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Keywords:

Despite significant amount of research
published in the last 30 years, hamstring
injury continues to be one of the most
prevalent injury in football, ranging between
16-26% of all sustained injuries ( ). Player
screening could be helpful to orient injury
risk reduction strategies ( ). It is generally
agreed that hamstring injury in football is
multifactorial and therefore hamstring
screening protocols should also be
multifactorial to improve the
individualization of risk reduction
approaches ( ). Furthermore, football
injury screening protocols should be mobile,
time- and cost-efficient in order to be more
applied in practice (7). 
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Aim
A novel multifactorial musculoskeletal
hamstring screening protocol for football
(Football Hamstring Screening: FHS) has
been recently published focusing on four
main categories considered to be essential to
monitor in football; posterior chain strength,
sprint mechanical output (from a kinetic
perspective), lumbopelvic control, and range
of motion ( ) ( ). Therefore
we aimed to analyze the test-retest intrarater
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reliability of this protocol.

Methods
Design
This cross-sectional pilot study was designed
to investigate the inter-day intrarater test-
retest reliability of the FHS protocol ( ).
Following the guidelines of the team-sport
injury prevention model (TIP cycle model)
( ), this protocol was based on thorough
football-specific evaluation for hamstring
injuries (phase 1), to aid identification of
players at risk (phase 2), either conducted
separately or fused into current protocols so
that clinicians can effectively intervene
(phase 3). Each volunteer attended one
inclusion and one familiarization visit seven
days before the first reliability testing
session. The second testing session was
completed seven days after the first.
Reliability was thus assessed based on two
sessions seven days apart. Furthermore,
clinical tests and sprint mechanical output
and technique tests were on separate, but
consecutive days. This corresponded to a
total of four required visits after
familiarization. The testing procedures were
approved by the local review board and
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The test procedures for the posterior chain strength tests are presented in , the sprint
mechanical output test in , the lumbo-pelvic tests in - and , and the range of
motion tests in .

Procedures
Figure 3

Figure 4 Figures 5 6
Figure 7

were performed in the accredited research
center LAMHESS (#2016-08) according to
the Declaration of Helsinki. 

Participants
Twelve healthy male regional level football
players (mean ± 1 SD age 21.3 ± 2.13 years,
body height 1.78 ± 0.06 m, body-mass 70.0 ±
8.01 kg) were included and tested. All were
right-limb dominant (favored kicking
leg). The inclusion criteria required
participants to be active healthy (no ongoing
rehabilitation for the last 3 months) male
football players within a club. The subjects
participated on average three times per week
in football training and once per week in a
match. Exclusion criteria included having
sustained a hamstring injury in the last 24
months. For all volunteers who met the
inclusion criteria, information regarding
height, and body-mass were collected before
familiarization was initiated.

The FHS protocol includes a total of eleven
tests and has been divided into the following
categories: posterior chain strength, sprint
mechanical output, lumbo-pelvic control and
range of motion ( ). These categories
are further divided into clinical tests and
field tests. All clinical tests together lasted a
total of 20 min per participant and required
no general warm-up. A total of nine clinical
tests were performed in the following order:
two range of motion and asymmetry tests,
two posterior chain strength and asymmetry
tests, and one lumbo-pelvic control test
( ). The field tests included sprint
mechanical output testing that was combined
with the second lumbo-pelvic control test
(The “Kick-back” test during sprinting).
These two tests lasted seven minutes per
participant and required a standardized
sprint-specific 15-minute warm-up. All tests
were conducted by the same experienced
clinician (lead author, JL). For more
information regarding the FHS protocol
please see (8).

Figure 2

Figure 2

Overview of screening protocol

 Logic behind the protocolFigure 1.
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 FHS protocol details.Figure 2.

 Posterior chain strength tests. Two isometric strength tests were performed, both of which were
further used to test limb asymmetry. One test position was for the hip extensors (A) and the other for the hip
extensors (B) using a handheld dynamometer (microFET IITM, Hoggan health industries, Draper, UT, USA)
in previously described reliable positions ( ). Participants lay prone on a table while strapped from the
waist. The knee flexors were tested in 0 degrees of hip extension and 30 degrees of knee flexion with force
placed on the heel. The hip extensors were tested in a 0-degree position with the knee flexed to 90-100
degrees with force placed on the distal femur. All starting positions are confirmed with a digital goniometer
[20]. Participants were instructed to avoid any counter-movements and instructed to reach maximal strength
within two seconds. Three warm-up repetitions were used in each position. Following this, maximal trials
were performed until two trials remained within 5 % from each other. The final two repetitions within 5 % of
each other were averaged. Between limb rest was 30 seconds for the maximal repetitions. 

