
Background: Acute and degenerative musculoskeletal disorders are among the most common 
etiologies of disability worldwide. Recently, there has been interest in the field of regenerative medicine 
to bridge the gap between conservative and surgical management of these conditions. Autologous 
bone marrow concentrate is one type of injectate that has increased in popularity over the last few 
decades. Though there is promising evidence supporting its efficacy, standard of care practice guidelines 
to govern the appropriate use and implementation of such technology are currently lacking.

Objectives: The aim of this article is to report findings from a survey administered using the Delphi 
technique to a group of physicians using bone marrow concentrate in practice to determine best 
practice consensus regarding optimization of patient safety and education. 

Study Design: Delphi panel technique.

Setting: The study was first announced at a national meeting and continued remotely across the 
United States via 4 rounds of online surveys.

Methods: An initial panel of 30 expert members was convened and a 5-member steering committee 
was established. Four rounds of consensus questionnaires totaling 11 unique questions were distributed. 
Ten questions included a 5-point Likert scale from “Strongly Agree” to “Strongly Disagree,” and one 
question had a selection of 5 options regarding minimum level of evidence required. The anonymized 
aggregate results of each round were shared with the group prior to voting in the subsequent round 
in accordance with the Delphi process. Consensus was defined as 80% agreement of the statements 
indicating either “Strongly Agree” or “Agree” for the 10 questions with the Likert Scale and 80% 
agreement among 2 of 5 choices in the question regarding levels of evidence.

Results: Three invited participants were excluded by the second round of questions due to lack of 
response in a timely manner, leaving 27 physicians queried. Nine of the 11 questions met criteria for > 
80% consensus. Areas of agreement included importance of a treatment registry, candidacy grading, 
expanded informed consent, scientific accuracy in advertising, institutional review board approval for 
novel uses, performance of procedures by only licensed physicians or mid-level providers with direct 
physician oversight, use of image guidance for injections, data submission for publication in peer 
reviewed literature, and a minimum requirement of case-series level of evidence for use of bone marrow 
concentrate in musculoskeletal medicine. The 2 areas that did not meet criteria for consensus included 
online publishing of individual clinic data and standards around cell counting for dosing. 

Limitations: The Delphi panel of experts was convened on a voluntary basis rather than a nomination 
process. Our panel of experts were all physicians who use bone marrow concentrate in practice, 
therefore it is possible that a different panel of experts within other disciplines would reach different 
conclusions.

Conclusions: There is significant consensus among a panel of physicians performing bone marrow 
concentrate injections regarding best practice guidelines for musculoskeletal conditions. 
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DDegenerative musculoskeletal conditions are a 
leading cause of disability and poor quality of life 
worldwide (1). In the United States, absenteeism 

from work due to the burden of osteoarthritis (OA) leads 
to an annual cost of $10.3 billion and results in more 
days of work lost than other disease processes (2). With a 
clear need for more treatment options for degenerative 
musculoskeletal conditions, orthobiologics have emerged 
over the last few decades as a promising treatment 
modality with the potential to offer greater therapeutic 
and cost efficacy in a less invasive manner than surgery. 
Due to the novelty of the technology, however, the 
clinical application of orthobiologics has been plagued 
with inconsistencies and lack of standardized protocols, 
which has led to variability in outcomes (3). This has also 
contributed to a lack of consensus regarding efficacy, 
optimal methods of treatment delivery, standards within 
the field for patient education, registry data, and level of 
evidence required for use.

