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Background: Microfracture is the most common first-line option for the treatment of small chondral lesions, although increasing
evidence shows that the clinical benefit of microfracture decreases over time. Platelet-rich plasma (PRP) has been suggested as an
effective biological augmentation to improve clinical outcomes after microfracture.

Purpose: To evaluate the clinical evidence regarding the application of PRP, documenting safety and efficacy of this augmentation
technique to improve microfracture for the treatment of cartilage lesions.

Study Design: Systematic review; Level of evidence, 3.

Methods: A systematic review was performed in PubMed, EBSCOhost database, and the Cochrane Library to identify compar-
ative studies evaluating the clinical efficacy of PRP augmentation to microfracture. A meta-analysis was performed on articles that
reported results for visual analog scale (VAS) for pain, International Knee Documentation Committee (IKDC), and American
Orthopaedic Foot and Ankle Society (AOFAS) scores. Risk of bias was documented through use of the Cochrane Collaboration
Risk of Bias 2.0 and Risk of Bias in Non-randomized Studies of Interventions assessment tools. The quality assessment was
performed according to the Grading of Recommendations Assessment, Development and Evaluation guidelines.

Results: A total of 7 studies met the inclusion criteria and were included in the meta-analysis: 4 randomized controlled trials, 2
prospective comparative studies, and 1 retrospective comparative study, for a total of 234 patients. Of the 7 studies included, 4
studies evaluated the effects of PRP treatment in the knee, and 3 studies evaluated effects in the ankle. The analysis of all scores
showed a difference favoring PRP treatment in knees (VAS, P = .002 and P < .001 at 12 and 24 months, respectively; IKDC, P <
.001 at both follow-up points) and ankles (both VAS and AOFAS, P < .001 at 12 months). The improvement offered by PRP did not
reach the minimal clinically important difference (MCID).

Conclusion: PRP provided an improvement to microfracture in knees and ankles at short-term follow-up. However, this
improvement did not reach the MCID, and thus it was not clinically perceivable by the patients. Moreover, the overall low evidence
and the paucity of high-level studies indicate further research is needed to confirm the potential of PRP augmentation to micro-
fracture for the treatment of cartilage lesions.

Keywords: cartilage defect; osteochondral lesion; microfracture; bone marrow stimulation; augmentation; platelet-rich plasma

Several surgical options are available to address articular
cartilage lesions, including reparative techniques, the use
of autografts and allografts, and the more ambitious
regenerative approaches.’* Among these, the arthroscopic
microfracture technique, introduced into surgical practice
by Steadman in the early 1980s,%° is the most common
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first-line option for small lesions and frequently serves
as the standard technique against which other cartilage
procedures are compared.3>** This is due to wide avail-
ability, minimal invasiveness, simplicity of execution, and
limited costs.*® The microfracture technique entails the
simple perforation of the subchondral bone plate within
the cartilage defect in order to induce bleeding and subse-
quent fibrin clot formation filling the defect, with bone
marrow—derived mesenchymal stromal cells (MSCs)
migrating into the clot and promoting the formation of a
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repair tissue.’! However, this technique presents a signif-
icant drawback.

Microfracture leads to tissue repair with fibrocartilage,
which has a different composition than hyaline cartilage:
Fibrocartilage contains more collagen and fewer proteogly-
cans and a much greater concentration of type I compared
with type II collagen.?® Fibrocartilage presents low resis-
tance to compression, elasticity, and wear compared with
hyaline cartilage.?® Accordingly, although microfracture
has demonstrated good short-term postoperative outcomes,
long-term results are less satisfactory, with loss of improve-
ment likely due to the inferior biochemical and biomechan-
ical properties of the fibrous repair tissue deteriorating
over time.? Research efforts have been invested to improve
this procedure, addressing the shortcomings of microfrac-
ture by increasing tissue quality and durability of the func-
tional outcome.?! Therefore, multiple studies have
evaluated the utility and efficacy of various promising
approaches, such as scaffold enhancement (eg, BST-
CarGel [Smith & Nephew] or ChonDux [Zimmer Biomet]),
hyaluronic acid viscosupplementation, growth factor aug-
mentation (eg, bone morphogenetic protein 7), and cytokine
modulation techniques.?1822:345253 Cyrrent research is
also focusing on the optimization of microfracture by use
of biological augmentation with platelet-rich plasma (PRP)
to facilitate proliferation and chondrogenic differentiation
and, in the end, improve repair tissue quality.

