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Background: Regenerative medicine is a medical subspecialty that seeks to recruit and enhance
the body’s own inherent healing armamentarium in the treatment of patient pathology. This
therapy’s intention is to assist in the repair, and to potentially replace or restore damaged tissue
through the use of autologous or allogenic biologics. This field is rising like a Phoenix from the
ashes of underperforming conventional therapy midst the hopes and high expectations of patients
and medical personnel alike. But, because this is a relatively new area of medicine that has yet to
substantiate its outcomes, care must be taken in its public presentation and promises as well as
in its use.
Objective: To provide guidance for the responsible, safe, and effective use of biologic therapy in
the lumbar spine. To present a template on which to build standardized therapies using biologics.
To ground potential administrators of biologics in the knowledge of the current outcome statistics
and to stimulate those interested in providing biologic therapy to participate in high quality
research that will ultimately promote and further advance this area of medicine.
Methods: The methodology used has included the development of objectives and key questions.
A panel of experts from various medical specialties and subspecialties as well as differing regions
collaborated in the formation of these guidelines and submitted (if any) their appropriate disclosures
of conflicts of interest. Trustworthy standards were employed in the creation of these guidelines.
The literature pertaining to regenerative medicine, its effectiveness, and adverse consequences
was thoroughly reviewed using a best evidence synthesis of the available literature. The grading
for recommendation was provided as described by the Agency for Healthcare Research and Quality
(AHRQ).
Summary of Evidence:
Lumbar Disc Injections:
Based on the available evidence regarding the use of platelet-rich plasma (PRP), including one
high-quality randomized controlled trial (RCT), multiple moderate-quality observational studies, a
single-arm meta-analysis and evidence from a systematic review, the qualitative evidence has been
assessed as Level III (on a scale of Level I through V) using a qualitative modified approach to the
grading of evidence based on best-evidence synthesis.
Based on the available evidence regarding the use of medicinal signaling/ mesenchymal stem cell
(MSCs) with a high-quality RCT, multiple moderate-quality observational studies, a single-arm
meta-analysis, and 2 systematic reviews, the qualitative evidence has been assessed as Level III (on
a scale of Level I through V) using a qualitative modified approach to the grading of evidence based
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on best evidence synthesis.
Lumbar Epidural Injections
Based on one high-quality RCT, multiple relevant moderate-quality observational studies and a single-arm meta-analysis, the
qualitative evidence has been assessed as Level IV (on a scale of Level I through V) using a qualitative modified approach to the
grading of evidence based on best evidence synthesis.
Lumbar Facet Joint Injections
Based on one high-quality RCT and 2 moderate-quality observational studies, the qualitative evidence for facet joint injections with
PRP has been assessed as Level IV (on a scale of Level I through V) using a qualitative modified approach to the grading of evidence
based on best evidence synthesis.
Sacroiliac Joint Injection
Based on one high-quality RCT, one moderate-quality observational study, and one low-quality case report, the qualitative evidence
has been assessed as Level IV (on a scale of Level I through V) using a qualitative modified approach to the grading of evidence
based on best evidence synthesis.
Conclusion: Based on the evidence synthesis summarized above, there is Level III evidence for intradiscal injections of PRP and
MSCs, whereas the evidence is considered Level IV for lumbar facet joint, lumbar epidural, and sacroiliac joint injections of PRP, (on
a scale of Level I through V) using a qualitative modified approach to the grading of evidence based on best evidence synthesis.
Regenerative therapy should be provided to patients following diagnostic evidence of a need for biologic therapy, following a
thorough discussion of the patient’s needs and expectations, after properly educating the patient on the use and administration of
biologics and in full light of the patient’s medical history. Regenerative therapy may be provided independently or in conjunction
with other modalities of treatment including a structured exercise program, physical therapy, behavioral therapy, and along with the
appropriate conventional medical therapy as necessary. Appropriate precautions should be taken into consideration and followed
prior to performing biologic therapy. Multiple guidelines from the Food and Drug Administration (FDA), potential limitations in
the use of biologic therapy and the appropriate requirements for compliance with the FDA have been detailed in these guidelines.
Key words: Regenerative medicine, platelet-rich plasma, medicinal signaling cells, mesenchymal stem cells, stromal vascular
fraction, bone marrow concentrate, chronic low back pain, discogenic pain, facet joint pain, Food and Drug Administration,
minimal manipulation, evidence synthesis
Disclaimer: These guidelines are based on the best available evidence and do not constitute inflexible treatment recommendations. Due to the changing body
of evidence, this document is not intended to be a “standard of care.” These guidelines are meant to provide a basis for the understanding behind the role of
biologics in healing, to provide a source of appropriate indications for the use of biologics, to facilitate and help standardize biologic therapy, and to encourage
the performance of high-quality studies in effort to document outcomes and advance this field.

1.0 Introduction

T

he field of Regenerative Medicine is expanding
exponentially, creating new frontiers for
the treatment of musculoskeletal and spinal
pathology. Musculoskeletal and spinal complaints are
2 of the major reasons for seeking medical advice.
Dieleman et al (1,2) and Conway (3) in an analysis of
United States (U.S.) spending on personal health care,
public health, and increases of health care costs from
1996 to 2013 showed an estimated spending of $87.6
billion in managing low back and neck pain, and $95.9
billion for managing musculoskeletal pain, accounting
for the third and fourth highest health care costs among
disease categories. Numerous therapeutic techniques
have been developed for the management of chronic
spinal pain, including over-the-counter medications,
complex surgical fusions, and a variety of image-guided
interventional techniques (4-9). Despite these advances,
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treatment complications, poor outcomes, and persisting
disabilities are contributing to the rise in health care costs
and human suffering (1-3,10,11).
Among the 30 leading diseases and injuries contributing to years lived with disability in 1990, 2010,
and 2016 in the U.S., low back pain and major depression ranked numbers 1 and 2 respectively, with other
musculoskeletal disorders ranking number 4 and neck
pain ranking number 6.
The management of spinal pain and other musculoskeletal disorders requires the appropriate diagnoses
and the use of effective therapeutic modalities, under
the auspices of evidence-based medicine, in a cost effective manner. Given the continued zeal for health
care reform, including decreased health care costs (1-4,
8,9,12-16), government officials have produced legislation including the Affordable Care Act (ACA), along with
a massive number of regulations, with mixed and often
devastating results. Consequently, health care providers
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have turned to natural and holistic therapies. The success of such therapies in professional athletes has thrust
regenerative medicine into the forefront (17).
Regenerative medicine is based on the process of
replacing, engineering or regenerating human cells,
tissues or organs to restore or establish normal function
(17-30). Stimulating the body’s inherent repair mechanism and supplementing this process with homologous
or autologous biologics when the body cannot heal itself is the foundation of regenerative medicine. Regenerative medicine incorporates biomedical, biochemical,
and biomechanical technologies to improve cellular
migration, replication, and modelling. Biomedical approaches include the injection of mesenchymal stromal/
stem cells (medicinal signaling cells) or progenitor cells
called cell therapy, the induction of regeneration by
biologically active molecules administered alone or as
a complex of infused cells referred to as immunomodulation therapy, and transplantation of in vitro grown
organs and tissues that fall under the umbrella of tissue
engineering (17,30-32).
Despite its appeal, there are just concerns regarding the ethical use of regenerative medicine. Both the
medical literature and the general media have presented regenerative medicine as a “cure-all” for many
disease processes, praying upon the hopes of desperate patients, without appropriate evidence reflecting
both safety and reliable, consistent efficacy over the
long term (17,21,30,32-43). Guidelines are pathways
to gain evidence needed to justify the use of regenerative medicine, thereby negating these controversies.
Although there are a large number of guidelines used
in the management of spinal pain, including those of
interventional pain management and surgical intervention, there are no guidelines addressing the use of
regenerative medicine for the musculoskeletal system,
and specifically for the spine.
The American Society of Interventional Pain Physicians (ASIPP) has been at the forefront of guideline
development for the use of both interventional techniques and opioids (8,9). Consequently, these guidelines have been developed to foster the responsible,
safe, and effective use of biologics in the musculoskeletal system. These guidelines include an overview of
current literature applicable to the use of platelet-rich
plasma (PRP) and medicinal signaling/ mesenchymal
stem cell (MSC) injections as applied to the lumbar
spine, including discs, facet joints, sacroiliac joints, as
well as paraspinal muscles, ligaments, and tendons.
These guidelines also incorporate various aspects of
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the current national and international regulatory and
bioethical recommendations. Finally, these guidelines
provide an overview of clinical policies and procedures
necessary to offer this therapy in a safe and professional environment.

2.0 Methods
2.1 Rationale
The National Uniform Claims Committee (NUCC)
defines interventional pain management as the discipline of medicine devoted to the diagnosis and treatment of pain related disorders principally with the
application of interventional techniques in managing
subacute, chronic, persistent, and intractable pain,
independently or in conjunction with other modalities
of treatment (44). In addition, the Medicare Payment
Advisory Commission (MedPAC) defines interventional
pain management techniques as minimally invasive
procedures including percutaneous precision needle
placement of drugs in targeted areas or ablation of
targeted nerves; surgical techniques such as laser and
endoscopic discectomy; and the placement of intrathecal infusion pumps and spinal cord stimulators for the
diagnosis and management of chronic, persistent, or
intractable pain (45).
Chronic spinal pain is a complex and multifactorial disease process, of which low back pain is the
most common. The high prevalence of chronic spinal
pain, the numerous treatment modalities applied in
the management of the problem, and the growing
social and economic costs continue to influence medical decision-making. Lumbar intervertebral discs, facet
joints, sacroiliac joints, ligaments, fascia, muscles, and
nerve root dura are all pain generators of low back
and lower extremity pain (8). Interventional pain
physicians are familiar with various image-guided
interventional techniques for the management of low
back and extremity pain, and regenerative medicine
techniques are well-suited additions to their armamentarium following appropriate training under the
enclosed guidelines.

2.2 Objectives
The objectives of these guidelines are to provide
a rational and systematic approach to the application
of regenerative medicine techniques based upon the
available evidence concerning comparative effectiveness, safety, and avoidance of adverse effects in the
treatment of low back and extremity pain
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2.2.1 Key Questions
These guidelines focus on the following key questions regarding low back and extremity pain:
1. What is the impact of chronic low back and extremity pain on health care resources?
2. What are the statistics regarding the trends in utilization of treatment modalities?
3. What is the pathophysiologic and structural basis
of low back pain?
4. What are the available regenerative medicine
therapies?
5. How do regenerative medicine therapies work in
the treatment of low back and extremity pain?
6. Are regenerative medicine therapies effective in
managing chronic low back pain?
7. What are current guidelines for biologics?
8. What are the adverse consequences/harms of regenerative therapies?
9. What are the best preventive and therapeutic
strategies to improve outcomes when performing
regenerative therapies?
10. What comprises responsible performance of regenerative injection therapy?

2.3 Adherence to Trustworthy Standards
In preparation of these guidelines for regenerative
medicine therapies, the standards from the Institute
of Medicine (IOM) and the National Guideline Clearinghouse Extent Adherence to Trustworthy Standards
(NEATS) were followed (46-48). The NEATS instrument
was developed and tested as a tool to be used by the
trained staff at the Agency for Healthcare Research and
Quality (AHRQ) National Guideline Clearinghouse to
provide assessment focused on adherence.

2.3.1 Disclosure of Guideline Funding Source
Responsible, safe, and effective guidelines for
regenerative medicine therapies in managing low
back pain were commissioned, prepared, edited, and
endorsed by ASIPP without external funding sought or
obtained.

2.3.2 Disclosure and Management of Financial
Conflicts of Interests
Potential conflicts of interest for all panel members
within the last 5 years were evaluated prior to the finalizing of these guidelines. Conflicts of interests extended beyond financial relationships, including personal
experience, practice patterns, academic interests, and
promotions. Participants with previously established
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conflicts are considered those with opinions not being
in line with previously developed ASIPP guidelines or
the overall philosophical approach of ASIPP. The panel
members with potential conflicts were recused from
discussion or preparation of the guidelines in which
they had conflicts of interest, and these members
agreed not to discuss any aspect of a given guideline
with the related industry before data publication.

2.3.3 Composition of Guideline Development
Group
A panel of experts in regenerative medicine from
various medical fields, convened by ASIPP, reviewed the
evidence and formulated recommendations for regenerative medicine therapies as applied to low back pain.
The panel was instructed to assess the evidence pertaining to important aspects of regenerative therapies.
However, due to the emerging nature of regenerative
medicine techniques in managing low back pain, the
number of available participants for guideline preparation was limited compared to other guideline panels
(8,9). Even with this limitation, the panel provided a
broad representation of academic and non-academic
clinical practitioners with interest and expertise in regenerative injection therapies and in the management
of patients with chronic low back pain.

2.4 Evidence Review
These guidelines were developed utilizing consensus among the panel members after they had reviewed
all published literature concerning the use and safety of
regenerative injection therapy in patients with chronic
non-cancer low back and lower extremity pain. The recommendations have been developed using principles
of best evidence synthesis developed by the Cochrane
Review, incorporating multiple guidelines modified by
ASIPP (49).

2.4.1 Grading or Rating the Quality or Strength of
Evidence
The grading of evidence is based on randomized
controlled trials (RCTs), observational studies, and other
clinical reports. In addition, systematic reviews and
meta-analyses were utilized. The grading of evidence
based on ASIPP guidelines is shown in Table 1.
This grading system specifies levels of scientific
evidence and offers an approach to grading the quality
of evidence and secondarily the strength of recommendations. AHRQ has recommended a similar approach to
the strength of a recommendation (47,48).
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Table 1. Qualitative modified approach to grading of evidence.
Level I

Strong

Evidence obtained from multiple relevant high quality randomized controlled trials for
effectiveness

Level II

Moderate

Evidence obtained from at least one relevant high quality randomized controlled trial or
multiple relevant moderate or low quality randomized controlled trials

Level III

Fair

Evidence obtained from at least one relevant high quality nonrandomized trial or observational
study with multiple moderate or low quality observational studies

Level IV

Limited

Evidence obtained from multiple moderate or low quality relevant observational studies

Level V

Consensus based

Opinion or consensus of large group of clinicians and/or scientists for effectiveness as well as to
assess preventive measures, adverse consequences, effectiveness of other measures.

Modified from: Manchikanti et al. A modified approach to grading of evidence. Pain Physician 2014; 17:E319-E325 (49).

Table 2. Guide for strength of recommendations.

Rating for Strength of Recommendation
Strong

There is high confidence that the recommendation reflects best practice. This is based on: a) strong evidence for a true
net effect (e.g., benefits exceed harms); b) consistent results, with no or minor exceptions; c) minor or no concerns
about study quality; and/or d) the extent the panelists’ agreement. Other compelling considerations (discussed in the
guideline’s literature review and analyses) may also warrant a strong recommendation.

Moderate

There is moderate confidence that the recommendation reflects best practice. This is based on: a) good evidence for a
true net effect (e.g. benefits exceed harms); b) consistent results, with minor and/or few exceptions; c) minor and/or few
concerns about study quality; and/or d) the extent of panelists’ agreement. Other compelling considerations (discussed
in the guideline’s literature review and analyses) may also warrant a moderate recommendation.

Weak

There is some confidence that the recommendation offers the best current guidance for practice. This is based on: a)
limited evidence for a true net effect (e.g., benefits exceed harms); b) consistent results, but with important exceptions;
c) concerns about study quality; and/or d) the extent of panelists’ agreement. Other considerations (discussed in the
guideline’s literature review and analyses) may also warrant a weak recommendation.

Source: National Guideline Clearinghouse Extent Adherence to Trustworthy Standards (NEATS) instrument (47).

2.4.2 Assessment and Recommendations of
Benefits and Harms
These guidelines clearly describe the potential benefits and harms for the interventions and explicitly link
the information to specific recommendations.

2.4.3 Evidence Summary of Recommendations
Guideline-supporting documents summarize the
relevant supporting evidence and link this information
to the recommendations.

2.4.4 Rating or Grading the Strength of
Recommendations
IOM standards demand that for each recommendation, a rating of the strength of the recommendation related to benefits and harms, available evidence,
and the confidence in the underlying evidence should
be provided. To meet appropriate standards, the rating schemes recommended by NEATS were utilized as
shown in Table 2 (47).

2.4.5 Specificity of Recommendations
Guideline recommendations are specific and un-
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ambiguous, providing guidance on what regenerative
therapies should be utilized on a given disease process,
and under what, if any, restrictions.

2.5 External Review
Guidelines have been subjected to external peer
review as per the policies of the publishing journal,
Pain Physician.

2.6 Updating Guidelines
The regenerative injection therapy guidelines will
be updated within 5 years or less, based on significant
changes in the scientific evidence, public policy, or adverse events occurring before January 2024.

3.0 Impact of Low Back Pain
Health Care

on

 ey Question 1. What is the impact of chronic low back
K
and extremity pain on health care resources?
As illustrated in multiple worldwide reports, the
impact of chronic pain is enormous (1-3,8-11,50-64).
The annual U.S. expenditures alone (including direct
medical costs and lost wages) may be higher than those
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for cancer, heart disease, and diabetes combined. Even
with these high expenditures, the treatments are marginally effective. The IOM report of 2011 concludes that
the epidemic of chronic pain demands public health
approaches with public education to counter myths,
stereotypes, and stigma that hinder better care (50).
Figure 1 shows back pain to be more common than

neck pain or osteoarthritis of the knee relative to years
lived with disability. Figures 2 and 3 show expenditures
related to back and neck pain relative to other conditions. (10)
Chronic pain is defined by the International Association for the Study of Pain (IASP) as “pain that exists beyond an expected time frame for healing” (65).

A: Number of persons affected by musculoskeletal pain (millions); B: Global number of years lived with disability (YLD; millions); Data
are as of 2010, updated from the Source Global Burden of Disease 2010 Study

Fig. 1. Prevalence of musculoskeletal pain and years lived with disability (YLD).

Source: Dieleman JL, et al. US spending on personal health care and public health, 1996-2013. JAMA 2016;
316:2627-2646 (10).

Fig. 2. U.S. Spending on health care.
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Source: Dieleman JL, et al. US spending on personal health care and public health, 1996-2013. JAMA 2016; 316:2627-2646 (1).

Fig. 3. U.S. Spending on low back and neck pain.

However, others have defined chronic pain in more
descriptive and functional terms. ASIPP has defined
chronic pain as “pain that persists 6 months after an
injury and beyond the usual course of an acute disease
or a reasonable time for a comparable injury to heal,
that is associated with chronic pathologic processes
that cause continuous or intermittent pain for months
or years, that may continue in the presence or absence
of demonstrable pathologies; may not be amenable to
routine pain control methods; and healing may never
occur” (8).
A recent study of the state of the U.S. health
between 1990 and 2010 describing the burden of diseases, injuries, and risk factors (10) showed that, with
increasing life expectancy, morbidity, and chronic disability now account for nearly half of the U.S. health
burden, despite substantial progress and improvement
in health. The estimates of regional spine pain vary,
with the highest prevalence in the low back of 43%,
followed by the neck at 32%, with the lowest in the
thoracic spine (63). Among the 30 leading diseases and
injuries contributing to years lived with disability in the
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U.S. between 1990 and 2010, low back pain, other musculoskeletal disorders, and neck pain ranked numbers
1, 3, and 4 respectively, while major depression and
anxiety disorders ranked numbers 2 and 5 respectively
(10). More recent analysis of the state of U.S. health
from 1990 to 2016 (11) showed similar results with low
back pain, other musculoskeletal disorders, and neck
pain ranked numbers 1, 4, and 6, respectively. Major
depressive disorders, migraine, and anxiety disorders
ranked numbers 2, 5, and 7, respectively. In addition,
this analysis also showed opioid disorders changed
from number 7 between 1990 and 2010 to number 8
between 1990 and 2016. These results were echoed in
multiple other manuscripts (56,57). Consequently, the
top 5 conditions are consistently primary sources of
or significantly related to chronic pain. Studies on the
global burden of disability have determined the point
prevalence of low back pain as 9.4%, with 17% of these
individuals suffering from severe chronic low back pain
while 25% of them suffer from severe chronic low back
pain accompanied with leg pain (57). Chronic persistent
spinal pain is reported to last at least one year in 25%
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to 60% of patients, and even longer than one year in
many patients. These findings contradict the usual belief that pain is always of limited duration (8,55,66). In
fact, a recent study of long-term outcomes in a large,
prospective observational cohort of older adults with
back pain showed that over 80% of the individuals
reported back pain or back pain-related disability at 2
years following their initial visits (66). This study also
showed that these patients experienced 30% to 50%
improvement in back pain and disability, respectively,
2 years after their initial visits. However, only 16% had
complete resolution of their back pain and disability at
2 years despite multiple spinal interventions.

4.0 Prevalence of Usage of Health
Care Modalities in Managing Low Back
Pain
 ey Question 2. What are the statistics regarding the trends
K
in utilization of treatment modalities?
Exploding health care costs are major U.S. and
world issues which have led to the implementation of
various health care reform measures, regulations, and
to the imposition of guidelines which have often been
based on public policy priorities to reduce health care
costs. These governmental actions have often resulted
from feigned evidence-based medicine and comparative effectiveness research muddled with conflicts and
controversies (1-15). Dieleman et al (1) showed an estimated spending of $87.6 billion in managing low back
and neck pain, accounting for the third highest amount
in their study. Martin et al (53) also demonstrated expenditures of $86 billion in costs for managing back
and neck problems. There has been escalating growth
of various modalities for the treatment of musculoskeletal/spinal pain, including physical therapy, drug
therapy, interventional techniques, and surgical interventions (1-12,55,66-94).
While the utilization of interventional techniques
and surgical interventions are the focus of current
debate, other conservative modalities have also been
utilized extensively. Unfortunately, despite diagnostic
and therapeutic advances, the prevalence of low back
pain, secondary disability, and their adverse economic
impact, continue to escalate.

4.1 Surgery
National trends in surgical interventions have been
well described (5-7,67,69-72,83-85). Best et al (67) assessed the national surgical trends for intervertebral disc
disorders and spinal stenosis between 1994 and 2006.
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The number of procedures increased from 6.1 to 34.2
for intervertebral disc disorders, and from 0.38 to 3.46
for spinal stenosis per 100,000 population. Yoshihara
et al (85) in an assessment of national surgical trends
for lumbar degenerative disc disease in the U.S. from
2000 to 2009 showed a 2.4-fold population-adjusted
increase. Bae et al (6) showed that from 2004 to 2009
there was an increase of spinal fusions for lumbar spinal
stenosis from 21.5% to 31.2%, even though the rate of
decompressions decreased from 58.5% to 49.2%.
Reoperation rates for disc herniation and spinal
stenosis have been shown to vary from 10 to 23% (70).
Overall, 40% of postoperative develop post-surgery
syndrome or failed back surgery syndrome, requiring
further treatment. Unfortunately, the numbers of preand post-operative patients with disabilities requiring
surgical interventions including complex fusions, those
patients being treated for failed back surgery syndrome, and patients with refractory chronic low back
pain continue to increase (8,9,76,86-93,95-99).

