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RESUMO

Objetivo: O principal objetivo foi investigar a correlagdo entre a pontuacéo no
Teste de Ponte em Uma Perna (SLBT) e a capacidade de resisténcia dos
musculos flexores do joelho, conforme mensurado. Secundariamente, nosso
objetivo foi investigar a correlagdo do indice de simetria dos membros (LSI)
encontrado no SLBT e no teste de resisténcia dos flexores do joelho.

Delineamento: Estudo transversal.
Local: Laboratério universitario.
Participantes: Quarenta homens saudaveis e fisicamente ativos.

Principais desfechos: Correlacdo entre as pontuacbées no SLBT e a
capacidade de resisténcia dos flexores do joelho, avaliada por meio de um
protocolo isocinético composto por 30 contragdes maximas concéntricas dos
flexores do joelho a 120°/s.

Resultados: A pontuagcdo no SLBT (2717 repeticbes) ndo apresentou
correlagao significativa com a capacidade de resisténcia dos flexores do joelho
fornecida pelo pico de torque isocinético (52+9%) ou trabalho (57+9%). Da
mesma forma, o LS| encontrado no SLBT (99+12%) ndo apresentou correlagéo
significativa com os valores de LS| encontrados no teste de resisténcia dos
flexores do joelho (107+26% e 102+18%).

Conclusao: O SLBT n&o avalia a capacidade de resisténcia dos musculos
flexores do joelho.

Palavras-chave: Isquiotibiais, fadiga, forga, validade.



ABSTRACT

Objective: The primary aim was to investigate the correlation between the
Single Leg Bridge Test (SLBT) score and the endurance capacity of the knee
flexor muscles as measured. Secondarily, we aimed at investigating the
correlation of limb symmetry index (LSI) found in the SLBT and the knee flexor
endurance test.

Design: Cross-sectional study.
Setting: University laboratory.
Participants: Forty healthy and physically active men.

Main outcome measures: Correlation between SLBT scores and knee flexor
endurance capacity assessed through an isokinetic protocol comprising 30
maximal concentric knee flexion contractions at 1200/s.

Results: The SLBT score (2717 reps) presented no significant correlation with
knee flexor endurance capacity provided by isokinetic peak torque (52+9%) or
work (57+9%). Similarly, LS| found in the SLBT (99+12%) was not significantly
correlated with LS| values found in the knee flexor endurance test (107£26%
and 102+18%).

Conclusions: The SLBT does not assess the endurance capacity of knee
flexor muscles.

Keywords: Hamstring, fatigue, strength, validity.
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Does the Single Leg Bridge Test evaluate the endurance

capacity of the knee flexor muscles?

ABSTRACT

Objective: The primary aim was to investigate the correlation between the Single Leg
Bridge Test (SLBT) score and the endurance capacity of the knee flexor muscles as
measured. Secondarily, we aimed at investigating the correlation of limb symmetry
index (LSI) found in the SLBT and the knee flexor endurance test.

Design: Cross-sectional study.

Setting: University laboratory.

Participants: Forty healthy and physically active men.

Main outcome measures: Correlation between SLBT scores and knee flexor
endurance capacity assessed through an isokinetic protocol comprising 30 maximal

concentric knee flexion contractions at 120°s.

Results: The SLBT score (277 reps) presented no significant correlation with knee

flexor endurance capacity provided by isokinetic peak torque (52+9%) or work

(57+9%). Similarly, LS| found in the SLBT (99+12%) was not significantly correlated

with LS| values found in the knee flexor endurance test (107+26% and 102+18%).

Conclusions: The SLBT does not assess the endurance capacity of knee flexor

muscles.

Keywords: Hamstring, fatigue, strength, validity.
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INTRODUCTION

The hamstring strain injury (HSI) is a major concern in high-speed
running-based sports. In football (soccer), for instance, a review including thirteen
studies and 3868 players with 2 million sport exposure hours demonstrated that HSI
accounted from 4% to 13% of all injuries (6). Despite the advances on injury prevention
by the scientific community over the last few decades, elite European football clubs
have been unsuccessful in significantly reducing the incidence of HSI (9). This results
in significant setbacks for both the teams' performance and the financial health of the
clubs (12). It is also noteworthy that around one in each five injured players experience
a HSI recurrency, with more than two-thirds of these instances occurring within the
initial two months of returning to sport (9). This underscores the importance of refining
processes within the injury rehabilitation program, including the implementation of
robust return-to-play criteria.

Poor muscle strength has historically been considered a potential risk factor for
HIS (29). Prospective cohort studies conducted in various sports have yielded
inconsistent results (15), possibly because they correlate injuries occurring over the
course of a season with the muscular strength achieved in a single moment during the
pre-season (2). Despite the uncertainties provided by scientific literature, chief medical
officers of elite football clubs recognize muscle strength-related deficits as playing a
pivotal role in HIS (10), and knee flexor strength assessments have been widely used
to screen athletes potentially more susceptible to injury (4, 25). These assessments
have also been esteemed in the context of HSI rehabilitation, with the latest clinical
practice guide recommending their utilization in decision-making regarding the patients’

progression (22). In addition, strength tests are the most common return-to-play criteria
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adopted following a HSI in elite football (7, 32). Therefore, assessments of knee flexor
strength have become a routine practice for prevention and rehabilitation of HSI.

The knee flexor muscle strength has been assessed through isokinetic
dynamometers or specialized devices (e.g., Nordic hamstring exercise test), as well as
isometrically using handheld dynamometers (HHD) and load cells. However, the
expense associated with such apparatus is a hindrance for professionals dealing with
athletes at potential risk or in rehabilitation following an HSI. The Single Leg Bridge
Test (SLBT) emerged as a portable and cost-effective option for assessing the
hamstring function in both the clinical setting and the field of play. Briefly, this test
involves performing a unilateral bridge exercise with the tested leg supported on a
60cm-high platform until the task failure (more details in the Methods section). The
SLBT has demonstrated reliability (intratester ICC = 0.77-0.89; intertester ICC =
0.89-0.91) (16) and gained prominence following Freckleton et al. (13) found that
Australian footballers who experienced HSI during the season exhibited lower
preseason SLBT scores. From there, studies have used the SLBT to assess the
hamstring function in healthy subjects (20, 21, 30), as well as to help clinicians in
decision-making on the athletes’ rehabilitation progress and return to sport following
HSI (19, 24).

