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ABSTRACT

Background Our 2012 review on therapeutic
interventions for acute hamstring injuries found a lack
of high-quality studies. The publication of new studies
warranted an update.

Objectives To update and reanalyse the efficacy of
conservative treatments for hamstring injury.

Data sources PubMed, EMBASE, Web of Science,
Cochrane library, CINAHL and SPORTDiscus were
searched till mid-February 2015.

Study eligibility criteria Randomised controlled
trials (RCTs) on the effect of conservative interventions
versus a control group or other intervention for
hamstring injuries (HI) were included.

Data analysis The search results were screened
independently by two authors. Risk of bias assessment
was performed using a modified Downs and Black scale
with a maximum score of 28. Meta-analysis was
performed, where possible.

Main results 10 RCTs (526 participants), including
6 new RCTs, were identified. Two RCTs were of good/
excellent quality, the rest were fair or poor (median
Downs and Black score 16 (IQR 9)). Meta-analysis of
two studies on rehabilitation (lengthening) exercises
showed a significantly reduced time to return to play
(HR 3.22 (95% Cl 2.17 to 4.77), p<0.0001) but no
difference in risk of re-injury. Meta-analysis of three
studies investigating platelet-rich plasma (PRP) showed
no effect when compared to control (HR 1.03 (95% Cl
0.87 to 1.22), p=0.73). Limited evidence was found that
progressive agility and trunk stability training may reduce
re-injury rates.

Conclusions Meta-analysis showed superior efficacy
for rehabilitation exercises. PRP injection had no effect
on acute hamstring injury. Limited evidence was found
that agility and trunk stabilisation may reduce re-injury
rates. The limitations identified in the majority of RCTs
should improve the design of new hamstring RCTs.

INTRODUCTION

In 2012, we systematically reviewed the evidence for
conservative interventions in the treatment of acute
hamstring injuries (HI)." We found limited evidence
to support the use of agility and trunk stabilisation,
(slump) stretching and Actovegin injections.! Limited
evidence was found that sacroiliac manipulations and
non-steroidal anti-inflammatory drugs (NSAIDs)

were not effective.’ Since the publication of this
review, several new randomised controlled trials
(RCTs) have been published. After the 2012
Cochrane review of Mason et al* no new systematic
reviews have been published warranting an update.

Given the new evidence, we adjusted the inclusion
criteria of our original review! to include only RCTs.
The purpose of this updated systematic review is to
reassess the available literature concerning the conser-
vative management of HI, to review their efficacy
and perform meta-analysis, where possible.

MATERIALS AND METHODS

Literature search

A literature search was performed in mid-February
2015 in PubMed, EMBASE, Web of Science core
collection, Cochrane libraryy, CINAHL and
SPORTDiscus. A modified version of the 2012
search was used (see online supplementary appen-
dix 1). Searches were performed by one author
(HP) with no limits. The references of the selected
articles were manually searched for additional
references.

All studies identified by the search were imported
in a citation database (EndNote 7.1, Thomson
Reuters, New York, USA) and duplicates were
removed. Additionally, co-authors of this review, with
a specific interest in hamstring injury, were asked
about internationally known recently completed and/
or submitted RCTs up to February 2015.

Study selection

All titles were screened by two independent assessors
(HP and JLT). Full texts of possibly eligible articles
were obtained and assessed independently using the
inclusion criteria presented in box 1. Both reviewers
compared the articles identified and consensus was
reached. If no consensus was reached, a third
reviewer (MHM) was consulted.

Data extraction

Using a standardised data extraction form, study
characteristics, patient characteristics and outcome
measures were recorded by one author (HP). Point
measures and estimations of variance of the selected
outcomes were recorded to evaluate therapy efficacy.
In the case of multiple measurements, the data of the
last measurement were used. If necessary, authors
were contacted for additional data.
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Box 1 Inclusion criteria

» Participants in the study had an acute hamstring injury,
diagnosed by physical examination, MRI or ultrasound
» The studies included were randomised controlled trials
» There was a well-described conservative therapeutic
intervention which was compared to another intervention
or a control group
» Full text of the article was available
» The article was written in English, German or Dutch
» In the article at least one of the following outcome
measures had to be reported:
— Time to return to sport or normal function
— Re-injury rate
— Pain scores
— Hamstring force: isometric or isokinetic testing
— Hamstring flexibility testing
— Patient satisfaction
— Adverse effects

Quality assessment

Two reviewers (MHM and GR) independently assessed the
selected studies for risk of bias using a modified version of the
Downs and Black scale (D&B)® (see online supplementary
appendix 2). The original scale consists of 27 questions and
allows a maximal score of 32 points. Based on previous litera-
ture we modified this scale to a 28-point scale*™” by converting
it to a binary scale and by adding one additional question evalu-
ating therapist blinding. This was identified as an important
form of bias based on the studies we identified in our previous
review.! Most studies evaluated physical therapy interventions
or complementary therapies, adding a possibly biased party if
he/she was not blinded. Especially in return to play (RTP)
decision-making, lack of therapist blinding is an important
source of bias.®> One point was given if therapist blinding was
ensured. Lastly, question 21 was only scored when both time to
RTP and re-injury rate were reported in the trial. This was done
because we feel that trials reporting both these outcome mea-
sures give a more complete and less biased outcome of the
therapy success.'

A maximum of 28 points could be scored. We adopted the
following quality levels based on previous literature® * 7: excel-
lent (26-28); good (20-25); fair (15-19) and poor (<14).

If there was a difference in opinion on a D&B item score,
consensus was reached by consulting a third reviewer (JLT).
When at least one of the primary D&B assessors was involved
as co-author in the RCT, an independent experienced assessor
(AS), scored it as the third assessor.

Data synthesis

One author (HP) calculated weighted means and SDs for demo-
graphic information using SPSS V22.0 (IBM statistics,
New York, New York, USA). After assessing normality using the
Kolmogorov-Smirnov (p<0.05) test mean or median, D&B
scores were calculated.

We considered pooling data when studies were sufficiently statis-
tically and clinically homogeneous (ie, intervention and outcome).
Data pooling was carried out with RevMan V5.3 (The Nordic
Cochrane Centre, Copenhagen, Denmark) by two authors (HP
and MW). We calculated hazard ratios (HR) with 95% CI for

time-to-event data. HRs were calculated such that HR>1 indi-

cated faster RTP in the treatment group as compared to the

control group. Risk ratios (RR) with 95% CI were calculated for
dichotomous outcomes. RR<1 expressed a smaller risk for
re-injury in the treatment group as compared to the control group.