Figure 3.
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 Sprint mechanical output testing. Sprint mechanical output was assessed by measuring theoretical
horizontal force (F0) from three 35-m maximal sprints outside on the same synthetic turf using a 3-minutes
of recovery. Participants were instructed to run according to a field line to improve reliability for filming the
2D sprint technique. F0 was computed using a validated field method measured with a radar device (Stalker
ATS Pro II, Applied Concepts, TX, USA) as reported previously ( ). Briefly, the calculation method is
based on a macroscopic inverse dynamics approach using the center-of-masses motion. Raw velocity-time
data was fitted by an exponential function (A), adding a time-shift correction for accuracy of start time
determination ( ). Modeled instantaneous velocity data was then used to compute the net horizontal antero-
posterior ground reaction force (B). Thereafter, linear force-velocity relationships are extrapolated to
calculate F0 and velocity capabilities (V0). F0 was used as a variable to define sprint acceleration mechanical
output. The two sprints with the highest F0 were averaged.

Figure 4.
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Statistical analysis
The results are presented as means with 95%
confidence intervals (CI) or with standard
deviations (SD). Absolute test-retest
reliability was assessed for each variable by
the Intraclass Correlation Coefficient using a
2-way mixed model with average measures
(ICC3,2) with 95% confidence intervals.
Reliability thresholds for ICC ( ) values
were defined as poor (<0.50), moderate (0.50
-0.75), good (0.75 – 0.90), and excellent
(>0.90) ( ). Paired t-tests were used to
compare the difference between measures
from the first to the second session. Relative
reliability was assessed by Typical Error
(TE) and Minimal Detectable Change
(MDC): TE = SDdiff /√2, and MDC: TE x
1.96 √ 2, where SDdiff is the standard
deviation (SD) of the difference scores
( ). Both TE and MDC were also calculated
to percentage form. All variables are
presented both individually and as means
(i.e. between leg average) or as composite 
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scores. A composite score is the sum of more
than one variable (e.g. toe-off and
touchdown angles are added together). The
aim of was to see how this affects the
reliability and measurement error. All
statistical analysis was calculated using
Hopkins spreadsheet 11 or SPSS software
version 22.0 (SPSS Inc., Chicago, IL, USA).
Statistical significance was set, for all tests,
at p < 0.05.

Results
For all screening protocol variables, no
significant test-retest differences were
observed. All variable reliability and
measurement error values are reported in
t .able 1

Sprint mechanical output
The ICC ( ) was ‘good’ for maximal
horizontal force (0.82), with TE at 4.30%
and MDC at 11.9%.
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 Lumbo-pelvic control tests: The walk test. The first lumbo-pelvic control test was named the
walk test and consisted of the participant walking 10-meters forward and back with a validated digital
gyroscope placed on the S1/L5 junction (LetSense Group, Castel Maggiore, Italy) ( ). The gyroscope
sensor samples dynamic pelvic movement at 100 Hz, where the peak angle ranges in the sagittal and
frontal biomechanical plane are used as a test result. The test was performed twice and thereafter
averaged.

Figure 5.
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 Lumbo-pelvic control tests: The kick-back test. The second lumbo-pelvic control test is novel to
literature and was named the kick-back test and is completed at the same time as the maximal sprint
mechanical output test. The test aims to indirectly assess suboptimal pelvic movement by assessing lower
limb movement. More (A) or less optimal (B) is based on both anecdotal evidence from coaches and
Schuermans et al. (23) results (see figure 4 for a similar visual). The sprints were filmed using a smart phone
video camera (Iphone6, Apple Inc, Cupertino, Ca) at 240 fps (720 p) at the 22.5-meter mark, 11-meters
perpendicular to the line of sprinting. All thigh and hip angles were digitally calculated from the mean of 2
adjacent steps within two sprints using Kinovea video analysis software (v.0.8.15). Specifically, out of three
sprints, the two sprints reaching the highest maximal velocity were used for analysis and averaged. Angles
were placed after first manually digitizing of the following: shoulder hip, and knee joint centers. The priority
was using steps that were as close to the center of the camera as possible.

Figure 6.

For the walk test, ICC ( ) was ‘excellent’
(0.87 – 0.92) with TE ranging between 7.76
– 9.98% and MDC between 21.5 – 27.7%.
For the “kick-back” model, ICC was
‘excellent’ (0.96), with TE at 2.39% and
MDC at 6.63%. 

Lumbo-pelvic control
3,2

Range of motion tests and asymmetry
For the ASLR and Jurdan test range of
motion, ICC3,2 was ‘excellent’ (0.93 –
0.99) with TE ranging between 3.41 –
3.81%, and MDC ranging between 9.45 –
10.5%. For the ASLR and Jurdan test
asymmetry, ICC ( ) was ‘good’ (0.78 –
0.87), with TE ranging between 4.76 –
5.60% and MDC ranging between 13.2 –
15.5%.

