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Background

Regular employment of three-dimensional (3D) motion analyses to assess and monitor
knee valgus moments; a contributor to non-contact anterior cruciate ligament (ACL)
injury; during unplanned sidestep cutting (USC) is costly and time-consuming. An
alternative quick-to-administer assessment tool to infer an athlete’s risk for this injury
could allow prompt and targeted interventions to mitigate this risk.

Purpose

This study investigated whether peak knee valgus moments (KVM) during
weight-acceptance phase of an unplanned sidestep cut were correlated with composite
and component scores of the Functional Movement Screen (FMS™).

Study Design

Cross-sectional, Correlation

Methods

Thirteen female national-level netballers performed six movements of the FMS™
protocol and three trials of USC. A 3D motion analysis system captured lower limb
kinetics and kinematics of each participant’s non-dominant leg during USC. Averages of
peak KVM across USC trials were calculated and examined for correlations with
composite and component scores of the FMS™,

Results

No correlations were found between FMS™ composite or any of its component scores
with peak KVM during USC.

Conclusions

The current FMS™ did not show any correlations with peak KVM during USC on the
non-dominant leg. This suggests that the FMS™ has limited utility in screening for
non-contact ACL injury risks during USC.

Level of Evidence
3
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INTRODUCTION

Non-contact anterior cruciate ligament (ACL) injuries make
up 70% of all ACL injuries,! with rapid deceleration, single-
leg landing and sidestep-cutting movements being the
main contributors.»2 Females who display poor neuromus-
cular control of the lower body when performing these
high-risk movements resulting in high knee valgus and
knee internal rotation moments that could strain the ACL
are 4-6 times more susceptible to ACL injury than males.3
While several factors combined may incite an ACL injury,*
high knee valgus moments (KVM) during unplanned side-
step-cutting (USC) can rupture the ACL.35 KVM was re-
ported to predict ACL injuries with 73% specificity, 78%
sensitivity and an r2 of 0.88.3 Video-based studies have
also reported that most ACL ruptures occur during initial
foot contact during the weight-acceptance phase of USC
when the knee goes into valgus.6=? USC reportedly results
in larger peak frontal knee moments in comparison to a sin-
gle-leg landing.10

Netball, a team ball-sport with high female participation
rates and over 20 million participants globally, involves
multiple repetitions of single-leg landing and USC and ac-
counts for many non-contact ACL injuries.11-12 Not only is
recovery from ACL injury costly, full return to sport post-
ACL reconstruction can take up to twelve months.1314
Knee injuries were reported to be the most disabling injury
in netball.!> The identification of non-contact ACL injury
risk through periodic screening is therefore crucial.

The current gold standard for assessing knee moments
during sporting maneuvers involves the use of three-di-
mensional (3D) motion analysis systems that are costly,
time-consuming to operate and often inaccessible to the
Consequently, simple-to-administer screening
tools are increasingly sought after to replace these sophisti-
cated laboratory-based tests that can be used to infer sport-
ing performance and injury risk. Examples of which include
the Landing Error Scoring System and Tuck Jump Assess-
ment that have been used to quickly recognize injurious
postures such as knee flexion and valgus angles during dou-
ble-legged landing that may injure the ACL.16:17 Relating to
sport-specific maneuvers such as sidestep-cutting and sin-
gle-leg landing, where unilateral balance, lateral hip and
trunk control, and proper alignment of the lower extrem-
ity all contribute to ACL strain,>~ 71819 a screening tool
assessing these elements may be more relevant. An ex-
ample of this includes the quick and simple-to-adminis-
ter Y-Balance Test, which is performed unilaterally, repli-
cating the stance after a single-leg landing. Correlations
were found between the posteromedial and anterior reach
distances with knee flexor and internal rotation moments,
respectively, during single-legged jump-landing, and was
suggested to be a useful screening tool for inferring knee
moments contributing to non-contact ACL injury risk.2% No
correlations between the Y-Balance Test and KVM during
USC were found. Another screening tool, the Functional
Movement Screen (FMS™),21,22 did however show potential
to illuminate non-contact ACL injury risks.21,22

masses.

The FMS™ assesses seven fundamental movement pat-
terns that require mobility and stability of the body and
1limbs.2021 These seven movements include the 1) Deep
squat (DS) 2) Hurdle step (HS) 3) In-line lunge (IL) 4) Active
straight leg raise (ASLR) 5) Trunk push-up (TP) 6) Rotary
stability (RS) and 7) Shoulder mobility. Each movement in
the FMS™ is rated by an assessor from 0 to 3 based on
their ability to perform the movements without compen-
satory actions.23.24 A composite score of 14 and below out
of the maximum 21 has been associated with high injury
risk,25-29 but has also been reported by some studies to be
limited in predicting injury.29-32 Notably, when the shoul-
der mobility test is removed from the seven movements, a
stronger correlation was shown to exist between the scores
of the other six movements and lower extremity injury.26

While the majority of studies assessed lower extremity
injury incidences post-testing, two were able to link the
FMS™ scores to injury mechanism. In one study, it was re-
ported that higher composite scorers displayed less spine
and frontal plane knee movement during performance of
the FMS™ than lower scorers22; both contributing factors
to high KVM during the sidestep cut. In another study, clin-
ical measures used to identify knee abduction(valgus) mo-
ment probability during a drop jump landing, albeit a proxy
measure of actual KVM, found an increased risk for non-
contact ACL and lower extremity injuries when FMS™ com-
posite scores were lower than 14.2! Could the FMS™ scores
also be used to identify participants who demonstrate high
KVM during the sport-specific maneuver of USC and by
means of inference indicate risk of non-contact ACL injury?

