Editorial Commentary: Bone Marrow Aspirate
Concentrate: Time to Harvest Locally?
Robert F. LaPrade, M.D., Ph.D., and Iain R. Murray, F.R.C.S., Ph.D.

Abstract: Cell therapies hold great promise as primary and adjuvant treatments for a range of musculoskeletal conditions. Bone marrow harvested from the iliac crest represents the gold-standard source of progenitor cells with a recognized
ability to release trophic factors, modulate local immune environments, and differentiate into multiple musculoskeletal
cell types in vitro. Identifying accessible locations that limit donor-site morbidity while increasing efﬁciency during
aspiration of bone marrow is essential. There is increasing evidence to suggest that the number of progenitor cells present
in bone marrow aspirated from multiple sites, including the proximal humerus and ilium, is at least equivalent to that
from the iliac crest. Because many of these sources lie within the surgical ﬁeld, the requirement for iliac crest harvest and
the risks associated with secondary harvest sites can be mitigated. Although there is a clear need for further studies
evaluating the biological attributes and clinical beneﬁt of bone marrow aspirate concentrate in a range of clinical settings,
the use of local harvesting sites is likely to reduce morbidity and improve the experience for patients.
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one marrow is recognized to contain cells and
growth factors that contribute to healing and have
pro-regenerative properties in vitro.1,2 Cells within
bone marrow with the capacity to multiply (“selfrenew”), generating colonies of cells that can differentiate
into multiple musculoskeletal lineages, modify the immune environment, and release trophic factors, have
attracted particular attention. Although the nomenclature used to describe similar populations has evolved over
the past 20 years,3 terms such as “connective tissue progenitor” and “medicinal signaling cell” are currently
thought to best reﬂect the nature and characteristics of
these cells.4 To maximize the number of progenitor cells
delivered, strategies to concentrate bone marrow aspirate
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(producing bone marrow aspirate concentrate [BMAC])
while separating out layers of fat and blood have
increased in popularity.5 Bone marrow represents a
particularly attractive substrate for regenerative medicine, given its relative accessibility, abundant supply, and
the potential for point-of-care use. However, its use is
currently limited by donor-site morbidity, preparation
heterogeneity, and concerns relating to lower regeneration efﬁciency compared with purer populations because
coexisting cell types may have inhibitory effects on progenitor cells.6
We were very pleased to review the excellent article
entitled “Proximal Humerus and Ilium Are Reliable
Sources of Bone Marrow Aspirates for Biologic
Augmentation During Arthroscopic Surgery” by Otto,
Muench, Kia, Baldino, Mehl, Dyrna, Voss, McCarthy,
Nazal, Martin, and Mazzocca,7 which was an international collaborative study seeking to address some of
these key challenges. Otto et al. evaluated the potential
biological harvest of bone marrow aspirate from the
proximal humerus during a rotator cuff repair and the
acetabular portion of the ilium during acetabular labral
repair, representing local sources of bone marrow aspirate that would negate the need for harvest from a
second site and the associated morbidity. Furthermore,
this collaborative study sought to better characterize
BMAC isolated from these sites, performing a comprehensive analysis of samples including an evaluation of
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the number of colony-forming units (CFUs). Over a
4-year period, the authors were able to successfully
obtain CFUs from both the proximal humerus and the
acetabulum, with a signiﬁcant increase in the number of
units grown from the proximal humerus in this cohort.
Of signiﬁcant note, they obtained the bone marrow
harvest from proximal humeral sites that would normally be used for anchor repairs of the rotator cuff.
The iliac crest has traditionally been considered the
benchmark source for bone marrow harvest.8 The study
by Otto et al.7 adds weight to an increasing body of
literature showing that multiple sites of bone marrow
aspirate yield numbers of CFUs at least as plentiful as
aspirations from the iliac crest.8-11 In addition, the yield
of CFUs does not seem to be inﬂuenced by age, body
mass index, or medical comorbidities, indicating that it
represents a “universal” source of progenitors for
regenerative medicine in all patients. A site of bone
marrow aspiration that is accessible within the surgical
ﬁeld allows for single-stage, intraoperative harvest and
application while minimizing potential morbidity and
resource use involved in harvest from 2 separate locations. Primum non noceredHippocrates wrote of ﬁrst
doing no harm.12 The current study and others support
the case that we may no longer have to expose our
patients to the additional morbidity of a second surgical
site for bone marrow aspiration.
Although the mesenchymal progenitors within bone
marrow aspirate garner the most attention, it should also
be considered that BMAC represents a heterogeneous
soup containing numerous growth factors and nonmesenchymal cells, including endothelial cells, as well
as hematopoietic and inﬂammatory cells. A number of
studies have raised the concern that the present nonprogenitor fraction of cells may negatively inﬂuence
the regenerative attributes of bone marrow aspirate. As
such, future work should seek not just to characterize
and quantify those cells proliferating in culture conditions but also to analyze all aspects of biological preparations as they appear at the point of delivery. This
analysis should include characterization of all cell types
and growth factors present and their interactions.6
Paramount to the clinical translation of basic research
into adult stem cell therapies is a comprehensive
characterization and understanding of the regenerative
properties of delivered preparations. Although autologous, minimally manipulated preparations avoid the
potential risks associated with processing or culturing of
cells, the regenerative characteristics of these heterogeneous preparations have remained poorly understood.6 Through this study and previously published
work, the authors have contributed a comprehensive
evaluation of CFUs, ﬂow cytometric analysis, and differentiation capacity assays of bone marrow from
multiple sites.7,9 Critically, this group has taken great
care to include important details of the methods and

processes that may critically inﬂuence outcomes,
allowing other investigators to interpret and replicate
their studies. This is signiﬁcant because an inadequate
description of processing protocols has so far limited the
interpretation and deﬁnite comparisons between
studies.13 Similarly, the nomenclature used throughout
these authors’ work is deﬁned and standardized. We
believe strongly that transparency of protocols and
increased standards in methods used to process, evaluate, and describe biological therapies are necessary to
drive this exciting ﬁeld forward.3,14
Although studies have reported improved outcomes
after BMAC therapy in a range of clinical settings,5,15
there is currently insufﬁcient evidence to support its
widespread application.1,2 In addition to well-designed
studies evaluating clinical effectiveness, future research
should continue to evaluate the attributes and regenerative characteristics of BMAC. Particularly when ambiguity
on clinical effectiveness remains, we always consider the
risk-beneﬁt balance in making treatment decisions with
patients. Although negating the need for a separate
harvest site may not completely tip this balance, the
harvesting of bone marrow from local sites based on evidence from studies such as that of Otto et al.7 may reduce
morbidity and costs associated with secondary harvest
sites and improve the experience for patients.
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