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ABSTRACT
The study aimed to describe which criteria are used by medical 
and performance practitioners in elite European football to pro
gress players through different stages of rehabilitation following 
a hamstring strain injury. Practitioners from European football 
clubs from five first-division leagues (Bundesliga, La Liga, Ligue 
1, Premier League, Serie A) were invited to participate in an online 
survey developed in English using the online software 
QuestionPro. The survey was divided into two parts: part one (six 
questions) aimed to analyse demographic and job roles; part two 
(six questions) presented two clinical cases. In total, 25 surveys 
were completed. The participants were asked to rate on a Likert 
scale from “Not important” to “Very important” the following 
criteria for the Return-to-high-speed-running, Return-to-training 
and Return-to-performance phases: Time since injury, Absence of 
pain, Hamstring flexibility, Askling H-Test, Negative Magnetic 
Resonance Imaging (MRI) (injury fully healed), Psychological readi
ness, Isometric strength, Eccentric strength (Nordics test), 
Isokinetic test, Single leg bridge (maximal number of repetitions), 
Jump tests, Completion of progressive on-field exposure (internal 
and external training load), Ability to run at maximal speed, 
Repeated sprint ability test, Global Position System (GPS) metrics 
equivalent to match requirements. We found that practitioners 
used a variety of criteria across the different stages. This hetero
geneity highlights the need for a multidisciplinary approach to 
return-to-play (RTP) decision-making across all the phases, espe
cially when rehabilitating an intramuscular hamstring tendon 
injury. Overall, the practitioners felt the need for a greater number 
and higher specificity of tests during the rehabilitation progres
sion for the intramuscular tendon than the myotendinous junction 
injury.
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HIGHLIGHTS

● Hamstring injuries are not all the same and can affect different 
muscles, areas, and biological tissues.

● Readiness to RTP needs to be assessed with a more significant 
number and higher specificity of tests during the rehabilitation 
of an intramuscular tendon than a myotendinous junction ham
string injury.

● The variety and heterogeneity of the available RTP criteria high
light the need for a multidisciplinary approach to RTP decision- 
making across all the rehabilitation phases.

Introduction

Hamstring strain injuries (HSIs) represent the most prevalent injury in professional foot
ball. Despite the efforts of researchers and practitioners, the number of HSIs has increased 
from 12% to 24% over the last twenty-one years (Ekstrand et al., 2023). Injuries have been 
reported to have a negative impact on football clubs’ performance (Hägglund et al., 2013) 
and this is associated with an estimated loss of approximately 45 million pounds 
per season due to injury-related decrements in performance (Eliakim et al., 2020). 
Ekstrand et al. (2023) reported that 18% of the total number of recorded HSIs in 
European football were re-injuries. Pollock et al. (2016) reported a variable number of re- 
injury rates up to 63% in sports.

The return-to-play (RTP) involves a complex procedure of preparing an injured athlete 
for competition again, ensuring that the likelihood of further injury is as low as possible 
(Shrier et al., 2014). RTP is not an isolated final decision at the end of the rehabilitation 
process but a continuum where criteria are used throughout to inform stage progression 
up to the return to performance (Ardern et al., 2016). In a survey on RTP following a HSI in 
professional football, 95% of the Premier League teams interviewed reported basing their 
practice on an RTP continuum model (Dunlop et al., 2020). However, the lack of guidelines 
and high-quality studies to determine the most appropriate RTP criteria following 
a hamstring injury in professional football (Pecci et al., 2026; Pernaet al., 2024) has pushed 
researchers to ask medical and performance practitioners about their opinions and daily 
practice. Delvaux et al. (2013) administered a questionnaire to thirty-seven sports medi
cine physicians to rate the importance of fourteen RTP criteria. Dunlop et al. (2020) utilized 
an online survey to ask medical and performance practitioners worldwide to rate RTP 
criteria in each stage of the RTP continuum. van der Horst et al. (2017) conducted a Delphi 
study with fifty-eight clinical and academic experts in the field of HSI management in 
football to reach a consensus on the RTP criteria to include and exclude. Zambaldi et al. 
(2017) interviewed clinicians from the medical departments of twenty English profes
sional football clubs – the experts reached a consensus on twelve RTP criteria.

Re-injury rate and the time to RTP are likely associated with the type of HSI (Brukner & 
Connell, 2016; Entwisle et al., 2017; Lempainen et al., 2018). Muscle injuries that extend 
into the tendon have shown a higher recurrence rate and a longer time to RTS in elite 
track and field athletes (Pollock et al., 2016), professional Australian rules football players 
(Comin et al., 2013), and professional players in English football (Shamji et al., 2021; Tears 
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et al., 2022). In a recent narrative review on the implications of an intramuscular tendon 
injury of the hamstring muscles, Kerin et al. (2023) concluded that the evidence is still 
conflicting when looking at time to RTP and re-injury rate. Similarly, in a systematic review 
on RTP following a muscle injury with intramuscular tendon involvement, the authors 
concluded that there is no strong evidence that this injury would lead to a longer time to 
RTP. Still, the percentage of the cross-sectional area of tendon disruption, presence of 
waviness and loss of tendon tension on magnetic resonance imaging (MRI) showed 
moderate evidence for a longer time to RTP (Beattie et al., 2023).

One of the reasons for the high variability in re-injury rate and time to RTP (called 
return to sport in some other context) might be the type of HSI and the different 
anatomical structures involved (Brukner & Connell, 2016; Entwisle et al., 2017; 
Lempainen et al., 2018). Despite the relevance and the challenges of this topic in profes
sional football, there is little evidence of the best criteria to clear players to progress 
through phases of rehabilitation and return to performance and how the type of HSI can 
alter the decision-making process. Therefore, the aims of this paper are, firstly, to describe 
which criteria are used by medical and performance practitioners in elite European foot
ball to progress players through different stages of rehabilitation following an HSI and, 
secondly, to understand the difference in RTP criteria selection between myotendinous 
HSI and HSI that involve the intramuscular tendon.

Methods

Participants

Practitioners from European football clubs from five first-division leagues (Bundesliga, La 
Liga, Ligue 1, Premier League, Serie A) were invited to participate. Between 
12 December 2023 and 29 February 2024, the participants were recruited via email, 
personal contact, messaging (i.e., Whatsapp), and social media (i.e., Linkedin, Instagram, 
Facebook, and X). The survey was completed by members of the Sports Science and 
Medicine departments who have worked with the first team of the included clubs over the 
last five years. A total of 25 practitioners decided to take part. League, job role, and years 
of experience are summarized in Table 1.

Study design

The study was designed as a cross-sectional web-based survey. The purpose and objective 
were to understand what criteria practitioners working at the elite level of European 

Table 1. Practitioners’ league, current role, and years of experience.
League n % Current role n % Experience n %

Bundesliga (Germany) 1 4.00% Medical doctor 2 6.67% <1 year 0 0.00%
La Liga (Spain) 6 24.00% Osteopath 2 6.67% 1 to 5 years 6 24.00%
Ligue 1 (France) 0 0.00% Physiotherapist 13 43.33% 6 to 10 years 7 28.00%
Premier League (England) 9 36.00% Sports scientist 2 6.67% >10 years 12 48.00%
Serie A (Italy) 9 36.00% Sports therapist 7 23.33%

Strength and conditioning coach 3 10.00%
Other 1 3.33%
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football use to decide on rehabilitation progression and clear players to return to 
performance. The survey was developed in English using the online software 
QuestionPro (https://www.questionpro.com/). The study authors designed the survey 
questions with the support of football peers and experts in the field. Four researchers 
and football practitioners pilot-tested the survey before its official release and provided 
feedback. The study adhered to the Declaration of Helsinki and received approval from 
the Human Research Ethics Committee (University of Suffolk), protocol number RETH(S) 
23/030. Before the start of the survey, the participants received written information about 
the objectives, the content, and the data storage of the study. Participants gave informed 
consent for data analysis and publication. Participation was anonymous and voluntary. 
Responses with insufficient information were excluded.