Thus, the aim of this meta-analysis was to evaluate the
clinical evidence for this biological approach by analyzing
comparative studies on the application of PRP, document-
ing safety and efficacy of this augmentation technique to
improve microfracture for the treatment of cartilage
lesions.

METHODS
Search Strategy and Article Selection

We performed a systematic review and meta-analysis of the
literature on the use of PRP as augmentation to microfrac-
ture. The search was conducted in PubMed, EBSCOhost
database, and the Cochrane Library on November 20,
2019, using the following string: (PRP OR platelet-rich
plasma OR plasma rich in growth factors OR platelet
derived OR platelet gel OR platelet concentrate OR PRF
OR platelet rich fibrin OR platelet lysate) AND (microfrac-
ture OR bone marrow stimulation). The PRISMA
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(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines were used.?®

The screening process and analysis were conducted sep-
arately by 2 authors (S.A.A. and A.B.). First, the articles
were screened by title and abstract. The following inclusion
criteria were used during the initial screening of titles and
abstracts: randomized controlled trials or comparative
trials, articles written in the English language, studies
with no time limitation, investigations on the use of PRP
as biological augmentation of microfracture for the treat-
ment of cartilage lesions, and articles reporting results on
the effects of PRP with a minimum 1-year follow-up. We
excluded articles written in other languages, literature
reviews, preclinical studies, case reports, studies with only
a single cohort or other studies without a control group,
studies with other surgical techniques, and studies using
other biological augmentations. In the second step, the full
texts of the selected articles were screened, with further
exclusions made according to the previously described cri-
teria. Reference lists from the selected articles were also
screened. The studies included in this literature review
were then screened for eligibility to be included for the
meta-analysis.

Data Extraction and Outcome Measurement

We used a data extraction form that was based on the data
extraction template of the Cochrane Consumers and Com-
munication Review Group.'® Two review authors extracted
the relevant data independently (S.A.A. and A.B.). The
data included information on authors, year of publication,
type of study, joint involved, number of participants, inter-
ventions, associated surgical treatments, outcome mea-
sures, follow-up length, main results, adverse events, and
participant characteristics (eg, sex, age, and body mass
index [BMI]). These data were collected in a database to
be analyzed for the purposes of the present study.

The effectiveness of augmenting microfracture with PRP
was evaluated with the visual analog scale (VAS) for pain
and the International Knee Documentation Committee
(IKDC) subjective score for knee studies and with the VAS
pain score and the American Orthopaedic Foot and Ankle
Society (AOFAS) scoring system for ankle studies. For the
outcomes, the pooled effect sizes were compared with their
minimal clinically important differences (MCIDs), defined
as the smallest difference perceived as important by the
average patient.® Based on previous work, the MCID for
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changes was set at 2.7 for the VAS pain score, 16.7 for the
IKDC subjective score,2’ and 8.9 for the AOFAS score.®

Risk of Bias and Quality Assessment

Two review authors (S.A.A. and A.B.) independently
assessed risk of bias and quality for each study. Any dis-
agreement was resolved by discussion, and in the event
consensus could not be achieved, a third review author
(S.Z.) was involved to make a majority decision. The quality
assessment of randomized controlled trials (RCTs) was con-
ducted by use of the Cochrane Collaboration Risk of Bias
2.0 tool,'® whereas non-RCTs were assessed by the Risk of
Bias in Non-randomized Studies of Interventions
(ROBINS-I) assessment tool.?® Considering the different
domains that could be a source of bias, we classified all
studies as having a low risk of bias, some concerns of bias,
or a high risk of bias.

Finally, for each outcome, the overall quality of evidence
was graded as high, moderate, low, or very low, according to
the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) guidelines.*® The quality of evi-
dence assessment consists of an evaluation of the possible
weaknesses of results (risk of bias of the studies, inconsis-
tency, indirectness, imprecision, and publication bias) that
cause a downgrading of the level of evidence. When the
results of the analyses were confirmed in RCTs, the starting
level of evidence was high; when results were influenced by
the non-RCTs, the starting level of evidence was low.

