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Orthobiologic therapies show significant promise to improve outcomes for patients with musculoskeletal pathology. There are
considerable research efforts to develop strategies that seek to modulate the biological environment to promote tissue regen-
eration and healing and/or provide symptomatic relief. However, the regulatory pathways overseeing the clinical translation of
these therapies are complex, with considerable worldwide variation. The introduction of novel biologic treatments into clinical
practice raises several ethical dilemmas. In this review, we describe the process for seeking approval for biologic therapies in the
United States, Europe, and Japan. We highlight a number of ethical issues raised by the clinical translation of these treatments,
including the design of clinical trials, monitoring outcomes, biobanking, “off-label” use, engagement with the public, marketing of
unproven therapies, and scientific integrity.
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The term “musculoskeletal regeneration” is widely consid-
ered to encompass therapeutic solutions for musculoskele-
tal conditions that harness the benefits of biology to
improve healing, reduce pain, improve function, and pro-
vide an environment for tissue regeneration.38 Tools to
facilitate musculoskeletal regeneration include drugs, sur-
gical intervention, physical and electromagnetic stimuli,
and biologics. Orthobiologics are biological substances
derived from the body that are used to treat musculoskele-
tal disease, injury, and disability, focusing on the growth,
replacement, and repair of cells, organs, and tissues specific
to the health needs of patients.30

The potential application of regenerative therapies spans
the breath of orthopaedics, using approaches such as cell
transplantation, gene transfer, and tissue engineering.31

These strategies differ significantly from most mainstream
treatments in orthopaedic practice, as they aim to treat the
underlying cause of the disease with the goal of augmenting
the native biological repair processes, preferably at an ear-
lier stage of the disease progression. Despite enormous
promise, most orthobiologic approaches remain at a very
early step along the road to widespread application.
Culture-expanded autologous and allogeneic cell therapies
and gene therapies have all entered human clinical
trials, with many patients already treated with current
Good Manufacturing Practice–produced musculoskeletal
regenerative approaches.7,63,64 While many regenerative

interventions remain in preclinical phases of research, the
number of clinical studies is expected to increase rapidly in
the near future.

Despite research advances, there is growing concern
about the increasing number of centers that are marketing
stem cell–based interventions directly to consumers,
making unwarranted claims, or performing risky biologic
procedures.35 Such centers and their associated providers
have been known to recommend, prescribe, or deliver so-
called regenerative preparations, in many cases marketed
as “stem cells,” without sufficient data to support their true
content, safety, and efficacy.27,44 Although the progress of
promising investigational therapies should not be
thwarted, clinicians and regulators have a duty to protect
the public from the risks associated with unproven and
uncharacterized therapies.32,33

An appreciation of the regulatory environment of ortho-
biologics and the ethical dilemmas that they raise is central
to developing future strategies to support legitimate trans-
lation. However, the regulatory environment can appear
both convoluted and cumbersome, with considerable world-
wide variation. As such, there is a pressing need for these
aspects to be deciphered and presented in a logical and
accessible form. In this narrative review, we describe the
current regulatory environment of orthobiologics and
describe the process for seeking approval for biologic ther-
apies using the United States, Europe, and Japan as exam-
ples of global variation. We highlight a number of ethical
issues raised by the clinical translation of these treatments,
including the design of clinical trials, monitoring of
outcomes, biobanking, “off-label” use, engagement with the
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public, marketing of unproven therapies, and conflicts of
interest.

CURRENT REGULATORY ENVIRONMENT
OF ORTHOBIOLOGICS

Regenerative therapies are regulated by national or
regional regulatory authorities, such as the European Med-
icines Agency (EMA), the US Food and Drug Administra-
tion (FDA), Health Canada, Australian Therapeutics Goods
Administration, or Japan’s Pharmaceuticals and Medical
Devices Agency. There is significant geographic variation
in these regulatory processes. The European Union (EU),
United Kingdom, United States, and Japan have been cen-
tral in fostering the development of biologic therapies. In
this section, we outline and compare key features of the
regulation of biologic therapies in the United States, Eur-
ope, and Japan that may affect the development and clini-
cal use of novel regenerative therapies.

There are a number of regulatory processes and chal-
lenges to overcome in the journey from scientific concept
to approval of new regenerative treatments. The first step
in this pathway is to accurately define the product, as this
will determine how it is classified by the regulatory author-
ity of each country and dictate the subsequent regulatory
pathways that this product must follow.23 In the United
States, Europe, and Japan, there is a broad legal frame-
work covering a wide range of chemical and biological sub-
categories. Correct classification of the product will
influence the regulatory guidelines that apply.

Regulatory Oversight in the United States

The agency that governs the use of orthobiologics in the
United States is the FDA. As part of the federal Food, Drug,
and Cosmetic Act (1938)32 and the Public Health Services
Act of 1944 (PHS)32, the FDA oversees the Code of Federal
Regulations (CFR), and Part 1271 Title 21 applies to the
use of human cells, tissues, and cellular and tissue-based
products (HCT/Ps).32 Additionally, in 2017, the FDA pub-
lished a comprehensive guidance19 to improve stake-
holders’ understanding of the regulatory criteria for
human biologic therapies in the United States, and while
these are nonbinding, they reflect the FDA’s current think-
ing on CFR Part 1271. As part of this framework, the FDA
provided finalized guidance on how preparations should be
classified. HCT/Ps encompass most novel orthopaedic

regenerative products and are defined as products contain-
ing or consisting of human cells or tissues that are intended
for implantation, transplantation, infusion, or transfer into
a human recipient.30

The utilization of orthobiologics and the process by
which some new biologic products become approved treat-
ments in the United States is complex. Before embarking
on clinical trials, an investigator must understand the
regulatory framework and if the HCT/P requires premar-
ket approval and, thus, an Investigational New Drug
(IND) application toward a Biologics License Application
(BLA) or an investigational device exemption application
for device products.

The FDA employs a tiered approach to the regulation of
HCT/Ps based on their assessment of patient risk and pub-
lic safety.60 The first group comprises products that are
considered of lowest risk and require no HCT/P oversight
(Table 1). A second grouping comprises products that are
considered lower risk and are regulated under Section 361
of the PHS, with a further grouping of products that are
considered higher-risk products that are regulated under
Section 351. Additional regulatory pathways for Regenera-
tive Medicine Advanced Therapies (RMAT), 510(k) and pre-
market approval devices, and other biologic products have
been incorporated into this framework.

