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Background: A comprehensive approach to the evaluation of biologic therapies for musculoskeletal conditions is re-
quired to guide appropriate future use. Clinical studies evaluating platelet-rich plasma (PRP) and mesenchymal stem cells
(MSCs) are limited by inadequate reporting of scientific details critical to outcome. We developed minimum reporting
requirements for clinical studies evaluating PRP and MSCs using Delphi consensus methods.

Methods: The need for consensus on the minimum reporting requirements for studies evaluating biologics was iden-
tified at the American Academy of Orthopaedic Surgeons/Orthopaedic Research Society (AAOS/ORS) Biologic Treatments
for Orthopaedic Injuries Symposium in 2015 and the American Orthopaedic Society for Sports Medicine (AOSSM) Biologic
Treatments for Sports Injuries II Think Tank in 2015. A working group facilitated the development of 2 expert consensus
statements for PRP and MSCs using Delphi techniques. Exhaustive lists of items that could be reported on by clinical
studies evaluating PRP or MSCs were generated by searching the published literature and protocols. PRP and MSC expert
groups, each made up of 24 invited speakers at the AAOS and AOSSM symposia, were surveyed on 3 occasions to
establish consensus on the inclusion of each item within minimum reporting guidelines. In addition to rating their
agreement, the experts were encouraged to propose further items or modifications. Predefined criteria were used to refine
item lists after each survey. Final lists were compiled into checklist statements by the working group.

Results: For PRP, the working group identified 93 experimental information items from the literature. Twenty-three
experts (96%) completed 3 rounds of surveys. After 3 rounds, 58 items generated consensus with >75% agreement and
<5% disagreement. These items were compiled into a 23-statement checklist. For MSCs, 103 items were identified from
the published literature. Twenty-three experts (96%) completed 3 rounds of surveys. After 3 rounds, the 61 items for which
consensus was reached were compiled into a 25-statement checklist.

Conclusions: This study has established expert consensus on the minimum reporting requirements for clinical studies
evaluating PRP and MSCs.

Clinical Relevance: These checklists provide specifications for the minimum information that should be reported by
clinical studies evaluating PRP or MSCs.

I t is not yet clear whether current and emerging biologic
strategies to treat musculoskeletal injuries will provide
tangible benefits to patients1. Platelet-rich plasma (PRP) is

used widely despite a lack of evidence supporting its efficacy.
Enthusiasm for mesenchymal stem cell (MSC)-based therapies

is reflected by the prodigious number of clinical trials registered
at ClinicalTrials.gov to evaluate their use in the treatment of a
host of musculoskeletal conditions. Unfortunately, clinical trials
evaluating PRP or MSCs that have been published to date have
failed to include sufficient experimental detail or to describe
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even basic attributes of formulations delivered, including platelet
and leukocyte concentrations in PRP and basic cell characteri-
zation of MSCs, all of which critically influence outcome1-3. This
precludes interpretation of the exact nature of biologic formu-
lations delivered, prevents comparison between studies, and
makes replication by others impossible. The complexity of bi-
ologic therapies and the wide array of preparation methods,
protocols, and methods of delivery only increase this challenge.
Minimum standards of reporting are therefore required to fa-
cilitate accurate critical appraisal of emerging clinical studies
evaluating PRP and MSCs in orthopaedics1-4.

Growth factors released by platelets may contribute to
tissue regeneration by stimulating progenitors, by dampening
local inflammatory responses, and by promoting angiogenesis5.
As such, there is a good rationale for exploiting platelet-rich con-
centrates to accelerate healing6. Promising preliminary in vitro
studies7,8 and modest regulatory barriers have buoyed popu-
larity, despite a lack of robust clinical evidence supporting ef-
ficacy1,3. PRP represents a broad spectrum of preparations
containing variable levels of platelets, leukocytes, and red cells,
with >300 distinct cytokines and growth factors reported to
date9,10. At present, there are >17 commercially available kits,

each yielding PRP with differing compositions and character-
istics11. Ultimately, the bioavailability of growth factors delivered
as PRP depends on individual patient characteristics, platelet
concentration, levels of leukocytes and red cells, and the
method of activation, among other variables. Accurate and
complete reporting of all factors that may influence biologic
activity and outcomes is therefore essential if future clinical
studies are to identify optimal preparations for individual
applications.

