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12Doctorate in Ciències Mèdiques Bàsiques, Universitat Rovira i Virgili, Tarragona, Spain
13PhD and Masters in Biomedical Engineering-Laser Therapy, University of Vale do Paraı́ba, São José dos Campos, São Paulo, Brazil
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The objective of this review was to analyze original articles about the effects of therapy with LED in experimental models of
calcaneal tendon lesions of rats. The search was performed in the period from February to May 2018, in the following electronic
databases: MEDLINE, SciELO, and LILACS, besides the Google Scholar, using the descriptors “Achilles tendon”, “Rats”, “LED”,
“Tendinopathy”, and “Low-level LightTherapy”, as well as their matching parts in the Portuguese and Spanish languages, related to
and in association with the relevant terms to the content sought. From the descriptors used 215 works were found. After application
of eligibility criteria 8 works were selected, in which positive results were found after the application of the LED. Regarding themain
results found with phototherapy, we observed a significant reduction in inflammation. Only one article mentioned little reduction
of inflammation. In relation to the number of sessions, there was wide variation, with an average of approximately 5 sessions every
24 hours. Studies in this review pointed out, therefore, positive results in the repair of the calcaneal tendon after therapy with
irradiation LED; however, carrying out more experimental studies that help the standardization of parameters to be used in this
therapy for further clinical studies becomes necessary.

1. Introduction

Tendinopathy is defined as a clinical presentation of pain
leading to a reduction of the functional capacity and can

be followed by the presence of signs as edema, pain, or
thickening of the tendon.Many evidences have demonstrated
that the lesion of the calcaneus tendon is the most common
among athletes, besides being the most common target
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of spontaneous ruptures. The activities including running
and jumping, such as badminton, volleyball, football, and
athletics, are among those that have higher rate of injury
in this structure, being the athletes of high level the most
affected [1–3].The calcaneal tendon lesion can occur in 9% of
recreational runners and cause the end of the career of more
than 5% of professional athletes [4].

The causes of acute or chronic lesions of the calcaneal
tendon are usually related to mechanical and biological
factors, alone or associated with a predominance of extrinsic
factors in acute trauma. To be the Achilles tendon, a poorly
vascularized tissue, which consequently has lownutrition and
oxygenation, the capacity for tissue repair in this structure is
low [5, 6].

The tendon tissue is a dense connective tissue, whose
function is to transmit the force of a muscle to a bone. The
tendons are constituted by fibroblasts and an extracellular
matrix composed of fibrous proteins of collagen, elastin and
proteoglycans, glycoproteins, and multiple saccharides. Col-
lagen is themajor structural protein and themain component
of the extracellular matrix, representing about 86 to 95%
of the wet weight [7]. The collagen Type I is considered
responsible for the mechanical resistance of the tissue tendon
and the collagen Type III has an important role in the healing
process. The Type I collagen (thick fibers) is the primary
collagen embedded in the structure of the tendon, and its
increased production can improve tendon healing in cases of
injury or rupture [8].

The tendon healing in acute lesions occurs in three
stages: inflammation, proliferation, and remodeling. The
inflammation happens to protect the body, eliminate harmful
agents, and dilute the site and records an increase in capillary
permeability and vasodilation, leading to the formation of
edema. In the proliferation phase, there is an increase in the
number and in the synthesis of fundamental substance and
collagen. Already in the stage of remodeling the collagen
fibers increase and there is a longitudinal realignment [9, 10].

Photobiomodulation (PBM) is a description of inter-
ventions with light therapy that modulates biological pro-
cesses [11]. Research points that experimental studies have
demonstrated evidence that the light emitting diode (LED),
a subtype of the PBM, similar to low-intensity laser, can
accelerate the process of tissue repair, once that is associated
with the synthesis of adenosine triphosphate (ATP) and cel-
lular proliferation [12]. Its mechanism of action involves the
stimulation of fibroblast proliferation and increase in collagen
synthesis, resulting in an improvement in the distensibility
of the collagen and the resistance of the strains and tendon
ruptures. In addition to these characteristics, the LED is a
therapeutic resource for low cost, making it accessible to use
on the occurrence of tendinous injuries [13, 14].