It is noteworthy that recent evidence does not support the SLBT as a reliable
tool for assessing the maximum strength capacity of the knee flexor muscles (14, 31).
Gasparin et al. (14) did not find a significant correlation between the SLBT score and
the knee flexor concentric or eccentric peak torque values. Similarly, the findings of
Robaina et al. (31) revealed weak or nonexistent correlations between the SLBT score
and maximum isometric strength values measured in the clinical setting through
HHD-based tests. Taken together, the evidence suggests that the SLBT should not be
used as a substitute for maximum knee flexor strength tests. Conversely, some authors
suggest the SLBT as a test of 'hamstring endurance' (13, 21). It seems plausible that
muscular endurance (i.e., the ability to resist fatigue) is the dominant factor due to the
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nature of repetitions to failure in the SLBT. However, the relationship between the SLBT
score and the knee flexor muscle endurance is still unknown. Therefore, the primary
objective of the present study was to examine the correlation between the SLBT score
and the endurance capacity of the knee flexor muscles in healthy individuals. Secondly,
this study aimed to examine the correlation between limb symmetry index (LSI)

provided by the SLBT and the and the knee flexor endurance test.

METHODS
Study Design

In this cross-sectional study, the volunteers attended the laboratory on two
separate occasions with at least a 48-hour interval between them. During each visit,
participants carried out either the SLBT or the knee flexor endurance test on the
isokinetic dynamometer. The sequence of assessments was randomized. A single
evaluator conducted all SLBT sessions while another conducted all isokinetic test
sessions. Evaluators were blinded to the results of the test conducted by their
colleague. This study was approved by the Federal University of Health Sciences of
Porto Alegre (Porto Alegre, Brazil) ethics committee (#5.589.245) and all volunteers

provided informed consent before starting study participation.

Participants

Volunteers were recruited through advertisements on social networks linked to
the university community. To be included in this study, the volunteers had to attend the
following criteria: male subjects, aged between 18 and 35 years and physically active
(e.g., practitioner of individual sports, team sports or resistance training). Volunteers
with history of knee or hip surgery, musculoskeletal injuries in the lower limbs in the 3
months prior to data collection (including hamstring strain injury), or any health

conditions that generate contraindications to the performance of maximal strength tests
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and/or muscular endurance tests (e.g., heart failure, arterial hypertension, and physical

disability of the lower limbs) were excluded.

Procedures

Participants were informed to avoid vigorous training sessions 24 hours prior to
assessments and the use of analgesics and/or anti-inflammatory drugs 48 hours before
the procedures, in order to prevent interference in the results. They were also
instructed not to consume stimulant substances (e.g., caffeine) on testing days. Data
collection sessions started with a standardized warm-up protocol (5 minutes exercise
on cycle ergometer with a cadence of 60 to 80 rpm and a self-selected load
corresponding to a moderate intensity activity). During warm-up time, instructions were
given about the tests to be performed and all the participants' doubts were clarified.
Following the assessment of the first limb, a 5-minute pause was provided before
conducting the test on the second limb. The assessment of the second limb was
conducted only once the participant had affirmed complete recuperation from the

preceding tests and indicated their readiness to exert a fresh maximal effort.

Single Leg Bridge Test

The SLBT (Figure 1-A) was conducted in accordance with the guidelines
outlined by Freckleton et al. (13). After following the previously outlined warm-up
routine and receiving clear instructions regarding the test procedure, participants were
instructed to lie down on the ground, placing the heel of the limb being tested on a
60cm high box. Employing a goniometer, the limb being tested was set to an
approximate 20° knee flexion angle. Participants were directed to fold their arms across
their chest and use their heel to exert downward pressure, lifting their pelvis off the
ground until their hip reached a fully extended position at 0°. An initial practice
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repetition was performed to demonstrate the proper execution to the participants and to
establish the target height for the upward movement. This elevation was measured
using a one-meter scale to ensure consistency during the evaluation of the opposite
limb. For a repetition to be considered valid, participants needed to touch their buttocks
to the ground with each repetition without pause. Subsequently, they were required to
make contact between their non-tested knee and the rater's hand, positioned at the
predetermined target height, before returning to the starting position. Additionally, the
non-working limb had to remain stable in a vertical position to prevent any momentum
gained from swinging. If the correct form was compromised, a warning was issued, and
the test was terminated at the next instance of faulty technique. Participants were

encouraged to perform the SLBT and complete as many repetitions as possible until

reaching failure.

Figure 1: lllustration of the Single Leg Bridge Test (panel A) and positioning adopted in

the knee flexor muscle endurance protocol at the isokinetic dynamometer (panel B).

Knee flexor endurance test
The endurance capacity of the knee flexor muscles was evaluated using an
isokinetic dynamometer (Biodex System 4; Biodex Medical System, Shirley, NY). After

following the previously outlined warm-up routine and receiving clear instructions
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regarding the test procedure, participants were positioned appropriately on the
isokinetic dynamometer in accordance with the manufacturer's guidelines for evaluating
knee flexion movements (Figure 1-B). To acclimate to the equipment and prepare for
the assessment, they executed 10 submaximal concentric knee flexion and extension
repetitions at a speed of 120°/s. After a one-minute rest interval, participants initiated
the knee flexor endurance test, which consisted of 30 maximal concentric knee flexion
contractions (1). These contractions were performed at an angular velocity of 120°/s
and encompassed a range of motion spanning 90°. Throughout the test, participants
were encouraged to exert the highest level of intensity possible from the first repetition

to the conclusion.

