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Background: Complex regional pain syndrome type | (CRPS-I) consists of disorders
caused by spontaneous pain or induced by some stimulus. The objective was to ver-
ify the effects of photobiomodulation (PBM) using 830 nm wavelength light at the
affected paw and involved spinal cord segments during the warm or acute phase.

Methods: Fifty-six mice were randomized into seven groups. Group (G) 1 was the
placebo group; G2 and G3 were treated with PBM on the paw in the warm and
acute phase, respectively; G4 and G5 treated with PBM on involved spinal cord seg-
ments in the warm and acute phase, respectively; G6 and G7 treated with PBM on
paw and involved spinal cord segments in the warm and acute phase, respectively.
Edema degree, thermal and mechanical hyperalgesia, skin temperature, and func-
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tional quality of gait (Sciatic Static Index [SSI] and Sciatic Functional Index [SFI])
were evaluated.

Results: Edema was lower in G3 and G7, and these were the only groups to return
to baseline values at the end of treatment. For thermal hyperalgesia only G3 and
G5 returned to baseline values. Regarding mechanical hyperalgesia, the groups did
not show significant differences. Thermography showed increased temperature in
all groups on the seventh day. In SSI and SFI assessment, G3 and G7 showed lower
values when compared to G1, respectively.

Conclusions: PBM irradiation in the acute phase and in the affected paw showed
better results in reducing edema, thermal and mechanical hyperalgesia, and in im-
proving gait quality, demonstrating efficacy in treatment of CRPS-I symptoms.

Key Words: Complex Regional Pain Syndromes; Edema; Hyperalgesia; Laser Ther-
apy; Mice; Models, Animal; Pain; Pain Management; Reflex Sympathetic Dystrophy;
Skin Temperature; Temperature; Thermography.
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INTRODUCTION

Complex regional pain syndrome (CRPS), which consists
of disorders caused by spontaneous pain or pain that is in-
duced by some stimulus, is accompanied by a wide variety
of autonomic and motor disorders [1,2]. Pain is the main
symptom after trauma and may be associated with chang-
es in skin color, limb temperature, motor activity or also
edema [3]. There are two types of CRPS: type I and type II
[4].

Complex regional pain syndrome type I (CRPS-I) ap-
pears after a harmful stimulus, without nerve damage [2].
In most cases CRPS has three stages [5]. The first stage is
called the “warm phase”, in which the patient’s limb feels
sore and swollen, accompanied by a neurogenic inflam-
mation [6]. In the second stage, or acute phase, there is an
activation of keratinocytes, proliferation and expression of
inflammatory mediators as a tumor necrosis factor alpha
(TNFa), interleukin (IL)-1p and IL-6, nerve growth fac-
tor, and activation of mast cells [2,6]. In the third stage, or
chronic phase, the limb becomes cold, dystrophic, even
more painful, and hypersensitive [1].

The acute phase of CRPS-I can often be treated with ear-
ly physiotherapy only. However, the chronic phase rarely
resolves spontaneously, causing permanent discomfort in
patients [2]. The consequences include changes in the sen-
sory, motor, and autonomic nervous systems to cognitive
deficits and vascular dysfunctions [7,8]. However, there is
still no gold standard for CRPS-I treatment [6]. Although
physiotherapy or occupational therapy is indicated as a
first-line treatment [6,8], other interventions are also pre-
scribed, such as psychological therapy, drug management,
surgical intervention [9,10], and even amputation [11,12].

Along the spectrum of physiotherapy, some studies have
suggested the use of electrophysical agents for the comple-
mentary treatment of CRPS-I, such as photobiomodulation
(PBM) [12-14]. PBM seems to enhance the effects of sodi-
um-potassium pumps. This reverses the inhibition of mi-
tochondria, stimulates cell proliferation, and increases the
metabolism [15,16]. The absorption of infrared photons by
mitochondrial cytochrome C oxidase leads to an increase
in adenosine triphosphate (ATP), nitric oxide, and reactive
oxygen, improving cellular energy supply and stimulating
signal transduction, which inhibits peripheral sensitiza-
tion, leading to reductions in inflammatory neuropeptides
and increased release of serotonin and endorphin [16].

In the peripheral nervous system, PBM acts by reducing
pain through increased activity of acetylcholinesterase in
the synapses, synthesis of serotonin and endorphin, tem-
porary suppression of action potentials, and inhibition of
the sodium-potassium-ATPase pump [17]. However, few
studies explain the direct effects of PBM on CRPS-I trans-

www.epain.org

mission. This study examined the effects of PBM using 830
nm wavelength light at the affected paw and involved spi-
nal cord segments (lumbar 4 and 5) and during the warm
or acute phase of the disease.

MATERIALS AND METHODS
1. Ethical consideration

All protocols and procedures used in this study were ap-
proved by the Animal Experimentation Ethics Commit-
tee of the Federal University of Santa Catarina (UFSC)
under number 1474140817. This study is based on the 3 Rs
principle (replacement, reduction, and refinement). The
manuscript was written according to the ARRIVE (Animal
Research: Reporting of In Vivo Experiments) checklist.