Statistical Analysis

The effect of using PRP to augment microfracture in the
treatment of cartilage lesions in terms of VAS pain score,
IKDC score, and AOFAS score was assessed by a z test on
the pooled mean differences with their corresponding 95%
CIs. Subanalyses were performed considering the length of
follow-up (12 and 24 months), the treated joint (knee,
ankle), and the level of evidence of the included studies
(including only RCTs). Heterogeneity was tested with the
Cochran @ statistic and I? metric.!” Significant heterogene-
ity was considered to be present when I? > 25%. A fixed-
effects model was chosen in the absence of significant
heterogeneity (I? < 25%); otherwise, a random-effects
model was used, and the I? metric was evaluated for the
random effect to check the correction of heterogeneity. P <
.05 was used as the level of statistical significance. When
the authors of an article did not provide the standard devi-
ation, it was estimated from median, mean, and range
through use of the method proposed by Hozo et al.!® Rev-
Man 5.3 was used to perform the statistical analysis.*!

RESULTS
Article Selection and Characteristics

A flowchart of the study selection for qualitative and quan-
titative data synthesis is shown in Figure 1. The initial
search resulted in 1040 titles from the included databases:
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Of these, 72 were removed as duplicate references. Of the
remaining 968 articles, 960 were excluded according to the
eligibility criteria. No additional studies were obtained
after the manual reference review. We assessed 8 full-text
articles for eligibility, but 1 study was excluded because
patients were treated with an augmentation of adipose
stromal vascular fraction suspended in PRP.?® Finally, 7
studies that met the inclusion criteria were included in this
meta-analysis. 11325272839 The main characteristics of
these studies are summarized in Table 1. The studies were
published between 2013 and 2016 and consisted of 4 RCTs,
2 prospective comparative studies, and 1 retrospective com-
parative study. The effect of using PRP to augment micro-
fracture in the knee was evaluated in 4 studies and in the
ankle in 3 studies.

A total of 234 patients with chondral lesions (132 in the
knee and 102 in the ankle) were evaluated: 121 in the PRP
group (PRP augmentation of microfracture technique) and
113 in the control group (microfracture technique only).
The final duration of trials varied from 12 to 60 months of
follow-up. In all studies, the microfracture technique was
performed via arthroscopy. Concerning PRP application
methods, in 3 studies a single injection of PRP was per-
formed 6 to 24 hours after the operation (after the drain
was removed), 132 in 2 studies PRP was injected into the
joint under arthroscopic view at the end of the microfrac-
ture procedure,'®?” and in 2 studies the PRP infiltration
protocol consisted of a cycle of 3 intra-articular injections
in the weeks after surgery.2®3° In 4 studies PRP was acti-
vated before administration,'®!%1728 whereas in the other
3 studies activation was not specified.'>?>3° None of the
authors provided details on the type of PRP used (eg,
whether with leukocytes or not).

Study Outcomes

Safety was documented in all studies, and no severe
adverse events were reported during the postoperative
follow-up periods in any treatment group. In 1 case,'? a
postsurgery temporary neurapraxia occurred in the lateral
dorsal branch of the superficial peroneal nerve that recov-
ered spontaneously.

The VAS pain score was the tool most commonly used to
evaluate the efficacy of PRP augmentation, being used in
all of the selected studies. The IKDC subjective score was
used in all knee studies, whereas the AOFAS score was
used in all ankle studies. The 36-Item Short Form Health
Survey (SF-36) was used in only 1 knee study,?” and the
Foot and Ankle Ability Measure (FAAM) score was used in
only 2 ankle studies.'?!2 For this reason, SF-36 and FAAM
scores were not included in this meta-analysis (Figure 2).

The analysis of VAS pain score at the last available
follow-up showed a statistically significant mean difference
of 1.35 favoring PRP augmentation (7 studies; P < .001),
with a mean difference of 1.15 (4 studies; P = .004) and 1.69
(3 studies; P < .001) in the knee and ankle subgroups,
respectively. In the subanalysis of the VAS pain score at
12 months of follow-up, a statistically significant difference
of 1.15 favoring PRP augmentation was found (5 studies;
P < .001), with a mean difference of 0.57 (3 studies;
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Figure 1. PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) flowchart of the study selection

process. PRP, platelet-rich plasma.

P = .002) and 1.85 (2 studies; P < .001) in the knee and
ankle subgroups, respectively. The VAS pain scores at the
24-month follow-up were reported only in the studies on the
knee, with a mean difference of 1.16 (3 studies; P < .001).
Results were confirmed when only the RCTs were included
in the analyses.

The evaluation of the IKDC score showed a statistically
significant difference of 11.92 favoring PRP augmentation
in the overall analysis (4 studies; P < .001) as well as in the
subanalyses at 12 months of follow-up (8.39; 3 studies; P <
.001) and at 24 months of follow-up (11.18; 3 studies; P <
.001). Results were confirmed when only the RCTs were
included in the analyses.