A fixed effects model was used to pool data when studies were stat-

istically homogenous. We visually inspected the forest plots for

heterogeneity, along with the *-statistic which was considered to
represent substantial heterogeneity for 1*>500." Heterogeneity
was considered present when the > was significant (p<0.1).” We
planned a metaregression analysis or subgroup analysis when stat-

istical heterogeneity was present and >10 studies were available. A

random effects model was used when statistical heterogeneity was

present. However, when <3§ studies were available for data synthe-
sis we used a fixed effects model.

We planned a sensitivity analysis to explore the effect of study
quality by excluding studies with low D&B scores (<20) from
the meta-analysis.

If meta-analysis was not possible, a qualitative analysis of the
data was carried out using the five levels of evidence used in
2012." ' Meta-analysis was considered superior to qualitative
levels of evidence.

1. Strong evidence: provided by two or more studies with high
quality and by generally consistent findings in all studies
(=75% of the studies reported consistent findings).

2. Moderate evidence: provided by one study with high quality
and/or two or more studies with low quality, and by gener-
ally consistent findings in all studies (>75% of the studies
reported consistent findings).

3. Limited evidence: provided by only one study with low
quality.

4. Conlflicting evidence: inconsistent findings in multiple
studies (<75% of the studies reported consistent findings).

5. No evidence: when no studies could be found.

We evaluated the possible presence of publication bias in this
review by assessing the symmetry of the funnel plot.

RESULTS

Literature search

In total 2190 titles and abstracts were screened; 16 studies were
selected for full-text assessment. Reference tracking yielded no
additional titles. After full-text assessment, six studies were
excluded"'™ and nine studies met the inclusion criteria.'®™>*
Two, at that time unpublished, articles were found through
co-authors (JLT and GR).>® *° The manuscripts were obtained
with permission of the authors. One of these trials*® reported
the secondary outcomes of a trial identified in the literature
search;** we did not consider it as a separate trial, but rather as
additional information of the first trial.** Figure 1 illustrates the
selection process.

Description of the included studies

The funnel plot showed no evidence of publication bias when
taking the symmetrical distribution of the studies in the funnel
plot (figure 2) into account.

Table 1 summarises the characteristics of the included studies.
Compared to 2012," two case—control trials were not evaluated'? 27
and six new RCTs were found.?°=° Five studies*'° were rated as
homogenous and judged to be suitable for meta-analysis. The data
of these trials were pooled per intervention.

Quality assessment
Table 2 shows the overall D&B scores (detailed information in
online supplementary appendix 3). Scores ranged from 14 to 27
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2949 results
2190 results
after removal of
doubles
16 selected after 6 excluded
tite/abstract -5 Non-RCT
ning - 1 full text unavailable,
scree! unclear intervention
2 additional RCT
found through 9 RCT included
co-authors
1 excluded
- additional to RCT
found in the 10 RCT included
literature search
Figure 1 Flow chart of article selection (RCT, randomised controlled
trial).

with a median of 16 (IQR 9). One three-arm RCT was given
two separate D&B scores® as it used two different control inter-
ventions which were blinded in different ways. The third assessor
was asked to assess all trials concerning questions 11-13 which
were found to be highly subjective. An independent assessor (AS)
was asked to score one trial,”* *® as the primary D&B assessors
were involved as co-authors in the trial. The total score of the
independent assessor was identical to our consensus assessment
though there was a slight variance between individual items (see
online supplementary appendix 3).

Participants
A total of 526 participants were included with a mean of
65 (SD 23) per study. The mean and median ages reported
across the studies ranged between 20 and 32 years. The majority
of participants were males comprising a weighted mean of 86%
(SD 13) of the population (range 65-100). Participants from dif-
ferent sports were used in seven studies,’” 2% 2372 two studies
used a specific sport population,” ?* one study did not expli-
citly mention using a sporting population.'®

Table 3 summarises the examinations performed on patients
to diagnose hamstring injury.

Interventions and outcomes

Table 4 summarises the interventions used in the studies, the
outcomes that were measured and their effect. Two studies eval-
uated the efficacy of exercises aimed at loading and lengthening
the muscle during eccentric actions in addition to a physiother-
apy programme.”' ?* Two studies assessed a physical therapy
programme focused on agility and trunk stabilisation.'® 2°
Three studies compared platelet-rich plasma (PRP) injections
and a standardised physiotherapy programme with placebo
injections, platelet-poor plasma injections or no injection.**2¢
The remaining studies examined the efficacy of stretching,'®
sacroiliac manipulation’® and the use of NSAIDs (meclofena-
mate and diclofenac).!”

Data synthesis

We performed a meta-analysis on five studies.?’* Two studies
evaluated the effect of a partially supervised physiotherapy pro-
gramme?' #? with either a lengthening protocol (L-protocol) or
a conventional protocol (C-protocol). Of the three RCTs evalu-
ating the efficacy of PRP injections in addition to physiotherapy,
we did not pool the platelet-poor plasma data from Hamilton
et al”® due to doubts about the validity and the unknown effects
of this product.

Two studies'® 2° evaluating physical therapy programmes
based on agility and trunk stabilisation were not pooled because
of differences in the content of the intervention and control
programmes.