4.2 Interventional Techniques
The use of interventional techniques for the treatment of spinal pain and musculoskeletal disorders continued to increase with recent declines (4,8,19,87-89).
There was a minimal increase in transforaminal epidural injections and a significant increase in radiofrequency neurotomy as shown in Figs. 4 to 6 frin 2009 to
2016 (4,89,90). Despite these increases, there has been
a significant reduction in epidural injections and lumbar facet joint nerve blocks. In addition to the modest
declines in epidural and lumbar facet joint injections,
there have been extensive declines in adhesiolysis, as
shown in Fig. 7 from 2009 to 2016 (86).
A recent analysis of the utilization of interventional
techniques for managing chronic pain in the Medicare
population after the institution of the ACA showed a
decrease (4,90-93). The analysis of the fee-for-service
(FFS) Medicare data from 2000 to 2009 demonstrated
an increase of 11.8% per year per 100,000 population,
whereas the data between 2009 and 2016 showed an
overall decrease in utilization of interventional techniques by 0.6% per year.
The utilization of interventional techniques have
been criticized for their lack of evidence-based medicine (95-100). However, there have been a multitude
of studies based upon randomized controlled trials
(RCTs) and evidence synthesis demonstrating significant
effectiveness of interventional techniques when appropriately performed (8,97,101-121). Further, apart from
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Fig. 4. Distribution of procedural characteristics (rates) by type of procedures from 2000 to 2016 (4).

their clinical effectiveness, the
cost effectiveness of multiple
interventional techniques has
been demonstrated (122-127).

4.3 Opioid Usage
Opioids have been used
extensively for the treatment
of chronic pain, in addition to
numerous other drugs, including
nonsteroidal anti-inflammatory
agents (NSAIDs) and anti-epileptic drugs (9,128). Opioid misuse
increased approximately 4,700%
from 1996 to 2011 (128). In a
prospective evaluation of psychotherapeutic and illicit drugs
used by patients presenting with
chronic pain at the time of their
initial evaluation, Manchikanti et
al (129) showed that 94% of the
patients were on long-term opioids, with 30% of these patients
taking a combination of opioids
and benzodiazepines. A significant proportion of these patients
were on high dose opioids.
Manchikanti et al (9) calculated
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Fig 5. Comparative analysis of epidural and adhesiolysis procedures, facet joint
interventions and sacroiliac joint blocks, disc procedures and other types of nerve blocks,
and all interventional techniques (4).

global opioid consumption in kg from 2000 to 2014, showing a total increase of
210% from 69,092 kg in 2000 to 214,490 kg in 2014. They also showed that opioid
consumption in the U.S. increased from 46,946 kg in 2000 to 148,316 kg in 2014,
representing an increase of 178.4%. Proportionate use of opioids in the U.S. compared to global consumption ranged from 67.9% to 75%, with the U.S. population
under 4.8% of the world’s population. The data also showed that the majority of
the opioid prescriptions were coming from non-pain management professionals
(9). There is extensive literature available on the growing epidemic of the medical
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Fig 6. Frequency of utilization of
epidural injections episodes from
2000 to 2009 and 2009 to 2016,
in Medicare recipients.

Fig 7.
Frequency of
utilization
of 3-day
and 1-day
adhesiolysis
procedures
from 2000
to 2016, in
Medicare
recipients
(86).

Fig. 8 Number
of opioid
overdose deaths
by category,
1999 to 2017.
Source: National
Institute on Drug
Abuse. Overdose
death rates.
August 2018
https://www.
drugabuse.gov/
related-topics/
trends-statistics/
overdose-deathrates (135).
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use and abuse of opioid analgesics and
other controlled substances, which is
closely associated with an economic burden and increased fatalities in the U.S.
and many developed countries (9). Data
shows that in 2016, more than 11 million
Americans misused prescription opioids.
Overdose deaths continue to be a major concern for the U.S., accounting for
over 64,000 deaths in 2016 (9,130,131),
increasing to 72,000 deaths in 2017, of
which 49,068 were due to licit and illicit
opioids (130-135).
Synthetic opioids other than
methadone were responsible for
29,406 deaths, heroin for 15,958
deaths, natural and semi-synthetic
opioids or prescription opioids for
14,958 deaths, cocaine for 14,556
deaths, methamphetamine for 10,721
deaths, and methadone for 3,295
deaths as shown in Fig. 8 (130-135).
However, the evidence demonstrates
that illicit fentanyl contributed to
almost 60% of the deaths, whereas
overall prescription opioid deaths
without fentanyl or heroin, but including other illicit drugs, may have
contributed to less than 8,000 deaths
in 2017.

The Drug Enforcement Administration’s (DEA) mandated reduction in the production of opioids of 25% in 2017 and 20% in 2018
and other measures showed a decline in total prescriptions and
overall dosages, from a high of 252 million opioid prescriptions in
2013 to 196 million in 2017, as shown in Fig. 9 (133-140). In fact, a
decreasing rate of prescriptions of over 9% annually from 2013 to
2017 was evident. In addition, data from 2017 showed that 23.3 billion fewer morphine milligram equivalents (MME) were dispensed to
patients on a volume basis, with dispensed prescriptions decreasing
12.2%, while patients receiving high doses (greater than 90 MMEs
per day) declined by 16.1% (140). Despite the decrease in opioid
prescriptions, the opioid abuse and death rates are not decreasing
(Fig. 10) (140) because of the availability of illicit narcotics.

Fig. 9. Total opioid prescriptions (in millions), 2013-2017.
Source: Xponent, IQVIA (140)

Fig. 10. Monthly retail opioid prescriptions and prescriptions dispensed at >= 90 MMEs per Day.
Source: IQVIA National Prescription Audit, Xponent, IQVIA Institute, Mar 2018.
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treatment alternatives to narcotics is essential for their management to increase the
quality of life. Governmental and medical
authorities continue to work on the enormous problem of illicit narcotics.

4.4 Cost Utility

Fig. 11. Quantification of opioid deaths.

Source: https://www.drugabuse.gov/related-topics/trends-statistics/overdose-deathrates. Accessed on 9/20/2018

The opioid epidemic is taking a great toll on the health and
economy of the U.S. and the rest of the world. In an analysis of
deaths and years of life lost with percentage change of the 25
leading causes of death in the U.S., from 1990 to 2016, opioid use
disorders ranked number 52 in 1990, moving up to number 15
in 2010, and remaining at 15th in 2016 (10,11). In contrast, years
lived with disability for the 25 leading causes of disability and
injury, opioid use disorders ranked number 7 in 1990 and 2010,
but moved to 8th in 2016, showing very little improvement over
the years (10,11).
Deaths caused by illicit/synthetic fentanyl and heroin have
been counted as prescription opioid deaths due to the inability
to separate fentanyl formulations and the metabolites of heroin,
as shown in Fig. 11 (135,139). Overall, deaths from synthetic
narcotics, primarily fentanyl, increased 898% from 2009 to 2017
(130-135,139). Deaths attributed to illicitly manufactured fentanyl doubled from 10,000 to over 20,000 between 2015 and 2016
(132). The quantification of prescription and synthetic opioid
deaths yields startling results as demonstrated in Fig. 11. Prescription opioid deaths increased 18% between 2009 and 2016,
compared to the marked increase of 179% from 2001 to 2009
(139). Thus, beginning in 2009, the public-at-large and both governmental and medical authorities appropriately focused on the
obvious opioid epidemic. Despite the reduction in prescription
opioid deaths as of 2016, the problem persists. Consequently, the
appropriate management of painful conditions using long-term
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Health care costs and utilization continue to escalate, despite minor reductions
since 2009 following the enactment of the
ACA (12-16). Clinical and cost effectiveness
have become cornerstones in health care
policies dealing with all forms of medical
interventions (122-127,141-150). Two wellpublicized studies of the cost effectiveness
of surgical as opposed to nonoperative
treatment for lumbar disc herniation and
spinal stenosis with and without degenerative spondylolisthesis showed $69,403
gained per quality-adjusted life year (QALY)
in the surgical management of lumbar
disc herniation, $77,600 for spinal stenosis
without degenerative spondylolisthesis, and
$115,600 for spinal stenosis with degenerative spondylolisthesis (143,144). Taylor et al
(123) showed the cost effectiveness of spinal
cord stimulation versus surgery and other
interventions at £5,624 ($7,058 USD) per
QALY. Cost utility analysis was performed
for interventional techniques compared
to alternative treatments utilizing RCTs by
Manchikanti et al (124-127), showing the
cost utility of caudal epidural injections at
$3,628, percutaneous adhesiolysis at $4,426,
lumbar interlaminar epidural injections at
$3,301 (126,127), therapeutic lumbar facet
joint nerve blocks at $4,432 (124), and therapeutic cervical facet joint nerve blocks at
$4,261 (125). Multiple therapies including an
exercise program, education using cognitive
and behavioral therapy (CBT), and physical
therapy were shown to be associated with
significantly higher costs than interventional
techniques (146-150). A combination of an
exercise program and CBT education were
found to be superior to education alone in
patients with low back pain for more than 3
months, resulting in a QALY of $8,650 (148).
Fritz et al (149) performed a cost effectiveness study of primary care management for
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Fig. 12. Cost effectiveness per quality-adjusted life year (QALY)

acute low back pain, showing that early physical therapy
resulted in a better quality of life with an incremental
cost effectiveness ratio of $32,058 per QALY. Kepler et
al (146) performed a systematic review of various interventional modalities used in spine treatment showing
that only 45% of the 33 analyzed studies had a cost less
than $100,000 per QALY, whereas around 23% had costs
greater than $100,000 per QALY. Indrakanti et al (147)
showed that nonoperative treatments demonstrated
greater value than surgery. Figure 12 shows comparative
cost utility analysis of various modalities of treatments in
managing chronic pain.

5.0 Pathophysiologic and Structural
Basis of Low Back Pain
Key Question 3: What is the pathophysiologic and structural basis of low back pain?
Low back pain is the most common of all spinal
and even chronic pain problems. Based on the available evidence, lumbar intervertebral discs, facet joints,
sacroiliac joints, ligaments, fascia, muscles, the nerve
root and its dorsal ganglion, and the dural sleeve have
been shown to be capable of transmitting pain in the
lumbar spine with resulting symptoms of low back pain
and lower extremity pain (101,103-105,112,151-154).
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5.1 Disc Related Pathology
Chronic persistent low back and radicular pain may
be secondary to disc degeneration, disc herniation, spinal stenosis, or the post lumbar surgery syndrome resulting in disc-related pain with or without radiculopathy
(8,18,112). Discogenic pain with or without disc herniation has been described since 1934 (112,151-157). Lumbar disc disorders may present as internal disc disruption
(degeneration with an intact annulus fibrosis), nuclear
herniation (protrusion, extrusion, or free fragment) via
an annular fissure, or simply discogenic pain (leakage of
disc fluid through an annular fissure). The prevalence of
symptomatic herniated lumbar disc is about 1% to 5%,
and the prevalence of lumbar radiculopathy or sciatica
is 9.8 per 1,000 cases (1%) (112,156,158). While lumbar
radiculopathy secondary to disc herniation resolves
spontaneously in 23% to 48% of the patients, 30% to
70% will still have pronounced symptoms after one
year, with 5% to 15% of patients undergoing surgery
(145,159). The intervertebral disc has been described as
a source of low back and lower extremity pain based
on decades of pre-clinical, clinical, and epidemiological
research, though the precise mechanisms still continue
to be debated (8,18,112,151,154,160-164). Controlled
evaluations of patients with proven lumbar disc disease
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Fig. 13. Schematic sagittal anatomic section showing
annular fissure.
Source: Manchikanti L, Albers SL, Hirsh JA, Boswell, MV.
Lumbar Disk Herniation. In: Kaye AD, ed. Scientific American
Pain Management. Hamilton: Decker; September 2017. DOI:
10.2310/7900.15047. www.DeckerIP.com (156)

showed a prevalence of internal disc disruption in 39%
of a cohort of young patients following injury (164),
and 42% in a heterogenous population comprised of
all age groups and types of low back pain (165).
Disc pathology begins with nuclear and/or inner
annular degeneration, potentially followed by annular
disruption, which may permit nuclear herniation. Ongoing degeneration can lead not only to disc herniation,
but can also contribute to central canal and foraminal
stenoses, segmental instability, and degenerative scoliosis. The initial pathology in disc degeneration is the
decrease in water content of the nucleus, followed by
fissuring of the inner annulus, which allows the disc to
bulge. The resulting changes in disc morphology lead to
altered spinal biomechanics and also irritation of nerve
roots by chemical irritation via an outer annular fissure
near a nerve root, displacement or direct compression
by disc material, or vascular compromise with canal or
vascular stenoses. Discogenic pain may occur without
internal disc disruption, such as by chemical leakage
through an outer annular fissure, irritating the annulus,
epidural soft tissues, and dura (8,18,151,154,160-165).
Disc degeneration and herniation alter the disc integrity
and predisposes the disc to additional pathology over
time (156). Figures 13-15 show the pathophysiology of
discogenic pain with disc herniation. Figure 16 shows a
normal lumbar disc, whereas Fig. 17 shows disc bulging

Fig. 14. Pathophysiology of disk-related pain.
Source: Manchikanti L, Albers SL, Hirsh JA, Boswell, MV. Lumbar Disk Herniation. In: Kaye AD, ed. Scientific American Pain Management.
Hamilton: Decker; September 2017. DOI: 10.2310/7900.15047. www.DeckerIP.com (156)
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Fig. 15. Schematic illustration of disk sequestration. (a) Axial and (b) sagittal views.
Source: Manchikanti L, Albers SL, Hirsh JA, Boswell, MV. Lumbar Disk Herniation. In: Kaye AD, ed. Scientific American Pain Management.
Hamilton: Decker; September 2017. DOI: 10.2310/7900.15047. www.DeckerIP.com (156)

and mild protrusion. Figure 18 shows a disc extrusion.
Figure 19 shows chronic endplate changes (Modic Type
I) and moderate central spinal canal stenosis.

5.2 Spinal Stenosis
Spinal stenosis is defined as narrowing of the spinal canal, resulting in symptoms and signs caused by
entrapment and compression of the intraspinal neural
and vascular structures. Varying degrees of stenosis
have been shown to be present in 27.2% of the elderly
population (166-168).
Congenital or acquired spinal stenosis may be central, foraminal, or a combination of both. Disc bulging,
protrusion, and extrusion combined with osteophytes
and arthritic changes of the facet joints and hypertrophy of the ligamenta flava can cause narrowing of the
spinal canal and encroachment and/or compression
on the contents of the dural sac. Foraminal stenosis is
largely secondary to degenerative facet disease, with
the possible addition of a significant disc component,
producing compression or distortion of the exiting
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nerve root. Symptoms of central spinal stenosis is
secondary to direct compression of the cauda equina,
altered arterial flow to the cauda equina, venous
congestion producing increased epidural pressure, and
nerve root excitation by local inflammation (8,166-168).
Because spinal stenosis is a multifactorial disorder, the
clinical presentation can be variable, ranging from focal
radiculopathy to neurogenic claudication manifested
by pain in the buttocks or legs when walking which
disappears with sitting or lumbar flexion. Foraminal
stenosis presents with radicular pain. A combination
of central and foraminal stenoses generally presents
with neurogenic claudication as well as radicular pain.
In addition to congenital and acquired stenoses, acute
trauma may also produce central and/or foraminal stenoses secondary to retropulsion of the vertebral body
middle column into the spinal canal, with or without
a significant epidural hematoma, along with distortion
of the neural foramina.
Anterolisthesis of one vertebral body on another
can be secondary to degenerative facet disease or, less
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Fig. 16. Normal lumbar disk.
(a) Axial T2-weighted image of a normal
lumbar disk. Central area of increased
signal represents the nucleus pulposus.
Darker signal on the periphery represents
the annulus fibrosus. Spinal canal width
and facets are normal. (b) Normal
thoracolumbar spine from T11 through S5.
Sagittal T2-weighted image demonstrates
normal signal within the intervertebral
disks and vertebral bodies. Central area of
increased signal represents the hydrated
nucleus pulposus. Darker signal at the disk
periphery represents the annulus fibrosus.
Disks and vertebral bodies are also normal
in height. Spinal canal is normal in width.
Conus (green arrow) is seen at T12.

Source: Manchikanti L, Albers SL, Hirsh
JA, Boswell, MV. Lumbar Disk Herniation.
In: Kaye AD, ed. Scientific American Pain
Management. Hamilton: Decker; September
2017. DOI: 10.2310/7900.15047. www.
DeckerIP.com (156)

commonly, a defect in the pars interarticularis (spondylolysis), and can be an
important component of both central
and foraminal stenoses. It is vital to
recognize increased slippage (instability when moving from a supine to
a standing position or occurring with
flexion), since this will influence treatment options.
Figure 20 shows a schematic illustration of spinal stenosis, whereas Figs.
21 to 23 show a radiographic presentation of lumbar spinal stenosis.

5.3 Post Surgery Syndrome
Source: Manchikanti L, Albers SL,
Hirsh JA, Boswell, MV. Lumbar Disk
Herniation. In: Kaye AD, ed. Scientific
American Pain Management. Hamilton:
Decker; September 2017. DOI:
10.2310/7900.15047. www.DeckerIP.
com (156)

Fig. 17. Mild L4-L5 disk protrusion. (a) Axial and (b) sagittal T2-weighted
images. The disk projects posteriorly in the midline (arrows).
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Low back and lower extremity pain
occurs following lumbar spine surgery
in a large proportion of cases, estimated to be as high as 40% (8,76). The
incidence of the failed back surgery
syndrome may be as high as 80,000
cases per year (76). Based on increasing surgical interventions, this number
may be much higher. Even though
post lumbar laminectomy syndrome
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Fig. 18. Disk extrusion with
recent inferior migration
and right L4 root posterior
displacement.
(a) The axial view demonstrates a
component extending into the right
lateral recess at the disk space level,
posteriorly displacing the right L4
nerve root (white arrow). (b) Sagittal
view. Part of this extrusion has an
increased signal most consistent with
a higher water content (black arrow),
indicating its recent herniation.
Source: Manchikanti L, Albers SL, Hirsh JA, Boswell, MV.
Lumbar Disk Herniation. In: Kaye AD, ed. Scientific American
Pain Management. Hamilton: Decker; September 2017. DOI:
10.2310/7900.15047. www.DeckerIP.com (156)

Fig. 19. Chronic end-plate
changes (Modic type I) and
moderate central spinal canal
stenosis.
Source: Manchikanti L, Albers
SL, Hirsh JA, Boswell, MV.
Lumbar Disk Herniation.
In: Kaye AD, ed. Scientific
American Pain Management.
Hamilton: Decker; September
2017. DOI: 10.2310/7900.15047.
www.DeckerIP.com (156)

(a) A sagittal T1-weighted magnetic resonance image shows
hyperintense changes (arrow) within both the L2 and L3 vertebral
bodies on either side of a narrowed, bulging, degenerated disk.
(b) A short tau inversion recovery image nulls the fat signal and
excludes the presence of edema, which would be typical of acute
Modic type I changes (arrow). (c) An axial T2-weighted image
shows a bulging disk with an annular fissure and moderate facet
hypertrophy, producing a mild degree of central canal spinal
stenosis.
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(a) Coronal view of LSS; distinct stenosis areas are depicted
in red. Ventral compression can be caused by medial bulging
or protrusion of intervertebral disks. Lateral stenosis can
be caused by lateral prolapse, stenosis of the neuroforamen,
or hypertrophy of the facet joints. (b) Dorsal view of lateral
stenosis (red dots) caused by hypertrophic facet joints and
narrowing of the neuroforamen. (c) Corresponding lateral
perspective of narrowed neuroforamen causing a lateral
stenosis.

Fig. 20. Pathoanatomic illustration of lumbar spinal stenosis (LSS). Osteolisthesis and disk prolapse are distinct entities from
LSS, although these conditions will frequently exacerbate the preexisting lumbar stenosis.
Source: Manchikanti L, Albers SL, Latchaw R. Lumbar Spinal Stenosis and Neurogenic Claudication. In: Kaye AD, ed. Scientific American Pain
Management. Hamilton: Decker; August 2017. DOI: 10.2310/7900.15048. www.DeckerIP.com (166)

or failed back surgery syndrome denotes a failure of
treatment, the nomenclature itself is inaccurate since it
can be seen following any type of surgical intervention.
Consequently, a more appropriate term would be the
postsurgery syndrome. Furthermore, this term does not
necessarily indicate a failed surgical procedure. Rather
this may indicate a technically successful operation that
has not been able to produce a satisfactory long-term
clinical outcome. Pain and disability in the low back and
lower extremity following lumbar spine surgery may be
secondary to epidural fibrosis, sacroiliac joint pain, disc
herniation, discogenic pain, spinal stenosis, arachnoiditis, facet joint pain, acquired spondylolisthesis, and/
or myofascial pain, along with inappropriate surgery.
A relatively common medium to long-term sequela is
adjacent level degeneration. In addition, changes in
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posture and body dynamics may challenge muscle and
ligamentous structures with the eventuation of secondary pain generators such as the piriformis muscle.

5.4 Facet-related Pathology
Facet joints are pairs of joints that stabilize and
guide motion in the spine (8). Lumbar facet joints are
a well-recognized source of low back and referred
pain into the lower extremities in patients with
chronic low back pain, and controlled studies have
established them as potential sources of chronic pain
(8,101,102,104,154). In addition, the degenerated facets contribute to the cycle of discogenic pain because of
their altered morphology and angulation, allowing for
spondylolisthesis. Ultimately, they are major factors in
the development of spinal stenosis. Facet joints are well
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18 y/o male with congenital lumbar spinal stenosis
(a) Sagittal T2W fat saturated (FS) image. Marked
narrowing of the central spinal canal. Disc
protrusions and disc desiccation at L2-L5, all of which
further narrow the canal. (b) Axial T2W image at
the L4/5 disc level. Central disc protrusion produces
mass effect on the anterior thecal sac, displacing
the thecal sac and nerve roots posteriorly. (c) Axial
T1W image. Congenital trefoil configuration of the
spinal canal. Increased epidural fat. Small thecal sac.
Descending L5 nerve roots within the lateral recesses
appear unremarkable.

Fig. 21. Congenital narrowing lumbar central
spinal canal with disc protrusions.
Source: Manchikanti L, Albers SL, Latchaw R.
Lumbar Spinal Stenosis and Neurogenic Claudication.
In: Kaye AD, ed. Scientific American Pain
Management. Hamilton: Decker; August 2017. DOI:
10.2310/7900.15048. www.DeckerIP.com (166)

44 y/o male with chronic low back pain, NIC and
bilateral L4 radiculopathy. (a) Sagittal T2W image
demonstrating congenital lumbar stenosis along with
multilevel DDD to include diffuse disc bulging from L2L5, endplate osteophytes and endplate reactive marrow
changes. Ligamenta flava hypertrophy is severe at L3/4.
(b) Axial T2W image at the pedicular level of L3 showing
the congenital trefoil appearance of the spinal canal with
superimposed degenerative facet disease and severe
ligamenta flava hypertrophy. The degenerative changes
further decrease the already narrowed AP dimension
of the spinal canal (grade C/D central spinal stenosis as
there is questionable epidural fat posteriorly). (c) Axial
T2W image through the L3/4 disc demonstrating severe
spinal canal stenosis to include severe central canal
(grade D) and bilateral lateral recess stenoses. Moderately
severe facet hypertrophy and moderate ligamenta flava
hypertrophy contribute and worsen the underlying
congenital stenosis.

