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Abstract
Purpose The aim of this study is to report the effects of
autologous PRP injections on time to return to play and
recurrence rate after acute grade 2 muscle injuries in recreational and competitive athletes.
Methods Seventy-five patients diagnosed with acute muscle injuries were randomly allocated to autologous PRP
therapy combined with a rehabilitation programme or a
rehabilitation programme only. The primary outcome of
this study was time to return to play. In addition, changes in
pain severity and recurrence rates were evaluated.
Results Patients in the PRP group achieved full recovery significantly earlier than controls (P = 0.001). The
mean time to return to play was 21.1 ± 3.1 days and
25 ± 2.8 days for the PRP and control groups, respectively
(P = 0.001). Significantly lower pain severity scores were
observed in the PRP group throughout the study. The difference in the recurrence rate after 2-year-follow-up was
not statistically significant between groups.
Conclusions A single PRP injection combined with a
rehabilitation programme significantly shortened time to
return to sports compared to a rehabilitation programme
only. Recurrence rate was not significantly different
between groups.
Level of evidence I.
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Introduction
Prevalence rates for muscle strains have been reported
between 12 and 16 % [4, 19, 21], and reinjury rates can be
as high as 34 % during the first year [19, 21]. Muscle injuries can lead to prolonged absence from sport and lengthy
rehabilitation [2, 5, 29].
The use of platelet-rich plasma (PRP) for muscle injures
is based on the effects that growth factors have on the stimulation and acceleration of tissue regeneration. PRP has
been studied as a primary or adjunctive treatment for acute
tendon rupture [3, 6], articular cartilage injury [10], ligament sprains [28], and osteoarthritis [26]. However, only
a few studies with conflicting findings are available in the
literature regarding its use in muscle injuries [12, 24, 25].
Moreover, these previous studies focused only on the
short-term effects of PRP in muscle injuries, but they do
not analyse the long-term effects of PRP therapy including the recurrence rate. Although numerous risk factors for
muscle injury have been identified, the greatest risk factor
for a recurrence remains a previous injury to that muscle.
Therefore, the optimization of both preventative and management techniques is essential especially in competitive
athletes [9, 18, 20, 21, 31].
The aim of this randomized controlled trial is to report
the effects of autologous PRP injections on time to return
to play and recurrence rate after acute grade 2 muscle
injuries in recreational and competitive athletes. To our
knowledge, this is the first study to describe the recurrence
rate after the use of PRP for acute muscle injuries after a
2-year-follow-up.
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Materials and methods
Patients above 18 years admitted to the hospital with a suspected muscle injury of the lower extremity were screened
for eligibility. The eligibility criteria for this study were as
follows: (1) age between 18 and 40 years, (2) acute muscle injury (7 days since injury onset) including hamstrings,
gastrocnemius and quadriceps, (3) all muscle injuries
involved in the study were classified by ultrasound examination as grade 2 [22]. All involved patients were competitive or recreational athletes according to the level of competition [30].
Exclusion criteria
Patients who (1) had received any form of injection therapy
for the current injury, (2) had used nonsteroidal anti-inflammatory drugs within 1 week before randomization, (3) were
unable to comply with the rehabilitation programme, and
(4) had previous surgeries or pathologies of the involved
muscle were excluded from the study.
From January 2012 to November 2012, 83 consecutive
patients were admitted to our hospital with a diagnosis
of muscle strains in the lower extremity (including hamstrings, gastrocnemius, and quadriceps) and were screened
for eligibility. Eight patients did not meet the inclusion criteria: three were unable to comply with the study protocol,
and five declined to participate. The remaining 75 patients
Fig. 1  Flow diagram of patients
recruitment based on CONSORT (Consolidated Standards
of Reporting Trials) criteria
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were included after signing an informed consent and subsequently were randomized. A radiologist trained in interventional musculoskeletal injections performed all diagnostic
ultrasonography assessments. For each patient, complete
sociodemographic and injury characteristics were documented electronically in the medical record.
Design and randomization
This study was a randomized, single-blind (evaluator), controlled trial. A schematic CONSORT flow diagram of the
study conduct is shown in Fig. 1.
Randomization was performed by letting patients choose
between two sealed and opaque envelopes, each of which
held the allocation to one of the two treatment groups, so
the chance to be allocated to one of the groups was the
same for every patient.
Patients allocated to group 1 (intervention group)
received a single intralesion injection of autologous PRP.
Patients allocated to group 2 (control group) did not
received any intervention and directly started with the rehabilitation programme. All patients, regardless of group allocation, were subjected to the same standardized rehabilitation protocol supervised by a physical therapist three times
per week until the end of treatment. The rehabilitation protocol consisted of four phases (Table 1). Progression from
one phase to another depended mainly on pain and range
of motion improvement. The exercises performed in the
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Table 1  Baseline demographic and clinical characteristics according to treatment group
Variable

