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CRITICALLY APPRAISED TOPIC

The Effectiveness of Photobiomodulation Therapy Versus
Cryotherapy for Skeletal Muscle Recovery:
A Critically Appraised Topic

Stephan R. Fisher, Justin H. Rigby, Joni A. Mettler, and Kevin W. McCurdy

Clinical Scenario: Cryotherapy is one of the most commonly used modalities for postexercise muscle recovery despite
inconsistencies in the literature validating its effectiveness. With the need to find a more effective modality, photobiomodula-
tion therapy (PBMT) has gained popularity because of recent research demonstrating its ability to accelerate the muscle
recovery process. Focused Clinical Question: 1s PBMT more effective than cryotherapy at reducing recovery time and
decreasing delayed onset muscle soreness after strenuous exercise? Summary of Key Findings: Three moderate- to high-
quality double-blinded, randomized, placebo-controlled trials and 2 low- to moderate-quality translational studies performed
on rats were included in this critically appraised topic. All 5 studies supported the use of PBMT over cryotherapy as a
treatment for postexercise muscle recovery following exercise. PBMT was superior in reducing creatine kinase, inflammation
markers, and blood lactate compared with cryotherapy, following strenuous/high intensity aerobic or strength muscular
exercise. PBMT was also shown to improve postexercise muscle performance and function more than cryotherapy. Clinical
Bottom Line: There is moderate evidence to suggest the use of PBMT over cryotherapy postexercise to enhance muscle
recovery in trained and untrained athletes. Shorter recovery times and increased muscle performance can be seen 24 to
96 hours following PBMT application. Strength of Recommendation: Based on consistent findings from all 5 studies, there is
grade B evidence to support the use of PBMT over cryotherapy for more effective postexercise recovery of skeletal muscle
performance.

Keywords: laser therapy, light therapy, cold therapy, cold-water immersion therapy, post-exercise

Clinical Scenario Summary of Search, “Best Evidence”

Photobiomodulation therapy (PBMT) is a promising modality that
has gained popularity in different areas of medical practice.
Previously referred to as low-level laser therapy or light-emitting
diode therapy, PBMT has effectively improved muscle perfor-
mance by increasing exercise times and reducing muscle fatigue
limiting postexercise strength losses.! After intense exercise,
PBMT confines the degree of exercise-induced muscle damage,
limiting the need for a large inflammatory process.? It also reduces
patient-reported muscle soreness, modulates growth factors and
myogenic regulatory factors, and increases the formation of new
red blood cells locally.> These effects make PBMT a valuable
treatment option for muscle recovery; however, PBMT has not
become a mainstream tool for muscle recovery in clinical practice.
For decades, cryotherapy has been a popular modality for postex-
ercise muscle recovery utilized by many athletes, coaches, and
sports medicine practitioners, despite recent challenges to its
effectiveness.®> For these reasons, PBMT should be explored as
a substitute to cryotherapy for postexercise muscle recovery.

Focused Clinical Question

Is PBMT more effective than cryotherapy at reducing muscle
recovery time and decreasing delayed onset muscle soreness after
strenuous exercise?

The authors are with Texas State University, San Marcos, TX. Fisher
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Appraised, and Key Findings

e The literature was searched for studies of level 2 evi-
dence or higher (based on Oxford Centre of Evidence-
Based Medicine 2011, Levels of Evidence) that compared
PBMT versus cryotherapy as a treatment for muscle
recovery.

* Three moderate- to high-quality double-blinded, randomized,
placebo-controlled trial studies*> and 2 low- to moderate-
quality translational rat studies®® were included in the critical
appraisal.

e All 5 studies*® supported the use of PBMT rather than
cryotherapy as treatment for muscle performance recovery
following exercise.

Clinical Bottom Line

There is moderate evidence to support the use of PBMT over
cryotherapy when using this modality postexercise for muscle
recovery in trained and untrained athletes. Shorter recovery times,
identified by a fast return to baseline muscle torque and subjective
muscle soreness values, can be seen 24 to 96 hours following
PBMT application. Lower markers of muscle damage, creatine
kinase (CK), which lead to less inflammation markers, were found
24 to 96 hours after PBMT treatments; however, CK levels after
cryotherapy treatments followed similar patterns to placebo
treatments.
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Strength of Recommendation

Based on the Oxford Centre for Evidence-Based Medicine strength
of recommendation, there is grade B evidence to support the use of
PBMT over cryotherapy for postexercise muscle recovery. The
results were consistent across all 5 studies included in this appraisal.