The purpose of this study was to investigate whether ex-
ternally applied peak KVM during weight-acceptance phase
of USC were correlated with the composite and component
scores of the FMS™. The presence of correlations may pre-
sent a screening tool that can be used to infer KVM, a con-
tributor to non-contact ACL injury, during USC in netball.

METHODS
PARTICIPANTS

Fifteen well-trained female netballers (age: 24.6 = 2.5 v;
height: 1.75 + 0.1 m; mass: 63.2 = 7.4 kg) from the Sin-
gapore National Open’s team participated in the study. A
minimum of eleven participants were required for this
study, according to G*power analysis (v3.1.9.2, Heinrich-
Heine University, Diisseldorf, Germany), to detect a Pear-
son’s correlation coefficient of r = 0.75 (B =0.80, a=0.05,
two-tailed). This effect size of r = 0.75 was set based on
correlations found in a study by Chorba and colleagues
(2010).26 All participants had no pre-existing lower limb in-
jury and were proficient in performing USC on either leg.
Participants were briefed that they would perform both the
USC and FMS™ with the order randomized to eliminate se-
quencing effects. In addition, participants were asked to in-
dicate if they were menstruating at the time of testing as it
can affect ligament laxity.33 All procedures and forms were
approved by the Singapore Sport Institute Institutional Re-
view Board, and all participants provided their informed
written consent before data was collected.
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Figure 1. Unplanned Sidestep-Cutting (USC)

INSTRUMENTATION & PROCEDURES

Participants performed bilateral USC (Figure 1) at a cut an-
gle of 45° + 10° toward the left or right by reacting to an
arrow presented on a screen in front of them.34 The arrow
direction sequence was randomized but counterbalanced
in order to minimize anticipation, bias or sequencing ef-
fects. Participants were required to perform this task with
an approach speed of 4.5 £ 0.5 m/s that was monitored by
two pairs of customized timing gates, and react immedi-
ately with a sidestep cut in the direction of the arrow dis-
played on a screen upon passing through the second pair
of gates. The 45° = 10° cut angle was ensured by requir-
ing participants to pivot on the force plate and then run
through either pair of cones placed 45° to the left and right
from the middle of the force plate. To avoid force plate tar-
geting, participants were instructed to focus on the screen
ahead of them during the approach run. Further, a cone
was placed in a participant-specific position to demarcate
the starting location of each participant, determined dur-
ing familiarization, so that running with their natural ca-
dence resulted in foot contact on the force plate. Eight fa-
miliarization trials were provided for USC.5 For the actual
test, a trial was deemed successful when 1) the participant’s
entire foot landed completely within the designated force
plate and 2) the participant ran through the correct pair of
cones after performing USC. Demonstration and familiar-
ization were done prior to testing. Unfortunately, due to lo-
gistical reasons and the positioning of the force plate, only
data from USC to the right side (i.e., left foot ground con-
tact) could be obtained and analyzed. A total of three suc-
cessful trials were required from each participant on their
left leg. The prior decision was made to assess the left leg,
between the two, as it was the non-dominant leg for ma-
jority (13 out of 15) of the participants. Females have been
reported to suffer from non-contact ACL injuries more fre-
quently on their non-dominant leg.353¢ Participants ver-
bally indicated which leg they would perform a single-leg
jump push-off with. This leg was determined as the partic-
ipants’ dominant leg while the other leg was determined as
their non-dominant leg. Consequently, data of only 13 out
of 15 participants’, whose left legs were their non-dominant
legs, were presented and discussed.

Three-dimensional body kinematics during the USC
were captured using twelve 3D opto-reflective motion cap-
ture cameras (Vicon Industries Inc., Edgewood, NY, USA) at
a sampling rate of 250 Hz. A single 0.6 m by 0.9 m Kistler
force plate (Kistler 9287CA Piezoelectric, Winterthur,
Switzerland) captured ground reaction forces synchro-
nously at 1000 Hz. Thirty-two retro-reflective markers, fol-
lowing the University of Western Australia (UWA) Lower
Limb Model and Marker Set, were affixed to selected
anatomical landmarks on each participant to facilitate 3D
motion analysis.37 Detailed description of data collection
with this marker set set-up and calibration can be found
from previous research by Besier and colleagues.3’

Captured kinematic and kinetic data were analyzed in
Vicon Nexus (version 2.3, Oxford Metric Group, Oxford,
UK). Knee moments were calculated, through inverse dy-
namics, during the weight-acceptance phase of the USC
where the peak of KVM occurred, and when the ACL load is
high.? Output moments calculated were externally applied
and indicated as “+” for valgus and “-” for varus. Marker
trajectories and force plate data were filtered with a low-
pass (4th order, zero-lag) Butterworth digital filter at a cut-
off frequency of 20 Hz after residual analysis and visual
inspection of the data.38 Final KVM value for each partic-
ipant was presented as the mean of peaks from three suc-
cessful trials and normalized to their respective heights and
masses.

