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Background: There is a lack of published information outlining the use of biologics in National Football League (NFL) athletes and
limited data to guide biologic treatment strategies.

Purpose: To develop a consensus on the use of biologics among NFL team physicians.

Study Design: Consensus statement.

Methods: A working group of 6 experts convened a consensus process involving NFL team physicians using validated Delphi
methodology. Physicians from 32 NFL teams as well as NFL London were invited to take part. This iterative process was used to
define statements on the use of biologics in NFL athletes. A recent scoping review exploring biologics in professional athletes
was used to inform the first of 3 rounds of surveys, with statements considered under 7 headings: biologics in general, chal-
lenges of treating NFL athletes, terminology/nomenclature, autologous blood products, cell-based therapies, guidance for NFL
team physicians, and biologic research in the NFL. In addition to rating agreement, experts were encouraged to propose further
items or modifications. Predefined criteria were used to refine item lists after each survey. For a consensus within the final round,
defined a priori, items were included in the final information set if a minimum of 75% of respondents agreed and fewer than 10%
disagreed.

Results: Physicians from 26 NFL teams and NFL London responded to the initial invitation to participate in the Delphi process;
88.9% of participating team physicians completed the round 1 survey, with response rates of 87.5% in round 2 and 95.2% in round
3. After 3 rounds, 47 statements reached a consensus. A consensus was achieved that platelet-rich plasma has a positive impact
on patellar tendinopathy and on symptoms in early osteoarthritis but not for other indications. NFL team physicians agreed that
while cell therapies have the potential to improve symptoms, the misrepresentation of uncharacterized preparations as “stem
cells” has contributed to the widespread use of unproven therapies.

Conclusion: This study established an expert consensus on 47 statements relating to the use of biologics in NFL athletes.
In addition to providing clinical guidance for the use of biologics in NFL athletes, this study identified key areas for future focus
including the development of athlete education materials.
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Biologic treatments are increasingly used in the manage-
ment of musculoskeletal injuries and degenerative con-
ditions.26 Athletes are particularly drawn to biologic
therapies by the promise of an accelerated return to sport
through minimally invasive techniques that harness the
body’s intrinsic healing responses.20 While there are grow-
ing data evaluating biologic approaches in the manage-
ment of a discrete number of sports injuries,4,31 there

remains considerable variation in outcomes, and current
practices and indications remain ill-defined.34

Athletes in the National Football League (NFL) represent
a unique group of patients, with distinct challenges relating
to the athletic demands of full-time sport, discrete patterns
of injury, and financial pressures on performance.14,30

A growing number of NFL athletes have turned to biologic
strategies, with media portrayals of these practices having
the potential to influence the demand for biologic treatments
in recreational athletes and the wider public.20 In addition, a
large number of unproven therapies are being marketed
directly to athletes, with unsubstantiated claims of efficacy
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and lack of information about risks, product manufactur-
ing, and unrealistic expectations of outcomes.27 While
efforts have been made to evaluate biologic treatments in
NFL athletes,5 the considerable challenges of performing
research on these players mean that there are currently
few high-level studies to guide treatments.20

The purpose of this study was to establish an expert con-
sensus among NFL team physicians on the use of biologics
in NFL players using the Delphi method. We hypothesized
that this research will establish agreement on specifics in
treating NFL athletes, terminology, clinical use, and areas
for further research in the area of biologics.

METHODS

This was an NFL Physicians Society–based study and was
not sponsored by the NFL. A working group (I.R.M., T.R.M.,
K.E.H., F.S.H., S.A.R. and G.D.A.) facilitated the develop-
ment of a consensus using the Delphi technique. The Delphi
method is an iterative process in which a group of experts are
led to achieve a consensus on a given topic.23 A series of
anonymized surveys are performed, with the result of each
round collated and presented back to the group. Participants
then reassess their responses after considering the group
responses. The steps of collating and presenting data and
the completion of surveys continue until a consensus is
achieved. Details of the consensus are presented in Figure
1. Although the majority of Delphi studies have used
between 15 and 20 respondents, team physicians represent-
ing all 32 NFL teams and NFL London were invited to
increase representation in this broad field. Team physicians
were orthopaedic surgeons from a range of backgrounds
including academic and private institutions.

Identification of Items Relevant to the Use
of Biologics in NFL Athletes

A scoping review exploring the use of biologics in profes-
sional and Olympic athletes was previously published by a
subset of the authors and used to inform the first-round
survey.17,20 This scoping review was initially intended to
chart studies specifically relating to American football but
was expanded to include all sports because of the limited
number of studies available. Draft statements for inclusion
within first-round surveys were prepared by the working
group. Statements were categorized into groups and refined
to ensure there was no overlap. Online surveys were distrib-
uted to the wider group of NFL physicians to rate whether

items should be included within the final consensus docu-
ment with 5 possible responses on a Likert15 scale: strongly
agree, agree, neither agree nor disagree, disagree, or
strongly disagree. A free-text comments section was included
to allow for suggestions of modifications or additional items.
The survey was piloted by 4 experts (T.R.M., K.E.H., S.A.R.
and G.D.A.) for face validity, understanding, and acceptabil-
ity. After this, minor modifications were made.

Establishing a Consensus Through the Delphi
Process

The Delphi method was used to establish a group consensus
on the core list of statements generated by the working
group. The wider group of NFL team physicians partici-
pated in 3 rounds of surveys between February and May

Figure 1. Flowchart showing the consensus process. NFL,
National Football League.
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2021. Results were integrated and amended consensus
statements prepared. In the second round, NFL team
physicians were asked to review the anonymized results
from round 1 and score all items within the second sur-
vey. As with round 1, a free-text comments section was
included to allow for suggestions of modifications or
additional items. Questionnaires were reanalyzed and
the cycle repeated. The process was continued until a
consensus was reached for all items as defined below or
for a maximum of 3 rounds.