Regenerative medicine has traditionally referred 
to the utilization of substances that can promote heal-
ing and encourage a healthier local environment, while 
decreasing chronic inflammation (4). Bone marrow 
concentrate (BMC) is a commonly used autologous re-
generative medicine therapy. Bone marrow harvesting 
is one of the oldest medical procedures, with evidence 
dating back more than 7000 years (5). The first at-
tempts to obtain bone marrow samples for diagnostic 
purposes were performed in the early 1900s by Pianese 
in Italy and Wolff in Germany (6). Bone marrow aspira-
tions performed for musculoskeletal applications were 
first described in 1989 as a method to improve osteo-
genic potential of bone grafts in pediatric patients (7). 
Bone marrow aspirate (BMA) is harvested via inserting 
a trocar through the bony cortex and withdrawing 
bone marrow stroma via a syringe. BMC is then created 
by density gradient centrifugation of BMA (8). The 
buffy coat isolated from BMC has a number of cells, 
including mesenchymal and hematopoietic stem cells, 
myelopoietic and erythropoietic cells, mature leuko-
cytes, platelets, and megakaryocytes (9). The posterior 
superior iliac crest is the most common site of BMA har-
vest because it is safe, easy to access, and yields a higher 
number of mesenchymal stromal cells when compared 
to other sites (10-12). The mechanism of action of BMC 
is not yet fully understood but is theorized to include 
paracrine signaling (13,14), tissue differentiation (15), 
exosome release (16), mitochondrial transfer (17), and 
alteration of macrophage function to promote anabo-
lism rather than catabolism (18). 

BMC has shown promise in treating knee OA (19-
21), anterior cruciate ligament (ACL) tears (22,23), rota-
tor cuff pathology (24), osteonecrosis (25-27), and non-
union fractures (28). Though there is much promising 
early clinical evidence, the rapid rise of regenerative 
medicine has led to some concerning practices (29). It is 
important for health care providers to offer such treat-
ments based on the best interests of the patient and 
the best available scientific evidence, particularly as the 
current lack of insurance coverage for these procedures 
introduces out-of-pocket costs for patients. However, it 
has been documented that there are health care pro-
viders who do not practice in a manner consistent with 
these values (30,31). Therefore, in order to establish 
consensus among those practicing regenerative medi-
cine, a Delphi panel was convened to further elucidate 
areas deemed of greatest importance in the use of BMC 
for musculoskeletal conditions. 

The Delphi method facilitates the involvement of 
professionals from different disciplines to aid in joint 
problem-solving and decision-making (32-34). The 
opinions of experts in the field are surveyed through 
rounds of structured, anonymous questionnaires (35). 
The advantage of using this method is that it allows 
for diverse opinions to be elicited without scrutiny, 
thereby creating a lens through which to examine 
particular topics and seek a group consensus among 
experts (34-36). The Delphi technique was selected 
for this project in order to have an organized method 
of correlating viewpoints on 11 different categories 
within the utilization of BMC for musculoskeletal 
use. The primary aim of this paper is to drive toward 
consensus on BMC for musculoskeletal use in order to 
establish guidelines around, and therefore, optimize 
patient protection. 

Methods

Participant Selection
Physicians practicing regenerative musculoskeletal 

medicine were informed of the Delphi panel by a gen-
eralized announcement at The Orthobiologic Institute 
meeting in Chicago, IL, that took place on June 7 – 8, 
2019 (37). Participants responded via email agreeing to 
participate. To be selected for the panel, the physicians 
needed to meet the following criteria:
1. Actively use BMC in his/her medical practice.
2. Have an American Board of Medical Specialties 

(ABMS) recognized board certification in a medi-
cal specialty with musculoskeletal expertise, such 
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as orthopedic surgery, interventional pain man-
agement, interventional musculoskeletal radiol-
ogy, physical medicine and rehabilitation, or fam-
ily medicine with a sports medicine Certificate of 
Added Qualification (CAQ).

3. Have an academic appointment, be published in 
the field of regenerative musculoskeletal care, or 
have committee or other appointments in major 
medical societies that intersect with regenerative 
musculoskeletal care.

A steering committee of 5 participants was 
chosen by the first author (CJC) based on their will-
ingness to contribute additional time to the panel 
administration. 