Some clinical studies [15, 16] and several experimental
studies were performed using low-level light therapy (LLLT)
in tendinopathies. From these researches, literature review
studies have pointed out ideal irradiation parameters and
respective therapeutic effects [17, 18]. However, there is only
one study of this type with human beings on the use of LED
therapy [19], and specifically on calcaneal tendon lesions,
there was no in vivo study with human beings. Researches

have been developed in animal models. Almost all studies use
rats, because they are considered great experimental models
of tendinopathies. Rats used in experiments are very similar
to the human species both anatomically and physiologically
[20], allowing reproducing induced lesions and allowing the
histopathological assessment of the tendon [21].

Based on this context, the present study had as objective
to perform a review of the literature on the effects of therapy
with LED in experimental models (rats) of the Achilles ten-
don injuries, in order to facilitate and motivate the use of this
therapy in clinical practice.

2. Method

The survey of the literature for this review was performed in
the period from February to May 2018, using the following
electronic databases: LILACS (Latin American andCaribbean
Center on Health Sciences Information), MEDLINE (Online
System for Search and Analysis of Medical Literature) via
PubMed, and SciELO (Scientific Electronic Library Online), in
addition to the Google Scholar. The descriptors used, after
consulting the DeCS (Descriptors in Health Sciences) and
MeSH (Medical Subject Headings), were“Tendão de Aquiles”,
“Ratos”, “LED”, “Tendinopatia”, and “Terapia com luz de
baixaintensidade”, as well as their synonyms in the English
language, “Achilles tendon”, “Rats”, “LED”, “Tendinopathy”,
and “Low-level light therapy”, and in the Spanish language,
“Tendón de Aquiles”, “Ratones”, “LED”, “Tendinopat́ıa”, and
“Terapia con luz de baja intensidad”, related to and in
association with the relevant terms to the content sought.

There were elected as inclusion criteria: items available in
their entirety, in Portuguese, English, or Spanish, with tendon
injury heel approach induced in rats treated with LED in
association or not to other therapies and published in the last
10 years, that is, from 2008 to 2018. Studies on LED therapy
began in 2000 strongly supported by NASA [22]. From in
vitro studies, in vivo studies began, justifying the one-decade
time range chosen.

Incomplete articles were excluded from the study, which
addressed the subject and not repeated articles. Review article
is not found to list the Achilles tendon injury to use LED
therapy. All review articles found on photobiomodulation
(PBM) discussed the use of the low-level light therapy (LLLT)
on calcaneal tendon, but not the LED therapy.

The articles were initially examined by title and abstract,
in order to make sure that the study was performed with the
use of LED, becausemany dealt with research carried outwith
laser. Then, the full texts of potential articles selected were
evaluated.

3. Results

Using the descriptors mentioned, 215 publications were
obtained, being 129 in the MEDLINE, LiLacs 1, 83 in Google
Scholar, and 2 in the SciELO. From these, 201 were excluded
based on the title or the abstract. After analysis of the
eligibility of the 14 articles those were selected for reading,
6 were excluded due to repetition. In this way, 8 studies were
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Identified articles (n=215):
MEDLINE via PubMed; (n=129); Google Scholar (n=83); SciELO (n=2) and

LILACS (n=1)

Excluded articles (n=201)
- No PBM studies
- LLLT studies

14 articles were included for full text 
analysis

6 articles were excluded due to
repetition

Bastos; Lizarelliand Parizotto 
(2009); 

Casalechiet al., (2009)
Xavier et al., (2010)

Silva; Carvalho and Moura Júnior
(2011)

Parente et al., (2013)
Xavier et al., (2014)

Helrigle et al., (2015) 
Moura-Júnior et al. (2015)

8 articles were included for analysis.

Figure 1: Selection flowchart of the studies used in the review of literature on the use of LED in tendon injuries.

included in this review, all being carried out in Brazil (Figure 1
and Table 1).

