuropeptide expression in epincurial vessels! "
Nevertheless. SDSN can result in reduced pain perception,
even after a surgery such as CABG.

Both hyperglycemic and normoglycemic patients who
underwent CABG surgery expetienced chest pain near the
sternotomy incision during the 1st postoperative week, mainly
when they had to move their chest. for example, while
coughing or while drawing a desp breath. Good lung venti-
Tation and a pervious airway are necessary to prevent respi-
ratory complications. Therefore, it 15 important to stimulate
coughing amid respiratory exervises during the hospitali-
zation period, and a good analgesic protocol is essential.
Phototherapy has been reported to have analgesic cffects in
many clinical and expetimental studics, Despite the numerous
studies, controlled studies comparing laser and LED are few
in number, and clinical studies mvestigating pam control in
hyperglycemic patients treated with coherent light versus
noncohierent light, at equal doses and protocols, have not been
reported so far,

Doses inthe range of 0.3-19 Mem” (median dose 7.5 Vem™)
have been used in studies investigating mﬂxmm:m«m and
pzun modulation with LED therapy wnd Ll.LT Oliveira."®
using LED therapy at 6 Jem®, and Carvalho," using LLLT at
the same dose, observed inflammation modulation and tissue
repair. Baptista ¢t al."® studied LLLT to prevent stemotomy
dehiscence, and concluded that the therapy is effective when
provided during the initial inflammatory phase after the sur-
gery, suggesting that laser had positively modulated inflam-
matory cals ﬂm preventing incision-related complications.
Esper et al,,'” in a clinical tral, concluded that LED ther-
apy showed a significant reducfion in pain sensitivity afte
orthodontic tooth movumcm when compated with the con-
trol group. Leal Jr, et al*® concluded that & combination of
super-pulsed laser, and red and infrared LED is effective in
decreasing pain and improving the quality of life in patients
with knee pain. Many stuudies have highlighted that coherent
Light therapy provided by laser sources is essentally mono-
chromatic, and 15 expected to be more chromophore-specific
than the broadband fight emitted by non<caherent sources
such as LII), which is believed to be ahle to excite mulﬁplc
chromophores concurrently and, cms:qumt]) might trigger
multiple biochemical responses.” However, recent studies
have suggested that light coherence is not the main property
involved in therapeutic and physiologic mechanisms of tissue
photomodulation.

VAS has heen proved to be onc of the most reliable scales
for evaluation of pain intensity. * Tn this study. groups treated
with LED and LLLT (6 }em®) after CABG surgery showed
the same level of analgesic effects, charecterized as reduc-
tion in pain during coughing. These effects were abserved in
both hyperglyeanic and nocmoglycemic individuals. Table 3
shows a comparison between hyperglycemic and normogly-
cemic patients with respect 1o pain perception accocding 1o
VAS. The data show that there was no statistical difference
between them, Figuré 1 shows that on the first four pastop-
crative digys, patients in all groups experienced the same pain
severity, however, on postoperative days 6 and 8, both hy-
perglycemic and normoglycemic individuals in the LED and
LLLT gwoups expericnced an analgesic effcet, with similar
results. At 1 month postsurgery, the follow-up indicated that
na patient reported pain on coughing.
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Another important mstrument used fOr pain ASSscssINent was
the MeGill Pain Questionnaire. which is the most widely used
measures of pain intensity. There is much evidence support-
ing its validity and relishility.™ Table 4, which compares pain
perception hetween hyperglyeemic and normoglycemic indi-
vidhzals wsing the McGill Pain Questionnaire, showed that
there was no statistical difference between them (pz0.05).
These results are in line with those reported in Table 3. which
leads to the conclusion that hvperglycemic and noemogly-
cemic patients experience similar stemotomy-related pain
when assessed at the same time points after CABG surgery.
Figure 2 also shows that when comparing the LLLT and LED
groups with the control and placebo groups with respect to the
MceGill Pain Questionnaire results, the former two showed an
analgesic effeet compared with the latter two on postoperative
days 6 and 8: this was similar to the results of the comparison
of the VAS scores. Therefore, laser and LED showed similar
analgesic effects, which were observed in both hyperglycemic
and normoglycemic ga

Dall Agnol et al, shwod that red wavelengths of laser
and LED have similar effects on hssuc repalr; similar to the
results of our study. De Jesus et al.* showed that in rats
with a partially injured Achilles tendon, LLLT probably
modulated the proinflammatory agents by reducing inter-
leukin (IL3-17 and cyclooxygenase (COX)-2 mRNA ex-
pression, consequently leading to reduced prostaglandin E2
(PGE2) levels, and also by reducing cell migration and the
concentration of neutrophils, mast cells, and macrophages in
the injured ussuc Further, similar results were obtained by
Prianti Jr.” md)mg COX-2 mRNA expression in both
subplantar and total brain tissues in & model of peripheral
inflammation induced by administeation of carrageenan.
Xaviet et al.™ showed that LED, only in the initial phases of
tissue damage, conld decrease inflammatory cell influx and
mRNA expression of [L-1f, IL-6, tumor necrosis factor-x
(INF-z). and COX-2, consequently redocing pain,

Suudies suggest that LED therapy mduces analgesia through
activation of pcnphcml upwnl receptors and the L-arginine!
mitric oxide pathway.”’ Patients undergoing CABG sur-
gery with a longitudinal sternotomy expeticnce moderate
to severe pain on the first postoperative day, mainly when
moving the chest. The effects of LLLT and LED therapy
on the modulation of inflammatory processes can possi-
bly explain the analgesic effect our patients experienced
between postoperative days 6 and 8, compared with the
control and placebo groups, The iradiated groups described
pain as low to intense (VAS (0-3), whereas the control and
placebo groups described it as moderate {VAS 4-6) to severe
(VAS 7-10)

Similar to the studies on LLLT, studics on LED !hcnpv
have suggested similar therapeutic mechanisms to control m-
flammation and pain. Nadur-Andrade et al™ demonstrated an
anilgesic effect of LED therapy o Bothrops moojent venom-
induced hyperalgesia. This snake venom has a characteristic
effect of drastic Jocal tissue damage invalving hemorrhage,
myonecrosis, wd & pmmmcnt inflammatory and hyperalgesic
sesponse. Leal Jr. et al,™ in a clinical tral using & 905 am
super-putsed laser and 875 and 640 nm LEDs, reported that
both therapies ate effective in decreasing pain and improving
the quality of life in paticnts with knce pain, The present
research also provides evidence that supports the use of LED
therapy for the treatment of postoperative pain in CABG

LIMA ET AL.

surgery. as well &s contributing 10 the general knowledge
about the endogenous mechanisms behind this effect.

Conclusions

In this study, we investigated the cfficiency of a therapy
peotocol using LLLT and LED therapy. with 6J/cm?, for
analgesic purposes in hyperglycemic and normoglycemic
patients undergoing CABG surgery. With the current ther-
apy parametess, it may be sssumed from our data that both
coherent (laser) and noncoherent (LED) light. as o photo-
therapeutic souree, are effective in cantrolling pain, mainly
after postoperative day 6, The analgesic mechanism is likely
1o he related to a decrease in inflammatory cell influx and
mRNA expression of IL-15, [L-6, tumor necrosis factor
(INF}-2, and COX-2. In eddition, studies suggest that LED
therapy induces analgesia through activation of peripheral
opioid receptors and the L-arginine/nitric oxide pathway.,

Further study is needed to clarify the influence of dif-
ferent protocols, dose-dependence, mechanisms, and cffects
on mediators and cell types in inflammatory models and
clinical trials. Additional studies must also he performed
comparing glycated hemoglobin (HbAleh levels between
the groups to verify the effectivencss of LLLT and LED in
the healing process and pain control. once it can be used to
reflect average blood glucose levels over 8-12 weeks, pro-
viding 4 wselul longer-term gauge of blood glucose control.
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Abstract

This study ammed to evaluate the effect of Tow-level laser thempy (LLLT) on immediate postpartum pain relief during cesarean
section. A nndomized, paralle] controlled trial was carried out, In total, 88 women with immediate postpactum were divided into
4 groups: control group (n = 22), placebo group (r = 22), experimental group | (n = 22, dose of 4 J/em®), and experimental group
[T (e = 22, dose of 2 Jiem™). The pain measured by Numeric Rating Scale (NRS), algometry, and Global Change Pesception Scale
(GCPS) was assessed at 12, 20-24, and 44-48 h postpartum. Two LLLT sessions were performed at 12 and 24 h postpartum. A
significant mteraction was observed between time versus group for NRS F(2.40) =36.80, p < (.001 and alpometry £(1.70) =
2718, p < 0.001. GCPS revealed a significant differaice between the groups during second (p = 0.04) and third evaluation (p =
(104}, The NRS and algometry presented a large effect size for the experimental groups, LLLT is an efficient method to reduce

pamn and enhance the GCP in postcesarean section. No sigrficant climcal differences were found between the laser doses.