Products in the first group are those considered to be low
risk and, although still regulated as HCT/Ps, do not require
Premarket Approval (PMA) /Biologics Licence Application
(BLA).5 Examples include whole blood, blood-derived pro-
ducts, bone marrow, human organs for transplantation,
and extracted human products such as collagen. These bio-
logic agents must be minimally manipulated, used in a
homologous fashion, and not combined with any other
agents. Platelet-rich plasma (PRP) and bone marrow aspi-
rate concentrate are the most widely used products under
this classification. Physicians who use these products need
to follow current good tissue practices.58,59

The second grouping, comprising lower-risk products,
falls under Section 361 of the PHS, and those HCT/Ps
require only minimal oversight.5,67,68 For an HCT/P to be
regulated under Section 361, the product must (1) be
“minimally manipulated,” (2) intended for homologous use,
(3) not a combination product, and (4) have no systemic
effects. These category 2 lower-risk products are not subject
to formal premarket approval before marketing but
do require (1) registration with the FDA, (2) donor screen-
ing and testing, (3) good tissue practices and labeling,
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(4) adverse event reporting, and (5) postmarket inspection
and enforcement. Central to this is the concept of “minimal
manipulation” of biologic products. Such manipulation is
characterized as only slight modifications of cells or tissues,
with preservation of the product’s inherent biological
properties.61 Examples include centrifugation, cutting,
antibiotic treatment, gamma irradiation, ethylene oxide
sterilization, lyophilization, and cryopreservation. Widely
used examples in current clinical practice include deminer-
alized bone without handling agents, cellular bone matrix,
and autologous chondrocytes. Producers of Section 361 pro-
ducts need to comply with current good tissue practices,
register their establishment with the FDA, provide a list
of HCT/Ps produced each year, and label these products in
accordance with FDA guidelines.61

HCT/P products that do not meet the above criteria are
regulated under Section 351 as higher-risk products, and a
BLA is required to certify the “safety, purity, and potency”
of a preparation.68 “More than minimal manipulation” is
defined as processing that alters the biological characteris-
tics of cells or tissues, and the FDA would include activa-
tion, encapsulation, genetic modification, or expansion of
cells or tissues under this umbrella. Other examples of
more than minimal manipulation include enzymatic degra-
dation, the addition of chemical or biological elements to a
product, and mechanical emulsification. Examples include
cultured cartilage cells, cultured mesenchymal stem cells,
and enzyme-digested fat or stromal vascular fraction.
While the Section 351 designation was created to ensure
patient safety, obtaining premarket approval is compli-
cated, costly, and time-consuming. The PMA process begins
with preclinical studies conducted using animal models to
demonstrate safety, confirm mechanism of action, and
assess efficacy. An IND application can then be made before
launching phase 1 clinical trials overseen by the local insti-
tutional review board and a BLA, toward formal premarket
approval.64 These processes are costly, and marketing can-
not begin until the product is approved. Successful phase
1 trials are followed by phases 2 and 3 trials in larger num-
bers of patients to seek stronger safety and efficacy data,
which are then included with IND as part of a New Drug
Application. Even after formal approval of the marketing
application, postapproval studies may still be mandated by
the FDA. Given that the Section 361 classification offers
more flexibility, most commercial products have targeted
the 361 designation.

The RMAT designation, introduced in 2016 as part of the
21st Century Cures Act, is a special designation for

products intended to treat serious or life-threatening con-
ditions.2 This pathway mandates preliminary evidence that
the product may address unmet clinical needs.61 RMATs
may follow a pathway that allows sponsors to essentially
skip phase 3 and gain premarket approval after phase 2.
The recent designation of osteoarthritis (OA) as a “serious
condition” has enabled a number of products with prelimi-
nary data supporting symptomatic and functional improve-
ment in the setting of OA to follow this fast-track
pathway.34,60

Products exempt from Section 351 or 361 oversight are
considered on an individual basis, with 1 outcome being
considered via the so-called 510(k) medical device pathway.
This pathway allows FDA clearance for medical devices
that represent substantial equivalence to preexisting
devices in the market.14,56 In the case of PRP, the original
predicate device is a platelet and plasma separator that
produces PRP that is intended to be mixed with bone graft
materials to enhance handling properties,57 or in the case of
PRP gel, to “maintain moisture in a wound.” A system for
producing microfragmented adipose tissue has been
cleared by the 510(k) premarket notification pathway for
substantial equivalence to existing medical lipoplasty suc-
tion systems.55 At this time, it is not clear whether future
orthobiologic preparations will be regulated this way.

Regulatory Environment in Europe

Many aspects of the regulatory environment in the EU mir-
ror those in the United States. In the EU, biologic therapies
are regulated by the EMA. European policy is largely
guided by policy European Community (EC) No. 1394/
2007 and the Human Cells and Tissues Directive (2004/
23/EC).23 This framework outlined the concept of advanced
therapy medicinal products (ATMPs). ATMPs include gene
therapy products, somatic cell products, or tissue-
engineered products that are more than minimally manip-
ulated or used in a nonhomologous fashion. The EMA
defines more than minimal manipulation as processes
through which “biological characteristics, physiological
functions or structural properties are altered in a way
intended to be used for repair, replacement or regeneration.”
Similar to the US system, processes such as centrifugation,
irradiation, or antibiotic addition are not considered more
than minimal manipulation.

Theprocessbywhich abiologic product reachesthebedside
is analogous to the US system. Preclinical studies are per-
formed under International Conference on Harmonisation

TABLE 1
Summary Interpretation of FDA Classification and Regulatory Oversight for Orthobiologicsa

Product Category HCT/P Oversight Examples

Category 1 (lowest-risk product) None PRP and BMAC equipment, fat grafts
Category 2 (low-risk product) Section 361 Cellular bone matrix, demineralized bone
Category 3 (higher-risk product) Section 351 Cultured chondrocytes, amniotic products, cultured mesenchymal cells,

adipose-derived stem cells

aBMAC, bone marrow aspirate concentrate; FDA, United States Food and Drug Administration; HCT/P, human cells, tissues, and cellular
and tissue-based product; PRP, platelet-rich plasma.
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of Technical Requirements for Registration of Pharmaceuti-
cals for Human Use guidelines. To begin clinical trials, a clin-
ical trial authorization is required and isgranted at a national
level. After completion of clinical trials (phases 1-3), EU-led
procedure must then be followed, with a Marketing Authori-
zation Application required to reach commercialization. For
the final approval of ATMPs, there are 2 committees within
the EMA thatscrutinize the scientific justification for product
approval: the Committee for Advanced Therapies and the
Committee for Medicinal Products for Human Use (CHMP).
The former is responsible for assessing the quality of the clin-
ical trials in defining the safety and efficacy of ATMPs and
making a recommendation on whether the ATMP should be
approved, with the CHMP responsible for making the final
decision on the use of each ATMP. However, after an ATMP is
approved at a European level for use, it is then dependent
again on individual member states providing provisions to
implement these biologic therapies, thus leading to further
heterogeneity even within Europe.6

Orthobiologics that do not fulfill the definition of an
ATMP are regulated via separate legal documents pub-
lished by the EU. The clinical use of PRP is regulated under
Directive 2001/83/EC.17 This directive is then adopted by
each member country and adapted by the national commit-
tees. As the directive has not been translated into a Europe-
wide law, individual countries have interpreted the
document to suit their specific requirements. Another bio-
logic agent regulated separately from ATMPs is deminera-
lized bone, which falls under the European Directive
2004/23/EC.