Outcomes

The “SLBT score” was documented as the number of valid repetitions executed
in each limb during the SLBT execution. The endurance of the knee flexor muscles was
assessed through two variables provided by the isokinetic dynamometer: peak torque
and work. The “peak torque fatigue index” was determined as the percentage reduction
in peak torque along the knee flexor endurance test. It was calculated by dividing the
mean peak torque value obtained from the final 5 repetitions by the mean peak torque
value from the initial 5 repetitions. The “work fatigue index” was calculated as the
percentage decline in work along the knee flexor endurance test. It involved dividing
the work executed during the last one third of the endurance test (last 10 repetitions) by
the work performed during the first one third (first 10 repetitions) of the test. For both
SLBT and knee flexor endurance test, the “limb symmetry index” (LSI) was calculated

using the following equation: (left limb value / right limb value) x 100.

Statistical Analysis
Descriptive statistics was used to describe the participants’ performance
through mean, standard deviation (SD), 95% confidence intervals (CI), and minimum

18



and maximum values. The Shapiro-Wilk normality test was used to analyze the
distribution. Correlations between SBLT scores and isokinetic fatigue indexes were
assessed through Pearson’s and Spearman's correlation coefficients for normal and
non-normal data, respectively. A similar statistical approach was used to assess
correlation between the LSI found in the SLBT and the knee flexor endurance test. The
following correlation criteria were adopted: 0.69 or less, poor correlation; 0.70 to 0.79,
fair correlation; 0.80 to 0.89, good correlation; and 0.90 to 1.0, excellent correlation (5).

Statistical significance was set at 5% (p<0.05) for the comparisons.

RESULTS

Forty healthy and physically active men (i.e., 80 limbs) were assessed in this
study (25+2 years old, 83+8 kg, 176+1 cm). Fifteen participants were recreational
athletes of a range of sports: running (n=6), soccer (n=2), CrossFit (n=1), volleyball
(n=1), basketball (n=3), Olympic weightlifting (n=1) and Sport Climbing (n=1). Some of
these recreational athletes routinely practiced more than one sport. The other 25
volunteers were only resistance training practitioners.

There was no significant correlation between the SLBT score and the knee
flexor fatigue indexes provided by peak torque or work (p>0.05 for both, Table 1).
Similarly, the LSI found in the LSBT was not significantly correlated with LS| found in
the knee flexor endurance test (p>0.05; Table 2). Scatter plots on Figure 2 further
demonstrate the failed association between the SLBT scores and the endurance

capacity of knee flexor muscles.

Table 1. Performance in the single leg bridge test and in the knee flexor endurance

test (n=80 limbs).

Correlations with SLBT
Mean (SD) 95% CI Min; Max

rorrho p-value
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SLBT (reps)
PT fatigue index (%)

Work fatigue index (%)

27.23 (7.35)
51.75 (9.45)

56.56 (8.51)

25.59 to 28.87
49.65 to 53.85

54.67 to 58.45

10; 44 - -
24.30;67.14  -0.038 0.737
34.60; 70.40 0.078 0.489

Max, maximum; Min, minimum; PT, peak torque; SLBT, single leg bridge test.

Table 2. Limb symmetry index in the single leg bridge test and the knee flexor

endurance test (n=40 volunteers).

Correlations with SLBT

Mean (SD) 95% CI Min; Max
rorrho p-value
SLBT LSI (%) 98.79 (12.00) 94.95t0 102.63  73.33; 121.43 - -
PT fatigue LSI (%) 107.53 (26.42) 99.08 to 115.98  66.06; 203.17 -0.100 0.540
Work fatigue LSI (%) 102.01 (17.80) 96.32to 107.70  73.95; 170.23 0.031 0.849

LS/, limb symmetry index; Max, maximum; Min, minimum; PT, peak torque; SLBT, single leg

bridge test.
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Figure 2. Scatter plots illustrating the relationship between the single leg bridge test
(SLBT) and the knee flexor endurance test. Panels A and B present the testing
performance (n=80 limbs). Panels C and D present the limb symmetry index (LSI; n=40

volunteers).

DISCUSSION

This study aimed to investigate the correlation between SLBT scores and knee
flexor muscles endurance capacity. The results demonstrated that there was no
significant correlation between SLBT score and the knee flexor fatigue index provided
by peak torque or work measurements. Additionally, the between-limb performance
symmetry in SLBT score, assessed through LSI, did not show a significant correlation

with those found in the isokinetic endurance test.

The SLBT was unable to measure knee flexor isokinetic peak torque (14) or
isometric maximum strength (31). There was no correlation even when the isometric
strength test was performed in the same position as the SLBT (31). Considering the
nature of repetitions until task failure proposed by the SLBT, our initial hypothesis was
that this test would present a good correlation with the endurance capacity of the knee
flexor muscles. Hence, we opted for the gold standard tool to assess muscular
strength-related variables and implemented a testing protocol under highly controlled
conditions in a laboratory environment to evaluate knee flexor muscle endurance. To
broaden the scope of our analysis, we employed torque and work as methods for
measuring muscle endurance. In both instances, our protocol proved effective in

inducing muscle fatigue, as indicated by average values of approximately 52% and
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59% drop in torque and work over the course of the 30 maximume-intensity repetitions,

respectively.

