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Platelet-Rich Plasma Injections
for the Treatment of Hamstring Injuries

A Randomized Controlled Trial

Mohamad Shariff A Hamid,*y MBBS, M Sports Med,
Mohamed Razif Mohamed Ali,z MBBCh BAO, FRCS(Edin), MSc, M Sports Med,
Ashril Yusof,§ BMS, MSES, PhD, John George,|| MBBS, DMDS, FRCR,
and Leena Poh Chen Lee,{ MMedSc, BSc App Rehab
Investigation performed at the Sports Medicine Clinic, University of Malaya Medical Centre,
Kuala Lumpur, Malaysia

Background: A hamstring injury is one of the most common types of injury affecting athletes. Despite this, the optimal manage-
ment of hamstring muscle injuries is not yet defined. The effect of autologous platelet-rich plasma (PRP) therapy on the recovery
of hamstring injuries is unclear.

Purpose: To investigate the effect of a single PRP injection in the treatment of grade 2 hamstring muscle injuries.

Study Design: Randomized controlled trial; Level of evidence, 2.

Methods: Twenty-eight patients diagnosed with an acute hamstring injury were randomly allocated to autologous PRP therapy
combined with a rehabilitation program or a rehabilitation program only. The primary outcome of this study was time to return to
play. In addition, changes in pain severity and pain interference scores over time were examined.

Results: Patients in the PRP group achieved full recovery significantly earlier than controls (P = .02). The mean time to return to
play was 42.5 6 20.6 days in the control group and 26.7 6 7.0 days in the PRP group. Significantly lower pain severity scores
were observed in the PRP group throughout the study. However, no significant difference in the pain interference score was found
between the 2 groups.

Conclusion: A single autologous PRP injection combined with a rehabilitation program was significantly more effective in treating
hamstring injuries than a rehabilitation program alone.

Keywords: muscle injury; management; platelet-rich plasma (PRP); return to play

An acute hamstring injury is one of the most common types

of muscle injury diagnosed in athletes.21,42 This injury

usually results in loss of training and competition

time.20,50 In the early stage after an injury, current injury

management includes rest, ice, compression, and eleva-

tion.29,32 Other modalities include anti-inflammatory med-

ications (painkillers), rehabilitation exercise programs,

electrotherapeutic modalities, hyperbaric oxygen therapy,

and prolotherapy injections.2,6,27,38 Nevertheless, clinical

evidence to support these modalities is limited. The best

treatment for hamstring injuries is yet to be identified.

More recently, autologous platelet-rich plasma (PRP)

injections have gained much attention for treating soft tis-

sue injuries.15,30,44 Patients with chronic lateral epicondy-

lar tendinopathy treated with leukocyte-rich PRP showed

significant improvement in pain scores and better func-

tional outcomes than controls in a multicenter, double-

blind randomized controlled trial (RCT).40 A positive effect

of PRP on healing of patellar tendon harvest sites was also

reported in a prospective RCT of 27 patients.16 In contrast,

no beneficial effects of PRP on pain and functional out-

comes were reported among patients with chronic Achilles
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tendinopathy.19 Currently, there is no published RCT on

the effect of PRP on muscle injuries. Only 2 case-control

trials with conflicting findings are available in the

literature.45,55

The rationale for the use of PRP is the belief that growth

factors and cytokines released by the platelets would aug-

ment the natural healing process.3,4,41 Despite increasing

in popularity, there is a growing debate about PRP efficacy

as clinical evidence to support PRP use is lacking.22,25 In

addition, the best method for PRP therapy including the

volume to be injected, delivery method (blind vs ultrasound

guided), frequency of injections, and postinjection care

have not been determined.

We conducted a single-blind RCT to explore the effect of

autologous PRP injections on time to return to play after

acute grade 2 hamstring injuries.

MATERIALS AND METHODS

Study Design and Patients

This study was a single-blind (assessor blinded) RCT con-

ducted at the Sports Medicine Clinic of the University of

Malaya Medical Centre (UMMC). Patients aged �18 years

who presented to the Sports Medicine Clinic with a sus-

pected hamstring injury were screened for eligibility. The

eligibility criteria for this study were as follows:

� Inclusion criteria: (1) age �18 years, (2) acute hamstring

muscle injury (\7 days since injury onset), and (3) able

to understand the study and follow the study protocol.

