
Editorial
Stem Cell Therapy for Knee Pain—What

Exactly Are We Injecting, and Why?

F
ew developments in orthopaedic surgery have been ac-
companied by as much hype as the use of “stem cells.”
While the potential benefits of allogenic tissue-specific

cells, stem cells, and progenitor cells are commonly discussed1,
and many clinical trials seem to be underway2, few cell prepa-
rations have made their way through formal regulatory review
and into orthopaedic practice.

It is difficult to clearly define the rules for the clinical
evaluation of cell products within the regulatory environment,
especially in the United States. Focusing just on cell prepara-
tions potentially available for cartilage repair, based on draft
guidelines from the FDA (U.S. Food and Drug Administration)
and the 361 exemption for Human Cells, Tissues, and Cellular
and Tissue-Based Products (HCT/Ps)3, the processing of min-
imally manipulated cells of structural tissues must preserve the
original relevant characteristics of the tissue relative to reconstruc-
tion, repair, or replacement; must be intended for homologous
use only (e.g., use of musculoskeletal cells for musculoskeletal
restoration); andmay not be combined with another article (e.g.,
scaffold or carrier). The preparation may not have a systemic
effect and must not be dependent on metabolic activity of living
cells for its primary function, or else, for all practical purposes,
it must be autologous. The relevant biological characteristics of
cells of structural tissues (bone and cartilage) or nonstructural
tissues (bone marrow or fat) generally include differentiation,
proliferation, and/or metabolic activity, and “processing that
alters any relevant biological characteristics of cells or non-
structural tissues generally would be considered more than
minimal manipulation.”3 In vitro culture expansion would cer-
tainly be considered more thanminimal manipulation. All other
approaches to cell therapy currently require development under
U.S. regulations of a premarket approval (PMA) or biological
license application (BLA). An additional consideration is that,
given the long-standing clinical practices of transplantation of
autologous bone, cartilage, bone marrow, and periosteum, and
based on the clinical premise of local cell repopulation, one
might argue that many forms of autologous cell therapy, with
and without the combination of other scaffold materials, are
already well established. However, these practices have generally
not been subjected to rigorous prospective trials.

In spite of the above regulatory considerations, mass
advertising (Fig. 1) as well as an Internet search reveal the current
clinical use of many cell preparations in orthopaedics, including
for knee pain. Also among the more creative interpretations of
“minimal manipulation” and “homologous use” related to the
361 HCT/P classification is the use of amniotic fluid and/or

amniotic cell injections4. For example, according to 1 manu-
facturer5, the product “is a cryopreserved, injectable amniotic
fluid-derived allograft that is used to protect and promote
development of the injured site. These human cells, tissues,
and cellular and tissue-based products (HCT/Ps) are mini-
mally manipulated amniotic fluid products and intended for
homologous use only.”5 The interpretation that a natural role
for amniotic cells is “wound-healing,” and that cartilage repair
as a type of wound-healing represents homologous use of am-
niotic cells, is indeed imaginative extrapolation.

In this issue of The Journal of Bone & Joint Surgery,
Chahla and co-authors6 present a systematic review of intra-
articular cell therapies for osteoarthritis and focal cartilage
defects of the knee. After screening 420 published titles and
performing a detailed review of 34 articles, the authors could
identify only 6 studies (4 Level II and 2 Level III) that met their
criteria for inclusion. Unfortunately, the cell source, collection
technique, cell processing methods, and method of delivery
varied so widely that few conclusions were possible. For ex-
ample, 2 studies used mixed autologous adipose-derived nu-
cleated cells, 1 used mixed autologous blood-derived nucleated
cells, and 3 used culture-expanded cells from bone marrow
aspirations (2 autologous, 1 allogenic). Five of the 6 studies
supplemented the cell injection with carriers (either platelet-
rich plasma or hyaluronic acid), and only 1 study characterized

Fig. 1

Billboard advertisement seen near O’Hare International Airport in

Chicago, June 30, 2016.
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the number of progenitor cells being transplanted with a colony-
forming unit assay. Although the studies generally reported
favorable clinical outcomes and no major adverse events, the
differences between study and control groups were modest
and could be due to the placebo effect.

It is disappointing that so few high-quality clinical
studies have been published, yet clinical applications of cell
preparations seem to be forging ahead anyway. Chahla and co-
authors appropriately emphasize that future studies should (1)
use standardized nomenclature to describe the cell populations;
(2) use objective characterization of the harvest site, methods,
and cell population; (3) adequately describe the methods and
effects of cell processing; (4) quantitatively report the compo-
sition of injected cells; (5) use standardized patient-reported
outcome measures of pain and function before and after

treatment; and (6) use high-quality imaging or other means of
assessing structural outcome. Adoption of these guidelines
should help us to recognize factors critical to the success of cell
therapy and facilitate reviews of this type in the future. Al-
though the Chahla review identified few reported complica-
tions so far, other case reports of neoplasm-like lesions arising
at the site of stem cell therapy are worrisome7-9. As a commu-
nity of clinicians, scientists, and regulators, we have a gap to fill
in defining the parameters needed to promote both transpar-
ency and rigor in autologous and allogenic cell therapy, and we
encourage publication of clinical studies, including those with
“negative results,” prior to widespread adoption of cell injec-
tion procedures. n

Thomas W. Bauer, MD, PhD
Deputy Editor, JBJS
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