The results of the present study contradict the initial hypothesis that the SLBT
score would be associated with the knee flexor muscle endurance. It is reasonable to
speculate some factors that may have played a role in these results. Firstly, it should
not be ignored that fatigue is a phenomenon with a task-dependent nature (3). Hence,
a protocol involving a predetermined number of maximum-intensity isokinetic
contractions can elicit a different fatigue response compared to a protocol continuing
until task failure in a fixed resistance exercise (in the case of SLBT, using the
volunteers' body mass). The volunteers were acquainted with the tasks involved in the
SLBT and the isokinetic endurance test, but they did not have the opportunity to
undergo multiple assessments to refine their execution strategy for each test. The
instructions and verbal stimuli were provided to stimulate volunteers to exert maximum
effort to attain the greatest number of repetitions in the SLBT and perform each
contraction with the highest possible intensity since the beginning of the isokinetic
endurance test. Nevertheless, the perception of discomfort and fatigue triggered by
each test is individual-specific, influencing the volunteer's responses during the

execution of each test.

Concurrently, and possibly with a greater relevance on results, the contribution
of gluteal muscles to the hip extension movement during the SLBT should be
highlighted. Gluteus maximus is considered the most relevant hip extensor (23, 28).
Specifically during unilateral bridge exercises, studies have found similar activation
levels between gluteus maximus and hamstrings (11) or higher activation for gluteus
maximus compared to hamstrings (34). In addition, the middle segment of gluteus
medius and the posterior segment of gluteus minimus also exhibit high activation
during the unilateral bridge (26). Therefore, gluteal muscles probably played a key role

on the SLBT score, while have no participation on the volunteers’ performance in the
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isokinetic endurance tests. In addition to the gluteal muscles, bridge exercises involve
stabilizing muscles in the lumbopelvic region, such as lumbar multifidus and
longissimus thoracis (11). Interestingly, erector spinae muscles exhibit relative
activation levels similar to those observed in the knee flexors during some bridge
exercises (17, 18). Hence, status of these trunk muscles may also influence the SLBT

score.

Sprinting appears to be the task that imposes the greatest demands on the
hamstring muscles (33), and this muscle group plays a crucial role in horizontal force
production during sprint actions (27). Interestingly, in a situation of repeated
sprint-induced fatigue, the gluteal muscle seems to assume a relatively more significant
role than the hamstrings in horizontal force production (8). It has been hypothesized
that primary hip extensors, such as the gluteus maximus, may compensate for
potentially altered hamstring muscle function due to fatigue in a synergistic manner
during sprinting (8). Applying this hypothetical scenario to the SLBT, the fatigue of the
gluteal muscles would likely have a more decisive impact on the number of single-leg
bridge repetitions before task failure than the hamstrings themselves. This reinforces
the notion that our results might have varied if the isokinetic endurance test had

incorporated repetitive hip extension movements instead of knee flexion.

It is reasonable to speculate that the SLBT is, therefore, a test assessing the
endurance of the hip extensors as a whole. If this is accurate, the SLBT score should
not be solely attributed to the condition of the hamstrings or glutes in isolation. From a
practical standpoint, an athlete with well-functioning hamstrings may not perform well in
the SLBT due to the inability of their gluteal muscles to execute the task. Consequently,
subjecting them to an isolated knee flexor strengthening program may not be the most
appropriate strategy. Conversely, a satisfactory SLBT score for an athlete undergoing
HSI rehabilitation does not necessarily indicate that hamstring function has fully

recovered. The action of the glutes in hip extension may be the decisive factor for
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satisfactory performance, making a return-to-play decision based solely on the SLBT
premature. Therefore, even if future studies validate the potential association between
the SLBT and the endurance capacity of the complex responsible for hip extension,
practitioners should be mindful that this test may not differentiate whether the

endurance deficit lies in the gluteal or hamstring muscles.

The authors acknowledge limitations in the present study. Firstly, our findings
pertain to the performance of a sample of recreational athletes, and caution should be
exercised when extrapolating them to high-performance athletes. Secondly, conducting
additional sessions to familiarize volunteers with each test was not feasible in this
study. Conversely, the same evaluators conducted all assessments, with one
responsible for the SLBT and the other for the isokinetic test, ensuring that volunteers
received consistent instructions and verbal stimuli. Thirdly, the SLBT necessitates
evaluators with the ability to analyze technique, provide feedback, and count
repetitions. Therefore, it is possible that some inherent errors in this assessment may

have occurred in determining the test interruption due to task failure.

CONCLUSION

There was no significant correlation between the SLBT score and the knee
flexor endurance assessed in isokinetic conditions. Similarly, the between-limb
symmetry found in the LSBT was not significantly correlated with those found in the
knee flexor endurance test. Therefore, the SLBT should not be used as a clinical tool to

assess the endurance capacity of the knee flexor muscles.
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Types of paper
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Case Studies: A case report providing clinical findings, management and outcome
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Article” on the Editorial system
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article. The reference list ot the end ofthe article, the Abstract, figuresftables, title
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Ethics in publishing
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publishing

If the work involves the use of animal or human subjects, the author should ensure
that the work described has been carried out in accordance with The Code of Ethics
ofthe World Medical Association (D ion of Helsinki);

guiding physicians in biomedical research
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for-medical-research-invelving-human-subjects/

Adopted by the 18th World Medical Assembly, Helsinki, Finland, June 1964,
amended by the 29th World Medical Assembly, Tokyo, Jopan, October 1975, the 35th
World Medical Assembly, Venice, Italy, October 1983, and the 41st World Medical
Assembly, Hong Kong, September 1989. EU Directive 2010/63/EU for animal

experiments

[ www.w ma.net/policies-postjwma-de claration-of-helsinki-ethical-principles-
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with guidelines. Patients’ and ‘ names, initials, and
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In @ case report, the subject's written consent should be provided. It is the cuthor's

to ensure ol appropriate consents hove been obtained

Photographs of human participants are accaptable ifthe authors have raceived

appropriate permission for publ of the photographs, or taken approp

measures to disguise the individual's identity.
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potential competing interests include Itancies, stock p.
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please state this: 'Declarations of interest: none’ 2. Detailed disclosures as part of @
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incomplete or biased. Al and Al-assisted technologies should not be listed as an
auther or co-author, or be cited as an author. Authorship implies responsibilities
and tasks that can only be attributed to and performed by humans, as outlined in
Elsevier's Al policy for outhers.