Data Analysis

In round 1 of the survey, items were categorized as
“essential” and retained for round 2 if �70% of respon-
dents agreed and <20% disagreed. Items not meeting
these criteria were discarded or modified per responders’
suggestions. In round 2, responses were analyzed with
stricter cutoff criteria, retaining items if �70% of respon-
dents agreed on their inclusion and <10% disagreed.
Items retained after round 2 were considered in round 3.
For a consensus, defined a priori, items were included in
the final information set if �75% of respondents agreed
and <10% disagreed. Agreement in 75% of participants
is the most frequently specified determination of a consen-
sus for Delphi studies.9

RESULTS

Identification of Relevant Items

The working group generated 78 items from group discus-
sions and a review of existing related literature for consider-
ation by the wider group of team physicians in the first-round
survey. Items were categorized under 7 headings: biologics in
general, challenges of treating NFL athletes, terminology/
nomenclature, autologous blood products, cell-based thera-
pies,guidance for NFL teamphysicians,andbiologic research
in the NFL.

Establishing a Consensus Through the Delphi
Process

Team physicians from 26 NFL teams and the head physi-
cian for NFL London agreed to take part in the Delphi
process. Of those who agreed to participate, 24 team physi-
cians (88.9%) completed the first-round survey. All nonre-
spondents were excluded from participation in subsequent
rounds. In round 2, 21 of 24 (87.5%) NFL physicians
responded, with 20 of 21 (95.2%) of the remaining NFL
physicians completing the third and final round. The
results of each survey round are summarized in Table 1.
The levels of agreement in rounds 1 to 3 are presented in
Figures 2 to 4, respectively. Of 49 items, 47 (95.9%)
included within the final survey achieved a consensus, with
>75% of experts in agreement and <10% disagreeing (Fig-
ure 4 and Appendix Table A3). The levels of agreement for
items at each round of the consensus process are summa-
rized in Appendix Tables A1 through A3.

Consensus Findings

A total of 7 principal domains were identified within the
consensus, with critical elements discussed below.

(A) Biologics in General. Biologics can be defined as ther-
apies that seek to improve healing and relieve symptoms in
musculoskeletal injuries or conditions by modulating the
local biological environment. Biologic strategies include
autologous blood products such as platelet-rich plasma
(PRP), autologous and allogeneic cell therapies, and growth
factors. Although there are only a limited number of studies
specifically evaluating biologic therapies in NFL athletes,17

all respondents (100.0%) agreed that biologic treatments
have the potential to improve symptoms in athletes with
sports injuries. However, the use of biologic treatments
should be based on a known mechanistic target for each
indication, with indiscriminate use having the potential
to undermine the legitimate use of these therapies. NFL
team physicians appreciated that the use of treatment
modalities in NFL players can influence patterns of use in
the wider population, further highlighting the importance
of ensuring athletes are as well-informed as possible when
making decisions about their treatment.

(B) Challenges of Treating NFL Athletes. The treatment
of NFL athletes presents unique clinical challenges. Treat-
ment decisions can be influenced by factors including time
in the season and the specific treatment requests of players.
Although most respondents indicated that treatment deci-
sions may also be influenced by the contract status of
players (66.7%) and the teams’ standing/season perfor-
mance, these items did not reach consensus agreement. All
respondents (100.0%) agreed that treatment decisions in
NFL athletes should be made using current best evidence
and clinical experience.

(C) Nomenclature/Terminology. Despite the potential of
biologic therapies, a major challenge to advancement in clin-
ical practice and research has been the lack of clear nomen-
clature for describing these treatments.2,6 Ambiguous
terminology can lead to mistaken assumptions regarding the
characteristics of preparations. As direct-to-consumer

TABLE 1
Summary of Results at the Completion of Each Survey

Round in the Delphi Process to Establish a Consensus on
the Use of Biologics in National Football League Athletes

Delphi
Round

Response
Rate, %

Total Items
Included
in Survey

Items Reaching
Consensus,a %

New Items or
Modifications

Suggested

1 88.9 78 56.0 22
2 87.5 73 79.4 2
3 95.2 49 95.9 0

aIn round 1 of the survey, items were retained for round 2 if
�70% of the respondents agreed on their inclusion and <20% dis-
agreed. Statements not meeting these criteria were discarded or
modified per the responders’ suggestions. In round 2, the items
were retained for round 3 if �70% of respondents agreed and
<10% disagreed. In round 3, items were considered as reaching a
consensus if �75% of the respondents agreed and <10% disagreed.
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Figure 2. Levels of agreement for statements included within the first-round survey. Full statements and values are available
in Appendix Table A1.
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marketing is becoming more prominent, ambiguous termi-
nology also makes it very challenging for athletes to under-
stand the products they are considering, rendering them
vulnerable to exploitation with misinformation.8 Respond-
ing NFL team physicians agreed that biologic therapies

should be described in a manner that is accurate and trans-
parent (100.0% agreement) using terminology that best
reflects the therapeutic components of the delivered therapy
rather than a trade name (95.0%). All agreed that the intro-
duction of novel terminology that does not accurately reflect

Figure 3. Levels of agreement for statements included within the second-round survey. Full statements and values are available
in Appendix Table A2.

The Orthopaedic Journal of Sports Medicine Use of Biologics in NFL Athletes 5



the contents or proven therapeutic characteristics of biologic
therapies may compound existing confusion relating to
nomenclature.

Misrepresentation of uncharacterized cell preparations
as stem cells has contributed to the increasing clinical use
of unproven cellular therapies.18 The term “stem cell” spe-
cifically refers to native cells that retain the ability to divide
asymmetrically. This results in self-renewal where one
daughter cell retains its “stemness,” with the other daugh-
ter cell capable of generating a population of progenitor
cells that can further differentiate and form new tissue.