2. Experimental procedure

In this study, 56 Swiss mice (40-65 g) were used, which
were moved from the Central Bioterium of the UFSC and
maintained in the bioterium sector of Campus Ararangud
- UFSC. The animals were kept in isolated cages with con-
stant temperature (22°C + 2°C) and humidity (60%-80%)
in a 12-hour light-dark cycle with free access to water and
feed throughout the experimental period. The experiment
had a duration of twenty-one days and five evaluations
were performed. Before the induction (basal), after 3 days,
the 7th day, 14th day, and 21st day. At the end of the experi-
ment the animals were euthanized orally with excess ket-
amine hydrochloride (Agener Uniao®, Sao Paulo, Brazil)
associated with xylazine hydrochloride Dopaser” (Pauli-
nia, Brazil).

To induce CRPS-], the chronic post-ischemia pain (CPIP)
model was used [17,18]. For this, the animals were anes-
thetized with an intraperitoneal injection of ketamine
hydrochloride (Agener Unizo®) 100 mg/kg associated with
xylazine hydrochloride Dopaser” 10 mg/kg (manual of
standards of the Laboratory of Operative Technique and
Experimental Surgery - UFSC, 2013). The procedure lasted
three hours (09:00 to 12:00). After anesthesia, an elastic
ring with an internal diameter of 1.3 mm (elastic band
60.03.302; Morelli, Sao Paulo, Brazil) was placed in an
area proximal to the ankle joint of the right hind leg (Fig.
1) where it remained for 3 hours in order to make a tourni-
quet and induce ischemia [19]. In the third hour, the elastic
ring was cut and reperfusion occurred (Fig. 1). To evaluate
if the CPIP was successful, mechanical allodynia needed
to be found in the right and left limbs, and the experimen-
tal limb needed to have a 30% reduction in the mechani-
cal threshold within 48 hours after induction [20]. The
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warm phase was considered after 1 day of the CPIP [5]. The
groups were considered to be in the acute phase of CRPS-
I on day 3 after CPIP. There is no consensus about when
CRPS-I becomes acute; in the literature there are studies
that consider it accute after 1 day of CPIP [1] and others af-
ter 3 weeks of CPIP [21]. In the present study we considered
the acute phase to be from day 3, since the mice presented
inflammation, hyperalgesia, and allodynia. The chronic
phase will not be addressed due to the onset being 7 weeks
after CPIP [21].

All 56 mice were randomized into seven experimental
groups, each group with 8 animals. The groups were di-
vided as follows.

Group 1 - control or placebo, the PBM was not ap-
plied;

Group 2 - PBM applied to the paw with CRPS-I from
the warm phase (1st day after CPIP induction);
Group 3 - PBM applied to the paw from the acute
phase of CRPS-I (3rd day after CPIP induction);
Group 4 - PBM applied near the region between the
L4 and L5 segments from the warm phase of the in-
jury;

Group 5 - PBM applied near the region between the
L4 and L5 segments from the acute phase of the le-
sion;

Group 6 - PBM applied at two points: the right paw
and the region between the L4 and L5 segments from
the warm phase of the syndrome;

Group 7 - PBM applied at two points: the right paw
and the region between the L4 and L5 segments from
the acute phase of the injury.

3.PBM

The aluminum laser diode and gallium arsenide with a
wavelength of 830 nm, continuous beam, from Ibramed®
Equipamentos Médicos, Sdo Paulo, Brazil was used. The
parameters related to PBM are listed in Table 1. The PBM
was applied with the contact point mode in all groups, the
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Fig. 1. Representative photographs dur-
ing tourniquet exposure (A), 2 after re-
perfusion (B) and 1 hour after tourniquet
removal (C). Note in the second image
the tissue hypoxia and in the third image,
after tourniquet removal, hyperemia with
apparent edema.

Table 1. Parameters of photobiomodulation

Variable Parameter
Photobiomodulator Infrared laser
Wavelength (nm) 830
Frequency (Hz) Continuous
Power (mW) 30
Output beam (cm?) 0.11
Power density (mW/cm2) - each 19.44
Application point 1
Dose (J/cm?2) 10
Time (sec) 40
Energy by point (J) 1.2

application site was on the paw and region between the
L4 and L5 segments. The lumbar segment 3 and predomi-
nantly the L4 and L5 are associated with the sciatic nerve
[22], so they were selected as the PBM application site. The
study by Chen et al. [23] demonstrated that in the CPIP
model, the dorsal horn of the spinal cord plays a critical
role in the integration of pain signals and sensitization.
In the CPIP model in mongooses, in the dorsal horn of the
spinal cord, non-neuronal cells such as astrocytes and
microglia are activated in order to produce pro-inflamma-
tory mediators to modulate the pain process. In addition,
CRPS-I shows increased expression of genes (substance P
and calcitonin genes), especially at the ipsilateral levels of
L4 and L5 [22]. Therefore, it was thought interesting to see
if the segments between L4 and L5 are therapeutic targets
for the treatment of CRPS-Iin mice.