Question Generation
Nine initial questions were determined by the first 

author (CJC) in the first query with a tenth question 
used for open-ended responses to guide formation of 
questions in subsequent rounds. Based on the feedback 
from the panel and the steering committee, a total of 
11 final questions were generated with 9 being mini-
mally edited from the original round. These questions 
were distributed starting in round 2. The 11 final cat-
egories surveyed are as follows:
1. Registry data collection
2. Collection and online reporting of patient out-

comes for each medical practice performing BMC 
procedures for patient review 

3. Grading of patient candidacy and communication 
of those grades to prospective patients

4. Informed patient consent with inclusion of BMC as 
an investigational therapy at present

5. Submission of data from novel uses of BMC for 
peer-reviewed publication

6. Accurate, factual advertising to the general public 
that is grounded in known basic and clinical science

7. Institutional Review Board (IRB) approval prior to 
use of BMC for novel application in humans

8. Restriction of therapeutic delivery of BMC for mus-
culoskeletal use by a licensed physician or nurse 
practitioner/physician assistant with direct on-site 
physician supervision 

9. Use of direct visualization or image guidance for 
BMC delivery to specifically targeted structures

10. Quantification of cell dosing via total nucleated 
cell count (TNCC) or cell differential

11.Minimum level of evidence required to perform 
BMC procedures for musculoskeletal indications

Survey Technique
The Delphi technique was carried out with 4 rounds 

of questioning delivered electronically via Survey Mon-
key. Participants were provided up to 4 reminders to 
complete the survey. Those who failed to respond at 
that point were dropped from the panel to ensure that 
the panel participants had an uninterrupted series of 
questionnaires. After the close of the survey, the ano-
nymized aggregate results of each round were shared 
with the group prior to voting in the next round in ac-
cordance to the Delphi process prior to opening of the 
subsequent survey. 

A 5-point Likert scale from “Strongly Agree” to 
“Strongly Disagree” was used for 10 questions. One 
question regarding minimum desirable level of evi-
dence prior to performing BMC procedures had 5 op-
tions for answers: case reports, case series, comparison 
trials against traditional therapies, controlled trials, 
and multiple randomized placebo-controlled trials.

Survey Analysis
Consensus was determined by 80% agreement of 

the statements indicating either “Strongly Agree” or 
“Agree,” as defined by Putnam and Bruininks (35) and 
an 80% consensus cluster of 2 of the 5 answer choices 
for the level of evidence question. Means and stan-
dard deviations were calculated for each question to 
measure the dispersion for the mean, which estimates 
consensus criterion as described by Rogers and Lopez as 
mean ± 1.64 (38). A decrease in standard deviation and 
increase in mean towards consensus on a 5-point Likert 
scale is considered closer to achieving consensus (39). 
The means were calculated with “5” being “Strongly 
Agree” and “1” being “Strongly Disagree.” Therefore, 
each response was numbered with means and standard 
deviations calculated from that numeric score.

Results

Of the initial 30 invited participants, 2 were ex-
cluded after the first round and one was excluded after 
the second round due to lack of response following 
the 4 reminders. All responses from these participants 
were removed from the final data (Fig. 1). Two panel 
members had their data included but decided not to be 
named in the final publication. 

Participants Demographics
The participants represented a variety of medical 

specialties, including anesthesia, family medicine, or-
thopedic surgery, physical medicine and rehabilitation 
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(PM&R), and radiology. Fellowship training was also di-
verse and included interventional pain, interventional 
sports and spine, primary care sports medicine, ortho-
pedic surgery-based sports medicine, musculoskeletal 
radiology, interventional radiology, and spine surgery 
subspecialties. Eighty-five percent of the respondents 
were fellowship-trained. The mean number of years in 
practice was 20.3 (+ 9.1), with 26 men and one woman. 
The mean percentage of practice devoted to MSK-
related issues was 91.3% (+ 20.5). Sixty-five percent 
of respondents work in private practice, 46% work in 
academics, 11% do both, and 65.4% are engaged with 
the teaching of residents and/or fellows. The average 
number of cases performed for each physician was 
487.4 (+ 460). Twenty-three of the 27 final participants 
have been published in areas relevant to the field of 
regenerative medicine research (Table 1).

Survey Results
Round 1 consisted of 9 questions with the tenth 

question requesting open-ended responses to use 
as feedback for the addition of relevant questions in 
subsequent surveys. The free text responses led to the 
addition of questions related to cell counting and use 
of image guidance in the remaining rounds. Four total 
rounds were completed. The fourth round included 
only those questions that had not previously achieved 
an 80% consensus. Table 1 outlines questions asked 
with responses for each round (Table 2). 