There are several routes for bypassing the main EU reg-
ulatory pathway. The “hospital exemption” clause within
EC No. 1394/2007 allows for the nonroutine administration
of ATMPs manufactured and prescribed within the same
member state to individual patients.62 While the hospital
exemption creates a loophole in the regulatory system,
analogous to the “same surgical procedure exemption” in
the United States, exempt products may still be regulated
on a national level and must be manufactured in accor-
dance with good clinical practice guidelines. Conditional
marketing authorizations may also be granted by the
CHMP for products aimed at treating or preventing serious
debilitating or life-threatening diseases. These criteria are
as follows: the product must address an unmet need, the
benefit-risk balance of the product is positive, and the
benefit to public health of the products’ immediate avail-
ability on the market outweighs the risks due to need for
further data.15

Autonomy of Individual EU Countries. While ATMPs
are centrally regulated by the EMA, individual member
countries maintain substantial autonomy in allowing dif-
ferent preparations. As such, significant heterogeneity
remains in the handling of ATMPs between countries. In
the United Kingdom, the regulatory structure follows the
same central structure as the EU. The Medicines and
Healthcare products Regulatory Agency (MHRA) oversees
the manufacturing and importation of centrally approved
ATMPs. While hospital exemptions are possible in the
United Kingdom, they are scrutinized by the British

General Medical Council (GMC) under the Medical Act of
1983.53 The accountability resulting from the GMC over-
sight is thought to be the reason why the United Kingdom
has relatively fewer stem cell therapies performed outside
of the research sector than other countries have. Despite
also following EMA guidelines, Italy has made significant
national changes to be more permissive of cell therapies
outside of the clinical trial setting.

Effect of Brexit. After Brexit, the UK MHRA regained
full responsibility for the regulation of ATMPs. Classifica-
tion of ATMPs remains aligned with the EMA, but the pro-
cess of development, through to marketing and the final
approval of an ATMP for clinical use, is now carried out
at a national level, and ATMPs are assessed in a similar
approach to the licensing of a new medication. The United
Kingdom is the European leader for ATMP research, with
44% of all EU ATMP registered and accredited research
facilities in 2017.54 This is largely because of a large aca-
demic field predominantly focusing on the early stages
of clinical research. However, none of the current EU-
approved and -licensed therapies are manufactured in
the United Kingdom.52 The disparity in research and
manufacturing capabilities may prove troublesome after
Brexit. The MHRA is held in high regard by the EMA, as
it provides the vast majority of leading scientific experts
within the field of ATMPs to committees where decisions
are made regarding European ATMP policies. The MHRA
is also reliant on the EMA to progress with ATMP research,
as the United Kingdom often cannot provide the required
number of patients to investigate the use of ATMPs in par-
ticularly rare diseases. As such, both agencies hope that
close relationships will remain after Brexit.52

Present Legislation for Regenerative Medicine
in Japan

There has been considerable recent change to regulation in
Japan. In 2013, the Japanese government submitted the
2 acts relating to regenerative medicine including orthobio-
logics: one is the Act on Safety of Regenerative Medicine,
and the other is the Pharmaceuticals and Medical Devices
Act.43 The Act on Safety of Regenerative Medicine obligates
hospitals to notify the Ministry of Health, Labour and Wel-
fare (MHLW) of their regenerative treatment plans, which
in turn must be reviewed by a special committee certified by
the MHLW.29 In addition, hospitals are requested to use
the biological components prepared at certified processing
facilities to manufacture specific cellular products used in
clinical regenerative treatments. Regenerative treatments
are divided into 3 categories based on the risk of the biologic
products and different procedures. In July 2021, the num-
ber of certified processing facilities had reached 3115, and
the MHLW had been notified of 4330 treatment protocols.25

To date, orthobiologic treatments have been carried out in
>450 hospitals, and the number of patients who received
regenerative treatment including orthobiologic therapies
has reached >50,000.26 Under this act, 16 medical institu-
tions have been ordered to suspend regenerative treatment,
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and one medical institution received an improvement
order. Furthermore, one of the doctors at one of these med-
ical institutions has been convicted of violating the act.
With respect to safety, 2 deaths that are considered to be
related to treatment have been reported, and improvement
measures and safety guidelines are being considered. Via
this act, the Japanese government has been able to closely
monitor the implementation status of regenerative medi-
cine in Japan.

The Pharmaceuticals and Medical Devices Act of 2013,
which is the revised version of the Pharmaceutical Affairs
Law, defines the category of regenerative medical products
related to regenerative medicine or gene therapy.42 As
regenerative medical products are usually heterogeneous
and contain living cells, a long duration of follow-up is
required to evaluate the safety and effectiveness of the
treatments. Therefore, a conditional/time-limited approval
system was established to facilitate the early clinical appli-
cation of regenerative medical products. This system is
anticipated to facilitate the determination of more suitable
conditions for regenerative medical products and is a type
of adaptive licensing system that has been used to enhance
product accessibility to patients. In this system, acute
adverse effects can be identified from short-term investiga-
tions, and the long-term safety is evaluated in the postmar-
keting surveillance of a registry of all patients. To further
ensure the maintenance of safety measures, it is clearly
stated that doctors should provide patients with a thorough
explanation of all procedures and obtain prior informed
consent. Doctors are also obliged to keep complete records
on the use of regenerative medical products. In addition,
regenerative medical products are to be included under the
heading of the Relief Services for Adverse Health Effects. A
further revision included the generation of a new standard
(Good Gene, Cellular, and Tissue-based Products
Manufacturing Practice) for manufacturing management
and quality control in the industry to secure the quality and
safety of the products. The changes to the regulatory frame-
work for regenerative medical products may facilitate
research and development and contribute to the safety of
regenerative medicine. In fact, 7 products including ortho-
biologics have already been approved since the legislation
was enacted.

ETHICAL ISSUES IN CLINCAL TRANSLATION
OF ORTHOREGENERATIVE THERAPIES

All treatment decisions across medicine should be consid-
ered in the context of the 4 prima facie principles of medical
ethics: beneficence, nonmaleficence, autonomy, and jus-
tice.3 “Prima facie” means that the principle is binding
unless it conflicts with another moral principle—if it does,
we have to choose between them.20 Respect for autonomy is
the moral obligation to respect the autonomy of others inso-
far as such respect is compatible with equal respect for the
autonomy of all potentially affected.20 Beneficence and non-
maleficence are often considered together and aim at pro-
ducing net benefit over harm. Justice is often regarded as
being synonymous with fairness and can be summarized as

the moral obligation to act on the basis of fair adjudication
between competing claims.20 Orthobiologic therapies raise
considerable ethical quandaries, many of which are unique.
Our ability to navigate these issues is made more challeng-
ing by our current limited understanding of these novel
treatments. Being a gatekeeper to these treatments carries
significant responsibility, and both clinicians and scientists
should not shy away from the difficult logistical and ethical
challenges that arise. A select number of these challenges
are summarized below.