Keywords Low-level laser therapy - Cesarean section - Analgesia - Phototherapy

Introduction

Cesarean section has immensely incréeased in the industri-
alized and developing countries, such as Brazil, which
presents the highest cesarean section rates worldwide,
with 80-90% of births in private hospitals and 40% in
the public health system [1, 2]. Women who undergo ce-
sarean delivery prefer avoidance of pain during and after
surgery; therefore, effective postoperative analgesia is
crucial (3], Severe postoperative pain is associated with
persistent paiu, tater opioid use, delayed functional recoy-
ery, and postpartum depression [4). Moreaver, acute
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postoperative pain has proven to be one of the most con-
sistent and strongest predictors of chronic postsurgreal
pain after undergoing various surgical procedures includ-
mi hermia repair [5], Hmb amputation [6). and coronary
artery bypass [T]. Present evidence indicates a relatively
fow incidence of pam chronification afier cesarcan deliy-
ery, ranging between ! and 18% [8, 9.

Wotnen experiencmg severe scute postpartum pain had a
2.5-fold increased risk of nsistent pain and 3-fold avgmentad
risk of postpartum depression compared with women with
mild acute childbirth pain [10]. The pain afier cesarean deliv-
ery can distupt normal mother-infant physical comact and the
care provided to the mother [11). This situation may allect
breast-feeding performance during the puerperium, thus
impacting the mother’s feed and care ability [12, 13]

It is essential (o identify the patlents at risk for high acute
postpartum pam and address the need for more careful pain
treatmient after childbirth [13]. Multmodal analgesia includes
scheduled nonsteroidal anti-inflammatory drugs and acet-
aminophen opioids to be admmistered for severe pam [14).
Stadies suggest that nonpharmacological resources for opti-
mizing postpartum pain mansgement nelude bypnosis, tns-
cutancous clectrical nerve stimulation, and low-level laser
thetapy (LLLT) [14-17].
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LLLT refers to n noninvasive, phototherapy. or
photoblomodulation method that uses photons at & nonthermzl
iradiance i order to stimulate the biological activity and has
been classified as a safe, noninvasive treatment modality [18].
[t is used (o weat numerous conditions that require healing
stimulation, pam/mflammation relict, and function restoration
[19], Several mechanisms have heen proposed for LLET, in-
cluding increased endogenous opioid neurotransmitier pro-
duction, thermal pamn improvement, mereased adenosing -
phosphate production, increased production of anti-
mflammatory eviokines, and local neoangiogenesis [20-23].
One such LLLT mechanism mcludes photon absorption by
eytochrome ¢ oxidase in the mitochondrial respiratory chain
that catalyzes oxygen reduction for energy metabolism, there-
by leadmyg to higher oxygen consumption and metabolic en-
ergy production via mitochondsial oxidative phosphoryiation
[24]. LLLT alters the cellular redox state, which further acti-
vates numerous intracellular sigralmg pathways aod alters the
affinity of manscription factors concemed with cell prolifera-
tion, survival, tissue repair, and regeneration [25-27) These
biological effects may prove efficent i various clinical set-
tings including the treatment of acute and chronie pain [18].

LLLT could be an effective, economic, and deployuble
thetzpy to enhance functionality m postparium patients. thus
niming to reduce pain and promote faster cesaean scar regen-
eration. Therefore, for the effective administration of LLLT,
the optimal dosage should efficiently reach an enough volume
of regenerative target tissue, Further studies are warranted to
optimize its therapeutic value to determine if the effects of
photoblomodulition can be made more reliable and extensive
N treating postpartun pai.

Considering these assumptions, this smudy aimed to evalu-
ate the effect of LLLT on immediste postparum pain durmng
cesarcan section. We hypothesized that LLLT can significantly
reduce the pain i postpartum women,

Methods

This is a randomized, double blind, controlled, and paraliel
clinical trial that followed the CONSORT's recommendations
[28], All women were informed about the study procedures,
und that they could be randomized into any of the study
groups and their participation would be voluntary a8 per res-
olution No. 466/12 of the National Health Coutseil. This study
was approved by the local institutional ethics commuttee from
Federal University of Rio Grande do Norte (number:
1.998.386). The study was registered in the REBEC platform
{Identifier: RBR-6BEHCC). All the participants signed the
informed consent term, accepting to participate in the sudy.
Data were collected from March 2017 to June 2018,

In total, 88 women m the immediate postpartum stage of
cesarean section were included in this study. The participants

4€) Springer

were reciuited by spontancous demand in accommodation of
Divine Amor Matemity located in the county of Parnamirim,
stato of Rio Grande do Nome and regarded as surtable to par-
teipate in this study, if they fulfilled the following critena (1)
women over 18 years and absence of clinicsl or obstewic
mtercurrences (hypertension or diabetesy and (2) mean pain
score of at least 3 on the Numeric Rating Scale (NRS).
Exclusion critega were (1) women with ineffective communi-
cation dunng the postpartum period, (2) hospital discharge
before the end of intervention, and (2) those who presented
meercurrences (as hemorrhage, posteesarean wound
dehiscence, or sepsis).

Portable low-intensity gallium-sluminum-arsenide
{GaAlAs) laser device, Laserpulse IBRAMED®, was used
during the interventions. The laser was previously evaluated
by an independent rescarcher to confirm its power emittance.
LLLT was performed in two sessions: at 12 and 20-24 h
postpartum. The interventions were carned out via two differ-
ent protocols: in the expenimental group I, an LET dose of 4
Fem® and 0.24 Ipoint in 8 5 was used. In the experimental II
group. the LLLT dose of 2 Jem?® and 0.12 Jpomt in 4 s was
used. Spot diameter was 0.06310 e and imadiance was 0.47
Wenm®, In the placebo group, LLLT was performed in pres-
ence of electricity, but without energy emission of energy.
Furthermore, as the device produces msufficient heat, the pa-
tienis will be unable to understand whether active or placebo
PBMT was adminisiered. Besides that, patient and researchet
uscd the same protection glasses. Details of LLLT parameters
are deseribed in Table 1. This protocol was preferred due 1o its
feasibility and was be previously established for wound
healing i other sugical scars including healing after episiot-
omy and to relieve pain after fracture surgery [16, 35).

An expert physiotherspist pertormed the techmgue, The ap-
plication form was punctual, non-contact, and with spot laser
positioned perpendicular 1o the skin in the line of the cesarean
meision. The munber of points applied deperded on the surgi-
cal wound extension. considermg the distance of | cm between
the application poings (Fig. 1). The laser source tip wis cleaned
berween the sessions of imadiation with 7046 alcohol and was
wrapped with a Hexible plastic matenal {(polyvinyl chloride).
The physiotherapist and the patient used specific glasses for
further protection in the placebo, experimental |, and experi-
mental I groups. The positioning of the patent was m neutral
supine position. For the placebo laser, all sites were treated with
the lusers n turn-off mode with the sune durstion.