MSCs are adult stem cells with the ability to become spe-
cializedmusculoskeletal cells12, modulate immune responses, and
release trophic cytokines, making them attractive regenerative
substrates13. The term MSC has been used to describe multiple
heterogeneous cell types isolated using different methods from
multiple sources including bone marrow14 and adipose tissue15,
among others16-18. These cells have been assigned multiple names,
such as multipotent adult progenitor cells19, marrow isolated
multilineage inducible cells20, and multipotent adult stem cells21.
Given this heterogeneity, accurate descriptions of the provenance,
preparation methods, and characteristics of MSC populations are
essential in order to understand the nature of the cells used in
clinical studies.

Fig. 1

Summary of methods used to develop minimum reporting requirements for clinical studies evaluating PRP and MSCs. MIBO = minimum information for
clinical studies evaluating biologics in orthopaedics.
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In response to clear evidence that the reporting of meth-
odology in clinical studies is imperfect, there has been effort to
set standards22,23. A lack of adequate reporting in randomized
controlled trials (RCTs) fueled the development of the original
CONSORT (Consolidated Standards of Reporting Trials) state-
ment in 199623, which has subsequently been revised and up-
dated22,24. Since then, reporting guidelines for observational
studies (Strengthening the Reporting of Observational Studies
in Epidemiology; STROBE)25 and meta-analyses (Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses;
PRISMA)26 have become widely recognized. The use of mini-
mum reporting standards has led to improvements in the quality
of the reporting of study design in clinical studies27,28.While these
existing checklists guide the reporting of universal study design
features, they do not specify the inclusion of scientific variables
that are specific to the study of PRP and MSCs.

To encourage improved reporting standards, our purpose
was to develop consensus on the minimum reporting require-
ments for clinical studies evaluating PRP and MSCs, using
modified Delphi techniques. These methods have been used
widely in the development of consensus in health research and
in advancing clinical practice29-33.

Materials and Methods

The need for expert consensus on the minimum reporting requirements for
studies evaluating biologic therapies was identified at the American Academy

of Orthopaedic Surgeons/Orthopaedic Research Society (AAOS/ORS) Biologic
Treatments for Orthopaedic Injuries (BTOI) Symposium in 20151 and the
American Orthopaedic Society for Sports Medicine (AOSSM) Biologic Treat-
ments for Sports Injuries II Think Tank in 20153,4,34. A working group of 4
individuals (R.F.L., I.R.M., A.G.G., and F.A.P.) was made responsible for facili-
tating the development of consensus usingmodifiedDelphi techniques under the
leadership of the organizer and co-chair of both symposia (R.F.L.). Given the
complexity and diversity of these biologic strategies, and the need for checklists
that are both comprehensive and practical, the decision was made to develop
distinct checklists for PRP and MSCs. Two independent Delphi studies were
therefore performed. Figure 1 provides the details of the process used to develop a
checklist of theminimum reporting requirements for studies evaluating PRP and
MSCs. First, the working group generated exhaustive lists of items that could be
reported by studies evaluating PRP or MSCs for orthopaedic applications.
Modified Delphi processes were then performed to establish experts’ views on
the inclusion of each item within minimum reporting guidelines. Finally, the
working group compiled the final information sets into checklists of statements.
Institutional review board approval was not required because the study did not
involve patient or registry data.

Identification of Experimental Detail Relevant to Clinical Use
of PRP or MSCs
The working group prepared 2 lists of potential information items for inclusion
within the first round of surveys by searching the clinical and basic-science
literature relating to PRP and MSCs. Duplicates were removed, and items were
categorized into groups. Online surveys were generated to allow respondents to
rate whether items should be included within minimum reporting require-
ments, with 5 possible responses on a Likert35 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. Both surveys were piloted by 4 experts for face validity, un-
derstandability, and acceptability. Following this, minor modifications were
made.

Establishing a Consensus Through the Delphi Process
The Delphi method is an iterative process in which a group of experts is led to
achieve consensus on a given topic. A series of surveys are performed, with the
results of each round collated and presented back to the group, with each
individual’s responses remaining anonymous. Participants then reassess their
responses in light of the group responses30,36,37. The steps of collating and
presenting data and the completion of surveys continue until a consensus is
achieved.