Human tissues contain significantly more mature cells
than progenitor cells and vastly more progenitor cells than
stem cells. Fewer than 1 in 20,000 cells in bone marrow may
meet the criteria for a connective tissue progenitor, with
even fewer meeting the cellular, molecular, or functional
criteria for stem cells.21 In normal conditions, progenitors
capable of differentiating into connective tissues are not
present in blood. As such, most so-called stem cell prepara-
tions being marketed directly to patients in the United
States include very few cells that meet the definition of a
stem cell. NFL team physicians were in total agreement

Figure 4. Levels of agreement for statements included within the third-round (final) survey. Full statements and values are available
in Appendix Table A3.
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(100.0%) that to be described as stem cell preparations, cells
must meet strict criteria, including the demonstrated abil-
ity to undergo asymmetric division, self-renewal, and mul-
tilineage differentiation.24

(D) Autologous Blood Products Including PRP. PRP
represents a broad spectrum of preparations containing
variable levels of platelets, leukocytes, red blood cells, cyto-
kines, and growth factors.8 The bioavailability of growth
factors delivered as PRP depends on individual patient
characteristics, the platelet concentration, levels of leuko-
cytes and red blood cells, and the method of activation,
among other variables.22 PRP preparations are generally
safe with low adverse event profiles. Further information
is required to define the specific type of PRP that will be
most effective for a specific condition or injury.28 Indis-
criminate use of the same type of PRP for widely different
injuries and conditions has contributed to unpredictable
and variable outcomes. Based on their experience and
available data, NFL physicians agreed that leukocyte-
rich PRP (LR-PRP) is associated with increased postpro-
cedure discomfort over leukocyte-poor PRP (LP-PRP)
(85.0%). While NFL team physicians reached a consensus
that PRP has a positive impact on patellar tendinopathy
(round 3; 75.0%) and knee osteoarthritis (OA) (round 3;
75.0%), the levels of agreement for a positive impact of PRP
on Achilles tendinopathy (round 1; 50.0%), hamstring mus-
cle injuries (45.8%), acromioclavicular joint injuries (round
1; 4.2%), adductor muscle injuries (round 1; 16.7%), ankle
syndesmotic injuries (round 1; 12.5%), and meniscal tears
(41.7%) did not reach sufficient agreement to be considered
a consensus. There was agreement that LR-PRP should be
used preferentially over LP-PRP for chronic tendinitis of the
patellar tendon (75.0%), while LP-PRP was most appropri-
ate for treating symptoms of knee OA. The clear majority of
responding NFL physicians agreed that the best available
evidence suggests that PRP preparations may be symptom
modifying, and there are little data to suggest that they are
structure modifying.

(E) Cell-Based Therapies. The use of cell therapies to
treat musculoskeletal injuries has received increasing pub-
licity in print and social media, leading many athletes to
pursue these treatments. There has been an increase in the
use of uncharacterized cellular therapies, and misrepresen-
tation of uncharacterized cell preparations as stem cells has
contributed to the widespread clinical use of unproven cel-
lular therapies.13 Less stringent regulations mean that cer-
tain practices such as the culture expansion of stem cells
are permitted in certain foreign countries, leading patients
to consider travel overseas (“medical tourism”).18 The risk
of travel overseas is that the standards of medical proces-
sing and manufacturing in other countries are unknown
and often not as rigorous as protocols in the United States.
The best available evidence indicates that any therapeutic
effect of mesenchymal stromal cells/connective tissue pro-
genitors occurs through paracrine effects rather than dif-
ferentiation and engraftment.7 While NFL physicians
agreed that some very limited data exist to suggest that
cells derived from bone marrow and fat tissue may improve
symptoms from OA of the knee (75.0% agreement), at pre-
sent, there was insufficient evidence to support the routine

use of placental/amniotic injections to treat musculoskele-
tal injuries in NFL athletes. Furthermore, there was no
robust evidence to support the use of intravenous infusions
of cell therapies for musculoskeletal applications.

(F) Guidance for NFL Team Physicians. NFL team phy-
sicians reached a consensus that biologics should be deliv-
ered under the direction of sports medicine physicians or
orthopaedic surgeons (90.0% agreement) with expertise in
these treatments. There was also agreement on the need to
educate players and agents to discourage the widespread/
indiscriminate use of these treatments and to educate ath-
letes of the dangers of medical tourism. It was agreed that
further resources for NFL athlete education relating to bio-
logics would be of value, as currently available information
online can be confusing, can be challenging to navigate, and
frequently contains misinformation.25 In the process of
shared decision-making, the lack of strong evidence for
existing biologic therapies should be communicated to NFL
athletes, and treating physicians should, where possible,
document all parameters of the biologic preparation deliv-
ered that may critically influence outcomes. To monitor
use, facilitate the early recognition of adverse effects, and
ultimately evaluate outcomes, team physicians agreed that
a centralized database on the use of biologics in NFL ath-
letes would be of value.

(G) Biologic Research in the NFL. It was recognized by
all respondents that further research is required to better
characterize different biologic preparations and to match
the most appropriate preparations and indications. To
facilitate this, standards that define the criteria used to
characterize cell preparations are required, and methods
for classifying therapies that accurately reflect biologic
activity, are reliable, and are reproducible must be
developed.

DISCUSSION

The most important finding was the consensus among NFL
team physicians that biologics have the potential to
improve healing and improve symptoms after an injury in
NFL athletes but that, at present, there are limited data to
guide treatment decisions. As such, treatment decisions
must be based on best currently available evidence and
clinical experience. Educational materials that accurately
convey current levels of evidence for biologic treatments
may facilitate shared decision-making. A further conclu-
sion was the value of a database of biologic use that may
provide real-time data on emerging patterns of outcomes
in this specific patient population and aid the detection of
adverse effects.