Participants performed the six movements (Figure 2), 1)
Deep squat (DS) 2) Hurdle step (HS) 3) In-line lunge (IL)
4) Rotary stability (RS), 5) Active straight leg raise (ASLR),
6) Trunk push-up (TP), of the FMS™ in a randomized se-
quence, with the shoulder mobility test removed. Demon-
stration was provided prior to each movement test accord-
ing to the standardized procedures and verbal instructions
described by Cook and colleagues.2324 Two familiarization
trials; necessary in order to eliminate any possible learning
effects3?; and three test trials per side were required for
each movement. An adapted half-point scoring from 0 to
3, in 0.5 increments, was adopted as the original whole-
number scoring had been critiqued to be of low sensitivity
where a score of 2 can be achieved in multiple ways.22 Zero
point was awarded for participants who experienced any
pain while performing any of the movements, and 3 points
was awarded for participants who could perform the move-
ments in accordance to the FMS™ guide.2324 For move-
ments that were performed bilaterally, the scores on the left
side were used as only the left KVM, during sidestep cut-
ting to the right, were recorded. Composite scores were ob-
tained by summing the six movement scores, providing a
maximum of 18 points. Both appraisers of the FMS™ were
trained through a minimum of three weeks of pilot test-
ing and were familiar with the half-point scoring criteria for
each movement prior to data collection for the research.

All statistical analyses were done using SPSS (IBM Corp.,
SPSS Version 22.0, Armonk, NY, USA) with significance
level set at p < 0.05. Intra-class correlation coefficients
(ICC) (model 2,1) were used to establish interrater and in-
trarater reliability for the FMS™ composite. Both raters
appraised the three participants performing the six move-
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Figure 2. Tested Movements of Functional Movement Screen (FMS™)

ments of the FMS, that was recorded on video, and repeated
this appraisal of the same videos on another separate oc-
casion. Each rater’s score on both occasions were used to
assess the intrarater reliability, while both their scores for
the second round of appraisal were compared to assess in-
terrater reliability. Cohen’s Kappa (k) was used to deter-
mine the interrater reliability of the component (individual
movements) scores.2> Kendall’s tau-b (T,) was used to as-
sess the associations between normalized peak KVM with
FMS™ composite score and its six component scores; this
statistical analysis was chosen due to the small sample size
and its ability to compare between continuous and ordinal
data (i.e. KVM and FMS™ component scores).40 Means *
standard deviations (SD) are also presented for each vari-
able. All variables were tested for outliers.

RESULTS

ICC displayed good to excellent intra- and inter-rater relia-
bility with single measures ranging from 0.62 to 0.84 at 95%
confidence interval, for the FMS™. 4! Cohen’s k displayed a
moderate agreement between both raters, k = 0.50 (95% CI,
0.31 to 0.68), p < 0.01.42 Table 1 details the mean * SD of
KVM and FMS™ composite score, T;, and significance level
for the various FMS™ scores and peak KVM during USC.
Figure 3 displays the frequency of scores for each move-
ment. No significant correlations were found between peak
KVM and any of the seven scores (0.09 < p < 0.95) (Table 1).

DISCUSSION

The present study examined the correlation between FMS™
scores and peak KVM during USC in well-trained female
netballers. The USC tasks were performed on the left leg,
corresponding to the non-dominant legs of all participants.
While past studies have reported on the FMS™’ ability to
predict generic musculoskeletal injury predisposition ret-
rospectively,26-28,43 the current study attempted to iden-
tify the relationship between FMS™ scores and peak KVM,
a contributor to non-contact ACL injury, during USC, to as-
sess the FMS™ diagnostic utility.30 Neither the composite
nor component scores of the FMS™ showed any significant
correlations with peak KVM.

To understand why the FMS™ composite score may be
able to predict lower extremity injuries in general but has
thus far not been able to predict specific injuries, the nature
and type of movements tested in the FMS™ need to be
examined. The FMS™ requires individuals to perform a
series of movements that are meant to illuminate issues
with stability, mobility and motor control dysfunction.23
However, the FMS™ is limited in its utility to predict spe-
cific sporting injury risks as many athletic movements en-
compass elements such as power, endurance, and change
of direction; elements that differ considerably in nature
from the movements tested in the FMS™, 23,2444 Several
authors have, however, reported correlations between the
composite scores and lower extremity injury risks.25-29 Af-
terall, the FMS™ component movements test elements of
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Table 1. Descriptive Statistics and Correlations of FMS™ Composite and Component Scores with Knee Valgus

Moments of the Left Leg
n=13 Variable Mean + SD Ty p-value
Knee Moments Valgus (N/kg) 0.48+0.31 - -
FMS™ Score Composite 1404+ 1.42 0.01 0.95
Deep Squat -0.03 0.90
Hurdle Step -0.39 0.09
In-line Lunge -0.02 0.95
Active Straight Leg Raise 0.17 047
Trunk Pushup 0.13 0.56
Rotary Stability 0.10 0.66
Frequency of Scores
9
8
7
26
§ 5 | | |
g 4
= 3
1
0 I :
0 0.5 1 1.5 2 2.5 3