The study presented three phases: fist phase (I): 12 L afier
cesarean: includes gynecological and obstetric history and pri-
mary and secondary outcomes (first evaluationy; second phase
(1) interventions were performed n 2 consecutive days: third
phase {IIT): two evaluations were performed between 20 and
24 h postpartam (second evaluation) and 4448 h postpatum
(third evathuation}. ['he overview of all procedures is presented
m Fig. 2.
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Table 1 Parumeters of the LLLT used m the siudy

Ciroups Parameters Yalues
Laser active CraAlAs
Mode Continuous
Wavelength 660 nm
Power 30 mW

Experimental | Dose 4 Jen?
Energy/pomi 024
Encray/session 141
Total energry a4
Irmadiation time/point 8s
Number of pomis 10
Area | am®
Lascr active GaAlAs
Maode Continuous
Wavelength 660 nm
Power 30 mW

Experimental [1 Dose 2 Hew’
Energy/pomt 0121
Energy/session 1217
Total encryy 24
Trradiation time/point ds
Number of pomis 16
Aren 1 am®

J Joules, Jom® Joules per centimeter square

Pain was defined as the primary outcome evalusted by
numeric rating scale (NRS) and algometry. The NRS is a
segmented numeric version of the visual analog scale. in
which the respondents select a whole number (0-10 integers)
that best reflects the intensity of their pain, The pain NRS is a
simgle 11-point numeric scale with 0 representing one pain
extreme (e.g., “no pain”) and 10 representing the other pain
extreme (e.g., “pain as bad 88 you can imagine™) [30].

The digital algometry (Force Gage model Wagner FODM®)
was used to assess the pain threshold. The equipment had a
rubber disk of a | em” connected to n pressure gage (values in
kgfiem™). The rubber disk was coated with PVC plastic wap
and was sanitized with 70% aleohol. The volunteer was en-
courmged to stop the process when the pressure with the tip of
the equipment evoked pain, The threshold record was mea-
sured at the time of the “stop™ report. Three measurements of
algometry were recorded at the extremities and midpoint of

o o e

Fig. 1 Laser therapy target points with o distanee of | e between them
The number of points was determined based on the cosarean inciskon size

the operative wound. For calculating the algometry, the aver-
dge of the 3 pomnts was consilered [31].

The secondary outcome was measured using the Global
Change Perception Scale (GCPS). The evaluation occurred
at 20-24 h and 4448 h postpartum. The scale is a one-
dimensional measure in which the individuals can classify
the improvement of pain symptomatology by associating the
intervention to seven factors, distributed as follows: | = no
changes, 2 = almost the same, 3 = slightly better, 4 = with
certain improvements, 5 = moderately better, 6 = better, 7 =
considerably better. This instrument 1s validated in the
Portuguese version and is casy and quick to apply. Itis often
used in individusls undergoing interventions to determine the
climically important minimal differences during pam assess-
ment, physical function, and quality of life |32].

The sample caleulation was performed according to the
Miot [33] formula based on the stage of pain in the region of
the surgical incision {as a reference the visual analog scale of
the pain graded from 0 to 10 and presented o reduction of 3
paints in the graded pain score). The alpha error was 0.035 and
test power was 80%. The sample size calculation indicated
that 72 participants were necessary. We decided to add 16
additional patients to account for attrition. Thus, 88 patients
were recruited and randomized into 4 groups of 20 patients.

Randomization was pertormed through by using the soft-
ware originated by the site www.randomization.com in a |:1:
1:]1 sequence by an independent researcher who was not
involved with either stimulation or assessments. All
volunteers were randomized and divided into four groups:
control group (no LLLI, » = 22), experimental | (n = 22),
experimental 11 (n = 22), and placcbo group (equipment
turned on without imadiation emission, n = 22) (see Fig 3).
Both participants and evaluator rescarcher involved m the as-
segsments were blinded to the group allocation throughout the
trial. Moreover, all participants were blinded to the interven-
tion group, with no information of the applicd dose.

Data were snalyzed using SPSS software 20,0 (Statistical
Package for the Social Sciences) for Windows, and in all sta-
tistical snalyses, p values < (L05 were considered as statisti-
cally significant. We performed Shapiro-Wilk test and Levene
for normality of the data distribution and equality of varnces.
Descriptive statistics were presented using the measures of
central tendency. Mauchly’s test of sphericity was used to
validate the correlation of the repeated measures, and if the
assumption of sphericity was violated, the Greenhouse-
Geisser correction was upplied. A two-way repeated measures
ANOVA was used to compare the effects of LLLT between
groups aver time on a primary cutcome. The independent
fixed variables were time { 1 st, 2nd, and 3rd evaluations), stim-
ulation groups (control, placebo, expenimental |, and experi-
mental 1), and the interaction term. When appropriste, post
hoe compansons were carried out using Tukey's post hoe
correction for multiple comparisons. ‘The one-wiy ANOVA
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Fig. 2 Stages of data collection
and groups of interveation, Low- Cesarona
leved loser therapy. NRS: my
st mumeric Control Groap | | Placebo | | Experimental | || Expertmental I
L 12hs [ Praceborir | | First LLLT irradiation
First Evaluation (NRS, algometry)
+
e 20 - 24 hs l Placebo LLLT l_l Second LLLT irradiation
| Second Bvaluation (NRS, algometry, Global Perception of Change)
. | | | |

Third Evaluation (NRS, algometry, Global Perception of Change) I

was used Lo assess the pain outcome at each assessment and
the overall perception of change (secondary outcome) n the
reassessments along with the Tukey’s post hoe test to identify
the difference between proups. The mmumum clinically sig-
nificant diffevence was demonstrated by calculating the effect
size with Cohen's d formula. For the missing daa. intention to
treat analysis was used.

Results
A total of 1320 individuals were screened for eligibility and

1232 were excluded as they did not meet the inclusion criteria.
In this study, 88 patients were divided o 4 groups and 11

volunteers sbandoned the study. The reasons for exclusion
meluded discontinued intervention due to bleeding, painless,
withdrawal, and difficult communication. No significant dif
ferences were observed in the sociodemographic and chinical
varigbles in the baseline values hetween groups {Table 2).
LLLT did not reveat any side effects during the study.

A slgnificant mteraction between time versus group
wits found for NRS F(2.140} = 36.80, p < (1001 and
algometry F(1,70) = 27.18. p < 0.001 (Table 3). A signif-
icant difference was observed between groups in the third
cvaluation of NRS (p = 0.03) and algometry (p = 0.04).
GCP was evaluated at 20-24 h (first evaluation) and 44
48 I (second evaluation} postpartum und revealed a sig-
nificant difference between groups i the first (p = 0.04)
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Fig. 3 Flowchart of the stndy
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Table 2  Comparsen of baseline charactenstics betecen grotps

Variables Controd (r = 20) Placebo (r = 20} Expenmental [ (1 = 18) Expermental 11 {n = 19) 7 value
Numesic mting scale 575 =144 390 =240 5244242 $47 2200 0.06
Pain threshold (keliem?) 077 £047 072£054 0,58+ 030 067 033 008
Number of pregnancies 163 =032 208128 210111 179082 017
Gestataonal age (week) 39004134 3917147 SRR 204 3847 +£ 231 021
Age groups (yeas) (42

1828 B%in=5) 40% {n =8} 3335 (h=6) 31.58% {n = 6}

2039 65% (n = 13) 40% {n = 8} WSE =T A737% =

-39 0% (n=2) 20% (n = 4) 2778% (n=5) 2105% (=)
Martal stams 065

With partner 90% {n = 18) 93% (n = 19) 100% 1n = 18} 94.74% in = 18}

Without partner 10% (w =2} S5 in=1) 0% in=) 526% n=1)
Fducational level (%) 0.77

[hterate 0% (r =0} 0% (n =0} ¥ (n=03) 0% (n=10)

 years of smdy 0% (r =10} 0% dr =0y 5.55% (n=1) 10.52% (r = 1}

& years of stady 10% (n=2) 10% {n=2} 11.12% (n =2} 10.32% (s = 1}

11 years of study 0% {n = 18) 90% (n=16) TT78% (n = 14y TRI6% (n = 15)

Mare 11 yems of study 0% (n =10) 10% dn =2} 555%(n=1) OR (=)

Experimental group [ (LLLT with dose of 4 Jem® ). Experimental group I (LLLT with dose of 2 Jiem® )

und second (p = 0.02) evaluation (Table 3). Pain intensity
indicated o significant difference ut 44-48 h between
groups i the third evaluation (p = (L04; Fig. 4).