Fig. 22. Degenerative disc disease superimposed
on congenital lumbar stenosis.
Source: Manchikanti L, Albers SL, Latchaw
R. Lumbar Spinal Stenosis and Neurogenic
Claudication. In: Kaye AD, ed. Scientific American
Pain Management. Hamilton: Decker; August 2017.
DOI: 10.2310/7900.15048. www.DeckerIP.com (166)
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28 y/o female status post 15 foot fall. (a) Sagittal CT. Comminuted burst fracture of L1 with retropulsion of the superiorposterior fracture fragments. Additional shear type comminuted distal sacral fracture at sacro-coccygeal junction. (b) Axial CT.
Retropulsed L1 fragments abut the thecal sac and displace sac and cord posteriorly. (c) Sagittal T2W image. Comminuted L1
fracture with retropulsion of the superior fragments compressing and displacing the thecal sac and cord posteriorly. Increased
signal within cord and conus consistent with edema. (d) Axial T2W image. Mottled increased signal within the spinal cord
consistent with edema from L1 burst fracture and reptropulsed fragments. Cord is compressed and displaced posteriorly. Small
left sided hematoma.

Fig. 23. Trauma and acute central spinal canal stenosis.
Source: Manchikanti L, Albers SL, Latchaw R. Lumbar Spinal Stenosis and Neurogenic Claudication. In: Kaye AD, ed. Scientific American
Pain Management. Hamilton: Decker; August 2017. DOI: 10.2310/7900.15048. www.DeckerIP.com (166)

innervated by the medial branches of the dorsal rami.
Neuroanatomic, neurophysiologic, and biomechanical studies have demonstrated free and encapsulated
nerve endings in lumbar facet joints, as well as nerves
containing substance P and calcitonin gene-related
peptide (8,101,102,104,154). Multiple factors including
mechanical injury, inflammation, and degeneration of
the facet joints have been shown to produce persistent
pain in animal models, as well as in humans (169-172).
Prostaglandin E2 (PGE2) has been identified as a key
mediator of inflammation-induced behavioral sensitivity and increased neuronal excitability (152,173). Overall, the diagnosis established by controlled diagnostic
blocks in chronic low back pain patients has shown a
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prevalence of facet joint pain ranging from 16% to
41% (8,101,102,104).

5.5 Sacroiliac Joint Pain
The sacroiliac joint is accepted as a potential source
of low back and/or buttock pain with or without lower
extremity pain (8,103). The sacroiliac joint receives
innervation from the lumbosacral nerve roots. Neurophysiological studies have demonstrated both nociceptive and proprioceptive afferent units in the sacroiliac
joint. Pain referral patterns based on sacroiliac joint
provocation and analgesic response to local anesthetic
in asymptomatic volunteers and patients with pain
have been studied. The relatively accurate diagnosis of
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sacroiliac joint pain is made by controlled local anesthetic blocks. These studies have shown the prevalence
of sacroiliac joint pain in chronic low back and lower
extremity pain to be between 10% to 25%. The literature suffers with a paucity of studies assessing the role
of multiple available treatments.

5.6 Ligaments, Fascia, and Muscles
A significant prevalence of chronic low back pain
may be related to muscles and ligaments in the low
back, pelvis, and lower extremities (8). However, the
available controlled diagnostic techniques are not amenable for an accurate diagnosis of these conditions or
their prevalence.

6.0 Regenerative Medicine
 ey Question 4. What are the available regenerative mediK
cine therapies?
Biological therapies assist the healing of tissues
damaged acutely or chronically, including ligaments,
menisci, articular cartilage, tendons, discs, and joints.
While there are a variety of biologicals utilized in regenerative therapy of the spine and other musculoskeletal disorders, PRP and MSCs are the current mainstays
of regenerative medicine treatment.

6.1 Platelet-Rich Plasma (PRP)
PRP is a concentrate of whole blood that is cen-

trifuged to obtain plasma rich in platelets and hence
growth factors. In the U.S., PRP is approved by the
FDA for use with ligament grafting and the approximation of bony matrices during reconstructive procedures. Benefits occur by the increased concentration
of growth factors that are secreted by platelets in
an inflammatory environment, i.e., platelet-derived
growth factors. These growth factors are essential to
the healing process, as they increase fibroblast and/
or osteoblast metabolic activity while reducing cell
apoptosis; promoting angiogenesis, thereby increasing
blood flow and circulation to the new-forming tissues;
and increasing the expression of the pro-collagen gene
and collagen-derived growth factors, which increase
the tensile strength of the new tissue (17-19,23,174180). Components of PRP include platelets, leukocytes,
and red blood cells. However, platelets are central to
mediating the anabolic effects of PRP by virtue of releasing growth factors stored in their alpha granules
(178). Notable growth factors released from platelets
that are involved in the healing process are shown in
Table 3 (181-184).
Proteins present in PRP that stimulate proliferation include endothelial growth factor, platelet-derived
growth factor, vascular endothelial growth factor, and
basic fibroblast growth factor (b-FGF). Inhibitory proteins
such as b-FGF2 are equally important in mediating overproliferation (180), although the exact balance between

Table 3. Function of growth factors stored in platelet-rich plasma.

Growth Factor

Function

PDGF

Stimulates cell proliferation, chemotaxis, and differentiation
Stimulates angiogenesis

TGF-β

Stimulates production of collagen type I and type III, angiogenesis, re-epithelialization, and synthesis of
protease inhibitors to inhibit collagen breakdown

VEGF

Stimulates angiogenesis by regulating endothelial cell proliferation and migration

EGF

Influences cell proliferation and cytoprotection
Accelerates re-epithelialization
Increases tensile strength in wounds
Facilitates organization of granulation tissue

bFGF

Stimulates angiogenesis
Promotes stem cell differentiation and cell proliferation
Promotes collagen production and tissue repair

IGF-1

Regulates cell proliferation and differentiation
Influences matrix secretion from osteoblasts and production of proteoglycan, collagen, and other noncollagen
proteins

Abbreviations: PDGF = platelet-derived growth factor; TGF-b = transforming growth factor-b; VEGF = vascular endothelial growth factor; EGF =
epidermal growth factor; bFGF = basic fibroblast growth factor; IGF-1 = insulin-like growth factor.
Adapted and Modified from: Refs. (181-184)
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Table 4. Consensus statements on platelet-rich plasma.
1

Nomenclature and classification system that encompasses autologous blood/plasma products and categorizes preparations in
sufficient detail to facilitate comparison across studies is not available.
• A widespread system must be developed with involvement of academics, clinicians, and industry representatives

2

Quality assessment with influence of donor variance and processing and delivery factors on the composition of PRP must be
established.

3

A validated assay of the efficacy of PRP should be established for each clinical application.
• Specific formulations of PRP should be matched with specific pathologic indications.
• Methods for establishing proof of safety and efficacy of PRP should be determined. This process may require evidence of
phenotype stability or viability for each indication.

4

The relationship between PRP composition and efficacy must be established.
• Minimum standards of reporting for all studies (preclinical and clinical) evaluating PRP must be established to facilitate
communication and the interpretation and synthesis of scientific investigations. These standards must include measured
characteristics of the PRP, factors relating to the donor, processing, and delivery of the PRP and outcome parameters.

PRP = platelet-rich plasma
Adapted from: 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:e62-e78 (188).

these proteins is not known. Because each person expresses unique proportional quantities of these proteins,
it is uncertain if concentrating an individual’s autologous
proteins is ideal for their body’s healing needs. Since
the therapy is dependent on the function of the host’s
platelets, the therapeutic concentration of PRP injectate
is recommended to be at least 2.5 times greater than the
peripheral plasma concentration. Lesser concentrations
are probably sub-therapeutic, and greater concentrations reduce osteoclastic activity (174).
PRP has been developed with a multitude of formulations (179). A meta-analysis reported 14 different
indications for treatment and 9 different preparation
systems used in clinical studies (185). Consequently,
multiple authors have proposed classification systems
for the various types of PRP based on its content including platelets, white blood cells, fibrin network, and
exogenous activators. Dohan Ehrenfest et al (186) described a classification system based on cell content, primarily the amount of white blood cells, and the fibrin
architecture. Based on these parameters, they grouped
PRP into 4 different types.
•
Pure PRP (PPRP), which does not contain leukocytes
and has a low-density fibrin network.
•
Leukocyte-rich PRP (L-PRP) has an increased concentration of white blood cells in addition to a
high concentration of platelets, but also has a lowdensity fibrin network.
Pure platelet-rich fibrin (P-PRF) is free of leuko•
cytes, but has a high-density fibrin network.
Leukocyte- and platelet-rich fibrin (L-PRF) has an
•
increased concentration of leukocytes and a highdensity fibrin network.
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The preparations with a low-density fibrin network allow for injectable applications, which are more
commonly used for musculoskeletal conditions. Consequently, the first 2 preparations are commonly utilized.
The third and fourth preparations with high-density
fibrin networks allow for a clot with growth factor
present in the matrix architecture (186).
DeLong et al (187) proposed a classification known
as the PAW (Platelets, Activation, White Blood Cells)
classification of PRP based on platelet concentration,
activators, and the presence of white blood cells, placing them into multiple categories based on their contents. Even though PRP nomenclature remains variable
and no single classification system is consistently used,
it is critical for clinicians to know what is in the milieu
of PRP that is being injected (52). The American Academy of Orthopaedic Surgeons (AAOS) (188) identified
several obstacles to the advancement of PRP therapies
and made recommendations on how future research
efforts should be directed to overcome the challenges.
The consensus statement of PRP preparation and use
from the AAOS is shown in Table 4 (188). The multiple
variables that may influence the growth factor profile
of PRP related to donor, processing, and delivery are
shown in Table 5.
DEPA (Dose of injected platelets, Efficiency of
production, Purity of the PRP, Activation of the PRP)
classification has been proposed to extend the characterization of the injected PRP preparation. A classification system based on the platelet concentration
and the presence or absence of white blood cells in the
PRP. Lana et al (30) described a new classification called
MARSPILL: M: Method; A: activation, R: red blood cells,
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S: spin, P: platelets, I: image guidance, L: leukocytes, L:
light activation.
The platelet poor fraction of blood is also known
to have substances that may be of use for regenerative
approaches including fibrinogen, alpha 2 macroglobulin and exosomes. A discussion about these factors is
beyond the purview of the present review.

6.2 Medicinal Signaling Cells or Mesenchymal
Stem Cells (MSCs)
Stem cells are essentially the base-model versions
of each kind of cell, and have the potential to become
one or more specific kind of cell. Fetal stem cells have
the potential to not only differentiate into any kind of
cell, but also to self-renew. Adult stem cells are located
throughout adult tissue and are primed to become the
cells in and for that particular tissue, as stimulated by
the surrounding environment (17,189-195). The adult
stem cells described by Caplan (189) have become well
recognized but are now called “medicinal signaling
cells (MSCs)” (189-195). These adult MSCs have a narrower range of potentials, but are sufficient for use in
many current and emerging musculoskeletal and spine
therapies.
A major benefit from of MSCs is their inherent lack
of significant histocompatibility complex (MHC) class II
surface proteins. This not only allows them to conform
to a variety of different cell types, but also decreases
the risk of rejection when transferred between hosts
(allogeneic transfer) (187,196). MSCs that have clasped
on to the vascular tree as pericytes are also able to migrate to a site of injury and then differentiate into the
cell required for healing, such as osteoclasts, to directly
contribute to the remodeling process (187,196).
An important area of research regarding the potential mechanism of action of MSCs is that of a paracrine influence” affecting the efficacy in differentiation
of the cells. The concentration of the surrounding
catabolic cytokines from acute inflammation favors
osteoclastic activity, and the balance must shift away
from inflammation in order for the anabolic effects
of MSCs to take place. Two examples supporting this
premise are the following: 1) there is evidence that
concentrating MSCs in an area to artificially favor the
balance towards osteoblastic activity is feasible, and has
been a successful technique in preventing graft vs. host
disease; 2). MSCs are most effective in degenerative
diseases where there is little active inflammation (197).
Over the years, multiple researchers have attempted to standardize the nomenclature used in MSC re-
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Table 5. Variables that may influence the growth factor profile of
platelet-rich plasma.
• Donor
•
•
•
•
•

Age
Gender
Comorbidities
Concurrent medications (including anti-inflammatories
Nutritional status

• Processing
•
Blood collection and storage conditions
•
Spin protocol (speed, time)
Activation protocol (agent, concentration, timing)
•
•
Storage
• Delivery
•
•
•
•
•

Form of delivery (gel, solution)
Timing of delivery in relation to isolation
Timing of delivery in relation to activation
Host factors (similar to donor factors)
Injury chronicity

Adapted from: 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:e62-e78 (188).

search (17). However, such standardization efforts have
been unsuccessful because of variations and methods
of isolation, culture, and assay resulting in complicated
and, at times, misleading nomenclature. In 2006, the
International Society for Cellular Therapy (ISCT) produced a position statement suggesting the minimum
criteria required to define MSCs (198).
The first report of stem cells described those
unique cells derived from bone marrow. They remain
the most commonly utilized type of adult stem cells,
and have the approval and recommendations of the
FDA (17). Since that time, MSCs have been isolated
from multiple organs and tissues with variable advantages and disadvantages depending upon the source.
Apart from the intersource variation, MSCs originating
in different anatomic locations having the same tissue
may vary in yield and characteristics (188). Consequently, the equivalency of MSC populations derived from
distinct anatomic origins continues to be debated and
remains contentious. MSC populations from multiple
sources have shown differences with respect to the immunophenotype, secreted cytokine profile, and results
of proteome analysis (199-201). Further, it also has
been shown that cloned human MSCs isolated from fat
default to adipogenic potential, whereas those isolated from bone marrow default to osteogenic potential,
indicating the importance of origin which ultimately
influences the characteristics of MSCs and potentially
the eventual outcomes (199). Thus, 4 key pathways that
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Table 6. Consensus statements on stem cell therapy.
1

It is essential to identify the factors contributing to tissue development, regeneration, and healing in each specific tissue.
•
The mechanisms regulating these contributions must be characterized.

2

The optimum preparation of stem cells for each indication must be established in a systematic fashion.
•
Considerations should include cell number, concomitant use of growth factors, predifferentization, and vehicle.
•
Mesenchymal stem cells isolated from different tissues must be compared to identify the most appropriate cell source for
each specific indication.

3

The mechanism responsible for therapeutic effects observed in applications and appropriate outcome parameters must be
established.
•
A standardized assay of stem cell efficacy is needed.
•
Methods for establishing proof of safety of stem cell therapy should be determined in collaboration with industry and
regulatory agencies. This process may require evidence of phenotype stability or viability.
•
The most appropriate control for clinical studies evaluating stem cell therapy in each indication must be identified.
•
The most appropriate, replicable outcomes must be established.

Adapted from: 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:e62-e78 (188).

have been identified in tissue regeneration, namely
osteogenesis, adipogenesis, chondrogenesis (200-203),
and fibrinogenesis (204,205) are derived with differing
potential from MSCs that come from bone marrow
compared to adipose tissue.
Adipose MSCs also have the noted characteristic
of pro-angiogenic properties, which makes them a
very promising therapy for both ischemic/vascular
therapies and for commonly injured hypo- to avascular regions such as the avascular zone of the knee
meniscus. Bone marrow-derived MSCs have the same
progenitor potential as the adipose derived MSCs,
but also home to the site of injury through a series of
chemoattractants, integrating into the host marrow,
bone, and cartilage (197).
True adult stem cells, in general, are relatively
scarce; they can be difficult to isolate; they grow
slowly; and they do not differentiate well without the
appropriate peripheral cytokines. It can be difficult to
isolate sufficient therapeutic quantities of these cells.
These disadvantages may be partially overcome by
selection of stem cells from an appropriate source such
as bone marrow from a source containing red marrow
such as the iliac crest where extraction yields 95-100%
viable cells (187).
Due to the scarcity of stem cells, laboratory culture
has been used to enrich and expand MSC populations
(206), taking advantage of the rapid expansion of MSCs
in laboratory conditions. However, laboratory cultures
are not approved by the FDA (17,38-40). Consequently,
within the confines of the FDA regulations requiring
minimal manipulation, the stromal vascular fraction
(SVF) which is derived from chemically manipulated
adipose tissue is not recommended, and laboratory cultures are not approved by the FDA. The AAOS (188) has
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provided a consensus statement on stem cell therapy,
as shown in Table 6.
Although the absolute number of stem cells found
in bone marrow concentrate may be relatively low,
those growth factors that are derived in the bone aspirate process may confer additional therapeutic value
to this process.
It is also important to consider that adult stem cells
may contain the mutations of the host cell obtained at
meiosis, and these mutations may be expressed regardless of the cell type into which they differentiate (187).
Gene therapy is being actively studied to ensure the
safety and efficacy of this biologic therapy.

6.3 Other Commercially Available Biologic
Preparations
A simple web-based search can yield a multitude of
kits and biologic products for office use. The Center for
Biologic Evaluation and Research provides an 8 page
listing of all commercially available biologic products
byproduct name, date of licensure, and the date (if applicable) that it was withdrawn from the market (207).
A biologic of significant interest in regenerative
medicine is the exosome or microvesicle (208). Similar
to MSCs, exosomes are secretory products that home
and travel via local diffusion, delivering proteins, micro
RNA, and messenger RNA. However, unlike MSCs, extracellular vesicles or exosomes demonstrate a number
of advantages distinct from their parent cells. They can
travel systemically without the risk of clumping and
they do not demonstrate a first pass effect into the
lungs when administered intravascularly. They can also
easily cross the blood-brain barrier without the utilization of mannitol. Exosomes are important in autocrine
signaling (locally between the same cells), paracrine
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signaling (locally between cells of different types)
and endocrine signaling (between distant cells). Key
immune and growth factors present in exosomes are
similar to those found in MSCs. Exosomes have been
utilized in a multitude of disorders similar to the use
of MSCs (208).
Alpha 2 Macroglobulin (A2M) has known to be
associated with degeneration of the discs serving as
a dual regulator for both anabolism and catabolism
in the cartilaginous endplate of intervertebral disc.
It’s expression has been shown to be more in nucleus
pulposus compared to annulus fibrosus and recently,
been shown to protect against the progression of IVD
degeneration by inhibiting effects of pro-inflammatory
cytokines. Similarly, intradiscal tocilizumab therapy has
been studied in patients with discogenic low back pain.

7.0 Pathophysiologic Basis
Therapies

of

Biologic

Key Question 5. How do regenerative medicine therapies
work in the treatment of low back and extremity pain?
The components of a 3-joint theory of spinal degeneration include intervertebral disc degeneration, facet
loading, and degeneration, which can lead to spinal
deformity, nerve root compression and possibly central
canal and/or foraminal stenoses (17,18,112,209,210).
Regenerative treatments for low back pain conditions
have emerged over the years because of the suboptimal
outcomes from conventional treatments and the population’s demand for more natural and holistic medical
approaches (17,18,25,209-222). Both PRP and stem cells
represent 2 promising regenerative therapies that are
currently being used in managing low back pain and
radiculopathy.

7.1 Intervertebral Disc
The disc is composed of the nucleus pulposus,
the annulus fibrosis, and the fibrous attachments
to the vertebral endplates (Sharpey’s fibers). The intervertebral disc is a dynamic structure, with the disc
microenvironment relying on a harmonious balance
between anabolic and catabolic factors important for
normal disc cell turnover (169). Growth factors including transforming growth factor-α (TGF-α), bone morphologic proteins (BMP), growth and differentiation
factor 5 (GDF5), and insulin-like growth factor (IL-GF)
are examples of important anabolic factors. Conversely,
catabolic metabolism is achieved by catabolic enzymes,
inflammatory cytokines, proteinases, and aggrecanases, which include interleukin-1 (IL-1), tumor necrosis
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factor-α (TNF-α), a disintegrin and metalloproteinase
with thrombospondin motifs (ADAMTS), and matrix
metalloproteinase (MMPs). Degenerated discs contain
cell clusters producing matrix-degrading enzymes,
including MMPs (220). Unfortunately, the disc is relatively avascular, creating a difficult microenvironment
with low oxygen tension, and a paucity of nutrients
for intervertebral disc cells. Thus, analogous to other
cartilaginous structures, limited vascular support is a
significant contributor to the poor natural regenerative
capacity of intervertebral discs when metabolic homeostasis is disrupted (18,213,223-233)
Degenerative disc disease is defined as a diffuse,
progressive, and age-related phenomenon characterized by nuclear dehydration and fibrosis with resultant
disc space narrowing of approximately 3-4% height
loss per year (223). The pathophysiological mechanisms
of degeneration include mechanical, biochemical,
nutritional, and genetic factors contributing to a shift
towards catabolic metabolism within the disc microenvironment. Hallmarks of degenerative disc disease
include increased MMP activation, decreased intervertebral disc cell viability, and decreased proteoglycan
production (219). The degeneration of the disc includes
the development of focal fissures extending outward
from the nucleus into the annulus (radial fissures) or
along annular lamellae described as circumferential
fissures (18,156,223,225). Further disc space narrowing
leads to a redistribution of axial mechanical forces on
the disc and on nearby structures including the vertebral body endplates and facet joints. With progressive
degeneration, the disc loses its ability to act as a shock
absorber and begins to bulge, pulling on Sharpey’s
fibers, which leads to the development of endplate
osteophytes, (156,223,224). Further degenerative disc
disease may or may not result in discogenic low back
pain (156,219,224).
Annular fissures have been described as providing a
conduit for inflammatory chemical mediators to trigger
nociceptive nerve endings in the outer annulus fibrosis
(156,223,225). In addition, nerve ingrowth proliferates
along fissure sites with increasing exposure to nociceptive and mechanical stimuli. Discogenic pain develops
with internal disc disruption when annular pain fibers
are directly stimulated by inflammatory mediators;
these fibers may also be indirectly stimulated by increased mechanical loading pressure (18,156,223,225).
Internal disc disruption has been shown to be present
in approximately 36% to 39% of the patients (164,165),
whereas, discogenic pain secondary to degenerative
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Fig. 24. Goals of interventional treatment (pain relief, improved disc microenvironment, and tissue regeneration).
Source: Zeckser J, et al. Multipotent mesenchymal stem cell treatment for discogenic low back pain and disc degeneration. Stem Cells Int
2016; 2016:3908389 (169).

