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Background: The recent emergence of autologous blood concentrates, such as platelet-rich plasma, as a treatment
option for patients with orthopaedic injuries has led to an extensive debate about their clinical benefit. We conducted a
systematic review and meta-analysis to determine the efficacy of autologous blood concentrates in decreasing pain and
improving healing and function in patients with orthopaedic bone and soft-tissue injuries.

Methods: We searched MEDLINE and Embase for randomized controlled trials or prospective cohort studies that
compared autologous blood concentrates with a control therapy in patients with an orthopaedic injury. We identified
additional studies by searching through the bibliographies of eligible studies as well as the archives of orthopaedic
conferences and meetings.

Results: Twenty-three randomized trials and ten prospective cohort studies were identified. There was a lack of con-
sistency in outcome measures across all studies. In six randomized controlled trials (n = 358) and three prospective
cohort studies (n = 88), the authors reported visual analog scale (VAS) scores when comparing platelet-rich plasma with a
control therapy across injuries to the acromion, rotator cuff, lateral humeral epicondyle, anterior cruciate ligament, patella,
tibia, and spine. The use of platelet-rich plasma provided no significant benefit up to (and including) twenty-four months
across the randomized trials (standardized mean difference, 20.34; 95% confidence interval [CI], 20.75 to 0.06) or the
prospective cohort studies (standardized mean difference, 20.20; 95% CI, 20.64 to 0.23). Both point estimates sug-
gested a small trend favoring platelet-rich plasma, but the associated wide confidence intervals were consistent with
nonsignificant effects.

Conclusions: The current literature is complicated by a lack of standardization of study protocols, platelet-separation tech-
niques, and outcome measures. As a result, there is uncertainty about the evidence to support the increasing clinical use of
platelet-rich plasma and autologous blood concentrates as a treatment modality for orthopaedic bone and soft-tissue injuries.

Level of Evidence: Therapeutic Level II. Please see Instructions for Authors for a complete description of levels of
evidence.
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A
utologous blood concentrates, which include platelet-
derived products such as platelet-rich plasma, have been
gaining popularity among professional and recreational

athletes as a result of the increasing attention that these products
have received in the mainstream media. In addition to orthopaedic
injuries, the application of these products is well documented for
use in cardiovascular, plastic, dental, and craniomaxillofacial sur-
gical procedures1-4. The market for platelet-rich plasma, which was
valued at $45 million in 2009, is expected to be worth more than
$120 million by 20165.

In the body’s natural response to injury, a complex
healing process is initiated at the site of tissue damage and
platelets participate in this process. Platelets are responsible for
stopping bleeding and for hemostasis6, and once they are ac-
tivated by mediators at the site of injury they undergo de-
granulation and release bioactive proteins or growth factors
that aid in wound-healing7. These growth factors include
transforming growth factor-beta, platelet-derived growth fac-
tor, insulin-like growth factors I and II, fibroblast growth fac-
tor, epidermal growth factor, vascular endothelial growth
factor, and endothelial cell growth factor, all of which have been
shown in experimental settings to promote healing and the
formation of new tissue8.

Platelet-rich plasma is harvested from a patient’s own
peripheral blood, centrifuged to obtain a concentrated amount
of platelets, placed in a small volume of plasma, and read-
ministered at the site of injury6,8. Other platelet-containing
preparations, such as autologous whole blood, are not obtained
by centrifuging peripheral blood and therefore contain only
baseline levels of platelets. Ultimately, the rationale for the use
of the platelet-rich preparations is the belief that the additional
platelets will substantially increase the concentration of growth
factors at the site of injury and augment the natural healing
process.

With the emergence of platelet-rich plasma as a treat-
ment modality for orthopaedic injuries, there is a growing
debate regarding its clinical efficacy. Several uncontrolled
studies have shown benefit for a variety of indications9-11.
However, recent controlled studies have demonstrated less
favorable results12,13. Given this uncertainty, we undertook a
systematic review and meta-analysis of randomized controlled
trials and prospective cohort studies to assess the clinical re-
sults, with regard to decreasing pain and improving healing and
function, of autologous blood concentrates compared with
control therapy in the treatment of orthopaedic injuries.