Some studies demonstrate that the best penetration
wavelengths are between 760 and 830 nm [24-26], the
penetration of 830 nm PBM in mouse skin, for example,
is approximately 40% to 42% [24]. It should be noted that
the transmitting power of PBM in skin, fat, and muscle
decreases with increasing thickness [24]. In addition, the
wavelength, at about 808 nm, penetrates the scalp, skull,
meninges, and brain of humans to approximately 40 mi-
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limeters [27]. Hamblin et al. [27] described a penetration
with wavelengths near infrared can arrive the 50 milime-
ters. For the application in the medullary region and in the
peripheral nervous tissue region we used, in this research,
PBM with a wavelength of 830 nm. To determine the site of
application of PBM, the spine region of the mice was pal-
pated and the region between thoracic vertebrae 11 and 12
was marked with a pen [28]. The demarcation with the pen
was performed in such a way that PBM could always be
applied in the same place, thus avoiding the risk of bias.

4. Analysis procedure

1) Edema

A digital micrometer (Digimess, Sdo Paulo, Brazil) was
used to measure the paw edema with CRPS-I. The instru-
ment was calibrated, with a capacity of 0-25 mm and pre-
cision of 0.001 mm. Three repeated compressions were
performed. The data were expressed in millimeters [12,20].

2) Thermal hyperalgesia

The evaluation of thermal hyperalgesia was performed
as described by Hargreaves et al. [29]. For this, the Harg-
reaves device (Ugo Basile, Gemonio, Italy) was used, which
emitted an infrared light source which directly irradiated
the affected paw of the mouse. The withdrawal latency
was measured through an automatic sensor. The time of
22 seconds was determined as the cut-off in order to avoid
possible tissue damage to the animals’ paws. Three re-
sponse time measurements were performed at 20 minutes
intervals. The animals were evaluated before the induc-
tion procedure, and on the 3rd, 7th, 14th, and 21st day after
the injury.

3) Mechanical hyperalgesia

The evaluation procedure of mechanical hyperalgesia was
performed using the Von Frey manual test (Stoelting, Chi-
cago, IL). This test was developed by Maximilian Von Frey,
and evaluates mechanical allodynia in rodents. It is con-
sidered gold standard in the determination of mechanical
thresholds [22,23]. For the test, the animals were individu-
ally allocated in acrylic boxes (9 x 7 x 11 cm) on raised wire
platforms, which allow access to the plantar surface of
the animals’ rear right paw. The frequency of withdrawal
response was evaluated after 10 applications, with an
interval of 1 second. The filament (0.4 g) was configured
from previous studies to produce an average withdrawal
frequency of about 15%, suitable for measuring mechani-
cal hyperalgesia [30,31].

www.epain.org

4) Thermographic analysis

The FLIR C2 chamber (FLIR® Systems Inc., Wilsonville,
OR) with a spectral range of 7.5-14 um, spatial resolution
(instantaneous field of view) of 11 mrad, and sensitivity of
100 mK was used to assess skin temperature. The camera is
equipped with an uncooled microbolometer with a detec-
tor field of 17 um, a temperature range of -10°C to + 150°C,
accuracy of + 2°C or 2% to 25°C, 9 Hz image frequency, and
a 320 x 240 pixels display. Emissivity was adjusted to 0.95,
reflected temperature 30°C. The photos were analyzed
using FLIR Tools software (FLIR® Systems Inc.), with the
temperature scale maintained from 20 to 40°C.

5) Functional and Sciatic Static Index (SSI)

A non-invasive way to evaluate the functioning of the sci-
atic nerve is through walking [24,25,32,33]. For this, the
Sciatic Functional Index (SFI) was introduced by de Medi-
naceli et al. [34]. This method aims to analyze the degree
of sciatic nerve injury and recovery, and its results range
from 0 to -100, in which 0 is the absence of nerve injury
and -100 means complete dysfunction. This method uses
as parameters the footprint length, finger extension, and
intermediate finger extension (Fig. 2). To assess the SFI,
a 43 cm long, 5.5 cm high, and 8.7 cm wide transparent
acrylic walkway with was used, with a wooden casing at
the end. An 8 megapixel camera (Sony'", Tokyo, Japan)
was positioned just below the catwalk and captured the
videos of the animals walking. To analyze the images, the
software Kinovea™ (Boston, MA) Footprint Imaging and
Image J™ (Boston, MA) were used. The SFI values were
found through the formula proposed by Bain et al. [35].

b8

¥
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Normal footprint Experimental footprint

Fig. 2. lllustrative representation of the parameters used to calculate the
Sciatic Static Index and Sciatic Functional Index. IT: intermediate finger
opening, PL: footprint length, TS: full finger opening. Adapted from the
article of Marcolino et al. (J Hand Microsurg 2013; 5: 49-53) [33].
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According studies [28,29,36,37], the SSI has been shown
to be effective in evaluating gait, possibly more accurate
than the SFI. To evaluate the SSI, the same acrylic walk-
way and camera were used. The images were scanned
and evaluated by Image J™ software, to transform pixels
into millimeters and calculate the parameters (Fig. 2). The
evaluations referring to the SFI and SSI were made at four
points: the 3rd, 7th, 14th, and 21st day. In all, 448 images
were analyzed, 224 for the SSI and 224 for the SFI. It is also
described that, because CRPS-I presents with mild and
subtle injury to the sciatic nerve, it goes unnoticed in most
cases [38]. Furthermore, in previous studies [13], a change

in the support of the affected paw of the mice was verified,
which allowed us to evaluate using the SFI and the SSI.

