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ABSTRACT
Background To evaluate the efficacy of early versus
delayed introduction of lengthening (ie, eccentric
strengthening) exercises in addition to an established
rehabilitation programme on return to sport duration
for acute hamstring injuries in a randomised controlled
superiority trial.
Methods 90 male participants (age: 18–36 years,
median 26 years) with an MRI-confirmed acute
hamstring injury were randomised into an early
lengthening (at day 1 of rehabilitation) group or a
delayed lengthening (after being able to run at 70%
of maximal speed) group. Both groups received an
established rehabilitation programme. The primary
outcome was time to return to sport (ie, time from injury
to full unrestricted training and/or match play). The
secondary outcome was reinjury rate within 12 months
after return to sport. Other outcomes at return to sport
included the Askling H-test, hamstring strength, clinical
examination and readiness questions.
Results The return to sport in the early lengthening
group was 23 (IQR 16–35) days and 33 (IQR 23–40)
days in the delayed lengthening group. For return to
sport (in days), the adjusted HR for the early lengthening
group compared with the delayed lengthening group
was 0.95 (95% CI 0.56 to 1.60, p=0.84). There was
no significant difference between groups for reinjury
rates within 2 months (OR=0.94, 95% CI 0.18 to 5.0,
p=0.94), from 2 to 6 months (OR=2.00, 95% CI 0.17 to
23.3, p=0.58), and 6 to 12 months (OR=0.57, 95% CI
0.05 to 6.6, p=0.66).
Conclusion Accelerating the introduction of
lengthening exercises in the rehabilitation of hamstring
injury in male athletes did not improve the time to return
to sport nor the risk of reinjury.

INTRODUCTION

An acute hamstring injury is the most common
muscle injury in sports that involves high-
speed
running.1–3 The injury burden is high, not only
from the number of days lost, but also related to
financial costs and overall (team) performance.4–6
Adding insult to injury, hamstring injuries have a
tendency to reinjure early and often.3 7 8 Effective
and safe rehabilitation of acute hamstring injuries is
thus of paramount importance to mitigate the risk
of reinjury and to ensure individual performance
and team success.6 9

A recent review paper on the treatment of acute
hamstring injuries, based on one systematic review
and 11 randomised controlled trials (RCT), showed
that rehabilitation protocols focusing on progressive targeted eccentric hamstring exercises and
progressive running drills seem to result in faster
return to sport and a lower reinjury rate.10 One
of these protocols emphasised exercises at longer
muscle lengths.11 12 These lengthening exercises,
starting from 5 days after injury, improved the time
to return to sports and had a lower reinjury rate
than their conventional counterpart.11 12 However,
it remains unknown what the optimal time is to
introduce lengthening exercises during hamstring
injury rehabilitation. No previous study has looked
at the effect of an early versus a later introduction of lengthening exercises in a rehabilitation
programme.
We therefore designed this trial to compare the
efficacy of early versus delayed introduction of
lengthening exercises11 12 on the time to return to
sport in male athletes with acute hamstring injuries.
Our secondary aim was to compare reinjury rates
between these groups. Our hypothesis was that
the addition of early lengthening exercises would
promote an earlier return to sport after an acute
hamstring injury.

METHODS
Design

This study was a single-
centre, parallel group,
randomised controlled superiority trial conducted
at the Aspetar Orthopaedic and Sports Medicine Hospital in Doha, Qatar (hereafter referred
to as the ‘study centre’) and received no external
funding. The study was registered at Clin.Gov.Trial
(identifier: NCT02104258) before active recruitment commenced. We prepared this manuscript
according to the recommendations of the Consolidated Standards of Reporting Trials statement.13

Participant recruitment

From March 2014, we recruited male athletes with
an acute hamstring injury referred to or presenting
themselves to the Outpatient Department of the
study centre. The study centre provides medical
services to the athletes in Qatar through the
National Sports Medicine Program (NSMP). We
informed all medical doctors and physiotherapists
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Inclusion and exclusion criteria

Inclusion criteria

► Male athletes
► Age 18-50 years
► Acute onset posterior thigh pain when training or competing,

►

►
►
►
►

identified as:
a. Participant-reported sudden event
b. Participant-reported pain in posterior thigh
Clinical diagnosis of an acute hamstring muscle strain injury,
defined as:
a. Localised pain during palpation of hamstring muscle
b. Increasing pain during isometric contraction
c. Localised pain when performing a passive straight leg test
MRI-confirmed isolated hamstring lesion
MRI performed ≤5 days from injury
Available for ≥3 physiotherapy sessions per week at study
centre
Available for follow-up

Exclusion criteria

► Participants with verified or suspected previous hamstring

injury in the same leg within the last 6 months.

► Chronic hamstring problems >2 months
14 15
► Grade III (according to modified Peetrons classification)

injury including complete hamstring disruption or avulsion of
all tendons
► Contraindications to MRI
► Participants that do not have an intention to return to full
sport activity
► Participants that do not want to receive one of the two
therapies

in the study centre and clubs and federations associated with the
NSMP about the study through meetings and informational leaflets and encouraged them to refer athletes with acute hamstring
injuries.

Study participants

An overview of the inclusion and exclusion criteria is presented
in box 1. Sports medicine physicians at the study centre assessed
male athletes with clinical signs and MRI confirmed findings of
an acute grade I-II (according to a modified Peetrons grading
system14 15) hamstring muscle injury for eligibility. The coordinating researcher provided information about the study. All
athletes that met the eligibility criteria, agreed to participate and
signed the informed consent were included.

Randomisation

We randomised participants into two groups using a computer-
generated, random allocation sequence generated by an independent statistician. We allocated participants into one of two
treatment groups in blocks with a random size.16 In each block,
participants were equally divided between the two treatment
groups. We obtained baseline clinical data, demographic data
and informed consent before randomisation. We randomised
eligible participants with a concealed and sequentially numbered
envelope containing the generated allocation. These envelopes
were opened by the treating physiotherapist at the appropriate
time (see online supplemental figure S1).
2

Blinding, roles and responsibilities

Three subsequent coordinating researchers were responsible for
managing the entire process of each participant from inclusion
to discharge and follow-up. They were blinded to the allocated
intervention of the participants and treatment provided by the
treating physiotherapist, but not to the radiological diagnosis.
One of the coordinating researchers (AW) also treated athletes
with acute hamstring injuries. If she treated a study participant,
she remained blinded to the assessments of the sports medicine
physician, the blinded assessors and the radiological diagnosis,
but not to the allocated intervention. Blinding was otherwise
ensured as follows:
The treating sports medicine physician acted as the overall
case manager and was blinded to the allocated intervention of
the participants, the treatment provided by treating physiotherapist and to the examinations performed by the blinded assessors.
Blinded assessors performed the standardised initial clinical
examinations and the final standardised return to sports examinations. They were blinded to the assessments of the sports
medicine physician, the allocated intervention of the participants, the treatment provided by the treating physiotherapist
and to the radiological diagnosis.
The treating physiotherapist performed standardised clinical
assessments17 as part of the daily treatment but did not perform
the initial clinical examination or the final return to sports
examination. They were blinded to the assessments of the sports
medicine physician, the blinded assessors and the radiological
diagnosis.
The radiologist scoring the MRIs was blinded to all clinical
information and assessments.
Due to the length of the study period, we had three different
coordinating researchers. AW was the coordinating researcher
from 2013 to 2015, AvdM from 2015 to 2016 and RV from
2016 to 2020 RV. A pool of 10 independent physiotherapists
were available to perform blinded assessments.

MRI

All participants had an MRI within 5 days of their injury. MRI
was conducted on a 1.5 T magnet (Magnetom Espree, Siemens,
Erlangen, Germany). The participant was lying supine with a
phased-array surface coil and two-body matrix coils strapped
over the injured posterior thigh. We first obtained coronal and
axial fast-spin echo proton density weighted images (PDw, TR/
TE 2800/28–30 ms, FOV 240–300 mm, slice thickness 4–5 mm,
a 307×384 matrix and ETL 6–9). Subsequently, we obtained
coronal and axial fast-spin echo PDw fat-saturated images (PD-
FS, coronal TR/TE 3310-4670/27-28 ms, FOV 240–300 mm,
slice thickness 4 mm, a 256×320 matrix and ETL 7–8).18 19 The
MRIs were scored using a standardised scoring form by a musculoskeletal radiologist (EA) with 15 years of experience. This form
included the modified Peetrons grading (grade 0-III),14 15 location of the injury (the most involved muscle), oedema dimensions (craniocaudal length and cross-sectional area), distance of
oedema from the ischial tuberosity (to the cranial pole of the
oedema and to the highest signal intensity) and the presence and
extent of intramuscular tendon injury.

Treatment groups (early lengthening vs delayed lengthening)

Both groups received a similar standard criteria-
based rehabilitation programme. This programme is a structured and
standardised version of the rehabilitation programme that has
been described previously.17 19 The only difference between
the treatment groups was the introduction of the lengthening
Vermeulen R, et al. Br J Sports Med 2022;0:1–9. doi:10.1136/bjsports-2020-103405
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Box 1
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Abbreviated description of the treatment protocol stages, progression and differences between treatment groups
Delayed lengthening exercises

Physiotherapy stage 1: low load exercises and the lengthening exercises were introduced in this
stage. Examples include: manual resisted isometric knee flexion with and without shank rotation
in varying ranges of knee flexion, active unresisted through range knee flexion/extension in prone,
exercise bike, two and one legged squats.
Criteria to progress to stage 2: pain-free single leg squat and 5 min of stationary cycling at a power
output of 150% bodyweight in Watt.

Physiotherapy stage 1: low load exercises were introduced in this stage. Examples include: manual
resisted isometric knee flexion with and without shank rotation in varying ranges of knee flexion,
active unresisted through range knee flexion/extension in prone, exercise bike, two and one legged
squats.
Criteria to progress to stage 2: pain-free single leg squat and 5 min of stationary cycling at a power
output of 150% bodyweight in Watt.

