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Abstract
Background: Owing to a paucity of research on minimally processed orthobiologics, we sought to investi-
gate the efficacy of minimally processed bone marrow aspirate (BMA) and fat graft with a leukocyte-rich, 
platelet-rich plasma (PRP) intra-articular injection series on pain, function, and global rating of change
(GROC) among patients with severe knee osteoarthritis (OA).
Methods: Thirty-one adults (23 females and 8 males, mean age 67 years) with clinical and radiographic 
evidence of knee OA (Kellgren–Lawrence ≥ 3) were included. During the initial visit, patients were exam-
ined and administered the patient-specific functional scale (PSFS) and a numerical pain rating scale ranging 
from 0 to 10. Patients then underwent procedures to obtain 4–6 mL of PRP, a minimally processed 6 mL 
fat graft, and 10 mL of BMA. Patients returned twice over 6-week intervals for booster PRP injections. At 
each follow-up (F1 and F2), the GROC questionnaire and prior outcome measures were completed. 
Results: Patients returned at an average of 41 days for the second PRP (F1) and 90 days from initial visit for 
the third PRP injection (F2). Friedman Chi Square analysis indicated statistically significant improvements 
in pain (best and worst) and PSFS from initial to F1 and F2 (P ≤ 0.001). Post hoc Wilcoxon signed-ranks 
analysis with Bonferroni correction identified improvement from initial to F1 and F2, as well as F1–F2 for 
pain, PSFS, and GROC (P ≤ 0.013). Effect sizes ranged from r = 0.32 to 0.51. Change, based on established 
minimum clinically important differences, indicated pain, GROC, and PSFS met thresholds at F2. 
Conclusion: A minimally processed fat graft with BMA and a series of three PRP injections improved 
pain and function among individuals with severe knee OA who were previously recalcitrant to conservative 
care. Although results indicated significant improvement, clinically important change did not occur until 
F2. A one-arm design is a limitation of this study.
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Abstract
Several mechanisms may influence recovery and act as a complementary intervention to regenerative med-
icine. One area of consideration that may improve clinical outcomes in patients receiving regenerative 
 medicine treatments is the utilization of supplementary interventions referred to as regenerative rehabili-
tation. One such intervention may be the use of light therapy also known as photobiomodulation (PBM). 
Terms synonymous with PBM include low-level light therapy (LLLT), low-power laser irradiation or cold 
laser. As a musculoskeletal intervention, PBM is administered via a mechanism that creates light through 
optical amplification. These interventions describe a form of PBM or light therapy that uses specific param-
eters to target tissues through direct or indirect contact with or without heat or structural tissue alterations. 
PBM may improve treatment outcomes based on synergistic effects that are thought to modulate inflamma-
tion and facilitate cellular repair. This manuscript provides an overview of the current evidence supporting 
the use of PBM as a complementary intervention to regenerative medicine with a focus on managing condi-
tions related to the musculoskeletal system.
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INTRODUCTION

Novel regenerative medicine products (e.g., ortho-
biologics) have gained considerable attention in the 
musculoskeletal specialties, owing to the promise of 
decelerating the disease process and potentially offer-
ing a superior long-term solution to existing conserva-
tive treatments.1 One area of interest that may improve 
clinical outcomes in patients receiving regenerative 

medicine treatments is the utilization of synergistic 
interventions often referred to as regenerative reha-
bilitation. The term regenerative rehabilitation is an 
umbrella term for numerous treatments, including but 
not limited to specific physical therapy or rehabilita-
tion interventions (e.g., eccentric overloading and 
blood flow restriction training) and physical agents 
such as shockwave and photobiomodulation (PBM).
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Terms synonymous with PBM include low-
level light therapy (LLLT), low-power laser 
irradiation or “cold laser.” These interventions 
describe a form of PBM (light amplification by 
stimulated emission of radiation) or light therapy 
that uses specific parameters to target tissues 
through direct or indirect contact without heat or 
structural tissue alterations.2 For clarity, the term 
PBM will be used hereafter. PBM is more com-
prehensively defined as a form of light therapy 
that utilizes non- ionizing light sources, including 
lasers, light-emitting diode (LED), and broad-
band light in the visible and infrared spectrum.