Search Strategy

Terms Used to Guide Search Strategy

» Patient/Population/Problem
O Muscle recovery following strenuous exercise
* Intervention
O Photobiomodulation
* Comparison
O Cryotherapy
* Outcome
O Improve recovery time, decrease muscle soreness

Search Terms Used

Searches included the keyterms “photobiomodulation,” “low-level
laser therapy,” “light-emitting diode therapy,” “phototherapy,”
“cryotherapy,” “cold-water immersion therapy,” “muscle recov-
ery,” and “muscle damage.”

Sources of Evidence Searched

* MEDLINE
e SPORTDiscus

* Additional articles obtained through hand search of refer-
ence lists.

Inclusion and Exclusion Criteria

Inclusion

* Articles that investigated a direct comparison between PBMT
and cryotherapy for muscle recovery after strenuous exercise

* Articles with treatment postexercise

* Limited to articles in English

e Level 2 or higher level of evidence

Exclusion
* Articles published before 2007

Results of Search

Five relevant studies met the inclusion criteria and are categorized
in Table 1.

Table 1

PBMT Versus Cryotherapy for Muscle Recovery 527

Best Evidence

The studies listed in Table 2 represent the best available evidence
and were included in this critically appraised topic (CAT). The
selection of studies was based on the following criteria: included a
level of evidence rating of 2 or better, investigated a direct
comparison between cryotherapy and PBMT application in relation
to muscle recovery following strenuous exercise, and compared the
effectiveness of the treatments postexercise in terms of muscle
performance recovery.*3

Implications for Practice, Education, and
Future Research

All 5 studies reviewed in this CAT support the use of PBMT over
cryotherapy when treating trained and nontrained individuals
postaerobic and strength exercise for muscle recovery.*3 There
were no studies found in the literature search that supported
cryotherapy over PBMT. The PBMT was more effective in pre-
venting increases in CK levels,*® blood lactate,> C-reactive pro-
tein,>’ and inflammation®’ after an exercise bout. In addition,
PBMT was able to increase time to exhaustion” and better maintain
muscular strength following strenuous exercise*3 compared with
cryotherapy.

Training and competition in athletics can be stressful on an
athlete’s muscles requiring appropriate treatment to accelerate
postexercise recovery. A quick recovery can maintain muscular
function when repeated performance is necessary. After complet-
ing an intense exercise, especially one that is unfamiliar, an athlete
experiences physiological stress within the affected muscles. Mus-
cle stress causes energy substrate depletion, such as glycogen and
adenosine triphosphate (ATP), mechanical muscle damage, oxida-
tive stress, inflammation, and neuromuscular fatigue.>~!! Symp-
toms such as soreness and decreased muscle function are reported
by athletes following strenuous exercise and results in muscle
fatigue.!? Fatigue alters muscle proprioception and activation,
which can limit muscular performance in subsequent sport com-
petition or practice.!?

Many athletes, coaches, and sports medicine professionals
utilize cryotherapy as the primary modality for muscle recovery,
especially following an intense training session. There continues to
be widespread use of cryotherapy techniques postexercise despite
inconsistencies in the literature validating its effectiveness. Cryo-
therapy decreases the tissue metabolic rate,'# promotes superficial
vasoconstriction,'> decreases vascular permeability,'® and leads to
less edema formation.'>!” A form of cryotherapy, cold-water
immersion therapy has an additional effect, due to hydrostatic
pressure, at encouraging reabsorption of interstitial fluids found in
the muscle after exercise.'® Cryotherapy is able to improve sub-
jective measures of recovery after intense exercise bouts, such as
self-reported muscle soreness; however, objective measures of

Summary of Study Designs of Articles Retrieved

Level of evidence Study design

Number located References

1 Double-blinded, randomized, placebo-controlled clinical trial 3 de Paiva et al*
Leal Junior et al®
De Marchi et al®
2 Translational rat studies 2 Camargo et al®

da Costa Santos et al’
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Table 3 Photobiomodulation Therapy Parameters

da Costa
Santos Camargo

Article etal’ et al® De Marchi et al® de Paiva et al* Leal Junior et al®

Wavelength, 940 940 660 (red) and 850 905 (super-pulsed infrared laser), 640 (red diodes), 660 (red) and 850

nm (infrared) (infrared) (infrared) and 875 (infrared diodes) (infrared)

Power 160 160 10 (red) and 30 1.25 (super-pulsed infrared laser), 15 (red diodes), 10 (red) and 30

output, mW (infrared) and 17.5 (infrared diodes) (infrared)