In Table 1 the methodological characteristics are
described and of the protocols used in the selected studies
such as type of lesion, parameters of the instrument, and
number of sessions, as well as the results obtained in each
study after treatment. In all the studies analyzed positive
effects were identified in the use of LED in the treatment of
injuries of the Achilles tendons of rats. The work of Silva,
Carvalho, andMoura Júnior (2011), however, mentioned that
there was a significant result between the treated groups and
the control groups of rats, stating that none of the animals
verified the reconstruction of the normal structure of the
tendon. None of the articles reported undesirable effects in
the process of repair.

The experiments analyzed had their different wavelengths
ranging from 625 to 945 nm. Two (25%) of these studies
were carried out in a comparative manner between LEDs
with different lengths of waves. In relation to the form of
irradiation, five were performed in a timely manner at an
angle of 90∘ and three were not reported in the form of
application. The number of sessions described ranged from
3 to 21 days, with an average of 5 days in intervals of 48 hours
(50%), power of 0.03W (50%), and average time of irradiation
around 119 seconds among the studies that reported this
parameter.

The type of histomorphometric analysis was predomi-
nant, alone or combined with another type of analysis. Of the
studies, 2 (25%) underwent the histomorphometric analysis

alone; 37.5% (3) used the histomorphometric analysis in con-
junction with C-reactive protein (CRP), histological analysis,
and Raman spectroscopy; 12.5% (1) performed histological
analysis only; 12.5% (1) performed CRP isolated; and 12.55%
(1) underwent analysis using the Elisa test. It was observed,
however, that none of the studies presented the time (days) of
analysis.

The most significant results obtained with the therapy
decreased inflammatory response by reducing of cells and
modulation of inflammatory mediators, in addition to the
increase of fibroblasts, collagen synthesis, and reorganization.
Some of the other results mentioned were reduction of
interleukins (IL-6 and IL-10).

4. Discussion

The objective of this study was to perform a review of the
literature about the experimental studies that investigated the
healing process in the calcaneal tendon lesions with the use
of LED. In general, the majority of the studies reviewed in
this review article demonstrated satisfactory results regarding
the use of low-intensity LED therapy on the process of tissue
repair, modification of the cell behavior, and the vascular
formation, as well as the production of collagen, fibroblasts,
and epithelial tissue in rats tenotomized [24–28].

Currently, the LED therapy has been an alternative
clinical modality used in several experimental studies in
relation to LLLT, because it is a feature with lower cost to
lasers, which present similar results to LLLT, due to its PBM
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effects that occur soon after the stimulation of photoreceptors
found inmitochondrial crests (cytochrome c oxidase), which
favor angiogenesis, the increase in the synthesis of ATP,
the increment in the increase in the rate of production of
fibroblasts and collagen synthesis, the decrease in oxidative
stress, and the keeping tissue homeostasis [28–31].

Casalechi et al. [23] performed a study that aimed to
evaluate the effects of therapy LED on the process of tissue
repair in rats submitted to experimental traumatic process
of tendinopathy; a significant reduction in the number of
fibroblasts was evidenced; after irradiation with the therapy
LED, findings that reinforce the results were obtained by
Parente et al. [13]; they concluded in their study that the
therapy LED propitiated beneficial effects on the reduction
in the number of inflammatory cells and the alignment of
collagen fibers, which corroborates with the findings of Silva;
Carvalho and Moura-Junior [25] observed effects PBM after
irradiation with a dose equal to 4 J/cm2 , favoring a higher
proinflammatory action.

Bastos et al. [14] compared the effects between the irra-
diation with different wave lengths between the LED therapy
(630 nm (visible) and 880 nm (invisible) and the lilt (685 nm
(visible) and 830 nm (invisible) in rats submitted to tenotomy
process of the Achilles tendon; it was established at the
end of the study that the use of therapies in the region
of the electromagnetic spectrum of near infrared (880 nm
and 830 nm) favored the improvement of the organization,
aggregation, and alignment of the collagen, thus contributing
to a more effective tissue repair. Already Moura Junior et al.
[28] evaluated the effects of treatment made by therapeutic
ultrasound (US) and the LED therapy (625 nm and 945 nm)
in an experimental model of tenotomy of the Achilles tendon;
it has been proven that the US has promoted the reduction of
inflammatory cells in different experimental times (7th and
14th day), has already LED therapy (625nm), and showed
greater synthesis of collagen type I (14th day) in relation to
the other treatments.