While NFL team physicians reached agreement that
PRP has a positive impact on patellar tendinopathy and
early knee OA, lower levels of agreement were reached on
the value of PRP on Achilles tendinopathy (50.0%), ham-
string injuries (45.8%), acromioclavicular joint injuries
(4.2%), adductor injuries (16.7%), sports hernia/core muscle
injuries (4.2%), ankle syndesmotic injuries (12.5%), and
healing of meniscal tears (41.7%). This wide range of opin-
ion on the value of PRP for specific applications highlights
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the need for ongoing research, particularly studies with
level 1 evidence. However, given the low adverse-event pro-
file of PRP, it is still used in these settings based on shared
decision-making between athletes and physicians on a
case-by-case basis. Efforts should continue to be made to
ensure athletes are aware of up-to-date evidence to facili-
tate this process and to ensure that athletes, their medical
care providers, and their agents have reasonable expecta-
tions of outcomes. A challenge will be addressing the poten-
tial misconception by the wider public that the use of a
treatment by an NFL player is testament to its clinical
efficacy.

It should be noted that the statements reaching a con-
sensus among NFL physicians do not always equate with
more recent best scientific evidence. For example, NFL
physicians agreed that LP-PRP was most appropriate for
treating symptoms of knee OA. A recent meta-analysis has
reported that the leukocyte concentration of PRP does not
play a significant role in patient-reported outcome mea-
sures for knee OA.1 Furthermore, there are now limited
data from one direct comparison33 and a meta-analysis per-
formed as part of the most recent American Academy of
Orthopaedic Surgeons clinical practice guidelines3 that
support greater benefit with LR-PRP at 9 and 12 months
over LP-PRP for knee OA. NFL physicians also agreed that
LP-PRP was most appropriate for treating chronic tendini-
tis of the patellar tendon. While a number of studies have
supported the use of LR-PRP in this setting,10 a recent
prospective randomized controlled trial reported no superi-
ority of LR-PRP or LP-PRP over saline in managing chronic
patellar tendinitis.29 Ongoing uncertainty regarding the
most appropriate formulations of PRP highlights the need
for further well-designed studies. Ongoing challenges to
this research include heterogeneity in the stages and phe-
notypes of each disease and in orthobiologic preparations.19

Moving forward, sound clinical evidence will also benefit
from reduced heterogeneity in relation to the manufacture,
potency, and delivery of products. As always in medicine,
one solution does not fit all, and the stratification of
patients with OA will contribute to our ability to develop
more targeted interventions.

With respect to cell therapies, a key finding was concern
among NFL physicians that misrepresentation of prepara-
tions as stem cells has contributed to a misunderstanding of
how these therapies may exert an effect and unrealistic
expectations among athletes. It is therefore essential that
athletes understand the nature of cell therapy treatments
that they receive, the current deficiencies in evidence, and
the potential adverse effects. A key challenge will be pro-
tecting players from misinformation.

The Delphi method used here offers several advantages
over group-based methods.11 Anonymity of responses
reduces the effects of dominant participants.11 Online
methods are as reliable as face-to-face panels,32 improving
rather than jeopardizing the quality of results. The high
response rate across all 3 survey rounds of the Delphi pro-
cess demonstrates engagement with the process by NFL
physicians.

Limitations

This study has some limitations. While Delphi panel
methodology facilitates a more scientific approach to a
consensus than popular nominal group techniques,12 it
does not avoid the potential risk of bias in the selection
of participants. It is possible that individual biases relat-
ing to the involvement with industry may have influenced
certain responses. Although as few as 10 experts is consid-
ered adequate for content validation,16 a larger group was
chosen to encourage representation from all 32 NFL
teams. The potential influence of any single participant
was reduced by including more experts than most pub-
lished Delphi studies and by setting the threshold levels
of agreement for a consensus high. Efforts to establish
whether these standards are practical and generalizable
to other professional sports may be merited.

CONCLUSION

This study has established an expert consensus on 47 state-
ments relating to the use of biologics in NFL athletes. Effort
should continue to educate athletes, team medical staff,
agents, and other stakeholders on the best available evi-
dence for the efficacy and potential adverse events of bio-
logic therapies to facilitate informed decision-making.
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APPENDIX

APPENDIX TABLE A1
Levels of Agreement for Items Included in the Round 1 Surveya

Round 1 Items
%

Disagree
%

Agree

A. Biologics in General
1. Orthobiologics can be defined as therapies that seek to improve healing and relieve symptoms in musculoskeletal

injuries or conditions by modulating the local biological environment
0.0 100.0

2. Orthobiologics include autologous blood products, autologous and allogeneic cell therapies, and growth factors 0.0 100.0
3. Orthobiologics have the potential to improve symptoms in athletes with sports injuries 0.0 95.8
4. Orthobiologics have the potential to improve function in athletes with sports injuries 0.0 66.7
5. Orthobiologics have the potential to increase tissue regeneration after sports injuries 4.2 58.3
6. The use of orthobiologic treatments should be based on a known mechanistic target for each indication 0.0 95.8
7. The use of treatment modalities in NFL players can influence patterns of use in the wider population 0.0 100.0

