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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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THE PURPOSE OF THIS SPECIAL ISSUE

This editorial provides an overview of the current 
medical literature regarding the safety and efficacy 
of orthobiologic procedures in the treatment of vari-
ous orthopedic conditions presented in the special 
issue. The issue has been divided into sections of 
commonly used orthobiologic procedures. Several 
tables have been created to condense the literature, 
aiming to offer evidence-based insights to patients, 
clinicians, researchers, and regulatory and payer 
bodies concerned with the safety and effectiveness 
of these procedures. Ultimately, appropriate data 
and literature on the risks and benefits of any pro-
cedure are required before any conclusions related 
to these procedures can be reached. This should 
include clinical trials and data collected from inde-
pendent registry databases focused on “real-world” 
data. This data will be essential to determine the 
ultimate value of orthobiologic procedures in treat-
ing orthopedic conditions to support the premise 
that these treatments are safe, effective, and robust 
alternatives to the many currently used orthopedic 
treatments.1

In the United States (US), the demand and costs 
for musculoskeletal care exceed available resources.2 
Amid the growing obesity epidemic and increased 
incidence of chronic comorbidities, the aging pop-
ulation is at substantial risk of developing chronic 
musculoskeletal disorders.2 Health care expenditures 

accounted for 17.7% of the US gross domestic prod-
uct (GDP) in 2018 and are expected to represent 
19.7% by 2028.3 For musculoskeletal disease, direct 
costs alone are expected to equal 5% of GDP and 
represent almost 30% of all healthcare  expenditures.2 
In Medicare patients, osteoarthritis (OA) is a 
common condition and yet one of the most expen-
sive conditions to treat.4 In addition, many patients 
in the US, especially elderly patients, have several 
comorbidities which can result in an increased risk 
of potential complications, with a decreased likeli-
hood of favorable outcomes following surgical pro-
cedures. Alternatives to current standard treatments 
are needed to provide treatment options for various 
patient populations suffering from orthopedic condi-
tions, which includes both elderly patients with vari-
ous medical comorbidities and the young and active 
population in which surgical treatment such as joint 
replacement may be premature.

OA is one of the leading causes of disability 
globally, and it is estimated that 14 million people 
in the United States have symptomatic knee OA.5 
It is the most common joint disorder in the USA 
and the incidence is likely to increase due to an 
aging population and the obesity epidemic. First-
line treatment for patients with symptomatic knee 
OA involves conservative treatments, including 
exercise, weight loss, knee bracing, and physi-
cal therapy.6 Medications and supplements that are 
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recommended often include: oral and topical non-
steroidal anti-inflammatory medications (NSAIDs), 
acetaminophen, duloxetine, glucosamine, and chon-
droitin.7 Injectable options include corticosteroids 
and hyaluronic acid injections. These conservative 
treatment options have had various levels of suc-
cess with mixed evidence for their efficacy.8–10 Many 
patients have failed these various non-surgical treat-
ments and fall into what has been described as the 
OA “Treatment gap.” This is defined as the gap 
between a trial of conservative treatment and the 
potential need for surgical intervention. There are 
millions of Americans suffering from OA that sit in 
this “Treatment gap” for a decade or more. These 
include patients who are reluctant to proceed with 
surgery, patients who have other comorbidities that 
cannot undergo surgery, and patients that are felt to 
be too young to proceed with procedures such as 
joint replacement.11

Tendinopathy is another extremely common 
musculoskeletal condition. This can occur in both 
the young athletic population and middle-aged non-
athletes. Tendinosis is histologically characterized 
as “angiofibroblastic hyperplasia” characterized by 
disorganized collagen matrix structure, hypercellu-
larity, and neo-angiogenesis.12,13 

While there is a paucity of acute inflammatory 
cells in biopsies from tendinopathy, it is currently 
understood that “molecular inflammation” plays a 
central role in tendinopathy, with numerous inflam-
matory mediators, chemokines, cytokines, and cata-
bolic mediators playing critical roles in the initiation 
and regulation of the process, with important inter-
actions between immune cell subtypes and stromal 
cells resident in tendon.11,14 In fact, the important role 
of the complex interplay of inflammatory mediators 
is likely a reason for a positive effect on symptom 
modification when using these current treatments 
for tendinopathy. Based on this, a short course of 
nonsteroidal anti-inflammatories (~5-7 days) may 
be beneficial during the treatment’s initial acute 
inflammatory phase. Similarly, although corticoste-
roids may offer short-term relief of symptoms, such 
injections may be more harmful in the long term. 
For example, a randomized controlled trial com-
paring corticosteroid injection to placebo in lateral 

epicondylitis found that the placebo group had a 
better outcome, and recurrence of symptoms was 
more significant in the corticosteroid-injected group 
at one year.15 In addition, a systematic review dem-
onstrated a lack of long-term efficacy of cortisone 
injections in lateral epicondylitis and rotator cuff, 
patellar, and Achilles tendinosis.16 A recent study 
of patients with rotator cuff tendinitis illustrated a 
further concern, which noted that corticosteroid 
injections decrease cellular proliferation, alter col-
lagen and extracellular matrix composition, impede 
inflammatory pathways, decrease cellular viabil-
ity, increase adipocyte differentiation, and increase 
apoptosis. These changes were seen as early as 24 
hours after corticosteroid exposure, last as long as 2 
to 3 weeks, and are exacerbated by increased doses 
and decreased latency between doses.17

