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ORIGINAL ARTICLE

Low-level laser therapy in periarticular morphological aspects of the
knee of Wistar rats in rheumatoid arthritis model

Laser de baixa intensidade nos aspectos morfologicos periarticulares do joelho de ratos Wistar

em modelo de artrite reumatoide

Morgana Neves', Alana Ludemila de Freitas Tavares', Ana Caroline Barbosa Retameiro’, Taciane Stein da Silva Leal’, Lucinéia de

Fatima Chasko Ribeiro', Gladson Ricardo Flor Bertolini’

ABSTRACT

BACKGROUND AND OBJECTIVES: The deleterious effects
of rheumatoid arthritis on periarticular tissues have not yet been
fully elucidated. Therefore, the search for treatments that can
modulate the inflammatory profile and tissue remodeling is per-
tinent. The present study evaluated the effects of low-level laser
therapy (LLLT) on the morphology of periarticular tissues and
synovial membrane of rats in a rheumatoid arthritis model.
METHODS: Sixty-four male rats were divided into acute (7
days) and chronic (28 days) inflammatory periods, with four
groups (n=8) each, being: CG (control group), LG (lesion
group), CLaG (laser control group) and LLaG (laser lesion
group). The animals of the lesion groups received two inocula-
tions of Freund’s Complete Adjuvant at a concentration of 50pL,
the first at the base of the tail, and the second at the right knee.
The animals in the control groups were injected with isotonic
sodium chloride solution. The ClaG and LLaG were treated with
660nm LBI, 5]/cm? in the right knee. After the experimental pe-
riod, the animals were euthanized, and the knees were processed
for light microscopy.

RESULTS: The CG and CLaG morphological analysis had nor-
mal aspects. The LG showed synovitis, femur, and tibia with
changes in the periosteum, with inflammatory cells and bone
modifications. In the LLaG, the synovial membrane showed sig-
ns of improvement. Bone tissue in the chronic period showed
morphological aspects, denoting tissue remodeling.
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CONCLUSION: The experimental model was efficient in simu-
lating inflammatory tissue events, and the low-level laser therapy
showed beneficial effects on the morphology of the periarticular
tissues.

Keywords: Knee joint, Laser therapy, Rheumatoid arthritis.

RESUMO

JUSTIFICATIVA E OBJETIVOS: Os efeitos deletérios da ar-
trite reumatoide nos tecidos periarticulares ainda nao estio total-
mente elucidados, sendo pertinente a busca por tratamentos que
possam modular o perfil inflamatério e a remodelagio tecidual.
O presente estudo avaliou os efeitos do laser de baixa intensida-
de (LBI) na morfologia dos tecidos periarticulares ¢ membrana
sinovial de ratos submetidos 2 um modelo de artrite reumatoide.
METODOS: Para tanto, 64 ratos machos foram divididos em
periodos inflamatérios agudo (7 dias) e cronico (28 dias), com 4
grupos (n=8) cada, sendo: GC (grupo controle), GL (grupo le-
s20), GCLa (grupo controle laser) e GLLa (grupo lesio laser). Os
animais dos grupos lesio foram submetidos a duas inoculagoes
de Adjuvante Completo de Freund na concentragio de 50pL,
sendo a primeira na base da cauda e a segunda no joelho direito.
Os animais do grupo controle foram submetidos a inje¢des com
solugio isotdnica de cloreto de sédio. Os grupos GCla e GLLa
foram tratados com LBI 660nm, pontual no joelho direito, 5]/
cm? Apés o perfodo experimental, os animais foram eutanasia-
dos e os joelhos processados para andlises em microscopia de luz.
RESULTADOS: Na anilise morfolégica, GC e GCLa apresen-
taram aspectos normais. O GL apresentou sinovite, fémur e tibia
com alteracoes no periésteo, com células inflamatérias e modi-
ficagoes Gsseas. A membrana sinovial mostrou sinais de melhora
no GLLa. No periodo crénico, o tecido dsseo apresentou aspec-
tos morfolégicos, denotando remodela¢io tecidual.
CONCLUSAO: O modelo experimental foi eficiente em simu-
lar os eventos inflamatérios teciduais, e o laser de baixa intensi-
dade apresentou efeitos benéficos sobre a morfologia dos tecidos
periarticulares.

Descritores: Articulacio do joelho, Artrite reumatoide, Terapia a laser.