Authors should disclose in their the use of Al and Al-assisted
technologies in the writing process by g the below. A

will appear in the published work. Please note that authors are ultimately

responsible and accountable for the contents of the work.

Disclosure instructions
Authors must disclose the use of Aland Al- dtech jies in the

writing process by adding a statement at the end of their manuscript in the core
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section entitled of Aland AL ies in the
writing process'.

ing of this work the {5) used [NAME TOOL /
SERVICE] in order to [REASON]. After using this tool/service, the authorfs) reviewed and
edited the content as needed and take(s) full responsibility for the content of the
publication.

This declaration does not apply te the use of basic tools for checking grammar,
spelling, references etc. If there is nothing to disclose, there is no need to add a
statement.

Submission declaration and verification

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract, @ published lecture or academic thesis,

see 'Multiple, or p formore ion), that it is
not under for ion elsewhe re, that its ion is approved
by all authors and tacitly or explicitly by the responsible authorities where the work

was carried out, and that, ifaccepted, it will not be published elsewhere in the
same form, in English or in any other language, including electrenically without the
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checked by Crossref Similarity Check and other originality or duplicate checking

software.

A Conflict of Interest file should be uploaded as a seperate file during submission -
sea Conflict of Interest file section below for further details.

Use of indlusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive
to differences, and promotes equal opportunities. Content should make no
assumptions about the beliefs or commitments of any reader; contain nothing
which might imply that one individual is superior to another on the grounds of age,
gender, race, ethnicity, culture, sexual orientation, disability or health condition;
and us

from bias, steraotypes, slang, reference to dominant culture and/er cultural

free

clusive language throughout. Authors should ensure that writin,

assum ptions. We advise to seek gender ne utrality by using plural nouns (*clinicians,
patientsjclients*) os default jwherever possible to avoid using "he, she,” or "he she.”
We iding the use of iptors that refer to personal attributes
such as age, gender, race, ethnicity, culture, sexual orientation, disability or health

condition unless they are relevant and valid. When coding terminology is used, we
recommend to avoid offensive or exclusionary terms such as *master”, "slave",
“blacklist* and “whi
and (self) explanatory such as *primary’, “secondary”, "blocklist and "allowlist"
These guidelines are meant as a point of reference to help identify apprepriate
language but are by no means exhaustive or definitive.

st* We suggest using alternatives that are more appropricte

Reporting sex- and gender-based analyses

Reporting guidance
For research involving or pertaining to humans, animals or eukaryotic cells,
investigators should integrate sex and gender-based analyses [SGBA) into their

research design rding to and best proctices within

a field. Authors should address the sex and/or gender dimensions of their research
in their article. In cases where they cannot, they should discuss this as @ limitation
to their research’s generalizability, Importantly, authors should explicitly state what
definitions of sex andjor gender they are applying to enhance the precision, rigor
and reproducibility of their research and to avoid ambiguity or conflation ofterms
and the constructs to which they refer (see Definitions section below). Authors can
refer to the Sex and Gender Equity in Research (SAGER) guidelines and the

SAGER guidelines checklist. These offer systematic approaches to the use and
editorial review of sex and gender information in study design, data analysis,
outcome reporting and research interpretation - however, please note there is no
single, universally agreed-upon set of guidelines for defining sex and gender.

Definitions
Sex generally refers to a set of biological attributes that are associated with
physical and features (e.g., genotype, hormonal levels,

internal and external anatomy). A binary sex categorization {male/femole) is usually
designated at birth (*sex assigned ot birth™), most often based solely on the visible
external anatomy of a newborn. Gender generally refers to socially constructed

roles, behaviors, and identities of women, men and gender-diverse people that

occur in a historical and cultural context and may vary across sociaties and over

time. Gender influences how people view themselves and each other, how they
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behave and interact and how powar is distributed in society. Sex and gender are
often incorractly portrayed as binary or and

whereas these construets actually exist along a spectrum and include additional sex
categorizations and gender identities such as people who are intersex/have
differences of sex development (DS D) or identify as non-binary. Moreover, the terms

“sex™ and "“gender'" can be ambigueus—thus it is important for authors to define
the manner in which they are used. In addition to this definition guidance and the
SAGER guidelines, the resources on this page offer further insight around sex and

genderin research stu
Contributors
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providing language help, writing assistance or proofreading the orticle, etc) that do.
not meet criteria for authorship should be acknowledged

Authorship
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the conception and design of the study, or acquisition of data, or analysis and
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intellectual content, (3) final approval of the version to be submitted

In the covering letter to the editorial office, we ask you make a true statement that
all authors meet the criteria for authorship, have approved the final article and that
all those entitled to authorship are listed as authers.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before
submitting their manuscript and provide the definitive list of authors at the time of
the original submission. Any addition, deletion or rearrangement of author names
in the authorship list should be made only before the manuscript has been accepted
and only if approved by the journal Editor. To request such a change, the Editor
must receive the following from the corresponding author: (a) the reason for the
change in author list and (b} written confirmation (e-mail, letter) from all authors
that they agree with the addition, removal or rearrangement. In the case of
addition or removal of authors, this includes confirmation from the author being
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Only in exceptional circumstances will the Editor consider the oddition, deletion or
rearrangement of authors after the manuscript has been acce pted. While the Editor
considers the request, of the will be I the
manuscript has already been published in an online issue, any requests approved by

the Editor will result in @ corrigendum.
New guidance for randomised controlled trials