Clinical Trial Design

As in all areas of medicine, the use of orthobiologics should
be based on evidence demonstrating both safety and effi-
cacy. Randomized controlled trials (RCTs) constitute the
hallmark of evidence-based medicine and form the basis for
translating research data into clinical practice.49,50 These
types of studies are even more important in the field of
orthobiologics, where multiple variables can significantly
alter outcomes and preclude the scientific world from hav-
ing a clear answer to several questions about their use,
efficacy, and safety. Spieth et al50 summarized important
concepts and recommendations regarding design, conduct,
and reporting of RCTs that can improve the quality of the
trial. First, clinically relevant endpoints should be defined
a priori, and an unbiased analysis and report of the study
results should be performed. Specifically, for biologic ther-
apies, selection of a placebo or control group should be care-
fully considered. Placebo-control groups play a critical role in
the development of new therapies and in establishing a
“null” baseline upon which a proposed intervention must
demonstrate improvement to substantiate clinical use. For
example, the administration of an intra-articular saline pla-
cebo injection has been reported to yield a statistically and
clinically meaningful improvement in functional outcomes
up to 6 months after the injection in patients with knee
OA.48 Furthermore, in the comparison of experimental treat-
ment with standard care, preplanned interim analyses dur-
ing an ongoing RCT can aid in maintaining clinical equipoise
by assessing benefit, harm, or futility, thus allowing a deci-
sion on the continuation or termination of the trial.

A structured study design and performance as indicated
in the Consolidated Standards of Reporting Trials state-
ment should be employed as well as registration in a public
trial database, reporting on significant and nonsignificant
results.49 Importantly, potential conflicts of interest and
funding sources should be disclosed in study reports or pub-
lications. In summary, well-powered and executed RCTs
are warranted to determine the real effect of biologics in
the field of orthopaedics. Remaining is the ethical issue of
utilizing substances with very low morbidity or side effects
in the absence of RCTs when a minimally important clinical
difference indicates their use may provide patients with
some relief and offer treatment options before approval.

Monitoring Outcomes and Registries

As clinicians, it is our responsibility to monitor the out-
comes and complications of treatments we provide.
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Consequently, it remains essential to collect accurate and
meaningful data. This necessity highlights the importance
of establishing standardized outcome collection systems,
ideally in the form of prospective cohorts, that could serve
as orthobiologic patient registries.12 These organized
systems may then use observational study approaches to
collect uniform data, including clinical (patient character-
istics, disease characterization, and patient-reported
outcome measures) and biologic therapy specifics. Addition-
ally, data on complications and adverse events need to be
collected. Biologic interventions including cell therapies
can remain biologically active for long periods and thus
may present risks with long latencies. Collection of these
data will allow the evaluation of specified outcomes for a
given population defined by a disease, ailment, exposure, or
treatment. Such registries will then serve multiple prede-
termined goals across different venues, including scientific,
clinical, or policy purposes, and represent “real-world
evidence” as prescribed by the FDA’s 21st Century Cures
Act.28 This will allow a better understanding of the muscu-
loskeletal diseases we are treating and the clinical efficacy
or cost-effectiveness of orthobiologic treatments, and most
importantly, it will allow us to monitor safety and harm.
The successful implementation of scientifically valid, cost-
effective, and scalable data outcome collection systems will
be required via a highly collaborative effort.13,30 Finally,
the output from these unbiased orthobiologic registries will
be high-quality evidence that clinicians and patients
greatly need to become available in a timely and cost-
effective manner. As a result, product and treatment
approvals may be accelerated in a manner complementary
to ongoing RCTs. This evidence will then have the potential
to improve outcomes and determine the value of care by
determining if and which orthobiologic treatments are to
become standard of care.

Biobanking Cells and Tissues

A crucial aspect of the success of an orthobiologic registry in
disseminating knowledge and innovation will be deter-
mined by its ability to characterize and register the biologic
therapies delivered.12 In addition to collecting clinical
aspects of the orthobiologic therapy, such as type, fre-
quency, volume, location, and indication, among other fea-
tures, there is a critical need to further understand the
specifics of these therapies.36,39,46 The heterogeneity in dif-
ferent biologic formulations is likely to be associated with
variation in clinical outcomes.11,45 However, clinical and
imaging outcomes must be captured and correlated with
the composition to provide insight into the key drivers of
biologic activity and clinical efficacy of a given treatment.
Economics limit the rigor of investment in point-of-care
qualitative and quantitative characterization. However,
biorepositories can be established to collect, process, and
store biospecimens to support current and future efficiently
targeted investigations.

A biorepository requires standardized systems to pro-
cure, process, transport, and bank a specific biological sam-
ple to enable later measurement of the cellular, proteomic,
and transcriptomic content and biologic activity. Just as

important, biospecimens must be linked to quantitative
clinical data related to patient factors, disease state, sample
source and processing, and the success of care (objective
clinical outcome). Appropriate infrastructure and incen-
tives will be required to motivate both physician and
patient participation in clinical baseline data, sample col-
lection, analysis, and outcome reporting. Rigorously
designed biorepositories have the potential to be a powerful
and generalizable tool for rigorous assessment biologic
therapies in musculoskeletal medicine.

Clearance, Approval, and Off-Label Use

It is important to consider the difference between the terms
“clearance” and “approval,” which are not interchangeable.
For example, FDA clearance allows PRP to be used for a
wide range of different orthopaedic indications.31,37,68 How-
ever, clearance is not synonymous with approval for a spe-
cific indication.4 As such, most of the PRP treatments
offered for musculoskeletal indications are considered off-
label use, which transfers liability from the manufacturers
of the device to the individual providing it.21,57 Similarly
FDA clearance of microfragmented adipose tissue systems
does not infer a robust evidence basis for use in a range
orthopaedic applications.

