Foot and Ankle Surgery 31 (2025) 291-298

Contents lists available at ScienceDirect e FOOT:
ANKLE

SURGERY

Foot and Ankle Surgery

journal homepage: www.journals.elsevier.com/foot-and-ankle-surgery

Review

Poor adherence rates to the minimum information for studies evaluating
biologics in orthopaedics (MIBO) guidelines for clinical studies on
platelet-rich plasma for osteochondral lesions of the talus: A systematic
review™

Check for
updates

James J. Butler *!, Davis Hedbany ", Sebastian Krebsbach **, Lawrence J. Lin **,
Nathaniel P. Mercer *°, Sehar Resad *°, John G. Kennedy **’

2 Foot and Ankle Division, Department of Orthopaedic Surgery, 171 Delancey St, 2nd floor, NYU Langone Health, New York City, USA
b SUNY Upstate Medical University, New York, USA

ARTICLE INFO ABSTRACT
Article history: Introduction: The Minimum Information for Studies Evaluating Biologics in Orthopaedics (MIBO) guidelines
Received 8 July 2024 were developed in 2017 in order to establish a standardized approach for reporting key characteristics in

Received in revised form 20 October 2024

platelet rich plasma (PRP)-based studies. However, the adherence to the guidelines from authors publishing
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data on studies related to the use of PPR in the management of osteochondral lesions of the talus (OLTs) has
not yet been determined. The purpose of this study was to analyze how well clinical trials on PRP inter-
ventions for OLTs adhered to the MIBO guidelines.

Methods: PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines were
used to perform a systematic review of the PubMed, Embase and Cochrane Library databases. Inclusion
criteria clinical studies that assessed PRP interventions for OLTs. The original 23 MIBO checklist items were
separated and modified into a 46-point checklist. Adherence was determined by calculating the total per-
centage of checklist items that each article adequately and clearly reported from the 46-point checklist.
Results: A total of 9 studies (356 patients) with a weighted mean age of 42.1 + 6.1 years were included in
this study. The weighted mean follow-up was 32.2 + 8.7 months. Overall, only 42.8 % + 5.2 % of the 46-
point MIBO checklist items were reported per article with no articles displaying adherence rates of 100 %.
No articles had adherence rates > 50 %, 6 (66.7 %) had adherence rates between 40.0 % and 49.9 % and 3
(33.3 %) had adherence rates less than 39.9 %. There was no difference in mean adherence rates between
studies published prior to publication of the MIBO guidelines in May 2017 (41.7 %) and after publication of
the MIBO guidelines in May 2017 (44.0 %) (p = 0.6473). There was variation in adherence rates between
categories with the “Postoperative Care” category having the highest adherence rate (83.3 %) while the
“Activation” category and the “Whole Blood Processing” had the lowest adherence rates (5.6 %).
Conclusion: This systematic review demonstrated that clinical studies evaluating outcomes following the
use of PRP in the setting of OLTs poorly adhered to MIBO guidelines. None of the included studies had
adherence rates > 50 % and only 1 of the 12 MIBO categories had adherence rates > 80 %. Interestingly, there
was no difference in the mean adherence rates in studies conducted before and after publication of the
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MIBO guidelines in May 2017. This study underscores the need for superior reporting of critical data related
to PRP in studies evaluating outcomes in patients with OLTs augmented with PRP.
© 2024 European Foot and Ankle Society. Published by Elsevier Ltd. All rights are reserved, including those

for text and data mining, Al training, and similar technologies.
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1. Introduction

Osteochondral lesions of the talus (OLTs) refer to injury to the
articular cartilage and/or underlying subchondral bone [1]. These
lesions are typically preceded by a traumatic event including an
ankle fracture or an acute ankle inversion injury [2]. OLTs are often
undetected for months/years following the initial injury due to a low
index of suspicion as a result of the non-specific clinical findings and
poor detection rates on plain film radiographs [3]. Conservative
treatment is rarely successful, with failure rates of approximately
50 % reported in the literature [4]. The surgical treatment strategy is
determined by lesion size [5]. Lesions smaller than 1 cm? in area
warrant reparative procedures such as arthroscopic debridement
and bone marrow stimulation [6]. Larger lesions (greater than 1 cm?)
in area require replacement procedures such as autologous os-
teochondral transplantation (AOT) [7].