5. Statistical analysis

The normality of the data was tested using the Shapiro-
Wilk test. The two-way analysis of variance (ANOVA) and
the Bonferrori post-hoc test were used to analyze the sta-
tistical differences between the groups in each variable.
SPSS Statistics 23.0 (IBM Co., Armonk, NY) and GraphPad
Prism® 8.0 (GraphPad Software, San Diego, CA) software
were used for the analysis. The significance level used was
P < 0.05. The results were expressed as mean * standard
error of the mean.

2.8 g
RESULTS
2.6 1
o4 1. Edema
IS
% 22 The mean values and standard deviation of the edema
g variable are shown in Fig. 3 and Table 2. Statistically sig-
g 207 nificant differences were observed only between G1 vs. G6
18 (P < 0.015) on the 3rd day. On the 7th day, significant dif-
1.0 ferences were found between GI vs. G2 (P < 0.031); G2 vs.
gg | G5 (P < 0.005) and G6 (P < 0.001), as well as G3 vs. G5 (P <

Basal 3rd 7th 14th 21st
Times of the evaluation

Fig. 3. Average values of the edema variable between groups and evalu-
ation days. Group (G) 1: control (placebo), G2: photobiomodulation (PBM)
applied to the paw with complex regional pain syndrome type | (CRPS-)
from the warm phase, G3: PBM applied to the paw with CRPS-| from the
acute phase, G4: PBM applied close to the area of the region between
L4 and L5 from the warm phase, G5: PBM applied close to the area of
the region between L4 and L5 from the acute phase, G6: PBM applied
at two points: right paw and region between L4 and L5 from the warm
phase, G7: PBM applied at two points: right paw and region between L4
and L5 from the acute phase. *P < 0.05.

0.001) and G6 (P < 0.027).

On the 14th day, statistically significant differences were
found between G5 vs. G1 (P < 0.009), G2 (P < 0.005), G3 (P <
0.005), G4 (P < 0.002), G6 (P < 0.001) and G7 (P < 0.049). On
the 21st day, significant differences were found between
G3 vs. G2 (P < 0.009), G5 (P < 0.005), G6 (P < 0.005); G4 vs.
G5 (P <0.001), G6 (P < 0.002) as well as G7 vs. G2 (P < 0.023),
G6 (P < 0.005). On the last day of the evaluation, only G3
and G7 returned to their basal paw diameter levels, dem-
onstrating effectiveness in treatment. G1, G2, G5, and G6
presented higher values of affected limb diameter, which

Table 2. Mean and standard deviation values for paw edema according to groups and evaluations

Group
Paw edema
1 2 3 4 5 6 7
Basal 1.94 +0.07 2.03+£0.04 1.97 +0.13 1.99 +0.08 2.00 +£0.06 2.04+0.11 2.03+0.05
3rd 2.26+0.27 223+0.411 2.25+0.417 2.23+0.06 2.39+0.16 244 +0.16 217+0.43
7th 2.60+0.18 2.28+0.19 2.29+£0.30 248 +0.31 2.66 £0.32 2.64+£0.18 2.30+£0.35
14th 2.35+0.20 2.27+0.13 219+0.37 2.30+0.16 2.69 +0.33 2.37+0.28 2.15+0.19
21st 2.11+0.06 2.15+0.08 1.93+0.04 2.03+0.07 2.24+0.28 2.28 +0.29 1.93 +0.05

Group 1: control (placebo), Group 2: photobiomodulation (PBM) applied to the paw with complex regional pain syndrome type | (CRPS-I) from the warm
phase, Group 3: PBM applied to the paw with CRPS-I from the acute phase, Group 4: PBM applied close to the area of the region between L4 and L5
from the warm phase, Group 5: PBM applied close to the area of the region between L4 and L5 from the acute phase, Group 6: PBM applied at two
points: right paw and region between L4 and L5 from the warm phase, Group 7: PBM applied at two points: right paw and region between L4 and L5 from
the acute phase, 3rd: third evaluation day, 7th: seventh evaluation day, 14th: fourteenth evaluation day, 21st: twenty-first evaluation day.
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demonstrates that the treatment in these groups was not
effective in controlling edema.

2. Thermal hyperalgesia

The average values referring to the evaluation of thermal
hyperalgesia through the Hargreaves test are shown in
Fig. 4 and Table 3. On the 3rd day there were no statistical
differences between the groups. Statistically significant
differences were found between G3 vs. G1 (P < 0.002), G4 (P

= G1
= G2
[ G3
1G4
G5
I Geé
20_G7

N
[6)]
1

Thermal hyperalgesia (sec)

O-=NWh O
Py

7th 14th 21st
Times of the evaluation

Fig. 4. Average values referring to thermal hyperalgesia between groups
and evaluations. Group (G) 1: control (placebo), G2: photobiomodulation
(PBM) applied to the paw with complex regional pain syndrome type |
(CRPS-l) from the warm phase, G3: PBM applied to the paw with CRPS-
| from the acute phase, G4: PBM applied close to the area of the region
between L4 and L5 from the warm phase, G5: PBM applied close to the
area of the region between L4 and L5 from the acute phase, G6: PBM
applied at two points: right paw and region between L4 and L5 from the
warm phase, G7: PBM applied at two points: right paw and region be-
tween L4 and L5 from the acute phase. *P < 0.05.