The effect sizes for NRS in placebo and contral groups
were 0.11 and 0.43, respectively, Experimental [ presented
an effect size of 0.71. and for experimental 11 it was 0.69.
Algometry revealed an eflect size of 0.26 and 0.27 for the
placebo and conwol groups, respectively. The experimental |

and experimental group [T presented large effect sizes of 0.91
arxl (188 for algometry. respectively,

Tenoxican, scopolamine butylbromide, dipyrone, and
simethicone were administered. In the placebo group, 3% pa-
tents (# = 1) were administered tenoxicam and scopolamine
butylbromide and 25% (1 = 3) were given simethicone. In the
control group, 3% {n = 1) were administered tenoxicam and
dipyrone and 10% (» = 2) were given scopolamine

Table3 Comparison of merns nod standard deviation m pain and chnécal perceplion between groups

Evaluaton Connol (n = 20} Placebo (n= 20) Expenmental | gr = 18) DExpesmental ll(n= p
19) valne
Numerical rating scele 12h 547+200 390240 523+241 5752200 0.12
(444-6.50) (277-5.02) (3.99-64T) (5.07-642)
240 605207 4754155 417104 1104 186 023
4.99-713) (402-5.48) (3.28-50T) (3.22-4.97)
4448 394=101" 365192 188 + 208" 270+ 138 0.03%
(274-45%) (274-4:55) (0.51-295) (205-333)
Pressure pam threshold 12h 061 £0.19 0724054 0574031 0,66+ 033 .07
(kgfiem’) {0,54-0.88) (0 47-0.98) (041-0.73) (0.50-0.8%)
20-24h  061=074 061 =036 090+048 (139 + 040 0.07
(046-0,17) (044078} (0,65-115) (G68-1,10)
A48 0760148 084 4 022°° 149 & 1.11%* 1454075°! (4
{046-107) (0. 74-0.95) (101182} {1.03-1.80)
Global chuoge perception 20-24h 260 =1.28*% 1952193 Sil=131" 552+ 121" 0.04%
(L37-3.01) (293-501) (4.75-637T) (444-653)
A48h 14D 160E= 3704222 618£000% A.00 & (1694 0.2*
(L15-3.16) (2.89-4.96) (5.99-691) (5.32-668)

*Significant, < 0 05—ANOVA one-way and Tukey's post hoc, Data i preseated 1o means. standard devation. and 95% confidence mterval. The same

letters indicate signaficant difference between the groups
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Fig. 2 Puin miensity afler 12 h G Cantrol @ Baporimenta )
(Ist evaluation), 20-24 b (2od O Maccbs  —8— Bperimentaill
evalumtion), and 4448 h (Ard 10~ 25 .
ovaliation) post cesrean a4 ¢
Numeric ring scale (INRS) 8- 5 .
*Significant difference between 74 " =q
groups 3
9 g- 516
-3
41 § 10
3 2
24 05
14
0 T v 0.0 ' - :
1" Evakiation  2° Evaluafion 3" Evalustion *E 2“Eval FE d

butylbromide, In experimental Land I, 10.33% were admin-
istered simethicone (7 = 2) and 5.558% were given dipyrone (n
=1}

Discussion

The primary objective of this study was to evaluate the effect
of continuous GeAlAs laser with wavelength of 660 nm on
immediate postpartum pain m cesarean incision. The second-
ary amm was to assess the GOP after the intervention. The
results revealed that LLLT improved pam and GCP after ce-
sarean incision. No significant difference was observed be-
tween the dosimetry of 2 Jand 4 1

LLLT is ehinically a well-accepted toal in rehabilitation and
has been used to restore functonality in various clmical con-
ditions, thus aiming to improve pain, enhance wound healing,
and promote tissue regeneration with more quality [18, 34].
Studies suggest LLLT for tissue regeneration in postopenitive
surgery, perodontal treatment, pam and mflammation control
[35-37]. Pain relief promaoted by LLET is related to reduced
E2 prostaglandm, which prevents the onset of pain by stimu-
lating, compounds and also controls inflammation process
[34], Analgesia is cansed by the release of endogenous endor-
phins g hyperpolaization of nerve endings, which inhibit
the transmission of painful stimuli to the central nervous sys-
tem. Additonally, the biological effects produced due to the
energy absorption by the tissues allow the light of the photons
to interact with the cellular structure [25]. An increase in celd-
lular epergy is observed, which alters the permeability of the
cell membrane, couses reduction in the interstitial fluid,
wound healing, muscle relaxation, modulition of the mmune
system, and nerve regeneration [25]. Only one clinical wial
was reported in literature regading the use of LLLT in pain
afier elective cesarean section [29].

Poursalehan et al. (2018) [29] studied 80 patients after an
eléctive cesarean with an objective to investigate the effect of
low power laser on acute pain. The authoss used two different
wavelengths (GaAlAs: 804 nm and GaAlInP: 630 nm) applied

€) Springer

m the swgery room postswgery and before the bandage, The
meisions were treated by the red laser {1 Yiem™ for 10 shand TR
Taser (2 Vem® for 10 8), Thereby, only one LLLT session was
performed and pain was measured at 1,4, 8,12, 16, and 24 h
after the end of cesarean section. The authors found that the
pain significantly reduced at 1, 4, 8, 12, 16, and 24 h after
surgery [29]. <

Another study evalustes the LLLT (£ Fem™) on pain and
perineal healing afier episiowny [16]. Fifty-four postpartum
women whe had a spontaneous birth with 2 right mediolateral
episiotomy were subjected to three sessions of imradiation. No
significant difference was observed between the groups re-
garding perineal healing and pain scores after LLLT [16].
Similar results from & previous study indicated that after
LLLT imadiation, no difference was seen hetween the scores
of episiotomy healing and perineal pain up to 2 h, 20-24 h,
and 15-20 davs after pormal birth [16, 37], These results
mdicate that the anatomical area and the type of surgery could
miluence pam and healing.

Reduction of pain should have mterfered positively in im-
proving the health status umong the treatment of episiotomies
[38], Our study showed similar effects, LLLT has @ positive
acceptance by patients for promotig physical improvement
anxd emotional well-being after surgical procesdures [38],

In this study, it is clear that pain not showed significant
difference between groups in baselme, but p value is close to
0.05. Therefore, one proof that this does not mterfere is the
sigmficant intragroup and post-experiment mtergroup effect
arxl aiso by the effect measure (Coben's d} that reveals clinical
mpact effects between interventions. This study had certain
Iimitations, whereln, the population losses occurred theough-
out the study, despite all the exclusions had being considered
to intention to treat analysis: moreover, the reduced period for
pain assessment, which was limited 10 the discharge from
hospital. The thermal measurement was not quantified or cal-
ihrated in this stdy, and future investigations should consider
this for more socurate LLLT effects [39). The LLLT cu easily
be routinely applied in postpatum paticits with an aim to
reduce pain and to help restore functionality.
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Conclusion

