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VOL. 79- O.J11, NOVEMBER 1997

Mean N ucleated cells

15 - illion cells /§

e CTPsy; 150-460
Cells/million cells

30-45 Thousa

FRACTION AND CONCENTRATION OF BONE-MARROW-DERIVED CELLS IN DIFFERENT ASPIRATION VOLUMES*

Loncemmlmn of (
Total Total Bone- Total Per Cent Bone- Per Cent Bone-Marrow
Nucleated Cells Marrow Cells Blood Cells Marrow Cells Blood Cells Cells per ml
(Millions, (’WIHIOIIS/ (Millions) (Miilions)

Experiment 1

1-ml aspirates 40 19 3235

2-ml aspirates 60 3 5 25 225
Experiment 2

2-m] aspirales 72

4-ml aspirates 100 7

*All data are given as geometric means.
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PRE- & POST-INJECTION FROTOCOLS FOR BONE MARROW ASPIRATE
CONCENTRATE (BMAC) VIA SUBCHONDRAL INJECTION

In an effort to optimize your outcomes following a BMAC pro

TCO has der =d the fol
general guid
specifically to you.

‘our physician will

PRE-INJECTION PROTOCOL:
Complete pre-procedure forms frem Ob
smoking for 90 days (strongly recommended).

Avoid steroids Cortisone, Prednisone, M
the involved joint, for 90 days.

R e alcohol to 2 or le inks/day for 90 d

Avoid NSAIDS (e.g. Advil, Motrin, Ibuprofen, Ale
the pro ure.

Off-load malaligned joint (heel wedges or off-lcader bre
Exercise for joint mobilization:
o Stationary bike 10-15 min per day, 6 days,

o Isometric d and gluteal

re via subchondral injection,
ving pre- and post-injection protocols for you to follow. These are
trictions or modifications that may apply

ncluding steroid inj ons in

POST-INJECTION PROTOCOL:
Complete post-procedure forms from Oberd.

Avoid NSAIDS ( Advil, Motrin, |
procedure. If indicated, pain med ced for 2-7 days post-

ats, lunging acti , running, jumping or other high-impact activities
orts) for up to 3 months. M ble to return to

Patients are res
but use a walker

ht bearing for 1 week. Weight-bear

If tolerated, use an off-loading brace for up to 8 hours per day for 2 mont!
tients should we emselves off the brace c

2-4 week period.

Foll p visits should be done at
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Role of Scaffolds dral, Intra-Articulag In ions of Fresh

Autologous Bo w Concentrate R ive Cells in

Treating Hu ee Cartilage Lesion Qlf ent Approaches aIQ
Differeni&%ts \

IntJ M i. 2021 Apr 8;22(8):3 $ ques Hernigou et al.
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3one Marrow Aspirate Concentrate CME
for the Treatment of Knee Osteoarthritis

A Systematic Review

Laura E. Keeling,*" MD, John W. Belk,* BA, Matthew J. Kraeutler,S MD,

Alexandra C. Kallner,! BS, Adam Lindsay,* MD, Eric C. McCarty,* MD

and William F. Postma,’ MD

Investigation performed at MedStar Georgetown University Hospital, Washington, DC, USA

Background: Bone marrow aspirate concentrate (BMAC) has emerged as a therapeutic option for symptomatic knee osteoar-
thritis (OAge Em— |
Purpose:|To systematically review ghe literature to evaluate the efficacy of isolated BMAC injection in the treatment of OA of the
knee join I

Study Design: Systeimatic review; Level of evidence, 4.

Methods: A systematic review was performed by searching the PubMed, Embase, and Cochrane Library databases up to July
2020 to identify human studies that assessed the clinical outcomes of isolated BMAC injection for e treatment of knee OA: The
electronic search strategy used was “‘bone marrow aspirate concentrate knee osteoarthritis.”

Results: Eight studies met the inclusion criteria, including a total of 299 knees with a mean follow-up of 12.9 months (range, 6-30
months). Of all patient-reported outcomes assessed across studies, 34 of 36 (94.4%) demonstrated significant improvement from
aseline to latest follow-up (P < .05). Five studies evaluating numerical pain scores (visual analog scale and Numeric Rating
Scale) reported significant improvements in pain level at final follow-up (P < .01). However, 3 comparative studies evaluating
BMAC in relation to other therapeutic injections failed to demonsirate the clinical superiority of BMAC.