Figure 2 Publication bias funnel 0 SEEMD) .
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Table 1 Article characteristics
Author N  Population Intervention(s) Follow-up Primary outcome Results
Sherry and Best'® 24  Athletes with acute hamstring strain, grades 1 and 2 11: rehabilitation programme consisting of PATS exercises 1 year Time to RTP 11: 22.2 days (SD 8.3)
based on physical examination and icing Re-injury 12: 37.4 days (SD 27.6)
12: rehabilitation programme consisting of static stretching, 11: 013
isolated progressive resistance exercise and icing (STST) 12: 7110
Silder et af*° 29  Athletes with suspected HI within the past 10 days 11: rehabilitation programme consisting of PATS programme 1 year Time to RTP 11: 25.2 days (SD 6.3)
confirmed by physical examination and MRI 12: rehabilitation programme consisting of PETS Craniocaudal length of 12: 28.8 days(SD 11.4)
injury 11: 7.9 cm (95% Cl 2.7 to 13.1)
12: 15.9 cm (95% Cl 8.4 to 23.4)
Reynolds et a/'’ 44 Patients with sports-related tear of the hamstring, 11: two capsules 50 mg meclofenamate and two diclofenac 7 days Sum of pain score (VAS) in  11: 7.9 (SD 6.6)
<48 h after injury placebo capsules 3 times/day for 7 days the last 24 h 12: 8.8 (SD 7.7)
12: two 25 mg diclofenac and two meclofenamate placebo C:3.9(SD 3.3)
capsules 3 times/day for 7 days
C: meclofenamate and diclofenac placebo capsules
Malliaropoulos et al"® 80  Athletes with a ultrasonographic grade 2 hamstring 11+12: during first 48 h PRICE followed by rehabilitation RTP Time required for full 11: 13.27 days (SD 0.71)
strain programme rehabilitation 12: 15.05 days (SD 0.81)
11: four stretching sessions daily Time to equalisation of 11: 5.57 days (SD 3.3)
12: one stretching session daily knee ROM 12: 7.23 days (SD 0.525)
Cibulka et a/'® 20 Patients with a clinical diagnosis of hamstring muscle I: moist heat, passive stretching and manipulation of None Hamstring peak torque 11: 46.4 ft Ibs (SD 17.47
strain and sacroiliac joint dysfunction sacroiliac joint reported Passive knee extension 12: 45.7 ft Ibs (SD 22.70)
C: moist heat, passive stretching ROM 11: 155.0° (SD 14.2)
12: 144.6° (SD 16.7)
Askling et af*' 75  Elite Swedish football players with MRI (<5 days after 11: L-protocol aimed at loading the hamstrings during extensive 1 year Time to RTP 11: 28 days (SD 15)
injury) confirmed HI lengthening, mainly during eccentric muscle actions Re-injury 12: 51 days (SD 21)
12: C-protocol consisting of conventional exercises for the 11: 0137
hamstrings with less emphasis on lengthening 12: 1/38
Askling et al*? 56 Swedish elite sprinters and jumpers with MRI (<5 days  11: L-protocol aimed at loading the hamstrings during extensive 1 year Time to RTP 11: 49 days (SD 26)
after injury) confirmed HI lengthening, mainly during eccentric muscle actions Re-injury 12: 86 days (SD 34)
12: C-protocol consisting of conventional exercises for the 11: 0/28
hamstrings with less emphasis on lengthening 12: 2/28
Reurink et a/** 80 Athletes with acute hamstring injuries confirmed by I: two 3 mL platelet-rich plasma injections and a standard 1 year Time to RTP I: 42 days (IQR 30-58)
physical examination and MRI rehabilitation programme C: 42 days (IQR 37-56)
C: two 3 mL saline placebo injections and a standard
rehabilitation programme
Hamid et a*® 28  Athletes diagnosed with an acute ultrasonographic I: one 3 mL platelet-rich plasma injection and a rehabilitation RTS Time to RTP I: 26.7 days (SD 7.0)
grade 2 hamstring injury programme C: 42.5 days (SD 20.6)
C: rehabilitation programme only
Hamilton et a/*® 90 Athletes with acute posterior thigh pain confirmed by 11: one 3 mL platelet-rich plasma injection and a rehabilitation 6 months Time to RTP 11: 21 days (95% Cl 17.9 to 24.1)

MRI as grade 1 or 2 hamstring lesion

programme

12: one 3 mL platelet-poor plasma injection and a rehabilitation

programme
C: rehabilitation programme only

12: 27 days (95% Cl 20.6 to 33.4)
C: 25 days (95% Cl 21.5 to 28.5)

C, control; C-protocol, conventional rehabilitation protocol; I, intervention; L-protocol, loading and lengthening rehabilitation protocol; PATS, progressive agility and trunk stabilisation; PETS, progressive running and eccentric strengthening; ROM, range of
motion; RTP, return to play; RTS, return to sport; STST, stretching and strengthening; VAS, visual analogue scale.
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Table 2 Total D&B scores (maximal 28)*

D&B Level of
Reference score evidence
Sherry and Best'® 16 Fair
Silder et af*° 18 Fair
Reynolds et al'’ 16 Fair
Malliaropoulos et al'® 14 Poor
Cibulka et a/"® 15 Fair
Askling et al*! 15 Fair
Askling et al*? 15 Fair
Reurink et af** 25 Good
Hamid et a/*® 19 Fair
Hamilton et al*® (PRP vs no injection) 24 Good
Hamilton et al*® (PRP vs platelet-poor plasma) 27 Excellent

*Scores for all 28 questions are listed in the online supplementary table S3. Hamilton
et al*® was given two separate D&B scores because it used two different controls
which were blinded in two different ways.

D&B, Downs and Black; PRP, platelet-rich plasma.

Meta-analysis: lengthening exercises (also referred to as
‘rehabilitative’ for the general reader)
Askling et al*' ** evaluated the effect of adding exercises aimed
at progressively loading the injured muscle (L-protocol) to a
conventional physiotherapy programme. The hamstrings were
lengthened extensively during eccentric muscle actions. This
was compared to exercises which had less emphasis on muscle
lengthening (C-protocol). Both protocols contained three types
of exercises aimed at increasing flexibility, strengthening the
muscle, and a combination of strengthening and trunk/pelvic
stabilisation, but the exact exercises differed between groups.
Both groups received a standard general rehabilitation pro-
gramme in addition to their exercises (checked with the author).
Patients were cleared for return to sport when there were no
signs of injury during physical examination and when they
could perform the Askling H-test (a rapid straight leg raise in a
special knee brace) without hesitation.”® Additional data from
the author was requested for meta-analysis.

Fixed effects models were used to estimate the effect of the
L-protocol versus the C-protocol for RTP (number of days) and

Table 3 Clinical examinations used to diagnose hamstring injury

Physical

Reference examination Ultrasound MRI* Grading system

Sherry and Best'®  Yes No No Based on physical
exam findings

Silder et af*° Yes No Yes None

Reynolds et al'””  Yes No No None

Malliaropoulos Yes Yes No Based on

etal'® ultrasound findings

Cibulka et a/'® Yest No No None

Askling et al*! Yes No Yes  None

Askling et al*? Yes No Yes  None

Reurink et a/** Yes No Yes  Based on MRI
findings

Hamid et a/*® Yes Yes No Based on
ultrasound findings

Hamilton et a®  Not reported  No Yes  Based on MRI
findings

*Abnormally high intensity on T2-weighted and/or STIR-weighted images.

tAlso evaluated sacroiliac dysfunction defined as pelvic asymmetry, positive standing
flexion test and prone knee flexion test.

STIR, short tau inversion recorvery.

risk of re-injury (figure 3A, B). The pooled effect showed that
the L-protocol significantly reduced RTP compared to the
C-protocol with an HR of 3.22 ((95% CI 2.17 to 4.77),
7=5.83, p<0.0001) (figure 2). No difference was found
between the two protocols for the risk of re-injury ((RR)=0.25,
95% CI 0.03 to 2.20, Z=1.25, p=0.21) (figure 3). No statistical
heterogeneity was present (I*=0%0).