Delphi methods were used to establish group consensus on the core
information set30. All experts were invited speakers at the 2015 AAOS/ORS
BTOI Symposium and the 2015 AOSSM Biologic Treatments II Think Tank.
In addition, allocation to each study group was based on recognized expertise
in PRP or MSCs, or both. The PRP study had a total of 24 experts, including
17 (71%) from the Americas, 5 (21%) from Europe, and 2 (8%) from Asia.
The MSC study had a total of 24 experts, including 15 (63%) from the
Americas, 7 (29%) from Europe, and 2 from (8%) Asia. The experts par-
ticipated in 3 rounds of surveys between February and May 2016. In the first
round, the survey results were analyzed and participants were sent an ano-
nymized summary of the results together with a second survey. In the second
round, the surveys contained a reduced number of items, and any additional
items suggested in round 1. In the second round, participants were asked to
rescore items and provide free-text comments. Questionnaires were rean-
alyzed and the cycle repeated in the third round. The process was continued
until a consensus was reached for all items as defined below, or for a maxi-
mum of 3 rounds.

Data Analysis
In round 1 of the survey, items were categorized as “essential” and were retained
for round 2 if >70% of the respondents agreed and <20% disagreed. Items not
meeting these criteria were discarded or modified according to the responders’
suggestions. In round 2, the responses were analyzed with stricter cutoff cri-
teria, retaining items if >70% of respondents agreed on their inclusion and
<10% disagreed. Items retained after round 2 were considered in round 3. For
consensus, defined a priori, items were included in the final information set if

TABLE I Summary of Results at Completion of Each Survey Round in the Delphi Process to Establish Minimum Reporting Requirements for
Studies Evaluating PRP

Delphi Round No. of Responses
Total No. of Items
Included in Survey

Items Reaching
Consensus*

No. of New Items or
Modifications Suggested

1 23 93 66.6% 15

2 23 75 73.3% 5

3 23 60 96.7% 0

*A consensus was considered to have been reached if >75% of experts agreed that an item should be included within minimum reporting
requirements, with <5% of experts disagreeing.
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Fig. 2

Results of the final round of the PRP Delphi survey. Respondents were asked to rate whether items should be included within minimum reporting
guidelines for clinical studies evaluating PRP.
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TABLE II Final Checklist of Minimum Reporting Requirements for Clinical Studies Evaluating PRP That Reached Consensus Through the
Delphi Process*

Section or Topic Item No. Checklist Item Reported on Page No.

Study design
1 Study conducted in accordance with CONSORT (RCT), STROBE

(cohort, case-control, or cross-sectional), or PRISMA (meta-
analysis) guidelines

2 Relevant institutional and ethical approval

Recipient details
3 Recipient demographics (including age and sex)
4 Comorbidities (including underlying diabetes, blood dyscrasia,

inflammatory conditions, preexisting joint pathology, and
smoking status)

5 Current anti-inflammatory or antiplatelet medications

Injury details
6 Diagnosis (including relevant grading system and chronicity)
7 Results of any preoperative imaging
8 Previous surgical or biologic treatments for current injury

Intervention
9 Intervention described sufficiently to enable replication

10 Operative findings

Whole blood processing 11 Whole blood storage environment (including concentration and
volume of anticoagulant, temperature, and light exposure)

Whole blood characteristics 12 Whole blood platelet, differential leukocyte, and red cell
analysis of all samples

PRP processing
13 PRP processing described sufficiently to enable replication

(including commercial kit details and spin protocol)
14 Platelet recovery rate of protocol
15 PRP storage temperature and light exposure
16 Time between blood drawing, PRP processing, activation, and

delivery

PRP characteristics
17 PRP format (for example: liquid, gel, or membrane)
18 PRP platelet, differential leukocyte, and red cell analysis of all

samples

Activation 19 Activation described sufficiently to enable replication (including
volume and concentration of activating agent)

Delivery
20 Point of delivery (intraoperative and/or postoperative or serial)
21 PRP delivery described sufficiently to enable replication

(including volume delivered, concomitant use of stem cells or
cytokines, and details of carrier or scaffold)

Postoperative care 22 Rehabilitation protocol sufficiently described to enable
replication (including immobilization and physical therapy)

Outcome 23 Outcome assessments include functional outcomes and
recording of complications (including infection and need for
further surgery); if performed, radiographic outcomes, physical
examination findings, return to activities, and satisfaction

*This checklist could be used to guide authors, reviewers, and editors to ensure that submitted manuscripts report sufficient experimental detail
to enable results to be evaluated and experiments repeated.
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>75% of the respondents were in agreement and <5% disagreed. Agreement
among ‡75% of the participants is the most frequently specified determination
of a consensus for Delphi studies38.