FMS™ Score

B Deep Squat M Hurdle Step

In-line Lunge M Straight Leg Raise M Trunk Push Up

Rotary Stability

Figure 3. Frequency of Functional Movement Screen component scores (n = 13)

strength, posture and movement capacities that are related
to performance of the lower limb. For example, core
strength affects lumbo-pelvic stability, which in turn has a
cascading effect on alignment, structural loading, and in-
jury implications of more distal lower limb segments and
joints. This is assessed through the TP and RS move-
ments.2345 Postural stability, an indication of neuromus-
cular control and contributor to intersegmental joint forces
that can strain the lower extremity soft tissue structures,
is assessed through the HS and IL.2346 The lack of hip,
knee and ankle range of motion and strength, associated
with dysfunctional lower limb biomechanics during sport-
ing movements and increased injury risk, are assessed by
the DS, ASLR, HS and IL.23,:24:46-48 Ag a result, when as-
sessing an individual’s ability to perform these various
tasks using a composite score, it represents the cumulative
propensity for which this individual may be subjected to
any or all of the abovementioned risks linked to lower ex-
tremity injuries.

Considering the abovementioned, the past authors that
found correlations between FMS™ composite scores and
lower extremity injury rates assessed injury incidences ret-
rospectively, over a period after the FMS™ was per-
formed.26-2843 One reason for the correlations found could
be that overuse injuries arise from poor movement patterns
that are repeatedly performed.23 In which case, it is possi-
ble that the poor scores on the FMS™ may associate with
eventual injury incidences when these compensatory move-
ment patterns are repeated over time. Another reason could
simply be due to an increased exposure to confounding ef-
fects in the period between the conducting of FMS™ test
and time of injury occurrence.30

In the current study, the FMS™ was investigated specif-
ically for its correlations with peak KVM during USC. With
the above explanation regarding the composite score and
its higher sensitivity but lower specificity, component
scores were also assessed in order to investigate if specific
FMS™ movements showed correlations with peak KVM.
Amongst the six movements tested, the HS was the most

International Journal of Sports Physical Therapy


https://ijspt.scholasticahq.com/article/57678-the-association-between-functional-movement-screen-scores-and-knee-valgus-moments-during-unplanned-sidestep-cutting-in-netball/attachment/123655.png

The Association Between Functional Movement Screen Scores and Knee Valgus Moments During Unplanned Sidestep Cutting in...

replicable in its posture to that of USC; unsurprisingly, it
was also the only component test that showed correlation
that approached statistical significance (1, = - 0.39, p =
0.09). Both are performed with an upright single-leg stance
where emphasis is on trunk and pelvic stability to maintain
dynamic stability, with proper lower extremity alignment
while lifting the opposite leg.23 Despite the similarities in
posture, neither the HS, nor any other movements dis-
played significant correlations.

What may be lacking in the FMS™ movements compared
with movements in a sport-specific context are the condi-
tions in which these postures are executed. In unplanned
scenarios such as USC, the knee can be loaded up to twice
that of planned scenarios.?9 This raises the utility of the
planned FMS™ movements in assessing injury risk during
unplanned scenarios. Boey and Lee echoed this supposition
when they found correlations between reach distances in
the planned Y-Balance Test with knee moments during a
planned forward single-leg jump-landing task but not with
an USC.20 Additionally, other instances when high KVM
were recorded during single-leg stance, participants had ei-
ther landed from a lateral or diagonal jump®? and/or in the
presence of perturbations,>! and/or landed with high ve-
locities such as a running take-off landing.52 It is there-
fore important that the movement tasks within the selected
screening tests encompass some of these aforementioned
conditions in order to make it more specific for assessing
non-contact ACL injuries. Tran et al. suggested the Landing
Error Scoring System to be a better predictor of ACL injury
than the FMS™ due to its faster and higher-impact move-
ments; elements present during ACL injury occurrences;
assessed compared to the slower controlled movements of
the FMS™.53 Alternatively, advanced methods utilizing
two-dimensional video to reliably predict 3D knee mo-
ments during unplanned sidestepping could be considered
most specific in identifying injury risk as the movement
assessed is that performed during the sport and can com-
prise the sport-specific conditions such as an unplanned
scenario.># It is postulated that in order for a screening test
to be specific to non-contact ACL injury risk during USC,
one or more of the following conditions in the movement
task assessed needs to be included: 1) performed in single-
leg stance, 2) replicate a similar motor pattern, 3) executed
in an unplanned scenario, 4) include a weight-absorption
phase, 5) approached from high velocity, and 6) movement
in a lateral or diagonal direction.

Unlike a typical exploratory study assessing correlation
between a screening test and subsequent injury occurrence,
this study investigated if there was a correlation between
the FMS™ scores and peak KVM during USC in the lab with
the aim of preventing the onset of injury in the first place.
Unfortunately, the six-movement version of the FMS™ pro-
tocol did not show any such relationships. To identify non-

contact ACL injury risk during specific sporting maneuvers,
the FMS™ movements may need to be modified or supple-
mented to account for the maneuver-specific mechanisms
and conditions under which they are performed.

LIMITATIONS

Firstly, the sample size of 15 in this study is small despite
our power analysis reporting that 11 was enough to yield
a power of 0.8. Secondly, due to logistical reasons, only
the left leg; the non-dominant leg for majority of the par-
ticipants; reflected as USC towards the right, could be as-
sessed. The relationship between FMS™ scores and peak
KVM on the dominant leg during USC should also be ex-
plored to expand the current findings.

