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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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Unlike other knee ligaments, such as the pos-
terior cruciate ligament (PCL) and medial collat-
eral ligament (MCL), the ACL possesses a limited 
intrinsic capacity for spontaneous healing after an 
injury.1 Despite recent advances in orthopedics, 
there remains controversy in ligament injury treat-
ment, particularly when functional insufficiency is 
associated with a partial ligament injury. There are 
challenges related to restoring joint homeostasis 
and biomechanics in cases of ACL injury, and bio-
logical approaches have great potential to address 
some of these concerns.2 The use of orthobiolog-
ics, including different growth factors, platelet-rich 
plasma (PRP), stem cells, biological scaffolds, and 
augmented ACL primary repair, has been the focus 
of current research in ACL accelerated repair and 
healing. These alternatives to the current surgical 
reconstruction techniques can preserve the native 
insertion site of the remaining fibers and, therefore, 
its proprioceptive function, which may lead to more 
natural biomechanics.1

These orthobiologic treatments may be an essen-
tial feature of treatment algorithms as these tech-
nologies develop and understanding of reparative 
processes at the cellular level advances.3 There has 
been an acceleration in the publication of literature 

that examines the clinical outcomes of biologic ACL 
repair procedures over recent times. In the case of 
ACL insufficiency, initial findings have been most 
supportive of the biologic ACL repair /augmentation 
in acute, partial, and proximal ligament injury. This 
ongoing work will have excellent clinical impor-
tance in identifying and characterizing specific 
injury patterns that would benefit most from these 
regenerative treatments.4–11
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