Generating Checklist Statements
The final lists of information items generated by each Delphi study were then
compiled into checklists of statements by the working group. Care was taken to
ensure clarity of wording and to avoid overlap in content within checklists.

Results
PRP
Identification of Relevant Experimental Details

Review of all data sources describing the clinical appli-
cation of PRP generated 93 items for rating within the

first round survey. Items were categorized into 12 groups:
study design, recipient details, injury details, intervention,
whole blood processing, whole blood characteristics, PRP
processing, PRP characteristics, activation, delivery, post-
operative care, and outcome.

Establishing Consensus Through the Delphi Process
Twenty-three experts (96%) completed the first round survey
within the allotted time. The survey from the 1 expert who
responded late was not included within the analysis or subse-
quent rounds. All 23 remaining experts completed surveys 2
and 3 (a 100% response rate). The results of each survey round
are summarized in Table I. The levels of agreement for second
round survey items that were not included within the third
round survey are summarized in the Appendix. Consensus was
reached for 58 (97%) of 60 individual items included within
the final survey (Fig. 2).

Compiling Checklist Statements
All 58 items that generated consensus were compiled into 23
checklist statements (Table II). A column heading “Reported
on Page No.” was included to facilitate both completion of the
checklist by investigators and analysis by reviewers and edito-
rial staff.

MSCs
Identification of Relevant Experimental Details
A review of all data sources generated 103 items for rating
within the first round survey. Items were categorized into 12

groups: study design, recipient details, injury details, interven-
tion, donor, tissue harvest, processing, cell culture, MSC char-
acteristics, delivery, postoperative care, and outcome.

Establishing Consensus Through the Delphi Process
Twenty-three experts (96%) completed the first round survey
within the allotted time frame. The survey from the 1 expert
who responded late was not included within the analysis or
subsequent rounds. All 23 remaining experts completed sur-
veys 2 and 3 (a 100% response rate). The results of each survey
round in the Delphi process are summarized in Table III. The
levels of agreement for items in the second round survey that
were not included within the third round survey are summa-
rized in the Appendix. Consensus was achieved for 61 items
(98%) included within the final survey (Fig. 3).

Compiling Checklist Statements
The working group compiled the 61 final items into 25 checklist
statements (Table IV). The potential practical use of the checklist
as a required document to accompany submissions to a pub-
lisher was considered in the checklist design.

Discussion

The present study established a consensus on the minimum
information that must be reported in clinical studies

evaluating the use of PRP and MSCs. Each checklist reflects
detailed scrutiny of the literature by a working group who
then facilitated an iterative consensus process involving the
views of 24 experts. It is suggested that these checklists ac-
company the initial submission of a manuscript to a pub-
lisher. By provision of all relevant experimental conditions
and characteristics, editors and reviewers can assess the va-
lidity of the protocols used. Full disclosure of reagents and
analysis methods will enable readers to interpret the results of
studies while allowing other investigators to reproduce ex-
perimental protocols.

A major conclusion reached through consensus of the
PRP experts was the importance of detailing the cellular
composition of whole blood and the delivered PRP. It is
important to note that consensus was also reached regard-
ing the need to include all experimental samples within
reported analyses. The experts cited the marked individual

TABLE III Summary of Results at Completion of Each Survey Round in the Delphi Process to Establish Minimum Reporting Requirements
for Studies Evaluating MSCs

Delphi Round Responses
Total No. of Items
Included in Survey

Items Reaching
Consensus*

New Items or Modifications
Suggested

1 23 103 73.8% 14

2 23 80 77.5% 5

3 23 62 98.4% 1

*A consensus was considered to have been reached if >75% of experts agreed that an item should be included within minimum reporting
requirements, with <5% of experts disagreeing.
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Fig. 3

Results of the final round of theMSCDelphi survey. Respondentswere asked to ratewhether items should be includedwithinminimum reporting guidelines
for clinical studies evaluating MSCs. PSC = perivascular stem cells, and SVF = stromal vascular fraction.
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TABLE IV Final Checklist of Minimum Reporting Requirements for Clinical Studies Evaluating MSCs That Reached Consensus Through the
Delphi Process*

Section or Topic Item No. Checklist Item† Reported on Page No.