Physiotherapy stage 2: the running protocol was introduced and the exercises of stage 1 were
progressed.
Criteria to progress to stage 3: able to run pain-free at more than 70% of self-rated maximal speed

Physiotherapy stage 2: the running protocol was introduced and the exercises of stage 1 were
progressed.
Criteria to progress to stage 3: able to run pain free at more than 70% of self-rated maximal speed.

Physiotherapy stage 3: running protocol was progressed and modified T-drill was introduced and
progressed. The Nordic hamstring exercise was introduced and exercises from previous stages were
progressed.
Criteria to progress to sports-specific stages: able to run pain-free at 100% self-rated speed in both
the linear running and the modified T-drill.

Physiotherapy stage 3: the lengthening exercises were introduced in this stage. Running protocol
was progressed and modified T-drill was introduced and progressed. The Nordic hamstring exercise
was introduced and exercises from previous stages were progressed.
Criteria to progress to sports-specific stages: able to run pain free at 100% self-rated speed in both
the linear running and the modified T-drill.

Sports-specific stage 4, 5 and 6: progressive sports-specific on field training that mimicked training Sports-specific stage 4, 5 and 6: progressive sports-specific on field training that mimicked training
and game situations. Emphasis on running, sprinting, change of direction and sports-specific skills.
and game situations. Emphasis on running, sprinting, change of direction and sports-specific skills.
Criteria to progress to return to sport assessment: complete a stage 6 training without pain.
Criteria to progress to return to sport assessment: complete a stage 6 training without pain.

exercises11 12 at different time points. In the early lengthening
group, the lengthening exercises11 12 were introduced on day one
of rehabilitation. In the delayed lengthening group, the lengthening exercises11 12 were introduced after meeting the criteria of
being able to run at more than 70% of self-rated maximal speed
(rehabilitation programme stage three). The standard criteria-
based rehabilitation programme for both groups is described
below.

Standardised rehabilitation programme

The hamstring rehabilitation programme, developed and established at the study centre, is a standardised, criteria-based rehabilitation programme with six stages of progression and a large
emphasis on return to high speed running. The protocol includes
three physiotherapy-based stages and three sports-specific stages.
The contents and progression criteria of the stages have been
described previously.20 Overall progression is based on clinical
reasoning through objective and subjective daily measures.17 The
range of motion of exercises was progressed up until the participant started to indicate pain or discomfort.17 Exercises were
stopped if a participant reported an increase in pain. An in-depth
explanation of the protocol can also be found in the online
supplemental material and online at https://bitly/2JqYGTD. See
table 1 for a short description of the different stages, progression
criteria and main difference between the treatment groups. The
Askling lengthening exercises used were the diver, the extender
and the slider (see figure 1). The original Askling RCTs used
these exercises to load the hamstrings at extensive muscle lengthening mainly during eccentric muscle actions.11 12

Primary outcome measure

The primary outcome measure was time to return to sport,
defined as: ‘number of days from injury until return to full unrestricted training and/or match play’.2 11

Secondary outcome measures

The secondary outcome measure was rate of reinjury, defined
as: ‘an acute hamstring strain injury at the same site as the
previous injury occurring within two, six, and 12 months from
return to sport’.21 We verbally informed participants to contact
us or present themselves in case of any hamstring reinjury or
increase of pain after return to sport. Standard follow-up for
the secondary outcome was done by telephone at two, six and
12 months after return to sport. The coordinating researcher
enquired if they had suffered a reinjury or recurrence of symptoms in the period preceding the telephone call.

Other outcome measures (at baseline and return to sport)

All participants were assessed by an independent and blinded
sports physiotherapist (with at least 3 years of experience)
prior to the start of the intervention and at discharge. The
assessments included demographics, patient history taking and
clinical examination. Return to sport assessment was done as
soon as a participant finalised their last sports-specific training
session and included additional measurements such as isokinetic
muscle strength testing,20 the Nordic hamstring exercise test,22
a dynamic flexibility H-test23 and subjective questions regarding
participant readiness (see online supplemental table S4). Prior
to commencing this study, we conducted familiarisation sessions
with the assessors to ensure proper and standardised execution
of testing procedures.

Return to sports decision

The treating sports medicine physician saw our participants for
a final return to sports assessment after they completed their
return to sport examinations by the blinded assessor. A decision-
based return to sport model was used by the sports medicine
physicians as a guideline.24 This model included several elements
such as the consideration of medical factors. An example of
a medical factor would be the successful and asymptomatic
completion of one of the rehabilitation protocols. In keeping
with this model, the final decision was guided by these medical
factors but also included consideration of sport risk modifiers
and decision modifiers.24 Participants were advised to gradually
return to match play.

Primary outcome consensus
Figure 1 The lengthening exercises (in order from left to right; the
extender, the diver and the slider).
Vermeulen R, et al. Br J Sports Med 2022;0:1–9. doi:10.1136/bjsports-2020-103405

We held two consensus meetings to agree on return to sports
dates for every participant as per our study protocol’s definition.
These meetings were not originally described in our protocol
3
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Early lengthening exercises
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Compliance

We took a pragmatic approach to calculate overall compliance
with rehabilitation. Participants were advised to attend 5 days
per week (ie, a maximum possible attendance of 5 days per week
with no treatments over weekends). The days between the date
of the first blinded assessment and the date of last attendance of
sports-specific training was deemed the maximum possible attendance. This was juxtaposed against the actual number of days
attended, which was recorded by the coordinating researcher,
and calculated as a percentage of compliance up to 100%. The
maximum possible attendance was adjusted on a case by case
basis if participants were enrolled during a religious holiday
(due to governmental mandated closing of operations) or had
physiotherapy on weekends. We did not calculate compliance
for censored participants.

Sample size

We predefined our sample size calculation and based it on previously published data from our study group.19 The mean time
to return to sport for athletes with acute hamstring injuries at
the study centre was 25.4 days, with a SD of 10.0 days. For
a clinically relevant improvement, we chose an effect size of
at least 25% (ie, 6.6 days; in most sports this means one extra
match played). Assuming an alpha level of 0.05 and beta of 0.2,
a sample size of 40 participants in each treatment group was
needed. We compensated for a predicted loss to follow-up of
around 10% and included a total of 90 participants.

Statistical methods

Normality of data was assessed visually by histograms, Q–Q
plots and, if necessary, by using the Shapiro-Wilk test. Baseline
characteristics between groups were analysed with the independent t-test or the Mann-Whitney U for continuous variables or
the χ2 test for categorical variables.
The primary outcome (days to return to sport) was evaluated
on an intention-to-treat basis using a Cox proportional hazards
regression analysis. The proportional hazards assumption was
checked using a log–log plot. Baseline characteristic differences (p<0.05) between the group were adjusted for if they
changed the outcome (hazard ratio (HR)) by more than 10%.25
4

Figure 2 Participant flow chart.

Participants were censored at their last available data point if
they were lost to follow-up before return to sport. We performed
a sensitivity analysis to test the robustness of the treatment effect
found in the primary outcome analysis. In the sensitivity analysis,
the censored cases were considered to not have reached return to
sport until 12 months (365 days) follow-up (worst case scenario).
Time-
to-
event curves were calculated with the Kaplan-
Meier
method and presented as a one minus cumulative survival plot
from the one minus survival function. The secondary outcome
measures reinjury within 2, 6 and 12 months were evaluated
with a logistic regression analysis. Other outcome variables
were evaluated for a difference between the treatment groups
at return to sport. We used appropriate parametric (independent
t-test) or non-parametric (Mann-Whitney U) tests for continuous
variables and categorical data (χ2 test).
A standard operating procedure was available to clean the
data. After final statistical analysis by a blinded statistician, we
held a consensus meeting to review and interpret the blinded
results. The coordinating researcher RV did not partake in this
consensus meeting as he was not blinded to allocation after data
entry. Only after consensus was reached did we unblind the
treatment groups. After unblinding, no changes were applied to
the interpretation of the results.
All analyses were performed using SPSS (SPSS, V.21.0 for
Windows).

RESULTS
Study participants and follow-up

From March 2014 through December 2018, we assessed 198
participants for eligibility. We included and randomised 90
participants into one of the two treatment arms (see figure 2).
Participants were equally divided between the two intervention
groups. The last follow-up was completed in February 2020,
after which the trial ended. Two participants were excluded post
Vermeulen R, et al. Br J Sports Med 2022;0:1–9. doi:10.1136/bjsports-2020-103405
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(see ‘Discussion’). No clinical (eg, injury dates) or demographic
information was used in this consensus. The primary, secondary
and other outcome measures were not part of this consensus.
We used the following decision algorithm: (1) if the final sports
specific training session and discharge by the sports medicine
physician was performed on different days, the day of final
specific training was decided as the date of return to
sports-
sport, (2) if a participant decided to play a game or fully train
with their team before discharge, this was noted as the self-
decided return to sport and a deviation from protocol, (3) if a
participant stopped coming (ie, lost to follow-up) or for some
reason did not complete the protocol, they were censored at the
latest date they were seen for physiotherapy (days from injury
until last physiotherapy session were calculated outside of this
consensus). Censoring was performed for its use in our primary
outcome statistical model (see below). Online supplemental
table S1 describes the characteristics of the participants, reasons
for censoring and censoring outcome. Online supplemental table
S2 describes the characteristics of the participants, consensus on
return to sport date per the above described decision algorithm
and the return to sport in days (note: the return to sport in days
was not part of the consensus).