Materials and Methods
Eligibility Criteria

We identified studies, written in the English language, fulfilling the fol-
lowing eligibility criteria: (1) the study compared platelet-rich plasma or

a similar product containing platelets (e.g., autologous blood injection, au-
tologous platelet concentrate, autologous conditioned plasma, osteoinductive
gel, platelet-leukocyte gel, autologous platelet-derived growth factor, or platelet
gel) with a control (e.g., placebo, corticosteroid, or a standard procedure) in
patients with orthopaedic injuries, and (2) the study was a published or un-
published (presented at a society meeting) randomized controlled trial or
prospective cohort study.

Literature Search
A comprehensive literature search was conducted for all relevant articles with use of
the electronic databases MEDLINE and Embase from 1996 and 1947, respectively, up
to and including July 25, 2011. The complete search strategies are shown in the
Appendix. Presentations and abstracts from the annual meetings of the American
Academy of Orthopaedic Surgeons (2005 to 2010), the International Society of Ar-
throscopy, Knee Surgery and Orthopaedic Sports Medicine (2009), and the Canadian
Orthopaedic Association (2009) were hand searched for any relevant unpublished
literature. Additional studies were identified by consulting with experts, reviewing the
reference lists of eligible studies, and using the ‘‘related articles’’ feature in PubMed.

Study Selection
One reviewer screened the titles and abstracts of all studies identified in our
initial search. Hand searches of orthopaedic conference proceedings conducted
by the same reviewer revealed nine potentially relevant abstracts/presentations.
Two reviewers independently assessed the eligibility of the retrieved full-text
articles and abstracts/presentations for final inclusion. Discrepancies were re-
solved through discussion until a consensus was reached.

Data Extraction
Two investigators collected all relevant information regarding the study design,
population, intervention, control, primary outcome, methodological quality,
and duration of follow-up. The investigators also made note of whether the
authors of the study reported key features of the intervention and control
protocols, such as the manufacturer of the platelet separator system, the use of
an anticoagulant, the use of an activating agent, the number of applications of
platelet-rich plasma, and the final volume of platelet-rich plasma used.

Methodological Quality Assessment
Two investigators independently graded the methodological quality of each
eligible study using the Detsky scale

14
for randomized controlled trials and the

Newcastle-Ottawa Scale
15

for prospective cohort studies. The Grading of Rec-
ommendations Assessment, Development and Evaluation (GRADE) system

16

was used to evaluate the quality of available evidence for all indications for the
use of platelet-rich plasma assessed in our study.

The Detsky scale is a 21-point scale used to evaluate the methodological
quality of randomized trials on the basis of randomization (present and con-
cealed), blinding (patients and outcome assessors), outcome measures (ob-
jective), eligibility criteria (inclusion and exclusion criteria defined), and
statistical analysis (appropriate analysis). All quality scores obtained with use of
the Detsky scale were converted into a percentage for ease of interpretation. A
quality score of ‡75% was chosen a priori to indicate high quality. Studies with
a score of ‡50% and <75% were considered to be of moderate quality, while
those with a score of <50% were deemed to be of low quality.

The Newcastle-Ottawa Scale is a 9-point scale used to grade prospective
cohort studies with regard to their methodological quality of selection, comparability,
exposure, and outcome of the study participants. A quality score of ‡7 was chosen a
priori to represent high quality. Studies with a score of 5 or 6 were considered to be of
moderate quality, and those with a score of £4 were deemed to be of low quality

17
.

The GRADE system was developed to classify the strength of clinical rec-
ommendations on the basis of the quality of evidence and the balance of benefit
versus harm. The GRADE system works on the principle that ‘‘all relevant clinical
studies and observations provide evidence, the quality of which varies.’’

16
Quality of

evidence is determined on the basis of four key factors: methodological limitations,
heterogeneity, directness, and precision. The basic study design is the most im-
portant determinant of how the evidence is graded. Randomized trials are assumed
to be of higher quality than observational studies and are downgraded on the basis
of analysis of the four previously mentioned factors. The quality of the evidence is
graded as high, moderate, low, or very low.

Assessing Investigator Agreement
The kappa statistic was used to evaluate the agreement between the investigators
who determined study eligibility. The intraclass correlation coefficient (ICC) was
used to assess the interobserver agreement on methodological quality scores. The
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ICC yields values identical to a weighted kappa with quadratic weights
18

. An a
priori k ‡ 0.65 was chosen to represent adequate agreement

17
.