B. Challenges of Treating NFL Athletes
8. The treatment of NFL athletes presents unique clinical challenges 0.0 100.0
Treatment decisions in NFL athletes can be influenced by
9. Time in season 0.0 100.0
10. Player’s contract status 12.5 83.3
11. Team standing/season performance 16.7 75.0
12. Player’s position 4.2 91.7
13. Injury status of teammates 20.8 45.8
14. Player’s treatment requests 0.0 100.0
15. Agent’s treatment requests 4.2 83.3
16. Coach/management’s treatment requests 41.7 33.3
17. Treatment decisions regarding the use of orthobiologics in NFL athletes should be based on current best evidence

and clinical experience
0.0 95.8

C. Nomenclature/Terminology
18. Orthobiologic therapies should be described in a manner that is accurate and transparent 0.0 100.0
19. Orthobiologic therapies should be described in a manner that best reflects the therapeutic component(s) of the

delivered therapy rather than a trade name
0.0 100.0

20. The introduction of novel terminology that does not accurately reflect the contents or proven therapeutic
characteristics of orthobiologic therapies may compound existing confusion relating to the nomenclature

0.0 100.0

D. Autologous Blood Products Including PRP
21. PRP represents a broad spectrum of preparations containing variable levels of platelets, leukocytes, red blood cells,

cytokines, and growth factors
0.0 100.0

22. The bioavailability of growth factors delivered as PRP depends on individual patient characteristics, the platelet
concentration, levels of leukocytes and red blood cells, and the method of activation, among other variables

0.0 100.0

23. PRP preparations are generally safe, with low adverse event profiles 0.0 95.8
24. Further information is required to define the specific type of PRP that will be most effective for a specific condition or

injury
0.0 100.0

25. Indiscriminate use of the same type of PRP for widely different injuries and conditions has contributed to
unpredictable and variable outcomes

0.0 87.5

26. Leukocyte-rich PRP is associated with increased postprocedure discomfort over leukocyte-poor PRP 0.0 70.8
27. Leukocyte-rich PRP is associated with increased rehabilitation time over leukocyte-poor PRP 12.5 41.7
PRP has a positive impact on
28. Achilles tendinopathy 4.2 50.0
29. Patellar tendinopathy 4.2 75.0
30. Hamstring muscle injuries 20.8 45.8
31. Acromioclavicular joint injuries 20.8 4.2
32. Adductor muscle injuries 29.2 16.7
33. Sports hernia injuries 45.8 4.2
34. Knee OA/degenerative changes 0.0 87.5
35. Ankle syndesmotic injuries 16.7 12.5
36. Healing of meniscal repairs 16.7 41.7
37. PRP does not assist with regeneration or improve healing of tendon/ligament repairs 16.7 29.2
38. PRP does not facilitate cartilage tissue regeneration or healing 16.7 50.0
39. Leukocyte-rich PRP should be used preferentially over leukocyte-poor PRP for chronic tendinitis of the patellar

tendon in non-NFL athletic populations
0.0 79.2

(continued)
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Appendix Table A1 (continued)

Round 1 Items
%

Disagree
%

Agree

40. Leukocyte-poor PRP should be used preferentially over leukocyte-rich PRP for symptoms of OA of the knee in non-
NFL athletic populations

4.2 83.3

41. To minimize time away from sport during the season, it is acceptable to use leukocyte-poor preparations in the
management of tendon and ligament injuries in NFL athletes

4.2 41.7

42. PRP can be preferentially used to treat injuries during a bye week to minimize game time loss 4.2 62.5
E. Cell-Based Therapies

43. To be described as stem cell preparations, cells must meet strict criteria including the demonstrated ability to
undergo self-renewal and to regenerate other types of cells and tissues

0.0 91.7

44. While stem cells can be isolated from tissues such as bone marrow and fat, the number of true stem cells is extremely
small (approximately 1 in 10,000 cells)

4.2 75.0

45. Existing clinically available cell preparations in the United States include very few cells that meet the definition of a
stem cell

4.2 83.3

46. The use of cell therapies for the treatment of numerous conditions has received increasing publicity in print and
social media, leading many athletes to pursue these treatments

0.0 100.0

47. There is no high-quality evidence available to support the routine use of cell therapy for any musculoskeletal
injuries

8.3 66.7

48. Less stringent regulations mean that certain practices such as the culture expansion of “stem cells” are permitted in
certain foreign countries, leading patients to consider travel overseas (“medical tourism”)

0.0 100.0

49. The risk of travel overseas is that the standards of medical processing and manufacturing in other countries are
unknown and often not as rigorous as protocols in the United States

0.0 100.0

50. There has been an increase in the use of uncharacterized cellular therapies to treat musculoskeletal abnormalities 0.0 95.8
51. Misrepresentation of uncharacterized cell preparations as stem cells has contributed to the widespread clinical use

of unproven cellular therapies
0.0 100.0

52. Some very limited data exist to suggest that cells derived from bone marrow and fat tissue may improve symptoms
from OA of the knee

4.2 70.8

53. There is no evidence to support the use of intravenous infusions of stem cells to treat musculoskeletal disorders 4.2 83.3
54. Further research is required to determine the most appropriate BMAC formulation for any given indication 0.0 95.8
BMAC has a positive impact on
55. Achilles tendinopathy 12.5 20.8
56. Patellar tendinopathy 12.5 20.8
57. Hamstring muscle injuries 8.3 4.2
58. Acromioclavicular joint injuries 20.8 0.0
59. Adductor muscle injuries 8.3 8.3
60. Sports hernia injuries 20.8 0.0
61. Knee OA/degenerative changes 4.2 54.2
62. Ankle syndesmotic injuries 8.3 0.0
63. Healing of meniscal repairs 12.5 41.7
64. Healing of tendon/ligament repairs 16.7 33.3
65. Engraftment of osteochondral allografts 4.2 41.7
66. BMAC does not facilitate cartilage tissue regeneration or healing 29.2 25.0
67. BMAC can be preferentially used to treat injuries during a bye week to minimize game time loss 20.8 25.0
68. Placental/amniotic cord blood–based cell products have a positive impact on degenerative knee conditions 25.0 8.3
69. Placental/amniotic cord blood–based cell products have a positive impact on muscle strain injuries 25.0 0.0
70. Placental/amniotic cord blood–based cell products have a positive impact on tendon/ligament injuries 25.0 4.2