INTRODUCTION

Rheumatoid arthritis (RA) is characterized as an inflamma-
tory, systemic, autoimmune disease that affects joint tissue and
periarticular structures'. Symmetry is a fundamental feature
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of the disease that evolves from asymmetric to symmetrical,
with the progression of pathological manifestations. Initial in-
flammatory events affect the synovial membrane, presenting
cellular hyperplasia and intense inflammatory process, deno-
ting synovitis’.

The synovial membrane has innervation marked by the presence
of positive nerve fibers for proinflammatory neuropeptides, such
as substance P (sP) and calcitonin gene-related peptide (CGRP),
both in the intimal and subintimal layers and around the blood
vessels®. Such neuropeptides are the result of antidromic nerve
conduction, reaching the affected joint causing progeny effects
of chronic inflammatory joint processes, characterized by neu-
rogenic inflammation®. The injurious stimulus, together with
the onset of inflammation triggered by events of the immune
system, such as that occurring in RA, sensitize the primary no-
ciceptive neurons, and in response, the exacerbation of pain and
inflammation occurs.

Among the features of conservative treatments used to control
pain and modulation of inflammatory events is the Low-Inten-
sity Laser (LIL). This therapy is effective in stimulating wound
healing, reducing the inflammatory process and analgesia, and
the primary target of irradiated light is cytochrome C oxidase,
located in mitochondria. The interaction results in increased
metabolism, leading to signal transduction to other cell regions’
favoring tissue repair.

The use of physical resources may be associated with other thera-
pies already established for inflammatory control of the disease,
characterized by joint cartilage degradation and inflammation of
periarticular tissues, leading to reduced functional capacity, and
pathological signs found in patients with RA®. However, LIL has
different effects on tissues according to the parameters of use,
such as dose, wavelength, and application site.

Studies on the deleterious effects of RA on the synovial membra-
ne are scarce, and little is known about these actions on periar-
ticular bone tissue. Moreover, as these important structures are
involved in joint function, the specificity of conservative treat-
ments that can modulate the inflammatory profile and periarti-
cular tissue remodeling is relevant to enable the maintenance of
the function and the quality of life of individuals affected by the
disease that has a chronic character.

The hypothesis of the study is that the disease may induce tis-
sue effects beyond the synovial fluid, but also in adjacent tissues
such as the synovial membrane and peripheral bone region. Also,
check whether LIL, due to its properties, demonstrates benefi-
cial effects on these tissues. Given the above, this study aimed
to evaluate if the LIL has effects on the morphology of the pe-
riarticular tissues of rats submitted to experimental rheumatoid
arthritis.

METHODS

The study was an experimental and randomized study, composed
of 64 male Wistar rats, 15 weeks old, weighing 300+19g, kept in
polypropylene plastic boxes, with ad libitum access to food and
water, temperature-controlled at 21°C+1°C, and 12-hour light/
dark photoperiod.

The animals were randomized using the Microsoft Excel 2016
software and separated into two inflammatory periods of the di-
sease, acute (7 days of inflammation) and chronic (28 days of
inflammation). They were further subdivided into four groups
each, CG (control group), IG (injury group), LaCG (laser con-
trol group), and LalG (laser injury group) (Figure 1).

(n=64)

ACUTE CHRONIC
(n=32) (n=32)

| ca || 16 ||Lacal| Laia | | ca || 16 ||Lacql| Laia

Figure 1. Diagram of sample groups
Source: Author.
CG = control group; IG = injury group; LaCG = laser control group; LalG = laser

injury group.

Experimental model of rheumatoid arthritis induced by Fre-
und’s Complete Adjuvant

Initially, the animals underwent a pre-sensitization protocol” by
intradermal inoculation at the base of the tail of 50pL of FCA
(Freund’s Complete Adjuvant, Difco, 0.5mg/mL, Mycobacte-
rium butirycum) for the animals of IG and LalG, or 0.9%
physiological solution (PS), Aster® for CG, and LaCG animals.
To this end, the substance administration area was shaved and
submitted to asepsis of the injection site with 1% iodized alcohol
(Rialcool). Then the animals were injected with a 1mL syringe
and 13x4.5mm needle. The needle was inserted approximately
lcm into the base of the tail subcutaneously. This intradermal
injection procedure was the first inflammatory stimulus seven
days before the intraarticular injection.