disc disease has been shown to be present in 26% of
the patients (162).
Disc herniation is displacement of nuclear disc
material beyond the normal confines of the nucleus,
extending into and beyond the annulus to a variable
degree (156,223). As described earlier and as shown
in Figs. 13-15, multiple stages include disc protrusion,
extrusion, and sequestration. Disc herniation has been
described to be the most common etiology of radicular
leg pain through either mechanical compression of
nerve roots or chemical radiculitis (156). In addition,
disc herniation may contribute to focal low back pain as
a result of the inflammation of the dural sleeve of the
nerve root described as somatic referred pain, or from
activation of outer annular pain fibers within the disc
(156,223). An alteration of the annulus may contribute
to decreased disc integrity and acceleration of the degenerative disc disease (169).
Despite obvious tissue deterioration, viable cells
isolated from degenerated discs have shown an ability
to proliferate and differentiate in vitro, even though
regeneration potential is limited (226). In fact, progenitor cells have been isolated from human degenerated
discs (227), potentially derived from specific niche re-
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gions located near the cartilaginous endplates (228)
that migrate into the disc (229). While degenerated
discs exhibit necrosis, cell senescence, and apoptosis, viable cells have been identified (220). Zeckser et al (169)
have stated that all interventional therapies should
optimally strive to fulfill a trio of treatment objectives
including the decline and/or resolution of primary
nociceptive disc pain with functional improvement,
slowing and/or reversal of the catabolic metabolism
and associated degradation within the disc environment, and partial or complete restoration of disc tissue,
as shown in Fig. 24 (169). Even though the majority of
therapies in managing disc related pain have shown
variable degrees of patient improvement, they still
produce suboptimal outcomes because they do not fulfill the 3 criteria of Zeckser et al (169). It is hoped that
regenerative techniques will lead to better outcomes
by fulfilling these criteria than epidural injections with
or without steroids (8,97,106,107,111-118), intradiscal
therapies (18,111,230), surgical interventions with or
without fusion (213,232).
Percutaneously delivered multipotential MSCs have
recently gained attention for their potential to revolutionize the treatment of discogenic low back pain. MSC
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therapy may provide the necessary cellular support
for regeneration. Current research suggests that these
treatments may have the ability to uniquely accomplish
the 3 stated objectives for treating disc pathology as
shown in Fig. 25. However, the intervertebral disc is
avascular, presenting a potential impediment to the
viability of intradiscal cell implantation (26,233,234).
Fortunately, several authors have demonstrated that
regenerative techniques can lead to positive effects on
intervertebral disc cell proliferation (26,235-282).
Stem cell therapy may address the underlying
sources of disc degeneration by mitigating inflammation within the nucleus pulposus, rehydrating
the nucleus, by remodeling the tissues or recruiting
peripheral cells and nutrients, and/or by restoring the
disc height to remove pressure on the adjacent nerves
(206,213,221,222). These effects are achieved by decelerating or reversing the degenerative process by promoting synthesis of proteoglycans and Type II collagen
(213). Stem cell therapy in animal models has consistently led to increased disc height, improved magnetic
resonance imaging (MRI) T2 signal intensity, decreased
grade of histologic disc degeneration, and increased
expression of Type II collage (212,221). Ghosh et al (237)
reported that the injection of mesenchymal precursor
cells (MPCs) in a bovine model produced increased
disc height, higher T2 MRI signal, improved histological grading scores, and restoration of the extracellular
matrix or ECM. An in vitro pilot study (238) assessing
autogenous MSCs from the vertebral body showed enhancement of intervertebral disc generation via paracrine interaction. Some authors have speculated that
implanting MSCs into a degenerated intervertebral disc
may both stimulate MSC differentiation into a nucleus
pulposus or annulus fibrosus-like phenotype and stimulate the biological activation of residual viable cells
within the degenerated disc for self-repair (238). Others
have investigated the effect of the proinflammatorydegenerative intervertebral disc microenvironment on
the regenerative and immunomodulatory behavior
of mesenchymal stem-stomal cells in vivo and in vitro
(239-242) and have shown viability of MSCs, active cell
migration, and an increase of multiple growth factors.
A systematic review of 53 manuscripts (25) of MSC
use in the treatment of spinal cord injury, intervertebral
disc repair, and spinal fusion demonstrated regeneration in both mice and rats following the injections of
MSCs. A significant deceleration in disc degeneration
was reported beginning 2 weeks following MSC injection (243). Although equally effective, MSCs derived
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from bone marrow or adipose tissue survived only for
2 weeks. Another study demonstrated regeneration
following bone marrow MSCs implanted into the tail
discs of rodents (244), which resulted in proliferation of
nucleus pulposus cells, an increase in disc height, and
a decreased concentration of MSCs 4 weeks post injection. It was also shown that MSCs derived from umbilical
cords were safely transplanted into patients, resulting
in decreased pain and improved lumbar function (245).
The comparative effects of MSCs and nucleus pulposus
cells were also assessed (246). This study did not find
conclusive evidence indicating MSCs were better than
nucleus pulposus cells for transplantation. In contrast,
multiple other studies have suggested that MSCs
might work better when co-cultured (247). Further,
co-transplantation of bone marrow-MSCs (BM-MSCs)
and annulus fibrosus cells significantly increased Type
II collagen and glycosaminoglycan expression (248).
In addition, a telocollagen gel as a carrier in various
studies has allowed BM-MSCs to survive up to 48 weeks
while restoring disc height and water content (249).
However, another carrier, hyaluronan gel, was found to
have possible cytotoxic effect on MSCs and resulted in a
decrease in injected cell numbers during the first 7 days,
indicating hyaluronan failed to retain MSCs at the site
of injection.
Regarding MSCs, Wang et al (250) demonstrated
that MSCs derived from 4 origins (nucleus pulposus, annulus fibrosus, cartilage end plate, and bone marrow)
showed similar capabilities to differentiate into the
appropriate cell required for intervertebral disc regeneration. They suggested that any of these cell lines can
be used for therapy, with convenience and quantity of
extraction guiding the selection. Long-term studies of
MSC intradiscal therapy are being conducted, but at
this time the greatest duration of study length is 24
months.
Review of MSC use for intradiscal pathology by
Valadà et al (251) describes the efficacy of intervertebral disc regeneration using stems cells from all origins
(bone marrow, adipose, synovial fluid, muscle-derived
stem cells, olfactory neural stem cells, induced pluripotent stem cells, hematopoietic stem cells, disc stem
cells, embryonic stem cells) and tissue engineering
approaches (hydrogel, viscoelastic scaffolds, and hyaluronic-based scaffolds). They conclude that patients
could expect benefit from stem cell mediated therapy
for mild-moderate grade intervertebral disc disease, as
long as the structural integrity of the disc is preserved.
There was no commentary on chronicity (251). Noriega
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et al (283) demonstrated that the injection of 25 x
1010 allogeneic cells per disc segment achieved faster
and more significant improvement than controls, and
that allogeneic MSCs should be considered for patient
comfort, procedural convenience, and in cases of stem
cell deficiency. Pettine et al (253) showed that of 26
surgical candidates for spinal fusion or disc replacement surgery, 24 (92%) were able to avoid surgery
for 12 months, and 21 patients (81%) were able to
avoid surgery by 2 years following intradiscal bone
marrow mesenchymal cell implantation. While no
patient worsened, some improved on the MRI-based
Pfirrmann grading system.
PRP may also be used for intervertebral disc degeneration, facet joint arthritis, and sacroiliac joint
arthritis. While MSCs are used more commonly for
intervertebral disc degeneration than PRP, inhibition
of matrix degrading enzymes may occur with PRP (1719,23,174-180,211). PRP contains amplified levels of
growth factors and cytokines, which stimulate tissue
healing. Over the years, clinicians have hypothesized
that placing a high concentration of growth factors
directly at the site of collagen injury promotes their
function as humeral mediators to induce the natural
healing cascade (211,254). An in vitro study of PRPinfused human intervertebral disc cultures supported
this hypothesis and exhibited nucleus pulposus proliferation and differentiation, as well as the up regulation
of proteoglycan synthesis (255). In animal models of
experimentally injured intervertebral discs, treatments
with intradiscal PRP have produced restoration of normal cellular architecture and disc height (256,257). PRP
has been postulated to have an anti-inflammatory effect. In fact, an in vitro study found that the cytokines
TNF-α and IL-1), induced proinflammatory degrading
enzymes and their mediators were suppressed with
the addition of PRP into the collagen matrix of human
nucleus pulposus cells (258). PRP-impregnated gelatin
hydrogel injected into the degenerated intervertebral
discs of a rabbit model resulted in significantly higher
water content as demonstrated by MRI, which corresponded with increased intradiscal proteoglycan
content, up regulated micro RNA precursors for Type
II collagen, and the significant reduction in apoptotic
nucleus pulposus cells (259). Additionally, in a percutaneous annulus puncture induced degenerated disc rat
model, discs treated with PRP had fewer inflammatory
cells, higher preservation of normal morphology, and
higher fluid content on T2 MRI compared with a sham
injection after 4 weeks (256).
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7.2 Facet Joints
PRP is the biologic most commonly used in the
treatment of lumbar facet joints. The platelet-derived
growth factors concentrated within PRP are essential
to the healing process. These growth factors increase
fibroblast and/or osteoblast metabolic activity while
reducing cell apoptosis; promote angiogenesis, thereby
increasing blood flow and circulation to the newforming tissue; and increase the expression of the
pro-collagen gene and collagen-derived growth factor,
which increases the tensile strength of the new tissue
(175,176). Proliferative proteins present in PRP include
the endothelial growth factor, platelet-derived growth
factor, vascular endothelial growth factor, and B-FGF
(152).
Kristjánsson and colleagues (260) showed that
the MSCs harvested from facet joints and interspinous
ligaments had the trilineage potential to differentiate
into osteogenic, adipogenic, and chondrogenic cells
under the appropriate conditions. They concluded that
facet joints and interspinous ligaments could provide
an alternative source of MSCs for tissue engineering
applications.
At present there is very little literature regarding
the application of stem cells in the treatment of facet
joint and sacroiliac joint pain. There is extensive literature discussing the application of MSCs for articular
cartilage regeneration. The intra-articular use of autologous MSCs represents the current state-of-the-art
treatment for cartilage regeneration (261).

7.3 Sacroiliac Joint
There is extensive literature discussing the use
and effectiveness of biologicals in the management
of peripheral joint pain. These same principles may be
applied to sacroiliac joint injections and sacroiliac joint
ligamentous infiltration (21,174).

8.0 Effectiveness of Biologic Therapy
in Chronic Low Back Pain
Key Question 6. Are regenerative medicine therapies effective in managing chronic low back pain?
The methodology incorporated into the preparation of these guidelines includes the utilization of
IOM standards for systematic review of comparative
effectiveness research (262) as well as the use of additional publications relevant to systematic reviews and
guideline preparation (8,9,46,47,49,262-265). These
guidelines focus on the effectiveness of regenerative
treatment modalities in managing low back and lower
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extremity pain having a variety of etiologies. Appendix
Table 1 shows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria
and Appendix Table 2 shows A Measurement Tool to
Assess Systematic Reviews (AMSTAR) criteria.

8.1. Data Sources
The literature search was strategized based on
multiple available sources including PubMed, the Cochrane library, Google searches, the FDA, the CDC, and
controlled clinical trials. The search was conducted over
a time frame spanning from January 2000 to June 2018.

8.2 Search Criteria
Search criteria extensively covered chronic low
back pain of various origins and injectable biologicals
including PRP and MSCs.
The
search
criteria
was
as
follows:
((((((((((((((((chronic low back pain) OR chronic mild
back OR upper back pain) OR disc herniation) OR
discogenic pain) OR herniated lumbar discs) OR nerve
root compression) OR lumbosciatic pain) OR postlaminectomy) OR lumbar surgery syndrome) OR radicular
pain) OR radiculitis) OR sciatica) OR spinal fibrosis)
OR spinal stenosis) AND ((((((((((epidural injection) OR
platelet rich plasma injection or stem cell injection) OR
epidural perineural injection) OR interlaminar epidural) OR intraarticular platelet rich plasma OR stem cells)
OR nerve root blocks) OR periradicular infiltration)
OR transforaminal injection) OR platelet rich plasma
OR stem cells) OR intradiscal injections or PRP or stem
cells or sacroiliac joint or ligament injections or PRP or
stem cells))) AND ((meta-analysis [pt] OR randomized
controlled trial [pt] OR controlled clinical trial [pt] OR
randomized controlled trials [mh] OR random allocation [mh] OR double-blind method [mh] OR singleblind method [mh] OR clinical trial [pt] OR clinical
trials [mh] OR (“clinical trial” [tw]) OR ((singl* [tw] OR
doubl* [tw] OR trebl* [tw] OR tripl* [tw]) AND (mask*
[tw] OR blind* [tw])) OR (placebos [mh] OR placebo*
[tw] OR random* [tw] OR research design [mh:noexp])
NOT (animals [mh] NOT human [mh])))

8.3 Study Selection
Study selection was based on predefined inclusion
criteria where studies reported at least 3 months of
outcomes assessment and included all types of studies having an appropriate description. We included
intradiscal injections, all types of epidural injections,
intraarticular injections of facet joints, nerve blocks,
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sacroiliac joint injections, and sacroiliac joint ligamentous injections.

8.4 Data Extraction and Methodological
Quality Assessment
Data extraction and methodologic quality assessment was performed by at least 2 of the review
authors independently, in an unblinded standardized
manner. The quality assessment of each individual
article used in this analysis was performed utilizing
the Cochrane review criteria (Appendix Table 3) (266),
Interventional Pain Management techniques Quality
Appraisal of Reliability and Risk of Bias Assessment
(IPM-QRB) criteria (Appendix Table 4) (267) for randomized controlled trials (RCTs) was used, as was the
Interventional Pain Management Techniques – Quality
Appraisal of Reliability and Risk of Bias Assessment for
Nonrandomized Studies (IPM-QRBNR) (Appendix Table
5) (268). Utilizing the Cochrane review criteria (266) or
the IPM-QRB criteria (267), or the IPM-QRBNR (268),
studies that met the inclusion criteria with a score of
at least 9 to 13 for the Cochrane review criteria or 32
to 48 for the IPM-QRB and the IPM-QRBNR criteria
were considered high quality and scores of 5 to 8 or 16
to 31 (respectively) were considered moderate quality,
whereas those sources with scores of less than 5 or 16
(respectively) were considered low quality. Due to the
scarcity of the literature, all studies were included in
data synthesis or analysis.
All systematic reviews and studies were reviewed
by 2 authors. Any disagreements between the reviewers were resolved by a third author and consensus. If
there were any conflicts of interest with a manuscript
(i.e. authorship), the review authors were recused from
assessment and analysis.

8.5 Outcome of the Studies
For the present analysis, either 50% relief from the
baseline pain score or a change of at least 3 points on
an 11-point pain scale of 0 to 10 or 3-point or 30-point
change on Visual Analog Scale (VAS) of 10 cm or 100
mm was considered clinically significant. For functional
status improvement, a change of 30% or more on disability scores or 50% improvement from baseline was
considered clinically significant.
A study was judged to be positive if the relevance
and effectiveness of the regenerative injection therapy
of interest was demonstrated with either a control
group or upon comparison from baseline to follow-up.
A negative study was defined as one where no differ-
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ence was seen between the treatments or where no
improvement from baseline could be measured. Reference point measurements were considered at 3 months,
6 months, and 1 year.

8.6 Analysis of Evidence
The analysis of the evidence was performed based
on best-evidence synthesis and was modified and collated using multiple available criteria, including the Cochrane Review criteria and the United States Preventive
Task Force (USPSTF) criteria as illustrated in Table 1 (49).
The analysis was conducted using 5 levels of evidence
ranging from strong to opinion- or consensus-based. The
results of best evidence as per grading were utilized. At
least 2 of the review authors independently, in an unblinded, standardized manner, analyzed the evidence.
Any disagreements between reviewers were resolved by
a third author and consensus was attained. If there were
any conflicts of interest (e.g., authorship), these reviewers were recused from assessment and analysis.

8.7 Meta-analysis
The meta-analysis was performed using the Comprehensive Meta-analysis version 3.0 (Biostat Inc., Englewood, NJ). For pain and functional status improvement
data, the studies were reported as standardized mean
differences (SMD) with 95% confidence intervals (CI).
Data were plotted with forest plots to evaluate treatment effects. Heterogeneity was interpreted through
I2 statistic.
Random-effects model (single-arm) meta-analysis
was planned to assess net changes in the same outcome
variable (28,29). Heterogeneity among the effect sizes of
individual studies was assessed using the I2 index and Q
statistic. Heterogeneity analyzed with the I2 statistic was
defined as low (25%–50%), moderate (50%–75%), or
high (> 75%) (269). Subgroup analyses were conducted
based on follow-up periods (6 vs. 12 months or more)
and the injected biologic solution type (MCSs vs. PRP).
We conducted meta-regression analysis to identify factors related to a decrease in the pain score following
therapy.
All analyses were based on each modality of treatment and the solution injected. Short-term improvement was defined as any improvement lasting for
at least 3 months, and long-term improvement was
described as that lasting for 6 months or longer. Metaanalysis was performed only when at least 3 studies
were available and included an appropriate sample size
of at least 10 for nonrandomized studies.
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9.0 Results
Our search strategy utilizing the PRISMA flow diagram as shown in Appendix Fig. 1, illustrated published
literature evaluating regenerative medicine therapies
identifying 5 systematic reviews (25-29) and 26 individual manuscripts which met the criteria for inclusion
(247,253,270-293). All of the individual studies were
included in the recent systematic review by Sanapati et
al (29) since the appropriate methodologic quality, bias
assessment and utilization in qualitative and quantitative evidence synthesis of those manuscripts met the
inclusion criteria.

9.1 Systematic Reviews
The search criteria identified 5 systematic reviews
(25-29). Of these, only 1 systematic review studied MSCs
in spinal cord injury, intervertebral disc repair, and
spinal fusion (25). This review identified almost 2,600
manuscripts; however, only 53 met eligibility criteria.
Of these, there were 28 studies on intervertebral disc
repair, 6 were on spinal cord injury, and 9 were on spinal fusion. This systematic review found that MSCs were
a very good source for treatment of spinal conditions.
They also concluded that, despite the source of cells
which has varied within the publications, the overall
majority of studies used BM-MSCs. Bone marrow has
been described as the gold standard of MSC origin.
The systematic review by Wang et al (27) assessed
the efficacy of intervertebral disc regeneration with
stem cells using a meta-analysis of animal control studies. Consequently, this study was not included in the
evidence synthesis.
The 3 remaining systematic reviews (26,27,29) were
assessed for methodologic quality assessment by PRISMA and AMSTAR. They showed variable quality. Two
systematic reviews included a single arm meta-analysis
(28,29) and both were of high quality by AMSTAR
and PRISMA criteria. The results of the assessment are
shown in Appendix Tables 6 and 7.

9.1.1 Analysis of Systematic Reviews
Wu et al (28) included 6 studies which were eligible
for the review. From baseline to follow-up, they reported a 44.2-point decrease in the pooled mean difference
in pain scores, and a 32.2 point pooled mean difference
in the Oswestry Disability Index (ODI) with no adverse
effects. In view of the improved pain relief and disability scores, they concluded that cell-based therapy is an
option for patients who have discogenic low back pain.
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However, they recommended that stringently designed,
randomized, double blind clinical trials with appropriately determined sample sizes will be needed to confirm
the clinical efficacy and safety of cell-based therapy.
In their analysis, Wu et al (28) reported that 3
studies (253,270,271) used stem cells, 3 studies used
chondrocytes (247,272,273), 5 studies used expanded
cells (247,270-273) and 1 study used unexpanded cells
(253) that were injected into the lumbar disc with a
cell dose range from 1 to 23 ± 5 million cells. The mean
follow-up time among the 6 trials (247,253,270-273)
was 22 months. In 5 of these studies, the post-treatment clinical outcomes were assessed with the Numeric
Rating Scale (NRS) and the Visual Analog Scale (VAS)
(253,270,271,273).
Wu et al (28) also conducted a subgroup analysis
to explore the source of heterogeneity in pain scores
with respect to the follow-up periods (6 months
vs. ≥ 12 months), the injected cell type (stem cell
vs. chondrocyte), and the cell preprocessing conditions (expanded vs. non-expanded). Their analysis
demonstrated no difference in the decreased pain
score among these variables (28). Subsequent metaregression analysis to determine factors that were
related to the decrease in pain scores following stem
cell therapy showed that the pain score decrease was
related to cell type (stem cells vs. chondrocytes), with
stem cells being more effective than chondrocytes in
reducing pain.
In this same systematic review, Wu et al (28) also reviewed the MRI examinations. Four trials had reviewed
the post-treatment MRIs for identification of any interval
changes (247,271-273). One study found improvements in
the post-treatment disc contour or height (272). Another
study assessed the ratio of fluid content in affected discs
compared to healthy discs and found that this ratio was
low at the beginning of the treatment, was unchanged
at 6 months, but showed an increase by 12 months (271).
One study found a substantially higher normalization
of disc fluid content (41%) in the autologous cultured
disc derived chondrocyte treated group when compared
with the control group (25%) (273). Another study (247)
identified stability in the post-treatment MRI findings
that extended over 3 years.
In a systematic review of regenerative therapies
for intervertebral disc degeneration by Basso et al (26),
identified 3 manuscripts that involved the use of PRP,
and 4 manuscripts that involved the use of stem cells.
Of the 7 manuscripts, 3 (247,271,281) manuscripts were
included in the systematic review by Wu et al (28). The
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number of patients included in these studies varied
from 8 to 86. Five of the studies had very small sample
sizes. Only 2 studies had larger sample sizes, 47 and
86. Timing of the follow-up examination was variable,
extending from 8 weeks to 2 years. All of the studies
reported that the intradiscal injection of PRP was safe
and effective in relieving pain and increasing function.
It should be kept in mind that the majority of these
studies were small, observational reports or case series
and, therefore, provide limited evidence for PRP injection therapy in the management of discogenic pain.
The results of the various studies by Basso et al (26),
are included in our tables which summarize the literature for PRP use in the treatment of intervertebral disc
degeneration.
Sanapati et al (29) identified 26 manuscripts, of
which 23 met the criteria for inclusion (247,253,270293) (253,271-281,283-293) following the removal of
duplicate publications (253,281). Three studies using
stem cell therapy were excluded due to a sample size
of fewer than 10 participants (247,270,282). Of the
remaining 20 studies, 1 utilized 3 modalities of treatment (278). Results indicated Level III evidence for disc
injections of PRP and MSCs, and Level IV evidence for
epidural injections, lumbar facet joint injections, and
sacroiliac joint injections. However, single arm metaanalysis was performed only for disc injections and
epidural injections.

9.2 Analysis of Individual Studies
All the initial 26 manuscripts available for inclusion
(247,253,270-293) were considered by Sanapati et al (29)
with rigorous assessment for the inclusion criteria, methodologic quality, and risk of bias assessment and for inclusion in qualitative and quantitative analyses incorporating
best evidence synthesis using a single arm meta-analysis.
Consequently, no additional analysis was performed.
Based on the recent systematic review by Sanapati
et al (29), including all the available manuscripts, and
due to lack of any other manuscripts, no analysis of
individual studies was conducted and the data from
Sanapati et al was adapted.

9.3 Evidence Analysis and Synthesis
Evidence analysis and synthesis was performed for
lumbar discogenic pain, lumbar facet joint pain, and
sacroiliac joint pain. This evidence was adapted from
the systematic reviews of Sanapati et al (29), Wu et
al (28), and Basso et al (26). There was no additional
evidence for inclusion. Summary characteristics of the
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Table 7. Characteristics and outcomes of studies of PRP in intervertebral disc degeneration.

Study Details

Chronicity of Injury
and Biologic Used

Follow-up
Period

Conclusions

Tuakli-Wosornu et al, 2016 (277)

Chronic

One year

Lumbar discogenic pain

PRP injections

Intradiscal injections of PRP x1 showed significant
improvement at 8-week follow-up, with maintained
improvement compared to controls at 1-year
follow-up.

2 years

Intradiscal PRP injections show continued safety
and improvements in pain and function at 2 years
post-procedure

18 months

At 18 months, 15 patients remained for survey
compared to 18 patients surveyed at 6 months:
>50% relief in VAS in 93% of patients at 18 months
(n=14/15) and in 94% of patients (n=17/18) at 6
months (2). Improvement in SF-36 scores in 93% of
patients at 18 months (n=14/15) compared to 100%
(n=18/18) at 6 months.