F. Guidance for NFL Team Physicians
71. The lack of strong evidence for existing orthobiologic therapies should be communicated to NFL athletes in shared

decision-making
0.0 100.0

72. Treating physicians should document all parameters of the orthobiologic preparation delivered that may critically
influence outcomes

0.0 91.7

73. A centralized database on the use of orthobiologics in NFL athletes would provide real-time data on emerging
patterns of outcomes in this specific patient population and aid the detection of adverse effects

0.0 91.7

G. Biologic Research in the NFL
74. Research is required to better characterize different orthobiologic preparations 0.0 100.0
75. Standards that define the criteria used to characterize cell preparations are required 0.0 100.0
76. Research is required to match the most appropriate orthobiologic preparations and indications 0.0 100.0
77. Further study is required to identify methods for the classification of orthobiologic therapies that accurately reflect

biologic activity and that are reliable and reproducible
0.0 100.0

78. Minimum reporting standards of experimental variables that may influence outcomes of orthobiologic treatments
should be used

0.0 100.0

aItems were considered for round 2 if they reached �70% agreement with <20% disagreement. BMAC, bone marrow aspirate concentrate;
NFL, National Football League; OA, osteoarthritis; PRP, platelet-rich plasma.
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APPENDIX TABLE A2
Levels of Agreement for Items Included in the Round 2 Surveya

Round 2 Items
%

Disagree
%

Agree

A. Biologics in General
1. Orthobiologics can be defined as therapies that seek to improve healing and relieve symptoms in musculoskeletal

injuries or conditions by modulating the local biological environment
0.0 100.0

2. Orthobiologics include autologous blood products, autologous and allogeneic cell therapies, and growth factors 0.0 100.0
3. Orthobiologics have the potential to improve symptoms in athletes with sports injuries 0.0 90.5
4. The use of orthobiologic treatments should be based on a known mechanistic target for each indication 0.0 85.7
5. The use of treatment modalities in NFL players can influence patterns of use in the wider population 0.0 95.2

B. Challenges of Treating NFL Athletes
6. The treatment of NFL athletes presents unique clinical challenges 0.0 95.2

Treatment decisions in NFL athletes can be influenced by
7. Time in season 0.0 100.0
8. Player’s contract status 23.8 66.7
9. Team standing/season performance 19.1 57.1

10. Player’s position 14.3 76.2
11. Player’s treatment requests 0.0 95.2
12. Agent’s treatment requests 9.5 47.6
13. Treatment decisions regarding the use of orthobiologics in NFL athletes should be based on current best evidence

and clinical experience
0.0 100.0

C. Nomenclature/Terminology
14. Orthobiologic therapies should be described in a manner that is accurate and transparent 0.0 100.0
15. Orthobiologic therapies should be described in a manner that best reflects the therapeutic component(s) of the

delivered therapy rather than a trade name
0.0 85.7

16. The introduction of novel terminology that does not accurately reflect the contents or proven therapeutic
characteristics of orthobiologic therapies may compound existing confusion relating to the nomenclature

0.0 100.0

D. Autologous Blood Products Including PRP
17. PRP represents a broad spectrum of preparations containing variable levels of platelets, leukocytes, red blood cells,

cytokines, and growth factors
4.8 95.2

18. The bioavailability of growth factors delivered as PRP depends on individual patient characteristics, the platelet
concentration, levels of leukocytes and red blood cells, and the method of activation, among other variables

0.0 100.0

19. PRP preparations are generally safe, with low adverse event profiles 0.0 95.2
20. Further information is required to define the specific type of PRP that will be most effective for a specific condition or

injury
0.0 100.0

21. Indiscriminate use of the same type of PRP for widely different injuries and conditions has contributed to
unpredictable and variable outcomes

0.0 95.2

22. Leukocyte-rich PRP is associated with increased postprocedure discomfort over leukocyte-poor PRP 0.0 85.7
PRP has a positive impact on
23. Patellar tendinopathy 4.8 76.2
24. Knee OA/degenerative changes 4.8 71.4
There is currently not sufficient evidence to support a positive impact of PRP on
25. Achilles tendinopathy 14.3 42.9
26. Hamstring muscle injuries 23.8 47.6
27. Acromioclavicular joint injuries 15.0 60.0
28. Adductor muscle injuries 9.5 66.7
29. Sports hernia injuries 4.8 71.4
30. Ankle syndesmotic injuries 14.3 42.9
31. Healing of meniscal repairs 14.3 42.9
32. Leukocyte-rich PRP should be used preferentially over leukocyte-poor PRP for chronic tendinitis of the patellar

tendon
4.8 76.2

33. Leukocyte-poor PRP should be used preferentially over leukocyte-rich PRP for symptoms of OA of the knee 0.0 85.7
34. The best available evidence suggests that PRP preparations may be “symptom modifying,” and there are little data

to suggest that they are “structure modifying”
4.8 81.0

E. Cell-Based Therapies
35. To be described as “stem cell preparations,” cells must meet strict criteria including the demonstrated ability to

undergo self-renewal and to regenerate other types of cells and tissues
0.0 100.0

36. While stem cells can be isolated from tissues such as bone marrow and fat, the number of true stem cells is extremely
small (approximately 1 in 10,000 cells)

0.0 95.2

37. Existing clinically available cell preparations in the United States include very few cells that meet the definition of a
stem cell

0.0 100.0

38. The use of cell therapies for the treatment of numerous conditions has received increasing publicity in print and
social media, leading many athletes to pursue these treatments