Physical Therapy in Sport has adopted the proposal from the International

Committee of Medical Journal Editors (ICM)E) (see a recent Editorial in Manual
Therapy https:/fwww.sciencedirect comscience/article fpii/S1356689X1200238X,
Editorial: "Clinical trial in

journals:

from the International Society of Physiotherapy Journal Edito

which raquires, os

@ condition of consis for ion of clinical trials, registration in o public
triols registry. Trials must register ot or before the onset of patient enrolment. The
clinical trial registration number should be included at the end of the abstract of
the article. For this purpose, @ clinical trial is defined as any research project that
prospectively assigns human subjects to intervention or comparison groups to study
the cause and effect relationship between a medical intervention and o health
outcome. Studies designed for other purposes, such as to study pharmacokinetics or
major toxicity (e.g. phase I trials) would be exempt. Further information can be
found at http: jfwww.ic Clinical Trials that after st June 2013
must be registered to be considered for publication in Physical Therapy in Sport.
Authors will be asked to state the triol registration number during the submission
system as well as at the end ofthe manuscript file. From January 2014 Physical
Therapy in Spart will not be able to accept any unregistered Clinical Trial papers. By
2015 the journal will not be able to publish any Clinical Trials that are unregistered
prior to recruitment of the first participant.

Reporting clinical trials [CONS ORT)

Rondomized controlled trials should be presented according to the CONSORT
guidelines. At manuscript submission, it may be helpful to authors to complete the
CONSORT checklist and flow chart. The CONSORT checklist and template flow
diagram can be found on

ps:/fwww.goodreport i 2 /. Authors should submit
such files as "Supporting File" types at submission.

Article transfer service

This journal uses the Elsevier Article Transfer Service to find the best home for your
manuscript. This means that if an editor faels your manuscript is more suitable for
an altemative journal, you might be asked to consider transferring the manuscript
to such o journal. The recommendation might be provided by a Journal Editor, @
dedicated Scientific Managing Editor, a tool assisted recommendation, or a
combinatien. If you agree, your manuseript will be transferred, though you will
heve the opportunity to make changes to the manuseript before the submission is
complete. Please note that your manuscript will be independently reviewed by the
new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a ‘Journal

! fsee more on this). An e-mail will be sent to the

Agi
corresponding author confirming re

ipt of the manuscript together with o Journal

Publishing Agresment’ form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the
Publisher is required for resale or distribution outside the institution and for all
other derivative works, including compilations and translations. If excerpts from
other copyrighted works are included, the authorfs) must obtain written permission
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from the copyright owners and credit the sourcefs) in the article. Elsevier has
preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked
to complete a 'License Agree ment’(more information). Permitted third party reuse

ofgold open access articles is determined by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certa

ights to reuse your
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Elsevier supports responsible sharing
Find out how you can share your ressarch published in Elsevier journals.

Role of the funding source

You ore requested to identify who provided financial support for the conduct of the
research andfor preparation of the article and to briefly describe the role ofthe
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publication. If the funding source(s) had no such involvement, it is recommended to
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Opan accass

Please visit our Open Access poge for more information obout open access
publishing in this journal.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but
not a mixture of these). Authors who feel their English language manuscript may
require editing to eliminate possible grammatical or spelling errors and to conform
to correct scientific English may wish to use the Languoge Editing service available

from Elseviers Language Services.

Submission

Our online submission system guides you stepwise through the process of entering
your article details and uploading your files. The systam converts your article files to
a single PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are
required to typeset your article for final publication. All corraspondence, including
notification of the Editor's decision and requests for revision, is sent by e-mail.

Submit yourarticle
Please submit your article via https:/fwww editoriclmanager.com/yptsp

Referees

Please supply the names of two potential reviewers for your manuseript. Please
provide their full name, position and e-mail address. Please do not suggest
reviewers from your own institution, previous or current collaborators. Please note,
the final choice of reviewers is that of the Editor and the journal reserves the right

not to use reviewers which have been suggested by the authors.

Authors are required to submit according to the f this
Guide for Authors. Please note that papers not formatted in this manner will be
returned to the author for amendment before entering into the editorial and peer
review process. In particular please toke care to follow the instructions for the

formatting of references.
Preparation
Queries

For questions about the editorial process (including the status of manuscripts under

review) or for technical support on submissions, please visit our Support Center.

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system cutomatically converts
your files to a single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your
manuscript as a single file to be used inthe refereeing process. This can be a PDF
file or @ Word document, in any format or lay-out that can be used by referees to
evaluate your manuscript. It should contain high enough quality figures for

refe

ing. If you prefer to do 50, you may still provide all or some of the sourca files
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submission. Please note that individual figure files larger than 10 MB
must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
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Formatting requirements

There are no strict i butall must contain the

essential elements needed to convey your manuseript, for example Abstract,
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Abstract

Articular cartilage is @ unique biphasic material that supports a lifetime of compressive
¥ . -

and shear f Joints. When arti g ;

injury, wear and tear or normal aging, osteoarthritis and resultant pain can ensue.
Understanding the basic science of the structure and biomechanies of articular cartilage
can helpclinicians guide their patients to appropriate activity and loading choices. The
purpose of thisarticle is to examine how articular cartilage structure and mechanics,
may interact with risk factars to contribute to OA and how this interaction provides
guidelines for intervention choices This paper will review the microstructure of articular

cartilage, its mechanical properties and link this information to clinical decision making.

Highlights

Highlights are mandatery for eriginal research and review papers; they are not
required for any other article type. They consist of a short collection of 3 to § bullet
points [maximum 85 characters, including spaces, per bullet point) that convey the
core findings of the article. See https://www.elsevier.com /highlights for examples.

Keywords

Please list 3 or 4 keywords on the first page of your manuscript, after the Abstract.
The purpose of these is to increase the likely accessibility of your paper to potential
readers searching the litercture. Therefore, ensure keywords are descriptive of the
study. Refer to a recognised thesourus of keywords (e.g. CINAHL, MEDLINE)

wheraver possible
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language help, writing assistance or proof reading the article, etc) Please do not

include any within your main ipt file until the revision
stages, when it should be placed after the statement of Funding (see Conflict of
Interest file section below).

Additional information required for Research articles, Reviews and Masterclass
articles.