Conclusion: The BMAC injection is effective in improving pain and patient-reported outcomes in patients with knee OA at short-
to midterm follow-up. Nevertheless; BMAC has not demcistrated clinical <uperiority in relation to other biclogic therapies com-
monly used in the treatment of OA, including platelet-rich plasma and microfragmented adipose tissue, or in relation to placebo.
The high cost of the BMAC injection in comparison with other biologic and nonoperative treatment modalities may limit its utility
despite demonstrable clinical benefit.

Keywords: bone marrow aspirate concentrate; knee osteoarihritis; injection; platelet-rich plasma
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Systematic Review

Reporting Standards in Clinical Studies Evaluating ~ ®
Bone Marrow Aspirate Concentrate: A
Systematic Review

[ain R. Murray, M.R.C.S., Ph.D., Patrick G. Robinson, M.R.C.S.,
Christopher C. West, M.R.C.S., Ewan B. Goudie, M.R.C.S., Li Y. Yong, M.R.C.S.,
Timothy O. White, F.R.C.S., and Robert F. LaPrade, M.D., Ph.D.

Purpose: To perform a systematic review of clinical studies evaluating bone marrow aspirate concentraic (BMAC) in the
treatment of musculoskeletal pathology to compare levels of reporting with recently published minimum standards.
Methods: A systematic review of the clinical literature from August 2002 to August 2017 was performed. Human clinical
studies published in English and involving the administration of BMAC for musculoskeletal applications were included.
Studies evaluating non-concenirated preparations of bone marrow aspirate or preparations ol laboratory cultured cells
were excluded. Studies evaluating the treatment of dental or maxillofacial conditions were excluded. Similarly, in vitro
studies, editorials, letters to the editor, and reviews were excluded. Levels of reporting were compared with previously
published minimum standards agreed on through an international Delphi consensus process. Results: Of 1,580 studies
identified on the initial search, 46 satisfied the criteria for inclusion. Considerable deficiencies in reporting of key variables
including the details of BMAC preparation and composition were noted. Studies reported information on only 42%
(range, 25%-60%) of the wvariables included within established minimum reporting standards. No study provided
adcquaie inforination to enable the precise replication of preparation protocols and accurate characterization of the BMAC
lormulation delivered. Conclusions: We found that all existing clinical studies in the literature evaluating BMAC for
orthopaedic or sports medicine applications are limited by inadequate reporting of both preparation protocols and
compositon. Deficient reporting of the variables that may critically influence outcomes precludes interpretation, prevents
other researchers from reproducing experimenta! conditions, and makes comparisons across studies difficuit. We
encourage the adoption of emerging minimum reporting standards for clinical studies evaluating the use of mesenchymal
stem cells in orthopaedics. Level of Evidence: Level IV, systematic review of Level I through IV studies.
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Bone marrow aspirate concentrate Bone Marrow Aspirate Concentral> versus
versus platelet-rich plasma for treating knee Platelet-Rich Plasma for Knee Osteoarthritis

osteoarthritis: a one-year non-randomized

retrospective comparative study 29 patients,
bed El-Hakim El-Kadiry'~, Carlos Lumbao®, Natasha Salame”, Moutih Ra®=i***"" and Riam Shammaa™® w 39 kn'ees |

X
@\%Vs PRP:
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BMC Musculoskeleta!
Disorders

' withkneeo.l knees
V % Change in ain \AF questionnaire (higher % reduction = less pain)
between b~-=lix, ~ and - 57.4% 0.60%
12 ‘nont''s Mean % change difference across one year, (
-29.38; 95% CI, -47.65-(-11.11); P<0.002
KOOS questionnaire
% Change in 75 88% 1 N4
N '\cnonal'lty Mean % change difference across oue year,
Setween baseline and 53.89: 95% CI 13.78-94; P« 0.01
12 mouths WOMAC quest’ ,nnaire

(higher % change = better 73.95%
function) Mean % change .ex-nce

51.71; 95" CI, 12.49-90.99; '<0.011

Intra-articular autologous BMAC therapy is safe and fadvide more relief to patients
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Bone Marrow Aspirate Concentrate versus Platelet Rich Plasma or Hyaluronic Acid
for the Treatment of Knee Osteoarthritis

Oliver Dulic,%2*%" Predrag Rasovic,%* Ivica Lalic,>* Vaso Kecojevic,? Gordan Gavrilovic,* Dzihan Abazovic,®
19

Dusan Maric,?® Mladen Miskulin,”® and Marko Bumbasirevic

Francesco De Francesco, Academic Editor, Veronica Romano, Academic Editor, and Arman Saparov, Academic Editor

Author information » Article notes » Copyright and License information ~PMC Disclaimer