While off-label treatments are not FDA approved, it is
important to understand that their use is not necessarily
improper or illicit. Indeed, off-label prescriptions account
for roughly half of all prescriptions written today,65 and the
off-label use of certain drugs is well accepted within medi-
cal standards.66 However, it is equally important to under-
stand that off-label use is often not supported by sound
scientific evidence. This has the potential to expose patients
to ineffective care and unnecessary risks and drive up
health care costs.65

Nevertheless, off-label use presents distinct challenges
for biologic interventions. Depending on the jurisdiction,
some biologic interventions are not authorized for a specific
use because of exemption from regulation. This can limit
physicians’ access to reliable information on validated uses.
In addition, the complex biological characteristics of these
therapies and our limited clinical experience with many of
them present uncertainties about long-term safety and
effectiveness. Physicians should therefore exercise particu-
lar care when applying biologic interventions off-label. As a
rule, off-label use should be offered only when supported by
high-quality evidence or in situations consistent with cur-
rent scientific knowledge, local legal and institutional reg-
ulations, and the standards of the international medical
community.24 In all cases, patients must be made aware
in advance when off-label use has not been evaluated for
safety and/or efficacy with respect to their specific medical
condition.

Public Engagement and Trust

Patients exhibiting pain and/or dysfunction because of ortho-
paedic pathology may rely on their primary care provider or
orthopaedic surgeon to offer biologic options for symptom
modification. Patients have implicit trust in their health care
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provider to present treatment recommendations that are low
risk and efficacious. All licensed practitioners are governed
by their respective regional and medical professional rules of
ethical behavior when utilizing these therapies. For example,
the American Academy of Orthopaedic Surgeons mandates
standards of professionalism, which state that “it is the obli-
gation of the orthopaedic surgeon to present a fair and honest
representation of services and the goals, alternatives, expec-
tations and risks associated with these services.”1 The UK
GMC’s Good Medical Practice states that a good doctor will
“maintain trust in you and the profession by being open,
honest and acting with integrity.”51 Unfortunately, since the
field of orthobiologics is relatively new, most health care pro-
viders never received education on this subject during their
training, and thus they must rely on self-education. While
PubMed provides easy access to published peer-reviewed
studies, it is a daunting task to keep current. To facilitate
provider and patient education, a number of academic
groups, including the Biologic Association (an international
group of musculoskeletal societies that collaborate to speak
with a unified voice about the responsible use of orthobiolo-
gics), have developed educational resources that are freely
available on their website (https://www.thebiologicassocia-
tion.com). Despite this, there appears to be a lack of formal
training or certification in orthobiologics, and the level of
expertise and background knowledge in providers varies. It
is only when the health care provider is appropriately edu-
cated that he or she can present orthobiologic options in an
ethical and legal manner and both earn and preserve the
trust of their patients.

Marketing of Unproven Treatments

The unwitting public is subjected to a variety of methods for
marketing orthobiologics. Regulations regarding ethical
and legal advertising vary by country. For example, the
European Parliament 2006/114/EC Directive “confer(s)
upon the courts or administrative authorities’ powers
enabling them to require the advertiser to furnish evidence
as to the accuracy of factual claims of advertising.”16 In the
United States, the Federal Trade Commission truth-in-
advertising laws state that “an ad must be truthful, not
misleading, and when appropriate, backed by scientific
evidence.”18 In a 2020 study by Kingery et al,27 the authors
identified 896 practice websites in the United States and
found that 96% of them contained statements of misinfor-
mation. Examples include “This is a curative treatment.
You can literally grow new joint tissue. Once your joint is
healed, it is healed” and “The oldest research to date shows
that 100% of recipients who benefited from stem cell ther-
apy were still pain free 4 years later.” While clinics in the
United States have been prosecuted for making unsubstan-
tiated claims, they often reappear with the same owners
under a different name using another orthobiologic. In
2019, Health Canada issued a policy position paper that
informed Canadians that all cell therapies are regulated
as drugs and present risk to the recipient, and “therapeutic
interventions pursued on the basis of anecdotal evidence
that are ultimately proved ineffective or harmful when
studied in well-controlled trials are common.”22 Despite

legal authority, the administrative burden of policing the
marketing content of rogue stem cell clinics exceeds the
manpower of enforcement agencies. This tips the responsi-
bility to clinicians and health care organizations to protect
patients via education and awareness.

Conflicts of Interest

Conflicts of interest represent circumstances in which pro-
fessional judgments or actions of a clinician or medical
researcher may be influenced by a secondary interest, such
as financial gain or career advancement.47 The secondary
interest may be financial or nonfinancial, and the bias may
be conscious or unconscious. Conflicts of interest can
threaten professional, patient, and public trust in clinical
care and research.

A strong partnership between scientists, physicians, and
industry is integral to the development of biologic treatments
for patients. Interactions with industry representatives can
occur in the office and at professional meetings, ideally lead-
ing to collaborations for clinical research and in the develop-
ment of new treatments. While partnerships can offer
important opportunities to advance medical knowledge, they
can also introduce bias. In a qualitative evaluation of ortho-
paedic surgeons’ attitudes to orthobiologics via serial inter-
views, Niemansburg et al41 reported considerable concerns
among experts that the role of industry in surgical research
and clinical practice causes conflicts of interest that could
negatively affect the integrity of researchers and the scien-
tific validity of clinical studies.9,69 The issues raised by stud-
ies evaluating bone morphogenic protein, for example,
indicate that conflicts of interest can lead to both underre-
porting of adverse events and methodological flaws in clinical
trial design.8,10 Conflicts of interest can also arise from other
parties, such as universities, government agencies, and fund-
ing bodies.40 More attention to identifying and managing
nonfinancial conflicts is required in the future.

Effective means of identifying and managing conflicts are
an important element in successfully achieving the goals of
research and ensuring that patients receive the most appro-
priate treatments. Current strategies typically rely on disclo-
sure and are centered around the individual researcher or
clinician. However, this approach has substantial limitations,
and increased focus on process-oriented steps and outcome-
oriented strategies has been advocated.47

CONCLUSION

Orthobiologics show significant promise in improving out-
comes for patients with a wide variety of musculoskeletal
pathologies. There is considerable worldwide variation in
the regulatory pathways that must be followed. Navigating
these complex pathways is challenging for both scientists
and clinicians. Understanding the regulatory pathways as
well as the logistical and ethical factors involved in the
clinical translation of orthobiologic therapies will better
equip clinicians as they seek to offer their patients the best
chance of recovery while keeping them safe.

The Orthopaedic Journal of Sports Medicine Regulatory and Ethical Aspects of Orthobiologics 7



AUTHORS

†Edinburgh Orthopaedics, The University of Edinburgh,
Edinburgh, UK.

‡Division of Sports Medicine, Midwest Orthopaedics
at Rush, Rush University Medical Center, Chicago,
Illinois, USA.

§Department of Orthopedic Surgery, Mayo Clinic, Jackson-
ville, Florida, USA.

||Department of Orthopaedic Surgery, Cleveland Clinic,
Cleveland, Ohio, USA.

{Department of Orthopaedic Surgery, University of Color-
ado School of Medicine, Aurora, Colorado, USA.