� Exclusion criteria: (1) had received any form of injection

therapy for the current injury, (2) use of nonsteroidal

anti-inflammatory drugs within 1 week before randomi-

zation, (3) unable to fulfill weekly follow-up appointments

and comply with the rehabilitation program, and (4) sig-

nificant cardiovascular, renal, or hepatic disease; malig-

nancy; history of anemia; or previous muscle surgery.

Patients diagnosed with an acute grade 2 hamstring

injury were invited to take part in the study. Hamstring

injuries were classified by radiological (ultrasound) grad-

ing used at the UMMC (Table 1). This injury grading

was based on the classification proposed by Peetrons.43 A

radiologist trained in interventional musculoskeletal

injections performed all diagnostic ultrasonography

assessments. All eligible patients received detailed infor-

mation about the trial and were required to complete the

informed consent form before participation.

Patients’ sociodemographic information including age,

sex, type of sport, level of participation, and playing

experience was documented on a standard clinical research

form (CRF) (see the Appendix, available online at

http://ajsm.sagepub.com/supplemental). Additionally, infor-

mation pertaining to the current hamstring injury including

date of injury and injury mechanism was also documented

on the same CRF.

A computer-generated block randomization list was pre-

pared by a colleague who had no clinical involvement in

the trial (http://randomization.com). After patients’ con-

sent had been obtained, telephone contact was made with

the same colleague for the allocation of treatment

assignment.

Eligible patients were randomized to either receive

a PRP injection combined with a rehabilitation program

(PRP group) or undergo a rehabilitation program alone

(control group). The rehabilitation program in this study

focused on progressive agility and trunk stabilization

(PATS) exercises. This program has been shown to be effec-

tive in promoting earlier return to play and preventing

injury recurrence.51 Patients in both groups were followed

http://ajs.sagepub.com/


ultrasound guidance. No activating agent was added to the

PRP before the injection. Further, no local anesthetic was

administered to the overlying skin before PRP administra-

tion. Immediately after the PRP injection, patients were

kept supine for 10 to 15 minutes. Patients were asked to

reduce their activities for the following 48 hours. Patients

were allowed to take only acetaminophen (1000 mg) as

required (maximum, 4 times a day) for pain control.

All patients were required to attend weekly follow-up

assessment and rehabilitation sessions. A sports physical

therapist with more than 5 years of experience in sports

rehabilitation conducted these sessions. At each visit,

patients were asked to complete the Brief Pain Inven-

tory–Short Form (BPI-SF). The BPI-SF is a self-reported

questionnaire that assesses the severity of pain (questions

2-6) and the effect of pain on daily function (pain interfer-

ence; questions 9A-9G). The 2-factor structures of the BPI-

SF have been validated: severity of pain and pain interfer-

ence in daily activities. The Cronbach a reliability of the

BPI-SF ranges from .77 to .91.10 A standard clinical exam-

ination to assess the patient’s readiness to return to play

was then performed by a sports physical therapist blinded

to the treatment allocation.

Outcome Measures

We used time to return to play as the primary outcome mea-

sure 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 for return to play. The determination of

fitness for return to play was based on recent clinical sports

medicine recommendations (Table 2).9,39 Patients who ful-

filled the criteria for 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 and pain interference scores between the 2

groups throughout the duration of the study. These were

assessed using the BPI-SF, which participants completed

after randomization (baseline) and at each follow-up

visit.10

Statistical Analysis

Sample size was determined with the following formula35:

N5
23 z 1�a=2ð Þ1z 1�bð Þ

� �2
s2

m1 � m2½ �2
;

where N = the sample size of each group, z 1�a=2ð Þ of 0.05 =

1.96 (percentage points of the normal distribution for a sta-

tistical significance level of .05), z 1�bð Þ of 80% = 0.84 (per-

centage points of the normal distribution for a statistical

power of 80%), m1 = population mean in treatment group

1, m2 = population mean in treatment group 2, m1 – m2 =

mean difference, and s2 = population SD.

Data from a 2004 case-control study by Wright-Carpen-

ter et al,55 including the mean and SD time to return to

play for control and autologous conditioned serum (ACS)–

treated groups, were applied to the formula to estimate

the sample size required for the current RCT. With

a 30% estimation of the attrition rate, 14 patients in each

group were required, giving a total of 28 patients for the

study. As the main outcome variable for this study was

time to return to play, survival analysis statistical proce-

dures were chosen to assess the effectiveness of interven-

tions. The Kaplan-Meier product limit estimator was

performed as this allows the estimation of survival over

time between treatment groups.52 The survival function

between the 2 groups was compared using the log-rank

(Mantel-Cox) test. The Cox proportional hazard model

(Cox regression) was also performed to examine the effect

of other covariates on time to return to play. Additionally,

the time to return to play between groups was compared

using either the t test or Kruskal-Wallis test depending

on the data distribution (Shapiro-Wilk test).