Over the past two decades, an increasing volume 
of medical research has questioned the safety and 
efficacy of many standard treatments for orthope-
dic conditions. This includes evidence regarding the 
efficacy of common treatments such as nonsteroidal 
anti-inflammatory medications, passive physical 
therapy treatments, corticosteroid (and other) injec-
tions, and some surgical procedures. For example, 
there is evidence that intra-articular corticosteroids 
are associated with an increased risk of radiographic 
knee OA progression.18 A recent study also pointed 
out a lack of evidence for as many as 80% of all 
orthopedic surgical procedures.19 Recently, some 
surgical procedures such as partial meniscectomy 
for degenerative meniscal tears,20 subacromial 
decompression,21 and labral repair or biceps tenode-
sis for type II SLAP lesions of the shoulder22 are no 
better than sham surgery or conservative manage-
ment. There are also variable outcomes for micro-
fracture, a common surgical cartilage treatment.23 In 
high-level athletes, microfracture was “successful” 
in only two-thirds of patients.24 The questionable 
benefit of epidural corticosteroid injections has also 
been reported25 and the appropriateness of spinal 
surgery has been questioned for low back pain.26 

Injectable corticosteroids have been commonly 
used in treating various orthopedic conditions 
including tendinopathy and OA because of their 
anti-inflammatory effects. These compounds play a 
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key role in chemotaxis and inflammation, which is 
the rationale for their common use in orthopedic dis-
orders. Unfortunately, recent literature suggests sig-
nificant negative side effects of these medications. 
A single epidural corticosteroid injection has been 
shown to decrease bone density27 and increase the 
risk of spinal fractures.28 There is also evidence of 
corticosteroid injections resulting in systemic effects 
such as immune suppression, including an increased 
risk of contracting influenza.29 Intra-articular corti-
costeroid injections for knee OA provide temporary 
benefit, with most studies reporting two weeks and 
perhaps modest benefit remaining at eight weeks.30 
Recent clinical evidence18 highlights risks of disease 
progression, where a randomized controlled trial31 
suggested that intra-articular corticosteroid injec-
tions decrease cartilage volume and accelerate OA. 
Although intra-articular corticosteroid injections 
may provide significant benefit in the short term, 
other treatment options are clearly necessary. These 
data make clear both the need for alternative treat-
ment approaches and the tremendous potential for 
them.

THE POTENTIAL OF ORTHOBIOLOGIC 
TREATMENTS

The potential role of orthobiologic treatments 
such as platelet-rich plasma (PRP), bone marrow 
and adipose cellular procedures, etc., is to treat 
pain via the effect of anti-inflammatory mediators 
and immune-modulating signaling molecules and 
to possibly enhance the healing of tissue pathology 
by augmenting the body’s inherent healing capabili-
ties. The use of orthobiologic treatments has often 
been referred to as “regenerative medicine” which 
includes multiple techniques ranging from prolo-
therapy to PRP and cellular procedures including 
mesenchymal stromal cell (MSC) therapy. Multiple 
sources of stem and stromal cells have been used 
for various medical conditions, ranging from human 
adult tissues, umbilical and other birth tissues, and 
embryonic stem cells. Embryonic stem cell therapy 
is subject to significant regulatory and ethical issues 
with potentially adverse effects. Currently, no stud-
ies support the use of embryonic stem cell therapy 

for orthopedic conditions. Human adult stem cells 
have been located from various tissues, including 
blood, adipose, bone marrow, and synovial tissue. 
In-vitro, the multipotent nature of MSCs allows dif-
ferentiation into diverse cell types in the mesenchy-
mal lineage, including bone, cartilage, adipose, and 
other soft tissues. It should be noted that true tissue 
formation in-vivo using culture-expanded cells has 
proven elusive. The lure of tissue “regeneration” 
has largely not been demonstrated in pre-clinical 
and clinical studies. It should be made clear that the 
positive effects of cell transplantation occur without 
long-term engraftment or survival of transplanted 
cells, but rather due to the presumed paracrine 
effects of cells.13

Currently, literature supporting what many 
authors have referred to as “stem cell” therapies 
for orthopedic conditions includes basic science 
and animal studies. Human clinical studies include 
case reports, case series, cohort studies, and sev-
eral recent randomized controlled trials. Many 
laboratory and clinical scientists have questioned 
the safety and efficacy of such treatments. In par-
ticular, those labeled as “stem cell therapies” have 
attracted great scrutiny. These concerns have perme-
ated academic journals and the mainstream media 
through newspaper articles and editorials. Also, due 
to the indiscriminate use and aggressive marketing, 
the FDA has issued stringent guidance statements 
and expressed concerns on its website and in pub-
lications in medical journals regarding regenerative 
treatments in general. This has led some authorities 
to recommend against offering these treatments.