FUTURE RESEARCH

Future research utilizing the FMS™ should consider sup-
plementing it with additional tests to accurately assess dy-
namic movements. In addition, exploration of the knee
flexor and internal rotation moments, that can also con-
tribute to strain of the ACL, during the USC with FMS™
scores may provide new insights on its utility. Finally, a
larger sample size comprising athletes from more variety
of team sports would better confirm any results and allow
generalizability to participants of team sports.

CONCLUSIONS

The results of this study indicate that there are no signifi-
cant correlations between six-movement FMS™ scores and
peak KVM during USC. The FMS™ as used in past studies
may be able to identify generic risk of lower extremity in-
jury due to compensated mechanics which should be cor-
rected promptly before an injury eventually occurs. How-
ever, in order to screen for non-contact ACL injury risk
during USC, movement tasks within the screening assess-
ment may need to be more similar in mechanism and con-
ditions to that of the maneuver that puts an individual at
risk of that injury.

DECLARATION OF INTEREST

The authors declare no funding resources and no conflict of
interest in the authorship and publication of this contribu-
tion.

Submitted: February 20, 2022 CST, Accepted: October 10, 2022
CST

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-
ativecommons.org/licenses/by-nc/4.0/legalcode for more information.

International Journal of Sports Physical Therapy



The Association Between Functional Movement Screen Scores and Knee Valgus Moments During Unplanned Sidestep Cutting in...

REFERENCES

1. Boden BP, Dean GS, Feagin JA, Garrett WE.
Mechanisms of anterior cruciate ligament injury.
Orthopedics. 2000;23(6):573-578. doi:10.3928/0147-7
447-20000601-15

2. Besier TF, Lloyd DG, Cochrane JL, Ackland TR.
External loading of the knee joint during running and
cutting maneuvers. Med Sci Sports Exerc.
2001;33(7):1168-1175. doi:10.1097/00005768-200107
000-00014

3. Hewett TE, Myer GD, Ford KR, et al. Biomechanical
measures of neuromuscular control and valgus
loading of the knee predict anterior cruciate ligament
injury risk in female athletes: A prospective study.
Am ] Sports Med. 2005;33(4):492-501. doi:10.1177/03
63546504269591

4. Quatman CE, Hewett TE. The anterior cruciate
ligament injury controversy: is “valgus collapse” a
sex-specific mechanism? Br ] Sports Med.
2009;43(5):328-335. doi:10.1136/bjsm.2009.059139

5. McLean SG, Huang X, van den Bogert AJ.
Association between lower extremity posture at
contact and peak knee valgus moment during
sidestepping: Implications for ACL injury. Clin
Biomech. 2005;20(8):863-870. doi:10.1016/j.clinbiome
¢h.2005.05.007

6. Krosshaug T, Nakamae A, Boden BP, et al.
Mechanisms of anterior cruciate ligament injury in
basketball: Video analysis of 39 cases. Am ] Sports
Med. 2007;35(3):359-367. d0i:10.1177/036354650629
3899

7. Olsen OE, Myklebust G, Engebretsen L, Bahr R.
Injury mechanisms for anterior cruciate ligament
injuries in team handball: A systematic video
analysis. Am J Sports Med. 2004;32(4):1002-1012. do
i:10.1177/0363546503261724

8. Boden BP, Torg ]S, Knowles SB, Hewett TE. Video
analysis of anterior cruciate ligament injury:
Abnormalities in hip and ankle kinematics. Am J
Sports Med. 2009;37(2):252-259. doi:10.1177/0363546
508328107

9. Dempsey AR, Lloyd DG, Elliott BC, Steele JR,
Munro BJ, Russo KA. The effect of technique change
on knee loads during sidestep cutting. Med Sci Sports
Exerc. 2007;39(10):1765-1773. doi:10.1249/mss.0b013
e31812f56d1

10. Chinnasee C, Weir G, Sasimontonkul S, Alderson
], Donnelly C. A biomechanical comparison of single-
leg landing and unplanned sidestepping. Int J Sports
Med. 2018;39(8):636-645. doi:10.1055/a-0592-7422

11. IFNA. About IFNA. Published 2011. Accessed
September 6, 2017. https://web.archive.org/web/2011
0308132327/http://www.netball.org/IFNA.aspx

12. Gianotti SM, Marshall SW, Hume PA, Bunt L.
Incidence of anterior cruciate ligament injury and
other knee ligament injuries: A national population-
based study. J Sci Med Sport. 2009;12(6):622-627. do
i:10.1016/j.jsams.2008.07.005

13. Griffin LY, Agel J, Albohm MJ, et al. Noncontact
anterior cruciate ligament injuries: Risk factors and
prevention strategies. ] Am Acad Orthop Surg.
2000;8(3):141-150. doi:10.5435/00124635-20000500
0-00001

14. Arendt E, Dick R. Knee injury patterns among
men and women in collegiate basketball and soccer:
NCAA data and review of literature. Am J Sports Med.
1995;23(6):694-701. doi:10.1177/03635465950230061
1

15. McKay GD, Payne WR, Goldie PA, Oakes BW,
Stanley JJ. A comparison of the injuries sustained by
female basketball and netball players. Aust J Sci Med
Sport. 1996;28(1).