< 0.005), G5 (P < 0.002) and G6 (P < 0.005); between G7 vs.
GI1 (P < 0.004), G4 (P < 0.009) and G6 (P < 0.001) on the 7th
day.

On the 14th day, significant differences were found be-
tween G1 vs. G7 (P < 0.040) as well as between G5 vs. G2
(P < 0.006) and G6 (P < 0.002). On the 21st day evaluation,
statistically significant differences were found between G1
vs. G3 (P < 0.015), G5 (P < 0.005), G7 (P < 0.004); between G2
vs. G5 (P < 0.006) and between G6 vs. G5 (P < 0.002). The
mean cut-off values on the 21st day were: 19.46 seconds
for GI; 18.52 seconds for G2; 13.25 seconds for G3; 16.96
seconds for G4; 13.54 seconds for G5; 17.68 seconds for G6,
and 15.46 seconds for G7. Only groups G3 and G5 returned
to their baseline values after treatment with PBM. G1 ob-
tained a longer cut-off time when compared to the other
groups.

3. Mechanical hyperalgesia

The mean values of the mechanical hyperalgesia test
(Von Frey) are shown in Fig. 5 and Table 4. No statistically
significant differences were found among all the values.
However, there was a pattern of withdrawal, on the 3rd
and 7th day, the mean values of withdrawal were lower (0
+2) than on the 14th (2 £ 5) and 21st day (3 £ 6).

4, Thermography

The average values of the thermographic evaluation are
found in Fig. 6 and Table 5. On the 7th day, significant dif-
ferences were found between G1 vs. G4 (P < 0.001), G5 (P <
0.005), G6 (P < 0.005) and G7 (P < 0.005); between G2 and
the other groups (except G1), as well as between G6 vs. G2 (P
<0.005), G3 (P < 0.005), and G4 (P < 0.001).

On the 14th day differences were found between G1 vs.
G5 (P < 0.001), G6 (P < 0.005) and G7 (P < 0.005); between
G2 and G3 vs. G5 (P < 0.001), G6 (P < 0.005) and G7 (P <

Table 3. Mean and standard deviation values for the analysis of thermal hyperalgesia according to groups and evaluations

Thermal Group
hyperalgesia 1 2 3 4 5 6 7
Basal 13.44 +5.09 18.54 + 2.65 12.81 +£5.27 15.62 + 4.17 1443 +4.83 12.53+5.14 15.43 +4.05
3rd 20.61+2.74 21.39+1.73 20.05+£2.77 21.01+£2.23 21.78 +0.45 21.32+1.40 21.01+£1.78
7th 21.17 +2.19 19.38+3.78 16.34 £5.01 21.73+0.49 21.02+1.99 21.74 +0.43 17.26 + 4.62
14th 2136+ 1.74 19.77 £ 3.04 17.39 + 3.80 19.49 + 3.99 19.70+5.43 19.83 +2.99 17.06 + 3.19
21st 19.47 £3.84 18.52+4.14 13.25 + 3.06 16.96 £ 4.18 13.55+2.98 17.68 + 3.65 15.46 + 2.98

Group 1: control (placebo), Group 2: photobiomodulation (PBM) applied to the paw with complex regional pain syndrome type | (CRPS-I) from the warm
phase, Group 3: PBM applied to the paw with CRPS-| from the acute phase, Group 4: PBM applied close to the area of the region between L4 and L5
from the warm phase, Group 5: PBM applied close to the area of the region between L4 and L5 from the acute phase, Group 6: PBM applied at two
points: right paw and region between L4 and L5 from the warm phase, Group 7: PBM applied at two points: right paw and region between L4 and L5 from
the acute phase, 3rd: third evaluation day, 7th: seventh evaluation day, 14th: fourteenth evaluation day, 21st: twenty-first evaluation day.
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0.005); as well as between G4 vs. G6 (P < 0.005) and G7 (P
< 0.002). And on the 21st day, statistical differences were
found between G1 and the other groups (except G6); G2 vs.
G3 (P < 0.003) and G6 (P < 0.005); between G3 vs. G2 (P <
0.001), G5 (P < 0.001) and G7 (P < 0.005); between G4 vs. G7
(P < 0.001); between G5 vs. G6 (P < 0.006); and between G6
vs. G7 (P < 0.005).

The temperature values on the seventh day of assess-
ment were slightly higher (21.2°C-25.44°C) than at the
baseline (20.22°C-24.3°C), 14th day (22.48°C-24.44°C) and
21st day (21.12°C-23.99°C).