#Boulder Regenerative Medicine, Boulder, Colorado, USA.
**Medical Center for Translational Research, Osaka Uni-

versity Hospital, Osaka, Japan.
††Institute for Medical Science in Sports, Osaka Health Sci-

ence University, Osaka, Japan.
‡‡Cedars Sinai Kerlan Jobe Institute, Santa Monica, Cali-

fornia, USA.
§§University of Colorado, Denver, Colorado, USA.
Members of the Biologics Association: Joanne Borg-Stein,

Adam Anz, Alberto Gobbi, Andreas H. Gomoll, Brian J.
Cole, Christian Lattermann, Constance Chu, Daniel A.
Grande, Daniel B.F. Saris, David Flanigan, Elizaveta
Kon, George F. Muschler, Gerard A. Malanga, Greg
Dummer, Jack Farr, Joanne Halbrecht, John M. Tokish,
Jorge Chahla, Kurt P. Spindler, Kay Horsch, Ken
Zaslav, Louis F. McIntyre, Nicholas A. Sgaglione, Nico-
las S. Piuzzi, Norimasa Nakamura, Rachel M. Frank,
Seth L. Sherman, Scott Rodeo, Shane A. Shapiro, Tariq
M. Awan, C. Thomas Vangsness, Iain R. Murray, Jason
L. Dragoo.

ACKNOWLEDGEMENTS

The publication was supported by a literature grant from
the ON foundation, Switzerland.

REFERENCES

1. American Academy of Orthopaedic Surgeons. Standards of Professional-

ism: Advertising by Orthopaedic Surgeons. Accessed April 4, 2020. https://

www.aaos.org/AAOSNow/2007/Jun/youraaos/youraaos5/?Ssopc¼1

2. Barlas S. The 21st Century Cures Act: FDA implementation one year

later. Some action, some results, some questions. Pharmacol. Ther.

2018;43(3):149-179.

3. Beauchamp TL, Childress JF. Principles of Biomedical Ethics. 5th ed.

Oxford University Press; 2001.

4. Beitzel K, Allen D, Apostolakos J, et al. US definitions, current use,

and FDA stance on use of platelet-rich plasma in sports medicine.

J Knee Surg. 2015;28(1):29-34.

5. Belsky K, Smiell J. Navigating the regulatory pathways and require-

ments for tissue-engineered products in the treatment of burns in the

United States. J Burn Care Res. 2021;42(4):774-784.

6. Blasimme A, Rial-Sebbag E. Regulation of cell-based therapies in

Europe: current challenges and emerging issues. Stem Cells Dev.

2013;22(suppl 1):14-19.

7. Brittberg M, Recker D, Ilgenfritz J, Saris DBF. Matrix-applied charac-

terized autologous cultured chondrocytes versus microfracture: five-

year follow-up of a prospective randomized trial. Am J Sports Med.

2018;46(6):1343-1351.

8. Carragee EJ, Baker RM, Benzel EC, et al. A biologic without guide-

lines: the YODA project and the future of bone morphogenetic

protein-2 research. Spine J. 2012;12(10):877-880.

9. Carragee EJ, Hurwitz EL, Weiner BK. A critical review of recombinant

human bone morphogenetic protein-2 trials in spinal surgery: emerging

safety concerns and lessons learned. Spine J. 2011;11(6):471-491.

10. Carragee EJ, Hurwitz EL, Weiner BK, Bono CM, Rothman DJ. Future

directions for The Spine Journal: managing and reporting conflict of

interest issues. Spine J. 2011;11(8):695-697.

11. Chahla J, Cinque ME, Piuzzi NS, et al. A call for standardization in

platelet-rich plasma preparation protocols and composition report-

ing: a systematic review of the clinical orthopaedic literature. J Bone

Joint Surg Am. 2017;99(20):1769-1779.

12. Chu CR, Rodeo S, Bhutani N, et al. Optimizing clinical use of biologics in

orthopaedic surgery: consensus recommendations from the 2018 AAOS/

NIH U-13 Conference. J Am Acad Orthop Surg. 2019;27(2):e50-e63.

13. Cleveland O, Piuzzi NS, Strnad G, et al. Implementing a scientifically

valid, cost-effective, and scalable data collection system at point of

care: the Cleveland Clinic OME cohort. J Bone Joint Surg Am. 2019;

101(5):458-464.

14. Day CS, Park DJ, Rozenshteyn FS, Owusu-Sarpong N, Gonzalez A.

Analysis of FDA-approved orthopaedic devices and their recalls.

J Bone Joint Surg Am. 2016;98(6):517-524.

15. Detela G, Lodge A. EU regulatory pathways for ATMPs: standard,

accelerated and adaptive pathways to marketing authorisation.

Mol Ther Methods Clin Dev. 2019;13:205-232.

16. EUR-Lex. Directive 2006/114/EC of the European Parliament and of

the Council of 12 December 2006 concerning misleading and com-

parative advertising (codified version) (text with EEA relevance).

Accessed April 3, 2020. https://eur-lex.europa.eu/legal-content/EN/

TXT/?uri¼celex%3A32006L0114

17. European Commission. Directive 2001/83/EC of the European Parlia-

ment and of the Council of 6 November 2001 on the Community code

relating to medicinal products for human use. https://eur-lex.europa.

eu/legal-content/EN/ALL/?uri¼celex%3A32001L0083

18. Federal Trade Commission. Truth in advertising. Federal Trade Com-

mission. August 5, 2013. https://www.ftc.gov/news-events/topics/

truth-advertising.

19. Food and Drug Administration (FDA). Regulatory considerations for

human cells, tissues, and cellular and tissue-based products: Minimal

manipulation and homologous use guidance for industry and food

and drug administration staff. November 2017, updated July 2020.

https://www.fda.gov/media/109176/download.

20. Gillon R. Medical ethics: four principles plus attention to scope. BMJ.

1994;309(6948):184-188.

21. Harm SK, Fung MK. Platelet-rich plasma injections: out of control and

on the loose? Transfusion. 2015;55(7):1596-1598.

22. Health Canada. Health Canada policy position paper—autologous

cell therapy products 2020. Accessed April 4, 2020. https://www.

canada.ca/en/health-canada/services/drugs-health-products/

biologics-radiopharmaceuticals-genetic-therapies/applications-

submissions/guidance-documents/cell-therapy-policy.html

23. Iglesias-Lopez C, Agusti A, Obach M, Vallano A. Regulatory frame-

work for advanced therapy medicinal products in Europe and United

States. Front Pharmacol. 2019;10:921.

24. International Society for Stem Cell Research. Guidelines for stem cell

research and clinical translation 2016. https://www.stammzellen.nrw.

de/fileadmin/user_upload/Informieren/%C3%84rzte/isscr-

guidelines-for-stem-cell-research-and-clinical-translation-2021.pdf

25. Japan Ministry of Health, Labour and Welfare. Status of enforcement

of the law for securing safety of regenerative medicine. July 2021.