Original research

Primary outcome: time to return to sport

The median time to return to sport of the early lengthening
group was 23 days (IQR 16–35) and 33 days (IQR 23–40) in the
delayed lengthening group. The median difference between the
groups was 8 (95% CI 0 to 14) days (Cohen’s d=0.39).27

Unadjusted and adjusted Cox regression analysis

Based on the unadjusted Cox regression, the HR for the early
lengthening group versus delayed lengthening group was 1.15
(95% CI 0.72 to 1.84, p=0.57; see figure 3). Based on the
adjusted Cox regression, the HR for the early lengthening group
versus delayed lengthening group was 0.95 (95% CI 0.56 to
1.60, p=0.84).

Sensitivity analysis: unadjusted and adjusted COX regression
analysis

Based on the unadjusted Cox regression, the HR for the early
lengthening group versus the delayed lengthening group was
0.91 (CI95% 0.57 to 1.46, p=0.70). Based on the adjusted Cox
regression, the HR for the early lengthening group versus the
delayed lengthening group was 0.82 (95% CI 0.49 to 1.37,
p=0.44).

Secondary outcome: reinjuries at 2, 6 and 12 months followup

Within 2 months, there were 6 reinjuries (3 (8.3%) early lengthening, 3 (8.8%) delayed lengthening); from 2 to 6 months, there
were 3 reinjuries (1 (3.2%) early lengthening, 2 (6.2%) delayed
lengthening); and from 6 to 12 there were 3 reinjuries (2 (5.9%)
early lengthening, 1 (3.4%) delayed lengthening) (see table 3).
The odds of reinjury within 2 months in the delayed lengthening group were OR=0.94 (95% CI 0.18 to 5.0, p=0.94)
Vermeulen R, et al. Br J Sports Med 2022;0:1–9. doi:10.1136/bjsports-2020-103405

compared with the early lengthening group (see table 2). The
odds of reinjury within 2–6 months in the delayed lengthening
group were OR=2.00 (95% CI 0.17 to 23.3, p=0.58) compared
with the early lengthening group (see table 2). The odds of reinjury within 6–12 months in the delayed lengthening group were
OR=0.57 (95% CI 0.05 to 6.6, p=0.66) compared with the
early lengthening group (see table 3).

Other outcome measures

We found a significant difference between the groups in eccentric
strength of the injured leg. During an eccentric isokinetic dynamometry test at 60°/s, the early lengthening group scored 198
Nm (IQR 175–241) versus 182 Nm (IQR 149–201, p=0.029)
in the delayed lengthening group. We found no significant
differences between the two groups in any of the other outcome
measures (see online supplemental table S4).

DISCUSSION

This RCT showed that accelerating the introduction of lengthening exercises in the rehabilitation of hamstring injury did not
improve the time to return to sport nor the risk of reinjury.

Return to sport times

Our time to return to sports (median 23, IQR 16–35 for early
lengthening and 33, IQR 23–40 days for delayed lengthening)
is comparable to the first Askling RCT using lengthening exercises in football players (mean 28±15 days), but markedly faster
than their second study on track and field athletes (mean 49±26
days).11 12 Time to return to sport varies substantially across
studies. Partly, this can be attributed to the varying definitions
of return to sport, interventions and (sporting) populations,
which makes direct comparisons difficult.28 For example, track
and field athletes have different biomechanical and performance
demands compared with our cohort of predominantly football
players.29–31 Despite these limitations, most other RCTs that use
lengthening exercises32 and/or progressive running19 32 33 in their
programmes have similar return to sport times with a reported
mean ranging from 23.2 to 28.8 days. One other RCT, that
also employed progressive running, reported markedly faster
return to sport times (intervention group 17 days, 95% CI 11
to 24).34 However, since they did not examine cases with MRI,
it is possible that their sample included cases without structural
changes,34 which have a markedly better prognosis than MRI-
positive injuries.35
Timing is the primary difference in this criteria-based study
as compared with other studies that also employ early eccentric work.11 12 34 36 We randomised between an early and late
start of exercises rather than the randomisation between types
of exercises. The two rehabilitation protocols in the Askling
trials included different exercises.11 12 Thus, we do not know
whether it was the timing of the lengthening exercises (which
were introduced from the early rehabilitation) that caused the
positive effect in the L-protocol versus the C-protocol, only that
these exercises were more beneficial than the exercises in the
C-protocol. The Bayer trial used a time-based protocol and they
did not start with dynamic eccentric exercises before week five.36
In the Hickey trial, they compared similar eccentric exercises
(that were initiated early in both groups), but with different pain
threshold. In our study, both protocols were performed within
pain free limit.34
Although we found no statistical difference in return to sport
times, we did observe a potentially clinically relevant difference
in favour of the early lengthening group (median 8, 95% CI 0
5
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randomisation after additional information revealed that they
did not meet the inclusion criteria (grade III injury, previous
hamstring injury in the same leg within 6 months, respectively).
This decision was made after case review by two investigators
(JLT, RB) that were uninvolved in the care of these participants
and blinded to treatment allocation.26 We did not replace these
participants.
Median days from injury until the first Askling exercise was 16
(IQR 11–23) days for the delayed lengthening group and 5 (IQR
3–6) for the early lengthening group. Furthermore, median days
from the first rehabilitation session until the first Askling exercise was 12 (IQR 7–19) days for the delayed lengthening group
and 0 (IQR 0–0) days for the early lengthening group. Median
time to MRI in the whole cohort was 2 days (IQR 1–4).
Baseline characteristics of the remaining 88 participants are
shown in table 2. We adjusted the primary outcome analysis for
the baseline variable ‘Time of injury during match or training’
due to a significant difference between the groups. Seventeen
participants (11 in the early lengthening group and 6 in the
delayed lengthening group) were lost to follow-up before return
to sport (see online supplemental table S1). We censored these
up for the primary outcome
participants at their last follow-
measure. Seventy of the 88 participants (80%) provided data on
reinjury at 2 months and 63 of 88 participants (72%) provided
these data at 2–6 and 6–12 months. The pattern of missing
secondary outcome data overlapped with the censored primary
outcome data. Participants with a censored primary outcome
also accounted for 83% (15) at 2 months, 60% (15) at 6 months
and 56% (14) at 12 months of the missing reinjury data (see
online supplemental table S3).
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Baseline characteristics of participants
Early lengthening (N=44*)

Delayed lengthening (N=44*)

Age (years)

26 (±4)

25 (±5)

Gender (male)

44 (100%)

44 (100%)

 Football

30 (68.2%)

27 (61.4%)

 Futsal

3 (6.8%)

2 (4.5%)

 Handball

4 (9.1%)

5 (11.4%)

 Basketball

4 (9.1%)

4 (9.1%)

 Athletics

1 (2.3%)

4 (9.1%)

 Volleyball

1 (2.3%)

0

 Field hockey

1 (2.3%)

1 (2.3%)

 Rugby

0

1 (2.3%)

 Professional

40 (90.9%)

42 (95.5%)

 Competitive

4 (9.1%)

2 (4.5%)

Previous hamstring injury, n (%)

21 (47.7%)

21 (47.7%)

Previous ipsilateral hamstring injury, n (%)

13 (29.5%)

17 (38.6%)

Previous ipsilateral hamstring autograft for ACL reconstruction, n (%)

2 (4.5%)

0

 Match, n (%)

32 (72.7%)

32 (72.7%)

 Training, n (%)

12 (27.3%)

12 (27.3%)

 Beginning (first quarter)

5 (12.5%)

15 (36.6%)

 Middle (second/third quarter)

16 (40%)

12 (29.3%)

 End (fourth quarter)

19 (47.5%)

14 (34.1%)

 Sprinting

26 (59.1%)

26 (59.1%)

 Stretching

5 (11.4%)

3 (6.8%)

 Kicking/shooting

5 (11.4%)

5 (11.4%)

 High kick

0 (0%)

1 (2.3%)

 Sliding/tackling

3 (6.8%)

0 (0%)

 Other

5 (11.4%)

9 (20.5%)

Dominant leg injured, n (%)

30 (69.8%)

27 (61.4%)

Training per week (in hours)

10.1 (±3.5)

10.6 (±3.6)

Time between injury and start of blinded assessment or rehabilitation (in days)

2 (IQR 2–4)

3.5 (IQR 2–4)

Max pain at time of injury (NRS 0–10)

7 (IQR 6–8)

7.8 (IQR 5.8–9)

Participant predicted RTS (in days)

14 (IQR 10–21)

14 (IQR 10–18)

Participant expectation of performance after recovery (as compared with before injury, in %)

100 (IQR 100–101)

100 (IQR 100–120)

Palpation pain at blinded assessment (yes/no)

40/4

41/3

Length of palpation pain (in cm)

7 (IQR 5.3–12)

8.5 (IQR 6–10.5)

Width of palpation pain (in cm)

4.5 (IQR 3.5–6.8)

5.5 (IQR 4–7.5)

Distance from ischium to maximal painful area on palpation (in cm)

15.6 (±7.4)

13.9 (±7.8)

 PKET relative deficit (in % of uninjured leg)

59.8 (IQR 38.8–86.9)

66.1 (IQR 39.8–91.1)

 SLR relative deficit (in % of uninjured leg)

72.7 (IQR 60.1–93.9)

81.9 (IQR 62.1–91.7)

 MHFAKE relative deficit (in % of uninjured leg)

58 (IQR 40.9–83.9)

59.2 (IQR 19–88)

 Able to do ‘inner’ test (yes/no)

42/2

43/0

 ‘Inner’ position relative deficit (compared with contralateral leg, in %)

73 (IQR 47–81.5)

72.1 (IQR 49.5–82)

 Able to do ‘mid’ test (yes/no)

41/3

44/0

 ‘Mid’ position relative deficit (compared with contralateral leg, in %)

58.8 (±30.7)

50 (±26.3)

 Able to do ‘’outer’ test (yes/no)

41/3

42/2

 ‘Outer’ position relative deficit (compared with contralateral leg, in %)

38.9 (IQR 29.7–53.7)

36.6 (IQR 24.3–56.5)

 Biceps Femoris long head

36 (82%)

37 (84%)