0.0 100.0

(continued)
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Appendix Table A2 (continued)

Round 2 Items
%

Disagree
%

Agree

39. Less stringent regulations mean that certain practices such as the culture expansion of “stem cells” are permitted in
certain foreign countries, leading patients to consider travel overseas (“medical tourism”)

0.0 100.0

40. The risk of travel overseas is that the standards of medical processing and manufacturing in other countries are
unknown and often not as rigorous as protocols in the United States

0.0 100.0

41. There has been an increase in the use of uncharacterized cellular therapies to treat musculoskeletal abnormalities 0.0 100.0
42. Misrepresentation of uncharacterized cell preparations as stem cells has contributed to the widespread clinical use

of unproven cellular therapies
0.0 100.0

43. The best available evidence indicates that any therapeutic effect of mesenchymal stromal cells/connective tissue
progenitors occurs through paracrine effects rather than differentiation and engraftment

0.0 66.7

44. Some very limited data exist to suggest that cells derived from bone marrow and fat tissue may improve symptoms
from OA of the knee

4.8 76.2

45. There is no evidence to support the use of intravenous infusions of stem cells to treat musculoskeletal disorders 0.0 85.7
46. There is currently not sufficient evidence to support the routine use of bone marrow aspirate concentrate injections

to treat musculoskeletal injuries in NFL athletes
9.5 66.7

47. There is currently not sufficient evidence to support the routine use of microfragmented adipose tissue injections to
treat musculoskeletal injuries in NFL athletes

0.0 71.4

48. There is currently not sufficient evidence to support the routine use of placental/amniotic cord blood–based
injections to treat musculoskeletal injuries in NFL athletes

0.0 85.7

F. Guidance for NFL Team Physicians
49. Biologics should be delivered under the direction of sports medicine physicians or orthopaedic surgeons 0.0 90.5
50. There is a need to educate players and agents so as to discourage the widespread/indiscriminate use of these

treatments
0.0 95.2

51. There is a need to educate players and agents of the dangers of medical tourism 0.0 95.2
52. Resources for NFL athlete education relating to biologics would be of value 0.0 100.0
53. The lack of strong evidence for existing orthobiologic therapies should be communicated to NFL athletes in shared

decision-making
0.0 100.0

54. Treating physicians should document all parameters of the orthobiologic preparation delivered that may critically
influence outcomes

0.0 90.5

55. When communicating with players and agents, the term stem cell should not be used to prevent misinterpretation of
the likely actions of biologics

0.0 71.4

56. A centralized database on the use of orthobiologics in NFL athletes would provide real-time data on emerging
patterns of outcomes in this specific patient population and aid the detection of adverse effects

0.0 90.5

57. Contributions to a centralized database on the use of orthobiologics in NFL athletes should be voluntary 14.3 52.4
58. A centralized database on the use of orthobiologics in NFL athletes should initially focus on documenting the range

of biologic use in the NFL and reporting of adverse effects rather than seeking to establish efficacy
19.1 57.1

G. Biologic Research in the NFL
59. Research is required to better characterize different orthobiologic preparations 0.0 100.0
60. Standards that define the criteria used to characterize cell preparations are required 0.0 100.0
61. Research is required to match the most appropriate orthobiologic preparations and indications 0.0 100.0
62. Further study is required to identify methods for the classification of orthobiologic therapies that accurately reflect

biologic activity and that are reliable and reproducible
0.0 100.0

63. Minimum reporting standards of experimental variables that may influence outcomes of orthobiologic treatments
should be used in clinical and preclinical studies

0.0 100.0

64. Placental/amniotic cord blood–based cell products have a positive impact on muscle strain injuries 25.0 0.0
65. Placental/amniotic cord blood–based cell products have a positive impact on tendon/ligament injuries 25.0 4.2

F. Guidance for NFL Team Physiciansb

66. The lack of strong evidence for existing orthobiologic therapies should be communicated to NFL athletes in shared
decision-making

0.0 100.0

67. Treating physicians should document all parameters of the orthobiologic preparation delivered that may critically
influence outcomes

0.0 91.7

68. A centralized database on the use of orthobiologics in NFL athletes would provide real-time data on emerging
patterns of outcomes in this specific patient population and aid the detection of adverse effects

0.0 91.7

G. Biologic Research in the NFLb

69. Research is required to better characterize different orthobiologic preparations 0.0 100.0
70. Standards that define the criteria used to characterize cell preparations are required 0.0 100.0
71. Research is required to match the most appropriate orthobiologic preparations and indications 0.0 100.0
72. Further study is required to identify methods for the classification of orthobiologic therapies that accurately reflect

biologic activity and that are reliable and reproducible
0.0 100.0

73. Minimum reporting standards of experimental variables that may influence outcomes of orthobiologic treatments
should be used

0.0 100.0

aItems were considered for inclusion in round 3 if they reached �70% agreement with <10% disagreement. NFL, National Football
League; OA, osteoarthritis; PRP, platelet-rich plasma.

bExperts were asked to rerank these items, which had reached a consensus in the previous round.
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APPENDIX TABLE A3
Levels of Agreement for Items Included in the Round 3 Surveya

Round 3 Items
%

Disagree
%

Agree

A. Biologics in General
1. Biologics can be defined as therapies that seek to improve healing and relieve symptoms in musculoskeletal injuries

or conditions by modulating the local biological environment
0.0 100.0

2. Biologics include autologous blood products, autologous and allogeneic cell therapies, and growth factors 0.0 100.0
3. Biologics have the potential to improve symptoms in athletes with sports injuries 0.0 100.0
4. The use of biologic treatments should be based on a known mechanistic target for each indication 0.0 100.0
5. The use of treatment modalities in NFL players can influence patterns of use in the wider population 0.0 95.0