Data Analysis
Prior to reviewing the data, we specified a priori that only outcomes that were
common to three or more studies would be pooled. We grouped studies using low
platelet levels and high platelet levels for these outcomes. An intervention was
considered to have low platelet levels if centrifugation was not used in the pro-
duction process (e.g., autologous blood injections), while interventions employing
at least one cycle of centrifugation were deemed to have high platelet levels (i.e.,
platelet-rich plasma).

We calculated the standard mean difference and 95% confidence interval
(CI) for all continuous outcomes. Where appropriate, outcome measures were
pooled with use of the random-effects model of DerSimonian and Laird

19
. All

pooled estimates were weighted by study size.
To assess for publication bias, we constructed funnel plots for each out-

come to examine the magnitude of the effect against the sample size. A sym-
metrical, inverted, funnel-shaped scatterplot suggests an absence of bias.

Evaluation of Heterogeneity
Large differences in effect size between studies define important heterogeneity of
the study results. Before analyzing the data, we hypothesized that heterogeneity may
be due to differences in platelet-rich-plasma preparation (e.g., number of centri-

fugations or use of anticoagulation or activating agents), dose of platelet-rich plasma
(volume and number of applications), outcome measures (subjective versus ob-
jective outcomes), study populations (e.g., elderly versus athletes), clinical use (e.g.,
spinal fusion versus lateral epicondylitis), duration of follow-up (e.g., three months
versus two years), or methodological features (low quality versus high quality).

Heterogeneity between studies was quantified with use of the I2 sta-
tistic

20
. We chose an I2 value of <25% to represent low heterogeneity and an

I2 value of >75% to indicate high heterogeneity
21

. Tests for significance were
two-tailed, and p < 0.05 was deemed to be significant.

Source of Funding
Dr. Bhandari holds a Canada Research Chair in Orthopaedics. However, no
funders played a role in the study design, collection, analysis, interpretation of
data, writing of the report, or decision to submit the paper for publication.

Results
Literature Search

Our literature search generated 895 relevant citations. Of
these, thirty-three studies, including twenty-three ran-

domized controlled trials and ten prospective cohort studies,
proved eligible for inclusion12,13,22-53 (Fig. 1). The title of one of the
eligible studies stated that it was a randomized trial; however,

Fig. 1

Flowchart of studies through the systematic review. PRP = platelet-rich plasma.
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after review of the full article, it was deemed to be a prospective
cohort study22. One study was a conference presentation30 of a
published article29 that contained important data not reported in
the published article. This study was used solely as an adjunct,
and was therefore not evaluated as a separate study. The weighted
kappa for overall agreement between reviewers for final eligibility
was 0.85 (95% CI, 0.75 to 0.95).

Study Characteristics and Outcomes
A table in the Appendix describes the characteristics of the eligible
studies. The sample sizes of these studies ranged from ten to 165
patients and the duration of follow-up ranged from five days to two
years. The efficacy of platelet-rich plasma was examined for a wide
range of orthopaedic indications (e.g., anterior cruciate ligament
[ACL] reconstruction, spinal fusion, total knee arthroplasty, hu-
meral epicondylitis, and Achilles tendinopathy). A variety of pri-
mary outcome measures were reported, including an assortment of
functional parameters (e.g., knee stability, tenderness threshold,
visual analog scale [VAS], and Disabilities of the Arm, Shoulder
and Hand [DASH] score) and imaging parameters (radiographs,
computed tomography [CT], and magnetic resonance imaging
[MRI]) used to define healing and patient-reported quality of life.

Details of the study protocol and the platelet separation
system used by each study can be found in the Appendix. An
activating agent, such as autologous thrombin or calcium chlo-
ride, was used in the platelet preparation process in twenty-six
(79%) of the thirty-three studies. More than one application of
platelet product was used in two studies (7%), one evaluating
platelet-rich plasma use in ACL reconstruction47 and the other
evaluating it for patellar tendinopathy53. The final volume of

platelet product used in each study ranged from 2 to 70 mL. The
manufacturer of the platelet separation system used was reported
in twenty-two studies (61%) but not reported in eight studies
(30%); a platelet separation system was not used in three studies
(9%). Of the twenty studies in which a platelet separation system
was used, only one utilized white-blood-cell-poor platelet-rich
plasma50, while the remaining studies used white-blood-cell-rich
platelet-rich plasma. The authors of five studies reported re-
ceiving funding from the manufacturer of the platelet separation
system used20,28,36,38,51. All studies evaluating plantar fasciitis ther-
apy utilized autologous, or whole blood injections.