2]
J

\

\\
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PROOOR®
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Fig. 5. Average values of the mechanical hyperalgesia test (Von Frey)
between groups and evaluations. Group (G) 1: control (placebo), G2:
photobiomodulation (PBM) applied to the paw with complex regional
pain syndrome type | (CRPS-I) from the warm phase, G3: PBM applied to
the paw with CRPS-I from the acute phase, G4: PBM applied close to the
area of the region between L4 and L5 from the warm phase, G5: PBM
applied close to the area of the region between L4 and L5 from the acute
phase, G6: PBM applied at two points: right paw and region between L4
and L5 from the warm phase, G7: PBM applied at two points: right paw
and region between L4 and L5 from the acute phase.

5.SSI and SFI

Figs. 7, 8, and Table 6 illustrate the SFI and SSI results
found during the evaluations. Statistically significant dif-
ferences were found between the SFI values for G1 vs. G3
(P <0.003) and G7 (P < 0.006) on 14th day. And between G1
vs. G3 (P < 0.003) on the 21st day. The mean values of G1 in
the 14th evaluation were -33.68 absence of unity (A.U.), G3
-14.14 A.U. and G7 -10.66 A.U., showing better results for
groups G7 and G3, when compared to G1.
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Fig. 6. Average values of the thermographic evaluation between groups
and evaluations. Group (G) 1: control (placebo), G2: photobiomodulation
(PBM) applied to the paw with complex regional pain syndrome type |
(CRPS-l) from the warm phase, G3: PBM applied to the paw with CRPS-
| from the acute phase, G4: PBM applied close to the area of the region
between L4 and L5 from the warm phase, G5: PBM applied close to the
area of the region between L4 and L5 from the acute phase, G6: PBM
applied at two points: right paw and region between L4 and L5 from the
warm phase, G7: PBM applied at two points: right paw and region be-
tween L4 and L5 from the acute phase. *P < 0.05.

Table 4. Mean and standard deviation values for the analysis of mechanical hyperalgesia according to groups and evaluations

Mechanical Group

hyperalgesia 1 2 3 4 5 6 7
Basal 24+114 2.80+0.84 2.20+1.30 2.60+1.82 3.00+1.00 2.00+1.58 3.20+1.48
3rd 1.2+0.84 0.40+0.89 0.60 £ 0.55 0.80+0.84 0.60 £ 0.89 0.60 £0.89 0.20+0.45
7th 0.8+1.10 1.00+ 141 0.20+0.45 1.60+1.34 1.20+1.30 2.40+£3.05 140+ 1.52
14th 1.8+2.49 4.40+2.30 2.80+3.11 4.80+3.42 3.60+2.61 4.80 +3.27 5.20 £ 2.05
21st 4.4 +3.65 5.60 + 2.30 3.00+2.12 5.60 £4.10 5.00 + 1.87 5.00 +4.00 5.80+1.48

Group 1: control (placebo), Group 2: photobiomodulation (PBM) applied to the paw with complex regional pain syndrome type | (CRPS-l) from the warm
phase, Group 3: PBM applied to the paw with CRPS-I from the acute phase, Group 4: PBM applied close to the area of the region between L4 and L5
from the warm phase, Group 5: PBM applied close to the area of the region between L4 and L5 from the acute phase, Group 6: PBM applied at two
points: right paw and region between L4 and L5 from the warm phase, Group 7: PBM applied at two points: right paw and region between L4 and L5
from the acute phase, 3rd: third evaluation day, 7th: seventh evaluation day, 14th: fourteenth evaluation day, 21st: twenty-first evaluation day.

Korean J Pain 2021;34(3):250-261 https://doi.org/10.3344/kjp.2021.34.3.250



Laser in complex regional pain syndrome type I

257

Table 5. Mean and standard deviation values for thermographic according to groups and evaluations

Group
Thermographic
2 3 4 5 6 7
3rd 21.09+1.74 20.23+0.91 22.80£0.82 23.03+0.68 23.66 £ 0.39 24.30+0.41 2313+1.25
7th 2224+ 192 21.20+0.88 23.43+0.81 23.98 + 1.05 24.25 + 0.63 25.45 + 0.56 2439+ 1.49
14th 2257 +1.25 2254 +0.67 2249+1.01 22.85+0.70 23.66 + 0.86 24.45 + 0.86 2417 +0.55
21st 21.12 +0.50 23.22+0.64 21.99+0.85 22,65 +1.05 23.00 £ 0.69 21.89+0.35 23.99+0.86

Group 1: control (placebo), Group 2: photobiomodulation (PBM) applied to the paw with complex regional pain syndrome type | (CRPS-I) from the warm
phase, Group 3: PBM applied to the paw with CRPS-| from the acute phase, Group 4: PBM applied close to the area of the region between L4 and L5
from the warm phase, Group 5: PBM applied close to the area of the region between L4 and L5 from the acute phase, Group 6: PBM applied at two
points: right paw and region between L4 and L5 from the warm phase, Group 7: PBM applied at two points: right paw and region between L4 and L5 from
the acute phase, 3rd: third evaluation day, 7th: seventh evaluation day, 14th: fourteenth evaluation day, 21st: twenty-first evaluation day.
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Fig. 7. Average values of Sciatic Functional Index (SFI) between groups
and between evaluations. Group (G) 1: control (placebo), G2: photobio-
modulation (PBM) applied to the paw with complex regional pain syn-
drome type | (CRPS-l) from the warm phase, G3: PBM applied to the paw
with CRPS-I from the acute phase, G4: PBM applied close to the area of
the region between L4 and L5 from the warm phase, G5: PBM applied
close to the area of the region between L4 and L5 from the acute phase,
G6: PBM applied at two points: right paw and region between L4 and
L5 from the warm phase, G7: PBM applied at two points: right paw and
region between L4 and L5 from the acute phase. *P < 0.05.