16. Padua DA, Marshall SW, Boling MC, Thigpen CA,
Garrett WE Jr, Beutler Al. The Landing Error Scoring
System (LESS) is a valid and reliable clinical
assessment tool of jump-landing biomechanics: The
jump-ACL Study. Am J Sports Med.
2009;37(10):1996-2002. doi:10.1177/03635465093432
00

17. Myer GD, Ford KR, Hewett TE. Tuck jump
assessment for reducing anterior cruciate ligament
injury risk. Hubbard T], ed. Athl Ther Today.
2008;13(5):39-44. doi:10.1123/att.13.5.39

18. Cochrane JL, Lloyd DG, Buttfield A, Seward H,
McGivern J. Characteristics of anterior cruciate
ligament injuries in Australian football. J Sci Med
Sport. 2007;10(2):96-104. doi:10.1016/j.jsams.2006.0
5.015

19. Dempsey AR, Lloyd DG, Elliott BC, Steele JR,
Munro BJ. Changing sidestep cutting technique
reduces knee valgus loading. Am | Sports Med.
2009;37(11):2194-2200. doi:10.1177/03635465093343
73

International Journal of Sports Physical Therapy


https://doi.org/10.3928/0147-7447-20000601-15
https://doi.org/10.3928/0147-7447-20000601-15
https://doi.org/10.1097/00005768-200107000-00014
https://doi.org/10.1097/00005768-200107000-00014
https://doi.org/10.1177/0363546504269591
https://doi.org/10.1177/0363546504269591
https://doi.org/10.1136/bjsm.2009.059139
https://doi.org/10.1016/j.clinbiomech.2005.05.007
https://doi.org/10.1016/j.clinbiomech.2005.05.007
https://doi.org/10.1177/0363546506293899
https://doi.org/10.1177/0363546506293899
https://doi.org/10.1177/0363546503261724
https://doi.org/10.1177/0363546503261724
https://doi.org/10.1177/0363546508328107
https://doi.org/10.1177/0363546508328107
https://doi.org/10.1249/mss.0b013e31812f56d1
https://doi.org/10.1249/mss.0b013e31812f56d1
https://doi.org/10.1055/a-0592-7422
https://web.archive.org/web/20110308132327/http://www.netball.org/IFNA.aspx
https://web.archive.org/web/20110308132327/http://www.netball.org/IFNA.aspx
https://doi.org/10.1016/j.jsams.2008.07.005
https://doi.org/10.1016/j.jsams.2008.07.005
https://doi.org/10.5435/00124635-200005000-00001
https://doi.org/10.5435/00124635-200005000-00001
https://doi.org/10.1177/036354659502300611
https://doi.org/10.1177/036354659502300611
https://doi.org/10.1177/0363546509343200
https://doi.org/10.1177/0363546509343200
https://doi.org/10.1123/att.13.5.39
https://doi.org/10.1016/j.jsams.2006.05.015
https://doi.org/10.1016/j.jsams.2006.05.015
https://doi.org/10.1177/0363546509334373
https://doi.org/10.1177/0363546509334373

The Association Between Functional Movement Screen Scores and Knee Valgus Moments During Unplanned Sidestep Cutting in...

20. Boey D, JC Lee M. The relationship between y-
balance test scores and knee moments during single-
leg jump-landing in netball. Intl J Sports Phys Ther.
2020;15(5):722-731. doi:10.26603/ijspt20200722

21. Landis SE, Baker RT, Seegmiller JG. Non-contact
anterior cruciate ligament and lower extremity injury
risk prediction using functional movement screen
and knee abduction moment: An epidemiological
observation of female intercollegiate athletes. Intl J
Sports Phys Ther. 2018;13(6):973-984. doi:10.26603/ij
spt20180973

22. Frost DM, Beach TAC, Campbell TL, Callaghan JP,
McGill SM. An appraisal of the Functional Movement
Screen™ grading criteria — Is the composite score
sensitive to risky movement behavior? Phys Ther
Sport. 2015;16(4):324-330. doi:10.1016/j.ptsp.2015.0
2.001

23. Cook G, Burton L, Hoogenboom BJ, Voight M.
Functional movement screening: The use of
fundamental movements as an assessment of
function - part 1. Int J Sports Phys Ther.
2014;9(3):396.

24. Cook G, Burton L, Hoogenboom BJ, Voight M.
Functional movement screening: The use of
fundamental movements as an assessment of
function-part 2. Int | Sports Phys Ther. 2014;9(4):549.

25. Schneiders AG, Davidsson A, Hérman E, Sullivan
SJ. Functional movement screenTM normative values
in a young, active population. Int J Sports Phys Ther.
2011;6(2):75.

26. Chorba RS, Chorba DJ, Bouillon LE, Overmyer CA,
Landis JA. Use of a functional movement screening
tool to determine injury risk in female collegiate
athletes. N Am ] Sports Phys Ther. 2010;5(2):47-54.
Accessed December 20, 2021. https://pubmed.ncbi.nl

m.nih.gov/21589661/

27. Shojaedin SS, Letafatkar A, Hadadnezhad M,
Dehkhoda MR. Relationship between functional
movement screening score and history of injury and
identifying the predictive value of the FMS for injury.
Int J Inj Contr Saf Promot. 2014;21(4):355-360. doi:1
0.1080/17457300.2013.833942

28. Kiesel K, Plisky PJ, Voight ML. Can serious injury
in professional football be predicted by a preseason
functional movement screen? N Am J Sports Phys
Ther. 2007;2(3):147.