12 months

Intradiscal injection of autologous PRP releasate in
patients with low back pain was safe with no adverse
events observed during follow-up

Prospective, double-blind,
randomized controlled study, n=47
Monfett et al, 2016 (276)

Chronic

Lumbar discogenic pain, lumbar
disc degeneration

PRP injections

Prospective trial, n=29
Navani et al, 2018 (274)

Chronic

Lumbar discogenic pain

PRP, single injection, 2mL
injected up to 3 disc levels

Prospective case series n=20

Akeda et al, 2017 (279)

Chronic

Lumbar discogenic pain

PRP injections

The results showed reduction in mean pain scores
at one month, sustained throughout the observation
periods of 6 months and 12 months.

Preliminary clinical trial, n=14

Levi et al, 2016 (275)

Chronic

Lumbar discogenic pain

PRP, single injection

6 months

Single or multiple levels (up to 5) of discogenic pain
injected with PRP showed encouraging improvement,
with more patients developing improvement over time.
Cohort up to 6 months.

6 months

Fluoroscopy-guided infiltrations of intervertebral discs
and facet joints with PRGF in patients with chronic
low back pain resulted in significant pain reduction
assessed by VAS.

Prospective trial, n=8
Kirchner and Anitua, 2016 (278)

Chronic

Lumbar disc degeneration

PRGF-Endoret

Observational retrospective pilot
study, n=86

The results showed reduction of the VAS over time.
The study ended at 6 months with 91% of the patients
showing an excellent score, 8.1% showing moderate
improvement, and 1.2% showing lack of response.

PRP=platelet-rich plasma; PRGF = plasma rich in growth factors; VAS = Visual Analog Scale; SF-36= 36-item Short Form Survey
Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review and
metaanalysis. Pain Physician 2018; in press (29).

included studies are described in Tables 7-11. Methodologic quality assessment of all the manuscripts are
shown in Tables 12-14.

9.3.1 Lumbar Disc Injections
9.3.1.1 Platelet-Rich Plasma
Both the methodologic quality assessment and the
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risk of bias assessment have shown that the RCT (277)
was of high quality based on the Cochrane review criteria and the IPM-QRB criteria as demonstrated in Tables
12 and 13 (29). All of the observational studies were of
moderate quality (274-276,278,279) as assessed by the
IPM-QRBNR criteria and as depicted in Table 14 (29).
Study characteristics are described in Table 7. Since
there was only 1 RCT meeting the criteria (277), a 2-arm
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Prospective
cohort

Follow-up=1 year

Sample size =15

Coric et al, 2013
(272)

Prospective,
open-label,
non-randomized,
2-arm study

Follow-up=3
years

Sample size =26

Pettine et al,
2015, 2016, 2017
(253,280,281)

RCT

Follow-up = 12
months

Patient age (yrs)=
19–47 years
(median 40)

15 patients with
single-level,
symptomatic
lumbar DDD
from L-3 to S-1
and medically
refractory low back
pain

Patient age (yrs)=
18–61 years
(median 40)

26 patients
presented with
symptomatic
moderate to severe
discogenic low
back pain

Patient age (yrs)
mean age ± SE =
38±2 s

24 patients with
chronic low back
pain with lumbar
disc degeneration
and unresponsive
to conservative
treatments were
randomized into 2
groups.

Noriega et al,
2017 (283)

Sample size = 24

Population

Study Details

Expanded
allogeneic
juvenile
chondrocyte
cells
Mean 1.3mL (1–2 mL,
107/mL) cells solution was
injected in the center of
the disc space

2–3mL of bone marrow
concentrate was injected
in lumbar disc (1.66_106/
mL)

The intervention group
received allogeneic
bone marrow MSCs by
intradiscal injection of 25
X 10, 6 cells per segment
under local anesthesia

Allogeneic bone
marrow MSCs
by intradiscal
injection
or a sham
infiltration of
paravertebral
musculature
with anesthetic

Autologous
bone marrow
concentration
(nonexpanded)

Cell or Solution Dose
and Delivery Pathway

Cell/Solution
Type

• The mean ODI, NRS, and Short-form-36
physical component summary scores all improved
significantly from baseline
• Ten (77%) of these 13 patients exhibited
improvements on MRI. Of these, the HIZ was
either absent or improved in 8 patients (89%) by
6 months
• Of the 10 patients who exhibited radiological
improvement at 6 months, findings continued
to improve or were sustained in 8 patients at the
12-month follow-up
• Only 3 patients (20%) underwent total disc
replacement by the 12-month follow-up due to
persistent, but not worse than baseline, LBP

• The average ODI and VAS scores were reduced
to 22.8 and 24.4 at 3 months. After 36 months, 6
patients proceeded to surgery.
• After 36 months, 20 of the 26 patients reported
average ODI and VAS improvement to 17.5 ± 32
and 21.9 ± 4.4 respectively.
• One year MRI indicated 40% of patients
improved one modified Pfirrmann Grade and no
patient worsened radiographically.

ODI, VAS, and
MRI

ODI and NRS
scores, 36-item
Short Form
Health Survey
and MRI

• MSC-treated patients displayed a quick and
significant improvement in all algofunctional
indices versus the controls.
• Both lumbar pain and disability were
significantly reduced at 3 months and
improvement was maintained at 6 and 12 months.
Overall there was an average 28% improvement in
pain and disability one-year after the intervention.
• Only 5 of the 12 outcomes in patients (40%)
receiving MSCs were described as perfect
treatment with 100% improvement.

Results

VAS, ODI,
MRI, SF-12

Outcome
Parameters

Table 8. The characteristics and outcomes of the included studies of stem cell therapy in disc degeneration.

• The results of this
prospective cohort are
promising with 77% of
patients improving
• Positive result

• At 36-month follow-up,
6 of 26 patients progressed
to surgery. The remaining
20 patients (77%) reported
significant ODI and VAS
improvements.
• Authors concluded that
there were no adverse effects
and the study provided
evidence of safety and
feasibility of intradiscal BMC
therapy.

• 28% improvement in all
patients
• 40% of patients perfect
result
• Positive result

Conclusion
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Patient age
(yrs)=20-29 years

Prospective
clinical study

Follow-up=3
years

Sample size =9

Patient age
(yrs)=between 19
& 70

9 patients with
Pfirrmann
grade III disc
degeneration and
posterior lumbar
intervertebral
fusion.

Mochida et al
(247)

Phase 1 study

Follow-up = 1
year

Sample size = 10

One million activated
autologous NP cells
were injected into the
degenerated disc 7 d after
fusion surgery

JOA scoring
and MRI

• Clinical outcomes based on Japanese
Orthopedic Association (JOA) scoring system for
low back pain showed significant improvement
from 14.2 ± 4.8 points preoperatively to 27.2 ±
1.6 points at 3 years after transplantation of the
activated NP cells (maximum possible score of
29 points)
• The JOA scoring system also showed
improvement in low back pain subscale from 1.2
± 0.5 points preoperatively to 2.7 ± 0.2 points at
3 years after the transplantation with maximum
possible score of 3 points for no pain
• No adverse effects were observed during the
3-year follow-up period

• Significant improvement in
function and pain scores was
reported
• This study confirmed the
safety of activated NP cell
transplantation, and the
findings suggest the minimal
efficacy of this treatment to
slow the further degeneration
of human intervertebral discs

• 60% significant
improvement with no
adverse effect
• Authors concluded that
combined implantation of
AT-MSCs and hyaluronic
acid derivative in chronic
discogenic low back pain is
safe and tolerable
• Positive result

• VAS, ODI, and SF-36 scores significantly
improved in both groups receiving both low and
high cell doses, and did not differ significantly
between the 2 groups
• At 12-month follow-up 7 patients reported 50%
or greater improvement in VAS
• 6 patients achieved treatment success with pain
reduction of 50% or greater and improvement on
disability scores on ODI
• Among 6 patients who achieved significant
improvement in VAS, ODI, and SF-36, 3 patients
were determined to have increased water content
based on an increased apparent diffusion
coefficient on diffusion MRI

VAS, ODI,
Short-form 36,
lumbar spine
x-ray, MRI

A single intradiscal
injection at a dose of 2 X
107 cells/disc (N=5) or 4
X 107 cells/disc (N=5)

Combined
hyaluronic acid
derivative and
AT-MSCs

10 patients with
chronic low back
pain lasting for
more than 3
months with a
minimum intensity
of 4/10 on a visual
analog scale and
disability level
≥ 30% on the
Oswestry Disability
Index.

Kumar et al, 2017
(284)

Autologous
cultured nucleus
pulposus
chondrocytes
that cocultured
with MSCs

• Authors concluded that
MSC therapy may be a valid
alternative treatment for
chronic back pain caused by
degenerative disc disease.
• They also concluded that
advantages over current gold
standards include simpler
and more conservative
intervention without surgery,
preservation of normal
biomechanics, and same or
better pain relief

• Patients exhibited rapid improvement of pain
and disability (85% of maximum in 3 months)
that approached 71% of optimal efficacy
• This study confirmed feasibility and safety with
identification of strong indications of clinical
efficacy

ODI and VAS
scores and MRI

Conclusion

23±5X106 autologous
expanded BMSCs was
injected into the nucleus
pulposus area

Results

Autologous
expanded
bone marrow–
derived
mesenchymal
stem cells

Outcome
Parameters

Orozco et al, 2011 10 patients with
(271)
degenerative
disc disease and
Sample size =10
persistent low-back
pain (>6 months;
Follow-up=1 year decrease of disc
height >50%;)
Pilot phase 1 trial
Patient age (yrs)=
35_7 (mean_SD)

Population

Cell or Solution Dose
and Delivery Pathway

Study Details

Cell/Solution
Type

Table 8 con’t. The characteristics and outcomes of the included studies of stem cell therapy in disc degeneration.
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Patient age (yrs)=
18–75 years

Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review and metaanalysis. Pain Physician 2018; in press (29).

Follow-up=2
years

Sample size =12

www.painphysicianjournal.com

RCT = randomized controlled trial; BMSCs= Bone marrow derived stem cells; MSCs=medicinal signaling cells or mesenchymal stem cells; JOA = Japanese Orthopedic Association; MRI = magnetic
resonance imaging; NP = nucleus pulposus; DDD=degenerative disc disease; BMC = bone marrow concentrate; LBP=low back pain; NRS = Numerical Rating Scale; ODI = Oswestry Disability Index;
VAS =Visual Analog Scale; SD=standard deviation; SF-12=12-item short-form survey; HIZ-high intensity zone; adipose-tissue derived mesenchymal stem cells (AT-MSCs)

• Significant improvement
• Positive result
• The median total Oswestry Score was 2 in the
autologous disc chondrocyte transplantation
(ADCT) group compared with 6 in the control
group. Decreases in the Disability index in
autologous disc chondrocyte transplantation
(ADCT)-treated patients correlated with the
reduction of low back pain
• Decreases in disc height over time were only
found in the control group, and of potential
significance, intervertebral discs in adjacent
segments appeared to retain hydration when
compared to those adjacent to levels that had
undergone discectomy without cell intervention
ODI and VAS
scores and MRI
Cells are injected into disc
approximately 12 weeks
following discectomy.
The cell dose was not
mentioned
Patients with
discogenic pain
after repeat
discograms.
Patients were
treated with cell
therapy at least 3
months post the
endoscopic.
Meisel et al, 2006
(273)

Autologous
cultured
disc-derived
chondrocytes
(from surgical
treatment
of their disc
prolapse)

Results
Outcome
Parameters
Cell or Solution Dose
and Delivery Pathway
Cell/Solution
Type
Population
Study Details

Table 8 con’t. The characteristics and outcomes of the included studies of stem cell therapy in disc degeneration.
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meta-analysis was not feasible (29). Thus, a single-arm
meta-analysis was performed which included all of the
studies. Since the study details of the RCT were only
available through 8 weeks, the data from the RCT was
not included in the long-term assessment. Figure 26
shows the single-arm meta-analysis from the decreased
pain score data obtained after the 6-month follow-up
evaluation. With a pooled sample size of 171, 5 of the
studies demonstrated a decrease in the pain scores following treatment (274-276,278,279). The pooled mean
difference in pain scores from baseline to 6-month
follow-up was 40.29 ± 13.76 points (95% CI: -67.25 to
-13.33, P < 0.001, I2 93.3%). Heterogeneity across the
studies was high (I2 = 98%).
Figure 26 shows the pain relief data obtained
from the 12-month follow-up evaluation. Three studies with a pooled sample size of 63, were included and
demonstrated a decrease in post-treatment pain scores
(274,276,279). The pooled mean difference in pain scores
from baseline to 12-month follow-up was 34.405 ± 6.879
points (95% CI: -47.88 to -20.92, P <0 .013, I2 77.2%).
Heterogeneity across the studies was high (I2 = 77%).
The authors of the 3 studies utilized different tools for
functional improvement, and detailed data from their
findings was not available. As a result, a meta-analysis of
functional improvement data was not feasible.

9.3.1.2 Medicinal Signaling Cells or Mesenchymal
Stem Cells
A total of 9 manuscripts studying MSCs as cellbased therapies for lumbar discogenic low back pain
(247,253,270-273,280-284) were identified (29). Of
these, there was one RCT (283). Three manuscripts reported data from only a single study (253,280,281), 2
studies had a small sample size of only 2 patients each
(270,282), and 1 study had a sample size of 9 patients
(247). Consequently, only 6 studies met the inclusion
criteria (271-273,280,283,284). The methodologic quality and risk of bias assessment of these studies showed
high quality evidence for the RCT (283) based on both
the Cochrane review and the IPM-QRB criteria as shown
in Tables 12 and 13 (29). Five of the observational studies that met inclusion criteria showed moderate quality
(271-273,280,284) utilizing the IPM-QRBNR criteria as
shown in Table 14 (29).
Table 8 breaks down the characteristics and outcomes of these MCS therapy for lumbar discogenic pain
studies (29).
Because Sanapati’s et al’s (29) systematic review
contained data from only a single RCT (283), a 2-arm
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Observational
retrospective pilot
study

Follow-up = 6
months

Sample size=86
patients

Kirchner and
Anitua, 2016 (278)

Prospective
evaluation

Sample size=20
patients
Follow-up= 6
months

39 males: age
range 29 to 79
years, median
age 55

47 females:
age range 22
to 81, median
age 58

86 patients
86 patients each
received one
intradiscal, one
intraarticular
facet and one
transforaminal
epidural
injection of
plasma rich in
growth factors

Kumar et al, 2015
(292)

Transforaminal injection of 2 mL
of activated PRGF after intradiscal
injection of 4 mL of PRGF and facet
joint infiltration

• Interlaminar injection with 2 mL of
contrast followed by 2 mL of ACS
• A maximum of 3 injections at 7 days
interval were given based on the clinical
response
• 20 patients received number of
injections ranging from 1 to 3

ACS

Patients
suffering
with lumbar
radicular
Sample size=470
pain and
Follow-up=2 years MRI findings
that were
Prospective registry consistent
with
symptoms.

Centeno et al, 2017
(291)

Randomized
controlled trial

20 patients
with unilateral
lumbar
radiculopathy

• Transforaminal or interlaminar
epidural injection under fluoroscopic
guidance. The final injectate consisted
of plasma lysate 50% by volume,
4% lidocaine at 25% by volume,
and compounded preservative free
100 to 200 nanograms per mL of
hydrocortisone at 25% by volume
• For transforaminal and interlaminar
epidural injections, 3 to 5 cm3 volume
was injected

Platelet lysate

Patient age
(yrs)=29-81
(mean 53.9)

Follow-up = 6
months

Sample size=84

Transforaminal or perineural injection
of ACS once per week for 3 consecutive
weeks. Perineural space was approached
through interlaminar space with
injection of 1 mL of local anesthetic and
autologous serum in Group 3. Group 1
and 2 received 1 mL of local anesthetic
plus 10 mg of triamcinolone or 5 mg of
triamcinolone

IL-1 RAenriched
autologous
conditioned
serum
(Orthokine;
ACS

84 patients
with chronic
lumbar
radicular pain

Becker et al, 2007
(293)

Cell or Solution Dose and Delivery
Pathway

Cell/Solution
Type

Population

Study Details

Table 9. Summary of lumbar epidural injection PRP studies published to date.

VAS

• At the end of the study (6 months),
90.7% of the patients showed an
excellent score, 8.1% showed a moderate
VAS score, and 1.2% of patients were
included in the ineffective score group
• There were no major adverse events

• There was significant improvement
in pain relief and function with VAS
improving from 6.95 to 2.0 and ODI
improving from 27.9 to 8.5.
• 5 patients (20%) had complications
which were immediate and systematic
rather than local and were of short
duration lasting less than 30 minutes

• Patients treated with platelet lysate
epidurals reported significantly lower
NPS and FRI change scores at all time
points compared to baseline
• Posttreatment FRI change score
means exceeded the minimal clinically
important difference beyond one month
• Average modified SANE rating
showed 49.7% improvement at 24
months posttreatment
• 29 or 6.3% patients reported mild
adverse events related to treatment.

NPS, Modified
SANE rating,
FRI

VAS, ODI

• Patients in all 3 groups improved
comparably. Results were significant
within each treatment group from week
12 to the final evaluation at week 26,
injections with ACS showed a consistent
pattern of superiority over both
triamcinolone groups with VAS, with
no significant difference for ODI among
the groups

Results

VAS, ODI

Outcome
Parameters

• Approximately 90% of the
patients improved after 6
months
• Positive study
• Results are unreliable
because of observational study
and multiple injections into
the disc, facet joint and with
transforaminal application
• Number of injections are
unknown

• Positive results with injection
of ACS with disease modifying
course with reduction of pain
and disability
• Small sample size with
injection of contrast, which may
diminish the effect of ACS

• Positive results with registry
presenting real world data.
• A large proportion of patients
withdrawn
• 36% of the patients failed to
provide baseline NPS data
• Information on number of
procedures is unknown
• 26% of the patients failed
to show any significant
improvement

• ACS showed similar response
to triamcinolone injection
with local anesthetic initially;
however, with significant
improvement at 26 weeks
with pain relief, but not with
function. Results similar to local
anesthetic and steroid injections
• One of the limitations in this
trial is that of multiple injections

Conclusion

Pain Physician: Guidelines Issue 2019; 22:S1-S74

www.painphysicianjournal.com

Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review and metaanalysis. Pain Physician 2018; in press (29).

Prospective
evaluation

Follow-up=3
months

Sample size=10
patients

www.painphysicianjournal.com

ODI = Oswestry Disability Index; VAS =Visual Analog Scale; PRGF=platelet-rich growth factor; PRP=platelet-rich plasma; ACS=Autologous conditioned serum; NPS=Numeric Pain Score;
SANE=Single Assessment Numeric Evaluation, FRI=Functional Rating Index

Autologous PRP can be
considered as a good alternative
to epidural steroids and surgery
in management of patients with
chronic prolapsed intervertebral
disc.
Patients who had received epidural
injections of autologous PRP showed
improvements in their scores of
evaluation tools. Improvement was
sustained during the 3 month study
period and was not associated with any
complications.
Platelet-rich
plasma
Bhatia & Chopra,
2016 (290)

10 patients
with findings
of lumbar disc
herniation/
prolapse in
MRI, or either
sex with age
less than 65
years

Interlaminar epidural injection with 2
mL of PRP

VAS and ODI

Conclusion
Cell or Solution Dose and Delivery
Pathway
Cell/Solution
Type
Population
Study Details

Table 9 con’t. Summary of lumbar epidural injection PRP studies published to date.

Outcome
Parameters

Results
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meta-analysis was not feasible. They performed a
single-arm meta-analysis utilizing the 6 available studies in addition to the single RCT (271-273,280,283,284).
Inclusion of these 6 studies revealed a pooled sample
size of 71 (271-273,281,283,284).
Based on a single arm meta-analysis, Fig. 27 plots
the changes in the pain scores (271-273,281,283,284).
The pooled mean difference in the decreased pain
scores from baseline to the 12 month follow-up was
36.943 points (95% CI: -49.855 to -24.030, P < 0.001.
Heterogeneity across the studies was high (I2 =86%).
Figure 28 shows the functional scores. Six studies
reported an ODI assessment (271-273,281,283,292). This
data was available over 12 months. The pooled mean
difference in the decreased disability scores from baseline to the 12-month follow-up was 26.342 points (95%
CI: -32.359 to -20.325, P < 0.001). Heterogeneity across
the studies was moderate (I2 =55%).

9.3.2 Epidural Injections
Multiple biologics have been administered epidurally in the management of radicular pain (278,290-293).
However, only preliminary data is available for these
studies. There has been only 1 randomized, double
blind, reference-controlled study that has evaluated
epidurally administered biologics for the treatment of
radicular pain (293). The others have been prospective
or retrospective observational studies (278,290-292).
The only systematic review assessing epidural biologic
injections was performed by Sanapati et al (29). Methodologic quality and risk of bias assessment of their
included studies (29) showed that one RCT was of high
quality (293) based on the Cochrane review and the
IPM-QRB criteria as shown in Tables 12 and 13. The assessment of observational studies by the IPM-QRBNR
demonstrated moderate quality for each of these studies as shown in Table 14 (278,290-292).
Since there was only 1 randomized, double-blind,
controlled trial (293), a 2-arm systematic review was
not feasible (29). Consequently, a single-arm systematic
review and meta-analysis was performed (Fig. 29) (29).
Table 9 shows summary characteristics of lumbar
epidural injections of PRP studies.

9.3.3 Lumbar Facet Intraarticular Injections
The literature search by Sanapati et al (29) regarding the use of regenerative therapies for lumbar facet
joint pain yielded 3 studies that assessed the role of PRP
in lumbar facet joint injections (278,285,286). Of these 3
studies, only 1 study was randomized in its comparison of
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Table 10. Summary of lumbar facet joint PRP studies published to date.

Study Details

Methods

Results

Conclusion

Wu et al, 2017 (286)

Follow-up=6 months

46 patients with lumbar facet
syndrome were randomized
to intra-articular injections
of PRP versus local
anesthetic/corticosteroid

Prospective randomized trial
Chronic facet joint pain

Outcomes were assessed
with VAS, ODI, and RMDQ

• Back pain improved in both groups
immediately and at one month follow-up
• At 3 months, back pain relief was superior
in PRP injection group compared to steroid
group
• Functional status improvement was
observed in both groups; however, at 3
months, there was significant improvement
in PRP group compared to steroid group
• Highest objective success rate with over
50% pain relief in 81% was found at 3 and
6 months after treatment, whereas highest
success rate in 85% of the patients in the
steroid group dissipated after one month

• There was significant
improvement in both
groups in short-term.
However, improvement was
long lasting for 6 months in
PRP group
• Positive study
• Limited with a small
number of patients

Wu et al, 2016 (285)

19 patients with lumbar
facet syndrome given intraarticular injections of PRP

• 79% of the patients reported satisfactory
improvement with good or excellent at 3
month follow-up after injection of PRP
• ODI and RMDQ were also significantly
improved. There were no adverse events.
A positive small study of intraarticular
injection of autologous PRP

Positive results in a study
with a small number of
patients and relatively short
follow-up of 3 months

VAS showed a statistically significant drop
at 1, 3, and 6 months after the treatment
(P < 0.0001) except for the pain reduction
between the 3rd and 6th month whose
signification was lower (P < 0.05).