Conflict of Interest file

A Conflict of Interest file is required and should include statements of (1) Conflict of
Interest, (2) Ethical Approval and (3) Funding under these headings and in the order
given here. If some, or all three, do not apply, please still include the headings
stating "None* | "Not applicable®. Clinical Trial Registry name and registration
number and g may be added if as ath and Sth
headings. For revised i this ion must be to the
manuscript file, before the reference list, in the following order (please refer to a

recent issue of the journal for examples):
Conflict of Interest

Ethical Approval
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Any conflicts of interest should be stated here [please refer to Declaration of
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Ethical Approval

Astatement should be made that the work has been approved by the appropriate
nstitutionfs) in which it was performed and that

ethical committees related to thy

subjects gave informed consent to the work. If Ethical Approval was not required
please make o statement to this effect or state "None declared”,

Funding
Funding sources should be noted at the end of the manuscript file. List funding
sources in this standard way to facilitate compliance to funder's requirements:

This work was supported by XXXXX [grant numbers xax, yyyyl; XXXXX [grant

number zzzz]; and XXXXX [grant num ber acaa).

It is not necessary to include detailed descriptions on the program or type of grants
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Footnotes
Footnotes should be used sparingly. Number th ghout the
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article. Many word processors build footnotes into the text, and this feature may be

used. Should this not be the case, indicate the position of footnotes in the text and

presant the footnotes themslves saparately at the end of the article.

Artwork

Hlustrations and tables that have appeared elsewhere must be accompanied by
itten permission to reproduce them from the original publishers. This is necessary

even if you are an author of the borrow ed materiol. Borrowed material should be
acknowledged in the coptions in the exact wording required by the copyright
holder. If not specified, use this style: " Reproduced by kind permission of . . .

) N

o ) clinical aphs must b
accompanied by written permission from the patient.

Electronic artwork

Generalpoints

- Make sure you use uniform lettering and sizing of your original artwork.

« Prefarred fonts: Arial {or Helvetical, Times New Roman (or Times), Symbol, Courier.

+ Number the illustrations according to their sequence in the text.

« Use a logical naming convention for your artwork files.

+ Indicate per figure if it is o single, L5 or 2-column fitting image.

+ For Word submissions only, you may still provide figures and their coptions, and
tables within a single file ot the revision stage.

« Please note that individual figure files larger than 10 MB must be provided in

separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats

Regardless of the application used, when your electronic artwork is finclized, please
‘save as’ or convert the images to one of the following formats (note the resolution
require ments for line drawings, halftones, and line/halftone combinations given
below}:

EPS for PDF): Vector drawings. Embed the font or save the text as 'graphics’

TIFF for JPG): Color or grayscale photographs (halftones) always use @ minimum of
300 dpi.

TIFF for JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF for JPG): Combinations bitmapped linefhalf-tone (color or grayscale} @
minimum of 500 dpi is required.

Please do not:

« Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is teo low.

« Supply files that are too low in resolution.

« Submit graphics thet are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or ) PEG), EPS
for PDF), or MS Office files) and with the correct resolution. If, toge ther with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online fe.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in
color in the printed version. Fer coler reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article.
Please indicate your preference for color: in print or online only.

Further information on the preparation of electranic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should com prise a brief title
(not on the figure itself) and a description of the illustration. Keep text in the
illustrations themselves to @ minimum but explain all symbols and abbreviations
used,

References

Citation in Text

Please ensure that every reference cited in the text is also present in the reference
list (and vice verse). Avoid using references in the abstract. Avoid citation of personal
communications or unpublished material. Citations to material “in press” is
acceptable and implies that the item haos been accepted for publication. Citation of
material currently under consideration elsewhere fe.g. "under review" or
“submitted") is not,

Web references

As @ minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, ifknown [DOI, cuthor names, dates,
reference to a source publication, etc), should alsc be given, Web refere nces can be
listed separately fe.g., ofter the reference list) under a different heoding if desired, or

can be included in the reference list.

Data references
This journal encourages you to cite underlying or relevant datasets in your
manuseript by citing them in your text and including @ data reference in your

Reference List. Data references should include the following elements: author

name(s), dataset title, data repository, version fwhere available), year, and global
persistent identifier. Add [datoset] immediately before the reference so we can
properly identify it as o data reference. The [dataset] identifier will not appear in
your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed
publication, the formal publication should be used as the reference. If there are
preprints that are central to your work or that cover crucial developments in the
topic, but are not yet formally published, these may be referenced. Preprints should
be clearly marked as such, for example by including the word preprint, or the name
ofthe preprint server, as part of the reference. The preprint DOI should also be
provided.

Reference management software

Most Elsevier journals have their refarance template available in many of the most
popular reference monagement software products. These include all products thet
support Citation Style Language styles, such as Mendeley. Using citation plug-ins
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from these products, cuthors only need to select the appropriate journal template
when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for this
Journal, please follow the format of the sam ple references and citations as shown in
this Guide. Ifyou use reference management software, please ensure that you
remove all field codes before submitting the electronic manuseript.

More information on how to remove field codes from different reference
management software

Reference formatting

There are no strict requi on refarence g at

can be in any style or format as long as the style is consistent. Where applicable,
authorfs) namels), journal title/book title, chapter title article title, year of
publication, volume number/book chapter and the article number or pagination
must be present. Use of DOI is highly encouraged, The reference style used by the
journal will be applied to the accepted article by Elsevier at the proof stage. Note
that missing date will be highlighted at proof stage for the author to correct. If you
do wish to format the references yourself they should be arranged according to the
follow ing examples:

Reference Style

Text: Citations in the text should follow the referencing style used by the American
Psychological Association. You are referred to the Publication Manual of the
American Psychological Association, Sixth Edition, ISBN 978-1-4338-0561-5, copies of
which may be ordered from http:/{books.apa.org/books.cfm ?id=4200067 or APA
Order Dept., P.O.B. 2710, Hyattsville, MD 20784, USA or APA, 3 Henrietta Street,
London, WCIE BLU, UK.