This study suggests that LLLT was cffective m relicving sur-
gical wound pain after cesarean section. Laser therapy seems
10 be i ood nonphurmacological resource for pain uprove-
ment afier cesarcan section; however, different protocols and
long-lasting effects need to be investigated in future trials,
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Effect of preoperative Ibuprofen In controlling pestendodontic pain with and without low-level laser therapy In
single visit endodontics: A mndomixsd ciinical study
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Introduction
mmm-mmwmwlm-mmmm e of op ! and ro fisk of Inrspponiment leakage hrough
Brporary restoradon [1] The maor conoem ng: hllbﬂu pair. LT stal. [2] and ORanyo st & [3] In hair studes
“lnlmmwbym-qdd{ﬂm'wﬁw m:- mmuw-wmm\mwmo-mwnmm
pogression of postoperalve pal: [5], 8] which he hiskry of pragpery ¥ ““mdbm«ﬂw sre ususily egarded o5 the most e
of postopersiive pob, wvmbmmmwmmmwwwwmw-mmmmmwmcwamu
pein, mnging from 25% o 0% {8 (5] Postoparstive sndodorc pein Is tniad Y w.wmwwm
nocioeplone, feading o bolh periphersl and canirst of hyperig: ioyauwrvbhh dmw Jlgagse.[10]
wummdwwm»nnm b d gl 2 paih [H1] The nost by geied i bap il
este, widey ‘mmmnuwnmmmwm pen12]
Rapkd Ins | amar iy & bolier ol ble 'amlwmmmmudnumﬂm-muMA
Tow-lovel asor aleo calied & soft or e cold lnser hes ro Bermal offect on Sesucs and produce & reaction in cais hraugh Bght, cilled phototiostimul ar prob n-un‘l'h.
asern have sn aversge oulput power rang s bodwoon § and &0 mW. Low.evel lasor therapy {LLLT) Is soll In cinkeal Y of s enfl

g oh oching offocts.[131[14] LLLT hus siso shown mm‘“wlMMnhwmﬂmm-‘Iumthm-\w oo
wqu LLIT Iy corsiderad 28 an adunct to slieviste postdail procadurs pains [$6](17] snd no sudy hes companad he sffect of pracperaiive buproien With e

%P pain.
herelre his soy OULLD BviiLads e oot Of preope ;] WiTer pain
Materials and Methods
Subjects and patients
The shudy volved ere hunded and twan by pafents who requined corvention sl root cengl arpy.
The paterts wara g% he v criterts [18]
nclision crilerts.

Parmaenent teel with Lilly Tamed apex, tewh with vitsl pulp, Seeth it no periapical radiolucency, palents having precperaive pein.




Exclygion ciera

Teelh wilh Incompletady formed apex, lseln requiding Yy ek pabients Naving compicaling syslemic dsssse such &8 Sabeles, malignancy, pregnancy, cenirsl
norvous sysism Cord\ system (CVS) asthmp pafienls, pe; > patients, palierts tacing ant)-
wammummdmummu1mmmumm1awmummn-mumum patents
having Halory of peplic uicer or gastonlesingl bieeding, teelh raving caiciliad canals, teel having mulliple cansis or mulrocted leeth, leedh alfected wilh perioconial dsease. Teelh

fonder on |, lsef Raving @10 such 88 (ransportsfion, pecforalion, missed cansis.

A thorough hisiory wes recorded from the dalionts. Informod consent was cbianed, end a cinical " was The Included cold pulp testing, hoat
fostng, clociric tealing. lon and periodonial probing, mobility W, enda Mpdmmmmdunmmm
were recorded. A puipal dagnosis was Celermined from e deta n the ad was Only hose patients with 8 deg el pUpitls
were Includad In Bhe sludy. Pallenls wees randomly assigned inlo four eetment groups. Group A (n « 30) patients were sdml: 400 mg of 1bups .Mihmnnﬂﬂm

of an endodontic procecus. Group B (1 = 30) pabierts wae gven imadistion of a low-evel inser of 50 Hz for 3 min afler he slandard endodontic procedure of the perapical region on
mmmmmm«pccn-mmmmMmmwm.mw-mmuammmwemngn-
30) pallents were nelther ot low-ovel lnser aftor

Endocontic procedure

Before lreatment, the patient fliec out hisher el percaplion of pain on the pain survey. For Ibupeolen orowd paients looic 400 reg Buprofen (Brufen, Abtol. indla Lid.,) onaly 1 h before
he procedure. Local ancsthells (1:80,000 Arcaine, Asmie Pvi Lid., incia) was adminisiorod, ang ondocontic acoess was achioved Lnder rubber dam |sxiaton. Cieaning and shaping of
the canal syslems wese ach In e W manner, eady regolialion and cleaning and shaping was complelad with Flex-O-Fles (Maleffer Switrariard) 08, #10, ¥15, #20. As
Initial working length reading was taken wilh the apex lacator 100t ZX minl (J Morfta Japan) and a cordmalory radiograoh was taken. The working length was eslimated o be 0.5 mm
short of the radiograbhic apex.

Carals were prepaned Using engine driven rolary ricos! Flaaium pro lager Nes (Denteply ™ Sacturer's nstructons. RC prep (Premier Dectst
mcn.mmmuwmum.ummmmmmmsaumwmmmmum wmmmﬂwum
using frshing fles which mnged from F1 1o F5 depending upon the Initial diameter of the caral. Canals wess filiad with protaper universal Gutia perche (Dentsply Matislor) and AH plus
sealer (Denisply De Trey, Gmbh, uging & etersd end restored with (Ceram X Duo ty indla Lid_ ). Al cases were compielod In
one appoinimenl (accoes, mewlmoMInuww.wumMNnPnM“‘“

Desigh and Producton Company” Moscow, Russla) was. ven al the peciapical ares [Fgure 1], Laser lip was placed in contact mode perpendicular lo e pedapics region of the leeth
Dolh bucaty as well 88 Ingusty for 3 min [Fgune 2] (Figure THFigue 2)

Patienis wore then given e Hefl and Parker [18) pain rfing scale and were nafrucied 1o mark the Incvicual pain level at 4, 8, 12, 24, and 44 1 afler root canal therapy. Patierts han
recorded postoperalive paln using the pain raling scale and rolumed 48 hours after roatment.

Sistisscal aralyss

Paramolric dats wore analyzod with the hefo of means and standard deviations. Inler group analysis was carried out using the analysis of variances with “loast significant dleronce” post
hoo lest. For Intra group analysis, Studert's 14eat wos used. Crikaquare test was applied for nonparametrc dale. The velue of P < 0.05 was considored staistically signiicant.

Results

Fifty-dwo feraie palients and 68 made pefents parfcipaled In the study [Tabie 7). The gender disiribution was not sigrificant among Me groups (P = 0.985). The age of the patients
ranged from 18 lo 64 years [Table 7] There was no 1 age il between (he four grouss (P = 0973). Al groups showed significandy less poslendodoric paln
M-mwbmmnwnﬂminuz)

Rooult al 4 h [Table 3 & sigrificant diferencs was otserved between Group A 8 Group O, Group B and Crowp C, Group 8 and Group D, and Growp C end Group D. The Ibupesien
lsser combiration showed the less! mean paln soore of 36 and was he most efiective In conroling paln &l Ihis Ime nlerval, This was folowed by (he buprofen group and then by the
laser group. The mosd paln wes seen In the conbol group (Table 3}

Reoult at 8 h a significant difierence was obsetved detween Group A and Group D, Group B and Group C, Group B and Growp D, Growp C ane Group D. The resulls weve simliar b (he
eulls 8l 4 h inberval wilh (he Ssee |bupolen combinalion proving 10 be most effeciive i controting peln.

Resull al 12 b & significant dfference wes obsened bebween Group A and Group B, Croup A snd Grown C, Group 8 &nd Group 0, Group C #nd Group D. The lowest pain score was
Qven by ‘aser uprolen group with a mean pain score of 3.1 1t was followed by laser geoup al 7.4 ibuprolen showed ro sigiicant pain relief a8 comperad 1o conrol.

Resull @t 24 1 a sigrifcant cifierence was observed between Group A and Group B, Group A 8nd Group C, Growp D and Group B, Group C ane Group D. The sser ibuprolen
combinstion was mosl effective foliowed by fe lsser group.