• Positive study with
multiple drawbacks with
multiple injections in
each setting with injection
into disc, facet joint, and
epidural space
• Extremely high positive
results in a low quality
observational study

Sample size=46

Sample size=19
Follow-up=3 months
Prospective clinical evaluation
Chronic facet joint pain
Kirchner and Anitua, 2016 (278)
Sample size=86
Follow-up = 6 months
Observational retrospective pilot
study, n=86 humans

Outcomes were assessed
with VAS, ODI, and RMDQ

One intradiscal, one intraarticular facet, and one
transforaminal epidural
injection of PRGF under
fluoroscopic guidancecontrol were carried out in
86 patients with chronic LBP.

Facet Joint Syndrome

VAS=visual analog scale; ODI=Oswestry Disability Index; RMDQ=Roland Morris Disability Questionnaire; PRP=platelet-rich plasma;
PRGF=platelet-rich growth factor; LBP=low back pain
Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review and
metaanalysis. Pain Physician 2018; in press (29).

PRP to a local anesthetic combined with a corticosteroid
(286). The methodologic quality assessment of lumbar
facet intraarticular injections demonstrated that the single RCT (286) was of high quality by the Cochrane review
quality and the IPM-QRB criteria as shown in Tables 12
and 13. The remaining 2 studies (278,285) demonstrated
moderate quality based on the IPM-QRBNR criteria as
shown in Table 14. Of the 3 studies, 2 were performed
by the same group of authors and had sample sizes of
19 (285) and 46 (286). The third study performed by
Kirchner and Anitua (278) was a complicated study using multiple injections (intradiscal, facet joint, as well as
transforaminal) and reported excellent results. Because
of the limitations of these 3 studies, a meta-analysis
could not be performed. The summary characteristics of
these studies are listed in Table 10.
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9.3.4 Sacroiliac Joint Injection
The effectiveness of biologicals, specifically PRP,
has been evaluated by 1 RCT (287) and 2 observational
studies (288,289). The methodologic quality and risk
of bias assessment of sacroiliac joint injections showed
that the RCT (287) was of high quality based on the
Cochrane review criteria and was of moderate quality
based on the IPM-QRB criteria as shown in Tables 12
and 13. Of the 2 observational studies (288,289), 1 study
was of moderate quality (288) while the second study
one was of low quality (289) as shown in Table 14.
Because of the minimal number of studies with
only 1 study performed as an RCT (287-289), a metaanalysis could not be performed. Table 11 describes
a summary of the studies of sacroiliac joint PRP
injections.
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Table 11. Summary of sacroiliac joint injection PRP studies published to date.

Study Details
Singla et al, 2017 (287)

Methods

Results

Conclusion

Prospective, randomized open
blinded endpoint study

Patients were randomized into 2 groups
with one group receiving 1.5 mL of
methylprednisolone 40 mg/mL and
1.5 mL of 2% lidocaine with 0.5 mL of
saline, whereas, PRP group receiving 3
mL of leukocyte free PRP with 0.5 mL
of calcium chloride with ultrasound
guided sacroiliac joint injection

Chronic low back pain with
sacroiliac joint pathology

Outcomes were assessed with VAS
scores, ODI, and SF-12

Navani & Gupta, 2015 (288)

Sacroiliac joint injection under
fluoroscopic guidance with PRP

• All patients improved 3 months post
injection and maintained low pain levels
not requiring any additional treatment
up to 6 months post injection
• SF-36 demonstrated improvement
in both physical component summary
scores and mental component summary
scores in all patients
• No adverse events

Sacroiliac joint injection with PRP
under ultrasound

• At 12-month follow-up there was
PRP showed long lasting
marked improvement in joint stability, a positive results in this
statistically significant reduction in pain, short case series of 4
and improvement in quality of life
• The clinical benefits of PRP were still
significant at 4 years post treatment

Sample size=40
Follow-up=3 months

Sample size=10 (4 males, 6
females) with sacroiliac joint pain
of greater than 6 months duration
Age Distribution=5 patients
below 40 and 5 patients over 40
Sacroiliac joint pain
Ko et al, 2017 (289)
Sample size=4
Follow-up=2 yrs.
Case series

Outcomes were assessed with Short
form, McGill Pain Questionnaire,
NRS, and ODI

• At 3-month follow-up, 90% of the
patients reported satisfactory relief
with PRP; whereas, satisfactory relief
was observed in 25% of the patients
receiving steroids.
• A strong association was observed
in patients receiving PRP and showing
a reduction of VAS of greater than 50%
from baseline

• Positive first
prospective, randomized
study
• Small number of
patients

A positive case series of
10 patients

PRP=platelet-rich plasma; SF-36=36-item short form health survey; VAS=Visual Analog Scale; ODI=Oswestry Disability Index; SF-12=12-item
short form health survey; NRS=Numeric Rating Scale
Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review and
metaanalysis. Pain Physician 2018; in press (29).

Table 12. Methodological quality assessment of randomized trials utilizing Cochrane review criteria.

Tuakli-Wosornu
et al (277)

Becker et
al (293)

Wu et al
(286)

Singla et
al (287)

Noriega et
al (283)

Randomization adequate

Y

Y

Y

Y

Y

Concealed treatment allocation

Y

Y

Y

Y

Y

Patient blinded

Y

Y

Y

Y

Y

Care provider blinded

Y

N

Y

N

N

Outcome assessor blinded

Y

Y

Y

Y

Y

Drop-out rate described

Y

Y

Y

Y

Y

All randomized participants analyzed in the group

Y

Y

Y

Y

Y

Reports of the study free of suggestion of selective outcome reporting

Y

Y

Y

Y

Y

Groups similar at baseline regarding most important prognostic
indicators

Y

Y

Y

Y

Y

Co-interventions avoided or similar

Y

Y

Y

Y

Y

Compliance acceptable in all group

Y

Y

Y

Y

Y

Time of outcome assessment in all groups similar

Y

Y

Y

Y

Y

Are other sources of potential bias likely
Score

Y

Y

Y

Y

Y

13/13

12/13

13/13

12/13

12/13

Y = Yes; N = No; U = Unclear
Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review and
metaanalysis. Pain Physician 2018; in press (29).
www.painphysicianjournal.com
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Table 13. Methodologic quality assessment of randomized trials utilizing IPM – QRB.

I.

TuakliWosornu
et al (277)

Becker et Wu et al Singla et Noriega
al (293) (286)
al (287) et al
(283)

0

0

0

0

0

2

2

2

3

TRIAL DESIGN AND GUIDANCE REPORTING

1.

CONSORT or SPIRIT

II.

DESIGN FACTORS

2.

Type and Design of Trial

3

3.

Setting/Physician

3

2

3

3

1

4.

Imaging

3

3

3

1

3

5.

Sample Size

2

2

2

1

0

6.

Statistical Methodology

1

2

1

1

1

III.

PATIENT FACTORS

7.

Inclusiveness of Population

2

2

2

2

2

8.

Duration of Pain

2

2

2

2

2

9.

Previous Treatments

2

2

2

2

2

2

2

1

0

2

2

4

1

4

10.

Duration of Follow-up with Appropriate Interventions

IV.

OUTCOMES

11.

Outcomes Assessment Criteria for Significant Improvement

2

12.

Analysis of all Randomized Participants in the Groups

2

2

2

2

2

13.

Description of Drop Out Rate

1

1

1

1

1

14.

Similarity of Groups at Baseline for Important Prognostic Indicators

2

2

2

2

2

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2
1

15.

Role of Co-Interventions

V.

RANDOMIZATION

16.

Method of Randomization

VI.

ALLOCATION CONCEALMENT

17.

Concealed Treatment Allocation

VII.

BLINDING

18.

Patient Blinding

1

2

1

1

19.

Care Provider Blinding

1

0

0

0

0

20.

Outcome Assessor Blinding

1

2

1

1

0

VIII.

CONFLICTS OF INTEREST

21.

Funding and Sponsorship

0

2

0

0

3

22.

Conflicts of Interest

2

2

2

2

0

37

39

36

29

34

TOTAL

Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review and
metaanalysis. Pain Physician 2018; in press (29).

9.4 Assessment of Evidence
Evidence was assessed for intradiscal, epidural,
lumbar facet, and sacroiliac joint injections.

9.4.1 Intradiscal Injections
Evidence for intradiscal injections was based on the
use of 2 injected biologicals, either PRP or MSCs.
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9.4.1.1 Platelet-Rich Plasma
Based on the available evidence, including 1
high-quality RCT (90), multiple moderate-quality observational studies (274-276,278,279), a single-arm
meta-analysis, and evidence from a systematic review
(26), the qualitative evidence has been assessed as Level
III (on a scale of Level I through V) using a qualitative

www.painphysicianjournal.com
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PATIENT FACTORS

Inclusiveness of Population

Duration of Pain

Previous Treatments

Duration of Follow-up with Appropriate Interventions

OUTCOMES

Outcomes Assessment Criteria for Significant Improvement

Description of Drop Out Rate

Similarity of Groups at Baseline for Important Prognostic
Indicators

Role of Co-Interventions

ASSIGNMENT

III.

7.

8.

9.

10.

IV.

11.

12.

13.

14.

V.

31

1

0

2

0

2

2

4

2

2

4

2

0

3

2

2

3

26

2

0

2

0

2

2

2

2

2

4

0

0

3

3

1

1

26

1

0

2

0

2

2

2

2

2

4

0

0

3

2

1

3

Levi et al
(275)

23

1

0

2

0

2

0

3

2

2

4

0

0

3

2

1

1

Coric et
al (272)

24

1

0

2

0

2

0

3

2

2

4

0

0

3

2

1

2

Orozco
et al
(271)

24

1

0

2

0

2

0

4

2

2

4

0

0

3

2

1

1

Meisel et
al (273)

27

1

0

2

0

2

2

3

2

2

4

0

0

3

2

2

2

Kumar et
al (284)

23

0

0

2

0

2

0

4

2

2

4

0

0

3

2

1

1

Monfett et
al (276)

Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review and metaanalysis. Pain Physician 2018; in press (29).

TOTAL

Funding and Sponsorship

Statistical Methodology

6.

16.

Sample Size

5.

Method of Assignment of Participants

Imaging

4.

CONFLICTS OF INTEREST

Setting/Physician

3.

VI.

Study Design and Type

2.

15.

STROBE or TREND GUIDANCE

DESIGN FACTORS

II.

STUDY DESIGN AND GUIDANCE REPORTING

1.

I.

Pettine et al
Navani et
(253,280,281) al (274)

Table 14. IPM checklist for assessment of nonrandomized or observational studies meeting inclusion criteria utilizing IPM - QRBNR.
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Setting/Physician

Imaging

Sample Size

Statistical Methodology

PATIENT FACTORS

Inclusiveness of Population

Duration of Pain

Previous Treatments

Duration of Follow-up with Appropriate Interventions

OUTCOMES

Outcomes Assessment Criteria for Significant Improvement

Description of Drop Out Rate

Similarity of Groups at Baseline for Important Prognostic
Indicators

Role of Co-Interventions

ASSIGNMENT

Method of Assignment of Participants

3.

4.

5.

6.

III.

7.

8.

9.

10.

IV.

11.

12.

13.

14.

V.

15.

22

2

0

2

0

2

0

2

2

1

2

2

0

3

2

1

1

29

2

0

2

0

2

2

3

2

2

4

2

0

3

2

1

2

Kirchner
& Anitua
(278)

28

2

0

2

0

2

2

1

2

2

4

2

0

3

2

2

2

Wu et al
(285)

26

2

0

2

0

2

2

2

2

2

4

0

0

3

3

1

1

Navani
&
Gupta
(288)

15

2

0

2

0

2

2

0

2

2

1

0

0

1

1

0

0

Ko et al
(289)

20

2

0

2

0

2

0

0

2

2

0

0

0

3

3

2

2

Bhatia &
Chopra
(290)

24

2

0

2

0

2

1

0

2

2

2

2

0

3

3

2

1

Centeno
et al
(291)

26

2

0

2

0

2

1

2

2

2

2

2

0

3

2

1

2

Kumar
et al
(292)

Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review and metaanalysis. Pain Physician 2018; in press (29).

TOTAL

Funding and Sponsorship

Study Design and Type

2.

16.

DESIGN FACTORS

II.

CONFLICTS OF INTEREST

STROBE or TREND GUIDANCE

1.

VI.

STUDY DESIGN AND GUIDANCE REPORTING

I.

Akeda et al
(279)

Table 14 (cont.). IPM checklist for assessment of nonrandomized or observational studies of IPM techniques utilizing IPM - QRBNR.
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Fig. 25. Decreased pain score (numerical rating scale or visual analog scale, 0-100) after treatment (6-month follow-up data) of
lumbar disc injections of PRP.
Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review
and metaanalysis. Pain Physician 2018; 21:515-540 (29).

Fig 26. Pain scores (numerical rating scale or visual analog scale, 0-100) after treatment (12-month follow-up data) with lumbar
disc PRP injections.
Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review
and metaanalysis. Pain Physician 2018; 21:515-540 (29).

Fig 27. Changes in pain score (numerical rating scale or visual analog scale, 0-100) after treatment (12 months follow data) of
cell therapy of lumbar disc.
Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review and
metaanalysis. Pain Physician 2018; 21:515-540 (29).
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Fig 28. Changes in Oswestry Disability Index (ODI) after treatment (12 months follow data) of cell therapy of lumbar disc.
Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review
and metaanalysis. Pain Physician 2018; 21:515-540 (29).

Fig 29. Changes in pain scores (0-100) after treatment (6 months follow data) of epidural PRP injections.
Adapted from: Sanapati J, et al. Do regenerative medicine therapies provide long-term relief in chronic low back pain: A systematic review
and metaanalysis. Pain Physician 2018; 21:515-540 (29).

modified approach to the grading of evidence based on
best-evidence synthesis.

9.4.1.2 Medicinal Signaling Cells or Mesenchymal
Stem Cells
Based on the available evidence with a high-quality RCT (283), multiple moderate-quality observational
studies (271-273,280,284), a single-arm meta-analysis,
and 2 systematic reviews (26,28), the qualitative evidence has been assessed as Level III (on a scale of Level I
through V) using a qualitative modified approach to the
grading of evidence based on best evidence synthesis.

9.4.2 Epidural Injections
Based on 1 high-quality RCT (293), multiple rele-
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vant moderate-quality observational studies (278,290293) and a single-arm meta-analysis, the qualitative
evidence has been assessed as Level IV (on a scale
of Level I through V) using a qualitative modified
approach to the grading of evidence based on best
evidence synthesis.

9.4.3 Lumbar Facet Joint Injections
Based on 1 high-quality RCT (286) and 2 moderate-quality observational studies (278,285), the
qualitative evidence for facet joint injections with
PRP has been assessed as Level IV (on a scale of Level
I through V) using a qualitative modified approach
to the grading of evidence based on best evidence
synthesis.
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9.4.4 Sacroiliac Joint Injection
Based on 1 high-quality RCT (287), 1 moderatequality observational study (288), and 1 low-quality
case report (289), the qualitative evidence has been
assessed as Level IV (on a scale of Level I through V)
using a qualitative modified approach to the grading of
evidence based on best evidence synthesis.

9.5 Summary of Evidence
Based on systematic reviews and individual studies,
the summary of evidence is as follows:
1. Utilizing best evidence synthesis principles based
on 3 systematic reviews (26,28,29) and 6 individual
studies of PRP (274-276,278,279) and MSCs (271273,280,284), the evidence for biologic management of lumbar discogenic pain has been assessed
as Level III of V for PRP and MSC therapy.
2. Utilizing best evidence synthesis principles based
on a single systematic review (29) and 3 individual
studies (278,285,286), the evidence for management of lumbar facet joint disorders has been assessed as Level IV of V for PRP.
3. Utilizing best evidence synthesis principles based
on a single systematic review (29), and 5 individual
studies (278,290-293), the evidence for management of low back and lower extremity pain with
epidural biologic injections has been assessed as
Level IV of V for PRP.
4. Utilizing best evidence synthesis principles based
on one systematic review (29), and 3 individual
studies (287-289), the evidence for biologic management of sacroiliac joint pain has been assessed
as Level IV of V for PRP.

10.0 Current Guidelines for Biologics
in Industry and Regulatory Agencies
 ey Question 7. What are the current guidelines for the use
K
of biologics?

10.1 FDA/WHO as Regulatory Agency for
Biologic Therapies
A multitude of regulatory and ethical challenges
exist in the application of regenerative medicine therapies for the treatment of various chronic pain conditions (33,34,35,37,38,294-316). Of the 3 commonly used
biologics, PRP and MCSs from bone marrow aspirate
appear to be the least controversial, whereas adiposederived MCSs appear to be the most controversial.
The World Health Organization (WHO) serves as
the directing and coordinating authority for health
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within the United Nations system. The World Health
Assembly initiated the preparation of the first WHO
Guiding Principles on Transplantation, which were
endorsed by the Assembly in 1991, and which were
most recently updated in 2010. These guidelines target appropriateness for use, human ethics, trafficking,
availability of organs/obtainment, and discrepancy in
costs among countries (294). They also encourage the
registry of all providers and users of biologic products
to collect global information regarding safety and
adverse reactions (295).
Taylor-Weiner and Graff Zivin (299) described
the unlicensed stem cell clinics in the United States as
medicine’s “Wild West”. They reported that regardless of whether or not stem-cell therapy holds great
potential, the field is less advanced than the public has
been led to believe. They also point out that the majority of therapies offered by these stem cell clinics use
adipose-derived stem cells packaged as a product called
stromal vascular fraction (SVF) and that procedures
using SVF have become increasingly popular because
of the relative ease of acquiring the cells. They reveal
that in the production of SVF, clinics collect liposuction
aspirate from a patient, chemically separate the stem
cells from the surrounding fat tissue, and administer
the isolated cells back to the patient intravenously or
by injection into the tissue to be treated. They also state
that although it is easy to obtain SVF, the treatments
are unproven and these stem cell clinics have been operating without regulation because of ambiguous FDA
guidelines. In multiple manuscripts, the FDA (33,38,297)
has warned that the current excitement over the potential for stem cell therapy to improve patient outcomes
or even cure diseases must be accompanied by the understanding of its risks and benefits with the development of therapeutic approaches being based strictly on
sound scientific evidence. The FDA continues to express
concerns regarding stem cell therapy due to the lack of
scientific evidence. Turner also described multiple issues
related to the use of adipose-derived autologous stem
cell interventions (37).
At the center of these contentious arguments is the
fact that the FDA has not approved any adipose-derived
stem cell medical products for the U.S. marketplace
to date. Providers performing adipose-derived stem
cell interventions claim that they are engaged in the
practice of medicine, and that the FDA does not directly
regulate the practice of medicine (33,35,37,38,297,303305,309,310). Turner (37) believes that these procedures
do not fall under the same surgical procedure exception
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Table 15. Categories of human cells, tissues, or cellular and tissue-based products (HCT/Ps).
HCT/P
Cardiovascular tissue
Cell-derived therapeutic products (e.g., pancreatic islets, mesenchymal stem or stromal cells, fibroblasts
Dura mater
Hematopoietic progenitor cells derived from peripheral or cord blood (including hematopoietic stem cells)
Musculoskeletal tissue (include adipose-derived stem cells)
Ocular tissue
Placenta or amnion
Reproductive cells and tissues
Skin
Not HCT/P
Blood vessels that are a part of an organ intended for transplantation
Human collagen
Human milk
In vitro diagnostic products
Minimally manipulated bone marrow for homologous use and not combined with another article (with a few exceptions described in the tissue
regulations)
Nonhuman cells, tissues, or organs
Vascular composite allografts
Vascularized human organs for transplantation
Whole blood or blood components, including platelet-rich plasma
Source: Marks P, Gottlieb S. Balancing safety and innovation for cell-based regenerative medicine. N Engl J Med 2018 378:954-959 (297).

identified in 21 CFR 1271; however, many practitioners
disagree with Turner (310). Guidance for the industry,
issued by the FDA, currently addresses what actions
clinicians and manufacturers can perform while remaining within the scope of the exception (297,303,304).

10.2 Human Cells, Tissues, and Cellular and
Tissue-Based Products (HCT/Ps)
Marks and Gottlieb (297) described the regulatory context for regenerative medicine. To implement
comprehensive policy framework, the FDA’s statutory
authority in this area is based in part on the Public
Health Service (PHS) Act. Section 351 of this Act provides the FDA with authority surrounding the licensure
of biologic products, and Section 361 mandates that
the agency will issue and enforce regulations necessary
to prevent the introduction, transmission, or spread of
infectious disease. That regulatory framework is riskbased and is divided into human cells, tissues, cellular,
and tissue-based products (HCT/Ps) (297).
The products that are regulated under both Sections 351 and 361 of the Act are biologic products and
must be studied under the provisions set forth for in-
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vestigational new drugs (303). Furthermore, the manufacturers of such products are required to submit a
biologics license application to the FDA for approval of
their products before marketing. This creates a discrepancy since the products that are regulated solely under
Section 361 and under the implementing regulations
do not need premarket approval. Instead of premarket
approval, these products require registration and listing with the FDA prior to marketing. However, these
products still must be produced in compliance with the
appropriate provisions in order to prevent the transmission of infectious diseases (297).
The decision pertaining to the regulatory pathway to be followed for a given product rests in part
on whether the product meets or does not meet the
criteria of the regulations promulgated under the Code
of Federal Regulations part 1271 of Title 21 of 2005.
Under this section, products that are regulated solely
under Section 361 generally are those that do not undergo substantial processing (requiring only minimal
manipulation), are used in a manner for the recipient
that is similar to that of the donor (homologous use),
are not combined with another drug or biologic prod-

www.painphysicianjournal.com

Responsible, Safe, and Effective Use of Biologics in the Management of Low Back Pain

ucts, and do not have a systematic effect unless they
are designed for autologous transplantation, first- or
second-degree-related allogeneic transplantation, or
have been designed for reproductive use as shown in
Table 15 (297). Thus, any HCT/P products other than tissue such as corneas and heart valves, are regulated as
drugs, biologics, or devices and require the appropriate
regulatory submissions for the conduct of clinical trials
and marketing (297). Figure 30 illustrates in a flow chart
how manufacturers and health care providers should
apply the criteria outlined in 21 CFR 1271 to determine
if a product meets the definition of an HCT/P (303).
In summary, an HCT/P product is regulated solely
under Section 361 of the PHS Act and 21 CFR Part 1271
if it meets all of the following criteria (297,303,304):
1)
2)

3)

The HCT/P is minimally manipulated;
The HCT/P is intended for homologous use only,
as reflected by the labeling, advertising, or other
indications of the manufacturer’s objective intent;
The manufacture of the HCT/P does not involve the
combination of the cells or tissues with another article, except for water, crystalloids, or a sterilizing,
preserving, or storage agent, provided that the

addition of water, crystalloids, or the sterilizing, preserving, or storage agent does not raise new clinical
safety concerns with respect to the HCT/P; and
4) Either:
i) 	The HCT/P does not have a systemic effect and
is not dependent upon the metabolic activity
of living cells for its primary function; or
ii) 	The HCT/P has a systemic effect or is dependent upon the metabolic activity of living cells
for its primary function, and:
		
a) Is for autologous use;
		
b) 
Is for allogeneic use in a first-degree or
second-degree blood relative; or
		
c) Is for reproductive use.
If an HCT/P does not meet the criteria set out in 21
CFR1271.10(a), and if the establishment that manufactures the HCT/P does not qualify for any of the exceptions in 21 CFR 1271.15, the HCT/P will be regulated
as a drug, device, and/or biological product under the
FD&C Act, and/or section 351 of the PHS Act (42 U.S.C.
262), and applicable regulations, including 21 CFR Part
1271, and premarket review of the product will be
required.