Intraarticular injection of 50pL (0.5mg/mL) of FCA or PS was
administered to the right tibiofemoral joint of the animals. The
animals were contained manually. The anterior knee area of the
right pelvic limb was shaved, and asepsis was performed with 1%
iodized alcohol. Then the injection was given with a ImL syringe
and 13x4.5mm needle.

Treatment Protocol

The animals of groups LaCG and LalG received the treatment
with LIL>® (Laserpulse - Ibramed), in the knee region of the
sensitized pelvic limb. The application points were anterior to
the patella, medial face in the tibiofemoral joint, lateral face in
the tibiofibular joint, and posterior in the popliteal region. The
treatment parameters were: four-point point technique, 660-na-
nometer wavelength, 30mW power, spot area: 0.06cm?, energy
density: 5J/cm? per point, time per point: 10 seconds, energy
total per point: 0.003], totaling four applications in animals of
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the acute group, and 14 applications in animals of the chronic
inflammatory period in intercalated days. The equipment was
checked for potency before treatment began.

Morphological analysis

After the experimental period, animals from acute (7 days of in-
flammation) and chronic (28 days) inflammatory period were
euthanized by guillotine decapitation, previously anesthetized
with an intraperitoneal injection of ketamine hydrochloride (Ke-
talar’ - Brazil, 95mg/kg) and xylazine (Xilazin" - Brazil, 12mg/
kg). After checking the animal’s state of consciousness (observed
due to the lack of motor response to the tail pinch and interdi-
gital folds), the right and left knee joints were dissected, reduced
in tibial and femoral transverse sections and fixed in methacarn
(70% methanol, 20% chloroform, 10% glacial acetic acid) for
48 hours. Then the pieces were set in 70% alcohol (Neon’) for
15 days.

The material was washed for 24 hours in running water. The
joints were decalcified in 5% trichloroacetic acid (Neon’) for se-
ven days, following a routine histological procedure for inclusion
in paraffin (Alphatec). Sagittal plane sections were performed
on Olympus CUT 4055 microtome, 7pm thick, and mounted
on glass slides. For staining, hematoxylin and eosin protocol
(Synth’) was used. The slides were analyzed under a light micros-
cope and photomicrographed under an Olympus' DP71 (USA)
microscope. In the morphological analysis, normal aspects and
changes in the synovial membrane and bone periarticular region
of the femur and tibia were observed (Figure 2).

The Committee of Ethics in the Use of Animals (CEUA) of the
State University of the West of Parand (UNIOESTE) approved
this study on 10/27/2017.

Femur

= Tibia

Figure 2. Diagram of the knee joint, showing the periarticular analysis
sites of the femur and tibia (demarcated field)
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RESULTS

'The morphological analysis of the CG synovial membrane (Figure
3A, B, C, D) presents normal aspects of the synovial membrane
organized in two layers of cells (synoviocytes) in the synovial inti-
ma, and subintima, with a predominance of adipose cells, blood
vessels and connective without changes. LaCG animals (Figure 31,
J, K, L) presented similar morphological aspects to CG.
However, the synovial membrane of IG animals (Figure 3C, D,
E, F) revealed an intense inflammatory process, with disorgani-
zed synovial intima thickening as to the epithelioid distribution
of synoviocytes. Subintima with the absence of adipocytes, in-
creased number of blood vessels, characterizing synovial joints.
In LalG (Figure 31, ], K, L), the synovial membrane showed
discrete cell organization and adipocyte reorganization, showing
tissue recovery.

In acute IG animals (Figure 3F), the left pelvic limb (non-sensitized)
showed morphological changes in the synovial membrane, which
was not observed in animals in the chronic group, which maintai-
ned normal morphological aspects in the non-sensitized limb.

In the analysis of the periarticular region of the femur (Figure
4) and tibia (Figure 5) of the animals of the control group (A,
B, C, D), normal aspects of the bone tissue were verified, with
periosteum in its osteogenic and fibrous layers, bone matrix with
the appearance of compact bone and presence of blood vessels.
In the animals of I1G (E, E G, H), in the femur (Figure 4) and ti-
bia (Figure 5), there were morphological differences compared to
the CG, the tissue presents with intense inflammatory process in
the periosteum, in the osteogenic layer, presence of differentiated
inflammatory cells, gaps and modification of the compact bone
in the bone matrix region to a feature of spongy bone.
Periarticular morphological modifications were found with grea-
ter evidence in both the femur and tibia of animals in the acute
group, still presenting alterations in the non-sensitized contrala-
teral limb (Figure 4).