 Biceps femoris short head

0

0

Sports

Level of sports

Injury during

Time of injury during match or training, n (%)

Mechanism of injury, n (%)

Range of motion

Strength

MRI
Injury location, n (%)

Continued
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Continued
Early lengthening (N=44*)

Delayed lengthening (N=44*)

 Semimembranosus

5 (11%)

6 (14%)

 Semitendinosus

3 (7%)

1 (2%)

 Grade I

20 (45%)

18 (41%)

 Grade II

24 (55%)

26 (59%)

Oedema craniocaudal length (in cm)

13.5 (IQR 8.9–19.4)

15.8 (IQR 11.1–22.6)

Cross-sectional area of injury (in % of maximum CSA of the involved muscle)

61.5 (IQR 36.6–86.1)

58.5 (IQR 44.3–85)

 Start of oedema

15.2 (IQR 8.5–22.3)

11.8 (IQR 5.5–20)

 Maximal SI of oedema

23.4 (IQR 15.4–28.4)

22.4 (IQR 16.3–25.8)

Intramuscular tendon involvement, n (%)

26 (59%)

28 (64%)

 0% (no involvement)

18 (40.9%)

16 (36.4%)

 <50% CSA

9 (20.5%)

10 (22.7%)

 50%–99% CSA

9 (20.5%)

12 (27.3%)

 100% CSA

8 (18.2%)

6 (13.6%)

Compliance to rehabilitation (in %)

77 (IQR 60–96)

76 (IQR 63–90)

Grade I/II (modified Peetrons), n (%)

Distance from ischial tuberosity to (in cm):

*For cases that do not add up to 44, data were missing.
ACL, anterior cruciate ligament; CSA, cross-sectional area; Inner, prone knee flexion 90°; MHFAKE, Maximum Hip Flexion Active Knee Extension test; Mid, prone knee flexion 30°;
NRS, Numeric Rating Scale; Outer, supine knee/hip flexion 90°/90; PKET, Passive Knee Extension Test; SI, signal intensity; SLR, Straight Leg Raise test.

to 14 days faster). This difference can be interpreted as the early
lengthening group returning, at worst, at the same time as the
delayed lengthening group and, at best, 14 days faster. These
data must be interpreted with care and in their correct context
(potentially inadequate power). However, we must also recognise that there seem to be no obvious disadvantages to an early
introduction of lengthening exercises.

Reinjury rates

Our reinjury rates within 2 months (8.6%), at 2–6 months
(4.8%) and at 6–12 (4.8%) months are lower than the control
group (using the lengthening exercises) of a recent rehabilitation
RCT by Mendiguchia et al.32 They report a 25% reinjury rate
(6 reinjuries) at 6 months after return to sport. However, our
reinjury rate is higher than the RCTs that originally employed
the lengthening exercises.11 12 They reported no reinjuries in 65
athletes during 12 months of follow-up. An apprehension test
as a criteria to return to sport was used in these studies.11 12 On
average, this test prolonged return to sport by a week. Prolonged
return to sport might be a key factor in their reduced reinjury
rates. Much like comparing return to sport times, comparison of

Figure 3 Cumulative probability of return to sport (in days) of the two
treatment groups. We found no difference between the groups (HR 1.15,
95% CI 0.72 to 1.84, p=0.57).
Vermeulen R, et al. Br J Sports Med 2022;0:1–9. doi:10.1136/bjsports-2020-103405

reinjury rates across studies is difficult due to the low absolute
numbers of reinjuries, relatively small cohort sizes, population
differences, differences in reinjury definitions and differences in
the content of rehabilitation. Perhaps the best comparison we
can make is with the RCT by Hamilton et al.19 This RCT was
done in the same study centre and used a very similar rehabilitation programme, with an additional platelet-rich or platelet-
poor plasma injection.19 Their reinjury rates up to 6 months
(7.4% within 2 months and 2.4% at 6 months, 12 months
not reported) are similar to our current cohort and further
strengthens the confidence our results.19 Similarly to this study,19
almost half of the reinjuries in our cohort happened in the early
(within 2 months) period after return to sport.7

Other outcomes

With similar outcomes of return to sport times and reinjury rates
being achieved across recent RCTs,11 12 19 32 34 other outcomes
during rehabilitation have become increasingly important.
For example, some RCTs have focused more on performance-
based outcomes (eg, sprint performance)32 or on the recovery
of strength and changing muscle architecture.34 Similar to the
intervention group of the RCT by Hickey et al,34 our early
lengthening group had significantly greater eccentric strength at
return to sport than our delayed lengthening group. However,
this finding must be interpreted with caution and placed in its
proper context: none of the other variables presented in online
supplemental table S4 were statistically significantly different
between the groups. We cannot exclude that this was an incidental finding. Larger samples may seek to establish if these
changes are associated with any alterations in reinjury risk.
We did not describe exacerbation of pain during rehabilitation as a variable in our protocol. However, due to its possible
clinical importance and effect on return to sport, we recorded
and reported it descriptively for completeness. We found no
significant difference in exacerbations of pain between the
groups, nor any of the remaining outcomes at return to sport
(see online supplemental table S4). As far as we are aware, this is
the first time this has been reported in a hamstring rehabilitation
RCT. Consensus needs to be achieved on what constitutes an
7
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Primary and secondary outcome measures*
N (valid cases)

Early lengthening

N (valid cases)

Delayed lengthening

Total

Effect size

Return to sport (in days)

38

27.6 95% CI (21.7 to 33.5)

33

33.9 95% CI (28.7 to 39.0)

27 (IQR 17–39)

Cohen’s d=0.39

Reinjury within 2 months

34

3 (8.8%)

36

3 (8.3%)

6 (8.6%)

OR=0.94

Reinjury 2–6 months

31

1 (3.2%)

32

2 (6.2%)

3 (4.8%)

OR=2.00

Reinjury 6–12 months

34

2 (5.9%)

29

1 (3.4%)

3 (4.8%)

Total reinjuries

34

6 (17.6%)

29

6 (20.7%)

12 (19%)

OR=0.57
 

*Valid cases; loss to follow-up has been taken into account.

exacerbation and its nomenclature (eg, any increase in pain? Or
a clinical/radiological worsening of the injury during rehabilitation?). In this study, our net was cast wide and included all of
the above.

Loss to follow-up

For the primary outcome, we had a loss to follow-up rate of
19%, which was more than our predicted 10%. Reasons for
this loss to follow-
up rate included participants leaving the
related drop-
out or
country, compulsory military duty, work-
being unhappy with progression (see online supplemental table
S1). However, in most cases we do not know the reason for loss
to follow-up as, despite repeated attempts, we were not able to
make contact. This rate is higher than a previous study at the
same centre.19 A possible explanation for this could be a form of
self-selection bias, as the previous study offered the possibility of
a platelet-rich plasma injection.

Deviations from protocol/registration

The decision to hold a primary outcome consensus was not
described in our protocol or registration but was decided on
soon after the first randomisations. Our study involved mostly
professional athletes and clinical providers with many responsibilities and therefore strict adherence to study timelines (eg, the
same day return to sport testing, self-decided match play in last
stage of sports-specific training) was not always possible. This
consensus was conducted in accordance to similar studies and to
our primary outcome definition.18 25 Lastly, surface EMG testing
was abandoned due to the very time-consuming nature of the
procedure in an already lengthy assessment process.

Strengths and limitations

The strengths of this study include the randomised and blinded
fashion in which the participants from various sports disciplines
were treated with standardised, intensive, criteria-based rehabilitation. The main limitation is the greater than expected loss
to follow-up (19% instead of the anticipated 10%). We have
addressed this through a consensus-based outcome; however,
this was not described in our preregistered study protocol. We
found a clinically relevant benefit for the early lengthening
group, but due to the loss to follow-up we were potentially
underpowered for a firm conclusion. As only male athletes
were included, generalisability to female athletes is not possible.
Imaging of reinjuries was not a standardisable part of the rehabilitation; thus, we did not know the exact location or extent
of some reinjuries. Bias regarding progression of rehabilitation
could not be excluded as treating clinicians could not feasibly be
blinded to treatment group allocation. We had two postrandomisation exclusions due to mistaken eligibility. This did not risk
introducing bias,26 especially given the fact that grade III injuries
have prolonged return to sport35 and a recent hamstring injury
increases the risk of reinjury substantially.7
8

Key messages
What is already known on this topic?

► Adding hamstring lengthening exercises to a rehabilitation

programme for acute hamstring injuries reduces time to
return to sport and reinjuries. However, it is unknown if
it is optimal to introduce these exercises early or later in
rehabilitation.

What this study adds

► Early introduction of lengthening exercises does not decrease

return to sport times or lower reinjury rates compared with
a delayed introduction. Early introduction of lengthening
exercises is as safe as a delayed introduction.

How might it impact on clinical practice in the future?

► Early introduction of lengthening exercises in hamstring

strain injury is safe, although not associated with meaningful
improvements in the primary outcome (time to return to
sport).