Survey content

The survey was divided into two parts: part one (six questions) aimed to analyse demo
graphic and job roles; part two (six questions) presented two clinical cases of hamstring 
injuries. These cases (Case 1 and Case 2) were used to understand practitioners’ decision- 
making across the rehabilitation phases in specific HSI scenarios. Case 1 described a 21- 
year-old professional football player who suffered a biceps femoris injury at the myoten
dinous junction graded “2b” on MRI according to the British Athletics Muscle Injury 
Classification (BAMIC). Case 2 described a 21-year-old professional football player who 
suffered a biceps femoris intramuscular tendon injury graded “3c” on MRI, according to 
the BAMIC. For each case, participants were asked to rate the importance of the proposed 
criteria with a 5-point Likert scale (from “not important” to “very important”) throughout 
the following three phases: Return-to-high-speed running, which indicates the progres
sion from a gym-based phase of the rehabilitation to running on-field up to high-speed, 
Return-to-train which indicates the progression from individual on-field rehabilitation 
sessions to unrestricted team training, and Return-to-performance which indicates the 
progression from unrestricted team training to playing competitive matches (Dunlop 
et al., 2020). Definitions are reported in Table 2. The survey content is available in the 
supplementary material.

Statistical analysis

A descriptive analysis of the results was completed and reported following the 
checklist for reporting results of Web surveys (CHERRIES). All responses from 
QuestionPro were exported into a customized Excel spreadsheet (Microsoft Corp, 
Redmond, WA, USA) for analysis. Descriptive statistics for demographic 

Table 2. Criteria definition for return to play.
Phase Definition

Return-to-high-speed 
running

The progression from a gym-based phase of the rehabilitation to running on-field up to 
high speed.

Return-to-train The progression from individual on-field rehabilitation sessions to unrestricted team 
training.

Return-to-performance The progression from unrestricted team training to return to playing competitive 
matches.
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characteristics were presented. Data were analysed using a range of descriptive 
statistics (calculation of the mean, standard deviation, absolute and relative fre
quencies). Frequencies were determined for each Likert-type scale or close-ended 
question response. All participants were included in each analysis. A criterion was 
deemed relevant for the specific rehabilitation phase if more than 70% of the 
participants selected either the option “important” or “very important” for the 
specific criterion in that phase.

Results

In total, surveys (n = 25) were completed. The participants worked in the Bundesliga 
(n = 1, 4%), La Liga (n = 6, 24%), Premier League (n = 9, 36%), and Serie A (n = 9, 36%). 
From these participants, 2 (7%) were medical doctors, 2 osteopaths (7%), 13 phy
siotherapists (43%), 2 sports scientists (7%), 7 sports therapists (23%), 3 strength and 
conditioning coaches (10%), and 1 other (3%). The majority of practitioners listed 
their experience as >10 years (n = 12, 48%), followed by 6 to 10 years (n = 7, 28%) 
and 1 to 5 years (n = 6, 24%). None of the participants had less than one-year 
experience. The information is summarized in Table 1. Other demographic informa
tion (gender and highest academic degree) can be found in the supplementary 
material.

Return to high-speed-running

In case study 1, more than 70% of the participants rated the following tests as either 
“important” or “very important” criteria for the return to high-speed-running: Absence of 
pain (88%), Hamstring flexibility (78%), Psychological readiness (84%), Eccentric strength 
(Nordics) (84%), and Completion of progressive on-field exposure (internal and external 
training load) (92%). Similarly, in case study 2, the participants rated: Absence of pain 
(96%), Hamstring flexibility (84%), Psychological readiness (84%), Eccentric strength 
(Nordics) (80%), and Completion of progressive on-field exposure (internal and external 
training load) (76%), but the following tests were also considered important: Time since 
injury (92%), Askling H-test (76%), and Isometric strength (88%). The criteria reaching 
agreement for case study 1 and 2 are summarized in Tables 3 and 4.

Table 3. Criteria for reaching an agreement for case study 1 and the percentage of agreement. GPS: 
global positioning system.

Return-to-high-speed running Return-to-train Return-to-performance

Absence of pain (88%) 
Hamstring flexibility (78%) 
Psychological readiness (84%) 
Nordics (84%) 
Completion of progressive on-field 
exposure (internal and external 
training load) (92%)

Absence of pain (100%) 
Psychological readiness (92%) 
Nordics (92%) 
Completion of progressive on-field 
exposure (internal and external 
training load) (100%) 
Ability to run at maximal speed 
(100%) 
Repeated sprint ability test (72%)

Absence of pain (96%) 
Psychological readiness (92%) 
Nordics (84%) 
Completion of progressive on-field 
exposure (internal and external 
training load) (100%) 
Ability to run at maximal speed 
(100%) 
Repeated sprint ability test (88%) 
GPS metrics equivalent to match 
requirements (100%)

RESEARCH IN SPORTS MEDICINE 5



Return-to-train

In case study 1, Absence of pain (100%), Psychological readiness (92%), Isometric strength 
(72%), Eccentric strength (Nordics) (92%), Completion of progressive on-field exposure 
(internal and external training load) (100%), Ability to run at maximal speed (100%), and 
Repeated sprint ability test (72%) were considered important criteria for the return-to- 
train phase . In case study 2, the following criteria were considered important: Time since 
injury (88%), Absence of pain (96%), Hamstring flexibility (77%), Askling H-Test (76%), 
Psychological readiness (96%), Isometric strength (80%), eccentric strength (Nordics) 
(88%), Completion of progressive on-field exposure (internal and external training load) 
(100%), Ability to run at maximal speed (100%), Repeated sprint ability test (84%), and GPS 
metrics equivalent to match requirement (84%).

Return-to-performance

In case study 1, Absence of pain (96%), Psychological readiness (92%), Eccentric strength 
(Nordics) (84%), Completion of progressive on-field exposure (internal and external training 
load) (100%), Ability to run at maximal speed (100%), Repeated sprint ability test (88%), and 
GPS metrics equivalent to match requirements (100%) were rated as the most important 
criteria for the RTP phase. In case study 2, Time since injury (72%), Absence of pain (96%), 
Hamstring flexibility (72%), Negative MRI (Injury fully healed) (80%), Psychological readiness 
(100%), Isometric strength (72%), Eccentric strength (Nordics) (88%), Completion of pro
gressive on-field exposure (internal and external training load) (100%), Ability to run at 
maximal speed (100%), Repeated sprint ability test (84%), and GPS metrics equivalent to 
match requirements (100%) were considered the most important criteria for the RTP.

Discussion

This paper aimed to describe which criteria are used by medical and performance 
practitioners in elite male European football to progress players through different stages 
of rehabilitation following HSIs and to understand the difference in RTP criteria selection 

Table 4. Criteria for reaching an agreement for case study 2 and the percentage of agreement. GPS: 
global positioning system; MRI: magnetic resonance imaging.