29. Bonazza NA, Smuin D, Onks CA, Silvis ML,
Dhawan A. Reliability, validity, and injury predictive
value of the Functional Movement Screen: A
systematic review and meta-analysis. Am J Sports
Med. 2017;45(3):725-732. doi:10.1177/036354651664
1937

30. Moran RW, Schneiders AG, Mason J, Sullivan SJ.
Do Functional Movement Screen (FMS) composite
scores predict subsequent injury? A systematic
review with meta-analysis. Br J Sports Med.
2017;51(23):1661-1669. doi:10.1136/bjsports-2016-0
96938

31. Krumrei K, Flanagan M, Bruner ], Durall C. The
accuracy of the Functional Movement Screen to
identify individuals with an elevated risk of
musculoskeletal injury. J Sport Rehabil.
2014;23(4):360-364. doi:10.1123/jsr.2013-0027

32. Dorrel BS, Long T, Shaffer S, Myer GD. Evaluation
of the Functional Movement Screen as an injury
prediction tool among active adult populations: A
systematic review and meta-analysis. Sports Health.
2015;7(6):532-537. doi:10.1177/1941738115607445

33. Myer GD, Ford KR, Paterno MV, Nick TG, Hewett
TE. The effects of generalized joint laxity on risk of
anterior cruciate ligament injury in young female
athletes. Am J Sports Med. 2008;36(6):1073-1080. do
i:10.1177/0363546507313572

34. Lee MJC, Lloyd DG, Lay BS, Bourke PD, Alderson
JA. Effects of different visual stimuli on postures and
knee moments during sidestepping. Med Sci Sports
Exerc. 2013;45(9):1740-1748. doi:10.1249/mss.0b013e
318290c28a

35. Ruedl G, Webhofer M, Helle K, et al. Leg
dominance is a risk factor for noncontact anterior
cruciate ligament injuries in female recreational
skiers. Am J Sports Med. 2012;40(6):1269-1273. doi:1
0.1177/0363546512439027

36. Brown SR, Wang H, Dickin DC, Weiss KJ. The
relationship between leg preference and knee
mechanics during sidestepping in collegiate female
footballers. Sports Biomech. 2014;13(4):351-361. doi:1
0.1080/14763141.2014.955047

37. Besier TF, Sturnieks DL, Alderson JA, Lloyd DG.
Repeatability of gait data using a functional hip joint
centre and a mean helical knee axis. ] Biomech.
2003;36(8):1159-1168. doi:10.1016/s0021-9290(03)00
087-3

38. Winter DA. Biomechanics and Motor Control of
Human Movement. John Wiley & Sons, Inc.; 2009. do
i:10.1002/9780470549148

39. Okada T, Huxel KC, Nesser TW. Relationship
between core stability, functional movement, and
performance. J Strength Cond Res.
2011;25(1):252-261. d0i:10.1519/jsc.0b013e3181b22b
3e

International Journal of Sports Physical Therapy


https://doi.org/10.26603/ijspt20200722
https://doi.org/10.26603/ijspt20180973
https://doi.org/10.26603/ijspt20180973
https://doi.org/10.1016/j.ptsp.2015.02.001
https://doi.org/10.1016/j.ptsp.2015.02.001
https://pubmed.ncbi.nlm.nih.gov/21589661/
https://pubmed.ncbi.nlm.nih.gov/21589661/
https://doi.org/10.1080/17457300.2013.833942
https://doi.org/10.1080/17457300.2013.833942
https://doi.org/10.1177/0363546516641937
https://doi.org/10.1177/0363546516641937
https://doi.org/10.1136/bjsports-2016-096938
https://doi.org/10.1136/bjsports-2016-096938
https://doi.org/10.1123/jsr.2013-0027
https://doi.org/10.1177/1941738115607445
https://doi.org/10.1177/0363546507313572
https://doi.org/10.1177/0363546507313572
https://doi.org/10.1249/mss.0b013e318290c28a
https://doi.org/10.1249/mss.0b013e318290c28a
https://doi.org/10.1177/0363546512439027
https://doi.org/10.1177/0363546512439027
https://doi.org/10.1080/14763141.2014.955047
https://doi.org/10.1080/14763141.2014.955047
https://doi.org/10.1016/s0021-9290(03)00087-3
https://doi.org/10.1016/s0021-9290(03)00087-3
https://doi.org/10.1002/9780470549148
https://doi.org/10.1002/9780470549148
https://doi.org/10.1519/jsc.0b013e3181b22b3e
https://doi.org/10.1519/jsc.0b013e3181b22b3e

The Association Between Functional Movement Screen Scores and Knee Valgus Moments During Unplanned Sidestep Cutting in...