Accessed September 30, 2021. https://www.mhlw.go.jp/content/

000536605.pdf

26. Japan Ministry of Health, Labour and Welfare. Summary of periodic

reports on the provision of regenerative medicine 2021. Accessed

September 30, 2021. https://www.mhlw.go.jp/content/10808000/

000638577.pdf

27. Kingery MT, Schoof L, Strauss EJ, Bosco JA, Halbrecht J. Online

direct-to-consumer advertising of stem cell therapy for

8 Murray et al The Orthopaedic Journal of Sports Medicine

https://www.aaos.org/AAOSNow/2007/Jun/youraaos/youraaos5/?Ssopc=1
https://www.aaos.org/AAOSNow/2007/Jun/youraaos/youraaos5/?Ssopc=1
https://www.aaos.org/AAOSNow/2007/Jun/youraaos/youraaos5/?Ssopc=1
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32006L0114
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32006L0114
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32006L0114
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32001L0083
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32001L0083
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32001L0083
https://www.ftc.gov/news-events/topics/truth-advertising
https://www.ftc.gov/news-events/topics/truth-advertising
https://www.fda.gov/media/109176/download
https://www.canada.ca/en/health-canada/services/drugs-health-products/biologics-radiopharmaceuticals-genetic-therapies/applications-submissions/guidance-documents/cell-therapy-policy.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/biologics-radiopharmaceuticals-genetic-therapies/applications-submissions/guidance-documents/cell-therapy-policy.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/biologics-radiopharmaceuticals-genetic-therapies/applications-submissions/guidance-documents/cell-therapy-policy.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/biologics-radiopharmaceuticals-genetic-therapies/applications-submissions/guidance-documents/cell-therapy-policy.html
http://www.isscr.org/docs/default-source/all-isscr-guidelines/guidelines-2016/isscr-guidelines-for-stem-cell-research-and-clinical-translation.pdf?Sfvrsn=4
http://www.isscr.org/docs/default-source/all-isscr-guidelines/guidelines-2016/isscr-guidelines-for-stem-cell-research-and-clinical-translation.pdf?Sfvrsn=4
http://www.isscr.org/docs/default-source/all-isscr-guidelines/guidelines-2016/isscr-guidelines-for-stem-cell-research-and-clinical-translation.pdf?Sfvrsn=4
https://www.mhlw.go.jp/content/000536605.pdf
https://www.mhlw.go.jp/content/000536605.pdf
https://www.mhlw.go.jp/content/10808000/000638577.pdf
https://www.mhlw.go.jp/content/10808000/000638577.pdf


musculoskeletal injury and disease: misinformation and violation of

ethical and legal advertising parameters. J Bone Joint Surg Am. 2020;

102(1):2-9.

28. Klonoff DC. The new FDA real-world evidence program to support

development of drugs and biologics. J Diabetes Sci Technol. 2020;

14(2):345-349.

29. Konomi K, Tobita M, Kimura K, Sato D. New Japanese initiatives on

stem cell therapies. Cell Stem Cell. 2015;16(4):350-352.

30. LaPrade RF, Dragoo JL, Koh JL, et al. AAOS research symposium

updates and consensus: biologic treatment of orthopaedic injuries.

J Am Acad Orthop Surg. 2016;24(7):e62-e78.

31. LaPrade RF, Geeslin AG, Murray IR, et al. Biologic Treatments for

Sports Injuries II Think Tank—current concepts, future research,

and barriers to advancement, part 1: biologics overview, ligament

injury, tendinopathy. Am J Sports Med. 2016;44(12):3270-3283.

32. Marks P, Gottlieb S. Balancing safety and innovation for cell-based

regenerative medicine. N Engl J Med. 2018;378(10):954-959.

33. Marks PW, Hahn S. Identifying the risks of unproven regenerative

medicine therapies. JAMA. 2020;324(3):241-242.

34. Murphy L, Schwartz TA, Helmick CG, et al. Lifetime risk of symptom-

atic knee osteoarthritis. Arthritis Rheum. 2008;59(9):1207-1213.

35. Murray IR, Chahla J, Frank RM, et al. Rogue stem cell clinics. Bone

Joint J. 2020;102-B(2):148-154.

36. Murray IR, Geeslin AG, Goudie EB, Petrigliano F, LaPrade RF. Mini-

mum information for studies evaluating biologics in orthopaedics

(MIBO): platelet-rich plasma and mesenchymal stem cells. J Bone

Joint Surg Am. 2017;99(10):809-819.

37. Murray IR, LaPrade RF, Musahl V, et al. Biologic Treatments for

Sports Injuries II Think Tank—current concepts, future research, and

barriers to advancement, part 2: rotator cuff. Orthop J Sports Med.

2016;4(3):2325967116636586.

38. Murray IR, Makaram NS, Sherman SL, et al. We need robust nomen-

clature for orthobiologics: letter to editor. Am J Sports Med. 2020;

48(12):NP52-NP54.

39. Murray IR, Robinson PG, West CC, et al. Reporting standards in

clinical studies evaluating bone marrow aspirate concentrate: a sys-

tematic review. Arthroscopy. 2018;34(4):1366-1375.

40. Nerem RM. Tissue engineering: the hope, the hype, and the future.

Tissue Eng. 2006;12(5):1143-1150.

41. Niemansburg SL, van Delden JJ, Oner FC, Dhert WJ, Bredenoord AL.

Ethical implications of regenerative medicine in orthopedics: an

empirical study with surgeons and scientists in the field. Spine J.

2014;14(6):1029-1035.

42. Okada K, Koike K, Sawa Y. Consideration of and expectations for the

Pharmaceuticals, Medical Devices and Other Therapeutic Products

Act in Japan. Regen Ther. 2015;1:80-83.

43. Okuri H, Matsuyama A. History of development and regulations for

regenerative medicines in Japan. J Stem Cell Res Ther. 2017;2:1.

44. Pean CA, Kingery MT, Strauss E, Bosco JA, Halbrecht J. Direct-to-

consumer advertising of stem cell clinics: ethical considerations and

recommendations for the health-care community. J Bone Joint Surg

Am. 2019;101(19):e103.

45. Piuzzi NS, Hussain ZB, Chahla J, et al. Variability in the preparation,

reporting, and use of bone marrow aspirate concentrate in musculo-

skeletal disorders: a systematic review of the clinical orthopaedic

literature. J Bone Joint Surg Am. 2018;100(6):517-525.

46. Robinson PG, Murray IR, West CC, et al. Reporting of mesenchymal

stem cell preparation protocols and composition: a systematic review

of the clinical orthopaedic literature. Am J Sports Med. 2019;47(4):

991-1000.

47. Romain PL. Conflicts of interest in research: looking out for number

one means keeping the primary interest front and center. Curr Rev

Musculoskel Med. 2015;8(2):122-127.