Meta-analysis: PRP

Three studies evaluated the effect of PRP injections with
standardised rehabilitation. Hamid et al/*® performed an
assessor-blinded study comparing patients receiving a single
3mL PRP injection (Biomet, mean 1297x10° platelets/uL,
mean 38.3x10% leucocytes/ul) within 7 days after injury, to
patients who received no injection. Both groups followed a stan-
dardised rehabilitation programme. Hamilton et a/*> performed
a double-blinded trial comparing one 3 mL injection of PRP
(Biomet, mean 765.8+423.6x10° platelets/ul, mean 26.1%
13.7x10% leucocytes/uL) and platelet-poor plasma (mean 30.3
23.0x10° platelets/ul, mean 0.03+0.03x10° leucocytes/uL)
within 5 days after injury and a single-blinded comparison study
arm with no injection. All three groups underwent a six-stage
criteria-based standardised rehabilitation. All treating phy-
siotherapists were blinded for group allocation and MRI find-
ings. Patients were randomised to receive either 3 mL of PRP or
platelet-poor plasma or no injection. Reurink et al** 2° under-
took a double-blind RCT in which patients were randomised to
receive either two injections with 3 mL of PRE respectively,
within 5 days after injury onset and 5-7 days after the first injec-
tion (Arthrex mean 433+128x10° platelets/ul, mean 1.9+
2.1x10° leucocytes/uL), or saline placebo injections in addition
to a standardised rehabilitation programme.

The D&B scores of the trials differed. Two>*™2° were rated as
good or excellent (D&B scores 25 and 24/27, respectively) and
one* as fair (D&B 19). We, therefore, performed a sensitivity
analysis.

A fixed effects model was used to estimate the HR of RTP in
the PRP group compared to the non-injected control group.
The pooled effect showed no significant effect of PRP compared
to control with an HR of 1.03 ((95% CI 0.87 to 1.22),
7=0.35, p=0.73) (figure 4A). There was substantial heterogen-
eity (I’=75%), which was significant (p=0.02). Sensitivity ana-
lysis revealed that the decision of including high risk of bias
studies in the meta-analysis did not affect the effect of PRP
when compared to including low risk of bias studies only. When
analysing low risk of bias studies only, the HR was 1.00 ((95%
CI 0.85 to 1.19), Z=0.04, p=0.97) (figure 4B). The risk of
re-injury at 6 months was pooled for two trials**>® as one
trial”® did not report re-injury. This showed no difference
between PRP and control (RR=0.88, (95% CI 0.45 to 1.71),
7=0.39, p=0.70) (figure 4C). No heterogeneity was present for
re-injury. Owing to the small number of studies investigating the
interventions, no meta-regression or subgroup analysis was
possible.

23-25

Descriptive synthesis

Progressive agility and trunk stabilisation

Two studies' 2° evaluated a rehabilitation programme, which

focused on progressive agility and trunk stabilisation (PATS).
Sherry and Best'® compared PATS to a rehabilitation pro-

gramme focusing on stretching and strengthening (STST). Both

programmes consisted of two discrete phases. Compliance was

monitored through self-recorded exercise logs. A mean of

22.2 days (SD 8.3) for the PATS group and 37.4 days (SD 27.6)

Pas HIMFL, et al. Br J Sports Med 2015;49:1197-1205. doi:10.1136/bjsports-2015-094879

5of 10

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold
" jooyasaboysnwseig
V117-739 swuedsq e Gz0z ‘ZT sunr uo /wod fwa wslg/:dny woly pepeojumod ‘ST0Z AINC TZ U0 6/8760-GT0Z-SHOdSIQ/9eTT 0T se pays!ignd 11 paN s1ods r 19


http://bjsm.bmj.com/

Table 4 Interventions and outcomes of RCTs

Intervention Outcome Effect Best evidence synthesis Quality ratings of studies
Progressive loading during Time to RTP?' 22 + Meta-analysis Fair®! %2
eccentric lengthening Re-injury?' % = Meta-analysis
PATS exercises Time to RTS'® 2° = Moderate Fair'® 2
Re-injury™® + Limited
Craniocaudal length of injury at RTS*® + Limited
Physical examination at RTS*° = Limited
MRI characteristics at RTS? = Limited
Stretching exercises Time to RTP'® + Limited Poor'®
Time to equalisation of knee ROM'® + Limited
Platelet-rich plasma Time to RTP?2 = Meta-analysis Good** 26
Re-injury?* 2° = Meta-analysis Fair’®
Adverse events*>~2° = Strong Good/excellent?®
Change in pain score” = Limited
Isokinetic testing® = Limited
Changes in T2-weighted MRI after 3 weeks* = Limited
Adherence to rehabilitation programme?® 26 = Strong
Physical examination® = Limited
Hamstring outcome score® = Limited
Patient satisfaction®® = Limited
oedema on MRI?® = Limited
NSAIDs Pain score'’ = Limited Fair'’
Isokinetic testing'’ = Limited
Swelling'’ = Limited
Adverse events'’ - Limited
Sacroiliac manipulation Hamstring flexibility'® = Limited Fair'®
Isokinetic testing'® = Limited

=, No effect of intervention compared to control or no differences between intervention and control; +, favours intervention; —, favours control; NSAID, non-steroidal anti-inflammatory
drug; PATS, progressive agility and trunk stabilisation; RCT, randomised controlled trial; ROM, range of motion; RTP, return to play; RTS, return to sport.

for the STST group was reported, which was not statistically sig- PATS and 3/13 for the PRES group. Significance was not

nificant (p=0.2455). Re-injury rates between groups were statis- reported. Several other outcome measures based on MRI finding
tically significant in favour of PATS (0/13 re-injuries within and physical examination were reported in the study. Of these,
16 days after RTP and 1/13 within 1 year, vs 6/10 and 7/10, only the craniocaudal length of injury at RTP on MRI was signifi-
respectively in the STST group (p<0.001 in both cases)). cantly shorter for the PATS group at RTP (p=0.037).

Silder et al*® compared PATS with a progressive running and
eccentric strengthening (PRES) programme. Both programmes Stretching
consisted of three phases. No statistically significant difference in Malliaropoulos et al'® compared two different intensities of
RTP was found (PATS: mean of 25.2 days (SD 6.3), PRES: static stretching (four times vs once daily) in 80 patient with
28.8 days (SD 11.4), p=0.346). Re-injury rates were 1/16 in the grade 2 hamstring injury. Full active knee extension was reached

A C - protocol L -protocol Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Askling 2013 119 027 38 37 552% 329[1.94,558) &+
Askling 2014 1144 03 28 28 448% 314[1.74,565) —
Total (95% Cl) 66 65 100.0% 3.22[217,477] <>