CONCLUSION

Accelerating the introduction of lengthening exercises in the
rehabilitation of hamstring injury did not improve the time to
return to sport nor the risk of reinjury.
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Table S1: Characteristics of participants censored for primary outcome return to Sport (RTS).
Subject ID Age
Sports/level Outcome
Study period timeline
HAR 8
18
Athletics /
RTS
Went back to home country before
Professional
finalising rehabilitation.
Censored: 12 days from injury
HAR 10
32
Hockey /
RTS
Stopped attending rehabilitation and did
Professional
not respond to attempts at contact.
Censored: 12 days from injury
HAR 14
30
Football /
RTS
Unhappy with progression and did not
Professional
want to continue study rehabilitation.
Withdrew from study
Censored: 21 days from injury
HAR 20
26
Field
RTS
Stopped attending rehabilitation and did
Hockey /
not respond to attempts at contact
Professional
Censored: 21 days from injury
HAR 26
30
Football /
RTS
Unhappy with progression and stopped
Professional
rehabilitation. Withdrew from study
Censored: 52 days from injury
HAR 33
24
Handball /
RTS
Stopped attending rehabilitation and did
Professional
not respond to attempts at contact.
Censored: 8 days from injury
HAR 34
24
Handball /
RTS
Stopped attending rehabilitation and did
Professional
not respond to attempts at contact.
Censored: 22 days from injury
HAR 46
19
Football /
RTS
Stopped attending rehabilitation after
Professional
exacerbation in sports-specific training.
Did not respond to attempts at contact.
Censored: 27 days from injury
HAR 57
32
Football /
RTS
Decided to retire from football.
Professional
Censored: 16 days from injury
HAR 63
27
Football /
RTS
Stopped attending rehabilitation and did
Competitive
not respond to attempts at contact
Censored: 8 days from injury
HAR 67
36
Football /
RTS
Stopped attending rehabilitation and did
Professional
not respond to attempts at contact.
Censored: 5 days from injury
HAR 72
30
Football /
RTS
Left the country during rehab.
Competitive
Censored: 18 days from injury
HAR 75
27
Football /
RTS
Stopped attending before start of sportsProfessional
specific training and did not respond to
attempts at contact
Censored: 54 days from injury
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HAR 79

19

Football /
Professional

RTS

HAR 81

24

Futsal /
Professional

RTS

HAR 83

29

Football /
Professional

RTS

HAR 87

34

Football /
Professional

RTS

Br J Sports Med

Stopped attending rehabilitation and did
not respond to attempts at contact
Censored: 54 days from injury
Could not attend rehabilitation anymore
due to work.
Censored: 7 days from injury
Stopped attending rehabilitation and did
not respond to attempts at contact.
Censored: 5 days from injury
Called into army duty and couldn’t attend
rehabilitation anymore
Censored: 34 days from injury

HAR: Hamstring rehabilitation study, RTS: Return to sport
Table S2: characteristics of participants with consensus-based outcome due to deviation from protocol.
Subject ID Age
Sports/level Outcome
Study period timeline
HAR 2
34
Basketball / RTS
Played a game before finalising sportsProfessional
specific training. DNA for return to sports
assessments.
Self-decided return to sport: 18 days
from injury
HAR 7
24
Football /
RTS
Full team training after first sports specific
Professional
session. DNA for return to sports
assessments.
Self-decided return to sport: 16 days
from injury
HAR 18
32
Football /
RTS
Full team training after first sports specific
Professional
session. DNA for return to sports
assessment with SMP
Self-decided return to sport: 21 days
from injury
HAR 23
33
Basketball / RTS
Played games before completing
Professional
rehabilitation.
Self-decided return to sport: 17 days
from injury
HAR 27
27
Football /
RTS
Full team training before sports-specific
Professional
training.
Self-decided return to sport: 29 days
after injury
HAR 35
22
Football /
RTS
Full team training after 1 sports-specific
Professional
session before completing rehabilitation.
Self-decided return to sport: 13 days
from injury
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HAR 38

21

Football /
Professional

RTS

HAR 45

19

Football /
Professional

RTS

HAR 49

25

Futsal /
Professional

RTS

HAR 51

27

Football /
Competitive

RTS

HAR 52

26

Football /
Professional

RTS

HAR 58

27

Rugby /
Professional

RTS

HR 61

25

Handball /
Professional

RTS

HAR 62

31

Football /
Professional

RTS

HAR 66

33

Handball /
Professional

RTS

HAR 68

27

Football /
Professional

RTS

HAR 71

20

Athletics /
Professional

RTS

Br J Sports Med

Played a full game before sports-specific
sessions, club discouraged further
attendance.
Self-decided return to sport: 20 days
from injury
Delayed sports-medicine physician return
to sport assessment.
Date of last sports-specific session
leading: 35 days from injury
Played a full match before sports medicine
physician return to sport assessment and
no show for assessments.
Self-decided return to sport: 7 days
from injury
Stopped attending rehabilitation and
started full team training.
Self-decided return to sport: 43 days
from injury
Played half a game before discharge.
Self-decided return to sport: 8 days
from injury
Delayed sports-medicine physician return
to sport assessment
Date of last sports-specific session
leading: 35 days from injury
Played a match before sports medicine
physician return to sport assessment and
no show for assessment.
Self-decided return to sport: 60 days
from injury
Delayed sports medicine physician return
to sport assessment
Date of last sports-specific session
leading: 16 days from injury
Finished sports-specific training but no
show for return to sports assessments.
Date of last sports-specific session
leading: 23 days from injury
Played match before completing sportsspecific training
Self-decided return to sport: 35 days
from injury
Played match before end of rehab and no
show for return to sport assessments
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Self-decided return to sport: 14 days
from injury
HAR 73
25
Handball /
RTS
Full team training before end of
Professional
rehabilitation
Self-decided return to sport: 55 days
from injury
HAR 76
22
Football /
RTS
Played full match before sports medicine
Professional
physician return to sport assessment.
Self-decided return to sport: 16 days
from injury
HAR 77
23
Handball /
RTS
Return to full team training and match
Professional
play after 1 sports-specific session
Self-decided return to sport: 16 days
from injury
HAR 78
26
Handball /
RTS
Played match before return to sports
Professional
assessments, no show for assessments.
Self-decided return to sport: 28 days
from injury
HAR 80
25
Futsal /
RTS
Delayed sports medicine physician return
Professional
to sport assessment.
Date of last sport-specific session
leading: 33 days from injury
HAR 88
30
Futsal /
RTS
Played multiple matches before return to
Professional
sport assessments, no show for
assessments.
Self-decided return to sport: 34 days
from injury
HAR 89
29
Basketball / RTS
Delayed discharged testing and did full
Professional
training with the team already
Self-decided return to sport: 16 days
from injury
HAR: Hamstring rehabilitation study, DNA: did not appear, SMP: sports medicine physician, RTS:
return to sport
Table S3: Characteristics of participants with missing secondary outcome measures (reinjury rates)
Subject
Age
Sports/level Outcome
Study period timeline
Also censored for
ID
primary outcome
measure?
HAR 2
34
Basketball / Re-injury at 12
Left the country after
No
Professional months
RTS and could not
establish contact.
HAR 8
18
Athletics /
Re-injury at 2, 6, Left the country before
Yes
Professional 12 months
RTS and could not
establish contact.
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HAR 10

32

Hockey /
Professional
Football /
Professional

Re-injury at 2, 6,
12 months
Re-injury at 2, 6,
12 months

HAR 14

30

HAR 20

26

Field
Hockey /
Professional
Football /
Professional

Re-injury at 2, 6,
12 months

HAR 26

30

HAR 33

24

Handball /
Professional
Handball /
Professional
Football /
Professional
Football /
Professional

Re-injury at 2, 6,
12 months
Re-injury at 2, 6,
12 months
Re-injury at 2, 6,
12 months
Re-injury at 6,
12 months

HAR 34

24

HAR 38

21

HAR 42

31

HAR 46

19

Football /
Professional
Futsal /
Professional

Re-injury at 2, 6,
12 months
Re-injury at 6,
12 months

HAR 49

25

HAR 52

26

Football /
Professional

Re-injury at 6,
12 months

HAR 54

18

Football /
Professional

Re-injury at 12
months

HAR 56

22

Handball /
Professional

Re-injury at 12
months

HAR 58

27

HAR 60

26

Rugby /
Professional
Basketball /
Professional

Re-injury at 6,
12 months
Re-injury at 6
months

Re-injury at 2, 6,
12 months

Contact number not in
use anymore.
Withdrew from study
during rehabilitation
phase.
No contact established
after repeated attempts.

Yes

Withdrew from study
during rehabilitation
phase.
No contact established
after repeated attempts.
No contact established
after repeated attempts.
No contact established
after repeated attempts.
Left the country after
RTS and could not
establish contact.
No contact established
after repeated attempts.
Left the country after
RTS and could not
establish contact.
No contact established
for last two time point
after repeated attempts.
No contact established
for last time point after
repeated attempts.
No contact established
for last time point after
repeated attempts.
Contact number not in
use anymore.
Contact number not in
use anymore. Contact at
12 months established
through his previous
club physiotherapist.

Yes

Br J Sports Med

Yes

Yes

Yes
Yes
No
No

Yes
No

No

No

No

No
No
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HAR 61

25

Handball /
Professional

Re-injury at 12
months

HAR 62

31

Football /
Professional

Re-injury at 6
months

HAR 63

27

HAR 66

33

HAR 67

36

HAR 69

27

Football /
Competitive
Handball /
Professional
Football /
Professional
Football /
Professional

Re-injury at 2, 6,
12 months
Re-injury at 2, 6,
12 months
Re-injury at 2, 6,
12 months
Re-injury at 6,
12 months

HAR 75

27

HAR 79

19

HAR 81

24

HAR 83

29

HAR 87

34

Football /
Professional
Football /
Professional
Futsal /
Professional
Football /
Professional
Football /
Professional

Re-injury at 2, 6,
12 months
Re-injury at 2, 6,
12 months
Re-injury at 2, 6,
12 months
Re-injury at 2, 6,
12 months
Re-injury at 2, 6
months

No contact established
for first two time points
after repeated attempts.
No contact established
for second time point
after repeated attempts.
No contact established
after repeated attempts.
No contact established
after repeated attempts.
No contact established
after repeated attempts.
Left the country and
could not establish
contact.
No contact established
after repeated attempts.
No contact established
after repeated attempts.
No contact established
after repeated attempts.
No contact established
after repeated attempts.
No contact established
for first two time points
after repeated attempts.