Secondary outcome measures, including changes in

pain severity and pain interference scores over time,

were assessed using a linear mixed-model analysis.10 All

statistical analyses conducted were 2-tailed, with the sig-

nificance level set at P\ .05.

The UMMC Medical Ethics Committee approved the

study protocol (MEC No. 835.11). The trial was registered

with the Current Controlled Trials registry (ISCRT

N66528592). The study protocol has been published

elsewhere.1

RESULTS

Patient Characteristics

Patient enrollment began in January 2011 and was com-

pleted in May 2013. Thirty-four patients diagnosed with

a hamstring muscle injury were approached and screened

for eligibility. Two patients did not fulfill the inclusion cri-

teria, and another 4 patients declined participation; thus,

28 patients underwent randomization (Figure 1). All

patients were diagnosed with a grade 2a hamstring muscle

injury at the time of screening. No significant difference in

characteristics between patients who declined participa-

tion and patients assigned to a treatment group was noted

(P . .05).

TABLE 2

Criteria for Return to Play

Sign General Recommendation

Pain Pain free (on direct palpation); pain free

on hamstring contraction (resisted iso-

metric hamstring muscle contraction)

Range of movement

(active knee

extension test)

Symmetrical with unaffected side (differ-

ence between affected and unaffected

side of\10�)

Hamstring strength Concentric strength (60, 180, and 300

deg/s) within 10% of uninjured side

2412 A Hamid et al The American Journal of Sports Medicine
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Four patients, 2 in each group, withdrew from the

study. Two patients in the control group did not return

for scheduled follow-ups and could not be reached. The

other 2 patients in the PRP group recommenced activities

without prior clearance from the study protocol. A total of

24 patients completed the study, representing 85.7% reten-

tion from baseline.

The median age of patients in the study was 21.00 years

(interquartile range [IQR], 8.50; range, 17-49 years). More

than two thirds (71.4%) of the patients were of Malay eth-

nicity, and the majority were men (85.7%). Most patients

were national-level athletes (53.6%), while the rest were

athletes at school (before university) or at state or club lev-

els. The mean duration of injury before patient enrollment

was 4.6 6 2.15 days (range, 0-7 days). Most (64.3%) inju-

ries occurred during training, especially while running

(82%).

A significantly longer (length) area of injury (P = .017)

was noted in the PRP group (3.40 6 1.09 cm) compared

with controls (2.30 6 1.04 cm). However, when the other

2 dimensions (width and depth) were taken into account,

the estimated median volume of the injured area between

the 2 groups was comparable (15.30 [IQR, 34.24] vs 19.50

[IQR, 23.14] cm3, respectively; P = .713). No other signifi-

cant difference in baseline characteristics between the 2

groups was noted; however, there was a trend

for more recurrent injuries in the PRP group (P = .053)

(Table 3).

Platelet-Rich Plasma

The amount of platelets (1297 3 103/mL) and white blood

cells (WBCs) (38.3 3 103/mL) in the PRP was significantly

higher than that in the peripheral blood (234 3 103/mL and

7.3 3 103/mL, respectively). The PRP produced and used in

this study was classified as P4-x-A according to the PAW

classification system.18 The median level of TGF-b1 was

50.34 ng/mL (IQR, 54.09), representing a 90% to 260%

increase compared with a previously reported level in

plasma.53 Meanwhile, the median bFGF level was 42.73

pg/mL (IQR, 25.51), representing a 22-fold increase com-

pared with the level in plasma from a previous study.33

Primary Outcome

A survival curve was plotted to illustrate the effect over

time for patients in both intervention groups (Figure 2).

Half of patients in the PRP group achieved full recovery

at week 26 of follow-up, whereas 50% of patients in the

control group achieved full recovery at week 39 of follow-

up. Patients in the PRP group recovered earlier than those

in the control group. The mean time to return to play was

26.7 6 7.0 days and 42.5 6 20.6 days for the PRP and con-

trol groups, respectively (t(22) = 2.50, P = .20). The log-

rank (Mantel-Cox) test demonstrated a significant differ-

ence in survival function between the 2 groups (x2(1)

[N = 14] = 7.528, P = .006).