40. Khamis H. Measures of association: How to
choose? ] Diagn Med Sonogr. 2008;24(3):155-162. do
i:10.1177/8756479308317006

41. Smith CA, Chimera NJ, Wright NJ, Warren M.
Interrater and intrarater reliability of the Functional
Movement Screen. ] Strength Cond Res.
2013;27(4):982-987. doi:10.1519/jsc.0b013e3182606df
2

42. Altman DG. Practical Statistics for Medical
Research. 1st ed. Chapman and Hall/CRC; 1990. doi:1
0.1201/9780429258589

43. Duke SR, Martin SE, Gaul CA. Preseason
Functional Movement Screen predicts risk of time-
loss injury in experienced male rugby union athletes.
J Strength Cond Res. 2017;31(10):2740-2747. doi:10.15
19/j5¢.0000000000001838

44. Pfeifer CE, Sacko RS, Ortaglia A, et al. Functional
Movement Screen™ in youth sport participants:
Evaluating the proficiency barrier for injury. Intl J
Sports Phys Ther. 2019;14(3):436-444. d0i:10.26603/ij
spt20190436

45. Chuter VH, Janse de Jonge XAK. Proximal and
distal contributions to lower extremity injury: A
review of the literature. Gait Posture. 2012;36(1):7-15.
doi:10.1016/j.gaitpost.2012.02.001

46. Murphy DF, Connolly DAJ, Beynnon BD. Risk
factors for lower extremity injury: A review of the
literature. Br J Sports Med. 2003;37(1):13-29. doi:10.1
136/bjsm.37.1.13

47. Kaufman KR, Brodine SK, Shaffer RA, Johnson
CW, Cullison TR. The effect of foot structure and
range of motion on musculoskeletal overuse injuries.
Am ] Sports Med. 1999;27(5):585-593. doi:10.1177/03
635465990270050701

48. Knapik JJ, Bauman CL, Jones BH, Harris JM,
Vaughan L. Preseason strength and flexibility
imbalances associated with athletic injuries in female
collegiate athletes. Am J Sports Med.
1991;19(1):76-81. doi:10.1177/036354659101900113

49. Besier TF, Lloyd DG, Ackland TR, Cochrane JL.
Anticipatory effects on knee joint loading during
running and cutting maneuvers. Med Sci Sports Exerc.
2001;33(7):1176-1181. doi:10.1097/00005768-200107
000-00015

50. Sinsurin K, Vachalathiti R, Jalayondeja W,
Limroongreungrat W. Altered peak knee valgus
during jump-landing among various directions in
basketball and volleyball athletes. Asian ] Sports Med.
2013;4(3):195-200. doi:10.5812/asjsm.34258

51. Stuelcken MC, Mellifont DB, Gorman AD, Sayers
MGL. Mechanisms of anterior cruciate ligament
injuries in elite women’s netball: A systematic video
analysis. J Sports Sci. 2016;34(16):1516-1522. doi:10.1
080/02640414.2015.1121285

52. Daneshjoo A, Abu Osman NA, Sahebozamani M,
Yusof A. Analysis of jumping-landing manoeuvers
after different speed performances in soccer players.
Baur H, ed. PLoS One. 2015;10(11):e0143323. doi:10.1
371/journal.pone.0143323

53. Tran AA, Shen ], Wernecke C, Gatewood CT,
Harris AHS, Dragoo JL. A comparison of the
Functional Movement ScreenTM and the Landing
Error Scoring System: A cohort study. Curr Orthop
Pract. 2020;31(1):8-12. d0i:10.1097/bc0.00000000000
00822

54. Weir G, Alderson ], Smailes N, Elliott B, Donnelly
C. A reliable video-based ACL injury screening tool
for female team sport athletes. Int | Sports Med.
2019;40(3):191-199. d0i:10.1055/A-0756-9659/ID/R69
00-0040

International Journal of Sports Physical Therapy


https://doi.org/10.1177/8756479308317006
https://doi.org/10.1177/8756479308317006
https://doi.org/10.1519/jsc.0b013e3182606df2
https://doi.org/10.1519/jsc.0b013e3182606df2
https://doi.org/10.1201/9780429258589
https://doi.org/10.1201/9780429258589
https://doi.org/10.1519/jsc.0000000000001838
https://doi.org/10.1519/jsc.0000000000001838
https://doi.org/10.26603/ijspt20190436
https://doi.org/10.26603/ijspt20190436
https://doi.org/10.1016/j.gaitpost.2012.02.001
https://doi.org/10.1136/bjsm.37.1.13
https://doi.org/10.1136/bjsm.37.1.13
https://doi.org/10.1177/03635465990270050701
https://doi.org/10.1177/03635465990270050701
https://doi.org/10.1177/036354659101900113
https://doi.org/10.1097/00005768-200107000-00015
https://doi.org/10.1097/00005768-200107000-00015
https://doi.org/10.5812/asjsm.34258
https://doi.org/10.1080/02640414.2015.1121285
https://doi.org/10.1080/02640414.2015.1121285
https://doi.org/10.1371/journal.pone.0143323
https://doi.org/10.1371/journal.pone.0143323
https://doi.org/10.1097/bco.0000000000000822
https://doi.org/10.1097/bco.0000000000000822
https://doi.org/10.1055/A-0756-9659/ID/R6900-0040
https://doi.org/10.1055/A-0756-9659/ID/R6900-0040

	Background
	Purpose
	Study Design
	Methods
	Results
	Conclusions
	Level of Evidence
	INTRODUCTION
	METHODS
	Participants
	Instrumentation & Procedures

	RESULTS
	DISCUSSION
	Limitations
	Future Research

	CONCLUSIONS
	Declaration of interest

	References