Return-to-high-speed running Return-to-train Return-to-performance

Absence of pain (96%) 
Time since injury (92%) 
Hamstring flexibility (84%) 
Askling H-Test (76%) 
Psychological readiness (84%) 
Isometric strength (88%) 
Nordics (80%) 
Completion of progressive on-field 
exposure (internal and external 
training load) (76%)

Absence of pain (96%) 
Time since injury (88%) 
Hamstring flexibility (77%) 
Askling H-Test (76%) 
Psychological readiness (96%) 
Isometric strength (80%) 
Nordics (88%) 
Completion of progressive on-field 
exposure (internal and external 
training load) (100%) 
Ability to run at maximal speed 
(100%) 
Repeated sprint ability test (84%) 
GPS metrics equivalent to match 
requirements (84%)

Absence of pain (96%) 
Time since injury (72%) 
Hamstring flexibility (72%) 
Negative MRI (injury fully healed) 
(80%) 
Psychological readiness (100%) 
Isometric strength (72%) 
Nordics (88%) 
Completion of progressive on-field 
exposure (internal and external 
training load) (100%) 
Ability to run at maximal speed 
(100%) 
Repeated sprint ability test (84%) 
GPS metrics equivalent to match 
requirements (100%)
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between a myotendinous and intratendinous HSI. We found that practitioners used 
a variety of criteria across the different stages according to the expected level of the 
players. For example, field-based criteria were more commonly used during the late 
stages of rehabilitation, while clinical and gym-based testing were more prevalent in 
the initial return to running phase. This survey study presented two clinical scenarios of 
professional footballers with different hamstring injuries graded on MRI with the BAMIC 
classification. Overall, the practitioners felt that more tests were needed to decide on 
rehabilitation progression for the intramuscular tendon injury than for the myotendinous 
junction injury. This idea that a more complex injury with a higher re-injury rate and 
a more extended period of modification in training requires a higher number of criteria 
and testing was previously described in track and field athletes (Macdonald et al., 2019). 
Also, a recent commentary has highlighted that the injury location, the anatomy of the 
injury, and the mechanism of injury should be considered when determining RTP criteria 
(Perna et al., 2025).

Among the most commonly used clinical criteria, we found time since injury, absence 
of pain, and restoring hamstring flexibility. The practitioners in our study did not find 
“time since injury” an important RTP criterion during the rehabilitation of a “2b” hamstring 
injury, while they considered this criterion important to progress through all three 
different phases of the rehabilitation continuum of a hamstring injury with intramuscular 
tendon involvement. Studies from different sports have highlighted how injuries graded 
“c” on MRI have a longer time to RTP: athletics (McAleer et al., 2022; Pollock et al., 2016), 
rugby (Kerin et al., 2024), Australian football (Eggleston et al., 2020), and football (Cohen 
et al., 2011; McAuley et al., 2022; Shamji et al., 2021; Tears et al., 2022). A recent systematic 
review has shown the high risk of bias in the studies on this topic and the need for future 
research on the time to RTP in intramuscular tendon injuries (Beattie et al., 2023). 
Regarding absence of pain, the participants considered this criterion as important in the 
proposed clinical scenarios in all three RTP phases (return-to-high-speed running, return- 
to-train, and return to performance). Previous research in professional football have 
described similar results, for instance, in the Delvaux et al. (2013) study, the interviewed 
physicians from professional football clubs ranked “complete pain relief” as the first and 
most important criterion for RTP (Delvaux et al., 2013). Similarly, van der Horst et al. (2017) 
reported that the practitioners of their Delphi study considered important the absence of 
pain “on palpation of the hamstrings, during strength and flexibility testing, and during or 
after functional performance” (van der Horst et al., 2017). A systematic review of RTP 
criteria in sports also highlighted that rehabilitation progression and RTP decisions are 
largely based on players’ perception of pain (Hickey et al., 2017). A recent scoping review 
on the criteria to return to high-speed running described the absence of pain as common 
practice to clear players to returning to run at those speeds (Perna et al., 2026). Although 
the practitioners felt that it was important to be pain-free across all phases, it is clear that 
pain should not be present when high speeds are introduced during on-field rehabilita
tion. Therefore, this clinical marker should be cleared earlier than return-to-performance 
before exposing the hamstring muscles to actions that will increase their activation. While 
restoring hamstring flexibility was considered an important criterion in all three phases of 
intramuscular tendon injury, it was only important in the return-to-high-speed-running 
phase in the first clinical scenario. Restoration of hamstring flexibility has often been 
described in the literature as an important criterion for RTP following a hamstring injury 
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(Delvaux et al., 2013; Hickey et al., 2017; van der Horst et al., 2017; Zambaldi et al., 2017). 
However, the experts of a recent consensus statement on hamstring injuries failed to 
agree on using hamstring flexibility as a Return-to-Sports criterion (Paton et al., 2023).

Some tests can be used as criteria for progressing players from one phase to another, 
for instance, Askling H-Test, isometric strength test, eccentric strength, isokinetic test, 
single leg bridge and jump test. The Askling H-Test is a validated test to measure ham
string active flexibility and apprehension following an HSI (Askling et al., 2010). This 
criterion reached the importance threshold (70%) only in the return to high-speed 
running and return-to-train of the intramuscular tendon injury scenario and was not 
considered important in all three phases of the myotendinous injury scenario. The 
Askling H-test has shown promising results as a criterion for RTP to minimize the risk of 
hamstring re-injury in football (0.8%) (Askling et al., 2013) and athletics (3%) (Askling et al.,  
2014). A recent narrative review has highlighted the higher recurrence rate in intramus
cular tendon injuries than in other HSI, with reported re-injury rates of 17–20% (Kerin 
et al., 2023; Van Der Made, Almusa, Reurink, et al., 2018; Van der Made, Almusa, Whiteley, 
et al., 2018). The combination of the higher re-injury rates in intramuscular tendon injuries 
and the positive results of the Askling H-Test as a RTP criterion to prevent an injury 
recurrence might explain the importance given to this test only for the intramuscular 
tendon case. Another commonly used criterion is the isometric strength test, which was 
considered important for the return-to-train in the first scenario and all the phases of 
the second scenario. Practitioners commonly use isometric training during sports injury 
rehabilitation, especially in the first phase when forces can be produced within pain-free 
joint angles. It has also gained popularity thanks to specific characteristics such as the 
analgesic effect, the positive transfer to performance and injury prevention, and the 
changes in tendon stiffness and health (Oranchuk et al., 2019). The positive impact on 
tendon health and strength makes isometric training an effective component of tendon 
injury rehabilitation (Macdonald et al., 2019). Therefore, this may be the reason why the 
majority of the practitioners found it more important to use isometric strength criteria 
during the intramuscular tendon injury case than the myotendinous case. Isometric 
strength measures have been described as common criteria for returning to high-speed 
running in football (Perna et al., 2026). The results from this survey confirm what is 
currently present in the literature. Eccentric strength assessed with the Nordics test was 
considered important for all the phases in both scenarios. The Nordics test is a valid 
measure of eccentric strength (Bishop et al., 2022) and is commonly used by practitioners 
in professional sports. The broad use of this test is based on extensive research on the use 
of the Nordic hamstring exercise (NHE) to prevent hamstring injuries (Ekstrand et al., 2022) 
and eccentric strength in rehabilitation (Perna, De Keijzer, et al., 2024). Therefore, it is 
unsurprising that practitioners felt it was important to evaluate eccentric strength 
throughout the rehabilitation and use this information to inform progression to the 
next phase. Despite the importance given to isokinetic and Nordics strength measures, 
the Isokinetic test did not reach the importance threshold for any of the phases in both 
scenarios. Although the isokinetic test is widely used in football as an RTP criterion, 
especially after anterior cruciate ligament reconstruction (ACLR) (Van Der Horst & 
Denderen, 2022), the evidence as an RTP criterion following a hamstring injury in profes
sional football is still controversial with the normalization of eccentric strength not being 
correlated to successful RTP and low re-injury rates (Tol et al., 2014).
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The final two tests included in this survey are, the single leg bridge (maximal number of 
repetitions) and the countermovement jump (CMJ). In this survey, the single-leg bridge 
test did not reach the importance threshold for any of the phases in both scenarios. These 
results disagree with the opinion of the Delphi study by van der Horst et al. (2017) on RTP 
criteria after hamstring injuries in football (van der Horst et al., 2017). Moreover, the jump 
tests did not reach the importance threshold for any of the phases in both scenarios. The 
CMJs are used in professional sports and football as a performance (Anicic et al., 2023; 
Quagliarella et al., 2011) and neuromuscular fatigue indicator (Beattie et al., 2021; Nedelec 
et al., 2014). Therefore, players are often required to perform this test during a football 
season for different purposes. There is no evidence of the use of jump testing as an RTP 
criterion in professional football, but there is evidence that a previous injury can nega
tively impact CMJ performance (Hart et al., 2019).