The evaluation of the AOFAS score showed a significant
difference 0f13.51 (3 studies; P < .001) favoring PRP augmen-
tation in the overall analysis. The low number of studies
reporting this outcome and their heterogeneity in terms of
length of follow-up hindered the possibility to perform sub-
analyses based on the follow-up length. Results were con-
firmed when only the RCTs were included in the analysis.

Risk of Bias and Quality of Evidence

A summary of the risk of bias assessment of all included
RCTs is illustrated in Figure 3. We found that 2 studies'>?®
had a low risk of bias, and 2 studies'®?® had “some con-
cerns” regarding risk of bias. Comparative studies showed
a moderate risk of bias in 2 studies'®?” and a serious risk of
bias in 1 study,>® as shown in Table 2.

The GRADE evaluation showed that the quality of evi-
dence was moderate for VAS for ankle at 12 months and for
IKDC subjective score overall, very low for IKDC subjective
score at 12 and 24 months and VAS for knee at 24 months,
and low for the other measures (Table 3).

DISCUSSION

The main finding of this study is that the available litera-
ture supports the safety and efficacy of using PRP to aug-
ment microfracture for the treatment of chondral lesions.
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TABLE 1
Characteristics of the Included Studies®
Lead No. of Patient Characteristics® PRP Application Main Results
Author Study Patients Follow-up, Outcome and Harvest and Adverse
(Year) Study Type  Joint Design (Sex) Age,y BMI Lesion Size mo Measures Methods Events
Lee® RCT Knee MFX + PRPvs PRP: 24 PRP: 46 PRP: 27 PRP: 1,6,12,24 IKDC Single injection of At 2y, better clinical
(2013) MFX only (14 M, (42-47) (22-29) <4 cm? subjective, PRP (harvest results were seen
10F) Control: 46 Control: 28 Control: VAS pain method not in the PRP group
Control: 25 (41-48) (23-30) <4 cm? specified) under than in the
(15 M, arthroscopic control group. In
10F) view after MFX postarthroscopic
findings,
hardness and
degree of
elasticity were
better in the PRP
group.
Manunta®® RCT Knee MFX +PRPvs 20(9M,11F) 30-55 <30 — 3,6,12 IKDC 3 postoperative Better functional
(2014) MFX only subjective, injections of outcome was
VAS pain PRP (GPS seen in the PRP
system II group, even at 12
[Biomet mo, but the
Biologics]) difference was
not statistically
significant.
Manco?’ Prospective Knee MFX + PRPvs PRP: 14 52.4 — — 3,6,12,24 IKDC Single injection of  Better results were
(2016) comparative MFX only Control: 13 subjective, PRP (Cryofuge seen in the PRP
VAS pain, 6000i [Heraeus group at the
SF-36 Instruments short-term
AHSI Spal) follow-up. At 2-y
under follow-up,
arthroscopic however, the
view after MFX clinical results of
the 2 groups
were similar.
Papalia®®  Retrospective = Knee MFX +PRPvs PRP: 19 PRP:52+ — PRP: 4.0 £ 24, 60 IKDC 3 postoperative Better clinical
(2016) comparative MFX only vs 9OM,10F) 11 0.3 cm? subjective, injections of results were
MFX + PRF  Control: 17 Control: 53 Control: 4.0 + VAS pain PRP (THT tube reported in the
(6M,11F) +9.8 0.3 cm? [Regen Lab SA]) PRP and PRF
groups. The PRF
group showed
better results
than the PRP
group at 2y, with
loss of
significance at
5y.
Guney'>  RCT Ankle MFX + PRPvs PRP: 19 PRP: 385+ PRP:27.8 PRP: 16.2 (mean) AOFAS, VAS  Single injection of ~ Improvement in
(2015) MFX only (TM, 12 F) 12.7 +21 <20 mm pain, PRP both groups were
Control: 16 Control: Control: Control: FAAM (SmartPReP2 noted, but better
OM,7F) 428+ 271+ <20 mm system [Harvest results were
14.7 3.1 Autologous reported in the
Hemobiologics]) PRP group. One
6-24 h after the postoperatively,
operation temporary
neurapraxia

occurred in the
lateral dorsal
branch of the
superficial
peroneal nerve
that recovered
spontaneously
(treatment group
not specified).