Power 9.5mW/cm®> 9.5 mW/em®  0.05 W/em? (red) 2.84 mW/cm? (super-pulsed infrared laser), 0.05 W/cm? (red) and

density and 0.15 W/cm? 16.67 mW/cm? (red diodes), and 19.44 mW/cm? 0.15 W/cm?
(infrared) (infrared diodes) (infrared)

Treatment 240 435 30 300 300

time, s

Irradiation 1 1 13.8 (red and 7.64 (super-pulsed infrared laser, red diodes, and 138 (red and infrared)

area size, cm> infrared) infrared diodes)

Number of Not Not 69 (34 red LEDs 1 super-pulsed infrared laser, 4 red LEDs, and 4 69 (34 red diodes and

diodes specified specified and 35 infrared infrared LEDs 35 infrared diodes)
LEDs)

Energy, J 4 4 41.7 39.37 417 J total (208.50 J

each lower limb)

Energy 4 4 1.5 (red) and 4.5 0.85 (super-pulsed infrared laser), 5 (red diodes), 1.5 (red) and 4.5

densizty, (infrared) and 5.83 (infrared diodes) (infrared)

J/cm

Abbreviation: LEDs, light-emitting diodes.

muscle force,
hindered.3!9-20

The physiological response resulting from PBMT on muscle
recovery is quite different than cryotherapy. PBMT affects the tissue
at the cellular level by inducing a photochemical reaction within the
cell. Red and infrared light is absorbed by one of 4 membrane-bound
complexes within the mitochondria known as cytochrome ¢ oxidase
(Cox).2! Also known as complex IV, Cox is a key chromophore in
the respiratory electron transport chain that leads to the production of
ATP in the mitochondria. An improvement of mitochondrial func-
tion and increase in ATP synthesis within the mitochondria is seen
following PBMT application.?>?> PBMT has also been shown to
reduce circulating reactive oxygen species by stimulating an
increase in antioxidants and nitric oxide release.?*

Muscle fibers are damaged as a result from exercise, especially
from prolonged or strenuous exercise.?>2° As a response to this
exercise-induced muscle damage of the muscle, an inflammatory
process occurs to heal and regenerate damage fibers.!?2> Muscle
damage was noted in the included studies following the exercise
protocols. This was demonstrated by an increase of CK, blood
lactate, and frequency of necrosis, measured by histological anal-
ysis, in placebo treatments,*>- an ice bag application,*# and cold-
water immersion therapy.>”” Compared with placebo treated
groups, cryotherapy demonstrated no difference in CK*>8 or blood
lactate’ levels at any time points. PBMT protected the muscle
against damage in the included studies, with significantly lower
levels of muscle damage markers*2; thus, inflammation markers of
c-reactive protein®~’ and leukocyte analysis®’ were also lower in
groups treated with PBMT.

The ability to maintain muscle strength and function perfor-
mance between bouts of exercise should be a factor when choosing
a modality to promote postexercise muscle recovery. Oxidative
stress increases after intense exercise, decreasing contractile func-
tion.?” PBMT during repeated high-intensity muscular exercise
bouts aided in preventing a decrease in maximum voluntary

lactate, CK, and inflammatory markers are

contraction; however, cryotherapy treatment resulted in significant
decreases in maximum voluntary contraction.*#

Future research is necessary to optimize treatments that clin-
icians and athletes use for muscle recovery. Although two of the
studies utilized in this CAT were translational rat studies, the
results offer valuable information that provides a foundation for
future clinical research in human muscle. Additional unbiased in
vivo human studies are needed to address the physiology behind
cryotherapy and photobiomodulation and their respective effects
on muscle recovery poststrenuous exercise. Also, continual inves-
tigation into the proper treatment parameters for PBMT and
cryotherapy is needed, as the various parameters used between
studies may impact the study outcomes. PBMT parameters for the
included studies are listed in Table 3.

Photobiomodulation therapy research has shown positive
results regarding the ability to aid in the recovery and improvement
of muscular strength and function. Future research should continue
to address optimal parameters, timing, and dosage for PBMT,
especially comparing high- and low-powered devices and parame-
ters. All studies we included used low-powered PBMT devices.
Future PBMT research should also be compared with cryotherapy
and other treatment modalities for its effects immediately after
musculoskeletal injury. This CAT should be reviewed in 2 years to
determine whether the additional best-research evidence has been
published that could aid in answering the focused clinical question.
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