Study Quality
We found twenty studies to be of high methodological quality,
thirteen studies to be of moderate quality, and no studies to be of
low quality (see Appendix). The level of agreement between
reviewers in evaluating methodological quality was excellent for
randomized controlled trials (ICC, 0.93; 95% CI, 0.91 to 0.94)
and prospective cohort studies (ICC, 0.99; 95% CI, 0.97 to 0.99).

The quality of available evidence for the use of platelet-
rich plasma and autologous blood injections as per the GRADE
system is summarized for tendon, bone, and soft tissue healing
indications in Table I.

Functional Outcomes
A total of twenty-seven different functional outcome measures
were used, eleven of which served as the primary outcome of the
study. Of the twenty-three randomized controlled trials included
in this review, six showed that platelet-rich plasma provided a
significant functional benefit, fifteen demonstrated no difference

Fig. 2

The effect, on pain scores, of platelet-richplasma (PRP) treatment comparedwith treatment for control patients. Forest plot of standardized mean difference

for the effect of platelet-rich plasma on pain (visual analog scale) scores up to (and including) twenty-four months. Diamonds indicate the pooled relative risk

estimates. Squares represent point estimates around which 95% confidence intervals (CI) are denoted by a horizontal line. ‘‘Random’’ indicates that a

random-effects model was used to pool the data. IV = inverse variance.
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TABLE I GRADE Quality Assessment of Evidence for Platelet-Rich Plasma and Autologous Blood Injections

Study Design*
No. of Studies
(Participants)

Methodological
Limitations† Consistency‡ Directness§ Precision#

Quality of the
Evidence

(GRADE)**

Platelet-rich
plasma

ACL
reconstruction

RCT 4 (298) Serious
limitations (22)

Unexplained
heterogeneity (21)

Indirect (21) Uncertain (21) 1 Very low

PCS 3 (140) Serious
limitations (21)

Unexplained
heterogeneity (21)

Indirect (21) Uncertain (21) 1 Very low

Spinal fusion
RCT 3 (157) Serious

limitations (21)
No important
inconsistency

Indirect (21) Uncertain (21) 1 Very low

PCS 2 (72) Serious
limitations (21)

No important
inconsistency

Direct Uncertain (21) 1 Very low

Tibial osteotomy
RCT 3 (68) Serious

limitations (21)
No important
inconsistency

Indirect (21) Uncertain (21) 1 Very low

Total knee
arthroplasty

RCT 2 (142) Serious
limitations (21)

No important
inconsistency

Indirect (21) Uncertain (21) 1 Very low

PCS 1 (165) Serious
limitations (21)

N/A N/A N/A 1 Very low

Rotator cuff
repair

RCT 2 (141) Minimal
limitations

Unexplained
heterogeneity (21)

Direct Certain 111 Moderate

PCS 1 (42) Minimal
limitations

N/A N/A N/A 1 Very low

Achilles tendon
rupture

RCT 1 (30) Minimal
limitations

N/A N/A N/A 1 Very low

Achilles
tendinopathy

RCT 1 (54) Minimal
limitations

N/A N/A N/A 1 Very low

Lateral
epicondylitis

RCT 1 (100) Serious
limitations (22)

N/A N/A N/A 1 Very low

Total shoulder
arthroplasty

RCT 1 (40) Minimal
limitations

N/A N/A N/A 1 Very low

Total hip
arthroplasty

RCT 1 (120) Serious
limitations (22)

N/A N/A N/A 1 Very low

Long-bone
nonunions

RCT 1 (120) Serious
limitations (22)

N/A N/A N/A 1 Very low
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between platelet-rich plasma and the control, and one showed
that the control provided a significant functional benefit; the
authors of the remaining study did not evaluate functional out-
comes (see Appendix). Of the ten prospective cohort studies,
three showed that platelet-rich plasma provided a significant
functional benefit, six demonstrated no difference between
platelet-rich plasma and the control, and one study showed that
the control provided a significant functional benefit.