(continued)
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Table 1 (continued)

Patient Characteristics®

PRP Application Main Results

Lead No. of
Author Study Patients
(Year) Study Type  Joint Design (Sex) Age,y BMI

Gormeli'*  RCT Ankle MFX +PRPvs PRP: 13

(2015) MFX only vs (5M,8F) 9.1 +52
MFX + HA  Control: 13 Control: Control:
BM,5F) 403 £ 315+
94 45

Guney'®  Prospective Ankle MFX + PRPvs PRP:22 PRP: 439+ —
(2016) comparative MFX only vs (11M11F) 12.7
mosaicplasty Control: 19 Control:
(10M,9F) 374+
16.0

PRP: 38.6 + PRP: 30.5

Follow-up, Outcome and Harvest and Adverse
Lesion Size mo Measures Methods Events
PRP: 1.3 cm? 15.3 (mean) AOFAS, VAS Single injection of ~AOFAS and VAS
(0.5-1.4 cm?) pain PRP pain scores were
Control: 1.2 cm? (SmartPReP2 significantly
(0.5-1.4 cm?) system) 6-24 h improved in the
after the PRP group vs HA
operation and control
groups.
— 42 (mean) AOFAS, VAS  Single injection of  All 3 groups had
pain, PRP significant
FAAM (SmartPReP2 reduction in VAS
system) 6-24 h scores. Better
after the results were
operation found in the
mosaicplasty
group. No
difference was
noted with
regard to change
in baseline

AOFAS score.

“Control refers to MFX only. AOFAS, American Orthopaedic Foot and Ankle Society score; BMI, body mass index; F, female; FAAM, Foot
and Ankle Ability Measure; HA, hyaluronic acid; IKDC, International Knee Documentation Committee score; M, male; MFX, microfracture;
PRF, platelet-rich fibrin; PRP, platelet-rich plasma; RCT, randomized controlled trial; SF-36, 36-Item Short Form Health Survey; VAS, visual

analog scale for pain. Dashes indicate information not reported.
®Values are expressed as mean with range or SD.

PRP augmentation improved the clinical outcome offered
by microfracture at short-term follow-up for patients
affected by knee or ankle defects. These results confirmed
preclinical findings on the role of PRP for optimizing carti-
lage repair after microfracture.

The rationale for the use of PRP as augmentation to
microfracture is the release, by platelets, of numerous
growth factors (GFs) that could play a crucial role in
improving the quality of chondrogenesis. Upon activation,
platelet alpha-granules secrete high concentrations of GF's,
such as transforming growth factor f (TGF-B) and platelet-
derived growth factor (PDGF).5®> TGF-B serves as one of the
most important GF's involved in cartilage regeneration by
increasing chondrocyte phenotype expression and matrix
deposition,'®*” promoting MSC chondrogenic differentia-
tion,” and counteracting the suppressive effects of inflam-
matory mediators on cartilage-specific macromolecule
synthesis.** PDGF favors the maintenance of hyaline-like
chondrogenic phenotype, increases chondrocyte prolifera-
tion and the synthesis of proteoglycans, and is a potent
chemotactic factor for all cells of mesenchymal origin.*®
PRP also contains other GFs, such as insulin-like growth
factor, fibroblast growth factor, and hepatocyte growth fac-
tor,3® that are involved in cartilage regeneration and
metabolism with chondroinductive additive effects and syn-
ergistic interaction.?42

Recent in vitro studies have confirmed that PRP-
released GFs promote chondrocyte proliferation and
differentiation of MSCs from subchondral bone into the
chondrogenic line. These GFs also promote biosynthesis of
the extracellular matrix with an increased proteoglycan

and type II collagen deposition.'243%48 Preclinical in vivo
studies are in line with these findings, reporting the bene-
ficial role of PRP when applied after microfracture sur-
gery. 142930 Milano et al®® reported that PRP had positive
effects on cartilage repair and restoration after microfrac-
ture in chronic chondral defects in a sheep model, with
better histological properties compared with controls,
although the procedure was more effective when PRP was
placed surgically on the defect as a fibrin glue gel in com-
parison with a liquid intra-articular injection. Milano
et al?® further investigated the postoperative injection
approach by analyzing the effect of a multiple injection
cycle; in this study on the treatment of knee focal chondral
defect in sheep, 5 weekly injections of PRP after microfrac-
ture led to significantly better macroscopic, histological,
and biomechanical results than the results in the control
group treated with microfracture only. Interestingly,
although they did not produce hyaline cartilage, PRP injec-
tions led to a more stable quality of the repair tissue, which
significantly improved from 3 to 6 months after treatment
and remained stable over time for all the outcomes; in the
control group, a significant histological and mechanical
deterioration was observed between 6 and 12 months of
follow-up.?® The increased quality of the repair tissue was
confirmed by Hapa et al,'* who used a rat chronic focal
chondral defect model and found that PRP augmentation
of microfracture resulted in better cartilage healing with
increased type II collagen expression compared with micro-
fracture alone.