Heterogeneity: Chi = 0.01,df =1 (P = 0.91);12 = 0%

I 4 }
Test for overall effect: Z=5.83 (P <0.00001) L iy ! Al L

Favours C - protocol  FawoursL - protocol

B L -protocol  C - protocol Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Askiing 2013 0 ¥ 1 38 37.2%  034[0.01,814) L]
Askling 2014 0 28 2 28 628%  020(0.01,399 |
Total (95 Cl) 65 6 1000%  0.25[0.03,2.20] —eastBiINNe-——
Totalevents 0 3
Heterogenety. Chi?= 0.06, df =1 (P = 0.81),1?= 0% :l] ol 0’1 1‘0 100’

Testfor overal effect Z=125(P =0.21) FavoursL- protocol  Favours C- protocol

Figure 3  (A) Pooled HRs of return to play for adding lengthening exercises (L-protocol) and conventional exercises (C-protocol) Log natural
logarithm; IV, inverse variance;, square size indicates the size of the population investigated in each study; diamond estimated pooled effect: width
indicates the 95% Cl. (B) Pooled risk ratio for re-injury (<1 year) for adding lengthening exercises (L-protocol) and conventional exercises (C-protocol).
square size indicates the size of the population investigated in each study; diamond estimated pooled effect: width indicates the 95% ClI.
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A Control PRP

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Hamid 2014 1.56 065 12 12 1.7% 4.76[1.33,17.01]
Hamilton 2015 039 0.27 27 28 9.8% 1.48[0.87,2.51]
Reurink 2014 -0.04 0.09 38 37 885% 0.96[0.81,1.15]
Total (95% ClI) 77 77 100.0% 1.03[0.87,1.22]
Heterogeneity: Chi*= 7.92, df= 2 (P = 0.02); F= 75% t + 1 t +
Test for overall effect Z=0.35 (P=0.73) 0.02 Fgaours Comrol1 Favours PRllU =0
B Control PRP Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hamilton 2015 039 027 27 28 100% 1.48[0.87,251]
Reurink 2014 -0.04 009 38 37 900% 096(0.81,1.15)
Total (95% CI) 65 65 100.0% 1.00 [0.85,1.19]
Heterogeneity: Chi*= 2.28, df=1 (P = 0.13), F= 56% k + T + |
Test for overall effect Z=0.04 (P=0.97) 0.05 Fasbzurs Control L Favours PRg 20
C Favours PRP  Favours Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hamilton 2015 2 26 3 29 205% 0.74(0.13,4.11)
Reurink 2014 10 37 1" 37 795% 0.91[0.44,1.88)
Total (95% CI) 63 66 100.0%  0.88 [0.45,1.71)
Total events 12 14
i oy o - “R= 5 + t t J
Heterogeneity: Chi*= 0.05, df=1 (P=0.83), F=0% .01 o1 1 10 100

Test for overall effect: Z= 0.39 (P = 0.70)

Figure 4

Favours PRP Favours control

(A) Pooled HRs for return to play for platelet-rich protein (PRP) and control interventions. Log natural logarithm; IV, inverse variance;

square size indicates the size of the population investigated in each study; diamond estimated pooled effect: width indicates the 95% CI. Data using
platelet-poor plasma (PPP) as control were excluded from analysis. (B) Sensitivity analysis, the HR for return to play for PRP and control based on
high-quality randomised controlled trials (RCTs) only. Log natural logarithm; 1V, inverse variance; square size indicates the size of the population
investigated in each study; diamond estimated pooled effect: width indicates the 95% CI. Data using platelet-poor plasma (PPP) as control were
excluded from analysis. (C) Pooled risk ratio for re-injury for platelet-rich plasma (PRP) and control. IV, inverse variance; square size indicates the
size of the population investigated in each study; diamond estimated pooled effect: width indicates the 95% Cl. Data using platelet-poor plasma as

control were excluded.

earlier in the high-intensity group with a mean of 5.57 (SD
0.71) days vs 7.32 (SD 0.53) days (p<0.001). Time to RTP was
shorter in the high-intensity group (mean of 13.27 days (SD
0.71) days compared to 15.05 (SD 0.81) days (p<0.001)).

Sacroiliac manipulation

Cibulka et al'® found no effect of sacroiliac manipulation on
peak quadriceps torque and passive knee extension after
manipulation compared to non-manipulated controls. A signifi-
cant difference in peak torque change was reported in favour of
manipulation (8.1 (sacroiliac mobilisation group) vs 0.4 ft Ibs
(control)). It should be noted that significantly lower pre-test
peak torques of the experimental group were reported
(8.4 ft Ibs lower, p<0.005).

Non-steroidal anti-inflammatory drugs

Reynold et al'” evaluated the effect of 50 mg meclofenamate
and placebo (group 1) versus 25 mg diclofenac twice daily, and
placebo (Group 2) versus placebo only (group 3) for a period of
7 days. No significant effects on pain scores (measured with a
visual analogue scale), swelling and isokinetic hamstring tests
(peak torque, total work and average power) were found.
Adverse events were reported in 5/13 patients in group 1, 6/17
in group 2 and 2/14 in group 3. None of these required alter-
ation or reduction of the medication. Statistical analysis was not
performed for adverse events.

PRP injections
Hamid et al*® found that although the PRP group showed sig-
nificantly lower pain severity scores during the rehabilitation, it

had no effect on change in pain scores or pain intensity scores.
No adverse events were reported. Re-injury rates were not
reported.

Both Hamilton et al*® and Reurink et a/** 2° found no signifi-
cant differences between other secondary outcomes. Both
reported no significant adverse events.

Hamilton et al*® found that RTP in the platelet-poor plasma
group was significantly longer when compared to PRP
(=5.7 days ((95% CI -10.1 to —1.4), p=0.01). No difference
was found between platelet-poor plasma and no injection
(2.8 days (95% CI —1.6 to 7.2), p=0.210).

DISCUSSION

Main findings

We systematically reviewed 10 RCTs that evaluated the effects
of different interventions for acute hamstring injuries. These
studies were generally of fair quality with one poor quality'®
and two good/excellent quality studies.>*° The poor-quality
and fair-quality studies mostly lacked adequate blinding, were
underpowered and did not properly adjust for loss to follow-up.
Based on the meta-analysis of two studies of fair quality,”’ ** we
found that adding lengthening exercises reduce the time to RTP
when compared to conventional exercises. Meta-analysis of the
PRP trials**~2° showed no additional effect for PRP injections
on RTP or in reducing re-injury. For re-injury reduction, limited
evidence from one trial'? was found for agility and trunk stabil-
isation exercises; however, moderate evidence from two fair
quality trials'® 2% showed no reduction in time to RTP for these
exercises.
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Limited evidence, through one poor-quality study,'® is available
to support high-frequency compared with low-frequency stretch-
ing in grade 2 HI. Based on fair-quality studies, limited evidence is
available that NSAIDs'” and sacroiliac mobilisation'® have no
therapeutic effect in acute hamstring injury rehabilitation.