Regarding the SSI values, there were significant differ-
ences only between Gl vs. G3 (P < 0.003) and G7 (P < 0.002)
on the 14th day. The mean values of Gl in this evaluation
were -33.15 A.U. and -10.52 A.U. for G3 and -9.70 A.U. for
G7, demonstrating greater effectiveness of PBM treatment
in these groups when compared to the placebo.

DISCUSSION

The CRPS-I treatment guidelines recommend a multidis-
ciplinary approach, however, the search for an ideal treat-
ment remains a challenge [13,34]. This is the first study to

www.epain.org
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Fig. 8. Average values of Sciatic Static Index (SSI) between groups and
between evaluations. Group (G) 1: control (placebo), G2: photobiomodu-
lation (PBM) applied to the paw with complex regional pain syndrome
type | (CRPS-I) from the warm phase, G3: PBM applied to the paw with
CRPS-I from the acute phase, G4: PBM applied close to the area of the
region between L4 and L5 from the warm phase, G5: PBM applied close
to the area of the region between L4 and L5 from the acute phase, G6:
PBM applied at two points: right paw and region between L4 and L5 from
the warm phase, G7: PBM applied at two points: right paw and region
between L4 and L5 from the acute phase. *P < 0.05.

describe the effects of PBM with 830 nm on CRPS-I applied
at different sites, the affected leg and final segment of the
region between L4 and L5, and to compare the effects of
PBM 830 nm introduced in the warm and acute phases of
CRPS-1. Our main findings were: (1) PBM has better results
when introduced in the acute phase of the CPIP model,
because it effectively reduced edema and attenuated no-
ciceptive behaviors; and (2) PBM applied directly to the
affected paw showed better results than the application in
theregion between L4 and L5.

Some studies [13,14,24,26,32,33,39,40] have evaluated
the effects of different wavelengths including 660 and 830
nm on CRPS-I, and found a reported decrease in mechani-
cal hyperalgesia [13], decreased temperature, and early
functional recovery [33] in the groups treated with PBM

Korean J Pain 2021;34(3):250-261
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Table 6. Mean and standard deviation values for the Sciatic Functional Index and Sciatic Static Index analysis according to groups and evaluations

Group
Variable
1 2 3 4 5 6 7

Sciatic Functional Index

Basal -10.90+6.14 -23.00+9.48 -2231+4.09 -2321+6.85 -1797+12.18 -19.60+852 -20.24+9.50

3rd -29.22+12.80 -2425+10.11 -19.86+10.25 -23.86+11.01 -16.03+890 -19.52+11.84 -1557 +3.13

Tth -32.69+9.14 -2211+9.22 -1414+522 -2283+838 -2522+889 -27.78+9.64 -10.67+7.93

14th -31.78 +13.33 -21.25+10.58 -10.74+840 -25.70+9.85 -1619+3.34 -17.73+6.86 -12.24+11.77

21st -10.90+6.14 -23.00+948 -2231+4.09 -2321+6.85 -1797+12.18 -19.60+852 -20.24+9.50
Sciatic Static Index

3rd -6.65+2.76 -1795+12.66 -11.73+353 -19.06+14.05 -1835+294 -15.04+6.81 -17.77+9.80

7th -2819+17.82 -2149+1410 -1810+8.29 -1946+11.06 -13.96+848 -16.06+12.46 -12.69 +5.59

14th -33.16+10.26 -20.74+1211 -1052+830 -20.50+9.36 -24.79+1293 -2713+10.73 -9.70+5.91

21st -28.73+14.38 -19.74+1193 -1095+8.61 -22.05+12.60 -12.71+9.09 -17.76+7.08 -10.93+3.94

Group 1: control (placebo), Group 2: photobiomodulation (PBM) applied to the paw with complex regional pain syndrome type | (CRPS-I) from the warm
phase, Group 3: PBM applied to the paw with CRPS-I from the acute phase, Group 4: PBM applied close to the area of the region between L4 and L5
from the warm phase, Group 5: PBM applied close to the area of the region between L4 and L5 from the acute phase, Group 6: PBM applied at two
points: right paw and region between L4 and L5 from the warm phase, Group 7: PBM applied at two points: right paw and region between L4 and L5 from
the acute phase, 3rd: third evaluation day, 7th: seventh evaluation day, 14th: fourteenth evaluation day, 21st: twenty-first evaluation day.