Study design

1 Study conducted in accordance with CONSORT (RCT), STROBE (cohort, case-
control, or cross-sectional), or PRISMA (meta-analysis) guidelines

2 Relevant institutional and ethical approval

Recipient details

3 Recipient demographics (including age and sex)

4 Comorbidities (including underlying diabetes, inflammatory conditions,
preexisting joint pathology, and smoking status)

5 Current anti-inflammatory medications

Injury details

6 Diagnosis (including relevant grading system and chronicity)

7 Previous treatments for current injury

Intervention

8 Surgical intervention described sufficiently to enable replication

9 Operative findings

Donors 10 Donor age

Tissue harvest

11 Tissue harvest described sufficiently to enable replication (including
anatomical source, equipment, reagents, storage media, and environment)

12 Time between tissue harvest and processing

Processing

13 Description of tissue processing that makes replication of the experiment
possible (including digestion solution concentrations and volumes, duration,
agitation and temperature of digestion phase, and name of commercial
system)

14 If performed, purification described sufficiently to enable replication (including
combination and concentration of antibodies, equipment, and method of
confirming purity)

15 Yield with respect to volume of tissue processed

Cell culture

16 If performed, cell culture described sufficiently to enable replication (including
conditions and number of freeze-thaw cycles)

17 If performed, predifferentiation described sufficiently to enable replication

MSC characteristics

18 MSC preparation and source described in title and abstract (e.g., BM-MSC
and ADSC)

19 Cellular composition and/or heterogeneity

20 Immunophenotype and details of in vitro differentiation tested on batch

21 Passage and percentage viability

Delivery

22 MSC delivery described sufficiently to enable replication (including point of
delivery, volume of suspension, and media used as vehicle)

23 If performed, details of codelivered growth factors, scaffolds, or carriers

Postoperative care 24 Rehabilitation protocol sufficiently described to enable replication (including
immobilization and physical therapy)

Outcome 25 Outcome assessments include functional outcomes and recording of
complications (including infection and tumor); if performed, radiographic
outcomes, physical examination findings, return to activities, and satisfaction

*This checklist could be used to guide authors, reviewers, and editors to ensure that submitted manuscripts report sufficient experimental detail to
enable results to be evaluated and experiments repeated. †BM-MSC = bone marrow MSC, and ADSC = adipose-derived stem cells.
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variation in PRP, for which a clear understanding of the factors
influencing such variation was needed, as the reason for this
requirement.

The MSC Delphi consensus highlights the importance
of reporting a robust characterization of the cells being im-
planted. Experts cited emerging evidence of MSC heterogeneity,
even among populations previously considered homogeneous,
as a key rationale for this. In addition to the source and
method of isolation, the importance of reporting the culture
conditions to which cells are exposed was highlighted by the
strong consensus. Laboratory culture may introduce addi-
tional risks such as immunogenicity and infection, while
investigators have reported an association with genetic in-
stability39, tumorigenicity40,41, therapeutic potency42, and repli-
cative senescence43 with increasing time in culture. Within this
study, there was also a strong consensus with respect to the
requirement for reporting the characteristics of delivered
MSC preparations, including cellular composition and im-
munophenotype. Despite this, additional metrics of colony
performance, including the traditional colony-forming-unit
assay, did not reach the strict levels of agreement required to
constitute consensus.

The Delphi working group considered the suggestion
from both sets of experts that it would be useful to produce
checklists of “desirable” items in addition to the list of es-
sential items developed. Included among such items deemed
desirable, but not essential, were details specifically related to
particular MSC applications (such as the mandatory report-
ing of ectopic bone formation for MSCs used in muscle re-
generation), or items deemed impractical for reporting in
routine use (such as colony-forming-unit assays on each
MSC batch delivered). It was ultimately decided that a single,
practical list of mandatory items would provide the best pos-
sible chance of widespread adoption and compliance with the
guidelines. Of necessity, the resultant data set is a compromise
between all that would be desirable and useful for comparison
and the practicalities of data collection and reporting.