Physical therapeutic interventions

Meta-analysis showed that adding lengthening exercises to a
standard physical therapy programme was more effective than
using conventional exercises in reducing time to RTB but had
no effect on re-injury rate. These results should be interpreted
with care and require reproduction by other research groups
and different athlete populations. It should also be noted that
both trials were unblinded and the D&B scores indicate that
both trials were of fair quality (D&B scores of 15) making them
prone to detection and performance bias. Several differences
were found between trials (unequal male/female distributions,
age, proportion of stretch type injury, length of injury and
sports type) but these did not influence statistical heterogeneity
of the data.

We found moderate evidence that PATS does not reduce the
time to RTP Both studies® 2° used different control (STST and
PRES) interventions and the content of the PATS programmes
differed (two vs three phases). It should also be noted that both
trials used small sample sizes (n=24"? and n=29%°). Sherry and
Best'” did prove its superiority over STST with regard to
re-injury rate. However, as previously observed,' the re-injury
rate in the STST group was remarkably high (70%), suggesting
a possible adverse effect of this programme.

We found limited evidence that static stretching four times a
day was superior to once daily stretching.'® No other studies
evaluated static stretching or used it as a control making it
impossible to state whether stretching itself is efficacious.

Platelet-rich plasma
Our meta-analysis and descriptive synthesis show that there is
no superior efficacy for PRP injections. The results from the
meta-analysis should be considered carefully as there is substan-
tial heterogeneity in the data. First, two trials*® ** used a non-
blinded, no injection group as control whereas Reurink et al
used a blinded placebo group (saline) as control group,* 2°
allowing for performance bias in the results. This actually
strengthens the results presented because no effect could be
found despite the presence of bias. Second, all trials differed
slightly in injection techniques and PRP content. Third, we did
not pool the platelet-poor plasma data from Hamilton et al*®
because there were concerns about its validity as placebo. There
is little experience with platelet-poor plasma and due to its
content (pH, osmolality, remaining leucocytes and platelets),
myotoxic effects cannot be excluded and its enhancing effect
remains unclear. Saline was considered a more valid placebo as
ample evidence is available that it has no myotoxic effect on
muscle tissue.”” Lastly, there were differences in patient
characteristics. Thus, no meta-regression or subgroup analysis
was possible to investigate the effect of patient characteristics.

The RCTs by Reurink et al** 2 and Hamilton et al,>> were of
high quality. Please note that members of this review group are
co-authors of these studies. The D&B score of the independent
assessor (AS) was comparable and did not affect the quality cat-
egory of Reurink et al** 2 (good) and the co-author involved
with the Hamilton et al*® trial (JLT) was not involved in the
D&B scoring.

Hamid et al~ reported that PRP shortened the time to RTPR
The PRP preparation in this study had the highest platelet count

123

(1297x10%/uL). However, this study risked bias due to a lack of
a placebo or any attempt to mask the lack of injection allowing
for a placebo effect among patients. Re-injury rates were not
reported, making the assessment of a possible premature RTP
and the long-term efficacy impossible.

Several previous reviews®>’™% have found a dearth of evidence
to support PRP as a treatment for muscle injury. Considering
our quantitative and qualitative findings, higher levels of evi-
dence are now available to discourage the use of PRP injections
in the rehabilitation of hamstring injuries.

Other interventions

Limited evidence was found that NSAIDs'” and sacroiliac
manipulation'® have no effect on outcome. Furthermore, the
study by Cibulka et al'® contains several methodical shortcom-
ings (unclear definitions, differences in baseline characteristics)
making it prone to bias. Also, its findings with regard to ham-
string peak torque can be explained by the difference in pre-test
peak torques between groups.

NSAIDs are often proposed as an analgesic in the early phase
of muscle injury.>*=” Although the evidence is limited,"” we
found no evidence to support the use of NSAIDs for pain man-
agement. Furthermore, there is increasing evidence that NSAIDs
may be counterproductive for muscle healing.*” Considering the
lack of support for their efficacy and the possible detrimental
effect on muscle healing, NSAIDs are not recommended in HI.

Limitations

Our review has several limitations. First, we did not perform a
grey literature search. We did find one on-going trial through
the co-authors. It is possible that other pending trials are
available.

Second, we used a modified D&B scale to assess the quality
in trials. In 2012, the PEDro scale was used' making compari-
son of the trial quality more difficult. However, the association
between both scales was previously found to be moderately high
(r 0.71, p<0.01)*® and after the modifications to our D&B
scale, all questions from the PEDro scale were assessed as part
of the D&B. We, therefore, feel that the use of our modified
D&B scale was valid. We compared the effect on quality assess-
ment between both scales and found no difference in 50%. In
the remaining 50%, the PEDro scale always showed higher
quality ratings, suggesting our current review was more critical
in assessing the available evidence.

We altered a few keyword combinations because we found
that the original search included too many irrelevant articles
and that the number of hits using this search had in some cases
quadrupled. Each alteration was checked for potentially missed
articles. We are confident that no relevant articles were missed.

Lastly, we excluded all clinical controlled trials since enough
RCTs were now available to focus specifically on randomised
studies, adding to the level of evidence of this review. Owing to
this exclusion criterion, two treatment options were not
reviewed compared to 2012.

Updated clinical relevance: what should be implemented

in clinical practice

New evidence is available to assist in clinical decision-making
for the treatment of hamstring injuries. Askling’s et al*! 2*
lengthening protocol enhances RTP compared to conventional
therapy (meta-analysis), and PATS might be implemented for
reducing the re-injury rate (limited evidence). Statistical evi-
dence suggests that PRP injections have no added effect on RTP
or re-injury rate (meta-analysis).
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Future directions

The quality of the RCTs included was generally relatively low.
The main areas that the studies failed to address in their designs
were lack of blinding, sample size and adjustment for loss to
follow-up.

Most RCTs had a risk of bias due to lack of blinding of
patients and/or therapist. Although it is difficult to blind thera-
pists in physiotherapy studies, every attempt should be made to
make this possible. If this is not possible, the use of strict criteria
for progression during a rehabilitation programme should be
used to minimise performance bias. Blinding of assessors and
patients should also be ensured. When evaluating adjuvant treat-
ment, such as PRE we believe the use of placebo is imperative.

The comparability between trials was poor. Although most
trials evaluated a physical therapy intervention, standard control
therapies varied between studies making comparison and data
pooling difficult. For future research we recommend that ‘stand-
ard therapy’ is clearly described and based on a previously
described intervention or control therapy.