PBM may improve treatment outcomes based on 
synergistic effects postulated to modulate inflam-
mation and enhance cellular repair. This manuscript 
provides an overview of the current evidence sup-
porting the use of PBM with a focus on implications 
to manage conditions related to the musculoskeletal 
system.2

As a musculoskeletal intervention, PBM is 
administered via a mechanism that creates light 
through optical amplification. Since PBM is a form 
of light therapy that uses various light sources, 
including laser, a brief overview of laser classifi-
cation is  presented. Specifically, there are “gener-
ally” four main classes of laser as defined by the 
international engineering consortium. The primary 
purpose of the different classifications is to evalu-
ate potential danger, particularly related to possible 
eye damage or heat-related injury. Classes 1–3 are 
often referred to as cold laser as they do not gener-
ally generate heat.

Class 1 – Includes lasers that do not emit opti-
cal radiation greater than what would be considered 
exposure limits for the eye. (e.g., CD player or laser 
printer)

Class 2 – Includes low powered lasers (<1 mW) 
that may potentially cause harm to an individual’s 
eye. (e.g., laser pointers) Class 2 lasers are used for 
the management of musculoskeletal conditions.

Class 3 – These lasers are medium powered in 
nature, and necessitate measures to avoid viewing 
directly into the laser beam. Although medium pow-
ered (up to 500mW), these lasers do not generate 
heat. Precautions include avoiding direct exposure 

to eyes or exposure via a reflected beam (e.g., spec-
trometry). Class 3 lasers are used for the manage-
ment of musculoskeletal conditions.

Class 4 – These lasers are the highest class rela-
tive to danger and are greater than 500 mW. There 
are 2 types of class 4 lasers: thermal class 4 which 
create heat and can be used to burn through tissue 
during surgery, and the second type, a photochemi-
cal class 4 laser. A photochemical class 4 laser 
would be used to deliver laser therapy to target tissue 
and may be used to treat musculoskeletal tissue. 
Unintended exposure could lead to severe eye and 
skin damage (they create heat). Also, combustible 
materials should not be in the same vicinity as it may 
be a fire hazard.

As noted in the classification system, lasers 
are measured by their power but are also catego-
rized by their energy. Power is measured in watt-
age; the higher the wattage, the higher the power. 
However, energy is measured in Joules. The energy 
of a laser is what is being delivered to the tissues. 
For example, a higher-power laser would deliver the 
same number of Joules as a lower-power laser in a 
short time. Or another way to interpret the interac-
tion of power and energy would be that, in a similar 
time frame, a higher-powered laser could deliver 
 considerably more energy to tissues than a lower-
powered unit. Higher-powered lasers offer the abil-
ity to target large volumes of tissue as well due to 
energy efficiency.

A definitive consensus on the mechanisms by 
which PBM interacts with and influences tissue 
physiology does not exist.3–5 A proposed theory 
claims light radiated by the PBM device is absorbed 
by or scattered throughout the tissues.3–5 The inter-
action of light and tissue partly depends on the 
ability of light to penetrate into the tissues.3,4 The 
wavelength of the light delivered during PBM usu-
ally falls within red and near-infrared wavelengths 
(600–700 nm and 780–1100 nm).3,4 These wave-
lengths seem most appropriate for PBM, given 
there is more effective tissue penetration in these 
ranges because of reduced light scattering and 
reduced light absorption by hemoglobin and mela-
nin.3,4 It should be noted that evidence suggests light 
wavelengths in the 700–780nm spectrum have less 
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capacity to be absorbed and minimal biochemical 
activity and therefore are not suggested for PBM.3,4 
When determining the depth of tissue penetration, 
shorter wavelengths between 600 and 700 nm are 
used to treat superficial tissues and longer wave-
lengths between 780 and 950 nm are used to pen-
etrate deeper tissues.3