Total

Control (n = 40)

Intervention (n = 35)

P value

Age mean ± SD

22.3 ± 2.3

21.8 ± 3.2

22.9 ± 3.5

n.s.

17
58

9
31

8
27

n.s.

46
29

24
16

22
13

n.s.

4±2

4±2

4±2

n.s.

41

22

19

n.s.

34

18

16

34
15
23
4.8 ± 1.1
6.3 ± 0.9
16.4 ± 5.3

18
8
11
4.8 ± 0.9
5.9 ± 1.1
16.7 ± 5.1

16
7
12
4.7 ± 1.2
6.6 ± 0.8
15.9 ± 5.9

Sex n (%)
Female
Male
Level of participation
Competitive
Recreational
Duration of symptoms before enrolment, d, mean ± SD

Circumstance of injury
Training/practice
Competition

Muscle injured n (%)
Hamstrings
Quadriceps
Gastrocnemius
Pain at rest, VAS, mean ± SD
Pain with resisted motion, VAS, mean ± SD
Width of injured area, mm, mean ± SD
Length of injured area, mm, mean ± SD

23.9 ± 9.3

therapist’s practice were complemented with a supervised
home rehabilitation programme explained to each patient
during the first visit.
All included athletes with a clinically diagnosed muscle injury followed the same standardized rehabilitation
programme, and their progress was supervised by experienced physiotherapists. The rehabilitation programme
consisted of progressive agility and trunk stabilization
exercises. This programme has shown to be effective in
promoting earlier return to play and preventing injury
recurrence [29].
Intervention
In addition to rehabilitation exercises, a single intralesion
injection of autologous PRP was administered to patients
in the PRP group. The PRP injection was given immediately after randomization, with a mean of 2.3 days (range
1–4 days) after injury onset (Fig. 2).
Extraction of 40 ml of blood aseptically was performed using a multiple needle gauge 20 g for vacutainer holder system. It was placed in 8 tubes with 6 ml
EDTA serum (ethylenediaminetetraacetic acid). Two of
them were used to perform serology, haematology control, and immunohematological donor/patient, and the
remaining 6 tubes with 6 ml EDTA were intended to
obtain PRP. They were previously centrifuged for 3 min
at 1400 rpm. The product obtained was separated into

24.5 ± 8.7

23.4 ± 10.2

n.s.

n.s.
n.s.
n.s.
n.s.

laminar flow cabinet and referred to a dry 10-ml tube,
which was again centrifuged for 4 min at 3000 rpm to
achieve greater product concentration to 2 cm. A process
quality control was performed to the product through a
haematology analyser ROCHE XT prior to infusion of
PRP to the donor/patient.
There is no consensus on the volume of PRP that must
be administered [8, 13]. In our study, we measured the
volume of the muscle injury and administered the equal
amount of PRP. For instance, if the volume of the muscle
injury was 3 ml, we would inject 3 ml of PRP. The autologous PRP was delivered into the damaged area under
ultrasound guidance. No activating agent was added to the
PRP before the injection. Further, no local anaesthetic was
administered to the overlying skin before PRP administration (Fig. 2).
Patients were asked to reduce their activities for the following 24 h, and they were allowed to start the rehabilitation programme 2 days after the injections.
A sports physical therapist with more than 10 years of
experience conducted these sessions. At each visit, patients
were asked to complete the visual analogue scale (VAS) for
pain at rest and during active motion. A 10-cm scale with
0 as “no pain” and 10 as “the worst imaginable pain” was
used for assessment.
A standard clinical examination to assess the patient’s
readiness to return to play was then performed by a sports
physical therapist blinded to the treatment allocation.
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a

b

Fig. 2  Biceps femoris. a Ultrasound image showing the introduction of the needle (small arrow) and the tear haematoma (thick arrow) before
the PRP injection. b The autologous PRP was delivered into the damaged area under ultrasound guidance (thick arrow)