Fig. 30. Flowchart to illustrate the definition of an HCT/P criteria in 21 CFR 1271.15(b) and 1271.10(a).
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10.3 Minimal Manipulation
Section 1271.10(a)(1) (21 CFR 1271.10(a)(1))
provides that one of the criteria for an HCT/P to be
regulated solely under section 361 of the PHS Act and
the regulations in Part 1271 is that the HCT/P is minimally manipulated (297,303,304). As defined in 21 CFR
1271.3(f), minimal manipulation means:
1)

2)

For structural tissue, processing that does not alter
the original relevant characteristics of the tissue
relating to the tissue’s utility for reconstruction,
repair, or replacement;
For cells or nonstructural tissues, processing that
does not alter the relevant biological characteristics of cells or tissues.

The FDA noted that if information does not exist to
show that the processing meets the definition of minimal manipulation, the FDA considers the processing of
an HCT/P to be “more than minimal manipulation” and
cannot qualify for regulation solely under section 361
of the PHS Act and 21 CFR Part 1271 (297,303,304).
Section 1271.3(f) provides two definitions of minimal manipulation, one that applies to structural tissue
and one that applies to cells or nonstructural tissues.
For structural tissue, minimal manipulation means that
the processing of the HCT/P does not alter the original
relevant characteristics of the tissue relating to the tissue’s utility for reconstruction, repair, or replacement
(21 CFR 1271.3(f)(1)). For cells or nonstructural tissues,
minimal manipulation means that the processing of the
HCT/P does not alter the relevant biological characteristics of cells or tissues (21 CFR 1271.3(f)(2)).
Original relevant characteristics of structural tissues
generally include the properties of that tissue while
in the donor that contribute to the tissue’s function
or functions. Similarly, relevant biological characteristics of cells or nonstructural tissues generally include
the properties of the cells or nonstructural tissues
within the donor that contribute to the cell’s or tissue’s
function(s). Processing that alters the original characteristics of the HCT/P, raises increased safety and effectiveness concerns for the HCT/P because there would
be less basis on which to predict the product’s function
after transplantation (303). Thus, the determination of
whether an HCT/P is minimally manipulated is based
on the effect that manufacturing has on the original
relevant characteristics of the HCT/P as the HCT/P exists
within the donor, and is not based on the intended use
of the HCT/P in the recipient.
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Processing is defined as any activity performed on
an HCT/P, other than recovery, donor screening, donor
testing, storage, labeling, packaging, or distribution,
such as testing for microorganisms, preparation, sterilization, steps to inactivate or remove adventitious
agents, preservation for storage, and removal from
storage (21 CFR 1271.3(ff)). Processing also includes cutting, grinding, shaping, culturing, enzymatic digestion,
and decellularization (303).
Tissues that physically support or serve as a barrier
or conduit, or connect, cover, or cushion in the donor
are generally considered structural tissues for the purposes of determining the applicable regulatory definition (i.e., bone, skin).
Adipose tissue is considered a structural tissue for the
purpose of applying the HCT/P regulatory framework.
Adipose tissue is typically defined as a connective tissue
composed of clusters of cells (adipocytes) surrounded by
a reticular fiber network and interspersed small blood
vessels, divided into lobes and lobules by connective
tissue septa (313). Additionally, adipose tissue contains
other cells, including preadipocytes, fibroblasts, vascular
endothelial cells, and macrophages (317,318). Adipose
tissue provides cushioning and support for other tissues,
including the skin and internal organs, stores energy in
the form of lipids, and insulates the body, among other
functions. While adipose tissue has multiple functions,
because it is predominantly composed of adipocytes and
surrounding connective tissues that provide cushioning
and support to the body, the FDA considers adipose tissue to be a structural tissue for the purpose of applying
the HCT/P regulatory framework.
To evaluate whether processing of adipose tissue
would meet the regulatory definition of minimal manipulation, one should consider whether the processing
alters the original relevant characteristics of the adipose tissue relating to its utility to provide cushioning
and support (Fig. 31). An opposition view may consider
the presence of stem cells within adipose tissue as an
indication that this tissue also functions as a repository
for regenerative factors.

10.4 Homologous Use
Section 1271.10(a)(2) (21 CFR 1271.10(a)(2)) provides that one of the criteria for an HCT/P to be regulated solely under section 361 of the PHS Act and the
regulations in Part 1271 is that the “HCT/P is intended
for homologous use only, as reflected by the labeling,
advertising, or other indications of the manufacturer’s
objective intent.”
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As defined in 21 CFR 1271.3(c), homologous use
means the repair, reconstruction, replacement, or
supplementation of a recipient’s cells or tissues with
an HCT/P that performs the same basic function or
functions in the recipient as in the donor. This criterion reflects the FDA’s conclusion that there would
be increased safety and effectiveness concerns for
HCT/Ps that are intended for a non-homologous use,
because there is less basis on which to predict the
product’s behavior, whereas HCT/Ps for homologous
use can reasonably be expected to function appropriately (assuming all of the other criteria are also met)
(303,304).
In applying the homologous use criterion, the FDA
will determine what the intended use of the HCT/P is, as
reflected by the labeling, advertising, and other indications of a manufacturer’s objective intent, and will then
apply the homologous use definition.
Homologous use means the repair, reconstruction,
replacement, or supplementation of a recipient’s cells
or tissues with an HCT/P that performs the same basic
function or functions in the recipient as in the donor
(21 CFR 1271.3(c)), including when such cells or tissues
are for autologous use:
•

•

Recipient cells or tissues that are identical (e.g.,
skin for skin) to the donor cells or tissues, and perform one or more of the same basic functions in
the recipient as the cells or tissues performed in the
donor; or,
Recipient cells or tissues that may not be identical
to the donor’s cells or tissues, but that perform one
or more of the same basic functions in the recipient as the cells or tissues performed in the donor
(319-321).

For the purpose of applying the HCT/P regulatory
framework, the same basic function or functions of
HCT/Ps are considered to be those basic functions
that the HCT/P performs in the body of the donor,
which, when transplanted, implanted, infused, or
transferred, the HCT/P would then be expected to
perform in the recipient. It is not necessary for the
HCT/P in the recipient to perform all of the basic
functions it performed in the donor in order to meet
the definition of homologous use. However, to meet
the definition of homologous use, any of the basic
functions that the HCT/P is expected to perform in
the recipient must be a basic function that the HCT/P
performed in the donor.
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The use of an HCT/P from adipose tissue for the
repair, reconstruction, replacement, or supplementation of adipose tissue would be considered a homologous use. In these situations, the FDA would consider
the HCT/P from adipose tissue to be performing the
same basic function in the recipient as in the donor.
In contrast, the use of an HCT/P from adipose tissue
for the treatment of a degenerative, inflammatory, or
demyelinating disorder would generally be considered
a non-homologous use. Figure 31 illustrates how manufacturers and healthcare providers should apply the
criteria outlined in 21 CFR 1271.15(b) and 1271.10(a)
for HCT/Ps (303).

10.5 Regulatory Scope and Compliance Policy
This guidance only applies to products and establishments that are subject to FDA’s regulations in 21 CFR
Part 1271. Establishments that meet the same surgical
procedure exception in 21 CFR 1271.15(b) are not subject to FDA’s regulations in 21 CFR Part 1271.
This guidance also does not apply to products that
fall outside the definition of HCT/P in 21 CFR 1271.3(d).
For example, PRP (blood taken from an individual and
given back to the same individual as PRP) is not an
HCT/P under Part 1271 because it is a blood product.
Accordingly, FDA does not apply the criteria in 21 CFR
1271.10(a) to PRP, and PRP is outside the scope of this
guidance.

10.6 FDA’s Comprehensive Framework for
Regenerative Medicine
As per Marks and Gottlieb (297), the FDA recognizes the time and effort that go into the creation of
regulatory submission and the effect that working
through the regulatory process can have on timelines
for the development of innovative products. Consequently, in November 2017, building on this policy and
scientific opportunities, the FDA released a comprehensive framework for the oversight of regenerative
medicine to help the field continue to advance. This
regulatory framework is articulated in 2 final and 2
draft guidance documents as shown in Table 16 (297).
The FDA’s new policy framework is more clearly described for the developers of regenerative medicine to
provide a distinction between therapies that require
premarket authorization and those that do not. Consequently, the FDA provided appropriate criteria for
minimal manipulation and homologous use. As part of
the regulatory framework, the FDA also articulated a
risk-based compliance and enforcement policy.
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Table 16. Four guidance documents describing the regenerative medicine framework.*

Document

Summary

Example

Same Surgical Procedure
Exception under 21 CFR
12.71.15(b): Questions and
Answers Regarding the Scope
of the Exception -- Final

Addresses the criteria required for the exception, the types
of procedures generally considered to be the same surgical
procedure, and what processing steps can be undertaken to
still meet the exception. In essence, this guidance clarifies
how the regulations apply in order to facilitate the optimal
care of patients undergoing surgical procedures.

A situation in which this guidance would
apply is when a piece of the skull is removed
for decompression after traumatic head injury.
The bone may be minimally processed, stored,
and then returned to the patient a few weeks
later when the acute event is over, without the
need for regulatory interaction with FDA.

Regulatory Considerations
for Human Cells, Tissues,
and Cellular and TissueBased Products: Minimal
Manipulation and
Homologous Use – Final

Provides FDA’s interpretation of the existing regulatory
definitions of minimal manipulation and homologous
use. The guidance clarifies that these are distinct concepts
and notes how to determine whether an HCT/P has been
minimally manipulated or is intended for homologous use.
The guidance also describes the compliance and enforcement
policy that the FDA will use for HCT/Ps. For the first 36
months after issuance of the final guidance in November
2017, the FDA intends to exercise enforcement discretion for
certain products that pose a low risk to public health so that
sponsors will be able to have a dialogue with the agency and
file the appropriate regulatory documentation.

Adipose tissue is considered to be a structural
tissue for the purpose of the regulatory
framework. This is relevant to determining
the appropriate regulatory pathway for stem
cells derived from adipose tissue, which in
many applications will be regulated under
both Sections 351 and 361 of the Public Health
Service Act.

Evaluation of Devices Used
with Regenerative Medicine
Advanced Therapies – Draft

Provides a comprehensive resource to developers of devices
used with RMATs. Topics covered include how the FDA
will simplify and streamline its application of regulatory
requirements for devices and cell-tissue combination
products.

Under certain circumstances, a device that
is used with an RMAT might be classified as
a class III device or be limited to a specific
intended use with only one type of cell.

Expedited Programs for
Regenerative Medicine
Therapies for Serious
Conditions -- Draft

Provides information about the expedited programs available
to RMATs, including fast-track and breakthrough-therapy
designations, and describes the FDA’s considerations in
implementing the new expedited program for RMATs.
The guidance also describes an innovative program using
cooperative development open to regenerative medicine
products.

Multiple sites that manufacture a product using
a common process may collaborate on clinical
trials as part of a development program, which
ultimately results in biologics licenses for each
of the individual sites.

*The listed guidance documents can be accessed at www.fda/gov/BiologicsBloodVaccines/CellularGeneTherapyProducts/ucm58218.thm’
RMAT denotes regenerative medicine advanced therapy.
Source: Marks P, Gottlieb S. Balancing safety and innovation for cell-based regenerative medicine. N Engl J Med 2018 378:954-959 (297).

10.6.1 Expediting the Development of New
Therapies
The FDA has developed a process of expediting the
development of new therapies. The FDA traditionally
has focused on insuring the quality, safety, and efficacy
of medical products. However, its mandate has expanded to encompass a role in expediting the developments
of new therapies, particularly those aimed at serious
or life-threatening conditions. Consequently, the expedited programs including:
•
•
•
•
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Fast track designation
Priority review
Accelerated approval
Designation as a breakthrough therapy

The FDA reports that these programs have been
successful in accomplishing the goal of expediting the
development of new therapies (322). Furthermore,
the FDA also described its role in facilitating innovation while upholding the agency’s approval standards,
especially when it comes to areas of unmet medical
need and new technologies as expressed in the legislative initiative contained in the 21st Century Cures Act,
which was enacted on December 13, 2016 (323). To facilitate therapeutic advances from stem cell therapies,
along with other HCT/Ps, the 21st Century Cures Act
introduced an additional expedited program in which
a product is designated as a regenerative advanced
therapy, or regenerative medicine advanced therapy
(RMAT). This designation provides sponsors of a quali-
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fied regenerative medicine product that is intended
for the treatment of serious or life-threatening conditions with advantages similar to those of breakthrough
therapy designation; provided that preliminary clinical
evidence indicates that the therapy addresses unmet
medical needs. The requirement for preliminary clinical evidence of efficacy distinguishes RMAT from the
breakthrough designation, which requires preliminary
clinical evidence of a substantial improvement over
existing therapies. Further, RMAT-designated products
that receive accelerated approval may be eligible to use
an expanded range of options to fulfill their postapproval commitments. Such options include the use of
traditional studies, as well as the submission of patient
registries or other sources of real world evidence
(324,325). Multiple requests have been submitted for
RMAT designation with the FDA approving at least onethird of them.

10.6.2 Implementation of Comprehensive
Framework
The FDA described that it strove to take a modern
approach to the existing regulations and statutes,
balancing the objective of fostering expedient development of innovation products for patients who
have medical needs with the need to ensure that such
therapies are both safe and effective. In addition, as
part of the regulatory framework, the FDA also articulated a risk-based compliance and enforcement policy.
This policy essentially allows developers of lower risk
products up to 36 months from November 16, 2017, to
determine whether they need to submit an application
for an investigational new drug or a marketing application in light of the recently published guidance documents and, if such an application is needed, to prepare
the new drug or marketing application. However, the
FDA intends to take additional enforcement actions in
cases in which it believes unproven products may put
patients at risk.
Finally, working within the existing regulatory framework, the FDA will make use of all available regulatory
pathways and will adopt the use of some new principles
that will make the appropriate premarket evaluation of
stem cell-based therapies more efficient. On a large scale,
the FDA will be incorporating some new concepts for how
small investigators and firms can see and meet approval
standard for products through efficient and expedited
pathways. To achieve this goal, the FDA will provide tools
to encourage individual or small groups of physicians to
collaborate in support of the development of a stem cell
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or other regenerative medicine product, which will ultimately lead to the receipt of a biologics license by each of
the physicians or groups (Fig. 31).

10.7 State Medical Board Regulations/
Guidelines
On April 21, 2017, Senator Lamar Alexander requested the Federation of State Medical Boards (FSMB)
(326) to respond to multiple questions including:
1.
2.
3.

4.

How do state medical boards investigate complaints against stem cell clinics?
How are the existing false claims best practices
enforced or used by state medical boards?
Are there standards or best practices regarding the
use and communication of novel technology, such
as adult stem cells?
Are there standards for education that are necessary before implementing novel technology, such
as adult stem cell procedures?

Consequently, the FSMB formed a working group
to develop a report on stem cells and regenerative
medicine including the problem of direct-to-consumer
clinics (41). The working group expressed concern over
the landscape of stem cell clinics in the United States.
They expressed that stem cell clinics market the presence of multiple elements including affiliations with
a professional society or network, partnerships with
academic institutions, FDA approval or explicit mention
of exemption from FDA oversight, mention of official
endorsement from a local or other authority or professional accreditation, listing of patents granted, and the
statement that clinical trials of investigational stem
cells based on interventions are being conducted (327).
Table 17 shows co-opted tokens of scientific legitimacy
as described by Sipp et al (328).
The working group expressed concern that the
lack of a formal mechanism for reporting outcomes of
unproven stem cells interventions, both positive and
negative, adds to the difficulty involved in generating data on the effectiveness of such interventions, as
does the fact that there is neither a requirement, nor
a mechanism, for reporting adverse events related to
interventions administered outside of the clinical trials
and investigations. The working group emphasized
existing regulations and made 10 recommendations in
their draft report as shown in Table 18.
These recommendations as shown in Table 18 are
as follows (41):
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In the traditional development pipeline (Panel A), a single manufacturer produces the product at a single manufacturing facility and
sponsors the clinical trials, which are conducted at multiple clinical sites. The manufacturer ensures that the product is manufactured
consistently with appropriate quality control for use at each site and that it is administered pursuant to the protocol. The manufacturer then
collects and analyzes the data from the clinical trials and submits a biologics licensing application to the Food and Drug Administration
(FDA). If the product is approved, the manufacturer then receives a biologics license to produce and distribute the product. As an alternative
to this process (Panel B), multiple manufacturers, which may be individual physicians or groups of physicians, enter into a cooperative
development agreement. These manufacturers then produce the product at different sites according the same protocol, which includes
appropriate quality-control procedures to help ensure consistency between different lots produced at different sites. Patients are enrolled
at each of the sites that are manufacturing the product in a multicenter clinical trial protocol. Once the data from the multicenter trial are
analyzed to evaluate the safety and efficacy of the product, the individual physicians or groups of physicians submit a biologics licensing
application that includes the manufacturing protocol used, the clinical data obtained at the individual site, and the results of the multicenter
clinical trial showing safety and efficacy. This ultimately results in the issuance of a site-specific biologics license for the product made by
each physician or group of physicians.

Fig. 31. Traditional versus alternative development of a biologic product.
Source: Marks P, Gottlieb S. Balancing safety and innovation for cell-based regenerative medicine. N Engl J Med 2018 378:954-959 (297).

1.
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State Medical Boards raise awareness among licensee of applicable federal and state legislation
and guidelines regarding regenerative and stem
cell therapies, including “right to try” legislation
existing or pending at the state and federal levels.
State medical boards should also keep their licensees and the public apprised of new developments
and regulations in the field of regenerative and

2.

stem cell therapies including educational sources,
guidance documents, and appropriate industry and
stakeholder information on a state medical board’s
website. State medical boards should further provide information as to reporting procedures of
adverse actions related to stem cell interventions.
State medical boards should examine their policies
and rules addressing informed consent and con-
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Table 17. Co-opted tokens of scientific legitimacy.
Accreditations and awards

Asserting certification of products or practices by international standards organizations or claiming training
certification

Boards and advisers

Convening scientific or medical advisory boards featuring prominent business leaders and academic faculty
members

Clinical study registration

Registering trials whose apparent purpose is solely to attract patients willing to pay to participate in them

Ethics review

Using the imprimatur of “ethics review” to convey a sense of legitimacy to their products or procedures

Location

Renting of laboratory or business space within a legitimate scientific or government institution

Membership

Joining established academic or professional societies to suggest legitimacy by association

Outcome registries

Publication of open ended voluntary monitoring data sets rather than undertaking controlled clinical trials

Patenting

Suggesting that patent applications or grants indicate clinical utility rather than initiation of an application
process or recognition of novelty and inventiveness

Publication

Publishing research and commentary in journals with limited anonymous peer review

Rationales

Citing preclinical and other research findings to justify clinical application without sufficient efficacy testing
in humans

Self regulation

Forming organizations to self regulate in ways that support premature commercialization

Technical language

Using scientific sounding words that imply academic rigor
Testimonials and endorsements

Testimonials and endorsements

Providing expert opinions or celebrity comments on unsupported clinical uses or standing of the provider

Source: Sipp D, Caulfield T, Kaye J, et al. Marketing of unproven stem cell based interventions: A call to action. Sci Transl Med 2017; 9(397) (328).

3.

4.

sider expanding these to include a shared decision
making framework that includes the following
general elements at a minimum:
•	An explanation, discussion, and comparison of
treatment options with the patient
•	
An assessment of the patient’s values and
preferences
•	Arrival at a decision in partnership with the
patient
•	An evaluation of the patient’s decision in partnership with the patient
State medical boards should review professional
marketing materials and claims, including any office/clinic and/or doctor websites, and information
publicly available about an office/clinic or licensee
on online blogs or social media, as information
sources in the investigation of complaints made
against physicians.
State medical boards should proactively monitor
warning letters sent to licensees that are made
publicly available on the FDA website in order to
ascertain information, and consider opening an
investigation, about licensees who may be engaged
in other unscrupulous or unprofessional practices
related to the provision of regenerative and stem cell
therapy. State medical boards should investigate such
practices, when appropriate, in conjunction with applicable state laws, policies, and procedures (329).

www.painphysicianjournal.com

Table 18. Draft FSMB stem cell recommendations.
1. Med Boards should raise awareness amongst licensees &
2. Examine rules on consent, potentially update &
3. Review clinic claims and marketing materials &
4. Follow-up on FDA warnings
5. Physicians should know patients well, stay in area of training &
6. Use caution in areas w/o evidence, exhaust standards of care 1st &
7. Avoid deceptive claims, raising expectations &
8. Don’t use gag orders, disclaimers to avoid liability &
9. Support claims w/evidence including peer reviewed papers &
10. Avoid excessive fees
Source: Draft report of the FSMB Workgroup to study regenerative
and stem cell therapy practices, December 2017 (41).

5.

6.

Physicians must only offer treatments to patients
for which they have a bona fide physician patient
relationship. Physicians must have received adequate and appropriate training, and be able to
perform any proposed interventions safely and
competently (330).
Where evidence is unavailable for a particular
treatment in the form of clinical trials or case studies, physicians must only proceed with an appropriate rationale for the proposed treatment, and
justification of its use, in relation to the patient’s
symptoms or condition. Novel, experimental, and
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Table 19. Regulations applicable to stem cell based products adapted from regulatory focus.org Nov 2012 (351).

Treatment product

Guidance and Legislation

Regulatory Law

Human stem cell, tissue, or cellular-based
products (HCT/P)

Section 361, Public Health Service Act, Infectious disease

21 CFR 12711.3(d)

Biologics

Section 361, Public Health Service Act, Premarket approval, safety and
effectiveness

21 CFR 600

Drugs

Food, Drug, and Cosmetic Act

21 CFR 200

Cell therapy and gene therapy when genetic
material is transferred to cells ex vivo

Application of Current Statutory Authorities to Human Somatic Cell
Therapy Product and Gene Therapy Products, 14 Oct 1993

Xenotransplantation

US Public Health Service. Guideline on Infectious Disease Issues in
Xenotransplantation, FDA 28 January 1997

Medical devices

unproven interventions should only be proposed
when traditional or accepted proven treatment
modalities have been exhausted. In such instances,
there must still be a basis in theory or peer reviewed acknowledged practice (331).
7. Physicians should employ a “shared decision-making” process when discussing treatment options
with patients. Physicians must avoid any claims that
may be deceptive or are intentionally or knowingly
false or misleading, especially in terms of making
promises about uncertain or unrealistic outcomes.
8. Physicians should not use gag orders (rulings that a
case must not be discussed publicly) or disclaimers
as a way to circumvent liability.
9. Physicians should be prepared to support any
claims made about benefits of treatments or devices with documented evidence, for example with
studies published in peer reviewed publications.
10. Physicians should refrain from charging excessive
fees for treatments provided. Further, physicians
should not recommend, provide, or charge for unnecessary medical services, nor should they make
intentional misrepresentations to increase the level
of payment they receive.