Visual Analog Scale—Pain
The most common outcome measure across all studies was the
visual analog pain scale. Of the thirty-three eligible studies, twelve
(N = 662 patients) provided VAS scores. Nine of the studies used
platelet-rich plasma, while the three remaining studies used au-

tologous blood injections. Of the nine studies evaluating platelet-
rich plasma, six were randomized trials (n = 358 patients) and
three were prospective cohort studies (n = 88 patients). Each
study used platelet-rich plasma in a different setting: open sub-
acromial decompression44, ACL repair13,23, tibial osteotomy30,
rotator cuff repair36, lateral humeral epicondylitis38, chronic elbow
tendinosis51, spinal fusion49, and patellar tendinopathy53. Our
decision to pool the VAS scores across the different indications
was based on the assumption that it is a consistent and general
measure of pain assessed in the same way across any indication54.

There was no significant difference in VAS scores between
the platelet-rich plasma and control groups across randomized
trials (standardized mean difference, –0.34; 95% CI, –0.75 to
0.06; p = 0.10; and I2 = 70%) (Fig. 2) or prospective cohort

TABLE I (continued)

Study Design*
No. of Studies
(Participants)

Methodological
Limitations† Consistency‡ Directness§ Precision#

Quality of the
Evidence

(GRADE)**

Open
subacromial
decompression

RCT 1 (40) Minimal
limitations

N/A N/A N/A 1 Very low

Chronic elbow
tendinosis

PCS 1 (20) Serious
limitations (21)

N/A N/A N/A 1 Very low

Chronic
refractory
patellar
tendinopathy
(jumper’s
knee)

PCS 1 (31) Serious
limitations (21)

N/A N/A N/A 1 Very low

Autologous blood
injections

Plantar fasciitis
RCT 2 (106) Serious

limitations (21)
Unexplained
heterogeneity (21)

Direct Uncertain (21) 1 Very low

PCS 1 (100) Minimal
limitations

N/A N/A N/A 1 Very low

*RCT = randomized controlled trial, and PCS = prospective cohort study. †Randomized controlled trials are assumed to be of high quality and are
downgraded accordingly (21 or 22), while prospective cohort studies are assumed to be of low quality and are upgraded (11 or 12) or
downgraded accordingly (21 or 22). Limitations that result in downgrading include lack of blinding with subjective outcomes, lack of con-
cealment, failure to use intention-to-treat analysis, a large loss to follow-up, or early cessation of the study. ‡The quality of evidence is diminished
when studies with vastly differing estimates of treatment effect are unexplained. When heterogeneity exists, the quality rating of the studies is
downgraded (21). This is not applicable (N/A) for subgroups with only one study available for analysis. §The population, intervention, comparison,
and outcomes measured should be similar between studies in order to directly apply the results. If a discrepancy exists between studies, then the
quality rating is downgraded (21 or 22). #When there is a lack of patients and events, the results are uninformative and therefore deemed to be
imprecise. Data are also imprecise if the confidence intervals are not reported or they are so wide that the estimate is consistent with conflicting
recommendations. If imprecise data are detected, then the quality rating is downgraded (21). This is not applicable (N/A) for subgroups with only
one study available for analysis. **Randomized controlled trials (RCT) are deemed to be of high quality (1111), a downgraded RCT or an
upgraded prospective cohort study (PCS) is considered to be of moderate quality (111), a well-done PCS is considered to be of low quality (11),
and a downgraded RCT or PCS is considered to be of very low quality (1). Note that the quality of evidence was evaluated only for full publications
(not abstracts). All results classified as not applicable (N/A) received a reduction in the quality rating (21).
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studies (standardized mean difference, –0.20; 95% CI, –0.64 to
0.23; p = 0.36; and I2 = 0% (Fig. 2). Because of the small number
of studies available for comparison, the funnel plot was incon-
clusive regarding publication bias, but it did suggest a possible
absence of negative studies.