Outcome measures

Statistical analysis

We used time to return to play as the primary outcome
measure of this study. Time to return to play was defined
as the time (in days) from the date of injury onset until the
patient fulfilled the criteria to return to play. The determination of fitness for return to play was based on recent clinical
sports medicine recommendations. It establishes that athletes can be ready to return to unrestricted sporting activities once full range of motion, strength, and functional
abilities (e.g., jumping, running, cutting) can be performed
without complaints of pain or stiffness [14]. Patients who
fulfilled the criteria to return to play were allowed to
resume full activities and progressively increase their training load until reaching their preinjury levels. The secondary
outcomes of interest were changes in pain severity between
the 2 groups throughout the duration of the study. These
were assessed using the VAS at rest and during resisted
motion which participants completed after randomization
(baseline) and at each follow-up visit.
Finally, the recurrence rate was registered in each group.
Patients were called 2, 12, and 24 months after returning to
sports to be inquired about injury recurrence. Subjects were
considered to have a recurrence if they had a mechanism of
injury likely leading to strain with clinical symptoms in a
previous injured muscle as tenderness to palpation within
the muscle–tendon unit, pain with resisted motion, or a
limitation of daily/sport activity. All suspected recurrences
were confirmed with ultrasound examination.
The research protocol was approved by the Ethics Committee of Research Protocols of the Hospital Italiano de
Buenos Aires (IRB00003580), study protocol number
1772.

Sample size calculation
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The primary outcome measure, determined before the start
of the trial, was time to return to play in days. Assuming a
power of 90 % (β = 0.10, α = 0.05) and a mean difference
of 5 days with a standard deviation (SD) of 5 days between
the treatment groups, our power analysis indicated that a
minimum of 22 patients per group were needed to detect
significant differences. In order to account for possible loss
to follow-up of 20 %, a minimum of 27 patients per group
needed to be enrolled in the study.
Continuous variables are expressed as mean (SD) or
median [interquartile range], according to the data distribution, and categorical variables as percentage (%). VAS
measured at baseline and in follow-up was compared using
either t test for each time point. Categorical data comparisons were performed with Chi-square test. VAS change
across time was evaluated between groups considering
effect of time in VAS decline. Regression coefficients and
P values were reported in this manuscript. A P value lower
than 0.05 was considered statistically significant. Database
management and analysis was performed with Stata statistical software: release 12. (College Station, TX: StataCorp
LP).

Results
The baseline characteristics of the 35 patients in the intervention group and the 40 patients in the control group
with complete follow-up data are shown in Table 1.
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Demographic characteristics and potential risk factors
appeared to be well balanced at baseline so that no significant differences were found between the two groups
regarding mean age, distribution of gender, level of competition, characteristics of injury, and involved muscles.
Primary outcome
The mean time to return to play was 21.1 ± 3.1 days and
25 ± 2.8 days for the PRP and control groups, respectively
(P = 0.001). The mean time to return to play for each group
of muscles was 23.5 ± 3.5 days for hamstrings, 22.2 ± 2.9
for gastrocnemius, and 23.4 ± 3.2 for quadriceps. This difference was not significant (n.s.).
Secondary outcomes
Changes in VAS score at rest
The mean baseline (pretreatment) VAS score was similar in
the two treatment arms (intervention/control: 4.7 (0.9)/4.8
(1.2) points) (n.s.). There was substantial improvement in
pain, regardless treatment group, at all-time points. However, patients in the PRP group had significantly lower pain
severity scores than controls at all-time points (beta regression coefficient = −0.198 standard error 0.106, 95 % CI
−0.406 to 0.010, P = 0.023).
Changes in VAS score with resisted motion
The mean baseline (pretreatment) VAS score with resisted
motion was similar in the two treatment arms (intervention/
control: 5.9 (1.1)/6.3 (1.1) points) (n.s.). There was substantial improvement in pain, regardless treatment group,
at all-time points. However, patients in the PRP group had
significantly lower pain severity scores than controls (beta
regression coefficient = −0.272 standard error 0.115 95 %
CI −0.500 to 0.045, P = 0.019).
Recurrence rate
Two of the 35 athletes (5.7 %) in the intervention group and
4 of the 40 athletes (10 %) in the control group suffered a
recurrent muscle strain within the first year of returning to
sports (n.s.). No patient suffered recurrent strains between
12 and 24 months after the initial injury.