A Cox regression analysis was used to evaluate the

effects of treatment and other covariates on time to return

to play. Covariates other than treatment were entered

first, followed by treatment, as this allowed a likelihood-

ratio test of the effect of treatment after statistical adjust-

ment for the other covariates.52

Figure 1. Enrollment and randomization of patients.

Figure 2. Survival functions of the control and platelet-rich
plasma groups.
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Covariates including age, duration of injury, length of

injured area, active knee range of movement deficit, and

previous hamstring injury were selected based on the pre-

vious literature.5,11,14,17,36,46,48,49 Only PRP therapy dem-

onstrated a statistically significant effect on time to

return to play after taking into account other covariates

(G2(1) = 5.688, P = .017). None of the other covariates sig-

nificantly predicted time to return to play after hamstring

injuries (Table 4). The odds for patients in the PRP group

to return to play earlier were 4.8 (95% CI, 1.3-19.3) times

higher compared with that for patients in the control

group. The time to return to play was well predicted by

PRP therapy (r2 = 0.184), with a moderate effect size of

0.23.12 No significant difference in the injured hamstring

strength was noted between groups on return to play

(Table 5).

TABLE 3

Baseline Sociodemographic and Injury Characteristics Between Intervention Groupsa

Characteristic

Study Group

Control (n = 14) PRP (n = 14) z/x2/t P

Age, y, median 6 IQR 21.00 6 8.50 20.00 6 6.50 –0.28 .778c

Sex, n (%) 1.17 .280d

Men 11 (78.6) 13 (92.9)

Women 3 (21.4) 1 (7.1)

Playing experience, y, median 6 IQR 7.00 6 10.75 10.00 6 7.00 –0.30 .764c

Sport, n (%) 0.59 .746d

Track 5 (35.7) 7 (50.0)

Soccer 5 (35.7) 4 (28.6)

Other (hockey, netball, basketball, rugby, tennis, shot put) 4 (28.6) 3 (21.4)

Level of participation, n (%) 0.90 .825d

National 7 (50.0) 8 (57.1)

State 1 (7.1) 2 (14.3)

Club 1 (7.1) 1 (7.1)

School 5 (35.7) 3 (21.4)

Duration of injury before enrollment, d, median 6 IQR 5.00 6 3.00 5.00 6 3.00 –0.94 .348c

Type of injury, n (%) 3.74 .053d

New 11 (78.6) 6 (42.9)

Recurrent 3 (21.4) 8 (57.1)

Circumstance of injury, n (%) \0.001 ..999d

Training/practice 9 (64.3) 9 (64.3)

Competition 5 (35.7) 5 (35.7)

Injury mechanism, n (%) 3.40 .495d

Running 10 (71.4) 13 (92.9)

Stretching 1 (7.1) 0 (0)

Jumping 1 (7.1) 1 (7.1)

Shooting 1 (7.1) 0 (0)

Slip 1 (7.1) 0 (0)

Muscle injured, n (%) 3.47 .176d

Biceps femoris 11 (78.6) 8 (57.1)

Semimembranosus 1 (7.1) 5 (35.7)

Semitendinosus 2 (14.3) 1 (7.1)

Pain intensity on BPI-SF, mean 6 SD 4.30 6 1.85 3.90 6 1.83 0.54 .595e

Pain interference on BPI-SF, mean 6 SD 3.60 6 2.35 3.00 6 1.36 0.87 .391e

Distance of injured site from ischial tuberosity, cm, mean 6 SD 19.30 6 7.93 19.00 6 5.40 0.13 .898e

Width of injured area, cm, median 6 IQR 1.20 6 0.98 1.00 6 0.63 –0.78 .435c

Length of injured area, cm, mean 6 SD 2.30 6 1.04 3.40 6 1.09 –2.56 .017
e

Depth of injured area, cm, median 6 IQR 1.50 6 0.86 1.20 6 0.65 –1.22 .223c

Estimated volume of injured area, cm3, median 6 IQRb 19.50 6 23.14 15.30 6 34.24 –0.37 .713c

aBolded values indicate statistical significance (P\ .05). BPI-SF, Brief Pain Inventory–Short Form; IQR, interquartile range; PRP, plate-

let-rich plasma.
bEstimated volume of injured area based on the following formula: 4

3
3p3w3 l3d, where w, l, and d are the width, length, and depth of

the injured area, respectively.
cMann-Whitney U test.
dx2test.
et-test.
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Secondary Outcome

Changes in Pain Severity Scores (BPI-SF questions 2-6).