Of the 11 questions, 9 reached a minimum of 80% 
consensus. Topics reaching consensus included the use 
of candidacy grades, expanded informed consent for pa-

Table 1. Participants demographics.

MSK, musculoskeletal. SD, standard deviation. *Data available for 
only 26 of 27 respondents. †Data available for only 25/27 respondents.

 n = 27 

Gender - Men:Women (% male) 26:1 (96%)

Mean age years (SD)* 51.7 (+ 8.7)

Mean number of years in practice (SD)* 20.3 (+9.1)

Published in the field of regenerative medicine (%) 23/27 (85%)

Mean # of BMC procedures performed (SD)† 487.4 (+460)

Practice setting*

Private Practice 65.4%

University 46.2%

Both Private and Academic 11.5%

Teach Residents and/or Fellows 65.4%

% of Practice Devoted to MSK (mean, SD) 91.3% (+ 20.5)

Specialty Representation

Anesthesia pain (%) 2/27 (7)

Family Medicine total 7/27 (26)

- Family Medicine Sports - 6/27 (22)

- Family Med anti-aging, regenerative medicine - 1/27 (4)

Physical Medicine & Rehabilitation (PM&R) total 12/27 (44)

- PM&R - 2/27 (7)

- PM&R Sports - 5/27 (19)

- PM&R Spine - 2/27 (7)

- PM&R Pain - 1/27 (4)

- PM&R Interventional Orthopedics - 1/27 (4)

- PM&R Interventional Pain and Sports - 1/27 (4)

Surgical Orthopedics overall 4/27 (15)

- Surgical Orthopedics Sports - 3/27 (11)

- Surgical Orthopedics Spine - 1/27 (4)

Musculoskeletal Radiology: 2/27 (7)

Fellowship trained: (%) 23/27 (85)
Fig. 1. Flow chart of  questions and participants inclusion.
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Table 2. Questions and responses by Delphi round.

Prompt Response Round 1 Round 2 Round 3 Round 4

It is desirable that patients who receive BONE MARROW 
CONCENTRATE for an orthopedic indication should be 
entered into a formal treatment registry that uses validated 
outcome tools and collects complications data at set time 
points.

Strongly Agree 51.6% 66.7% 51.9%

Agree 29.0% 25.9% 40.7%

Neither agree nor disagree 12.9% 3.7% 3.7%

Disagree 6.5% 3.7% 3.7%

Strongly disagree 0% 0% 0%

The medical group using BONE MARROW CONCENTRATE 
to treat an orthopedic indication should publish results 
transparently online for patients and regulators to review.

Strongly Agree 25.8% 25.9% 18.5% 18.5%

Agree 6.5% 25.9% 48.1% 44.4%

Neither agree nor disagree 45.2% 37.0% 22.2% 25.9%

Disagree 19.4% 11.1% 11.1% 11.1%

Strongly disagree 3.2% 0% 0% 0%

Each patient receiving BONE MARROW CONCENTRATE 
for an orthopedic indication should be provided a 
documented candidacy grade based on the best available 
medical evidence (if available).

Strongly Agree 32.3% 29.6% 25.9% 22.2%

Agree 35.5% 40.7% 51.9% 59.3%

Neither agree nor disagree 19.4% 18.5% 14.8% 7.4%

Disagree 12.9% 11.1% 7.4% 11.1%

Strongly disagree 0% 0% 0% 0%

Informed consent should include simple language that the use 
of the BONE MARROW CONCENTRATE for an orthopedic 
indication is not standard of care and is investigational and as 
such, it may pose unknown risks.

Strongly Agree 41.9% 55.6% 59.3% 29.6%

Agree 25.8% 22.2% 18.5% 51.9%

Neither agree nor disagree 16.1% 11.1% 14.8% 7.4%

Disagree 12.9% 7.4% 7.4% 11.1%

Strongly disagree 3.2% 3.7% 0% 0%

If the BONE MARROW CONCENTRATE is used in a 
medical indication where a controlled trial doesn't yet exist, 
then the data generated by that use should be submitted for 
publication in the peer-reviewed literature by the individual or 
group using that orthobiologic.