11.0 Clinical Guidelines
Key questions 8, 9, and 10
8.	What are the adverse consequences/harms of regenerative injection therapy?
9.	What are the best preventive and therapeutic strategies to improve outcomes when performing regenerative injection therapy?
10. What comprises responsible performance of regenerative injection therapy?
Beyond the general indications discussed above,
the guidelines presented below for the most appropriate treatment will offer recommendation based on the
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area of treatment, chronicity, and the type of injection.
These recommendations will also consider the use of
biologic therapy in an algorithm of treatment (first-line
or other); obtaining a diagnosis necessary to initiate
therapy; having knowledge of the number of treatments suggested to improve subjective pain and objective functional improvement scores; as well as employing evidence-based research in the use of regenerative
therapies for a given condition.

11.1 Safety, Efficacy, and Informed Decision
To enhance safety, the patient should be considered a
partner and should consider this therapy as an investment
as a consumer. Consumers are encouraged to become
empowered with as much reliable and independently
verified information as possible. Individuals should ask
whether the treatment is routine, if there is any scientific data to predict an expected response, and should ask
about any benefits or adverse effects of the treatment.
Consumers also should be instructed to learn about how
the therapy works and understand how the treatment
will be performed. They should also be committed to any
follow-up visits and treatments that are necessary.
It cannot be emphasized enough, that before all
interventional procedures, a consent form should be
discussed with the patient and signed by both the provider and the patient. Risks and benefits of the procedure must be discussed, as well as giving a verbal review
of the inclusion and exclusion criteria; this will prevent
any future incidental errors or miscommunication in
patient assumptions that the provider is fully aware of
every medical problem they may have.
Factors a patient may want to consider before undergoing a cell therapy procedure include the following:
1.

Physician Selection: Consumers must ensure that
the physician who performs the treatment holds a
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2.

3.

4.

5.

medical license and is board certified in the specific
field of medicine or treating specialty for the condition being addressed. Consumers also must ensure that the physician performing the treatments
is appropriately trained and, if necessary, holds at
least a competency certification in regenerative
medicine, if available, from an organization widely
accepted, with rigorous testing of their fund of
knowledge, and clinical and technical competency,
such as the American Board of Interventional Pain
Physicians (ABIPP) (www.abipp.org).
Location Selection: The consumer also should assess the facility where the treatment will be given
and determine whether the personnel at that
facility are knowledgeable, trained in the particular area, and know what to do in an emergency
situation. Informed decision making also includes
understanding the regulatory oversight, certification. and accreditation process.
Medical Claims: Claims such as “miracle cure” or
claims to cure serious conditions often are not
credible and may pose a significant risk to public
health and safety. All claims made by clinics and/
or physicians should be based on accepted and
acknowledged scientific evidence and medical
experience. Claims of safety should be based upon
the collection of data through an established and
accepted grading scale, such as the Adverse Event
Reporting system used by the U.S. Department of
Health and Human Services Office of Human Research Protections.
Travel for Therapies: Consumers considering stem
cell transplantation in the U.S. should ask their
physicians if the necessary Food and Drug Administration, or FDA, approval has been obtained, or
if the procedure will be part of an FDA-regulated
clinical study.
Shared Decision-Making: Shared decision-making
has been described as one of the fundamental
approaches to improving the quality of US health
care (332). The Institute of Medicine (IOM),
now the National Academy of Sciences, defined
patient-centered care as “care that is respectful of
and responsive to individual patient preferences,
needs, and values,” and that ensures “that patient
values guide all clinical decisions (333).” As the
definition implies, the most important attribute of
patient-centered care is the active engagement of
patients when fateful health care decisions must
be made – when an individual patient arrives at a
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crossroads of medical options, where the diverging
paths have different and important consequences
with lasting implications (332). Usual examples described are major surgeries, medications that must
be taken for the rest of one’s life, and screening
and diagnostic tests that can trigger cascades of
serious and stressful interventions. To add to these
complex medical issues is decision-making related
to regenerative therapies, which also incorporates
financial implications as most insurers do not cover
these procedures, multiple ethical issues including
false advertising, and lackluster evidence – though
evidence is evolving rapidly in favor of regenerative
therapy. Through shared decision-making, apart
from avoiding over diagnosis and over treatment,
clinicians can help patients understand the importance of their values and preferences in making the
decisions that are best for them (334). The present
evidence shows that when patients know they have
options for the best treatment, most of them will
want to participate with their clinicians in making
the choice. Consequently, clinicians need to relinquish their role as the single paternalistic authority and train to become more effective coaches or
partners focusing on what matters to the patients
and considering their wishes. Thus, shared decisionmaking is crucial in regenerative therapy.
Informed Consent: Informed consent to medical
treatment is fundamental to both ethics and law.
Patients have the right to receive information and
ask questions about recommended treatments so
that they can make well-considered decisions about
care. Successful communication in the patient-physician relationship fosters trust and supports shared
decision-making as described above.

In obtaining informed consent, physicians should
assess the patients ability to understand the relevant
medical information and the implications of the treatment alternatives and to make an independent, voluntary decision. The physician should include information
about the diagnosis, the nature and purpose of recommended interventions, the burdens, risks, and expected
benefits of all options, including foregoing treatment.
It is crucial to obtain informed consent in regenerative therapy considering the various issues described
throughout this manuscript specifically due to the lack
of an appropriate wealth of evidence, widespread
guidelines except the present ones, highly prevalent
fraud and abuse, and the expenses of the treatment.
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There must be personal reflection, research, and
due diligence practiced in all areas of the procedure in
order to deliver safe and effective therapy. It is encouraged that providers not only personally research available publications, but also personally cooperate with
the manufacturers of their chose extraction kits; attend
continuing medical education sessions regarding injection techniques including those with ultrasound guidance; and personally, review his or her equipment to
ensure high-quality industry standards.

11.2 Office Set-Up
The environment in which a stem cell injection
occurs must be a highly aseptic environment with
comprehensive controls of both raw materials and
handlers. To reach affordability and mass scale, the
production process should be highly reproducible and
validated both on a small scale for a single patient and
on a large scale of a multitude of patients. The physicians performing the procedures need to be properly
trained and comfortable in performing the interventional techniques. They must be ready and available to
handle any resulting complications at all times, and be
available on-call for emergencies that may ensue from
the procedure.

contraindication. For example, mosaicism in hemophilia
is found in only 30% of cases, thus leaving 70% of such
patients with the potential to benefit from MSC or PRP
therapy. Thus, consultation with a genetic specialist
should be considered. There should be some awareness that abnormal proteins including those related to
Parkinson’s and Alzheimer’s disease may be found in tissues throughout the body and may constitute a source
of inadvertent spread of a prion-like effect.

11.4 Pre, Intra, and Post Procedural
Considerations
The following recommendations are generally acceptable guidelines followed by practitioners for preinjection management of the patient:
1.

2.

11.3 Contraindications
Multiple contraindications described in the literature include:
3.









Hematologic blood dyscrasias
Platelet dysfunction
Septicemia or fever
Cutaneous infections in the area to be injected
Anemia (hemoglobin less than 10 g/dl)
Malignancy, particularly with hematologic or bony
involvement
Allergy to bovine products if bovine thrombus is to
be used
Severe psychiatric impairment or unrealistic
expectation

Considerations for pre-injection management of
biologic materials include:
1.

2.
For an autologous therapy procedure, cell harvesting from the patient will be aimed at collecting healthy
cells whenever this is possible. This is an especially
important consideration for patients with inherited
diseases. A disease with 100% mosaicism would be a
contraindication for autologous biologic therapy, as
every cell would carry the undesirable mutation. However, lesser degrees of mosaicism become a relative
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The patient candidacy requirements, as emphasized above, are met. Imaging modalities must also
demonstrate the pathology, and can include MRI,
computed tomography (CT) scan, ultrasound, or xray as appropriate for viewing a specific pathology.
The patient should avoid the use of any corticosteroids two or three weeks before the procedure.
Also, NSAIDs are avoided within one week of the
procedure; any necessary anticoagulation precautions should be taken before the procedure as
recommended by consensus guidelines from ASIPP
and American Society of Regional Anesthesia and
Pain Medicine (335,336).
Before and during the procedure, anti-anxiety
medications and mild sedation may be required for
certain patients. However, deep sedation should be
avoided ensuring that the patients are arousable
and alert at all times.

3.

4.

To be clinically effective, it is agreed that platelet concentration in an injectate should be at least 2.5 times
greater than the baseline plasma concentration (174).
The biologics follow the FDA recommended “minimal manipulation” and “homologous use” draft
guidelines in clinical practice.
Cell viability is comparable between fresh extraction, 24 hours, and 72 hours, though proliferation
may be enhanced at 24 hours. It is recommended
to use the cells within 24 hours of thawing from a
frozen medium (337) if so used.
The tri-lineage capabilities, differentiation, and
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viability of MSCs are not affected by the gauge
(G) of the needle used to extract them (when 19G,
21G, and 23G needles were compared), although
it has been found that a 19G needle reduced the
incidence of apoptosis (337).
A 2 mL syringe is recommended to avoid overinflation. The majority of available studies are also
performed with this value (337).
2.

We recommend the following considerations for
intra-injection management (337):
1.
2.

Cell material, patient, joint location and effected
side should be verified before injection.
Materials should be injected under direct visualization
with image guidance such as with ultrasound, fluoroscopic, CT, MRI or arthroscopic/endoscopic guidance.

used, the baseline health status of an individual,
and the injection technique. These factors are
important and should be taken into account when
considering regenerative medicine treatments for
patients. Pain and functional improvements are
the most likely effected outcomes as opposed to
any structural improvement given the limitations
of the currently available biologics.
Frequent repeat imaging is not recommended
unless there has been a change in patient symptoms or pathology. However, obtaining an x-ray
to determine improvement in a joint space or as
an indirect assessment of cartilage interval while
treating osteoarthritis or obtaining an MRI scan to
identify changes in soft tissue structures including
articular cartilage, may be considered necessary.

11.5 Antithrombotic Implications
The following recommendations are crucial for
post-injection management:
1.

2.

3.

4.

Patients should be instructed to rest and partially
immobilize the injected body part for a few days to
2 weeks.
The patient should avoid anti-inflammatory medications for at least a few weeks postoperatively, as
the therapy is grounded in the benefit of the patient’s inflammatory cascade. The risks and benefits
for Aspirin should be reviewed in conjunction with
the patient and the clinician prescribing it.
Post-operative instructions should be verbally
discussed with the patient and the person driving
the patient home. Red flags and appropriate pain
control measures should also be reviewed. A written copy of the instructions should be given to the
patient or the patient’s driver prior to discharge.
Close follow-up should be scheduled every 2-4
weeks post-procedure. Follow-ups can extend to
1 or 2 times per year once there has been a demonstration of significant subjective and objective
report of improvement in pain and function and is
based on the discretion of the clinic thereafter.

The following course of action is recommended for
continued therapy:
1.

Repeat injections may be required, depending on
the patient’s response. This in turn may depend on
several factors including the nature and extent of
the pathology, the type and quality of the biologic
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11.5.1 Risks in Regenerative Medicine
Bone marrow aspiration and intra-articular/soft tissue injections have low risks of bleeding, while central
nervous system/meningeal related injections have a
higher risk of bleeding. A comprehensive review with
literary search was conducted by ASIPP (336) analyzing
various guidelines which produced recommendations
specific to interventional techniques and the associated
risk of bleeding. These recommendations are dependent on multiple factors including the patient’s risk factors and the managing physician’s opinion (8,335-342).
While bleeding risk is present with any interventional
procedure, thromboembolic events must be considered
equally and must be clinically correlated in relation to a
patient’s past medical history, social history, and risk of
each relative to these factors.
With respect to NSAIDS and aspirin when used in
interventional techniques, there is little to no risk of
bleeding at low doses. High doses of these medications
should be evaluated and altered if the clinician correlates their medication status with previous episodes of
heavy bleeding (8,335,336,341). Many patients may be
taking additional medications that increase their risk
of bleeding or supplements such as selective serotonin
reuptake inhibitors (SSRIs), fish oil, garlic, and many
others. Phosphodiesterase inhibitors also do not significantly increase the risk of bleeding in interventional
techniques; however, they may or may not be discontinued in accordance with patient history (8,335,336,341).
It has been suggested that platelet aggregation inhibitors such as ticlopidine, clopidogrel, and prasugrel
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should be discontinued 7 to 10 days before an interventional technique is performed. While some studies
indicate that 3 days is effective, the American Society of
Regional Anesthesia and Pain Medicine (ASRA) consensus is at least 7 days is needed before a central nervous
system related injection (8,335,336,341).
Warfarin is more complicated in regards to discontinuation, as much of the clinical decision-making
depends on a patient’s international normalized ratio
(INR) achieved during therapy and trends associated
with INR over the past few months. For high-risk interventional techniques such as interlaminar epidural injections, warfarin may need to be discontinued until an
INR of 1.4 or less is achieved. For lower risk procedures,
an INR of 2 is an appropriate level to achieve before
undergoing these techniques (8,335,336,341). There
is limited evidence to suggest that unfractionated or
low molecular weight heparins should be discontinued
prior to interventional techniques, but the current suggestion is 12 hours of discontinuation before central
nervous system-related injections.
Similar to INR values in Warfarin, renal function
values significantly alter clinical decision-making in
relation to dabigatran (Pradaxa). In procedures with
a high risk of bleeding, creatinine clearance greater
than 50 mL per minute in patients allows a 2- to 4-day
period of discontinuation. However, in those with 50
mL per minute or less, a period of 4 to 5 days is currently suggested before central nervous system-related
interventional techniques.

11.5.2 Effects of Antithrombotic Therapy on PRP
and Stem Cell Efficacy
The biochemical pathways of the coagulation
cascade are key in that the disruption of platelet
surfaces or prematurely activated platelets may cause
the limited efficacy of the clinical procedure (342). Furthermore, with the recent advent of MSC technology
in regenerative medicine, it is important to consider
the viability of these cells in the context of antithrombotic therapy. To that end, the effects of heparin on
ex vivo MSCs recovered from bone marrow showed
that supplementation of even low doses of heparin
could adversely impact the growth and differentiation
potential of this pleiotropic cell type (343). Therefore,
it is important to evaluate bone marrow tissue in patients receiving heparin treatment particularly if ex
vivo expansion hMSCs is to occur.
The use of PRP is increasing due to its ligament and
tendon healing potential. It is also considered to be a
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natural alternative to surgery. However, anticoagulants
and antiplatelet drugs are commonly used in patients
who are candidates for receipt of PRP. Alternatively, the
use of an anticoagulant, while not taken systemically,
is required to process PRP to prevent automatic activation. Since antithrombotic agents influence the stability
of platelets, they are, therefore, likely to exert an effect on PRP efficacy as well and should be ceased at a
suitable timeframe preceding injection therapy (344).
PRP has been shown to significantly improve the proliferation of differentiated cells, enhance synthesis of collagen, and prompt angiogenesis and revascularization,
all of which aid regeneration. The study by Sutherland
and colleagues (344) in 2005 eloquently demonstrated
the utility of autologous MSCs in regenerative medicine
using sheep through reconstruction of stem cell tissueengineered heart valves.
The healing influence of the dispensation of PRP depends on the bioactive amalgams such as cytokines and
growth factors that are being released (via activation
and aggregation) precisely to the location of the injury.
The characteristic of the platelets confined in autologous
PRP (mainly exhibited by the potential of activation and
aggregation of platelets) may be essential (345).
NSAIDs are depicted to have negative influences
on platelets such as inhibition of activation, a decrease
in storage of alpha granules, and aggregation of
platelets. The negative impact of these medications
on platelet activation and aggregation may be significant since a substandard quality of autologous PRP is
emitted post-NSAID therapy. The coherent substantial
inhibition of platelet function such as aggregation acquired post stimulation using arachidonic acid within
the NSAID designated study group was found, regardless of NSAID duration, type of ingestion, and the
blood compendium technique used for PRP formulation (345). Without NSAIDs intake, such effects could
not be observed in the healthy control group. NSAID’s
impede cyclo-oxygenase–mediated oxygen utilization
and therefore prevent platelet activation and aggregation (345). Moreover, bioactive compounds such as
TGF-α, growth factors, and platelet factor 4 stored in
the alpha granules, cannot be released adequately if
NSAIDs bar this pathway, and platelet function is drastically compromised. Thus, such stipulations validate the
hypothesis that autologous PRP generated after NSAID
intake is of inferior attribute, and therefore, may negatively influence the healing outcomes.
NSAIDs are essential to control pain in the posttraumatic setting. While NSAIDs can interfere with bone
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healing, some contradict these findings (346). Although
NSAID analgesic potency is well documented, clinicians
continue to questions the associated safety issues. A
2012 study of the effects of NSAIDs on bone healing in
animals reveal very mixed results (346). However, the
authors’ conclusion correctly notes that the “lack of
evidence does not constitute the absence of an effect”
and further cautions that the clinician should [continue
to] treat NSAIDs as a risk factor for bone healing impairment and should be avoided in high-risk patients” (346).
Ramsook and Danesh (342) described issues related
to PRP injections and antithrombotic therapy. They
discussed the importance of understanding the intrinsic
and extensive pathways of the coagulation cascade and
that any disruption of this mechanism may result in prematurely activated platelets and therefore limited efficacy. They also made clear that antithrombotic agents
affect platelet stability and will have an effect on PRP
efficacy and must be discontinued at an appropriate
time frame prior to injection therapy. Overall, the general rules appear to be the same for antithrombotic and
anticoagulant agents similar to utilization in interventional techniques as described above.
However, there is a significant paucity of literature
in regards to the safety, efficacy, and timing of PRP
injections in patients with concomitant antithrombotic
therapy. The importance of an intact platelet surface
membrane allows for the appropriate release of the
healing bioproteins and growth factors granting PRP
therapy its efficacy. Antithrombotic agents that affect
the stability of platelets will have an effect on PRP efficacy and must be discontinued at an appropriate time
frame prior to injection therapy. With future research,
appropriate guidelines may be established not only for
PRP, but also for stem cell therapy.

11.5.3 Safe and Efficient Administration of
Regenerative Medicine
If it is deemed advisable that antithrombotic therapy should be halted (even temporarily), then thromboembolic risk determines if bridging is necessary.
“Heparin bridging” involves discontinuing warfarin
4-5 days prior to a procedure while using subcutaneous low molecular weight heparin (LMWH) to maintain
anticoagulation until the day prior to the procedure.
This mitigates thromboembolic risk during the time
the patient is off warfarin by effectively shortening
the amount of time the patient is not anticoagulated.
LMWH has a shorter half-life than warfarin and can be
discontinued the day prior to the procedure.
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Bridging with subcutaneous LMWH is appropriate and reliable. For patients who have chronic kidney
disease, the LMWH should be decreased in dose or
substituted by intravenous unfractionated heparin. For
atrial fibrillation patients, the American Heart Association (AHA) advocates a once-daily therapeutic dose of
LMWH, with half the dose to be taken at dawn of the
day before the procedure (347). Moreover, therapeutic
LMWH should be taken up again 24 to 72 hours post procedure, dependent on the bleeding risk of the technique.
Warfarin therapy ought to be resumed when viable. It is
vital to consider that bridging could lead to unexpected
post-op bleeding after anticoagulants are resumed.
International guidelines reflect the differing views
on the safe interval between cessation of antithrombotic therapies and implementation of neuraxial and
peripheral procedures, and for the re-introduction of
the therapeutic drug regimen.
While 2 to 3 half-life intervals might be adequate
in patients who are at excessive threat of venous
thromboembolism (VTE) or stroke, an interval of 4 to 6
half-lives amid the cessation of the drug and neuraxial
injection is reliable in the majority of patients at a lowlevel risk of thrombosis (348). However, in patients with
kidney disease, the interval should be calculated on
creatinine clearance. In particular instances, laboratory
monitoring of the antithrombotic effect is applicable,
and reversal agents may be suitable when a hemostatic
function requires rapid restoration.

11.6 Adverse Reactions and Complications
Health care consumers must be informed of all
aspects of potential therapies, risks, benefits, and indications. Risks may include, but are not limited to, infection, tissue rejection and changes in the characteristics
of the cells in the product that may alter how they respond. PRP therapies derive their benefit from localized
inflammation, and can thus cause worsening pain and
sensations of pressure before healing demonstrates increased functionality. Generalized rest and restraining
from the use of NSAID medications are important to
optimize therapy.
A final concern for the use of biologic therapies is
the induction of neoplasms from undifferentiated cells in
high volume. A multicenter analysis of over 2,300 patients
treated with MSCs (bone marrow and adipose included)
for musculoskeletal conditions demonstrated that after
nine years, only seven patients developed a neoplasm.
This is lower than the rate of neoplasm development in
the general population, MSC therapy is therefore not
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considered causative (349). The review also noted that the
majority of postoperative complications were very few,
but included pain post-procedure (3.9%), and pain due to
continued degeneration of the joint (3.8%) (349).

12.0 Guidance for Responsible, Safe,
and Effective Use of Biologics
The current body of evidence on the use of biologics for the spine is limited. Previous systematic literature
reviews, such as the 2015 review by Nourissat et al (350)
reiterate the lack of many well-designed RCTs regarding PRP use in the most common tendinopathies’ and
suggest that while PRP treatment for acute or chronic
tendinopathy is more beneficial than standard nonintervention techniques of NSAIDs and rest, it should
be considered after failure of ultrasound-guided corticosteroid injection into the specific tendon.
The variation of follow-up for the studies has
ranged from 6 weeks to 3 years before conclusions
were drawn. Of the studies reviewed, there has been
a demonstration of benefit with the initial injection/injection series that can last from 6 months to 24 months.
Studies requiring a repeat of the injection series after
24 months should be conducted to determine the maximum duration of time that can remain between series.
The lack of standardization of methodology and
analysis is a handicap to the ability to reproduce the
same models or make declarative recommendations.
Since the factors at play in healing and regeneration
are still unknown, clinicians continue to test new combinations, contributing to the heterogeneity in composition, techniques and outcomes (350-353).
In regard to cost, corticosteroid injections are
cheaper than PRP and are the current standard of care
for chronic conditions of joint degeneration. For this
reason and in consistency with current guidelines from
musculoskeletal interventional pain management, and
national guidelines as listed in Table 19 (351), PRP is
considered in patients after corticosteroids fail, or are
deemed no longer appropriate for corticosteroid use.
This may however, change depending on availability of
more robust data on safety and long-term effectiveness
of biologics when compared to corticosteroids.

13.0 Conclusion
Both PRP and MSCs are used autogenously to supplement the healing process. Their natural properties
are being discovered, including functional strengths and
limitations. The guidelines presented have reviewed
studies that both confirm and refute current uses of
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these biologics. In general, PRP is a concentration of inflammatory mediators and growth factors that complement healing in injured tissues. Biologics are considered
by many to be a more economic and expedited healing
approach and are becoming a reasonable alternative
to patients that fail standard of care treatments. Based
on the available literature, treatments for lumbar discs,
facet and sacroiliac joints are performed in conjunction
with a definitive diagnosis, and after the patient has
tried and failed conservative therapy. The published
studies have reported the results of single injection
biologic use on chronic pathology which has provided
short-term relief. PRP has been the most commonly
utilized biologic within the lumbar spine.
The survival of the clinical use of biologics depends on the standardization of their use, the consistency of outcomes, and on the documentation of
an overall decrease in healthcare costs. This can be
achieved by the publication of high-quality studies which will increase the predictability in the use
of biologic therapy. These efforts, on behalf of our
patients and to ensure the future of Regenerative
Medicine, will require dedication on the part of all
stakeholders to move the science and technology of
biologic therapy forward.
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