The aim of developing the minimum information for
clinical studies evaluating biologics in orthopaedics (MIBO)
checklists in the present study was to assist authors in writing
reports of clinical studies evaluating PRP or MSCs, editors and
peer reviewers in reviewing manuscripts for publication, and
readers in critically appraising published articles. The working
group deliberately avoided recommending a rigid structure for
reporting. Indeed, such strategies have been tried in other set-
tings44 and have failed in pilot assessments45. As such, we recom-
mend that the format of articles should abide by journal style,
editorial directions, and author preferences, with authors to
include checklist items with clear detail somewhere within the
manuscript. We hope that the checklist format, with its sub-
headings, appeals both to authors submitting reports to journals
and to reviewers and editors. It was suggested that details of the
checklist be published either in abbreviated form or as an online
supplement.

The concept of minimum reporting requirements for
clinical studies is not new. The CONSORT22 and STROBE25

guidelines outline key features of study design that must be
reported by RCTs and observational studies, respectively, but
do not specify scientific variables that may critically influence
outcome in studies evaluating biologics. The inclusion by
consensus of a CONSORT/STROBE/PRISMA checklist com-
pletion within both MIBO checklists emphasizes that this
checklist should serve to complement these existing study de-
sign guidelines, rather than to act as a substitute.

The Delphi methods used in this study are based on the
principle that successive rounds of feedback from participants
allow each expert to adjust and adapt their responses on the
basis of feedback from the group. This method offers a number
of advantages over group-based processes, including subject
anonymity that can reduce the effects of dominant individ-
uals46. As such, online methods are more likely to improve
rather than jeopardize the quality of the consensus process46.
Delphi panels conducted at a distance are as reliable as face-to-
face panels47, with further advantages of reduced cost, increased
speed, and greater flexibility for those involved48. The Delphi
technique is not an inherently scientific process but a method
to try to bring expert opinion together and therefore has a
number of limitations. It has been reported that the iterative
characteristics of the Delphi technique can potentially enable
investigators to mold opinions49. While the majority of pub-
lished Delphi studies have used between 15 and 20 respon-
dents50, studies using 9 to 23 experts have been shown to yield
stable, reliable results51.

In addition to using validated Delphi methods38,51 to
generate expert consensus, the present study has a number of
strengths. This study fulfills all methodologic criteria for the
reporting of Delphi studies38, using a number of experts opti-
mal for this technique51. Our high response rate across all 3
survey rounds in both Delphi studies demonstrates engage-
ment with the process by all experts. However, we also recog-
nize that this study has some limitations. Although experts
were drawn from throughout Europe and Asia, the majority
were based in North America. Efforts to establish whether these
standards are practical and generalizable to other populations
may be merited.

The working group and experts considered the inclu-
sion of minimum or suggested follow-up times within the
guidelines. Given the wide range of potential applications for
these therapies, a number of experts expressed concern that
the inclusion of specified time points for only a fraction of PRP
and MSC applications may limit the overall applicability of
the guidelines, so follow-up times were omitted on this basis.

The proposed MIBO checklists for PRP and MSCs
represent evolving guidelines that will require perpetual
reappraisal and, if necessary, modifications. In the future,
we plan to revise the material, considering comments, crit-
icisms, experiences, and accumulating new evidence. We
therefore invite readers to submit recommendations to the
working group through the MIBO web site (www.mibo-
statement.org), where the MIBO PRP and MSC checklists
are available for download. Further studies to establish con-
sensus in minimum reporting standards of other biologic
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therapies, such as growth factors and patches, should be
explored.

This study used Delphi consensus methods to develop a
checklist of minimum reporting guidelines for clinical studies
evaluating PRP and MSCs. Adhering to these guidelines will
increase experimental transparency and repeatability and pro-
mote consistency between laboratories, while encouraging stan-
dardization and a wider collaborative effort.

Appendix
Figures showing the levels of agreement for the second
round PRP and MSC Delphi survey items that were not

included within the third round survey are available with the
online version of this article as a data supplement at jbjs.org
(http://links.lww.com/JBJS/C894). n
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