Lastly, we noticed that the preferred outcome measure, RTB
varied greatly between studies, indicating that RTP criteria lack
a universal definition. As it is a highly relevant clinical outcome,
we feel authors should report predefined specified criteria (eg,
no residual symptoms on physical examination and the unre-
stricted completion of sport-specific exercises), which need to
be met before RTP clearance. Re-injuries should always be
reported as this reflects on interventions long-term success and
possible pre-mature RTP'

Conclusion
Of 10 included studies, only two good or excellent quality
RCTs with low risk of bias were identified. For enhanced time
to RTB meta-analysis showed superior efficacy for adding
lengthening exercises, but not for PRP injections. For reducing
re-injury rate, there is limited evidence to include agility and
trunk stabilisation exercises. The identified limitations of most
RCTs should guide the design of new hamstring RCTs.

For daily practice, adding lengthening exercises and PATS
should be considered to reduce the RTP duration and re-injury
risk following acute hamstring injuries.

What are the new findings?

» Meta-analysis of lengthening and loading rehabilitative
exercises in acute hamstring injuries show a positive effect
on return to play.

» Meta-analysis of platelet-rich plasma injections in acute
hamstring injuries shows no effect.

» Progressive agility and trunk stabilisation may reduce
re-injury rates.

Acknowledgements The authors would like to thank Andreas Serner from the
Aspetar orthopaedics and sports medicine hospital, Doha, Qatar, for his work as our
independent assessor. They also thank Carl Askling from the Swedish School of
Sport and Health Sciences, Karolinska Institutet, Stockholm, Sweden, for supplying
us with additional data to complete our meta-analysis.

Competing interests GR, MHM, JLT and AW report grants outside the submitted
work from Arthrex Medizinische Instrumente GmbH and the Royal Netherlands
Soccer Association as part of the Dutch HIT study group for conducting a study on
PRP in hamstring injuries: the Dutch HIT-study (Reurink et. al, NEJM 2014). In all
cases, no personal payments were received.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1 Reurink G, Goudswaard GJ, Tol JL, et al. Therapeutic interventions for acute
hamstring injuries: a systematic review. Br J Sports Med 2012;46:103-9.

2 Mason DL, Dickens VA, Vail A. Rehabilitation for hamstring injuries. Cochrane
Database Syst Rev 2012;12:Cd004575.

3 Downs SH, Black N. The feasibility of creating a checklist for the assessment of the
methodological quality both of randomised and non-randomised studies of health
care interventions. J Epidemiol Community Health 1998;52:377-84.

4 Chudyk AM, Jutai JW, Petrella RJ, et al. Systematic review of hip fracture
rehabilitation practices in the elderly. Arch Phys Med Rehabil 2009;90:246-62.

5 Hooper P, Jutai JW, Strong G, et al. Age-related macular degeneration and
low-vision rehabilitation: a systematic review. Can J Ophthalmol 2008;43:180-7.

6  Press VG, Pappalardo AA, Conwell WD, et al. Interventions to improve outcomes for
minority adults with asthma: a systematic review. J Gen Intern Med 2012;27:1001-15.

7 Silverman SR, Schertz LA, Yuen HK, et al. Systematic review of the methodological
quality and outcome measures utilized in exercise interventions for adults with
spinal cord injury. Spinal Cord 2012;50:718-27.

8  Reurink G, Brilman EG, de Vos RJ, et al. Magnetic resonance imaging in acute
hamstring injury: can we provide a return to play prognosis? Sports Med
2015;45:133-46.

9 Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions
Version 5.1.0 [updated March 2011]. The Cochrane Collaboration, 2011. http:/
www.cochrane-handbook.org

10 van Tulder M, Furlan A, Bombardier C, et al, Editorial Board of the Cochrane
Collaboration Back Review Group. Updated method guidelines for systematic
reviews in the Cochrane collaboration back review group. Spine 2003;28:

1290-9.

11 Alabdelwahab SS, John S. Efficacy of retrowalking on strength and balance in
patients with hamstring strain. Br J Sports Med 2010;44(S1):i14.

12 Hagglund M, Walden M, Ekstrand J. Lower reinjury rate with a coach-controlled
rehabilitation program in amateur male soccer: a randomized controlled trial. Am J
Sports Med 2007;35:1433-42.

13 Kornberg C, Lew P. The effect of stretching neural structures on grade one
hamstring injuries. J Orthop Sports Phys Ther 1989;10:481-7.

14 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.
Orthop J Sports Med 2013;1:1-5.

15 Thorsson O, Lilja B, Nilsson P, et al. Immediate external compression in the
management of an acute muscle injury. Scand J Med Sci Sports 1997;7:182-90.

16 Cibulka MT, Rose SJ, Delitto A, et al. Hamstring muscle strain treated by mobilizing
the sacroiliac joint. Phys Ther 1986,66:1220-3.

17 Reynolds JF, Noakes TD, Schwellnus MP, et al. Nonesteroidal anti-inflammatory
drugs fail to enhance healing of acute hamstring injuries treated with physiotherapy.
S Afr Med J 1995;85:517-22.

18  Malliaropoulos N, Papalexandris S, Papalada A, et al. The role of stretching in
rehabilitation of hamstring injuries: 80 athletes follow-up. Med Sci Sports Exerc
2004;36:756-9.

19  Sherry MA, Best TM. A comparison of 2 rehabilitation programs in the treatment of
acute hamstring strains. J Orthop Sports Phys Ther 2004;34:116-25.

20 Silder A, Sherry MA, Sanfilippo J, et al. Clinical and morphological changes
following 2 rehabilitation programs for acute hamstring strain injuries: a randomized
clinical trial. J Orthop Sports Phys Ther 2013;43:284-99.

21 Askling CM, Tengvar M, Thorstensson A. Acute hamstring injuries in Swedish elite
football: a prospective randomised controlled clinical trial comparing two
rehabilitation protocols. Br J Sports Med 2013;47:953-9.

22 Askling CM, Tengvar M, Tarassova O, et al. Acute hamstring injuries in Swedish
elite sprinters and jumpers: a prospective randomised controlled clinical trial
comparing two rehabilitation protocols. Br J Sports Med 2014;48:532-9.

23 Hamid MSA, Mohamed MR, Yusof A, et al. Platelet-rich plasma injections for the
treatment of hamstring injuries a randomized controlled trial. Am J Sports Med
2014,42:2410-18.

24 Reurink G, Goudswaard GJ, Moen MH, et al. Platelet-rich plasma injections in acute
muscle injury. N Engl J Med 2014;370:2546-7.

25 Hamilton B, Tol JL, Almusa E, et al. Platelet-rich plasma does not enhance return to
play in hamstring injuries: a randomised controlled trial. Br J Sports Med
2015;49:943-50.

26 Reurink G, Goudswaard GJ, Moen MH, et al. Rationale, secondary outcome scores
and 1-year follow-up of a randomised trial of platelet-rich plasma injections in
acute hamstring muscle injury: the Dutch Hamstring Injection Therapy study. Br J
Sports Med 2015;49:1206—12.