These preclinical results encouraged physicians and clin-
ical researchers to evaluate the effect of PRP augmentation
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VAS 12 months

PRP as Augmentation to Microfracture

MFX + PRP MFX Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Knee
Lee, 2013 3.2 0.75 24 3.6 0.75 25 22.8% -0.40[-0.82,0.02] —=
Manco, 2016 1.79 0.89 14 3 1.53 13 16.7% -1.21[-2.16, -0.26] —
Manunta, 2014 1.4 0.7 10 2 0.7 10 20.8% -0.60[-1.21,0.01] —
Subtotal (95% CI) 48 48  60.3% -0.57 [-0.94, -0.20] <&
Heterogeneity: Tau? = 0.02; Chi? = 2.36, df = 2 (P = 0.31); I = 15%
Test for overall effect: Z = 3.05 (P = 0.002)
1.2.2 Ankle
Gormeli, 2015 24 09 13 45 09 13 19.8% -2.10[-2.79,-1.41] —
Guney, 2015 22 08 19 38 12 16 19.9% -1.60[-2.29,-0.91] —
Subtotal (95% CI) 32 29 39.7% -1.85[-2.34, -1.36] <o
Heterogeneity: Tau? = 0.00; Chi? = 1.01,df = 1 (P = 0.32); I’ = 1%
Test for overall effect: Z = 7.40 (P < 0.00001)
Total (95% Cl) 80 77 100.0% -1.15 [-1.83, -0.48] -
Heterogeneity: Tau? = 0.47; Chi? = 22.15, df = 4 (P = 0.0002); I> = 82% 714 712 5 21 ‘11
Test for overall effe;t: Z=3.35 (P.2= 0.0008) , Favours MFX + PRP Favours MFX
Test for subgroup differences: Chi* = 16.59, df = 1 (P < 0.0001), I* = 94.0%
VAS 24 months
MFX + PRP MFX Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Lee, 2013 2.3 1 24 3.4 1 25 73.9% -1.10[-1.66, -0.54]
Manco, 2016 3.36 2.84 14 3.54 2.26 13 6.2% -0.18 [-2.11, 1.75]
Papalia, 2016 3.5 1.7 19 5.2 1.6 17 19.9% -1.70[-2.78, -0.62] —
Total (95% CI) 57 55 100.0% -1.16 [-1.64, -0.68] L 4
Heterogeneity: Chi? = 2.00, df = 2 (P = 0.37); I> = 0% _14 _12 3 t j‘
Test for overall effect: Z = 4.73 (P < 0.00001) Favours MFX + PRP Favours MFX
IKDC 12 months
MFX + PRP MFX Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Lee, 2013 76.3 8.75 24 71.5 8.25 25 37.9% 4.80[0.03, 9.57]
Manco, 2016 72.1 5.93 14 62.58 9.6 13 28.9% 9.52[3.45, 15.59] . —
Manunta, 2014 85.8 6.9 10 743 5.3 10 33.2% 11.50(6.11, 16.89] —
Total (95% CI) 48 48 100.0% 8.39 [4.24, 12.54] -
Heterogeneity: Tau? = 5.94; Chi? = 3.58, df = 2 (P = 0.17); I* = 44% >0 _110 ) 110 20?

Test for overall effect: Z = 3.96 (P < 0.0001)