The light interacting with tissue induces molec-
ular and cellular changes that may increase mito-
chondrial activity and oxygen metabolism. The 
increased cellular activity subsequently alters 
reactive oxygen species (ROS) and produces vaso-
dilative effects on the smooth muscle in blood 
vessels.3–5 This process may result in improved 
modulation of adenosine triphosphate (ATP) pro-
duction, immune system response, cellular tran-
scription, oxygen consumption, and the synthesis 
of protein/collagen.3–5

The application of PBM typically occurs through 
direct or indirect, superficial, non-invasive contact 
with tendinous or other structures from PBM or an 
LED.3,4,6,7 PBM utilizes red or near-infrared light 
with lower energy density to prevent any heating 
effect that may alter tissue properties.3 Other appli-
cation parameters include wavelength, frequency, 
power density, pulse structure, application points, 
and duration of application. These parameters can 
be modified based on the desired treatment effect. 
Ultimately, the goal of PBM in orthopedic medicine 
is to enhance tissue healing, reduce pain and inflam-
matory modulation.

Theoretically, the resultant increase of ATP 
production, immune system response, cellular 
transcription, oxygen consumption, and protein 
synthesis that may occur with PBM application 
supports the tissue healing process.3–5 These effects 
may enhance healing through increased oxygen 
delivery to the tissues, which increases immune 
responses through modified mast cell activity.3 PBM 
has also been recommended to manage inflamma-
tion and pain by reducing pro-inflammatory cellu-
lar markers/cytokines and increasing the production 
of peripheral endogenous opioids.8 However, most 
mechanistic studies have been performed in vitro, 
which limits the extrapolation of these concepts to 
human subjects.

EVIDENCE FOR PHOTOBIOMODULATION

Evidence from a published systematic review 
with meta-analysis exploring the use of PBM for 
treating various musculoskeletal conditions in 
numerous body regions including but not limited 
to the shoulder, elbow, hand, knee, and foot exists 
and may be used to guide clinical decisions.9 A sig-
nificant limitation in the body of evidence for PBM 
is the non-uniformity of study design.2,9 The PBM 
therapies investigated in these studies have a vari-
ety of applicators known as diodes, which may be 
infrared, super-pulsed, or a combination of these. 
Considerable variability exists in the specific PBM 
type and application method. Accordingly, the non-
uniformity in PBM devices and parameters makes it 
difficult to compare studies.

Researchers have suggested that the large vari-
ability in PBM research methodology and lack of 
evidence for specific PBM parameters is a barrier to 
normalizing the use of PBM in the clinic setting.2 Use 
of the World Association for Photobiomodulation 
Therapy (WALT) guidelines is recommended to 
standardize research, measure the effectiveness of 
PBM treatment, and aid clinicians in eliciting appro-
priate treatment effects.29 Based on current best 
evidence, clinicians may find it necessary to individ-
ualize PBM therapy treatments until research trials 
begin to standardize reporting and usage of PBM 
parameters. Furthermore, declared power and beam 
diameter vary between manufacturers. As a result, 
greater standardization of equipment is an area of 
future development in this industry.10

PBM therapy can be used independently or as 
adjuvant therapy. PBM therapy, used with other 
interventions, such as exercise and electrical 
stimulation, aids in pain management and inflam-
matory modulation for conditions such as tendi-
nopathy.6,7,11–16 Yet, there is a paucity of evidence 
in human subjects on PBM therapy application as 
an adjuvant therapy to orthobiological regenerative 
medicine interventions such as platelet-rich plasma, 
bone marrow, and fat. Accordingly, this article aims 
to provide practical guidelines for the use and appli-
cation of PBM therapy as an adjuvant intervention 
for orthobiologics.
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Upper Extremity
Research has evaluated the use of PBM in treat-

ing shoulder and lateral epicondyle tendinopathy 
(LET).7,16–18 The evidence for shoulder tendinopathy 
suggests photobiomodulation can reduce pain on a 
visual analog scale as an independent modality or 
alongside other interventions such as exercise.17 A 
systematic review by Haslerud et al.17 found that 
PBM reduced pain to a greater extent than heat, ice, 
ultrasound, placebo PBM, or no treatment when 
used for a 2–12 week period for patients with shoul-
der tendinopathy. This study also found that PBM 
therapy improved global health status when com-
pared to placebo or no treatment.17