27  Lee P, Rattenberry A, Connelly S, et al. Our experience on Actovegin, is it cutting
edge? Int J Sports Med 2011;32:237-41.

28 Askling CM, Nilsson J, Thorstensson A. A new hamstring test to complement the
common clinical examination before return to sport after injury. Knee Surg Sports
Traumatol Arthrosc 2010;18:1798-803.

Pas HIMFL, et al. Br J Sports Med 2015;49:1197—1205. doi:10.1136/bjsports-2015-094879

9 of 10

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

" Jooyosaboysnwselq
V11-Z39 uswiredaq 1e G20z ‘2T aunr uo /wod fwg wslgy:dny woly papeojumod "ST0Z AINC TZ U0 6/8760-5T0Z-S10ds[g/9eTT 0T Sse paysiignd 1s1iy :paiN suods [ g


http://dx.doi.org/10.1136/bjsports-2011-090447
http://dx.doi.org/10.1002/14651858.CD004575.pub3
http://dx.doi.org/10.1002/14651858.CD004575.pub3
http://dx.doi.org/10.1136/jech.52.6.377
http://dx.doi.org/10.1016/j.apmr.2008.06.036
http://dx.doi.org/10.3129/i08-001
http://dx.doi.org/10.1007/s11606-012-2058-9
http://dx.doi.org/10.1038/sc.2012.78
http://dx.doi.org/10.1007/s40279-014-0243-1
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org
http://dx.doi.org/10.1136/bjsm.2010.078725.43
http://dx.doi.org/10.1177/0363546507300063
http://dx.doi.org/10.1177/0363546507300063
http://dx.doi.org/10.2519/jospt.1989.10.12.481
http://dx.doi.org/10.1111/j.1600-0838.1997.tb00137.x
http://dx.doi.org/10.1249/01.MSS.0000126393.20025.5E
http://dx.doi.org/10.2519/jospt.2004.34.3.116
http://dx.doi.org/10.2519/jospt.2013.4452
http://dx.doi.org/10.1136/bjsports-2013-092165
http://dx.doi.org/10.1136/bjsports-2013-093214
http://dx.doi.org/10.1177/0363546514541540
http://dx.doi.org/10.1056/NEJMc1402340
http://dx.doi.org/10.1136/bjsports-2015-094603
http://dx.doi.org/10.1136/bjsports-2014-094250
http://dx.doi.org/10.1136/bjsports-2014-094250
http://dx.doi.org/10.1136/bjsports-2014-094250
http://dx.doi.org/10.1055/s-0030-1269862
http://dx.doi.org/10.1055/s-0030-1269862
http://bjsm.bmj.com/

29  Reurink G, Goudswaard GJ, Moen MH, et al. Myotoxicity of injections for acute 34 Mehallo CJ, Drezner JA, Bytomski JR. Practical management: nonsteroidal
muscle injuries: a systematic review. Sports Med 2014;44:943-56. antiinflammatory drug (NSAID) use in athletic injuries. Clin J Sport Med

30  Nguyen RT, Borg-Stein J, McInnis K. Applications of platelet-rich plasma in 2006;16:170-4.
musculoskeletal and sports medicine: an evidence-based approach. PM R 35 Paoloni JA, Milne C, Orchard J, et al. Non-steroidal anti-inflammatory drugs in
2011;3:226-50. sports medicine: guidelines for practical but sensible use. Br J Sports Med

31 Andia |, Sanchez M, Maffulli N. Platelet rich plasma therapies for sports muscle 2009;43:863-5.
injuries: any evidence behind clinical practice? Expert Opin Biol Ther 36  Urso ML. Anti-inflammatory interventions and skeletal muscle injury: benefit or
2011;11:509-18. detriment? J Appl Physiol (1985) 2013;115:920-8.

32 Middleton KK, Barro V, Muller B, et al. Evaluation of the effects of platelet-rich 37  Ziltener JL, Leal S, Fournier PE. Non-steroidal anti-inflammatory drugs for athletes:
plasma (PRP) therapy involved in the healing of sports-related soft tissue injuries. an update. Ann Phys Rehabil Med 2010;53:278-88.
lowa Orthop J 2012;32:150-63. 38  Aubut JA, Marshall S, Bayley M, et al. A comparison of the PEDro and Downs and

33 Hamid MS, Yusof A, Mohamed Ali MR. Platelet-rich plasma (PRP) for acute muscle Black quality assessment tools using the acquired brain injury intervention literature.
injury: a systematic review. PLoS ONE 2014;9:e90538. Neuro Rehabilitation 2013;32:95-102.

10 of 10 Pas HIMFL, et al. Br J Sports Med 2015;49:1197—1205. doi:10.1136/bjsports-2015-094879

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

" Jooyosaboysnwselq
V11-Z39 uswiredaq 1e G20z ‘2T aunr uo /wod fwg wslgy:dny woly papeojumod "ST0Z AINC TZ U0 6/8760-5T0Z-S10ds[g/9eTT 0T Sse paysiignd 1s1iy :paiN suods [ g


http://dx.doi.org/10.1007/s00167-010-1265-3
http://dx.doi.org/10.1007/s40279-014-0186-6
http://dx.doi.org/10.1016/j.pmrj.2010.11.007
http://dx.doi.org/10.1517/14712598.2011.554813
http://dx.doi.org/10.1371/journal.pone.0090538
http://dx.doi.org/10.1097/00042752-200603000-00015
http://dx.doi.org/10.1136/bjsm.2009.059980
http://dx.doi.org/10.1152/japplphysiol.00036.2013
http://dx.doi.org/10.1016/j.rehab.2010.03.001
http://bjsm.bmj.com/

	Efficacy of rehabilitation (lengthening) exercises, platelet-rich plasma injections, and other conservative interventions in acute hamstring injuries: an updated systematic review and meta-analysis
	Abstract
	Introduction
	Materials and methods
	Literature search
	Study selection
	Data extraction
	Quality assessment
	Data synthesis

	Results
	Literature search
	Description of the included studies
	Quality assessment
	Participants
	Interventions and outcomes
	Data synthesis
	Meta-analysis: lengthening exercises (also referred to as ‘rehabilitative’ for the general reader)
	Meta-analysis: PRP

	Descriptive synthesis
	Progressive agility and trunk stabilisation
	Stretching
	Sacroiliac manipulation
	Non-steroidal anti-inflammatory drugs
	PRP injections


	Discussion
	Main findings
	Physical therapeutic interventions
	Platelet-rich plasma
	Other interventions
	Limitations
	Updated clinical relevance: what should be implemented in clinical practice
	Future directions
	Conclusion

	References