No significant difference in baseline pain intensity scores

was found between the 2 groups. Both groups showed gradual

reduction in the pain severity scores over time (Figure 3).

Patients in the PRP group had significantly lower pain sever-

ity scores than controls at all time points (b = –0.390; stan-

dard error [SE], 60.142; 95% CI, –0.67 to –0.11; P = .007).

Changes in Pain Intensity Scores (BPI-SF questions 9A-

9G).No significant difference in baseline pain intensity scores

between groups was observed. A gradual reduction in the

pain interference score was noted in both groups over time.

Even though patients in the PRP group had lower pain inten-

sity scores at all time points, the difference between the

groups was not statistically significantly (b = –0.185; SE,

60.130; 95% CI, –0.44 to –0.07; P = .157) (Figure 4).

Most patients complained of pain during blood with-

drawing and PRP injections. No other adverse effect asso-

ciated with PRP use was reported.

DISCUSSION

Despite increasingly being used for soft tissue injuries, evi-

dence to support PRP therapy for muscle injuries is lim-

ited. To the best of our knowledge, this is the first RCT

to assess the effectiveness of a PRP injection for hamstring

injuries. Our results showed that patients with a grade 2a

hamstring injury treated with a single autologous PRP

injection combined with PATS rehabilitation recover sig-

nificantly earlier than controls.

The potential effects of autologous biological substances

to hasten muscle healing were reported in several case

reports.7,24,34 Borrione et al7 noted that athletes with grade

3 muscle strains treated with PRP showed earlier func-

tional improvement and more complete recovery than

those treated nonoperatively. Hamilton et al24 successfully

treated an athlete with a grade 2 semimembranosus muscle

injury with a single 3-mL infiltration of platelet-enriched

plasma under ultrasound guidance. The athlete was pain

free and allowed to train at the preinjury intensity 21

days after treatment. The effect of a preparation rich in

TABLE 4

Cox Regression Analysis of Other Covariates on Time to Return to Playa

Covariate b df P Value Hazard Ratio

Age –0.004 1 .876 0.996

Length of injured area –0.278 1 .242 0.757

Duration of injury before enrollment –0.028 1 .798 0.972

AKE difference between injured and uninjured –0.008 1 .688 0.992

Previous injuries –0.179 1 .776 0.836

PRP therapy 1.584 1 .022 4.873

aP � .05 = statistically significant predictor. AKE, active knee extension; b, regression coefficient; df, degrees of freedom; PRP, platelet-

rich plasma.

Figure 4. Comparison of mean pain interference scores
between the control and platelet-rich plasma groups across
the study period.

Figure 3. Comparison of mean pain severity scores between
the control and platelet-rich plasma groups across the study
period.
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growth factors (PRGF) to hasten muscle recovery was

reported in a 35-year-old professional bodybuilder diag-

nosed with a right adductor longus rupture. The athlete suc-

cessfully returned to competitive training within 1 week

after the third PRGF injection.34 The effect of PRP in lower-

ing the pain intensity associated with a hamstring injury

was also observed in the current study. Patients in the

PRP group demonstrated significantly lower pain intensity

scores at all time points throughout the study period.

An earlier recovery time was also reported among ath-

letes with second-degree hamstring injuries treated with

ACS.55 The ACS preparation method has been clearly

described and involved a 24-hour incubation period during

which monocyte activation occurred, leading to cytokine

release.54 The ACS preparation contained a high concen-

tration of several growth factors including TGF-b, FGF-2,

and insulin-like growth factor–1, but the amount of plate-

lets and WBCs present was not stated. Athletes in the ACS

group received 2.5 mL of ACS administered into the

injured area under palpation guidance every second day.

Meanwhile, the retrospective control group was treated

with 3 mL of Actovegin combined with 2 mL of Traumeel

using similar injection techniques. Both groups started

on a standard rehabilitation program and received an

oral natural anti-inflammatory agent, bromelain.8 Ath-

letes’ readiness to return to sports was based on the partic-

ipant’s subjective readiness to resume exercise at

a competition level. Athletes who received an ACS injection

recovered significantly faster than controls (16.6 vs 22.3

days, respectively; P = .001). However, the earlier return

to play observed in the previous study could have been con-

founded by the concurrent use of oral medication.