3,2

Discussion
The eleven tests used in within the FHS
protocol demonstrated moderate to excellent
inter-day test-retest intrarater
reliability. These pilot study results provide
essential evidence to be considered before
the protocol is placed under further
scientific analysis. Within the posterior
chain strength category, the high reliability
found within the tests in this study is similar
to previous literature ( ), and is an
important result for clinical settings with
lower budgets. Reliability was lower for the

12,13

strength asymmetry (moderate to good),
slightly more so for the knee flexors. The
tested population had low limb asymmetry
(~3%), whereas a population with a higher
asymmetry may show improved reliability.
Based on our results, strength asymmetry
should be diagnosed with caution when
tested manually, potentially more so at the
knee flexors when under 15%, which
corresponds to thresholds chosen in previous
hamstring intervention studies ( ). 
Sprint mechanical output assessed via
maximal theoretical horizontal force showed
good reliability with measurement error
staying within reasonable ranges (MDC:
11.9%). As sprint performance is considered
a key metric in football , this test
provides a unique opportunity to test for
both relevant athleticism and potential
functional sequalae ( ).
All lumbo-pelvic control tests showed good
to excellent inter-day test-retest reliability.
However, in the walk test MDC was 21.5%,
making it more difficult for clinicians to
assess meaningful change. However, MDC
was reduced by using a composite score of
the sagittal and frontal plane. The novel
kick-back test showed excellent reliability
with using 2 adjacent steps averaged over 2
maximal sprints, with a low MDC
(6.63%). It is important to state that
although we have defined certain tests
as “lumbo-pelvic control” tests, other tests
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included in the protocol, such as hip
extensor strength and active range of motion
tests, likely assist the clinician to determine
a more global view of the lumbo-pelvic
areas status ( ). Furthermore, our proposal
for assessing lumbo-pelvic control is
potentially only one of many valid cost-
efficient options and we highly recommend
exploration of other approaches. 
Both the ASLR and the novel Jurdan test
showed excellent test-retest inter-day
reliability and low measurement error when
assessed as a composite score. The Jurdan
tests knee flexion and hip flexion angles
fluctuate between weeks, with hip flexion
showing high measurement error
(73.5%). However, the composite score
stayed highly similar between weeks,
possibly portraying a stable dependent
interaction between the knee and opposite
hip flexor. As the ASLR may have
increased risk of measurement error due to
the movement of the pelvis, it has been
advised to be accommodated with an active
knee extension test ( ). As the Jurdan test
includes an active knee extension
component, it may be a suitable teammate
to the ASLR. The asymmetry measurements
showed higher measurement error and lower
reliability. Comparable to the posterior
chain strength tests, this population
displayed low levels of strength
asymmetry (~3%). Based on the
measurement error found in this study,
caution is warranted in diagnosing range of
motion asymmetry that is under 15%. 
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Practical Applications 
All tests proposed in the FHS protocol
showed moderate to excellent intrarater
reliability. This cost- and time-efficient
protocol, including new tests unfamiliar in
hamstring screening literature, has the
potential to further engage, educate and
increase awareness within football. 

To accurately and appropriately assess the
protocols widespread clinical value, inter-
rater reliability should be verified with
larger samples. Furthermore, to validate the
screening protocol, prospective studies need
to be commenced within football cohorts.

 Range of motion tests. Two range of
motion tests were used, both of which assessed
between limb asymmetry. The first test was the
novel “Jurdan test” (figure 7, A & B) followed by
the active straight leg raise (ASLR) test (Figure 7, C
& D). After one familiarization repetition, tests
were performed twice, and angles averaged using a
validated digital goniometer (Goniometer records,
Indian Orthopedic Research Group) (20). Both tests
are reported individually and as a mean angle
between limbs. The ASLR test is considered to have
good reliability, sensitivity and specificity (24). The
ASLR test was measured the thigh angle of a
controlled straight leg lift in a supine position with
the ankle maintained at 90 degrees (25). The Jurdan
test is new to literature and aims to assess hamstring
range of motion restrictions by considering the
opposite hip flexor and is an interaction that has
been shown to be of potential value via sprint
modelling studies (26). The Jurdan test position and
execution can be considered a combination of the
modified Thomas

Figure 7.
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test and the active knee extension test. From a supine position, the participant is asked to complete a
maximally tolerable active knee extension, while holding the table and holding the lumbar spine in contact
with the table. A digital handheld goniometer was positioned at the anterior tibial border (19). Verification of
starting thigh and ankle angle of 90° was done with a goniometer. A flat lumbar spine position was verified
both visually and kinesthetically by the clinician to improve session reliability in such positions (27). The test
result is defined as the difference between the actively lengthened leg’s shin angle and the opposite leg’s
thigh angle (Figure 7, A & B)

 FHS protocol reliabilityTable 1.
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