Abstract Go to:

Background: In the last decade, regenerative therapies have become one of the leading disease
modifying options for treatment of knee osteoarthritis (OA). Still, there is a lack of trials with a
direct comparison of different biological treatments. Our aim was to directly compare clinical
outcomes of knee injections of Bone Marrow Aspirate Concentrate (BMAC), Platelet-rich Plasma
(PRP), or Hyaluronic acid (HA) in the OA treatment. Methods: Patients with knee pain and
osteoarthritis KL grade II to IV were randomized to receive a BMAC, PRP, and HA injection in the
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PARACRINE SIGNALING OCCURS OVER A
SHORT DISTANCE. HERE, SIGNALING
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SIGNALING AND RECEPTOR CELLS TO BIND TO
RECEPTORS.
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A Multicenter, Single-Blind, Phase lla Clinical Trial
to Evaluate the Efficacy and Safety of a Cell-Mediated
Gene Therapy in Degenerative Knee Arthritis Patients
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bstract
Osteoarthritis leads to articular cartilage wear, and newer therapies are aimed at slowing this degeneration.
Growth factors and cytokines influence cartilage formation, and researchers are studying their use on cartilage
regeneration in osteoarthritis. One method uses genetically engineercd cells to deliver growth factors to
damaged cartilage. This technique utilizes transforming growth factor-f proteins in modified chondrocytes to
stimulate cartilage growth via an intra-articular injection. We evaluated the efficacy and outcomes of this
injection on patients who had International Cartilage Repair Society grade 4 knee osteoarthritis. We evaluated
27 patients (6 men, 21 women) who had late-stage knee osteoarthrius. Patients were randomized to receive
genetically engineered chondrocytes doses of 6x 10° cells (group 1) or 1.8 107 cells (group 2) at a 1:1 ratio.
Primary endpoints were subjective and functional cvaluations, assessed by the International Knee Doc-
umentation Committee (IKDC) score. Secondary endpoints were pain severity and physical function, using the
Western Ontario and McMaster osteoarthritis (WOMAC) index and the 100 mm visual analog scale (VAS).
Patients were followed at 2, 4, 12, and 24 weeks postinjection. Both groups had significant improvements in
outcomes. Scores improved at 12 and 24 weeks from baseline in IKDC (+ 10 and + 14 points in group 1; +11
and + 13 points in group 2), WOMAC (=12 and —13 points in group 1; — 10 and — 12 points in group 2), and
VAS (=19 and —24 points in group 1; =20 and —20 in group 2) scores. Additionally, there were no serious
adverse events, and no significant differcnce in adverse event incidence between the groups. Both groups
expressed a mean i ement in pain, function, and physical ability following treatment injection. Thi

omising (reatment for cartilage degeneration. However, further larger, multicenter,
ceded to truly evaluate the efficacy of this novel approach.
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A placebo-controlled randomised trial to assess
the effect of TGF-f1-expressing chondrocytes
in patients with arthritis of the knee

The aim of this study was to assess the efiect of injecting genetically engineered
chondrocytes expressing transforming growth factor beta 1 (TGF-B1) into the knees of
patients with osteoarthritis. We assessed the resultant function, pain and quality of life.

A total of 54 patients (20 men, 34 women) who had a mean age of 58 years (50 to 66) were
blinded and randomised (1:1) to receive a single injection of the active treatment or a
placebo. We assessed post-treatment function, pain severity, physical function, quality of
life and the incidence of treatment-associated adverse events. Patients were followed at
four, 12 and 24 weeks after injection.

At final follow-up the treatment group had a significantly greater improvement in the
mean International Knee Documentation Committee score than the placebo group
(16 points; -18 to 49, vs 8 points; -4 to 37, respectively; p = 0.03). The treatment group also
had a significantly improved mean visual analogue score at final follow-up (-25; -85 to 24, vs
-11 points; -51 to 25, respectively; p = 0.032). Both cohorts showed an improvement in
Western Ontario and McMaster Osteoarthritis Index and Knee Injury and Osteoarthritis
Outcome Scores, but these differences were not statistically significant. Cne patient had an
anaphylactic reaction to the preservation medium, but recovered within 24 hours. Aii other
adverse events were localised and resolved without further action

This technique may result in improved clinical outcomes, with the aim of slowing the
degenerative process, leading to improvements in pain and function. However, imaging and
direct observational studies are needed to verify cartilage regeneration. Nevertheless, this
study provided a sufficient basis to proceed to further clinicai testing

Cite this article: Bone Joint J 2015;97-B:924-32.
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