Femur and tibia of LalG animals (E G, H, I), in the acute
period, presented morphological aspects similar to IG. In the
chronic period, there was tissue remodeling with morphological
similarities to the CG.

DISCUSSION

In this study, two inoculations of FCA containing Mycobac-
terium butyricum induced the appearance of significant mor-
phological changes, including synovial membrane hyperplasia
with feature synovitis and periarticular bone modifications in
the femur and tibia. A study postulated that adequate RA in-
duction consists of two injections of FCA containing an at-
tenuated mycobacterium, considering the classification of the
disease, autoimmune, the model is used through pre-sensitiza-
tion of animals’.

The pathogenesis of RA can be influenced by the inflammatory
potentials of spinal cord®. Stimuli such as mechanical trauma,
pH changes, presence of inflammatory mediators, can trigger
a process called neurogenic inflammation’, which reflects the
release of neurotransmitters from the primary afferent, such as



Low-level laser therapy in periarticular morphological aspects BrJP. Sao Paulo, 2020 jan-mar;3(1):8-13
of the knee of Wistar rats in rheumatoid arthritis model

SYNOVIAL MEMBRANE
ACUTE CHRONIC

Figure 3. Photomicrographs of the synovial membrane, periods of acute and chronic inflammation, right and left limbs, respectively.

Sagittal section, hematoxylin, and eosin staining. CG (A, B, C, D) shows normal aspects of the two-layered synovial membrane, the synovial intima, with synoviocy-
tes distributed in layers (arrow), subintima organized with a predominance of adipocytes (Ad), joint cavity (star) without inflammatory infiltrate. In IG (E, F, G, H), the
synovial membrane with an intense inflammatory process (hollow arrow), thickening of the synovial intima (asterisk), and decrease of the adipose cells (Ad) in the
subintima. In LalG (1, J, K, L) acute inflammatory period denotes tissue recovery with slight adipocyte reorganization.

FEMUR BONE
ACUTE CHRONIC

Figure 4. Photomicrographs of the femur, periarticular peripheral region, acute and chronic inflammatory period, right and left respectively.
Longitudinal section, hematoxylin, and eosin staining. CG (A, B, C, D) normal aspects of bone tissue, periosteum in its fibrous (Pof), osteogenic (Poo), and bone matrix
(Mo) layers with the presence of blood vessels (Vs). IG (E, F, G, H) tissue denotes the presence of inflammatory cells and modification of compact bone to feature of
spongy bone (asterisk). LalG (1, J) in the acute inflammatory period, have morphological aspects similar to IG, with the onset of tissue remodeling. In LalG chronic
inflammatory period (K, L) reveals similarities to CG with tissue remodeling.
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TIBIA BONE

CHRONIC

Figure 5. Photomicrographs of the tibia, periarticular peripheral region, acute and chronic inflammatory periods, right and left, respectively.

Longitudinal section, hematoxylin, and eosin staining. CG (A, B, C, D) normal aspects of bone tissue, periosteum in its fibrous (Pof) and osteogenic (Poo) layers,
bone matrix (Mo) with the presence of blood vessels (Bv). IG (E, F, G, H) tissue denotes the presence of inflammatory cells and modification of the compact bone to
spongy bone feature (asterisk). LalG (I, J), the acute inflammatory period, has morphological aspects similar to IG. LalG in the chronic inflammatory period (K, L),

show similarities to the CG with tissue remodeling.

sP and CGRP", which enhance peripheral inflammation. One
study has inferred that a sensitive nerve contralateral to arthritis
induction, leads to action potentials towards the periphery; also
observed that animals induced to an inflammatory process by
FCA, presented greater spontaneous antidromic activity when
compared to a control group. In their study, they found that the
contralateral joints showed plasma leakage due to the presence
of sP and CGRE, reaffirming the neuronal action in the forma-
tion of the symmetrical lesional pattern of RA!. In this study,
it was found that the synovial membrane and bone tissue of the
non-sensitized pelvic limb in IG animals showed aspects of cell
hyperplasia.