Numerous studies have investigated the use of 
PBM for LET.7,16,18 Tonk et al.18 compared the use 
of PBM and PRP therapies and found that PBM was 
superior in acute management of Nirschl pain scores 
(2 weeks), but PRP outperformed PBM in Nirschl 
pain scores at 3-month follow up.18 The limitations 
in the study may be influenced by increased pain 
scores from baseline in the PRP group, which com-
paratively made the PBM therapy attain lower pain 
scores.18 Nonetheless, PBM may help manage an 
exacerbation of pain or acute presentations.

Further investigation on the use of PBM to treat 
LET is conflicting. Bjordal et al.7 conducted a meta-
analysis on placebo-controlled trials focused on 
independent PBM or PBM combined with exercise 
to treat pain and global health status related to LET. 
Results showed that PBM therapy was superior 
to placebo when used independently or alongside 
exercise for short-term pain reduction and improve-
ments in global health status (disability) in indi-
viduals with LET after treatment and at 3–8 week 
follow-ups.7 This investigation also found that, of 
13 trials evaluated, 7 used a 904-nm wavelength 
PBM with direct tendon irradiation. These param-
eters tended to show superior improvements in pain 
and global health status when compared to other 
parameters.7

In contrast to the research supporting PBM use 
for LET, an umbrella review conducted by Mamais 
et al. 16 which included the results from Bjordal et al.7  
suggested poor evidence to support the use of PBM 
for the treatment of LET. Mamais et al16 reasoned 

that poor support for using LLLT to treat pain and 
overall improvement for treating LET was likely due 
to heterogeneous parameters, research design, and 
conflicting evidence. Nevertheless, the authors con-
cluded that although the evidence is inconclusive for 
whether LLLT is effective in managing symptoms 
of LET, clinicians should not eliminate LLLT as an 
option for treating LET as additional studies inves-
tigating and testing optimal treatment dosages are 
warranted.

Lower Extremity
Photobiomodulation has been used to modify 

symptoms after total hip arthroplasty.12 Evidence 
shows that PBM leads to similar levels of post-
treatment pain but a greater reduction in inflam-
mation when compared to placebo for patients 
after total hip arthroplasty.12 In adults with knee 
osteoarthritis, PBM studies compared to placebo 
have shown superior reductions in pain when used 
independently or combined with interferential cur-
rent (IFC).14 Furthermore, PBM with IFC led to 
greater improvement in pain during walking than 
IFC or placebo.14 Other studies investigating 40 
to 80-year-old individuals with knee osteoarthri-
tis showed that when comparing exercise, exercise 
and placebo PBM, or exercise and active PBM, all 
groups had similar outcomes in Western Ontario 
and McMaster Universities Osteoarthritis Index 
(WOMAC) function scores.13 However, this evi-
dence also showed PBM and exercise led to greater 
improvements in numeric pain rating scores than the 
other conditions.13

PBM’s use to treat patellofemoral pain syndrome 
yields conflicting evidence. Pocai et al.19 showed that 
PBM treatment produced no meaningful changes 
in pain (except for pain associated with landing a 
jump), function, and self-reported outcome mea-
sures when used as an independent treatment and 
compared to a control group in young females. 
Gavish et al.11 showed that treatment of anterior 
knee pain in soldiers and police officers with physi-
cal therapy and active PBM was superior in short-
term (4 week) outcomes when compared to sham 
PBM and physical therapy. However, this study also 
revealed no significant difference in outcomes for 
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anterior knee pain at 3-month follow-up with par-
ticipants in either group.11