The need for a negative MRI (injury fully healed) was considered important only as 
a return-to-performance criterion in the intramuscular tendon scenario. The use of MRI is 
increasing in professional sports, and medical practitioners are requesting more imaging 
to diagnose and predict lay-off time following a HSI (Reurink et al., 2015). The MRI’s 
important role in muscle injury diagnosis is widely accepted in elite athletes (Isern- 
Kebschull et al., 2022), while the prognostic and RTP criterion roles have limited and 
conflicting evidence. Several studies have reported using MRI to inform the decision on 
RTP (Baldock et al., 2021; Isern-Kebschull et al., 2022; Kerin et al., 2023; Taberner et al.,  
2022). The presence of the following signs on MRI at the moment of RTP following an 
intramuscular tendon injury might increase re-injury risk: transversal and/or mixed con
nective tissue gap, loss of tendon tension, intermuscular oedema, callus gap, interstitial 
feather oedema pattern, ongoing high signal, and discontinuity within the injured tendon 
(Baldock et al., 2021; Isern-Kebschull et al., 2022). Although there is emerging evidence 
supporting the use of MRI in the late stages of intramuscular tendon hamstring injury 
rehabilitation to help the RTP decision-making process in alignment with the participants’ 
responses in this study, this criterion remains controversial as other studies showed that 
resolution of intramuscular tendon injuries is not necessary for a successful RTP 
(Vermeulen et al., 2021).

Psychological readiness was rated important for all the phases in both scenarios. This 
aspect of the RTP is widely considered an essential factor in achieving successful rehabi
litation outcomes in sports rehabilitation (Aizawa et al., 2020; Ardern et al., 2016; Kaplan & 
Witvrouw, 2019) and in professional football (van der Horst et al., 2017; Zambaldi et al.,  
2017). Despite the agreement on the importance of psychological readiness when decid
ing on RTP, there is limited evidence and understanding of the instruments to assess it. 
There is a pressing need to validate tools to measure psychological readiness objectively 
and provide accessible information for practitioners involved in RTP decisions in profes
sional football.

Completing progressive on-field exposure was considered important for all the 
phases in both scenarios. The importance of gradual and appropriate on-field rehabi
litation in football is greatly supported in the literature (Armitage et al., 2022, 2024). In 
particular, there is a need to be specific in the progression following a hamstring injury 
to address all the GPS metrics and technical skills required (Jiménez-Rubio et al., 2019; 
Perna et al., 2026; Taberner & Cohen, 2018). The most reported metrics in the literature 
for a running progression following a hamstring injury are high-speed running, sprint 
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distance, acceleration, and deceleration. This survey’s participants also believed that 
achieving GPS metrics equivalent to match requirements was important for return-to- 
performance in the first scenario and for return-to-train and return-to-performance in 
the second scenario.

The ability to run at maximal speed and use the “Repeated sprint ability test” were 
considered important for return-to-train and return-to-performance in both scenarios. 
Return to maximal speed running represents an important milestone in hamstring on- 
field rehabilitation. Many studies have described sprinting as the most prevalent 
mechanism for hamstring injuries (Aiello et al., 2023; Danielsson et al., 2020; 
Gronwald et al., 2022; Jokela et al., 2022; Kerin et al., 2022). During high-speed 
running, the hamstring muscles are required to produce great force (Kalkhoven 
et al., 2023; Schache et al., 2012). The gym-based rehabilitation can partially prepare 
the muscles for these forces because of the lower electromyographical activation of 
the hamstring muscles during common rehabilitation exercises (van den Tillaar et al.,  
2017). Preparing players to reach maximal speed and to be able to repeatedly perform 
sprints are key performance indicators and could be considered a “vaccine” against re- 
injury (Edouard et al., 2019).

Limitations

We acknowledge that only experts’ opinions have been provided. Therefore, new and 
emerging evidence should update the current opinions. Furthermore, we recognize the 
potential responder bias due to the responders’ prior knowledge and beliefs and the 
authors’ network, which might have influenced their responses. The idea of this study was 
to ask staff working in elite male senior European football about the RTP criteria they 
believed were the most important during different phases of the rehabilitation. The 
responses were individual and did not reflect a specific club view. Due to the high profile 
required to participate in the study and the survey length, a small number of participants 
were reached. This sample represents a small percentage of the practitioners working at 
the top level of European football in the medical and performance fields. Therefore, this 
study does not provide criteria selection guidelines, but highlights practices and ideas 
that could help practitioners in their daily practice.

Conclusions

This study analyses RTP criteria following a hamstring injury in professional football across 
different rehabilitation phases and compares the results of two clinical scenarios. 
Hamstring injuries are not all the same and can affect different muscles, areas, and 
biological tissues. The respondents in our survey have highlighted the need to assess 
the players’ readiness to RTP in more detail and with a greater number and higher 
specificity of tests during the rehabilitation of an intramuscular tendon compared to 
a myotendinous junction hamstring injury. The criteria proposed were a combination of 
clinical, psychological, functional, and performance, both gym-based and on-field. This 
variety and heterogeneity highlight the need for a multidisciplinary approach to RTP 
decision-making across all the phases, especially when rehabilitating an intramuscular 
tendon hamstring injury.

10 P. PERNA ET AL.



Acknowledgements

The authors would like to thank the survey respondents. We acknowledge Nikolaos Asimakidis, 
Jordi Vicens Borda, Kevin de Kejzer, and Roberto Ziggiotti for piloting the survey and providing 
feedback. We also acknowledge Dr Hannah Levi’s contribution to the psychological readiness 
section.

Author contributions

CRediT: Paolo Perna: Conceptualization, Data curation, Formal analysis, Investigation, 
Methodology, Project administration, Resources, Software, Validation, Visualization, Writing – origi
nal draft, Writing – review & editing; Fearghal Kerin: Methodology, Supervision, Validation, Writing 
– review & editing; Lasse Lempainen: Methodology, Supervision, Validation, Writing – review & 
editing; Marco Beato: Conceptualization, Data curation, Methodology, Project administration, 
Supervision, Validation, Writing – original draft, Writing – review & editing.