Strongly Agree 22.6% 25.9% 37.0%

Agree 38.7% 51.9% 48.1%

Neither agree nor disagree 32.3% 14.8% 11.1%

Disagree 6.5% 3.7% 3.7%

Strongly disagree 0% 3.7% 0%

Any advertising to the general public about BONE MARROW 
CONCENTRATE for an orthopedic indication must be 
grounded in the basic science or known clinical science.

Strongly Agree 74.2% 81.5% 88.9%

Agree 22.6% 18.5% 7.4%

Neither agree nor disagree 0% 0% 3.7%

Disagree 3.2% 0% 0%

Strongly disagree 0% 0% 0%

If BONE MARROW CONCENTRATE is used for an 
indication where animal models show promise, but this is 
a first in human use, an institutional review board should 
review and approve.

Strongly Agree 45.2% 51.9% 37.0%

Agree 25.8% 14.8% 44.4%

Neither agree nor disagree 12.9% 18.5% 14.8%

Disagree 6.5% 14.8% 3.7%

Strongly disagree 9.7% 0% 0%

Prior to the establishment of level 1 evidence for that 
medical indication, BONE MARROW CONCENTRATE for 
an orthopedic indication should only be used by licensed 
physicians or a by a physician-supervised mid-level and not in 
office settings where direct physician supervision is absent.

Strongly Agree 77.4% 81.5% 88.9%

Agree 12.9% 11.1% 7.4%

Neither agree nor disagree 0% 0% 3.7%

Disagree 0% 7.4% 0%

Strongly disagree 9.7% 0% 0%

Image guidance or direct visualization should be used to 
deliver BMC to the target joint or tissue (i.e. ultrasound 
imaging, fluoroscopy, or arthroscopy/open surgery as 
appropriate).

Strongly Agree 85.2% 74.1%

Agree 11.1% 25.9%

Neither agree nor disagree 3.7% 0%

Disagree 0% 0%

Strongly disagree 0% 0%
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tients, scientific accuracy in advertising, IRB approval for 
novel uses, performance of procedures by only licensed 
physicians or mid-levels with direct physician oversight, 
use of image guidance for procedures, importance 
of data submission for publication in peer reviewed 
literature, and a minimum requirement of case-series 
level of evidence for BMC in musculoskeletal use. Topics 
reflecting initial variation that later reached consensus 
in rounds 3 or 4 after discussion included submission 
for publication, IRB approval, candidacy grading, and 
patient consent. The 2 areas that did not meet criteria 
for consensus included online publishing of individual 
clinic data and standards around cell counting for dos-
ing. It should be noted that consensus of 80% for both 
the candidacy and consent categories was reached in the 
final round without iteration (Table 3). 

For the 10 Likert Scale questions, there was a trend 
towards an increase in means with decreasing standard 
deviation in the questions reaching consensus, further 
confirming agreement. For questions not reaching 
consensus, the mean stayed relatively consistent across 
the rounds and the standard deviations either did 
not change or decreased (Table 4). Levels of evidence 
gravitated towards comparison trials and case series 
with 90.4% consensus in Round 1, 85.2% consensus in 
Round 2, and 85.1% consensus in Round 3. Case reports 
became a more acceptable level of evidence in Round 
2, and in Round 3, more controlled trials were favored 
than in prior rounds. Round 1 was the only round in 
which some experts deemed that multiple randomized 
controlled placebo trials were necessary (Table 2).

discussion

Twenty-seven physicians actively using BMC for 

musculoskeletal use found consensus in 9 out of 11 
categories queried. This consensus was reached via 4 
rounds of surveys with results distributed between que-
ries to allow for discussion and agreement-building, 
per the Delphi technique.