A sensitivity analysis was completed to determine the ef-
fect of time on the efficacy of platelet-rich plasma. We pooled
VAS scores at six weeks, six months, and one year or more after
platelet-rich plasma administration for the six randomized trials.
One study assessed pain at six weeks; another study, at six
months; and the remaining four studies, at one year or more.
The pooled estimates demonstrated no significant difference
between the platelet-rich plasma and control groups at six weeks
(standardized mean difference, 20.62; 95% CI, 21.25 to 0.02;
p = 0.06), six months (standardized mean difference, 20.24;
95% CI, 21.03 to 0.55; p = 0.55), or one year or more (stan-
dardized mean difference, –0.30; 95% CI, –0.85 to 0.25; p =
0.28) (Fig. 3).

In one study38, the authors reported VAS scores at multiple
time points (one, two, three, six, and twelve months) in patients
with lateral humeral epicondylitis. We pooled those scores to
determine if there was a potential effect of platelet-rich plasma
over time. There was a trend favoring the use of platelet-rich
plasma over corticosteroids for this particular condition over the
course of one year.

Three studies (n = 206 patients) evaluated the effect of
autologous blood injections in patients with plantar fasciitis at
six months22,33,34. The pooled results suggested that the VAS
scores after use of autologous blood were higher than those in

either control group (anesthetic or corticosteroid) (standard-
ized mean difference, 0.41; 95% CI, –0.01 to 0.83; p = 0.05; and
I2 = 33%).

Imaging Outcomes
The authors of three studies27,28,48 (n = 152 patients) reported on
the number of solid spinal fusions at one year. The platelet-rich
plasma and control groups were similar with regard to solid
fusion, with a risk ratio of 1.06 (95% CI, 0.93 to 1.22; p = 0.33;
I2 = 0%).

No significant difference was found in the number of
patients with low MRI signal intensity of the autograft used
in ACL reconstruction between the platelet-rich plasma and
control groups25,45,47 (n = 198 patients; risk ratio, 0.76; 95% CIs,
0.50 to 1.15; p = 0.19; I2 = 0).

Discussion

Our systematic review and meta-analysis suggest considerable
uncertainty about the evidence regarding a clinical benefit of

the use of autologous blood concentrates, such as platelet-rich
plasma, for a variety of disorders in orthopaedics. Fifteen ran-
domized controlled trials and five prospective cohort studies
showed no clinical benefit with platelet-rich plasma. On the basis
of GRADE criteria, the overall quality of evidence was graded as
very low for thirteen of the fourteen indications for which
platelet-rich plasma was used. Nine of the fourteen proposed
indications for use of platelet-rich plasma were evaluated in only
one study each. As for the remaining five indications, evaluated
in two studies or more, serious methodological limitations,

Fig. 3

Temporal effect, on pain scores, of platelet-rich plasma (PRP) treatment compared with treatment for control patients. Forest plot of standardized mean

difference for the effect of platelet-rich plasma on pain (visual analog scale) scores up to (and including) twenty-four months. Diamonds indicate the pooled

relative risk estimates.Squares represent point estimatesaroundwhich 95% confidence intervals (CI) are denotedby ahorizontal line. ‘‘Random’’ indicates

that a random-effects model was used to pool the data. IV = inverse variance.
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unexplained heterogeneity, variability in study characteristics,
and uncertainty surrounding the precision of the results
demonstrated that the overall body of evidence for platelet-rich
plasma use was of very low quality according to the GRADE
criteria.

Neither platelet-rich plasma nor autologous blood ap-
peared to reduce pain compared with that in controls in the
studies included in this review. In addition, there is inade-
quate evidence to definitively conclude that platelet-rich
plasma provides a benefit for patients treated with spinal fu-
sion or with respect to healing of the graft, as seen on ad-
vanced imaging studies, in the setting of ACL reconstruction.
An analysis of the three studies in which autologous blood
(non-concentrated) had been utilized for the treatment of
plantar fasciitis demonstrated a nonsignificant trend that fa-
vored the control group. The effect of concentrated platelet-
rich plasma on this condition remains unknown. Of note, a
recent randomized trial by Creaney and colleagues55 was the
first to directly compare platelet-rich plasma and autologous
whole blood. They demonstrated that the results at six months
may be slightly superior with the use of autologous whole
blood in patients with refractory elbow tendinopathy, thereby
suggesting ‘‘less is more.’’