Discussion
The most important finding of this randomized controlled trial was that a single injection of autologous PRP
combined with a rehabilitation programme significantly

shortened time to return to sports after an acute grade 2
muscle injury compared with a control group. Moreover,
the rate of recurrence during the first 2 years after treatment
was not statistically significant between groups.
Several growth factors within PRP have been evaluated in muscle healing [15]. Transforming growth factor-b1 and PGE2 may function synergistically to balance the level of fibrosis during skeletal muscle healing
[17]. Acceleration of functional restoration was found in
a human trial of elite athletes injected with ultrasoundguided PRP following muscle injury. These high-level
athletes returned to sport at full strength in as early as
half the expected recovery time without any evidence of
excess fibrosis [27]. Rettig et al. [25], in a retrospective
case-control study, investigated the effects of an autologous PRP injection on time to return to play after acute
hamstring injuries in professional National Football
League (NFL) players. Ten professional players diagnosed with an acute hamstring injury were retrospectively
divided into PRP (n = 5) and control (n = 5) groups.
Patients in the PRP group were injected once under ultrasound guidance, and both groups went through the same
rehabilitation programme. The difference between the
2 groups regarding return to sports was not statistically
significant. However, this study had two important limitations that were lack of randomization and the limited
number of patients.
Hamid et al. [12], in a recent randomized controlled
trial, allocated 28 patients to receive either PRP combined with a rehabilitation programme or a rehabilitation
programme only. Patients in the PRP group achieved full
recovery significantly earlier than controls. The mean time
to return to play was 42.5 days in the control group and
26.7 days in the PRP group. In our series, the mean time
to return to play in the treatment and control groups was
21.2 and 25 days, respectively. Although the recovery time
was also significantly shorter in patients treated with PRP,
the difference was only of 4 days. We believe that although
this difference is significant from a statistical point of view
probably, it is only clinically relevant to elite professional
athletes involved in highly competitive leagues with several
games per week. A striking point of Hamid’s study is the
notable prolonged period of rehabilitation in the control
group. Most previous studies showed an average recovery time for grade 2 hamstring injuries of between 3 and
4 weeks [1, 7, 16, 23, 25, 27, 32].
Regarding pain, we found that patients in the PRP group
had significantly lower pain severity scores than controls
at all-time points. This improvement is clinically relevant
because pain reduction is not only an alleviation of symptoms but forms the basis for patients to move faster in
the stages of rehabilitation and thus return to sports more
rapidly.
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Finally, an interesting finding of our study that has not
been previously reported was that the difference in the
recurrence rate was not statistically significant between
groups. However, due to the small total number of recurrences we obtained in our study, future studies involving a larger number of patients are needed to accurately
determine whether the PRP has some advantage regarding
recurrences.
There are some limitations with this study. Firstly, the
decision of time to return to play used in the current study
was based mainly on clinical criteria. We did not asses
strength with isokinetic tests because they are not easily accessible in our environment, and therefore, we considered it unhelpful to use a tool in the investigation that
we would not be able to use easily in our future practice.
Secondly, because ethical considerations prevented us from
drawing blood from the controls and discarding it, the control patients were probably aware of their treatment allocation. Thirdly, we did not asses the individual muscles.
However, in our practice, recovery times of the different
muscles of the lower limb are similar and previous studies did not report significant differences in recovery time
between the specific muscles studied [11].
Muscle tears are part of the most common sports injuries, leaving athletes off the field. It has become an important area of research. However, the indiscriminate use of
platelet-rich plasma without solid foundation to support it
is a common practice nowadays. We believe that our study
provides scientific data to clarify the clinical use of platelet-rich plasma.

Conclusion
This randomized controlled trial showed that a single injection of autologous PRP combined with a rehabilitation
programme significantly shortened time to return to sports
after an acute grade 2 muscle injury compared with a control group. The rate of recurrence during the first 2 years
after treatment was not statistically significant between
groups.
Acknowledgments This study was approved by the Ethical committee of the Italian Hospital from Buenos Aires. IRB: 00003580,
study protocol number 1772.
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