Disclosure statement

No potential conflict of interest was reported by the authors.

ORCID

Paolo Perna http://orcid.org/0009-0002-0528-3145
Marco Beato http://orcid.org/0000-0001-5373-2211

References

Aiello, F., DiClaudio, C., Fanchini, M., Impellizzeri, F. M., McCall, A., Sharp, C., & Brown, S. J. (2023). Do 
non-contact injuries occur during high-speed running in elite football? Preliminary results from 
a novel GPS and video-based method. Journal of Science & Medicine in Sport, 26(9), 
S1440244023001809. https://doi.org/10.1016/j.jsams.2023.07.007  

Aizawa, J., Hirohata, K., Ohji, S., Ohmi, T., Koga, H., & Yagishita, K. (2020). Factors associated with 
psychological readiness to return to sports with cutting, pivoting, and jump-landings after 
primary ACL reconstruction. Orthopaedic Journal of Sports Medicine, 8(11), 232596712096448.  
https://doi.org/10.1177/2325967120964484  

Anicic, Z., Janicijevic, D., Knezevic, O. M., Garcia-Ramos, A., Petrovic, M. R., Cabarkapa, D., & 
Mirkov, D. M. (2023). Assessment of countermovement jump: What should we report? Life, 13 
(1), 190. https://doi.org/10.3390/life13010190  

Ardern, C. L., Glasgow, P., Schneiders, A., Witvrouw, E., Clarsen, B., Cools, A., Gojanovic, B., Griffin, S., 
Khan, K. M., Moksnes, H., Mutch, S. A., Phillips, N., Reurink, G., Sadler, R., Grävare Silbernagel, K., 
Thorborg, K., Wangensteen, A., Wilk, K. E., & Bizzini, M. (2016). 2016 consensus statement on 
return to sport from the first World Congress in Sports Physical Therapy, Bern. British Journal of 
Sports Medicine, 50(14), 853–864. https://doi.org/10.1136/bjsports-2016-096278  

Armitage, M., McErlain-Naylor, S. A., Devereux, G., Beato, M., & Buckthorpe, M. (2022). On-field 
rehabilitation in football: Current knowledge, applications and future directions. Frontiers in 
Sports and Active Living, 4, 970152. https://doi.org/10.3389/fspor.2022.970152  

Armitage, M., McErlain-Naylor, S. A., Devereux, G., Beato, M., Iga, J., McRobert, A., Roberts, S., & 
Buckthorpe, M. (2024). On-field rehabilitation in football: Current practice and perceptions. 
A survey of the English Premier League and Football League. Science and Medicine in Football, 
1–10. https://doi.org/10.1080/24733938.2024.2313529  

RESEARCH IN SPORTS MEDICINE 11

https://doi.org/10.1016/j.jsams.2023.07.007
https://doi.org/10.1177/2325967120964484
https://doi.org/10.1177/2325967120964484
https://doi.org/10.3390/life13010190
https://doi.org/10.1136/bjsports-2016-096278
https://doi.org/10.3389/fspor.2022.970152
https://doi.org/10.1080/24733938.2024.2313529


Askling, C. M., Nilsson, J., & Thorstensson, A. (2010). A new hamstring test to complement the 
common clinical examination before return to sport after injury. Knee Surgery, Sports 
Traumatology, Arthroscopy, 18(12), 1798–1803. https://doi.org/10.1007/s00167-010-1265-3  

Askling, C. M., Tengvar, M., Tarassova, O., & Thorstensson, A. (2014). Acute hamstring injuries in 
Swedish elite sprinters and jumpers: A prospective randomised controlled clinical trial comparing 
two rehabilitation protocols. British Journal of Sports Medicine, 48(7), 532–539. https://doi.org/10. 
1136/bjsports-2013-093214  

Askling, C. M., Tengvar, M., & Thorstensson, A. (2013). Acute hamstring injuries in Swedish elite 
football: A prospective randomised controlled clinical trial comparing two rehabilitation 
protocols. British Journal of Sports Medicine, 47(15), 953–959. SPORTDiscus with Full Text.  
https://doi.org/10.1136/bjsports-2013-092165  

Baldock, J., Wright, S., McNally, E., & Wedatilake, T. (2021). Intratendinous hamstring injuries: 
Sequential MRIs as a tool to reduce the risk of reinjury in elite sport. BMJ Case Reports, 14(11), 
e241365. https://doi.org/10.1136/bcr-2020-241365  

Beattie, C. E., Barnett, R. J., Williams, J., Sim, J., & Pullinger, S. A. (2023). Are return-to-play times longer 
in lower-limb muscle injuries involving the intramuscular tendon? A systematic review. Journal of 
Science & Medicine in Sport, 26(11), S1440244023004231. https://doi.org/10.1016/j.jsams.2023.10. 
002  

Beattie, C. E., Fahey, J. T., Pullinger, S. A., Edwards, B. J., & Robertson, C. M. (2021). The sensitivity of 
countermovement jump, creatine kinase and urine osmolality to 90-min of competitive 
match-play in elite English Championship football players 48-h post-match. Science and 
Medicine in Football, 5(2), 165–173. https://doi.org/10.1080/24733938.2020.1828614  

Bishop, C., Manuel, J., Drury, B., Beato, M., & Turner, A. (2022). Assessing eccentric hamstring strength 
using the NordBord: Between-session reliability and interlimb asymmetries in professional soccer 
players. The Journal of Strength and Conditioning Research, 36(9), 2552–2557. https://doi.org/10. 
1519/JSC.0000000000004303  

Brukner, P., & Connell, D. (2016). ‘Serious thigh muscle strains’: Beware the intramuscular tendon 
which plays an important role in difficult hamstring and quadriceps muscle strains. British Journal 
of Sports Medicine, 50(4), 205–208. https://doi.org/10.1136/bjsports-2015-095136  

Cohen, S. B., Towers, J. D., Zoga, A., Irrgang, J. J., Makda, J., Deluca, P. F., & Bradley, J. P. (2011). 
Hamstring injuries in professional football players: Magnetic resonance imaging correlation with 
return to play. Sports Health: A Multidisciplinary Approach, 3(5), 423–430. SPORTDiscus with Full 
Text. https://doi.org/10.1177/1941738111403107  

Comin, J., Malliaras, P., Baquie, P., Barbour, T., & Connell, D. (2013). Return to competitive play after 
hamstring injuries involving disruption of the central tendon. The American Journal of Sports 
Medicine, 41(1), 111–115. SPORTDiscus with Full Text.https://doi.org/10.1177/0363546512463679  

Danielsson, A., Horvath, A., Senorski, C., Alentorn-Geli, E., Garrett, W. E., Cugat, R., Samuelsson, K., & 
Hamrin Senorski, E. (2020). The mechanism of hamstring injuries - a systematic review. BMC 
Musculoskeletal Disorders, 21(1), 641. https://doi.org/10.1186/s12891-020-03658-8  

Delvaux, F., Rochcongar, P., Bruyère, O., Bourlet, G., Daniel, C., Diverse, P., Reginster, J.-Y., & 
Croisier, J.-L. (2013). Return-to-play criteria after hamstring injury: Actual medicine practice in 
professional soccer teams. British Journal of Sports Medicine, 47(10), e3.53–e3. https://doi.org/10. 
1136/bjsports-2013-092558.57  

Dunlop, G., Ardern, C. L., Andersen, T. E., Lewin, C., Dupont, G., Ashworth, B., O’Driscoll, G., Rolls, A., 
Brown, S., & McCall, A. (2020). Return-to-play practices following hamstring injury: A worldwide 
survey of 131 Premier League football teams. Sports Medicine, 50(4), 829–840. https://doi.org/10. 
1007/s40279-019-01199-2  

Edouard, P., Mendiguchia, J., Guex, K., Lahti, J., Samozino, P., & Morin, J.-B. (2019). Sprinting: 
A potential vaccine for hamstring injury?