Two systematic reviews evaluating the use of platelet-rich
plasma or autologous blood within the field of orthopaedics
were recently published56,57. De Vos et al.56 focused on the use of
autologous blood in patients with chronic tendinopathy. Al-
though the scope of their review was limited in comparison
with ours, the results are similar. De Vos et al. also found
evidence against the use of autologous blood injections as a
treatment option for chronic tendinopathies, including plantar
fasciitis. In the other systematic review, Griffin et al.57 con-
cluded that there was no evidence to support the routine use of
platelet-rich plasma to improve fracture-healing. Previous re-
views were largely limited by a lack of randomized trials to
guide their recommendations.

Strengths and Limitations
Historically, randomized controlled trials have represented
only 3% of the reports in the orthopaedic literature, and many
of the published trials have been undermined by methodo-
logical deficiencies58-60. In contrast, most of the trials included
in our analysis of autologous blood concentrates in orthopae-
dics are, individually, of moderate-to-high quality. Of note, all
of the studies meeting our inclusion criteria had been pub-
lished since 2006. The dramatic surge in clinical trials on this
topic reflects the enormous interest and growing use of au-
tologous blood concentrates in orthopaedics.

For the current systematic review, we developed explicit
inclusion and exclusion criteria, utilized a comprehensive
search strategy involving a variety of resources, assessed the
methodological quality of the studies, demonstrated the re-
producibility of the study selection, conducted a quantitative
analysis, and explored potential causes for differences between
study results. We minimized selection bias by conducting the
selection and data extraction process in duplicate.

While this review included twenty-three randomized con-
trolled trials and ten prospective cohort studies, our analysis
was limited by marked variability among the studies with re-
spect to the preparation and dosage of blood concentrates and
outcome measures as well as the large number of orthopaedic
indications for which the use of the autologous blood con-
centrates was examined. Furthermore, there was variability
across all pooled outcomes in terms of follow-up because of a
lack of consistent study time lines. There is also the potential
for additional biases in the observational, nonrandomized data
presented in this review. In order to minimize sources of bias,
we limited the inclusion criteria to prospective cohort studies,
as retrospective observational studies are typically subject to
both recall and selection bias and have been shown to overes-
timate treatment effects61.

Implications for Future Studies
Future trials should be conducted to address the shortcomings
of the current body of evidence. The trials in the current review
ranged from ten to 165 patients; however, detection of mini-
mally important differences in patient outcomes such as pain
and function will require sample sizes that are at least fourfold
larger.

Authors of new trials should also use validated, disease-
specific, and patient-important outcome measures that can be
consistently applied for similar indications. In addition, basic-
science and clinical studies are needed to clarify the optimal
preparation and dosage of autologous blood concentrates.
Specifically, questions regarding the optimal platelet concen-
tration, platelet separation technique (use of activating agents),
volume of concentrate, number of applications, and inclusion
of leukocytes need to be addressed.

Additionally, a head-to-head comparison of platelet sep-
aration systems in an experimental model would be quite helpful
in determining optimal platelet-rich plasma preparation. In fact,
Castillo et al.62 recently conducted a study in which they com-
pared the composition of platelet-rich plasma produced by three
commercially available platelet separation systems (Cascade,
Musculoskeletal Transplant Foundation, Edison, New Jersey;
GPS III, Biomet Biologics, Warsaw, Indiana; and Magellan,
Arteriocyte Medical Systems, Technology Innovation Center,
Rogers, Minnesota). There was a significant difference among
all three with regard to the concentrations of white blood cells,
platelet-derived growth factor, and vascular endothelial growth
factor61. Future research should determine the clinical rele-
vance of this finding.

Current literature demonstrates that use of platelet-rich
plasma in animal and in vitro studies has a positive effect on
healing63-65. However, these studies were of healthy tendons
and acute traumatic lesions, and their results may not apply
well to degenerative diseases. Future trials should focus on
determining whether platelet-rich plasma functions optimally
in the early phase of an acute injury and the duration of its
effect.

In conclusion, current evidence is insufficient to discern
whether autologous blood concentrates provide a clinical benefit
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in the treatment of orthopaedic conditions. Large and carefully
designed randomized clinical trials are needed to draw definitive
conclusions on the potential risks and benefits of autologous
blood concentrates, such as platelet-rich plasma, in orthopaedics.

Appendix
Tables showing the characteristics of all eligible studies,
the characteristics of study protocol and platelet separa-

tion systems, and the electronic search strategies used are
available with the online version of this article as a data sup-
plement at jbjs.org. n
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