For other lower extremity conditions, PBM ther-
apy lacks clinical utility. Research indicates that 
PBM and rehabilitation were no better than reha-
bilitation alone to treat hamstring strain injury.15 The 
use of active LLLT on adductor muscles of the thigh/
groin in water polo players to alter inflammation, 
muscle damage, and performance measures showed 
no significant difference to placebo LLLT treat-
ment.20 However, research indicates that 4 weeks of 
photobiomodulation in a 12-week rehabilitation pro-
gram with eccentric exercise outperformed placebo 
groups in reductions of the numeric pain rating scale 
and Achilles tendinopathy severity.6

PHOTOBIOMODULATION AS 
AN ADJUVANT THERAPY TO 

ORTHOBIOLOGICS

A clinical argument for combining the treatment 
effects of PBM and PRP could be made based on the 
potential synergistic effect of the two interventions. 
PBM and PRP, for example, could potentially be 
used concurrently to promote tissue and wound heal-
ing through increasing vasodilation (via PBM) and 
vasculogenesis/angiogenesis (via PRP) to reduce 
pain associated with tissue injury through increased 
peripheral endogenous opioid production.3,8,21

The current evidence for the use of PBM and 
PRP together has primarily come from theoretical 
animal models and cell studies.22–24 Animal stud-
ies have shown that PRP combined with LED light 
may boost cell viability; however, wound closure 
in animals has been greatest when LED is used 
alone and less effective when combined with PRP. 
This may be due to decreased cell migration when 
PRP is administered alone or with LED.23 Rat stud-
ies have shown that combining PBM and PRP to 
treat a lesioned gastrocnemius muscle had superior 
regeneration of cells, reduced area of injury, and 
greater blood vessel presence compared to PRP or 
PBM alone.24

In some individuals, and based on preparation, 
PRP may initially have a pro-inflammatory effect 
and increase pain acuity. Currently, it is unknown if 

the sequencing of PRP and PBM therapy is impor-
tant for maximizing treatment effects. However, 
one may consider that using PBM after PRP may 
reduce or help manage an acute exacerbation ini-
tiated by PRP injection.18 For example, either the 
injury site or the vials of prepared PRP or other 
orthobiologics may be subjected to PBM before 
being injected. In two studies that evaluated the 
effects of PRP combined with lipoaspirate and bone 
marrow aspirate (BMA) on knee osteoarthritis, the 
authors subjected the leukocyte-rich PRP and BMA 
to PBM before injection with positive outcomes in 
the cohort.25,26 Although this is a feasible option 
for some, the effects of the PBM in the study are 
unknown given the case series nature and lack of 
control group of the studies.25,26

Further patient research is warranted to validate 
the safe and effective use of the combination of PRP 
and PBM. Should clinicians decide to combine the 
therapies, they would benefit from knowing which 
musculoskeletal conditions would respond favor-
ably. Based on how PBM utilization in research and 
the intended treatment effects of PRP application, 
PBM and PRP could be combined when treating 
soft tissue injury, joint pathology, and joint inflam-
matory conditions including: knee osteoarthritis, 
knee pain related to soft issue injury or degenera-
tion, and tendinopathies.6,11–14,17,27