Eggleston, L., McMeniman, M., & Engstrom, C. (2020). High-grade intramuscular tendon disruption in 
acute hamstring injury and return to play in Australian football players. Scandinavian Journal of 
Medicine and Science in Sports, 30(6), 1073–1082. https://doi.org/10.1111/sms.13642  

Ekstrand, J., Bengtsson, H., Walden, M., Davison, M., & Hagglund, M. (2022). Still poorly adopted in 
male professional football: But teams that used the Nordic hamstring exercise in team training 

12 P. PERNA ET AL.

https://doi.org/10.1007/s00167-010-1265-3
https://doi.org/10.1136/bjsports-2013-093214
https://doi.org/10.1136/bjsports-2013-093214
https://doi.org/10.1136/bjsports-2013-092165
https://doi.org/10.1136/bjsports-2013-092165
https://doi.org/10.1136/bcr-2020-241365
https://doi.org/10.1016/j.jsams.2023.10.002
https://doi.org/10.1016/j.jsams.2023.10.002
https://doi.org/10.1080/24733938.2020.1828614
https://doi.org/10.1519/JSC.0000000000004303
https://doi.org/10.1519/JSC.0000000000004303
https://doi.org/10.1136/bjsports-2015-095136
https://doi.org/10.1177/1941738111403107
https://doi.org/10.1177/0363546512463679
https://doi.org/10.1186/s12891-020-03658-8
https://doi.org/10.1136/bjsports-2013-092558.57
https://doi.org/10.1136/bjsports-2013-092558.57
https://doi.org/10.1007/s40279-019-01199-2
https://doi.org/10.1007/s40279-019-01199-2
https://doi.org/10.1111/sms.13642


had fewer hamstring injuries - a retrospective survey of 17 teams of the UEFA elite club injury 
study during the 2020-2021 season. BMJ Open Sport and Exercise Medicine, 8(3), e001368. https:// 
doi.org/10.1136/bmjsem-2022-001368  

Ekstrand, J., Bengtsson, H., Waldén, M., Davison, M., Khan, K. M., & Hägglund, M. (2023). Hamstring 
injury rates have increased during recent seasons and now constitute 24% of all injuries in men’s 
professional football: The UEFA elite club injury study from 2001/02 to 2021/22. British Journal of 
Sports Medicine, 57(5), 292–298. https://doi.org/10.1136/bjsports-2021-105407  

Eliakim, E., Morgulev, E., Lidor, R., & Meckel, Y. (2020). Estimation of injury costs: Financial damage of 
English Premier League teams’ underachievement due to injuries. BMJ Open Sport and Exercise 
Medicine, 6(1), e000675. https://doi.org/10.1136/bmjsem-2019-000675  

Entwisle, T., Ling, Y., Splatt, A., Brukner, P., & Connell, D. (2017). Distal musculotendinous T junction 
injuries of the biceps femoris: An MRI case review. Orthopaedic Journal of Sports Medicine, 5(7), 
232596711771499. https://doi.org/10.1177/2325967117714998  

Gronwald, T., Klein, C., Hoenig, T., Pietzonka, M., Bloch, H., Edouard, P., & Hollander, K. (2022). 
Hamstring injury patterns in professional male football (soccer): A systematic video analysis of 
52 cases. British Journal of Sports Medicine, 56(3), 165–171. https://doi.org/10.1136/bjsports-2021- 
104769  

Hägglund, M., Waldén, M., Magnusson, H., Kristenson, K., Bengtsson, H., & Ekstrand, J. (2013). Injuries 
affect team performance negatively in professional football: An 11-year follow-up of the UEFA 
Champions League injury study. British Journal of Sports Medicine, 47(12), 738–742. https://doi. 
org/10.1136/bjsports-2013-092215  

Hart, L. M., Cohen, D. D., Patterson, S. D., Springham, M., Reynolds, J., & Read, P. (2019). Previous 
injury is associated with heightened countermovement jump force-time asymmetries in profes
sional soccer players. Translational Sports Medicine, 2(5), 256–262. https://doi.org/10.1002/tsm2. 
92  

Hickey, J. T., Timmins, R. G., Maniar, N., Williams, M. D., & Opar, D. A. (2017). Criteria for progressing 
rehabilitation and determining return-to-play clearance following hamstring strain injury: 
A systematic review. Sports Medicine, 47(7), 1375–1387. https://doi.org/10.1007/s40279-016- 
0667-x  

Isern-Kebschull, J., Pedret, C., Mechó, S., Pruna, R., Alomar, X., Yanguas, X., Valle, X., Kassarjian, A., 
Martínez, J., Tomas, X., & Rodas, G. (2022). Mri findings prior to return to play as predictors of 
reinjury in professional athletes: A novel decision-making tool. Insights into Imaging, 13(1), 203.  
https://doi.org/10.1186/s13244-022-01341-1  

Jiménez-Rubio, S., Navandar, A., Rivilla-García, J., & Paredes-Hernández, V. (2019). Validity of an 
on-field readaptation program following a hamstring injury in professional soccer. Journal of 
Sport Rehabilitation, 28(6). https://doi.org/10.1123/jsr.2018-0203  

Jokela, A., Valle, X., Kosola, J., Rodas, G., Til, L., Burova, M., Pleshkov, P., Andersson, H., Pasta, G., 
Manetti, P., Lupón, G., Pruna, R., García-Romero-Pérez, A., & Lempainen, L. (2022). Mechanisms of 
hamstring injury in professional soccer players: Video analysis and magnetic resonance imaging 
findings. Clinical Journal of Sport Medicine, Publish Ahead of Print. https://doi.org/10.1097/JSM. 
0000000000001109  

Kalkhoven, J. T., Lukauskis-Carvajal, M., Sides, D. L., McLean, B. D., & Watsford, M. L. (2023). 
A conceptual exploration of hamstring muscle-tendon functioning during the late-swing phase 
of sprinting: The importance of evidence-based hamstring training frameworks. Sports Medicine, 
53(12), 2321–2346. https://doi.org/10.1007/s40279-023-01904-2  

Kaplan, Y., & Witvrouw, E. (2019). When is it safe to return to sport after ACL reconstruction? 
Reviewing the criteria. Sports Health: A Multidisciplinary Approach, 11(4), 301–305. https://doi. 
org/10.1177/1941738119846502  

Kerin, F., Farrell, G., Tierney, P., McCarthy Persson, U., De Vito, G., & Delahunt, E. (2022). Its not all 
about sprinting: Mechanisms of acute hamstring strain injuries in professional male rugby 
union-a systematic visual video analysis. British Journal of Sports Medicine, 56(11), 608–615.  
https://doi.org/10.1136/bjsports-2021-104171  

Kerin, F., O’Flanagan, S., Coyle, J., Curley, D., Farrell, G., Persson, U. M., De Vito, G., & Delahunt, E. 
(2024). Are all hamstring injuries equal? A retrospective analysis of time to return to full training 

