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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.

Keywords: joint diseases; knee; platelet-rich plasma; stem cells

Bio Ortho J Vol 3(1):e29–e39; October 5, 2021.
This open access article is licensed under Creative Commons Attribution 4.0 International

(CC BY 4.0). http://creativecommons.org/licenses/by/4.0 © Kolber MJ, et al. 

e29

Proceedings

Vincent_171461.indd   1 09/05/19   5:41 pm

Original Article
DOI: 10.22374/boj.v3i1.25
Editorial
DOI: 10.22374/boj.v4iSP1.58

REGENERATIVE REHABILITATION: AN OVERLOOKED COMPONENT OF THE 
CELLULAR NICHE

Morey J. Kolber, PT, PhD, OCS1 , William D. Murrell, MD, MS2

1Guest Editor, Biologic Orthopedics Journal. Professor, Department of Physical Therapy, Nova 
Southeastern University, Fort Lauderdale, Florida USA
2Co-Editor-in-Chief, Biologic Orthopedics Journal. Attending Orthopaedic Surgeon, Gardner Orthopedics 
Commander, 411th Hospital Center, United States Army Reserve. Board Member, Institute for Mobility and 
Longevity, USA

Author for correspondence: Morey J. Kolber: Moreykolber@gmail.com

Submitted: 5 April 2023. Published: 11 April 2023

Welcome to the Regenerative Rehabilitation 
special topic issue of Biologic Orthopedics 
Journal. Over the past decade we have seen signifi-
cant growth in the area of orthobiologics.1,2 What 
was once a treatment reserved for only a few, has 
become a mainstay of orthopedic care.3,4 As our 
knowledge base grows in orthobiologics, important 
players in the cellular niche must not be overlooked. 
These “synergistic” players, are often referred to 
and classified under the umbrella of regenerative 
rehabilitation. Regenerative rehabilitation encom-
passes those interventions that can augment the 
cellular and molecular benefits of orthobiologic 
treatments.5

This regenerative rehabilitation special topic 
issue contains articles from an international author 
list and a wide array of topics that may be useful 
for a multidisciplinary team of healthcare profes-
sionals including physicians, physiotherapists, 
exercise professionals, and healthcare researchers 
or biologists involved in the care of patients with 
musculoskeletal disorders. While this issue covers 
the scientific evidence underpinning the latest evi-
dence for regenerative rehabilitation interventions, 
the practical applications are not overlooked, so 

clinicians may use the information readily in their 
practice.

The articles in this issue cover a wide range of 
topics related to regenerative rehabilitation includ-
ing but not limited to shockwave therapy, blood 
flow restriction training, photobiomodulation, phys-
iotherapy (mechanotherapy), as well as common 
conditions including low back pain, shoulder osteo-
arthritis, and lateral epicondylalgia.6–12 While some 
articles are specific to a particular topic such as 
photobiomodulation, others provide examples of 
how regenerative rehabilitation may be incorporated 
into the plan of care following an orthobiologic 
procedure.

We are grateful for the authors who contributed 
to the issue and the reviewers who worked with the 
authors and editors to help develop manuscripts that 
will be useful for an eclectic group of healthcare pro-
viders who share the goal of improving patient care 
and outcomes. Last and certainly not least, the edi-
tors would like to thank our editorial manager Scott 
Bryant, and the funding body, Biologic Orthopedics 
Society who provided much-needed support and 
guidance throughout the issue.
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