Registry data reached 80% consensus in the first 3 
rounds and was among the most highly agreed upon 
categories. The history of orthopedic patient registries 
dates back to 1975, with the first such registry developed 
by Dr. Bauer in Sweden for nationwide data collection 
on total knee arthroplasty. The first in the United States 
for joint prosthesis was developed at the Mayo Clinic in 
1969 (40). Although registry data is noted to be less sat-
isfactory, prospective clinical studies are challenging in 
musculoskeletal medicine due to the considerable time 
needed to obtain and disseminate the results which 
precludes effectiveness of early failures and successes 
(41). The organizers of an orthopedic joint replacement 
registry note the solution to this is web-based registries 
(42). Registry data helps create overall improvement in 
the field. The purpose of a registry is to collect institu-
tional, regional, or national data in order to analyze 
and draw statistically significant conclusions regarding 
patient information that led to optimal versus poor 
outcomes (43). Therefore, use of registry data to track 
outcomes and data is recommended as standard of care 
for the use of BMC procedures. 

Importance of guided injections was added in the 
second round based on the freestyle questions from 
the first round and reached strong consensus in round 
2. This was one of the most strongly agreed upon 
topics, with almost all participants selecting “strongly 
agree.” Image-guided procedures have been shown to 
be most accurate, such as in one trial demonstrating 

Prompt Response Round 1 Round 2 Round 3 Round 4

Cell dosing characteristics such as Total Nucleated Cells or 
Cell Differential should be used for each patient treatment. 

Strongly Agree 14.8% 14.8% 18.5%

Agree 40.7% 37.0% 44.4%

Neither agree nor disagree 25.9% 29.6% 22.2%

Disagree 18.5% 14.8% 14.8%

Strongly disagree 0% 3.7% 0%

What level of evidence must be required before using BONE 
MARROW CONCENTRATE for an orthopedic indication?

Case reports 0% 11.1% 7.4%

Case series 45.2% 33.3% 40.7%

Comparison trials against 
traditional therapies 45.2% 51.9% 44.4%

Controlled trial 3.2% 3.7% 7.4%

Multiple randomized 
controlled placebo trials 6.5% 0% 0%

Table 2. Questions and responses by Delphi round (continued).
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90% accuracy when using ultrasound guidance for gle-
nohumeral joint injections as compared to a 76% rate 
of accuracy with a blind injection (44). 

Consensus agreement that only licensed physicians 
or mid-levels practitioners with direct physician super-
vision should be performing BMC procedures reached 
consensus in the first round with subsequently stronger 
agreement in the second and third rounds. The differ-
ence between bone marrow biopsies and aspirations 
for musculoskeletal procedures is the multi-site draw 
that is needed for an adequate cell count (45) versus 
a simple one-site bone puncture for aspiration and 
biopsy commonly done in oncologic procedures for 
diagnostics. The skill level that is required for multi-site 
draw involves image-guidance with either fluoroscopy 
or ultrasound, which requires subspecialty training 
with a fellowship or multiple cadaver skill courses.

Accuracy in advertising to the general public 
reached consensus after the first round, became stron-
ger in the second round, and maintained strong con-
sensus into the third round. In 1977, the US Supreme 
Court recognized that health care is both a profession 
and a business, and therefore must adopt modern busi-
ness practices in order to survive the current health care 
climate (Bates v. State bar of Arizona, 1977) (46). In a 

study by Moser et al (46), advertising and marketing 
were shown to have a place in the future of medical 
practice, with the most important aspects being the 
quality of service provided and reputation of the physi-
cian over the price. False and deceptive advertising is 
grounds for court action as well as license revocation 
(47), therefore, providing advertising to the general 
public must be founded on accurate, validated basic 
science and clinic research.

Consensus regarding submitting peer-reviewed 
literature from practices that perform BMC-based mus-
culoskeletal procedures was not reached until the third 
round. This may be due to the heterogeneity among 
private versus academic practice settings within the 
panel. However, the ultimate agreement in this area 
reflects the importance of publishing clinical outcomes 
data from patient registries for use of BMC in muscu-
loskeletal medicine until level 1 evidence is available. 