Rosull &l 48 h the resulls were simiar 5o tal observed af the 24 b Inferval. The aser ‘wos mos! effect by the |aser group. [Toble 4] shows the inter

Reaults rom the present stucy Indicate that pain wes sign sty recucac = all Mo groups [Figure 3], Ibuproten showed signifcant pain resuction ot 4 n anc §
h period 88 compared o conlre! group. A prophyiscic ¢ose of 400 g wis Lsed In INs sludy. These resus 8o consslent wilth thal found by Dionne et ol [201124) and Winler el #1[22]
More recanlly, Arsian et a1 ,]23 #80 found thal uprofien was more effective in reducing postencodontic paln al B h period. Prophyl aome of bupe before RCT can block
the Cox palthway and by This spoication, pain sensalion can be biocked. Laser group showsd sigrificant pain reduction o 12, 24, and 48 h, postireal s pared 10 Ibuprol
group. Wrile It was nonaignificant at 4 and 8 n when © group. Fur pain was y reduced at allsme Imervals when companed B control, A
mmm“mmumlnmnmumuurmmmmummmwuhmma

Oy one study has previously evalusied e effect of lowdevel ‘eser on ck paln, A A ol 8l [24] Sound Bl low-level laser signilicantly reduced
posiencodoniic pair ot 4,8, 12, and 48 h. Lizanel|,[25] reported & significan! reduction of pein folowirg imadislion of low-evel leser pre- and poshimpiant supedies. Sakursbe el ol [26)
ahowed LLLT pan n PUDE UBNg A ovel Bser Unil. Kglsier of 81,{77] comonsimied mome pan reduction In 8er group 1NN 16 pacedo gowp
™9 18l cay afler endocontic sumgery. In ong stay, 8ppikaion of low-evel red 8nd ITrened 6o’ wes Inthe of delin Pype: ity.[28] o,
28] In (heir mela-analysls represenied low-ievel mser was signiicanty effective In paln control and Fesue repair, They conciuded hal irsignifican| resuts of some studles wens due o
sl sanvple sive,

In s slucy, @ numder of patients was ercugh wnich did rot pose such @ prodlem. 8o of al.,[30] 559 pain X n patients in Isser treatment. In acdition, other




FeoserChens showed the same resulis for LLLT In d

The combiradion of low-ievel lsser and Ibuprofen showed (he best resulls In larms of postoperative pain reduction. The difierence was sigrificent gl a¥-lime Inlervals as compnred
controt white || was sgrficantly deller st 12, 24, and 48 i's period &8 companed 10 Ibuprofen.

When compared fo laser alone the diference was significard ef 4 and 8 1. The iow-power lasers showed & significant enaigeaic efiect In the present study. The wevelenglh of laser unlt
was 805 nm for Eser Inadiation (power 12-56 mw, 875 nm for brosdbend infra-ned iradiation (power 60 mw) and 640 nm for visiie red Fracialion (power 7 mw) which conformed o the
oplimal oplical range.

Cumently the lolowng snaigesic effects 8% fecognized, low-levol iaser IR Ihe reiease of medialons trom Injured tssues, decrease concertmtion of chemical agests such es

H+ and K+, al of which aro pain meciators, Inhitil concordmtion of acoly o pain Frough scivity,
cause vasodiialaton and Incremse biood fow 1o Ussues, of mwawwmuamnmwmmmmw
Increasing lymph desinage, mmmmwmuﬂmr—lwm ] ty of pain a8 well 88 of
oal membrene permeablity for Na+ and K+ and cause reufonal hyperp g Dol , the p of b - \.Wmmmh
Increased by clecliromagnetc energy of iaser. This Is induced by ATP production end ol 3)

Concluslon
This suoy suggests thet LLLT can be an eflectve alematve tor comvantionsl use of NSADs In '3 postsr pain thareby g e ACverse affects of such Ougs on
e patients. Furlhor research Is noeced for sssesaing 1he requirod Intensity and Srme Intervals of the lsser Vi reating |
Flinarcisl suppor and sponsorshlp
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Therapeutic laser for pain relief after tonsillectomy

Analgesia com laser terapéutico apos tonsilectomia

Fellpe Costa Neiva', Fernando Mimge J. Vieirs®, Claudia Regina Figuefredo®, Aldo Eden C. Stamm’, Luc Louis M. Weckx®, Shirfey

Shizue N, Pignatan®

ABSTRACT

Objective: The postoperative period of & tonsillec-
tomy is usually very painful, requiring the use of pain-
relieving drugs. The aim of this study was to evaluate the
efficacy of low-level luser therapy in post-tonsillectomy
pain control.

Methods: 18 children aged 5 to 15 years undergoing ad-
enotonsillectomy between June 2005 and October 2006 were
rundomized to receive either local application of therapeatic
leser immediacely afrer surgery and 24 houss postopesatively
(n=9) or routine analgesic drug therapy, if necessary. Pain
was assessed by visual analog scale scores, need for analge-
sics, and acceptance of diet during the postoperative period.

Results: Patients undergoing laser applications had lower
median pain scores and required less analgesic medication
pastoperatively than the coatrol group. Acceprance of diet
was similar in both groups.

Conclusions: Preliminary results showed thar low-level
laser therupy is effective in the reduction of post-tonsillec-
tomy pain, minimizing the need of analgesic medication in
children and adolescents.

Key-words: laser therapy; tonsillectomy; pain; child.

Objetivo: O pés-operatdrio da tonsilectomia €, em gersl,
bastante doloroso e os pacientes necessitam de analgésicos. Este
estudo visou avaliar a eficicia da aplicagio do Jaser teraputico
no controle da dor no pés-opemtério de wnsilectomis,

Métodos: 18 criangas de cinco a 15 anos de idade forem
submetidas 3 adenotansilectomia, no perfodo de junho de 2005
1 outubro de 2006, sendo randomizadas para receber aplicagdes
de faser terapéutico nadres cirlirgica imediatumente apés o pro-
cedimento ¢ 24 honts apés o anusgia (n=9) ow seguir a rotina,
com analgesia farmacolégica, se necessério. A avaliagio da doc
foi realizada por escala analfgica de dog, pela necessidade de
analgésicos e pela aceitagiio da dieta no pls-opemrério.

Resultados: Os pacientes submetidos & aplicaggo do Laser
apresentaram medianas das notas de escala de avaliagiio da dor
menores e utilizaram menos analgésicos no pés-operatdrio
em comparagilo 20s pacientes controles, A sceitagiio da dieta
nos dois grupos nilo foi diferente.

Conclusdes: Os resultados preliminares mostranam que o
laser teraputico foi eficaz na diminuicio da dor e na redugio
de uso de analgésicos no pés-operacdrio de tonsilectomiss
em criangas & adolescentes.

Palavras-chave: terapia a Laser; tonsilectomis; dor; crianga
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Introduction

Tonsillectomy is one of the most common surgical pro-
cedures performed by otolaryngologists, as & trearmenc
for recurrent tonsillitis, peritonsillar abscesses, and upper
aitwiy obstruction due to tonsil hypertrophy. It is estimated
that 750,000 patients undergo this procedure each year in
the United States™. In Brazil, the most common surgical
techaiques for tonsillectomy are the ones performed with a
scalpel or elecrrocautery. followed by blunt dissection using
graspers/suction dissecror, The Sluder technique (guiliotine
tonsillectomy) is also carried out in some medical centers.
Trans and postoperative hemorchage is the most common
complication of this procedure, affecting 0.8% of patiencs
in University hospitals’. An inevitable consequence that is
present in all cases is odynophagia, which, similar to hemar-
rhage, is more severe in adults. In some cases, painful evencs
muay inhibit the intake of food und even oral pain relievers;
most children refuse o swallow anything during the firse
days after surgery, thus the need to search for therapeutic
alternatives in order to relieve suffering of tonsillectomy
patients.