CLINICAL RECOMMENDATIONS 
& APPLICATIONS FOR 

PHOTOBIOMODULATION THERAPY

Adequate Dosage and Parameters
The clinical suggestion is that PBM func-

tions dose-dependently, which requires a certain 
range of parameters for treatment effectiveness.28 
The utility of specific LLLT parameters have been 
investigated for conditions such as shoulder tendi-
nopathy and LET.7,16,17 Accordingly, these investiga-
tions led authors to evaluate studies that explored 
adequate and inadequate PBM dosages compared 
to the parameters suggested by WALT. Studies 
have shown that adequate dose trials demonstrate 
superior pain reduction for shoulder tendinopa-
thy, while inadequate dose trials have shown no 
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significant difference between PBM and controls 
over 2–12 week  periods.17 Other studies investigat-
ing PBM for treatment of LET have demonstrated 
that certain parameters, specifically a 904-nm wave-
length PBM with a direct tendon application, led 
to superior improvement in pain and global health 
status compared to other PBM parameters.7 Yet, a 
meta-analysis conducted by Clijsen et al. 9 revealed 
no difference in outcomes when comparing studies 
that did or did not follow WALT recommendations 
for dose and beam parameters and further concluded 
that outcomes were independent of the anatomical 
site treated.

Due to the conflicting evidence on effective 
parameters to use with PBM therapy, clinicians 
must decide whether using the WALT guidelines 
or direct evidence from empirical research trials is 
most appropriate for guiding the parameters of a 
PBM treatment. Therefore, it may be beneficial for 
clinicians to use PBM parameters based on spe-
cific research trials (Table 1). By using evidence 
from trials, clinicians may tailor PBM parameters 
for a particular condition, such as the time course 
of interventions and anatomical locations of PBM 
application (Table 2). Clinicians must recognize 
the evidence for treating specific conditions when 
choosing the most appropriate methods for selecting 
and applying PBM therapy.

PHOTOBIOMODULATION SAFETY 
CONSIDERATIONS

Any interventional modality, including PBM, 
used in clinical practice necessitates assessment of 
any precautions and contraindications. Evidential 
suggestions for major safety concerns or adverse 
reactions are seemingly lacking for using PBM.3 
However, the paucity of adverse events related to 
PBM raises the question of whether there is a gen-
eral absence of negative effects or a lack of report-
ing adverse reactions. Safety considerations may 
vary depending on the variables involved when 
delivering PBM such as the light source. Some 
researchers suggest no safety concerns when using 
LEDs to deliver PBM therapy.3 It should be noted 
that researchers have suggested that near-infrared 

light can pose a danger and cause potential damage 
to the retina of the eye and therefore, it is likely 
efficacious for clinicians and patients to use pro-
tective eyewear during PBM therapy sessions.3 
Furthermore, a major factor to consider when 
enforcing patient safety is direct contact which 
many of the PBM research protocols utilize.7,12,13,20 
Therefore, general infection or contamination 
precautions and disinfecting procedures of PBM 
devices must be considered as with any other 
modality that contact the patient. Additionally, cau-
tious and protective contact is required when apply-
ing direct contact over open wounds or areas at risk 
for infection. According to the North American 
Association for Laser Therapy safety concerns and 
contraindications included epilepsy, pregnancy, 
eyes, and cancer (Table 3.)

CONCLUSION

While there is limited evidence on the com-
bined use of PRP and therapeutic PBM therapy, 
the theoretical rationale may support the combined 
use of these therapies. The shared benefits of PRP 
and PBM seem to be in their ability to individually 
treat soft tissue and joint pathology for conditions 
including knee osteoarthritis, knee pain, and tendi-
nopathies.6,11–14,17,27,29 Thus, clinicians should con-
sider the appropriate sequencing and timing of these 
therapies when using them in a care plan. PBM and 
orthobiologics could potentially promote tissue and 
wound healing through increasing vasodilation 
and angiogenesis, which may reduce associated 
pain through increases in peripheral endogenous 
opioid production.3,8,21 Yet if the therapies seem to 
be counterproductive when applied together, then it 
may be that PBM can be applied with the intention 
to reduce pain rather than inflammation to allow a 
more manageable and less symptomatic inflamma-
tory phase for the patient or simply as a means of 
mitigating the acute effects of inflammation from 
the injury.18 The suggestion that a dose-response 
relationship exists has support but still needs to be 
verified by further research.7,9,16,17 Therefore, cli-
nicians must use the best evidence from research 
trials (see Tables 1 and 2) and clinical judgment 
when using PBM therapy.
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