Br J Sports Med

No

No

Yes
No
Yes
No

Yes
Yes
Yes
Yes
Yes

HAR: Hamstring rehabilitation study, RTS: return to sport
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Table S4 Other outcome measures
Early Lengthening
n
Askling H-test (insecurity yes/no)
Nordic Hamstring Test Peak force per
leg (in Newton)
Uninjured
Injured
Imbalance injured vs uninjured (%)
Nordic Hamstring Test Average force
per leg (in Newton)
Uninjured
Injured
Imbalance injured vs uninured (%)
Isokinetic measurements per leg (in
Nm):
Quadriceps concentric 60°/s
Uninjured
Injured
Hamstring concentric 60°/s
Uninjured
Injured
Quadriceps concentric 300°/s
Uninjured
Injured
Hamstring concentric 300°/s
Uninjured
Injured
Hamstring eccentric 60°/s
Uninjured
Injured*
Length of palpation pain (in cm)
Width of palpation pain (in cm)
Distance from tuber to maximal
palpation pain
MHFAKE relative deficit (in % of
uninjured leg)
SLR relative deficit (in % of uninjured
leg)
PKET relative deficit (in % of
uninjured leg)
Pain (and ability to perform) clinical
strength tests† (no pain/pain)
Inner
Mid
Outer
Relative force deficit for clinical
strength tests† (in % of uninjured leg)

Mean ± SD

95% CI

2/25

Delayed Lengthening
n

Mean ± SD

95% CI

3/29

11
11
11

303.6±106.0
287.2±100.4
-4.4±12.9

232–374
220–355
-13.1–4.3

23
23
23

328.1±101.3
315.7±75.0
-1.3±14.4

284–372
283–348
-7.5–4.9

11
11
11

275.3±105.7
265.9±101.0
-1.6±14.5

204–346
198–334
-11.3–8.2

23
23
23

301.9±96.2
294.1±72.6
0.06±15.1

260–344
263–326
-6.5–6.6

28
28

234.2±38.7
239.9±37.0

219–249
226–254

31
31

224.5±59.4
219.7±49.5

203–246
202–238

28
28

133.0±30.3
121.2±24.3

121–145
112–131

31
31

123.7±32.7
111.6±26.9

112–136
102–122

28
28

148.0±20.4
146.9±25.5

140–156
137–157

31
31

136.4±30.0
134.4±28.3

125–147
124–145

28
28

102.3±17.5
97.5±18.0

95–109
91–104

31
31

97.5±26.9
90.2±22.0

88–107
82–98

28
28
27
28
27

206.9±33.4
205.7±45.5
0.1±0.6
0.0±0.2

194–220
188–223
0–0
0–0

31
31
33
33

200.6±52.6
184.0±46.5
0.5±2.1
0.3±1.3

181–220
167–201
0–1
0–1

1.1±5.6

-1–3

32

0.5±2.7

0–1

99.3±6.1

97–102

33

99.3±9.8

96–103

100.4±5.1

98–102

33

100.5±4.4

99–102

99.0±5.5

97–101

24

101.7±4.2

100–103

26
27
23

26/0
26/1
26/1

33/0
32/1
33/0
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Inner
26
92.4±13.2
87–98
33
96.2±18.9
90–103
Mid
27
96.3±19.2
89–104
33
93.1±14.3
88–98
Outer
26
98.9±13.2
94–104
33
96.0±13.9
91–101
Participant readiness questions
(rate of recovery 5-point Likert and
continuous in %)
Recovered a lot
8
13
Completely recovered
19
20
Continuous scale (0-100%)
26
94.0±8.6
91–97
33
91.8±9.2
88–95
Participant readiness questions
(fear of sustaining reinjury 5-point
Likert and continuous in %)
Definitely reinjure
0
1
Probably reinjure
2
1
Maybe reinjure
4
5
Probably not reinjure
8
7
Definitely not reinjure
13
18
Continuous scale (0-100%)
27
18.3±22.5
9–27
32
21.3±29.2
11–32
*Statistically significant difference between the groups (p = 0.029). PKET; Passive Knee Extension Test, SLR;
Straight Leg Raise test, MHFAKE; Maximum Hip Flexion Active Knee Extension test. Inner; prone knee flexion
90°, Mid; prone knee flexion 30°, Outer; supine knee/hip flexion 90°/90°. †for cases that do not add up to 44, data
was missing.

Table S5 Research management
Name
Role
AW
Coordinating researcher,
principal investigator
AvdM
Coordinating researcher
RV
Coordinating researcher
RW
Principal investigator

Timeline
2013 - 10/2015, 2013 08/2016
10/2015 - 10/2016
10/2016 - 2020
08/2016 - 2020
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Description of rehabilitation protocol stages and progression criteria:

Physiotherapy stage one: The main aim in stage one was to promote healing and avoid
provocative activities that might delay return to sport. We used low load exercises during the
early phase of healing, typically active movements in mid and inner range of knee- and hip
flexion, soft tissue mobilisation and isometric or easy concentric exercises.
Criteria to progress to physiotherapy stage two: We allowed a participant to progress to
physiotherapy stage two if they could perform a single leg squat pain free and stationary cycle
for five minutes. They had to maintain a power output of 150% (in W) of their bodyweight (in
kg) during this cycling.
Physiotherapy stage two: The load of the exercises in stage one were progressed. We also
introduced the running progression programme in this stage.
Running progression: The running progression programme addressed volume and intensity (and
mechanics, to an extent). A proper warm-up was ensured through stationary cycling or slow
running before the participant started the running drills. Participants performed technique drills
called the “triple extension jumps” and “B” drill before every set of running. These drills
emphasise the late swing and triple extension phases of running. The running was performed on
an oval track with approximately 30 metre straights and an approximately 100 metre total
circumference. The participants walked between the straights and accelerate into a straight to
reach their designated speed before decelerating into the corners again. Per session they
completed 3x1 set of drills and 3x4 sets of running. To ensure progression and similar loads
across sessions we asked participants to rate their perceived effort on a visual analogue scale of 0
to 100%, with a 100% being a maximum effort sprint and 0% being their slowest possible
running speed. With this scale, we asked participants to rate their current speed compared to their
maximum speed during each set. Furthermore, we timed their 30 metre times with a handheld
stopwatch as an objective comparison. Running speed was progressed by 5-10% during each
session if the participant completed a set without pain and reported confidence in progressing the
loading. If they experienced discomfort, lacked adequate control (e.g. limping or favouring a leg)
or were not confident we instructed them to return to the percentage of speed of their previous
set.
Criteria to progress to physiotherapy stage three: The participants could progress to
physiotherapy stage three if they were able to run pain-free at more than 70% of self-rated
maximal speed.
Physiotherapy stage three: The exercises from previous stages were progressed in load.
Eccentric biased exercises (specifically the Nordic hamstring exercise) were introduced and
progressed in this stage. In the running progression, change of direction using a modified T-drill
was added as an addition to the linear running protocol. Progression of this modified T-drill was
done in the same way as the linear running but started at 60% self-rated maximum speed.
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Criteria to progress to sports-specific training stages 4-6: Progression to on-field sports-specific
training was allowed if the participant could run at 100% self-rated speed in both the linear
running and the modified T-drill.
Sports-specific training stages 4-6: We required the participant to complete three 30 – 45 minute
sessions of sports-specific training with a sports rehabilitator (blinded to the intervention). This
was typically done over three to four days. The overall goals of these stages were to mimic
training and game situations and they emphasised running, sprinting, change of direction and
sports-specific skills. For example, in football, these sport specific skills included passing/
kicking/shooting scenarios, scoring scenarios and competitive one versus one drills. We returned
participants to a previous stage in rehabilitation if they were not able to perform these skills or
reported pain with these activities.
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HAMSTRING REHABILITATION STUDY
PROTOCOL —
Aspetar“

Pat ient label

Weight :
Leg injur ed: p LEFT p RIGHT
/

WEEK:
SETS/
REPS
3 x 15
3X8
5 mins

STAGE

TREATMENT

1

1 2

2 LEG SQUAT
Prog: with weights
EXERCISE BIKE
(Watt: 2x BW) 5min + 5 min
SUPINE BRIDGE 2 LEGS

1 2

SUPINE ISOMETRIC HEEL DIGS

3 X 12

1 2

3X8
3 x 15
3 X 12

1 2

SINGLE LEG SQUAT → 45°
Prog: with weights
MANUAL RESISTED
HAMSTRINGS
SOFT TISSUE

12

ACTIVE ROM

3x8

SUPINE BRIDGE 1 LEG
2 sec up/2 sec down
2sec up/1 sec down
On step
On exercise ball
STRETCHING
(SLR and PKET)
“THE EXTENDER”
Daily
“ARABESQUE/DIVER”
Every 2nd day
“THE GLIDER”
Every 3rd day
RESISTED HAMSTRINGS
1. Prone leg curl
2. Prone leg curl eccentric
ECCENTRIC STRENGTHENING
Nordic hamstring

4 x 15

1

1 2

2 3

2 3
3
3
3
2 3

3

Sign:
Sets

/ 201_
Reps

Load

/
Sign:
Sets

/ 201_
Reps

Load

/
Sign:
Sets

/ 201_
Reps

Load

/
Sign:
Sets

/ 201_
Reps

Load

/
Sign:
Sets

/ 201_
Reps

Load

/
Sign:
Sets

/ 201_
Reps

Load

/
Sign:
Sets

/ 201_
Reps

Load

3 X 12

5 mins

3 X 30 s
(3 x 12)
x2
3x6
3x6

4 x 15
4x8
2x5→
3x6

Criteria for progression from Stage 1 to Stage 2:
1. Painless Single Leg Squat
2. Painless Bike, W: 2x Body Weight, 5 minutes (level 6-7)

Criteria for progression from Stage 2 to Stage 3:
1. Run ≥ 70% Patient-rated

Criteria for progression from Stage 3 to Sports Spec Rehab:
1. 100% running speed
2. Painless high speed direction changes
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HAMSTRING REHABILITATION STUDY
PROTOCOL —
Aspetar + Early Lengthening Exercises“