Favours MFX Favours MFX + PRP

IKDC 24 months

MFX + PRP MFX Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% ClI 1V, Fixed, 95% ClI
Lee, 2013 87.7 7 24 732 32 25 25.8% 14.50[1.65, 27.35] . E—
Manco, 2016 67.11 26.74 14 62.13 19 13 14.1% 4.98 [-12.42, 22.38]
Papalia, 2016 73.9 15.6 19 62.7 9.8 17 60.1% 11.20[2.78, 19.62] —i—
Total (95% CI) 57 55 100.0% 11.18 [4.65,17.71] -
Heterogeneity: Chi* = 0.74, df = 2 (P = 0.69); I = 0% + + + +
. -20 -10 0 10 20
Test for overall effect: Z = 3.36 (P = 0.0008) Favours MFX Favours MFX + PRP
AOFAS last follow-up
MFX + PRP MFX Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Gormeli, 2015 85.1 6.1 13 68.3 10.1 13 35.4% 16.80[10.39, 23.21] —
Guney, 2015 89.2 3.9 19 71 10.2 16 38.2% 18.20[12.90, 23.50] —
Guney, 2016 75.4 15.6 22 731 172 19  26.4% 2.30[-7.81, 12.41] —
Total (95% CI) 54 48 100.0% 13.51[5.58, 21.45] —l—
ity 2 _ . 2 _ — — 12 = } } Il Il
Heterogeneity: Tau? = 35.61; Chi®* = 7.70, df = 2 (P = 0.02); I* = 74% 710 5 1‘0 2‘0

Test for overall effect: Z = 3.34 (P = 0.0008)

of microfracture in clinical practice, with comparative stud-
ies investigating safety and efficacy of this biological
approach. All studies obtained by the systematic literature

search supported the use of PRP by showing a statistically
significant difference for all outcome measurements (VAS,
IKDC, and AOFAS scores) in both knee and ankle

-20

Favours MFX Favours MFX + PRP

Figure 2. Forest plot of the meta-analyses for visual analog scale (VAS) score, International Knee Documentation Committee
(IKDC) score, and American Orthopaedic Foot and Ankle Society (AOFAS) score. All studies support positive results of platelet-rich
plasma (PRP) treatment for both knee and ankle. 1V, inverse variance; MFX, microfracture.
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subgroups. MCID was always achieved by both treatments;
however, regarding the improvement from baseline to the
various follow-up points, MCID was never reached in the
comparative analysis. This is a critical aspect, as it implies
that not all patients perceived a clinical benefit. Therefore,
although PRP augmentation was safe and showed the
potential to improve the results of microfracture, these
results indicate further research is needed to understand
whether different types of patients and lesions could benefit
more from this treatment, with a clinically perceivable
improvement, as well as to investigate the most effective
formulation and PRP delivery approach.

The administration protocol is a key aspect, especially for
this kind of PRP application. Different kinds of PRP have

trolled trials. been administered with different approaches in terms of
TABLE 2
Assessment of Risk of Bias for Non-RCTs”
Bias Due to
Bias in Bias in Departures From Bias Due to Bias in Bias in
Bias Due to Selection of Measurement Intended Missing  Measurement Selection of the Overall
Non-RCTs Confounding Participants of Interventions Interventions Data of Outcomes Reported Result Bias
Guney'® (2016) Low Low Low Low Low Moderate Moderate Moderate
Manco® (2016) Low Moderate Low Low Low Moderate Low Moderate
Papalia®® (2016) Low Moderate Moderate Low Low Moderate Serious Serious
“RCT, randomized controlled trial.
TABLE 3
GRADE Evaluation for Outcome Measurements?®
Results
No. of Confirmed Risk of Publication
Outcome Studies in RCTs Bias Inconsistency Indirectness Imprecision Bias Others Quality
VAS overall 2 RCT, Yes (starts as No Serious No Serious  Undetected No upgrades Low
knee 2 non-RCT high)
VAS overall 2 RCT, Yes (starts as No Serious No Serious  Undetected No upgrades Low
ankle 1 non-RCT high)
VAS 12-mo 2 RCT, Yes (starts as ~ Serious No No Serious  Undetected No upgrades Low
knee 1 non-RCT high)
VAS 12-mo 2 RCT Yes (starts as No No No Serious  Undetected No upgrades Moderate
ankle high)
VAS 24-mo 1 RCT, No (starts as No No No Serious  Undetected No upgrades Very low
knee 2 non-RCT low)
IKDC overall 2 RCT, Yes (starts as No No No Serious  Undetected No upgrades Moderate
2 non-RCT high)
IKDC 12-mo 2 RCT, Yes (starts as  Serious Serious No Serious  Undetected No upgrades Very low
1 non-RCT high)
IKDC 24-mo 1 RCT, No (starts as No No No Serious  Undetected No upgrades Very low
2 non-RCT low)
AOFAS 2 RCT, Yes (starts as No Serious No Serious  Undetected No upgrades Low
overall 1 non-RCT high)