RESEARCH IN SPORTS MEDICINE 13

https://doi.org/10.1136/bmjsem-2022-001368
https://doi.org/10.1136/bmjsem-2022-001368
https://doi.org/10.1136/bjsports-2021-105407
https://doi.org/10.1136/bmjsem-2019-000675
https://doi.org/10.1177/2325967117714998
https://doi.org/10.1136/bjsports-2021-104769
https://doi.org/10.1136/bjsports-2021-104769
https://doi.org/10.1136/bjsports-2013-092215
https://doi.org/10.1136/bjsports-2013-092215
https://doi.org/10.1002/tsm2.92
https://doi.org/10.1002/tsm2.92
https://doi.org/10.1007/s40279-016-0667-x
https://doi.org/10.1007/s40279-016-0667-x
https://doi.org/10.1186/s13244-022-01341-1
https://doi.org/10.1186/s13244-022-01341-1
https://doi.org/10.1123/jsr.2018-0203
https://doi.org/10.1097/JSM.0000000000001109
https://doi.org/10.1097/JSM.0000000000001109
https://doi.org/10.1007/s40279-023-01904-2
https://doi.org/10.1177/1941738119846502
https://doi.org/10.1177/1941738119846502
https://doi.org/10.1136/bjsports-2021-104171
https://doi.org/10.1136/bjsports-2021-104171


following BAMIC type ‘C’ and T-junction injuries in professional men’s rugby union. Scandinavian 
Journal of Medicine and Science in Sports, 34(2), e14586. https://doi.org/10.1111/sms.14586  

Kerin, F., O’Flanagan, S., Coyle, J., Farrell, G., Curley, D., McCarthy Persson, U., De Vito, G., & 
Delahunt, E. (2023). Intramuscular tendon injuries of the hamstring muscles: A more severe 
variant? a narrative review. Sports Medicine - Open, 9(1), 75. https://doi.org/10.1186/s40798-023- 
00621-4  

Lempainen, L., Kosola, J., Pruna, R., Puigdellivol, J., Sarimo, J., Niemi, P., & Orava, S. (2018). Central 
tendon injuries of hamstring muscles: Case series of operative treatment. Orthopaedic Journal of 
Sports Medicine, 6(2), 232596711875599. https://doi.org/10.1177/2325967118755992  

Macdonald, B., McAleer, S., Kelly, S., Chakraverty, R., Johnston, M., & Pollock, N. (2019). Hamstring 
rehabilitation in elite track and field athletes: Applying the British Athletics muscle injury 
classification in clinical practice. British Journal of Sports Medicine, 53(23), 1464–1473. https:// 
doi.org/10.1136/bjsports-2017-098971  

McAleer, S., Macdonald, B., Lee, J., Zhu, W., Giakoumis, M., Maric, T., Kelly, S., Brown, J., & Pollock, N. 
(2022). Time to return to full training and recurrence of rectus femoris injuries in elite track and 
field athletes 2010-2019; a 9-year study using the British Athletics Muscle Injury Classification. 
Scandinavian Journal of Medicine and Science in Sports, 32(7), 1109–1118. SPORTDiscus with Full 
Text.https://doi.org/10.1111/sms.14160  

McAuley, S., Dobbin, N., Morgan, C., & Goodwin, P. C. (2022). Predictors of time to return to play and 
re-injury following hamstring injury with and without intramuscular tendon involvement in adult 
professional footballers: A retrospective cohort study. Journal of Science & Medicine in Sport, 25(3), 
216–221. https://doi.org/10.1016/j.jsams.2021.10.005  

Nedelec, M., McCall, A., Carling, C., Legall, F., Berthoin, S., & Dupont, G. (2014). The influence of soccer 
playing actions on the recovery kinetics after a soccer match. The Journal of Strength and 
Conditioning Research, 28(6), 1517–1523. https://doi.org/10.1519/JSC.0000000000000293  

Oranchuk, D. J., Storey, A. G., Nelson, A. R., & Cronin, J. B. (2019). Isometric training and long-term 
adaptations: Effects of muscle length, intensity, and intent: A systematic review. Scandinavian 
Journal of Medicine and Science in Sports, 29(4), 484–503. https://doi.org/10.1111/sms.13375  

Paton, B. M., Read, P., van Dyk, N., Wilson, M. G., Pollock, N., Court, N., Giakoumis, M., Head, P., 
Kayani, B., Kelly, S., Kerkhoffs, G. M. M. J., Moore, J., Moriarty, P., Murphy, S., Plastow, R., Stirling, B., 
Tulloch, L., Wood, D., & Haddad, F. (2023). London international consensus and Delphi study on 
hamstring injuries part 3: Rehabilitation, running and return to sport. British Journal of Sports 
Medicine, 57(5), 278–291. https://doi.org/10.1136/bjsports-2021-105384  

Pecci, J., Van Dyk, N., Myer, G. D., & Sañudo, B. (2026). Return-to-play criteria following lower limb 
muscle injuries in soccer: A systematic review with evidence synthesis. Sports Medicine. https:// 
doi.org/10.1007/s40279-026-02404-9  

Perna, P., De Keijzer, K. L., & Beato, M. (2024). Flywheel resistance training in football: A useful 
rehabilitation tool for practitioners. Frontiers in Sports and Active Living, 6, 1434995. https://doi. 
org/10.3389/fspor.2024.1434995  

Perna, P., Kerin, F., Greig, N., & Beato, M. (2024). Return-to-play criteria following a hamstring injury in 
professional football: A scoping review. Research in Sports Medicine, 33(2):175-194. https://doi. 
org/10.1080/15438627.2024.2439274  

Perna, P., Kerin, F., MacDonald, B., Jokela, A., Lempainen, L., & Beato, M. (2025). Return-to-play criteria 
following a hamstring injury in professional soccer: Time for a tailor-made approach. International 
Journal of Sports Physiology and Performance, 1–5. https://doi.org/10.1123/ijspp.2025-0216  

Perna, P., Picinini, F., Pecci, J., Clemente, F. M., Abbott, W., Buckthorpe, M., & Beato, M. (2026). Return 
to high-speed running after a hamstring injury in soccer. A Scoping Review about Criteria and 
Management of On-Field Rehabilitation, 48(2), 167–176. https://doi.org/10.1519/SSC. 
0000000000000945  

Pollock, N., Patel, A., Chakraverty, J., Suokas, A., James, S. L. J., & Chakraverty, R. (2016). Time to return 
to full training is delayed and recurrence rate is higher in intratendinous (‘c’) acute hamstring 
injury in elite track and field athletes: Clinical application of the British Athletics Muscle Injury 
Classification. British Journal of Sports Medicine, 50(5), 305–310. https://doi.org/10.1136/bjsports- 
2015-094657  

14 P. PERNA ET AL.

https://doi.org/10.1111/sms.14586
https://doi.org/10.1186/s40798-023-00621-4
https://doi.org/10.1186/s40798-023-00621-4
https://doi.org/10.1177/2325967118755992
https://doi.org/10.1136/bjsports-2017-098971
https://doi.org/10.1136/bjsports-2017-098971
https://doi.org/10.1111/sms.14160
https://doi.org/10.1016/j.jsams.2021.10.005
https://doi.org/10.1519/JSC.0000000000000293
https://doi.org/10.1111/sms.13375
https://doi.org/10.1136/bjsports-2021-105384
https://doi.org/10.1007/s40279-026-02404-9
https://doi.org/10.1007/s40279-026-02404-9
https://doi.org/10.3389/fspor.2024.1434995
https://doi.org/10.3389/fspor.2024.1434995
https://doi.org/10.1080/15438627.2024.2439274
https://doi.org/10.1080/15438627.2024.2439274
https://doi.org/10.1123/ijspp.2025-0216
https://doi.org/10.1519/SSC.0000000000000945
https://doi.org/10.1519/SSC.0000000000000945
https://doi.org/10.1136/bjsports-2015-094657
https://doi.org/10.1136/bjsports-2015-094657