Examples ofin text references:

Single outhor (Graham, 2001)

Two authors (Geyer & Broff, 1955)

Three to six authers (Lehman, Stohr, & Feldon, 2000) for the first citation and
(Lehman et al,, 2000) for subseguent citations.

More than six authors (Karper et al., 1996)

Please separate in the textin by using a semi-col

List: references should be arranged first alphabetically and then further sorted

chronologically if necessary. More thon one reference from the same authorfs) in the
same year must be identified by the letters 'a, 'b', 'c! etc., placed after the year of
publication,

Examples of listed references:

Reference to @ journal publication:

Herrington, L., and Munro, A. (2010). Drop jump landing knee valgus angle;
normative data in a physically active population. Physical Therapy in Sport, 11, 56-59
Reference to a book:

Magee, D). (1997). P hysical. (3rd ed.). Phil Saunders.
Reference to a chapter in an edited book:

Hudson, Z., & Brown, A, (2003). Athletes with disability. In: G. 5. Kolt, & L. Snyder-
Mackler (Eds.), Physical therapies in sport and exercise (pp. 521-304). Edinburgh:
Churchill Livingstone.

Example of data citation:

[dataset] Oguro, M., Imahiro, 5., Saito, 5., Nakashizuka, T. {2015). Mortality data for
Jopanese ock wilt disease and surrounding forest com positions. Mendeley Data, v1.
http:[Jdx.doi.org/10.17632xwj3 8nb3sr.1

Supplementary material

Supple mentary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supple mentary items are
published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to.
supplementary material during any stage of the process, please make sure to
provide an updated file. Do not annotate any cor rections on a previous version.
Plaase switch off the Track Changes' option in Microsoft Office files as these will
appear in the published version.

Supplementary material should be uploaded ot submission as "e-component® files.
Research data

This journal encourages and enables you to share dota that supports your resecrch
publication where appropriate, and enables you to interlink the data with your
published articles. Research data refers to the results of obse rvations or
experimentation that validate research findings, which may also include software,
code, models, algorithms, protocels, methods and other useful materials related to
the project.

Below are a number of ways in which you can associate data with your article or

make astatement about the availability of your data when submi

ing your
manuscript, If you are sharing data in one of these ways, you are encouraged to
cite the data in your manuscript and reference list. Please refer to the "References”
section for more information about data citation. For more information on
depositing, sharing and using research data and other relevant research materials,
visit the research data page.

Data linking

1f you have made your research data available in a data repository, you can link
your article directly to the dataset. Elsevier collaborates with a number of
repositories to link articles on Sci irect with relevant ies, giving
readers access to underlying dota that gives them a better understanding of the
research described.

There are different ways to link your datasets to your article, When available, you
can directly link your dataset to your orticle by providing the relevant information in
the submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next

to your published article on ScienceDirect.
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In addition, you can link to relevant data or entities through identifiers within the
text of your manuseript, using the following format: Database: xoox (e.g., TAIR:
ATIG01020; CCDC: 734053; PDB: IXFN).

Data statement

To foster transparency, we encourage you to state the availability of your data in
your submission. This may be a requirement of your funding body or institution. If
your data is unavailable to access or unsuitable to post, you will have the
opportunity to indicate why during the submission process, for example by stating
that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the

Data Statement page.

Submission Checklist

The following list will be useful during the final che cking of an article prior to
sending it to the journal for review. Please consult this Guide for Authaors for further
details of any item.

Ensure that the following items are present:

©One author has been designated as the corresponding author with contact det:

« E-mail address

« Full postal address

« Phone numbers

All necessary files have been uploaded, and contain:

« Keywords

+ All figure captions

« All tables (including title, description, footnotes)

Further considerations

+ Manuscript has been 'spell-checked’ and ‘grammar-checked'

+ References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa
« Permission has been cbtained for use of copyrighted material from other sources
(including the Web)

« Color figures are clearly marked as being intended for color reproduction on the
Wb (free of charge) andin print, or to ba reproduced in color on the Web (free of
charge} and in black-and-white in print

- If only color on the Web is required, black-and-white versions of the figures are

also supplied for printing purposes
For any further information please visit our customer support site at

https:fJservice elsevier.com

After acceptance
Online proof corection

To ensure o fast publication process of the article, we kindly ask authors to provide
us with their proof corrections within two days. Corresponding cuthors will receive
an e-mail with a link to our online proofing system, allowing annotation and
correction of proofs online. The environment is similar to MS Word: in addition to

editing text, you can also comment on figures/tables and answer questions from

the Copy Editor. Web-based proofing provides a faster and less error-prone process
by allowing you to directly type your corrections, eliminating the potential
introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the POF
version. All Instructions for proofing will be given in the e-mail we send to authors,
including alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately.
Please use this proof only for checking the typesetting, editing, completeness and

of the text, tabls d figures. Signil changes to the article as
accepted for publication will only ba considerad at this stage with parmission from
the Editor. It is important to ensure that all corrections are sent back to us in one
communication. Please check carefully before replying, as inclusion of any
cannot be ing is solely your

responsil

Offprints

The corresponding author will, at no cost, receive 25 free paper offprints, or
alternatively o customized Share Link providing 50 days free access to the final
published version of the article on ScienceDirect. The Share Link can be used for
sharing the article vio any communication channel, including email and social
medic. For an extra charge, poper offprints can be ordered via the offprint order
form which is sent once the article is accepted for publication. Corresponding
authors who have published their article gold open access do not receive a Share
Link s their final published version of the article is available open access on

ScienceDirect and can be shared through the article DOI link.

Author inquiries

Visit the Elsevier Support Center to find the answers you need. Here you will find

ything from Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out

when your accepted article will be published.
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