OLTs have a limited healing capacity due to the poor blood supply
to the articular cartilage [8]. As a result, numerous innovative ortho-
biologic strategies have been developed in order to improve the local
biological milieu at the site of the lesion, including platelet rich
plasma (PRP). PRP is an autologous blood product of highly con-
centrated platelets obtained following centrifugation of whole blood
[9]. This ortho-biologic contains a variety of active biomolecules,
such as cytokines and various growth factors, that promote healing
in avascular areas. There is robust basic science and clinical evidence
demonstrating the chondroprotective effects of PRP in the setting of
OLTs [10-12]. Despite the promising data regarding PRP for OLTS,
there are significant discrepancies in reporting on and lack of stan-
dardization of the preparation and administration of PRP [13]. In
May 2017, Murray et al. published the Minimum Information for
Studies Evaluating Biologics in Orthopaedics (MIBO) guidelines
which were developed through a Delphi consensus process involving
4 physicians in an effort to establish a standardized method for re-
porting of critical characteristics related to PRP based studies [14].
These guidelines provide a checklist of 12 categories with 23 state-
ments to ensure that research related to the use of PRP in muscu-
loskeletal disease is transparent, reproducible, and adequately
evaluated. However, the MIBO guidelines have not been validated or
adopted by major organizations such as the American Orthopaedic
Foot & Ankle Society (AOFAS) or International Society of Cartilage
Repair of the Ankle (ISCRA). Despite the lack of widespread adoption
of these guidelines, improved reporting of essential data regarding
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PRP are necessary due to the inconsistencies in PRP preparation and
methodology which have made it difficult to assess the true efficacy
of PRP treatments for conditions such as OLTs. Adhering to the MIBO
guidelines can improve the quality of research and allow for superior
comparisons between studies.

The purpose of this systematic review was to determine how
well studies reporting on PRP interventions for OLTs adhered to
MIBO guidelines. In addition, we sought to evaluate if adherence
rates improved in studies conducted following publication of the
MIBO guidelines.

2. Methods
2.1. Search strategy

In June 2024, a systematic review of the MEDLINE, EMBASE and
Cochrane Library databases was performed based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [15] (Fig. 1). The following search terms were
used: (osteochondral or chondral or cartilage) and (talus or talar or
ankle) and (prp or platelet rich plasma)). Table 1 displays the in-
clusion and exclusion criteria. After collecting the data, 2 researchers
independently screened the titles, abstracts, and full-text articles
according to these criteria. Any disagreements were resolved by
consulting a senior author.

2.2. Assessment of LOE and methodological quality

The level of evidence (LOE) was assessed using previously ac-
cepted criteria. The methodological quality of clinical evidence and
risk of bias for non-randomised studies was assessed using the Risk
Of Bias In Non-randomised Studies-of Interventions (ROBINS-I) tool
by 2 independent reviewers [16]. The options for a domain-level
risk-of-bias judgement are ‘low’, ‘moderate’, ‘serious’ or ‘critical’ risk
of bias, with an additional option of ‘no information’. To evaluate the
risk of bias in randomized control trials (RCTs), the Cochrane risk-of-
bias tool for randomized trials Version 2 (RoB 2) was used [17]. RoB 2
is organized into a fixed set of bias domains, each focusing on dif-
ferent aspects of trial design, conduct, and reporting. Each domain is
categorized as ‘low’ risk of bias, ‘high’ risk of bias, or ‘some concerns’.
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Fig. 1. PRISMA flow chart.

Table 1
Inclusion and exclusion criteria.

Inclusion Criteria

Exclusion criteria

Clinical studies reporting outcomes following treatment of osteochondral lesions of the talus augmented with platelet-rich plasma

Published in a peer review journal
Written in English

Less than 5 patients
Case reports
Cadaver studies
Animal studies

Discrepancies were ameliorated by a senior author who evaluated
the data until a consensus was reached.

2.3. Data extraction and evaluation

Two reviewers independently extracted and assessed the data
from each individual study. Data regarding the number of OLTs, age,
sex, follow-up, and PRP reporting characteristics were extracted and
assessed.

2.4. MIBO adherence

The original 23 MIBO checklist items were separated and mod-
ified into a 46-point checklist (Fig. 2), similar to DeClercq et al. [18].
However, we did not include BMI as a component of the checklist
due to evidence suggesting that BMI has minimal effect on PRP
composition. Adherence was determined by calculating the per-
centage of checklist items that each article adequately and clearly
reported from the 46-point checklist. Then, each individual article’s
adherence percentage was averaged for a final score. The adherence
rates for each category was determined by analyzing if articles
adequately and clearly reported on each of the subsections of the 12
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categories in the 46-point checklist. The mean adherence of all ar-
ticles was then used to assess category adherence.