Another study demonstrated that LIL suppresses the signaling of
afferent fibers and modulates synaptic transmission to neurons
in the dorsal horns, and inhibition of sB supporting the neu-
ral mechanisms of the effectiveness of laser therapy in painful
conditions'. The synovial membrane is innervated by positive
sP fibers, which indicates that it is the inflammatory stimulus
that potentiates RA®. The results found in this study corrobora-
te the other findings that demonstrated laser therapy actions in
reducing synovial membrane hyperplasia’®. In the same vein, a
systematic review to evaluate the effectiveness of LIL in the treat-
ment of RA concluded that the therapy has a beneficial effect
when used for at least four weeks, with effects in reducing pain
and morning stiffness, symptoms reported by affected patients'.
The tissue initially affected by inflammation in RA is the synovial
membrane, denoting cellular hyperplasia, and an inflammatory
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process that characterizes the synovitis process®. The animals in
the injury groups showed morphological changes with an inten-
se inflammatory process. In cases of disease progression without
proper treatment, inflammatory events progress to other tissues,
with joint destruction and bone loss.

Periarticular bone changes in RA patients are caused by bone
increase and resorption resulting from the accumulation of in-
flammatory cells, including lymphocytes and macrophages, and
pro-inflammatory cytokines that promote osteoclast-mediated
bone resorption. Qualitative changes in periarticular bone in RA
are poorly studied, but of great interest, as affected patients are
prone to fractures due to tissue fragility caused by bone loss”. In
this study, the morphology of the bone tissue of the femur and
tibia in the periarticular region of rats submitted to experimental
RA was evaluated. It was found that IG animals showed bone
changes resulting from an intense inflammatory process.
Histopathological analyses have shown a significant reduction in
inflammation, bone destruction, cartilage, and pannus forma-
tion with other forms of therapy'®. However, there is no clinical
evidence regarding the relationship between LIL and periarticu-
lar bone analysis. The decrease in bone strength associated with
chronic inflammation, together with significant changes in bone
quality and structure, can increase bone susceptibility to failure
under low energy load".

The animals that were treated with LIL in the bone morphological
aspects in the chronic inflammatory period showed tissue remode-
ling. It is suggested that the treatment provided an increase in me-
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tabolism, in addition to modulation of the inflammatory process in
the experimental period. LIL causes vasodilation, a relevant factor
for joint inflammation, as it increases local oxygen support and con-
tributes to the migration of immune cells'® helping tissue repair'%.
A study that evaluated the effects of LIL on the modulation of
the inflammatory process, using an experimental model with
animals, concluded that the treatment has better effects when
administered in the chronic phases of the disease'. They also in-
fer that the 660 nm wavelength is the most suitable in this phase
and that a treatment plan of three sessions, with an interval of
1 day between them, is sufficient to modulate the inflammatory
profile of the disease. In this study, it was found that the 660 nm
wavelength stimulated discreet cell organization and reorganiza-
tion of adipocytes, denoting tissue recovery.

LIL has differentiated actions on tissues, according to the parameters
of use, such as dose, wavelength, continuous or pulsed mode, du-
ration and place of treatment, and anti-inflammatory effects when
used in disease progression'*?’. The therapy has biostimulating pro-
perties, causing increased cellular metabolism, collagen synthesis,
analgesic, and anti-inflammatory effects™'. According to a study,
the use of the 670nm wavelength showed satisfactory results as an
expression of vascular endothelial growth factors™. In this study, the
wavelength used was 660nm and showed tissue morphological im-
provement when compared to animals in the IG*.

The initial hypothesis of the study was to verify whether the ex-
perimental model of disease induction reflected in morphologi-
cal changes in periarticular tissues and to evaluate whether treat-
ment with LIL would be effective in reducing the harmful effects
of the injury. However, the hypothesis can be confirmed due to
the changes found in the animals of the injury groups, which
denotes an intense periarticular inflammatory process. The LIL
has also been shown to be effective in morphologically reducing
these effects, even if it does not promote tissue restoration. Also,
the study is limited by the protocol with male animals, and the
prevalence in humans is in the female gender®’.

It is suggested to conduct studies specifically related to bone tis-
sue morphometry to corroborate the morphological findings of
this study. Still, other LIL parameters, such as intensity, dose and
wavelength, should be tested, so that the findings can be used in
the clinical practice.

CONCLUSION

The LIL showed beneficial effects on the morphology of the periarti-
cular tissues of rats submitted to experimental rheumatoid arthritis.
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