In 1964, Nogueira ¢t o/ showed that the infiltration of the
anterior tonsillar pillar with methylpredaisolone just before
the surgical resection of the tonsils reduces postoperative
pain®. Several studies in the Literature refer to intreoperative
local anestheric infiltration in the toasillar fossae ro reduce
odynophagia after tonsillectamy™®, Since the 1970s, Laser
(Light Amplification by Stimulated Emission of Radiation)
has been widely used in medical practice serving several
purposes. Among their many applications in the medical
practice, lasers have been used in several surgical procedu-
res, including tonsillectomy. Furthermore, nonsurgical or
therapeutic lasers, which do not cause tissue injury, have
been widely used to stimulate tissue repair, as well as for
anelgesic purposes.

The rypes of lasers currently used for tonsillectomy or
far ablarion of palatine tonsils are known as high-power
lasers or “hard” lasers; and among them, there are reporcs
on the use of CO,, YAG and KTP lasers. In general, the
average powet of these lasers ranges between 10- to 20W.
Lasers used for znalgesic, anti-inflammatory and healing
purposes ure known us Jow-level lasers or themapeutic lu-
sers, with much lower power (around 30mW)*#%, Pain
relief promoted by therapeutic laser spplication results
from inhibition of peripheral nerve action potential,
affecting the conduction of the nerve stimuli, reducing or

Rev Pauf Pedialr 2010,28(3).322-8.

interrupting the transmission of impulses evoked from the
aociceptors to the spinal cord?®. Vladimirov & &/,"% in
& review of the medical licerature on the photobiological
principles of therapeutic applications of laser radiation,
verified the following effects of low-intensicy lasers on
tissues: 1) Growth of the activity of certain cells, such
as leukocytes and phagocytes, and increased content of
calcium jons in the cytoplasm of these cells. 2) Eahance-
ment of cell division and cell growth. 3) Activation of the
synthesis of proteins and cytokines. 4) Improvement of
blood circulation due to the relaxation of the vessel walls.

The efficacy of low-level laser application in reducing
postoperative pain after endodontic surgery in adults was
tested in the Deparoment of Oral Surgery and Denustry st
University Mainz, in Germany, in 2004. The results reve-
aled that the pain level was lower in the laser group than
in the placebo group on the first seven postopesative days.
The differences, howevet, were only significant for che first
postoperative day?9, The use of low-leve! laser appears to be
asimple atraumatic rechnique for the prevencion of mucositis
of various origins, In a study carried out in 1999 by the De-
partment of Rediotherapy of the Jean Godinor Institute, in
Reims, France, patients with carcinoma of the pharynx and
oral cavity treated by tadiotherapy alone received petiodic
applications of therapeutic laser on the soft palate, snterior
ronsillar pillars, and posterior third of che internal surfaces
of the cheeks. When compared to the control group, the
occurrence of mucositis decreased from 35.2 to 7.6% and the
frequency of severe pain fell from 23.8 to 1.9%"™. Hopkins
¢ al indicated positive results in the reduction of healing
time of skin lesions induced in healthy individuals in a
triple-blind experimental study. Those authors observed a
reduction in the time of wound healing in the group treated
with therapeutic laser”®,

Other specialists, such as physiatrists, orthopedists and
theurmnstalogists, huve investigared the use of low-level laser
to reduce musculoskeletal pain. Although low-level laser
therapy has noc been effective in the trearment of ankle
sprains, good resules have been found in pacients with carpal
runnel syndrome, scute low back pain and pain originated
from exercise-induced muscle fatigue”, Despite these good
results, the analgesic properties of low-level lasers remain
controversiul in the current literature. Some repores have not
identified improvements in healing or postoperative pain in
patients undergoing the extraction of the third molar teeth
under general anesthesia after intraoperative application of
therapeutic laser™,
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Although studies with application of low-level leser have
beea conducted for over 30 years in the medical pracrice,
mainly for analgesic and anti-inflammatory purposes, no
studies were found in che literature involving postoperative
pain control in patients undergoing ronsillectamy. Thesefore,
the objective of the present study was to evaluate the anal-
gesic effect of low-level laser therapy during the first seven
postoperative days on children undergoing tonsilleccomy.
This study simed to improve the quality of life on che first
days following the surgical removal of palatine tonsils, =
procedure routinely performed in children, usuzlly causing
much pain during the healing process.

Methods

The study protocol was approved by the Research Ethics
Committee of the Institution. Children and adolescencs
were selected at the Pediatric Orolaryngology Outpatient
Clinic of the Fedem! University of Sdo Paulo, according to
the following criteria: ages between 5 2nd 15 years and in-
dication of ronsillectomy due 1o obstructive palatine tonsil
hypertrophy, with clinical symptoms of mouth breathing,
with or without respiratory sleep disorders. Patients youn-
ger than 5 or older than 15 years, those allergic to dipyrone
or other analgesics or hypaotics routinely used for general
aneschesia, those who were under anribiotictherapy within
the first seven postoperartive days, and those whose parents
or guardians refused to sign the written coasent form were
excluded from the study.

All children underweat the same aneschetic regimen by the
same anesthesiologist to avoid interference with the assessment
of pain in the immediate postopeeative period. All children
were pre-medicated with oral midazolam at & dose of 0.3mg/
kg before sepatation from their parents or guardians, Moni-
toring included noninvasive measurement of blood pressure,
pulse oximetry, continuwous ECG tmaing, and cepnography.

Aneschesia was induced with sevoflumne supplemented
with IV 3megikg fenmanyl, Smg/kg propofol and 0.6mg/
kg rocuronium, and maintained with 0.5 to 2.0% isoftu-
rane, 50% nitrous oxide, and 50% oxygen. All children
were intubated wich tracheal tubes with cuff. At the end
of the surgery, the neuromuscular block wes reversed with
0.015mg/kg urropine followed by 0.03mg/kg neostigmi-
ne, and extubation was performed when airway protective
reflexes were present.

The same surgical technique was applied to all children
and consisted in blunt dissection using graspers/suction

dissector . Hemostasis was achieved with simple interrupted
2-0 cacgue suture. Only two otolaryngologists performed
all susgeries.

The 18 children selecred ar the Pediatric Orolaryngo-
logy Outparient Clinic were randomly divided into two
groups: Consrol group: composed of nine children undergoing
tonsillectomy withour intraoperative laser application. A
simulation of laser spplication was performed 24 hours after
the procedure, uvoiding the knowledge from parents und
children of which group they belonged until the seventh
postoperative day. Laser groxp: composed of nine children who
received application of therapeutic laser intraoperatively,
immediately after the surgery, and on the first postoperative
day, 24 hours ufter the surgical procedure.

A Dentoffex® laser was used, with power of 5S0mW, wa-
velength of 685am, and beam area of 2mm?. Bach surgical
wound was irradiated for 3 minutes and 20 seconds, at
an energy density of 4 J/em™™'¥, To ensure the safety of
patients and the staff involved in the rescarch, we used the
safety protocol for laser-assisted tonsillectomy, described by
Caanon & /%" modified due to the low-power laser used in
this case. Intraoperarively, wet bandages were used on the
oropharynx and wet compresses were used on the patient’s
face to prevent buras secondary to the reflection of the laser
beam. Both the surgeon and the anesthesiologist wore safety
goggles during laser applications. A notice of laser-assisted
surgery was posted on the door of the operating rcom to
prevent inadvestent entry of persons without the standard
safety gear during the procedure.

Poscoperative analgesic thempy included oral dipyrone
(1 drop/kg) every 6 houss, only if necessary. The parents or
guardians were instructed o record the patient’s postopera-
tive course using a diary with a subjective scale for assessing
pain and mood, patienc acceptance of diet, and number of
dipyrone doses used by the child. The family was informed
abour the group o which the child belonged during the
medical assessment on the seventh postoperative day.