B. Challenges of Treating NFL Athletes
6. The treatment of NFL athletes presents unique clinical challenges 0.0 95.0
7. Treatment decisions can be influenced by time in the season 0.0 100.0
8. Treatment decisions can be influenced by a player’s treatment requests 0.0 100.0
9. Treatment decisions in NFL athletes should be based on current best evidence and clinical experience 0.0 100.0

C. Nomenclature/Terminology
10. Therapies should be described in a manner that is accurate and transparent 0.0 100.0
11. Therapies should be described in a manner that best reflects the therapeutic component(s) of the delivered therapy 0.0 95.0
12. The introduction of novel terminology that does not accurately reflect the contents or proven therapeutic

characteristics of biologic therapies may compound existing confusion relating to the nomenclature
0.0 100.0

D. Autologous Blood Products Including PRP
13. PRP represents a broad spectrum of preparations containing variable levels of platelets, white blood cells, red blood

cells, cytokines, and growth factors
0.0 100.0

14. The bioavailability of growth factors delivered as PRP depends on individual patient characteristics, the platelet
concentration, levels of white blood cells and red blood cells, and the method of activation, among other variables

0.0 100.0

15. PRP preparations are generally safe, with low adverse event profiles 0.0 95.0
16. Further information is required to define the specific type of PRP that will be most effective for a specific condition or

injury
0.0 95.0

17. Indiscriminate use of similar preparations for different conditions has contributed to unpredictable/variable
outcomes

0.0 95.0

18. Leukocyte-rich PRP is associated with increased postprocedure discomfort over leukocyte-poor PRP 0.0 85.0
19. PRP has a positive impact on patellar tendinopathy 0.0 75.0
20. PRP has a positive impact on knee OA/degenerative changes 5.0 75.0
21. Leukocyte-rich PRP should be used preferentially over leukocyte-poor PRP for chronic tendinitis of the patellar

tendon
0.0 75.0

22. Leukocyte-poor PRP should be used preferentially over leukocyte-rich PRP for symptoms of OA of the knee 0.0 85.0
23. Best available evidence suggests that PRP may be “symptom modifying,” with little data to suggest that they are

“structure modifying”
0.0 80.0

E. Cell-Based Therapies
24. To be described as stem cell preparations, cells must meet strict criteria including the demonstrated ability to

undergo self-renewal and to regenerate other types of cells and tissues
0.0 100.0

25. While cells can be isolated from tissues such as bone marrow and fat, the number of true stem cells is extremely
small

0.0 100.0

26. Existing clinically available “stem cell preparations” in the United States include very few cells that meet the
definition of a stem cell

0.0 100.0

27. Cell therapies have received increasing publicity in the media, leading many athletes to pursue these treatments 0.0 100.0
28. Less stringent regulations mean that certain practices such as the culture expansion of “stem cells” are permitted in

certain foreign countries, leading patients to consider travel overseas (“medical tourism”)
0.0 100.0

29. Standards of medical processing and manufacturing in other countries are unknown and often not as rigorous as the
United States

0.0 95.0

30. There has been an increase in the use of uncharacterized cellular therapies to treat musculoskeletal abnormalities 0.0 100.0
31. Misrepresentation of uncharacterized preparations as stem cells has contributed to an increased use of unproven

therapies
0.0 95.0

32. Best available evidence indicates that any therapeutic effect of mesenchymal stromal cells/connective tissue
progenitors occurs through paracrine effects rather than differentiation and engraftment

0.0 80.0

33. Some limited data exist to suggest that cells from bone marrow and fat tissue may improve symptoms from
knee OAb

10.0 75.0

34. There is no evidence to support the use of intravenous stem cell infusions to treat musculoskeletal disorders 0.0 85.0
35. There is insufficient evidence to support the routine use of microfragmented adipose tissue to treat injuries in NFL

athletesb
5.0 70.0

36. There is insufficient evidence to support the routine use of placental/amniotic injections to treat injuries in NFL
athletes

5.0 75.0

(continued)
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Appendix Table A3 (continued)

Round 3 Items
%

Disagree
%

Agree

F. Guidance for NFL Team Physicians
37. Biologics should be delivered under the direction of sports medicine physicians or orthopaedic surgeons 0.0 90.0
38. There is a need to educate players and agents to discourage the widespread/indiscriminate use of these treatments 0.0 100.0
39. There is a need to educate players and agents of the dangers of medical tourism 0.0 100.0
40. Resources for NFL athlete education relating to biologics would be of value 0.0 100.0
41. The lack of strong evidence for existing biologic therapies should be communicated to athletes in shared decision-

making
0.0 95.0

42. Physicians should document all parameters of the biologic preparation delivered that may critically influence
outcomes

0.0 100.0

43. The term stem cell should not be used to prevent misinterpretation of the likely actions of biologic therapies 0.0 85.0
44. A centralized database on the use of biologics in NFL athletes would provide real-time data on emerging patterns of

outcomes in this specific patient population and aid the detection of adverse effects
5.0 90.0

G. Biologic Research in the NFL
45. Research is required to better characterize different biologic preparations 0.0 100.0
46. Standards that define the criteria used to characterize cell preparations are required 0.0 100.0
47. Research is required to match the most appropriate biologic preparations and indications 0.0 100.0
48. Further study is required to identify methods for the classification of biologics that are reliable and reproducible and

accurately reflect biologic activity
0.0 100.0

49. Minimum reporting standards of variables that may influence outcomes of biologic treatments should be used in
clinical studies

0.0 100.0

aNFL, National Football League; OA, osteoarthritis; PRP, platelet-rich plasma.
bItems not reaching a consensus, defined as �75% agreement with <10% disagreement.
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