48. Saltzman BM, Leroux T, Meyer MA, et al. The therapeutic effect of intra-

articular normal saline injections for knee osteoarthritis: a meta-analysis

of evidence level 1 studies. Am J Sports Med. 2017;45(11):2647-2653.

49. Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement:

updated guidelines for reporting parallel group randomized trials.

Trials. 2010;11:32.

50. Spieth PM, Kubasch AS, Penzlin AI, et al. Randomized controlled trials—

a matter of design. Neuropsychiatr Dis Treat. 2016;12:1341-1349.

51. UK General Medical Council. Good medical practice. Accessed

April 4, 2020. https://www.gmc-uk.org/ethical-guidance/ethical-

guidance-for-doctors/good-medical-practice

52. UK Government. Government response to the House of Commons

Science and Technology Committee inquiry into regenerative medi-

cine. 2017. Accessed May 15, 2022. https://www.parliament.uk/

documents/commons-committees/science-technology/

Government-Response-to-Inquiry-into-Regenerative-Medicine.pdf

53. UK Government. Medical Act 1983. Accessed September 27, 2021.

https://www.legislation.gov.uk/ukpga/1983/54/contents

54. UK Parliamentary Office of Science and Technology. Regulating

advanced therapies. Postnote Number 567. November 2017.

Accessed September 27, 2021. https://researchbriefings.files.

parliament.uk/documents/POST-PN-0567/POST-PN-0567.pdf

55. US Department of Health and Human Services. 510(k) for LipoGems.

November 4, 2016. Accessed April 30, 2019. https://www.accessdata.

fda.gov/cdrh_docs/pdf16/k161636.pdf

56. US Department of Health and Human Services. 510(k) summary:

American Biotech Labs. Report No. K082333. November 2009.

Accessed May 15, 2022. https://www.accessdata.fda.gov/cdrh_

docs/pdf8/K082333.pdf

57. US Department of Health and Human Services. 510(k) summary: 3i

CelSep Centrifuge System. February 2000. Accessed May 15, 2022.

https://www.accessdata.fda.gov/cdrh_docs/pdf/K994148.pdf

58. US Department of Health and Human Services. Guidance for industry:

Current Good Tissue Practices (CGTP). Accessed on December 15,

2021. https://www.fda.gov/media/82724/download

59. US Food & Drug Administration. Code of Federal Regulations—Title

21, Volume 7. Accessed May 15, 2022. https://www.accessdata.fda.

gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?Fr¼640.34

60. US Food & Drug Administration. Guidance for industry: expedited

programs for regenerative medicine therapies for serious conditions.

February 2019. Accessed May 15, 2022. https://www.fda.gov/media/

120267/download

61. US Food & Drug Administration. Regulatory considerations for human

cells, tissues, and cellular and tissue-based products: minimal manip-

ulation and homologous use. July 2020. Accessed on December 15,

2021. https://www.fda.gov/media/109176/download

62. Van Wilder P. Advanced therapy medicinal products and exemptions

to the Regulation 1394/2007: how confident can we be? An explor-

atory analysis. Front Pharmacol. 2012;3:12.

63. Vangsness CT Jr, Farr J II, Boyd J, et al. Adult human mesenchymal

stem cells delivered via intra-articular injection to the knee following

partial medial meniscectomy: a randomized, double-blind, controlled

study. J Bone Joint Surg Am. 2014;96(2):90-98.

64. Wallach JD, Ross JS, Naci H. The US Food and Drug Administration’s

expedited approval programs: evidentiary standards, regulatory trade-

offs, and potential improvements. Clin Trials. 2018;15(3):219-229.

65. Wilkes M, Johns M. Informed consent and shared decision-making: a

requirement to disclose to patients off-label prescriptions. PLoS Med.

2008;5(11):e223.

66. Wittich CM, Burkle CM, Lanier WL. Ten common questions (and their

answers) about off-label drug use. Mayo Clinic Proc. 2012;87(10):

982-990.

67. Yano K, Speidel AT, Yamato M. Four Food and Drug Administration

draft guidance documents and the REGROW Act: a litmus test for

future changes in human cell- and tissue-based products regulatory

policy in the United States? J Tissue Eng Regen Med. 2018;12(7):

1579-1593.

68. Zlotnicki JP, Geeslin AG, Murray IR, et al. Biologic Treatments for

Sports Injuries II Think Tank—current concepts, future research, and

barriers to advancement, part 3: articular cartilage. Orthop J Sports

Med. 2016;4(4):2325967116642433.

69. Zuckerman JD, Prasarn M, Kubiak EN, Koval KJ. Conflict of interest in

orthopaedic research. J Bone Joint Surg Am. 2004;86(2):423-428.

The Orthopaedic Journal of Sports Medicine Regulatory and Ethical Aspects of Orthobiologics 9

https://www.gmc-uk.org/ethical-guidance/ethical-guidance-for-doctors/good-medical-practice
https://www.gmc-uk.org/ethical-guidance/ethical-guidance-for-doctors/good-medical-practice
https://www.parliament.uk/documents/commons-committees/science-technology/Government-Response-to-Inquiry-into-Regenerative-Medicine.pdf
https://www.parliament.uk/documents/commons-committees/science-technology/Government-Response-to-Inquiry-into-Regenerative-Medicine.pdf
https://www.parliament.uk/documents/commons-committees/science-technology/Government-Response-to-Inquiry-into-Regenerative-Medicine.pdf
https://www.legislation.gov.uk/ukpga/1983/54/contents
https://researchbriefings.files.parliament.uk/documents/POST-PN-0567/POST-PN-0567.pdf
https://researchbriefings.files.parliament.uk/documents/POST-PN-0567/POST-PN-0567.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf16/k161636.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf16/k161636.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf8/K082333.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf8/K082333.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf/K994148.pdf
https://www.fda.gov/media/82724/download
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?Fr=640.34
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?Fr=640.34
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?Fr=640.34
https://www.fda.gov/media/120267/download
https://www.fda.gov/media/120267/download
https://www.fda.gov/media/109176/download

	Regulatory and Ethical Aspects of Orthobiologic Therapies
	CURRENT REGULATORY ENVIRONMENT OF ORTHOBIOLOGICS
	Regulatory Oversight in the United States
	Regulatory Environment in Europe
	Outline placeholder
	Autonomy of Individual EU Countries
	Effect of Brexit


	Present Legislation for Regenerative Medicine in Japan

	ETHICAL ISSUES IN CLINCAL TRANSLATION OF ORTHOREGENERATIVE THERAPIES
	Clinical Trial Design
	Monitoring Outcomes and Registries
	Biobanking Cells and Tissues
	Clearance, Approval, and Off-Label Use
	Public Engagement and Trust
	Marketing of Unproven Treatments
	Conflicts of Interest

	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