The majority of the negative articles and editori-
als regarding regenerative medicine and stem cell 
therapy have focused on a handful of highly publicized 
cases unrelated to orthopedic care, such as intraocular 
injection of adipose-derived cells.32,33 Although intra- 
articular infections have been reported, the overwhelm-
ing majority of the significant adverse events relating to 
stem cell treatments have occurred in non- orthopedic 
conditions or injecting non- FDA-compliant tissues har-
vested from birth tissue. Cases with tumor formation 
appear to be due to embryonic stem cell treatment.34 or 
treatment with unusual cell lines,35 which are not used 
in orthopedic procedures. Tumorigenic effects have 
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not been found to occur when using autologous tissues 
such as bone marrow aspirate concentrate (BMAC).36 
There have been no unusual side effects secondary to 
localized treatments for orthopedic conditions besides 
typical side effects that can occur with standard injec-
tion procedures. Infections have been noted following 
injection of contaminated non-FDA compliant prod-
ucts from allogenic sources such as umbilical cord.37 
The overall body of literature on the safety of “ortho-
biologics” continues to include detailed adverse event 
reporting.38 Ongoing data collection would be helpful 
in this regard.

The term “Regenerative Medicine” has been com-
monly used and accepted by prominent organizations 
such as the International Cartilage Repair Society 
(ICRS), and even the FDA has used this term on its 
website. Therefore, this term has been intermittently 
used in this project, although it is not preferred due 
to the controversy related to this terminology. There 
have been misconceptions regarding the potential 
“regenerative” capabilities of these treatments in-
vivo with the concept that MSCs differentiate into 
various tissue types following either intravenous or 
local injection. The term “mesenchymal stem cell” 
has been commonly and improperly used in many 
articles, being applied to cell populations that vary 
tremendously in biologic activity.39 A more scientific 
and up-to-date literature review would note that most 
of these cellular treatments contain very few “stem 
cells” when carefully examined by cellular, molecu-
lar, or functional criteria in adult/mature tissues. A 
more acceptable term, “connective tissue progeni-
tors” (CTPs), would appear to be more appropriate, 
representing a population of cells present in freshly 
harvested tissues that are capable of (limited) pro-
liferation to generate a clonal population of progeny 
that are subsequently capable of differentiating into 
at least one or more connective tissue phenotypes 
(in cell culture).40 The term MSC should only be 
used to refer to a culture-expanded population of 
cells that meet the International Society for Cell & 
Gene Therapy (ISCT) and MSC criteria and should 
not be used to describe heterogeneous populations 
of native cells with undefined properties in-vivo.41 
However, Dr. Arnold Caplan, who initially coined 
the term MSC, has proposed that this term refer to 

“Medicinal Signaling Cells” to recognize the para-
crine effect of exogenous cells.42 This would again 
appear to be a more accurate description of the cells, 
especially in the in-vivo environment. Current scien-
tific evidence reflects that injected cells may modify 
the local tissues’ microenvironment by modulating 
various inflammatory and nociceptive cytokines 
and possible facilitation of local tissue healing. 
The term “orthobiologic treatments” has also been 
used to describe these treatments. PRP, BMAC, and 
adipose-derived cells are particularly interested in 
treating sports injuries, especially given the potential 
adverse effects of commonly used treatments, such 
as anti-inflammatory medications and corticosteroid 
injections. In light of these issues, using biological 
treatments, such as a patient’s cells and growth fac-
tors, to heal damaged tissues is an attractive option. 
In conjunction with aggressive and comprehen-
sive rehabilitation, these treatments may maximize 
the non-surgical treatment of these various sports 
and non-athletic orthopedic conditions. However, 
the initial evidence of safety requires more long-
term  follow-up including detailed adverse event 
reporting.38

CONCLUSION

This special issue has provided an overview of 
the current medical literature regarding the safety 
and efficacy of orthobiologic procedures in treating 
various orthopedic conditions. Individual reviews 
will include platelet-rich plasma, adipose, bone 
marrow, amniotic, other birth tissue-derived thera-
pies, and a cost and outcomes analysis.

There is clear evidence of safety when these pro-
cedures are performed using appropriate products, 
indications, and methods. Evolving evidence of effi-
cacy for these procedures has progressively increased 
in number and level of evidence over time. Clear evi-
dence supports PRP for mild to moderate knee and 
hip arthritis, and strong evidence exists for its effec-
tiveness in treating tendinopathies. Bone marrow 
and adipose cell treatments are safe and effective for 
knee osteoarthritis and rotator cuff issues, with some 
evidence for other conditions. Based on this evi-
dence, it’s advisable to consider these regenerative 
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treatments in conversations about managing mus-
culoskeletal conditions. Regenerative medicine 
brings a safe, effective, and financially responsible 
approach to improve outcomes in musculoskeletal 
conditions, which continue to burden the current US 
healthcare system socially and financially.
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