2.5. Statistical analysis

RStudio version (4.3.0) was used to complete statistical analyses.
For all continuous and categorical variables, descriptive statistics
were calculated. Continuous variables were reported as weighted
mean and standard deviation, whereas categorical variables were
reported as frequencies with percentages.

3. Results

Overall, 9 studies met the inclusion criteria [11,12,19-25]. In total,
356 patients received PRP as a biological augment for the treatment
of OLT at a weighted mean follow-up of 32.2 + 8.7 months. The
weighted mean age was 42.1 £ 6.1 years. There were 83 males
(53.9%) and 73 females (46.8 %). One study was LOE I [25], 5 studies
were LOE II [11,12,19,22,24], 2 studies were LOE Il [20,23] and 1
study was LOE IV [21]. According to the ROBINS-I criteria, there were
3 studies with low risk of bias [20,22,24],1 study with moderate risk
of bias [23] and 1 study with serious risk of bias [21] (Table 2).
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Item and Description (Points Awarded) 1=yes, 0=no
1.1 Conducted in accordance with CONSORT, STROBE, or PRISMA guidelines (1)

1.2 Relevant institutional and ethical approval (1)
2.1 Age (1)
2.2 Sex (1)
2.3 BMI (1)
2.4 Use of current
2.5 Comorbidities

Study Design

Patient
Demographics

2.5b Pre-existing joint pathology (1)
2.5¢ Smoking status (1)

3.1 Diagnosis
3.1a Relevant grade or measure of severity (1)
3.1b Chronicity spedfied (1)

3.2 Results of any preoperative imaging (1)

3.3 Previous surgical or biological treatments for current injury (1)

Injury Details

Surgical
Intervention

4.1 Surgical intervention described in sufficient detail to enable
4.2 Relevant operative findings (1)

5.1 Processing details
5.1a C ion of anticoagulant (1)
5.1b Volume of amima!ulam (1)

5.2 Whole-blood storage environment
5.2 Temperature (1)

5.2b Light exposure (1)

6.1 Whole-blood platelet count of all samples (1)

6.2 Red and white blood cell count in whole blood (1)
7.1 Commerdial kit details (1)

7.2 Spin protocol (1)

7.3 Platelet recovery rate of protocol (1)

7.4 PRP storage environment
7.4a Temperature (1)

7.4b Light exposure (1)

7.5 Time between blood drawing and PRP processing (1)

7.6 Time between processing and delivery (1)

8.1 PRP format (ie, liquid, gel, membrane) (1)

8.2 PRP platelet count of all samples (1)

8.3 PRP differential leukocyte and red cell analysis of all samples (1)
9.1 Volume of activating agent (1)

9.2 Concentration of activating agent (1)

10.1 Point of delivery (1)

10.2 Volume delivered (1)

10.3 Concomitant use of stem cells or cytokines (1)

10.4 Details of carrier or scaffold (1)
11.1

or
11.2 Physical therapy specified (1)

12.1 Timing of outcome assessments (1)
12.2 Functional outcomes (1)

12.3 Complications
12.3a Specifically, infection (0.5)

12.3b i further surgery (0.5)

12.4 Radiographic outcomes (1)

12.5 Physical examination findings (if assessed) (1]
12.6 Return to activities (if assessed) (1)

12.7 Satisfaction (if assessed) (1)

1)

Whole-blood
processing

Whole-blood

PRP Processing

PRP

Delivery

protocol specified (1)

care

IAkpancar et al 2019 Dogar et al 2021 Gormeli et al 2015 Guney et al 2015 Guney et al Mei-Dan et al 2012 Gu et al 2017
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Fuet al 2022 Li et al 2023

Fig. 2. Heat Map of MIBO 2017 Guidelines.

According to the RoB2 criteria, there were 3 studies with low risk of
bias [11,12,19] and 1 study with “some concerns” with bias [25]
(Table 3).

On average, only 42.8% + 5.2% (range, 34.8 %-47.8 %) of the 46-
point MIBO checklist items were reported per article (Fig. 3). No
articles had adherence rates >50%, 6 (66.7 %) had adherence rates
between 40.0% and 49.9% and 3 (33.3%) had adherence rates less
than 39.9%. There was no difference in mean adherence rates be-
tween studies published prior to publication of the MIBO guidelines
in May 2017 (41.7 %) and after publication of the MIBO guidelines in
May 2017 (44.0 %) (p = 0.6473) (Fig. 4).