The importance of IRB approval for novel BMC use 
in humans reached consensus in the third round. The IRB 
was formed in the US to protect the rights and welfare 
of individuals participating in experimental research 
(48). The general function of the IRB is to “review, moni-
tor, and take action on all proposed research involving 
human subjects” (48). Therefore, it is reasonable to ob-
tain IRB approval for any use of BMC that is outside the 
scope of what has been studied in available literature. 

Agreement regarding informed consent including 
investigational use of BMC did not reach consensus 
until the fourth round. According to legal require-
ments, physicians must explain the procedure, possible 
risks and complications, benefits of the procedure, and 

Category
Round 

1
Round 

2
Round 

3
Round 

4

Registry X+ X+ X+

Publish Results - - - -

Candidacy - - - X+

Consent - - - X+

Peer-reviewed - - X+

Advertising X+ X* X*

IRB-Approval - - X+

Physician required X+ X* X*

Image guidance X* X+

Dosing - - -

Level of Evidence X% X% X%

Table 3. Categories reaching 80% consensus for Strongly Agree 
and Agree per round.

X*: Met at Strongly Agree
X+: Met at Agree
X%: Combination of “Case Series” and “Comparison trials against 
traditional therapies”
-: Failed to reach significance
Blank: Questions not asked in that round.
Demonstrating the 11 question areas and when each area reached 
consensus at either “strongly agree” alone or on both “strongly agree” 
and “agree” along with which ones failed to reach consensus.

Category
Round 

1
Round 

2
Round 

3
Round 

4

Registry 4.3 + 0.9 4.6 + 0.8 4.4 + 0.7

Publish Results 3.3 + 1.2 3.7 + 1.0 3.7 + 0.9 3.7 + 0.9

Candidacy 3.9 + 1.0 3.9 + 1.0 4.0 + 0.9 3.9 + 0.9

Consent 3.9 + 1.2 4.2 + 1.1 4.3 + 1.0 4.0 + 0.9

Peer-reviewed 3.8 + 0.9 3.9 + 1.0 4.2 + 0.8

Advertising 4.7 + 0.7 4.8 + 0.4 4.9 + 0.5

IRB-approval 3.9 + 1.3 4.0 + 1.2 4.1 + 0.8

Physician Required 4.5 + 1.2 4.7 + 0.8 4.9 + 0.5

Image guided 4.8 + 0.5 4.7 + 0.4

Dosing 3.5 + 1.0 3.4 + 1.1 3.7 + 1.0

Table 4. Mean ± standard deviations of  responses.

Blank: Questions not asked in that round.
Mean of responses ranked 1 – 5 on the Likert Scale for Strongly agree 
being 5 and Strongly disagree being 1. Standard deviations calculated 
for each response.
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available alternatives including the consequences of 
foregoing treatment (49,50). An issue with informed 
consent, especially with experimental trials, is the issue 
of nocebo effects. Indeed, psychological studies suggest 
that framing and personalizing treatment information, 
along with emphasizing treatment benefit, might 
prevent dysfunctional expectations of side effects and 
decreased decisional conflict (51,52). It is possible the 
delay in consensus in this particular question had to do 
with classification of the treatments as investigational, 
when several studies exist demonstrating efficacy 
(4,19,20,24,53-55). 

Candidacy for BMC did not reach consensus until 
the fourth round. This could be due to the possible 
definition of candidacy and perceived inability to ac-
curately stratify patients due to lack of data. Without 
formal placebo-controlled BMC trials, it is difficult to 
rigorously determine which patients are good, fair, or 
poor candidates. 

Transparent online publications did not reach 
consensus in any round. A trend towards transpar-
ent publication of outcomes data in other areas of 
medicine has developed over the last several years, 
most notably with coronary-artery bypass grafting 
outcomes to achieve greater health care accountabil-
ity (56). It is unclear why this topic did not reach 80% 
consensus for agreement. The overall consensus was 
between “neither agree nor disagree” and “agree.” 
This may be due to feasibility of online publication 
and possible restrictions at academic centers of publi-
cation of registry data without a formal peer-reviewed 
publication process.