Pat ient label

Weight :
Leg injur ed: p LEFT p RIGHT
/

WEEK:
SETS/
REPS
3 x 15
3X8
5 mins

STAGE

TREATMENT

1

1 2

2 LEG SQUAT
Prog: with weights
EXERCISE BIKE
(Watt: 2x BW) 5min + 5 min
SUPINE BRIDGE 2 LEGS

1 2

SUPINE ISOMETRIC HEEL DIGS

3 X 12

1 2

3X8
3 x 15
3 X 12

1 2

SINGLE LEG SQUAT → 45°
Prog: with weights
MANUAL RESISTED
HAMSTRINGS
SOFT TISSUE

1 2

ACTIVE ROM

3x8

1 2 3

“THE EXTENDER”
Daily
“ARABESQUE/DIVER”
Every 2nd day
“THE GLIDER”
Every 3rd day
SUPINE BRIDGE 1 LEG
2 sec up/2 sec down
2sec up/1 sec down
On step
On exercise ball
STRETCHING
(SLR and PKET)
RESISTED HAMSTRINGS
1. Prone leg curl
2. Prone leg curl eccentric
ECCENTRIC STRENGTHENING
Nordic hamstring

(3 x 12)
x2
3x6

1

1 2

1 2 3
1 2 3
2 3

2 3
2 3

3

Sign:
Sets

/ 201_
Reps

Load

/
Sign:
Sets

/ 201_
Reps

Load

/
Sign:
Sets

/ 201_
Reps

Load

/
Sign:
Sets

/ 201_
Reps

Load

/
Sign:
Sets

/ 201_
Reps

Load

/
Sets

/ 201_
Reps

Load

/
Sign:
Sets

/ 201_
Reps

Load

3 X 12

5 mins

3x6
4 x 15

3 X 30 s

4 x 15
4x8
2 x 5/3 x 6

Criteria for progression from Stage 1 to Stage 2:
1. Painless Single Leg Squat
2. Painless Bike, W: 2x Body Weight, 5 minutes (level 6-7)

Criteria for progression from Stage 2 to Stage 3:
1. Run ≥ 70% Patient-rated

Criteria for progression from Stage 3 to Sports Spec Rehab:
1. 100% running speed
2. Painless high speed direction changes
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Exercises and exercise progression
(see also the video supplement at https://www.youtube.com/watch?v=Fzex_zG1JtA)
Stage

Name of Exercise

Sets/
Reps

1

2 LEG SQUAT
→ 90°

3 x 15
↓
3x8

1

EXERCISE BIKE
(Watt: 2xBodyweight)
SUPINE BRIDGE
2 LEGS

5 min

1 2

3 x 12

1 2

SUPINE ISOMETRIC
HEEL DIGS

3 x 12

1 2

SINGLE LEG SQUAT →
45°

3x8

Starting position

Instruction/movement

Progression of the exercise

The athlete is standing with:
The athlete is asked to lower his body by
I: Deeper squats
bending his knees until he touches the bench
II: Manual weights added: one
→ the feet one 1/2 hip-width apart
weight in each hand → repetitions
→ thighs towards end of the bench with while the knees are directly in a line above the
feet (2nd toe).
reduced to 3 x 8
a height similar to the knee joint line
The
upper
body
is
supposed
to
be
as
straight
as
→ hands on the hip
possible.
→ pelvis horizontal; knees above the
! Ensure: Knees over toes, heels on the ground.
toes, pointing in a straight line forward
In the first session after the injury, the athlete starts at 50 Watt for 30 sec. Thereby he increases the load/intensity with 25 W
every 30 seconds until he reaches the highest level where he can cycle for 5 minutes continuously.
Athlete is lying supine with arms placed The athlete is instructed to push down through
I: Cross arms
in a comfortable position. Both feet are
the heels to lift the bottom off the ground until
II: Supine Bridge 1 Leg
placed flat and both knees in a flexed
the hip is extended to 0°.
position. The knee flexion angle is
! Ensure: Good quality, i.e.: ASIS/pelvis
obtained by flexing one leg first from an horizontally throughout the whole movement
extended position, so the posterior
! Ensure: Hips extended until 0°, i.e. straight
calcaneus is placed next to the medial
line shoulder – hips -knees
knee joint line of the contralateral leg,
which is then placed in a similar
fashion.
Athlete is lying supine or sitting on the
The athlete is instructed to push down through
Isometric contractions in different
bench with the knees flexed at an angle
the heel by activating the hamstrings and hold
knee angles towards end ROM; 90°
of approximately 90°.
the position for approximately 5 secs.
- 60° - 30°
The athlete is standing:
The athlete is asked to lower the body in a
I: Manual weights are added: the
squatting position by bending his knees until he athlete holds one weight in each
→ on the injured leg with the
touches the examination table while the knee on hand and performs the same
contralateral leg slightly bent
the standing leg is directly in a line above the
movement. The number of
→ one feet distance from the end of a
feet (2nd toe).
repetitions is reduced to 3 x 8.
bench (mid-thigh level)
!
Ensure:
Correct
alignment
and
adequate
→ hands on the hip
control/stability of the trunk, hip and knees, i.e.
minimal lateral pelvic tilt., minimal knee
valgus.
*If needed: let the athlete stand in front of the
mirror.
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1 2

MANUAL RESISTED
HAMSTRINGS

3 x 12

Athlete is lying in prone position with
knees flexed. The therapist applies
isometric resistance in varying angles.

Athlete is instructed to push against the
therapist’s hand, which is placed on the
posterior calcaneus.

1 2

SOFT TISSUE

5 min

Athlete is instructed to be relaxed and report if
he feels pain or any kind of discomfort during
the treatment.

1 2

ACTIVE ROM

3x8

Athlete is lying in prone position.
Effleurages/lymphatic drainage is
performed distal and proximal to injury
site.
Athlete is lying in prone position with
both legs extended.

“THE EXTENDER”
Daily

(3x12)
x2

The athlete is lying supine and
holds/stabilizes the thigh of the injured
leg with the hip flexed approximately
90°

“DIVER”
Every 2nd day

3x6

The athlete is standing with full weight
on his injured leg and the opposite knee
slightly flexed. The hips are extended
and the hands are touching in front of
the breast.

“THE GLIDER”
Every 3rd day

3x6

The exercise is started with the athlete
positioned with upright trunk, one hand
holding on to a support and legs slightly
split. All the body weight should be on
the heel of the injured leg with
approximately 10–20° flexion in the
knee.

SUPINE BRIDGE 1 LEG
2 sec up/2 sec down

4 x 15

Athlete is lying supine with the arms
placed in a comfortable position. The

Early
1 2 3

Delayed
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I: In prone position: isokinetic
resistance through ROM towards
the end ROM (eccentric)
II: In supine position with hip
flexion: isokinetic resistance
towards the end ROM (eccentric)
In stage 2:
Massage of inured area allowed.
Maximal pain 4/10.

Athlete is instructed to actively flex the knee of
the injured leg until the heel touches the buttock
and then slowly extend the knee towards a
straight leg position again.
The athlete is instructed to perform slow knee
extensions to a point just before pain is felt.

I: Speed is increased.

The athlete is asked to perform the exercise as a
simulated dive (hip flexion from an upright
trunk position) of the injured, standing leg and
simultaneous stretching arms forward and
attempting maximal hip extension of the lifted
leg while keeping the pelvis horizontal; angles
at the knee should be maintained at 10–20° in
the standing leg and at 90° in the lifted leg.
! Ensure: Correct alignment of the pelvis and
no movement of the LB.
The athlete is instructed to perform a gliding
backward movement on the other leg and stop
the movement before pain is reached. The
movement back to the starting position should
be performed by the help of both arms, not
using the injured leg.

I: Weights are added: The athlete is
holding manual weights or a
weight bar in front of the body
when performing the exercise.
II: Diagonal movement: The
athlete is performing a diagonal
movement, trying to touch his
contralateral foot.

The athlete is instructed to push down through
the heel to lift the bottom off the ground until

I: 1 sec up – 2 sec down
(4 x 8)

I: Speed is increased.

3

Early
1 2 3

Delayed
3

Early
1 2 3

Delayed
3

2 3

Progression is achieved by
increasing the gliding distance and
performing the exercise faster.
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contralateral leg is required to be off the
examination bench in an optional
(flexed) position.

2 3

2 3

3

Athlete is lying prone.

STRETCHING
(SLR and MHFPKET)

3 X 30 s

RESISTED
HAMSTRINGS
Prone leg curl

4 x 15
↓
4x8

Athlete is lying prone in the leg curl
machine. Make sure the length of the
lever arms is adjusted to the athletes’ leg
length.