Clinical assessment of pain was performed daily, for seven
postoperative days, being described by the children with che
assistance of parents or guardians. The parents or guardians
received 2 questionnzire with the purpose of assessing the
presence and intensity of pain by means of & visual analog
scale,™ need und number of dipyrone doses used during
the follow-up, and partient acceptance of diet. The children
and adolescents were evaluated by the same physicians who
petformed the surgical procedure on the fiest and seventh

postoperative days.
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Statistical analysis was performed using the Fisher’s test
to assess the need (or not) for dipyrone use and patient
acceptance of diet and the Mann-Whitney test to compare
median pain scores, with = significance level of 5% (p<0.05).
Mean dipyrone doses used in both groups throughour the
seven-day follow-up period were analyzed using two-way
ANOVA for repeated measures and o pasteriors Tukey's test
when necessary (p<0.05).

Results

‘The patients’ age ranged from 5 to 15 years (mean = 8.5
years): 5 to 15 years (mean = 8.6 years) in the control group
and 6 to 13 years (mean = 8.3 years) in the laser group.
Twelve children (66%) were male (6 in each group) and six
(33%) were female (3 in each group).

All patients underwent surgical removal of palatine tonsils
and adenoids, and no complications were observed during or
after the procedure, The results of pain assessment, number
of dipyrone doses and parient acceprance of dict on the seven
days after vonsilleccomy are described in Table 1. Median
visual analog scale pain scores were lower in the group
receiving laser applications, with a statistically significant
difference on the firse (p~0.01), second (p~0.01), fourth
(p=0.05), and fifth (p=0.03) postoperative days (Figure 1),

Regarding dipyrone use, the Fisher’s test revealed char
55% of children in the laser group did not require analgesics
on the first postoperative day, whereas all children in the
control group used at least one dose of dipyrone (p=0.01). On
the other days, the agalysis of the need {or not) for anslgesic
use per day did not show eny statistical difference.

Two-wiay ANOVA revealed thar, regarding mean di-
pyrone doses used in both groups throughout the seven-day
follow-up period, the laser group needed a lower quanti-
ty of analgesics than the conwol group (F(6.96) = 4.74;
p<0.001). A paiteriori Tukey's test demonstrited that on
the first (2<0.01) and second (p<0.03) postoperarive days
the patients in the laser group used fewer doses of dipyrone
than the conerol group (Figure 2).

Patient acceptance of diet was similar in both groups
throughout the seven-day follow-up period.

Discussion
Pain is the most uncomfortable symptom following

tonsillectomy, being responsible for decrensed food intake
or food refusal and reduction in che pacient’s daily activities,

Rev Pauf Pedialr 2010,28(3).322-8.

Concern has always existed about relieving the patient’s pain
during this period, improviog recovery and promoting an
early return to normal activity. Comparisons berween diffe-
rent techniques employed for the surgical removal of tonsils,
anestheric or corricosteroid injections in the peritonsillar
space, and use of antibiotics postoperatively are resources
which have been used aiming to relieve pain and improve
che patienc’s quality of life**. Adenotonsillectomy is an easy
procedure to perform from a technical point of view that
brings almost immediate benefirs, in relation to breathing
improvement in children, in cases of palatine tonsil and

Medlan pain scores

*p<0.05 when compared to control group, sfter Mann-Whitney fest. '

Figure 1 — Median of visual analog scale pain scores in laser
and control groups throughout the seven-day follow-up period
after tonsiliectomy. The number of patients in each group is
indicated In parentheses.

.

-

&

Dipyrone doses (meantSE)
s

*p<0.05 whan compared to contral group, after two-way ANOVA.

Figure 2 - Mean and standard emor (SE) for the number of
dipyrone doses used In laser and control groups throughout the
seven-day follow-up period after tonsiilectomy. The number of
patients in each group Is indicated In parentheses.
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Table 1 — Assessment of pain, number of dipyrone doses, and patient acceplance of diet in laser and control groups during the

first seven days after tonsdleciomy
Postoperative day Group Pain score Doses of dipyrone Acceptance of diet
1st day Laser Median: 3 None: 5 (556%) Good: 3 (33%)
1 dose: 1 (11%) Average: § (85%)
2 dosas: 3 (33%) Poar. 1(11%)
3 doses: 0
Cantrol Median: 5 None: 0 Good:; 4 (44%)
1 dose: 2 (22%) Average: 2 (22%)
2 doses: 6 (66%) Poor: 3 {33%)
_ 3 doses: 1(11%) A
2nd day Laser Median: 3 None: 4 (44%) Good: 4 (44%)
1 dose: 4 (44%) Average: 4 (44%)
2 doses: 1(11%) Paor: 1 (11%)
3 doses;
Control Median: 5 None: 2 (22%) Good: 3 (33%)
1 dose: 1 (11%) Average: 5 (55%)
2 dosss: 2 (22%) Paor: 1 (11%)
, . , 3 dosas: 2 (22%) - o
3rd day Laser Median: 3 None: 6 (66%) Good: 4 (44%)
1 dose: 2 (22%) Average: 4 (44%)
2 doses: 1(11%) Poor: 1{11%)
3dosses: 0
Control Median: 3 None: 3 (33%) Good: 6 (86%)
1 dose: 6 (86%) Avarage: 2 (22%)
2 doses: 0 Poor: 1(11%)
o . 3 doses: 0
4th day Laser Median: 2 None: 7 (77%) Good: 6 (66%)
1 dose: 1{11%) Avearage: 2 (22%)
2 doses: 1(11%) Poor: 1(11%)
3 doses: 0
Control Median: 3 None: 5§ (65%) Good: 7 (77%)
1 dose: 3 (33%) Average: 1(11%)
2doses: 1(11%) Poor: 1{11%)
5th day Laser Median: 2 None: 6 (68%) Good: 6 (66%)
1 dosa: 2 (22%) Average: 2 (22%)
2 doses: 1 (11%) Poor: 1{11%)
3 doses: 0
Control Median: 3 None: 8 (88%) Good: 7 (77%)
1 dose: 1{11%) Average: 2 (22%)
2 doses: 0 Poor: 0
..................................................................... T T o
6th day Laser Median: 1 None: 8 (88%) Good: 9 (100%)
1 doso: 0 Average: 0
2 doses: 1 (11%) Poor: 0
3 doses; 0
Control Median: 2 None: 8 (100%) Good: 8 (100%)
1dose: 0 Average: 0
2 doses: 0 Poor: 0
....................................................................... Sl oo e
7th day Lasar Median: 0 None: 8 (88%) Geod: 9 (100%)
1 dose: 0 Average: 0
2 doses: 1(11%) Poor: 0
3 doses: 0
Cartrol Median: 1 None: 8 (100%) Good: 8 (100%)
1 dose: 0 Average. 0
2doses: 0 Poor: 0
3 doses: 0
326
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adenoid hypertrophy. However, this procedure should be
indicated with caution due to the risk associated with general
anesthesia, postoperative bleeding and suffering of children
related to acure odynophagia. Thus, orolaryngelogists and
pediatricians need to find new alternatives to relive or even
avoid pain suffered on the days following tonsillectomy.

Therapeutic laser is a technological resource widely used
in dentistry and oral medicine with favorable resules™®",
Due to their anti-inflammatory properties, therapeutic la-
sers have been used in the prevention of radiation-induced
stomatitis and in the postoperative period after endodontic
procedures with good resules™ ', Although there is no other
study published to date using low-level laser after removal
of palatine tonsils, low-level laser therapy was chosen in
this study because our research team believed thar it could
reduce the child’s pain after tonsillectomy, given its role in
the acceleration of wound healing and postoperative pain
reduction after dental surgery™",

Despite our small sample size with only 18 children, laser
therapy proved to be effective in reducing pain after removal
of palatine tonsils in children when laser was applied during
surgery and on the fiest postoperative day. The difference
between median pain scores was statistically significant,
being lower in the laser group on the fiest, second, fourth,
and fifth postoperative days. The need for dipyrone use
was lower in the laser group on cthe first four postoperative
days, rhis difference being statistically significanc only on
the first postoperative day. Regarding mean dipyrone doses
used in both groups, we observed that, in the laser group,
the means were statistically lower oo the first and second
postoperative days.
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