Contrary to the study by Wright-Carpenter et al,55 the

current RCT evaluated the effect of PRP therapy on ham-

string recovery. The PRP was prepared using a commercial

kit and classified as P4-x-A according to the more recent

PAW classification system.18 Additionally, the PRP pro-

duced in the study contained significantly higher levels

of both TGF-b1 and bFGF compared with previously

reported levels in plasma. Three milliliters of PRP was

given once throughout the study period. To ensure the

accurate delivery of PRP into the injured area, all injec-

tions were performed under ultrasound guidance. Further,

no anti-inflammatory agents were prescribed to patients.

Because no activating agents were used, the current study

relies on endogenous platelet activation, which was shown

to provide a more sustained release of anabolic cytokines.28

The decision on when to return to play in the current study

was based on both the participant’s subjective assessment

of pain (BPI-SF) and standardized objective physical and

hamstring strength assessments (Biodex isokinetic

machines). While the actual effect of PRP on soft tissue

healing is not fully understood,22 our findings supported

the possible role of higher growth factors (concentration

level) in hastening recovery as postulated by previous

researchers.23,24,37

Sanchez et al47 reported full functional recovery of ham-

string and adductor muscle injuries 2 times faster in 20 pro-

fessional athletes treated with a PRGF. The authors

reported that smaller tears progressed well even after a sin-

gle application of a PRGF, whereas medium- to large-sized

tears needed 2 to 3 applications of a PRGF at 1-week inter-

vals. However, the previous authors did not report objective

assessments on the size of the tears. Our study demon-

strated that a single PRP injection was effective in acceler-

ating recovery for grade 2a (median volume of injury, 19.50

cm3; IQR, 23.14) hamstring injuries.

In contrast to the current findings, a recent study did

not find any significant differences in time to return to

play between athletes treated with a single PRP injection

and controls.45 The study by Rettig et al45 was a retrospec-

tive case-control study that 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 with 6 mL

of PRP under ultrasound guidance. Both groups went

through the same rehabilitation program and were evalu-

ated through a functional progression assessment by the

same athletic trainer before returning to play.

Several differences were identified between the study

by Rettig et al45 and the current study. First, the former

was a retrospective case-control study of 10 professional

football players from a single NFL team. The study

included both grade 1 and 2 hamstring injuries. Contrary

to this, the current study included only grade 2a hamstring

injuries. While both studies used similar commercial kits

in the PRP preparation, the concurrent use of an activating

substance and a local anesthetic was not reported in the

previous study. Also, the amount of sodium bicarbonate

used in the previous study was higher than the amount

recommended by the manufacturer, which may affect

TABLE 5

Injured Hamstring Strength on Return to Play in Both Intervention Groupsa

Injured Hamstring Strength, N�m

Treatment Group, mean 6 SD

Control PRP t Value P Value

60 deg/s 101.9 6 30.9 104.8 6 31.0 –0.227 .823

180 deg/s 87.9 6 27.2 86.4 6 29.0 0.134 .895

300 deg/s 77.6 6 22.5 77.4 6 27.6 0.015 .988

aP � .05 = statistically significant difference between control and platelet-rich plasma (PRP) groups.
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platelet function.26 The definition of time to return to play

used in the current study was comprehensive and robust.

Patients were required to fulfill several clinical criteria

and display acceptable hamstring strength recovery (isoki-

netic strength assessment) before they were allowed to

recommence their preinjury level of activities. In contrast

to the study of Rettig et al,45 the assessor in the current

study was blinded to patients’ treatment allocation.

Our study had several limitations. First, because ethical

considerations prevented us from drawing blood from the

controls and discarding it, the control patients were proba-

bly aware of their treatment allocation. This could have

influenced their perception of their response to treatment.

Second, it was unfortunate that most patients did not

record their daily, unsupervised rehabilitation sessions at

home in the activity diary. Nevertheless, at each follow-

up appointment, patients did affirm that they performed

the prescribed exercises as recommended. A home-based

rehabilitation program combined with regularly scheduled

telephone calls was shown to be associated with a higher

adherence rate and is recommended for future studies.31

Third, in our study, we did not assess the individual ham-

string muscle (biceps femoris, semitendinosus, and semi-

membranosus muscles) because of limited resources. A

previous study did report differences in recovery time

between the specific muscles involved, but the differences

were not statistically significant.13 Fourth, the current

study assessed the short-term effects of PRP particularly

on the recovery time. A future study with a longer follow-

up period is recommended as this would enable an assess-

ment of longer term effects of PRP therapy including the

recurrence of hamstring injuries. In addition, such a study

design would allow an assessment of long-term adverse

effects associated with PRP therapy. Fifth, the lesions

were longer (length) in the PRP group, and there was

a trend for more revision patients in the PRP group.