The breakdown of adherence to required items for each of the 12
categories is demonstrated in detail in Fig. 5. There was significant
variation in adherence between individual categories. The “Post-
operative Care” category had the highest adherence rate of 83.3%
while the “Activation” category and the “Whole Blood Processing”
had the lowest adherence rates of 5.6 % each. Only 1 category (8.3 %)
had adherence rates > 80 %, 1 category (8.3 %) had adherence rates of
70% to 79.9%, 3 categories (25.0 %) had adherence rates of 50 % to
69.9% and 7 categories (58.3 %) had adherence rates less than 50.0 %.

4. Discussion
The most important finding of this systematic review was that

clinical studies evaluating outcomes following the use of PRP in the
setting of OLTs poorly adhered to MIBO guidelines. None of the
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included studies had adherence rates >50% and only 1 of the 12
MIBO categories had adherence rates > 80 %. Interestingly, there was
no difference in the mean adherence rates in studies conducted
before and after publication of the MIBO guidelines in May 2017. This
study underscores the need for superior reporting of critical data
related to PRP in studies evaluating outcomes in patients with OLTs
augmented with PRP.

OLTs are a challenging pathology to treat for the orthopedic
surgeon due to the unique biological characteristics of the talus [1].
Approximately 60-70% of the talus is covered by articular cartilage,
which has a particularly poor blood supply [3]. Thus, injuries to the
hyaline cartilage that lines the talar dome have a poor propensity to
self-regenerate and warrant intervention. The advent of ortho-bio-
logics, such as PRP, can potentially augment surgical procedures to
improve the local biological milieu in order improve the quality of
the reparative cartilage [12]. In an in vivo rabbit model, Smyth et al.
demonstrated superior International Cartilage Repair Society (ICRS)
histological scores and graft integration following augmentation of
AOT with PRP compared to AOT alone [10]. Furthermore, a rando-
mized control trial by Guney et al. compared the effects of PRP as an
adjunct to arthroscopic microfracture compared to microfracture
alone at 16.2 months follow-up [12]. The authors reported superior
clinical and functional outcomes in the PRP cohort compared to the
control cohort.

Despite the promising results following the use of PRP to aug-
ment cartilage repair and regeneration, numerous deficiencies are
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Table 2
Risk Of Bias In Non-Randomized Studies-of Interventions (ROBINS-I).
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Fig. 3. MIBO Adherence for Each Individual Study.

associated with this product. Firstly, there is marked patient-to-pa-
tient variation in the composition of PRP. Increasing age, sex and
baseline platelet count have been demonstrated to affect the com-
position of the obtained PRP [26-28]. Secondly, there is significant
intra-patient heterogeneity in the composition of PRP. Baria et al.
found that the composition of PRP from patients obtained following
high intensity interval training (HIIT) led to a significantly higher
platelet count and transforming growth factor beta levels compared
to PRP obtained prior to performing HIIT [29]. Thirdly, there are
specific technical factors during the processing and preparation of

PRP that greatly affect the composition of the final PRP product,
including spin protocol, light exposure, use of an activating agent,
anticoagulant utilized and timing of injection following initial pro-
cessing [30-32]. In an effort to improve the reporting of these fac-
tors, a working group convened in 2017 and detailed the minimum
reporting requirements for clinical studies evaluating PRP in a
checklist known as the MIBO [14].

This current systematic review found that the adherence rates for
the MIBO criteria for patients receiving PRP as part of their treat-
ment of OLTs was low at 42.8 % + 5.2 %. Although there was good-to-
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MIBO Adherence
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Fig. 4. MIBO Adherence Rates Pre- and Post-2017.

moderate adherence rates in categories such as “Postoperative Care”
(83.3%) and “Injury Details” (77.8%), there was overall poor ad-
herence in critical categories such as "Whole Blood Processing”
(5.6%), "Whole Blood Characteristics" (11.1%), "PRP Processing"
(25.0%), "PRP Characteristics" (44.4 %) and "Activation" (5.6 %).” The
heterogeneity in the composition of various PRP products may have
a significant impact on the quality of the reparative cartilage and,
ultimately, may have an effect on the overall clinical outcomes. The
underreporting of this vital data may account for the discrepancies
in clinical outcomes observed between individual studies.
Although the poor adherence rates are concerning, there are a
litany of reasons that can account for the poor reporting of critical
data related to PRP preparation and processing. Processing of whole
blood and PRP to provide a detailed analysis of both the cellular and
cytokine composition of both samples presents a significant financial
burden on the physician, hospital and patient. Flow cytometers can
range in price from $35,000 to $300,000 [33]. The price of a standard
96 well Multiplex enzyme linked immunosorbent assay (ELISA) re-
quired to evaluate the cytokine profile of both whole blood and PRP

Table 3
Risk of Bias 2 (RoB 2).