Quagliarella, L., Sasanelli, N., Belgiovine, G., Accettura, D., Notarnicola, A., & Moretti, B. (2011). 
Evaluation of counter movement jump parameters in young male soccer players. Journal of 
Applied Biomaterials & Biomechanics, 9(1), 40–46. https://doi.org/10.5301/JABB.2011.7732  

Reurink, G., Brilman, E. G., de Vos, R.-J., Maas, M., Moen, M. H., Weir, A., Goudswaard, G. J., & Tol, J. L. 
(2015). Magnetic resonance imaging in acute hamstring injury: Can we provide a return to play 
prognosis? Sports Medicine, 45(1), 133–146. https://doi.org/10.1007/s40279-014-0243-1  

Schache, A. G., Dorn, T. W., Blanch, P. D., Brown, N. A. T., & Pandy, M. G. (2012). Mechanics of the 
human hamstring muscles during sprinting. Medicine & Science in Sports and Exercise, 44(4), 
647–658. https://doi.org/10.1249/MSS.0b013e318236a3d2  

Shamji, R., James, S. L. J., Botchu, R., Khurniawan, K. A., Bhogal, G., & Rushton, A. (2021). Association of 
the British athletic muscle injury classification and anatomic location with return to full training 
and reinjury following hamstring injury in elite football. BMJ Open Sport and Exercise Medicine, 7 
(2), e001010. https://doi.org/10.1136/bmjsem-2020-001010  

Shrier, I., Safai, P., & Charland, L. (2014). Return to play following injury: Whose decision should it be? 
British Journal of Sports Medicine, 48(5), 394–401. https://doi.org/10.1136/bjsports-2013-092492  

Taberner, M., & Cohen, D. D. (2018). Physical preparation of the football player with an intramuscular 
hamstring tendon tear: Clinical perspective with video demonstrations. British Journal of Sports 
Medicine, 52(19), 1275–1278. https://doi.org/10.1136/bjsports-2017-098817  

Taberner, M., O’keefe, J., Dunn, A., & Cohen, D. D. (2022). Return to sport and beyond following 
intramuscular tendon hamstring injury: A case report of an English Premier League football 
player. Physical Therapy in Sport, 56, 38–47. https://doi.org/10.1016/j.ptsp.2022.05.013  

Tears, C., Rae, G., Hide, G., Sinha, R., Franklin, J., Brand, P., Hasan, F., & Chesterton, P. (2022). The 
British athletics muscle injury classification grading system as a predictor of return to play 
following hamstrings injury in professional football players. Physical Therapy in Sport, 58, 46–51.  
https://doi.org/10.1016/j.ptsp.2022.08.002  

Tol, J. L., Hamilton, B., Eirale, C., Muxart, P., Jacobsen, P., & Whiteley, R. (2014). At return to play following 
hamstring injury the majority of professional football players have residual isokinetic deficits. British 
Journal of Sports Medicine, 48(18), 1364–1369. https://doi.org/10.1136/bjsports-2013-093016  

van den Tillaar, R., Solheim, J. A. B., & Bencke, J. (2017). Comparison of hamstring muscle activation 
during high-speed running and various hamstring strengthening exercises. International Journal 
of Sports Physical Therapy, 12(5), 718–727. https://doi.org/10.26603/ijspt20170718  

van der Horst, N., Backx, F., Goedhart, E. A., & Huisstede, B. M. (2017). Return to play after hamstring 
injuries in football (soccer): A worldwide Delphi procedure regarding definition, medical criteria 
and decision-making. British Journal of Sports Medicine, 51(22), 1583–1591. https://doi.org/10. 
1136/bjsports-2016-097206  

Van Der Horst, N., & Denderen, R. V. (2022). Isokinetic hamstring and quadriceps strength inter
pretation guideline for football (soccer) players with ACL reconstruction: A Delphi consensus 
study in the Netherlands. Science and Medicine in Football, 6(4), 434–445. https://doi.org/10.1080/ 
24733938.2021.2024592  

Van Der Made, A. D., Almusa, E., Reurink, G., Whiteley, R., Weir, A., Hamilton, B., Maas, M., Ngai, A. S. H., 
Moen, M. H., Goudswaard, G. J., & Tol, J. L. (2018). Intramuscular tendon injury is not associated with 
an increased hamstring reinjury rate within 12 months after return to play. British Journal of Sports 
Medicine, 52(19), 1261–1266. https://doi.org/10.1136/bjsports-2017-098725  

van der Made, A. D., Almusa, E., Whiteley, R., Hamilton, B., Eirale, C., van Hellemondt, F., & Tol, J. L. 
(2018). Intramuscular tendon involvement on MRI has limited value for predicting time to return 
to play following acute hamstring injury. British Journal of Sports Medicine, 52(2), 83–88. https:// 
doi.org/10.1136/bjsports-2017-097659  

Vermeulen, R., Almusa, E., Buckens, S., Six, W., Whiteley, R., Reurink, G., Weir, A., Moen, M., 
Kerkhoffs, G. M. M. J., & Tol, J. L. (2021). Complete resolution of a hamstring intramuscular tendon 
injury on MRI is not necessary for a clinically successful return to play. British Journal of Sports 
Medicine, 55(7), 397–402. https://doi.org/10.1136/bjsports-2019-101808  

Zambaldi, M., Beasley, I., & Rushton, A. (2017). Return to play criteria after hamstring muscle injury in 
professional football: A Delphi consensus study. British Journal of Sports Medicine, 51(16), 
1221–1226. https://doi.org/10.1136/bjsports-2016-097131

RESEARCH IN SPORTS MEDICINE 15

https://doi.org/10.5301/JABB.2011.7732
https://doi.org/10.1007/s40279-014-0243-1
https://doi.org/10.1249/MSS.0b013e318236a3d2
https://doi.org/10.1136/bmjsem-2020-001010
https://doi.org/10.1136/bjsports-2013-092492
https://doi.org/10.1136/bjsports-2017-098817
https://doi.org/10.1016/j.ptsp.2022.05.013
https://doi.org/10.1016/j.ptsp.2022.08.002
https://doi.org/10.1016/j.ptsp.2022.08.002
https://doi.org/10.1136/bjsports-2013-093016
https://doi.org/10.26603/ijspt20170718
https://doi.org/10.1136/bjsports-2016-097206
https://doi.org/10.1136/bjsports-2016-097206
https://doi.org/10.1080/24733938.2021.2024592
https://doi.org/10.1080/24733938.2021.2024592
https://doi.org/10.1136/bjsports-2017-098725
https://doi.org/10.1136/bjsports-2017-097659
https://doi.org/10.1136/bjsports-2017-097659
https://doi.org/10.1136/bjsports-2019-101808
https://doi.org/10.1136/bjsports-2016-097131

	Abstract
	Abstract
	Introduction
	Methods
	Participants

	Study design
	Survey content
	Statistical analysis
	Results
	Return to high-speed-running
	Return-to-train
	Return-to-performance

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	Author contributions
	Disclosure statement
	ORCID
	References