830 nm. The choice of wavelength for this study was due
to these results, which demonstrated greater efficacy in
treating the symptoms of CRPS-I in mice. In addition, PBM
660 had shown higher attenuation (approximately 70% to
75%), while PBM 830 nm had shown approximately 60% to
68% attenuation at 1.17 and 1.66 mm thicknesses of mouse
skin [24]. Previous studies also show that PBM 830 nm
penetrates 54% deeper than PBM 980 nm in mouse skin [26]
and has greater penetration than PBM 910 nm in spinal
nerves in mice [25], demonstrating better power density
distribution across tissue and providing treatment in dif-
ferent layers of mouse skin [26].

As previously described, CRPS-1 has three stages [5]. The
study by Rodrigues et al. [13] evaluated the effects of PBM
660 and 830 nm on CRPS-I and reported that mechani-
cal hyperalgesia decreased significantly from the fourth
day of application in the groups treated with PBM 660 and
830 nm, corroborating with the data of the present study,
where the group treated with PBM in the acute phase (G3)
obtained reduced values of mechanical hyperalgesia.
These findings can be explained by the rapid action of
PBM, promoting peripheral and sympathetic nerve block-
age and reducing pain [17]. In addition, PBM in fluencies
between 3-8 J/cm? can modulate the endogenous opioid
system, reduce IL-13 and TNFq and cause antinociceptive
action [41].

In addition to the antinociceptive action, PBM reduces
edema due to reduced expression of pro-inflammatory
cytokines [42]. In this study, groups G3 (PBM on the paw
from the acute phase) and G7 (PBM on the paw and region
between L4 and L5 from the acute phase) showed better
evolution in relation to edema when compared to other

Korean J Pain 2021;34(3):250-261

groups treated from the acute phase. These findings cor-
roborate those found by Joensen and Gjerdet [43], where
PBM irradiation in the acute phase increased edema in
rats after calcaneal tendon injury. A possible explanation
for the increase of edema in these groups may be related
to the reduction of the sensation of pain, which would in-
crease the physical activity of these animals, promoting
temporary vasodilatation and consequent edema [44].

Thus, in this study, the SFI and SSI were used to evalu-
ate the functional quality of the subjects’ gait. Our results
showed that the placebo group had a lower gait quality
(-27.54 + 10.00) when compared to G3 (-16.25 + 5.05) and
G7 (-13.75 + 4.78), both in SFI and SSI. These findings cor-
roborate those found by Barbosa et al. [45] and Marcolino
et al. [33], where they evaluated the degree of functional-
ity inferred by SFI and SSI in experimental models treated
with PBM 830 nm after sciatic nerve injury. A manuscript
by Marcolino et al. [33] concluded that irradiation at 830
nm was effective in accelerating gait recovery in the first
two weeks of treatment. Barbosa et al. [45] and de Souza et
al. [32] concluded in their studies that PBM provided early
functional recovery in the evaluated model.

Another variable evaluated in this study was the skin
temperature of the limb with CRPS-I. The monitoring of a
disease by means of a thermographic camera allows veri-
fication of the effectiveness of a therapeutic procedure and
the progression of a disease, since there is a good correla-
tion between temperature and the sympathetic activity of
the skin [13,45]. Our findings showed several significant
differences between days and groups, but the highest tem-
perature values were found on the seventh day of evalu-
ation. A study by Koci¢ et al. [14] evaluated the skin tem-
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perature of individuals with CRPS-I after the application
of PBM and highlighted a decrease in temperature after
treatment, corroborating our findings, where the tempera-
ture was lower from the seventh day. This may happen
due to the regulatory effect on skin vascular tone that PBM
provides.

Although PBM has a regulatory effect on vascular tonus,
the direct application in the marrow did not show good
results in the treatment of CRPS-I. These findings corrobo-
rate with those found by Pires de Sousa et al. [16], where
PBM doses were applied in the lumbar region (near the
location of the spinal cord) and an increase in pain thresh-
old was found after 3 hours of application, which may
explain the higher values of allodynia in the groups of this
study. In the study of Mandelbaum-livnat et al. [46], appli-
cations of PBM were performed in three different sites: the
injured area of the peripheral nerve, segments of the spi-
nal cord, and denervated muscle, and concluded that the
treatment would be effective only by applying it directly to
the injured muscle. A possible explanation is that PBM has
effects mainly at the site of application, due to its interac-
tion with the injured tissue [47].

In the research that relates CRPS-I and PBM there is no
consensus on the parameters used, nor studies about re-
lating the phases of the syndrome with the effects of PBM,
which makes it difficult to compare the results and under-
stand the mechanisms involved. Among the limitations
of this study is the lack of intraclass correlation coefficient
between the measures of SFI and SSI, however, it should
be noted that the measures were performed by only one
examiner, who had been previously trained.

The information obtained in this study allows us to re-
port that the irradiation of PBM from the acute phase of
CRPS-I was more effective than when initiated from the
warm phase. And irradiation at the affected site (right paw)
obtained better results when compared to irradiation at
the region between L4 and L5 in reducing edema, thermal
and mechanical hyperalgesia, and improving gait quality,
demonstrating efficacy in treatment of CRPS-I symptoms.
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