“AOFAS, American Orthopaedic Foot and Ankle Society score; GRADE, Grading of Recommendations Assessment, Development and
Evaluation; IKDC, International Knee Documentation Committee score; RCT, randomized controlled trial; VAS, visual analog scale.
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site (direct injection into the lesion vs intra-articular injec-
tion), timing, and number of injections. The route of deliv-
ery not only could influence the amount of GF reaching the
lesion site, but also could exploit a different mechanism
leading to the clinical improvement observed with PRP.
In fact, although attention was initially placed on the ana-
bolic properties of PRP GF's, there is increasing awareness
that platelets contain storage pools of other important bio-
active molecules, which could further act on the modulation
of the joint environment.® In fact, when activated, platelets
release a group of biologically active proteins that bind to
the transmembrane receptors of their target cells, thus
leading to the expression of gene sequences that ultimately
modulate inflammation.? Using a mouse model, Khatab
et al*! showed that PRP-injected knees had a thinner syno-
vial membrane with more anti-inflammatory (CD206+ and
CD163+) cells and a trend toward less cartilage damage,
possibly through the modulation of macrophage subtypes.
PRP has been suggested to directly modulate pain while
also reducing synovial inflammation with possible chondro-
protective effects.*” Thus, PRP cannot be considered only a
reservoir of GFs because it provides a milieu of bioactive
factors together with a high level of anti-inflammatory,
anticatabolic, and chemotactic molecules, which could also
contribute to the overall clinical results. Thus, determining
the best delivery method to exploit the full potential of PRP
appears of utmost importance. Unfortunately, no studies
have directly compared different PRP formulations or
application modalities, and the trials included in this
review did not provide enough information to allow suba-
nalyses regarding important factors that could influence
the effect of PRP (eg, the presence or absence of leukocytes,
integrity of platelets, use of anticoagulant, and
cryopreservation).

Our literature search underlined the paucity of trials
investigating the role of PRP in augmenting microfracture.
Moreover, of the 7 available studies, only 4 were RCTs, all
with a relatively small sample size (<50 patients evalu-
ated). Overestimation of the treatment effect was more
likely in smaller trials compared with larger samples.
Accordingly, although all studies agreed on the benefit of
PRP, the quality of evidence provided was not high.
Another limitation is that the possibility of blinding was
hindered by the nature of interventions: This can greatly
influence patient expectations and thus the final results.
Moreover, because none of the studies entailed arthro-
scopic, histologic, and imaging follow-up providing direct
evaluation of the cartilage surface, no information on the
effects of PRP on the quality of the repair tissue was pro-
vided. Given that one of the possible advantages of PRP is
to improve the quality of the newly formed cartilage, direct
evaluation of the cartilage surface should be a focus of fur-
ther research evaluating the effect of adjuvant PRP on car-
tilage lesion healing. Finally, most studies had a short
follow-up, and only 2 studies had a midterm follow-up of
up to 60 months. These showed controversial results: Papa-
lia et al®® reported better clinical results in the PRP group
at 5 years of follow-up, whereas Guney et al'® indicated no
benefit at medium-term follow-up of 42 months. Given that
the rationale for using PRP includes the improvement of
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results over time, the available literature fails to demon-
strate whether the short-term benefit of PRP can translate
into more stable results over time. Thus, high-level studies
with longer follow-up are needed to confirm the positive
findings suggested by the current literature. However,
these promising results support further research in this
direction.

This meta-analysis demonstrated the low quality of the
available studies but also underlined how all the documen-
ted experiences converge and support the safety and poten-
tial of PRP for both the knee and ankle. Production and
administration of PRP are relatively easy and inexpensive,
and if the results found here can be confirmed by high-level
studies, this method could be easily implemented into daily
practice. However, it is important to underline that the
improvement reported by the current literature did not
reach the MCID, which means that not all patients per-
ceived a benefit. Many biological variables and procedural
aspects might influence clinical outcome and should be
studied, as they could help to optimize the use of PRP as
a biological augmentation to improve microfracture results
for the treatment of cartilage lesions.

CONCLUSION

The current literature suggests that PRP may improve the
clinical results offered by microfracture in knees and ankles
at short-term follow-up. However, this improvement did
not reach the MCID and thus was not clinically perceivable
by patients. Moreover, the overall low evidence and the
paucity of high-level studies indicate further research is
needed to confirm the potential of PRP augmentation to
provide better and longer lasting results after microfrac-
ture for the treatment of cartilage lesions.
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