Finally, the small number of patients enrolled in the study

was limited by the time and cost of PRP therapy. A larger

sample size could have yielded better clinical significance

with a higher effect size. However, the minimum sample

size of 14 per group in this study was estimated based on

80% power and 5% type I error.

CONCLUSION

This study showed that a single 3-mL injection of autolo-

gous PRP (P4-x-A classification) combined with a PATS

rehabilitation program was significantly more effective

than a control in reducing the severity of pain and allowing

a significantly shorter time to return to play after an acute

grade 2a hamstring injury.
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20. Ekstrand J, Hägglund M, Waldén M. Injury incidence and injury pat-

terns in professional football: the UEFA injury study. Br J Sports Med.

2011;45(7):553-558.

21. Ekstrand J, Healy JC, Waldén M, Lee JC, English B, Hagglund M.

Hamstring muscle injuries in professional football: the correlation of

MRI findings with return to play. Br J Sports Med. 2012;46(2):112-

117.

22. Engebretsen L, Steffen K, Alsousou J, et al. IOC consensus paper on

the use of platelet-rich plasma in sports medicine. Br J Sports Med.

2010;44(15):1072-1081.

Vol. 42, No. 10, 2014 Platelet-Rich Plasma for Hamstring Injuries 2417

 at University at Buffalo Libraries on October 5, 2014ajs.sagepub.comDownloaded from 

http://www.mdanderson.org/education-and-research/departments-programs-and-labs/departments-and-divisions/symptom-research/symptom-assessment-tools/BPI_UserGuide.pdf
http://ajs.sagepub.com/


23. Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo SA.

Platelet-rich plasma: from basic science to clinical application. Am

J Sports Med. 2009;37(11):2259-2272.

24. Hamilton B, Knez WW, Eirale CC, Chalabi HH. Platelet enriched

plasma for acute muscle injury. Acta Orthop Belg. 2010;76(4):443-448.

25. Hamilton BH, Best TM. Platelet-enriched plasma and muscle strain

injuries: challenges imposed by the burden of proof. Clin J Sport

Med. 2011;21(1):31-36.

26. Han P, Ardlie NG. The influence of pH, temperature, and calcium on

platelet aggregation: maintenance of environmental pH and platelet

function for in vitro studies in plasma stored at 37 degrees C. Br J

Haematol. 1974;26(3):373-389.

27. Harrison BC, Robinson D, Davison BJ, Foley B, Seda E, Byrnes WC.

Treatment of exercise-induced muscle injury via hyperbaric oxygen

therapy. Med Sci Sports Exerc. 2000;33(1):36-42.

28. Harrison S, Vavken P, Kevy S, Jacobson M, Zurakowski D, Murray

MM. Platelet activation by collagen provides sustained release of

anabolic cytokines. Am J Sports Med. 2011;39(4):729-734.

29. Jarvinen TAH. Muscle injuries: biology and treatment. Am J Sports

Med. 2005;33(5):745-764.

30. Kaspriske R. Tiger’s PRP treatment. Golf Digest. 2010;61:13-14.

31. King AC, Taylor CB, Haskell WL, Debusk RF. Strategies for increas-

ing early adherence to and long-term maintenance of home-based

exercise training in healthy middle-aged men and women. Am J Car-

diol. 1988;61:628-632.

32. Kujala UM, Orava S, Jarvinen M. Hamstring injuries: current trends in

treatment and prevention. Sports Med. 1997;23(6):397-404.

33. Larsson A, Skoldenberg E, Ericson H. Serum and plasma levels of FGF-2

and VEGF in healthy blood donors. Angiogenesis. 2002; 5:107-110.

34. Loo WL, Lee DYH, Soon MYH. Plasma rich in growth factors to treat

adductor longus tear. Ann Acad Med Singapore. 2009;38(8):733-734.

35. Lwanga SK, Lemeshow S. Sample Size Determination in Health Stud-

ies. Geneva: World Health Organization; 1991.