Ferreira et al. [31] stated that the electromagnetic radi-
ation, coherent and noncoherent, favors significantly neo-
vascularization of the injured tissue, collaborating with the
healing process, reducing the necrozed area, through the
increase of blood flow in the places of the lesion; moreover, it
contributes to the reduction in the number of inflammatory
cells and promotes stimulating effect on alpha tumor growth
factor (TGF-𝛼) and platelet-derived growth factor (PDGF),
the latter being directly related to the tissue repair process.

Proposed studies described that LED therapy is able to
modulate the expression of the gene RNAm in proinflamma-
tory mediators in an experimental model of tendonitis [24,
26]. Xavier et al. [24] investigated the effects of therapy LED
(880±10 nm) in an experimental model of Achilles tendonitis
induced by collagenase. It has been proven that the therapy
LED promoted a decrease in the influx of inflammatory
cells, expression of RNAm, IL-1 beta, IL-6, and TGF-𝛼 and
cyclooxygenase-2 (COX-2). Xavier et al. [26] evaluated the
quantitative alterations in the composition of collagen (Types
I and III) in tendons after tenotomy and employment of
LED therapy. It kwas possible to conclude that the therapy

LED (880 nm) is showed to be effective in increasing the
expression of RNAm, IL-10, and collagen (Types I and III),
suggesting that the appeal has potentially therapeutic effects
in the calcaneal tendon lesions.

Helrigle et al. [27] showed that the therapy of low-
intensity LED was favorable to the modulation of IL-6, IL-
10, and TNF-𝛼 by suppressing the proinflammatory action,
through the determination of eicosanoids on the inflamma-
tion of the tendon. The efficiency of the LED reported above
may be related to different effects of the LED on the dosi-
metric parameters (energy, wave length, time, and power),
constituting one of the most important characteristics in the
protocol of irradiation, a time at which photobiomodular
effects are important in the process of tissue repair.

In this study and the articles searched for review,we found
improvement of the quality of the repair of the calcaneus
tendon of rats. Postoperative histological assessment and the
use of the LEDon the Achilles tendon, however, are necessary
to standardize between dosimetric parameters (energy, wave
length, time, and power) and the mechanisms that influence
functional recovery of the tendons repaired with LED, since
the establishment of appropriate protocols can help more
quickly the incorporation of this type of phototherapy in
clinical practice in orthopedics, traumatology, and sports
medicine.

5. Conclusion

The LED therapy gave positive results in lesions of the
calcaneus tendon; however, there is not a consensus regarding
the parameters to be used. Because of the different protocols
described, it is important to undertake more studies that
help to standardize the parameters of this therapy applied to
lesions in the calcaneal tendon.
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34, 2013.

[14] J. L. N. Bastos, R. F. Z. Lizarelli, and N. A. Parizotto, “Compar-
ative study of laser and LED systems of low intensity applied to
tendon healing,” Laser Physics, vol. 19, no. 9, pp. 1925–1931, 2009.

[15] D. H. Bordvik, S. Haslerud, I. F. Naterstad et al., “Penetration
Time Profiles for TwoClass 3B Lasers in In SituHumanAchilles
at Rest and Stretched,”Photomedicine and Laser Surgery, vol. 35,
no. 10, pp. 546–554, 2017.

[16] S. Haslerud, I. F. Naterstad, J. M. Bjordal et al., “Achilles Tendon
Penetration for Continuous 810 nm and Superpulsed 904 nm
Lasers before and after Ice Application: An in Situ Study on
Healthy Young Adults,” Photomedicine and Laser Surgery, vol.
35, no. 10, pp. 567–575, 2017.

[17] A. C. Nogueira Júnior and M. d. Júnior, “The effects of
laser treatment in tendinopathy: a systematic review,” Acta
Ortopédica Brasileira, vol. 23, no. 1, pp. 47–49, 2015.