Agreement regarding standardization of the use 
of TNCC or cell differential did not reach consensus 
in this panel after 3 rounds of surveys. The comments 
provided by the panel members centered around 
their capabilities to perform such testing. Positive 
post-procedural outcomes have been shown to be 
dose-dependent (10) with a minimum dosing of 400 
million TNCs for optimal outcomes when treating 
knee osteoarthritis (54). However, specific BMC dos-
ing studies for other musculoskeletal indications is 
lacking. 

Regarding level of evidence required to perform 
BMC procedure for musculoskeletal use, as the rounds 
progressed, fewer physicians felt it imperative to have 
randomized controlled trials. Ultimately, an 80% con-
sensus was achieved in agreement that either case 
series or comparison to standard treatment trial was 
sufficient to provide evidence for use. 

Limitations
Though significant consensus was achieved for 

many of the categories, there are some limitations to 
this Delphi panel. Our panel of experts were all physi-
cians who use BMC in practice, therefore it is possible 
that a different panel of experts with different practice 
methodologies would reach different conclusions. Fur-
thermore, many Delphi panels are constructed through 
external nomination processes (35,39), however, this 
panel was convened on a voluntary basis. The respon-
dents represent an experienced group of physicians 
practicing within the field of regenerative musculoskel-
etal medicine, however greater gender diversity, a larger 
number of physicians queried, and an initial screening 
process to ensure adequate representation would have 
been ideal. Though the majority of respondents have 
performed greater than 50 BMC procedures, there 
was a large range spanning from 35 to 2000 total BMC 
procedures performed. Furthermore, the topic of IRB 
approval for novel use of BMC may need to be further 
clarified since such stringent requirements may limit ac-
cess to patients for whom a general indication has been 
established. Finally, the panel commented on the activity 
of mid-level providers but did not address the topic of 
alternative health care practitioners administering these 
treatments, which is of growing concern with the field. 

conclusions

In conclusion, there is much room for improvement 
within the clinical applications of BMC for musculoskel-
etal disorders. There is great promise for this treatment 
modality, but in order to establish a better understand-
ing of outcomes, consistent delivery, ethical communi-
cation and care of patients, and patient stratification, 
standards of care must be established and adhered to. 
This panel recommends the key points outlined below 
as starting points from which to more effectively de-
liver such care. 

Key Points
The following are the consensus recommendations 

of this Delphi panel:
1. Use of a Treatment Registry — It is desirable that 

patients who receive BMC for a musculoskeletal 
indication be entered into a formal treatment reg-
istry that uses validated outcome tools and collects 
complications data at set time points.

2. Use of Candidacy Grades — Each patient receiving 
BMC for a musculoskeletal indication should be 
provided a documented candidacy grade based on 
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the best available medical evidence.
3. Expanded Informed Consent — Informed consent 

should include simple language that the use of the 
BMC for a musculoskeletal indication is not stan-
dard of care, is investigational, and, as such, may 
pose unknown risks.

4. Publication of Research — If BMC is used for treat-
ment of a medical condition for which a controlled 
trial does not yet exist, the data generated by 
that use should be submitted for publication in 
the peer-reviewed literature by the individual or 
group implementing the treatment.

5. Advertising — Any advertising to the general 
public about BMC for a musculoskeletal indica-
tion must be consistent with published scientific 
evidence.

6. Use of an IRB — If BMC is used for an indication 
where animal models show promise, but have not 
yet been studied in humans, an institutional review 
board should review and approve.

7. Use of Mid-levels — Prior to the establishment of 
level 1 evidence for that medical indication, BMC 
for a musculoskeletal indication should only be 
used by licensed physicians or a by a physician-su-
pervised mid-level and not in office settings where 
direct physician supervision is absent.

8. Imaging Guidance — Image guidance or direct visu-
alization should be used to deliver BMC to the target 
joint or tissue (i.e., ultrasound imaging, fluoroscopy, 
or arthroscopy/open surgery, as appropriate).

9. Level of Evidence Required for Clinical Use — At 
least a case series or comparison trial should ex-
ist prior to the use of BMC for a musculoskeletal 
indication. Meaning, the panel members did not 
believe that a randomized controlled trial is re-
quired before use of BMC.
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