ECCENTRIC
STRENGTHENING
Nordic hamstring exercise

2 x 5/
3x6

The athlete is kneeling on either the
Nordbord with ankles fixed or on a mat
with the therapist fixating the ankles.

the hip is extended to 0°. Both ASIS are
required to be horizontal throughout the whole
movement to ensure a good quality.
! Ensure: Good quality, i.e.: ASIS/pelvis
horizontally throughout the whole movement
! Ensure: Hips extended until 0°, i.e. straight
line shoulder – hips – knees
The athlete is instructed to relax. The therapist
performs a gentle stretch with the leg in a:
1) Straight Leg Raise position
2) Maximal hip flexion + knee extension
position.
Towards the end ROM where the athlete either
reports a stretch or onset of pain, 5 isometric
contractions are performed (hold-release),
before a gentle passive stretch is applied
further. Repeated 3 times in both positions
(approximately 30s each position)
The athlete is instructed to perform slow
continuous knee flexions and knee extensions
with the injured leg, only, starting with a load
that is acceptable (i.e. pain free). If the athlete is
not able to perform the leg curl with the injured
leg only, he can assist with the uninjured leg.
The athlete is then instructed to fall forwards
and resist the fall against the ground as long as
possible using their hamstring muscle.
! Ensure: That the loading of the injured leg is
similar to the uninjured leg (without pain). Be
aware that the athlete is not leaning more
towards the uninjured side.
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II: On exercise ball or BOSU
(4 x 8)

I: Increasing load (kg)
II: Increasing load in eccentric
phase

* Complete 2 pain-free sessions
before progression to next level
* Complete all 3 sessions, drop
only, then progress through
sessions again with drop and curl
3 times per week
1) 2x 5 reps, drop only
2) 2(3)x 5 – 8, drop only
3) 2(3)x 8 – 12, drop only
4) Repeat sessions 1-3 with drop
AND curl
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Statistical Analysis Plan MAIN OUTCOMES HAR study
Version 1.0 -

4/03/2020

Authors: Robin Vermeulen, Johannes L. Tol, Rodney Whiteley, Roald Bahr, Anne van der Made, Nicol van
Dyk, Abdulaziz Farooq, Arnlaug Wangensteen

Primary Outcome Measure: time to RTS, defined as ‘’number of days between injury and return to full
unrestricted training and/or match play’’.
Secondary outcome Measures: re-injury ≤2, 2 – 6 and 6-12 months, defined as an acute hamstring
strain injury at the same site occurring within 2, 2 – 6 and 6-12 months from RTS.
Intervention: blinded, randomised controlled clinical trial. Aspetar standardized physiotherapy protocol
versus Aspetar+, standardized physiotherapy protocol including early lengthening exercises.
Table 1: Baseline variables (as per protocol)
Description of baseline variable
Patient history:
§ Age
§ Previous hamstring injury
§ Previous ipsilateral hamstring injury
§ Previous ipsilateral hamstring autograft for ACLR
§ Time of injury
§ Time of injury during training or match
§ Type of injury
§ Dominant leg injured
§ Training volume
§ Days before start of rehabilitation after initial injury
§ Patient expectation for performance after recovery
§ Prediction of patient for time to RTS
§ Maximal pain score during injury
Clinical assessments:
§ Length and width of pain palpation
§ Distance from lower margin of the tuber to maximal
pain palpation
§ Maximum Hip Flexion Active knee extension deficit
§ Passive straight leg raise deficit
§ Passive knee extension deficit
§ Pain (and ability to perform) individual clinical
strength tests*
§ Peak force deficit for individual clinical strength
tests*
MRI assessments:
§ Longitudinal length of oedema
§ Cross-sectional area of oedema (in mm2)
§ Grade of injury (according to modified Peetrons)
§ Distance from tuber to start of oedema & to
maximum amount of oedema

Unit and Type of data
Years (continuous)
Yes/no (dichotomous)
Yes/no (dichotomous)
Yes/no (dichotomous)
During training/match (dichotomous)
Quarter injured; 1st, 2nd, 3rd or 4th (categorical)
Sprinting, kicking, tackling, stretching (categorical)
Yes/no (dichotomous)
Hours per week (continuous)
Number of days (continuous)
In % (continuous)
Number of days (continuous)
Visual analogue scale (VAS) 0-10
cm (continuous)
cm (continuous)
Relative to uninjured in %
Relative to uninjured in %
Relative to uninjured in %
Yes/no (dichotomous)
Relative to uninjured in %

mm (continuous)
mm2 (continuous)
Grade 0-3 (ordinal)
mm (continuous)
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Affected CSA% 0% (not involved), <50%, 50-99%,
100% (Ordinal)

Involvement of central tendon

Compliance
§ Number of rehabilitation sessions performed

% of maximum possible attendance (ie. (days
attended/maximum possible attendance
(excluding weekends))*100%

ACLR – anterior cruciate ligament reconstruction;
*Performed with 3 different ranges; ‘’inner range’’/’’mid range’’/’’outer range”

Baseline variables will be assessed for normality through visual assessment of histograms and Q-Q plots.
Descriptive data will be reported with mean values (±SD) or median values (IQR) for continuous
variables, and as proportions (in %) for categorical data. Baseline variables differences between the
groups will be assessed with an independent t-test or the non-parametric equivalent (Mann-Whitney U
test) for continuous variables and with a Chi-Square test for categorical variables.
Statistical principles
After the 52 weeks follow-up of the last patient in the study, a standard operating procedure will be
available to logically recode and clean the data. A biostatistician with extensive statistical expertise in
sports medicine research (AF) is present among the authors and will conduct the blinded analysis. The
authors will interpret the (still blinded) statistical results until a consensus is reached. The coordinating
researcher (RV) was not blinded and will not take part in this interpretation and consensus. Once the
other authors are in agreement, the two groups will be unblinded and no changes will be made to the
interpretation of the results. The principal investigator and other project members will be unblinded
only after the analysis of the primary outcome.
Primary outcome analysis:
Analysis of primary outcome measure, time to RTS (in days), will consist of a Cox proportional hazards
model for survival time (Cox regression analysis). Censoring will occur at the time of last follow-up for
the participants that have been lost-to-follow up. A sensitivity analysis will be performed to ensure
robustness of results. In the sensitivity analysis the censored cases were considered not to have reached
RTS until the 12 months (365 days) follow-up. The primary outcome (time to RTS) will be adjusted for
baseline variables that are significantly different between the groups (p<0.05) and that change ≥10% of
the treatment effect (hazard ratio). Time-to-event curves will be calculated with the Kaplan-Meier
method and presented as cumulative survival plot.
Treatment effect analysis (intention to treat)
Test:

Cox proportional hazards model

Time variable:

Time to RTS/censored (in days)

Status variable:

0 = Censored, 1 = RTS reached

Data will be reported in Hazard Ratios (HR) plus 95% confidence intervals. If adjustment for baseline
variables has taken place, an adjusted hazard ratio plus 95% confidence intervals will also be reported.

Vermeulen R, et al. Br J Sports Med 2022;0:1–9. doi: 10.1136/bjsports-2020-103405

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

Br J Sports Med

Secondary outcome analysis:
Analysis of secondary outcome measures, the difference in re-injury rates within 2 months, 6 & 12
months between the 2 treatment groups, will consist of a binary logistic regression analysis. Data will be
reported in Odds-ratios (OR) plus 95% confidence intervals.
Other outcome measures
Table 2: Other outcome measures and analysis (as per protocol):
Description of other outcome variables
Clinical assessments at return to sport
§ Askling H-test
§ Nordic Hamstring Test Peak force per leg
MDC95: up to 76.2N
§ Nordic Hamstring Test Peak force imbalance
between legs
MDC95: up to 17%
§ Nordic Hamstring Test Average force per leg
MDC95: up to 68.5N
§ Nordic Hamstring Test Average force imbalance
between legs
MDC95: up to 11%
§ Isokinetic measurements per leg:
- Quadriceps concentric 60°/s
- Hamstring concentric 60°/s
- Quadriceps concentric 300°/s
- Hamstring concentric 300°/s
- Hamstring eccentric 60°/s
MDC: quadriceps – up to 20.6%, hamstrings – up to
24%
§ Length and width of palpation pain
§ Distance from tuber to maximal palpation pain
§ Maximum hip flexion active knee extension test
deficit
MDC 9.3 – 17.2°
§ Passive straight leg raise deficit
MDC 13 – 18.0°
§ Passive knee extension deficit
§ Pain (and ability to perform) clinical strength tests*
§ Force deficit for clinical strength tests*
MDCinner 4.9 – 5.6 kg, MDCMid 4.1 – 5.6 kg, MDCOuter 6
– 6.1 kg
Patient readiness questions
§ Rate of recovery

§

Fear of sustaining re-injury

Unit and Type of data
Insecurity during the test yes/no (dichotomous)
Newton (N) (continuous)
In % (continuous)

Newton (N) (continuous)
In % (continuous)

Newton-meter (Nm) (continuous)
Force deficit relative to uninjured leg (in %)
(continuous)

Cm (continuous)
Cm (continuous
Relative to uninjured in % (continuous)

Relative to uninjured in %
Relative to uninjured in %
Yes/no (dichotomous)
Relative to uninjured in %

Likert scale; 1 – Not recovered at all, 2 – a little
recovered, 3 – moderately recovered, 4 –
recovered a lot, 5 – completely recovered (ordinal)
In percentage 0-100% recovered (continuous)
Likert scale; 1 – I will definitely re-injure, 2 – I will
probably re-injure, 3 – Maybe I will re-injure, 4 – I
will probably not re-injure, 5 – I will definitely not
re-injure (ordinal)
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In percentage 0-100% chance of re-injury
(continuous)
*Performed with 3 different ranges; ‘’inner range’’/’’mid range’’/’’outer range”; MDC(95) – Minimal detectable
change (at 95% confidence interval)

Other secondary outcome variables will be assessed for normality through visual assessment of
histograms and Q-Q plots -- appropriate parametric (independent t-test) or non-parametric (MannWhitney-U) for continuous or categorical data (Chi-Square test) will be used to determine if there is a
difference at RTS between the two treatment groups. Descriptive data will be reported with mean
values (±SD) or median values (IQR) for continuous variables, and as frequencies and proportions for
categorical data.
Missing data and Primary outcome consensus:
In the event of a ‘missing’ primary outcome measure, e.g. missing discharge by sports physician but
otherwise completed protocol or ‘self-decided’ return to sport nearing the end of rehabilitation, a RTS
consensus has been agreed upon by the investigators.
As per previous consensus meeting:
‘’The date of RTS was decided:
-> If final Sports specific training session (SST) and RTS discharge by SMP was performed on different
days – day of SST was decided as the date of RTS
-> If participant decided to play a game or train for full with team, this was noted as the self-decided
RTS and a deviation from protocol.
-> If a participant stopped coming or withdrew from the study, or for some reason did not complete, he
was censored at the latest day he was seen at Aspetar (rehab appointment). All censored participants
were decided and noted.’’
Censoring:
Participant

Event?

Primary outcome?

Censored?
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