[18] D. R. Pessoa, D. R. Costa, C. A. Delpasso, and E. A. L. Arisawa,
“Effects of Low-level laser therapy in an experimental model of

tendinopathy in Rats: Literature Review,” Revista Univap, vol.
23, no. 43, pp. 102–112, 2017.

[19] B. de Moraes Prianti, G. F. Novello, T. de Souza Moreira Prianti,
D. R. Costa, D. R. Pessoa, and R. A. Nicolau, “Evaluation of the
therapeutic effects of led (𝜆627 ± 10 nm) on the initial phase
of ankle sprain treatment: a randomised placebo-controlled
clinical trial,” Lasers in Medical Science, vol. 33, no. 5, pp. 1031–
1038, 2018.

[20] M. O. da Silva, M. B. M. da Costa, A. P. B. Borges et al., “Acute
Tendinopathy induction inWistar rats: an experimentalmodel,”
Revista Academica Ciências Agrarias e Ambientais, vol. 11, no. 3,
pp. 275–282, 2013.

[21] S. P. Lake, H. L. Ansorge, and L. J. Soslowsky, “Animalmodels of
tendinopathy,” Disability and Rehabilitation, vol. 30, no. 20-22,
pp. 1530–1541, 2008.

[22] D. Starwynn, “Laser and LED Treatments: Which Is Better?”
Phoenix, Ariz, USA, Acupuncture Today [about 7p],
http://www.photonicenergetics.com/Laser%20and%20LED%
20Treatments.pdf.

[23] H. L. Casalechi, R. A. Nicolau, V. L. Casalechi, L. Silveira Jr., A.
M. B. De Paula, and M. T. T. Pacheco, “The effects of low-level
light emitting diode on the repair process of Achilles tendon
therapy in rats,”Lasers inMedical Science, vol. 24, no. 4, pp. 659–
665, 2009.

[24] M. Xavier, D. R. David, R. A. De Souza et al., “Anti-
inflammatory effects of low-level light emitting diode therapy
on Achilles tendinitis in rats,” Lasers in Surgery and Medicine,
vol. 42, no. 6, pp. 553–558, 2010.

[25] J. M. Silva, J. P. Carvalho, and M. d. Moura Júnior, “Estudo
morfométrico da terapia LED de baixa potência em tendinite de
ratos,” Fisioterapia e Pesquisa, vol. 18, no. 4, pp. 365–370, 2011.

[26] M. Xavier, R. A. De Souza, V. A. Pires et al., “Low-level light-
emitting diode therapy increases mRNA expressions of IL-10
and type I and III collagens onAchilles tendinitis in rats,”Lasers
in Medical Science, vol. 29, no. 1, pp. 85–90, 2014.

[27] C. Helrigle, P. d. de Carvalho, H. L. Casalechi et al., “Effects of
low-intensity non-coherent light therapy on the inflammatory
process in the calcaneal tendon of ovariectomized rats,” Lasers
in Medical Science, vol. 31, no. 1, pp. 33–40, 2015.

[28] M. d. Moura Júnior, A. L. Maia Filho, D. R. Pessoa et al.,
“Assessing the biochemical changes of tendons of rats in an
experimental model of tenotomy under therapeutic ultrasound
and LEDs (625 and 945 nm) by near-infrared Raman spec-
troscopy,” Lasers inMedical Science, vol. 30, no. 6, pp. 1729–1738,
2015.

[29] M. Z. Camargo, C. P. C.M. Siqueira, M. C. P. Preti et al., “Effects
of light emitting diode (LED) therapy and coldwater immersion
therapy on exercise-induced muscle damage in rats,” Lasers in
Medical Science, vol. 27, no. 5, pp. 1051–1058, 2012.

[30] J. J. Anders, R. J. Lanzafame, and P. R. Arany, “Low-Level
Light/Laser Therapy Versus Photobiomodulation Therapy,”
Photomedicine and Laser Surgery, vol. 33, no. 4, pp. 183-184,
2015.

[31] C. L. Ferreira, R. A. Nicolau, M. A. Oliveira, D. R. Costa, and
A. C. Prianti, “Efeito da terapia LED (𝜆 = 945 ± 20 nm) de
baixa intensidade sobre tecido epitelial de ratos diabéticos em
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