Foot and Ankle Surgery 31 (2025) 291-298

ranges from $600-$1500 depending on the manufacturer [34]. Ad-
ditional costs that must be taken into account include reagents,
storage, laboratory staff, processing hardware and processing soft-
ware. The significant cost associated with detailing of these com-
ponents limits the applicability of these criteria and may account for
the low adherence rates observed in this study. As a result, the MIBO
guidelines may be refined in order to provide more weightage on
inexpensive, practical criteria.

However, there were a litany of inexpensive, important criteria
that with poor adherence rates observed in this study. Only 3 studies
(33.3%) detailed the volume of PRP that was delivered. There is
evidence to suggest that volume of PRP utilized may have an effect
on clinical outcomes [35]. A triple blind RCT by Patel et al. reported
superior outcomes following the use of 8 mL of PRP compared to
4mL of PRP in a cohort of patients with knee osteoarthritis [35].
Additionally, there was under-reporting of data with regards to the
use of an activating agent, with only 3 studies (33.3%) stating
whether or not an activating agent was utilized. Of the 2 studies that
utilized an activating agent, only 1 study recorded both the volume
and concentration of the activating agent. Activating agents such as
calcium, thrombin and type I collagen, are critical factors that can
influence the availability of the bioactive molecules [36]. The con-
centration, volume and type of activating agent alters the release of
growth factors within PRP and, thus, it is essential that these factors
are documented adequately.

Furthermore, this current systematic review found that only 3
studies (33.3 %) reported MRI outcomes following the use of PRP in
the treatment of OLTs. MRI is both an essential tool for the diagnosis
of OLTs and for monitoring progression of the reparative cartilagi-
nous tissue following operative intervention [3]. Innovative MRI
techniques with T2-mapping capabilities allows for the assessment
of the collagen fiber network’s integrity, orientation, and con-
centration as well as the water content of the cartilage, in order to
determine integration of the reparative cartilaginous tissue with the
adjacent native cartilage at both the superficial and deep zones [3].
Although postoperative MRIs provide significant value in the

Bias in

Bias due to

. . Bias i L . Bias i Bias in th
Bias due to selection of >lasm deviations from Bias due to 1as m 1as 1n the
. - classification of . . measurement selection of Overall
confounding participants . ) intended missing data
. interventions . . of outcomes reported results
into the study interventions
Akpancar et al 2019 ? ? . ? . ? ? .
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. Critical risk of bias
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Fig. 5. MIBO Adherence for Each MIBO Criteria.

management of OLTs, the high cost of obtaining an MRI, lack of
widespread availability of MRI scanners and dearth of MRIs with T2-
mapping capabilities are significant barriers obtaining postoperative
MRIs, which accounts for the poor adherence rates.

This current review found no difference in mean adherence rates
in studies conducted prior to (41.7%) and following (44.0%) the
publication of the MIBO guidelines in May 2017. The lack of increase
in adherence rates since May 2017 may be attributed to several
factors, including publication of the guidelines in a journal without
open access, potentially leading to lack of awareness of these
guidelines amongst physicians. As of June 2024, the guidelines have
only been cited across 215 studies. At the time when this systematic
review was conducted, the guidelines were published only 7 years
ago, thus it is plausible that the adherence rates may increase in the
coming years. A potential solution to improving adherence rates is
for peer-reviewed journals to incorporate the MIBO guidelines into
their mandatory reporting requirements, similar to the PRISMA
guidelines for systematic reviews.

This study must be interpreted in light of the numerous limita-
tions and potential biases. Firstly, only studies published in English
across the Pubmed, Embase and Cochrane library databases were
included. The overall number of studies was low (9 studies), limiting
the robustness of the statistical analysis.

5. Conclusion

This systematic review found that clinical studies evaluating
outcomes following the use of PRP in the setting of OLTs poorly
adhered to MIBO guidelines. None of the included studies had ad-
herence rates >50% and only 1 of the 12 MIBO categories had ad-
herence rates >80 %. Interestingly, there was no difference in the
mean adherence rates in studies conducted before and after pub-
lication of the MIBO guidelines in May 2017. This study underscores
the need for superior reporting of critical data related to PRP in
studies evaluating outcomes in patients with OLTs augmented
with PRP.
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