36. Malliaropoulos N, Papacostas E, Kiritsi O, et al. Posterior thigh mus-

cle injuries in elite track and field athletes. Am J Sports Med.

2010;38(9):1813-1819.

37. Marx RE. Platelet-rich plasma: evidence to support its use. J Oral

Maxillofac Surg. 2004;62:489-496.

38. Mason DL, Dickens VA, Vail A. Rehabilitation for hamstring injuries.

Scand J Med Sci Sports. 2007;17:191-192.

39. Mendiguchia J, Brughelli M. A return-to-sport algorithm for acute

hamstring injuries. Phys Ther Sport. 2010;12(1):1-13.

40. Mishra AK, Skrepnik NV, Edwards SG, et al. Platelet-rich plasma sig-

nificantly improves clinical outcomes in patients with chronic tennis

elbow: a double-blind, prospective, multicenter, controlled trial of

230 patients. Am J Sports Med. 2014;42(2):463-471.

41. Nguyen RT, Borg-Stein J, McInnis K. Applications of platelet-rich

plasma in musculoskeletal and sports medicine: an evidence-based

approach. PM R. 2011;3(3):226-250.

42. Orchard JW, Seward H, Orchard JJ. Results of 2 decades of injury

surveillance and public release of data in the Australian football

league. Am J Sports Med. 2013;41(4):734-741.

43. Peetrons P. Ultrasound of muscles. Eur Radiol. 2002;12(1):35-43.

44. PRP Therapy Dallas. Athletes using PRP therapy. Available at: http://

prptherapydallas.com/athletes-using-prp-therapy/. Accessed Octo-

ber 14, 2013.

45. Rettig AC, Meyer S, Bhadra AK. Platelet-rich plasma in addition to

rehabilitation for acute hamstring injuries in NFL players clinical

effects and time to return to play [published online June 24, 2013].

Orthop J Sports Med. doi:10.1177/2325967113494354.

46. Rettig AC, Meyer S, Kersey PA, Ballard GP, Oneacre K, Hunker P.

Categorization of hamstring strain injuries by MRI and playing time

lost in professional football players. NATA News. 2008:1-4.

47. Sanchez M, Anitua E, Andia I. Application of autologous growth fac-

tors on skeletal muscle healing. Available at: http://www.plateletrich

plasma.com/pdf/Orthopedic-PRP/Sports%20Medicine/66-Sanchez

RegMed2005.pdf. Accessed May 2, 2011.

48. Schneider-Kolsky ME. A comparison between clinical assessment

and magnetic resonance imaging of acute hamstring injuries. Am J

Sports Med. 2006;34(6):1008-1015.

49. Shariff AH, Ashril Y, Razif MA. Pattern of muscle injuries and predic-

tors of return-to-play duration among Malaysian athletes. Singapore

Med J. 2013;54(10):587-591.

50. Shariff AH, George J, Ramlan AA. Musculoskeletal injuries among

Malaysian badminton players. Singapore Med J. 2009;50(11):1095.

Available at: http://smj.sma.org.sg/5011/5011a10.pdf. Accessed

October 14, 2013.

51. Sherry MA, Best TM. A comparison of 2 rehabilitation programs in the

treatment of acute hamstring strains. J Orthop Sports Phys Ther.

2004;34(3):116-125.

52. Tabachnick BG, Fidell LS. Using Multivariate Statistics. 6th ed. Bos-

ton: Pearson Education; 2013.

53. Wakefield LM, Letterio JJ, Chen T, et al. Transforming growth factor-

beta1 circulates in normal human plasma and is unchanged in

advanced metatastic breast cancer. Clin Cancer Res. 1995;1:129-136.

54. Wehling P, Moser C, Frisbie D, et al. Autologous conditioned serum

in the treatment of orthopedic diseases: the Orthokine therapy. Bio-

Drugs. 2007;21(5):323-332.

55. Wright-Carpenter T, Klein P, Schaferhoff P, Appell HJ, Mir LM, Weh-

ling P. Treatment of muscle injuries by local administration of autolo-

gous conditioned serum: a pilot study on sportsmen with muscle

strains. Int J Sports Med. 2004;25:588-593.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav

2418 A Hamid et al The American Journal of Sports Medicine

 at University at Buffalo Libraries on October 5, 2014ajs.sagepub.comDownloaded from 

http://www.plateletrichplasma.com/pdf/Orthopedic-PRP/Sports%20Medicine/66-SanchezRegMed2005.pdf
http://ajs.sagepub.com/

