& &
(1
o

77\

RESEARCH ARTICLE

& OPEN ACCESS

Received: 14.08.2024
Accepted: 30.08.2024
Published: 30.09.2024

Citation: Pachava SR, Bisht K.
Relationship Between Functional
Movement Screen, Lower Quarter
Y-Balance Test and Physical
Performance Tests in Athletes. | Clin
Biomed Sci 2024; 14(3): 91-98. https:
//doi.org/10.58739/jcbs/v14i3.91

*Corresponding author.

srinivasa.myas@gmail.com

Funding: MYAS-GNDU Department
of Sports Sciences and Medicine,
Guru Nanak Dev University,
Amritsar.

Competing Interests: None

Copyright: This is an open access
article distributed under the terms
of the Creative Commons
Attribution License, which permits
unrestricted use, distribution, and
reproduction in any medium,
provided the original author and
source are credited.

Published By Sri Devaraj Urs
Academy of Higher Education, Kolar,
Karnataka

ISSN
Print: 2231-4180
Electronic: 2319-2453

o 1‘;{%

Relationship Between Functional
Movement Screen, Lower Quarter
Y-Balance Test and Physical
Performance Tests in Athletes

Pachava Srinivasa Rao'*, Bisht Kanika'

1 MYAS-GNDU Department of Sports Sciences and Medicine, Guru Nanak Dev University,
Amritsar, 143005, Punjab, India

Abstract

Context: The Functional Movement Screen (FMS) and lower quarter Y-Balance
Test (LQ-YBT) are examples of functional screening tools used to identify
physical dysfunction or functional asymmetries. Limitations in flexibility,
agility and power may also have negative consequences on performance in
fundamental movements in sport. Due to the time constraints of physical
therapists and athletic trainers providing care towards athletes during
rehabilitation and treatment hours, it is not possible to perform multiple
screening tests/tools prior to an athletic season to determine if athletes have
poor mobility and fundamental movements that may alter sport performance.
Understanding associations between movement performance and global
screening tools (FMS and LQ-YBT) could provide a foundation for prevention
programs and performance enhancement for athletes. Therefore, this study
was performed to identify how FMS composite score and LQ-YBT relate to
the measures of physical performance (flexibility, agility, and jump) in athletes.
Settings and Design: A Cross-sectional study conducted on university athletes.
Methods and Material: Demographic and Anthropometric data of 50 athletes
(32 males,18 females) in the age group of 18 - 30 years were collected at
the beginning of the test after obtaining informed consent. The seven FMS
tasks, LQ-YBT, Sit and Reach Test, ProAgility Test and Standing Long Jump
were performed sequentially in the order. A total of 3 trials were performed
in each test and the average of three trials were recorded for statistical
analysis. Statistical analysis used: Pearson correlation was used to assess
the association between FMS C.S, LQ-YBT and other physical performance
measures and p < 0.05 was utilized for statistical significance. Results: FMS
CS and LQ-YBT showed significant positive correlation with standing long jump
performance (p<0.05) but not with agility. LQ-YBT correlated significantly with
sit and reach test (p<0.05). Conclusions: In athletes, the observed significant
correlation between the FMS composite score (FMS CS) and the Lower Quarter
Y Balance Test (LQ-YBT) with standing long jump performance suggests
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their potential utility in predicting jump capabilities. However, their lack of
correlation with agility indicates limited applicability in that domain. Notably,
the LQ-YBT's significant correlation with the sit and reach test underscores its
potential as an indicator of flexibility. Key message: Utilizing the FMS or LQ-
YBT autonomously or in pair might help sports medicine and strength and
conditioning experts in their capacity to recognize people with an expanded
gamble of injury during sports participation through distinguishing proof of
physical or functional movement deficiencies.

Keywords: Agility; Flexibility; Functional Asymmetries; Power; Quality of Movement

1 Introduction

Sport and physical activity necessi-
tate musculoskeletal health with great
strength and power as well as adequate
motor coordination and control to pro-
vide undeniable degrees of power during
movement. Deficient functional strength
or movement limitations can have a neg-
ative impact on sport performance or
increase the risk of injury.!”® Athletes’
ability to perform at any level is ham-
pered by athletic injuries. According
to Sheu et al,* 8.6 million sports and
recreation-related injuries occur in the
United States each year, resulting in 34.1
injuries per 1000 individuals. Preven-
tative exercise programmes, if planned
and implemented properly, could lessen
the severity and frequency of athletic
injuries.’

Functional movement and sports exe-
cution tests are utilized to evaluate a com-
petitor’s circumstances and forestall sport
related injuries.® These tests could like-
wise be utilized as clinical tests to antici-
pate the risk of sports injury, since poor
fitness, ill-advised movement pattern,
and lacking sensorimotor control are
imperative elements in sports injuries.”

Clinical screening tests such as the
Functional Movement Screen (FMS),
Lower Quarter Y-balance Test (LQ-YBT),
agility, and muscle power tests are com-
monly used to assess sports performance
and injury prevention.® The FMS is
designed to detect movement deficien-
cies and body imbalances, as well as to
assess general musculoskeletal problems
in order to predict injury risk.® This
assessment has a high level of explicit-

ness in identifying injury and moderate
interrater reliability. '°

While sports medicine experts use
these instruments to assess movement,
they may also have implications for an
individual’s performance in sports and
active work, as decreased balance, a lack
of neuromuscular control, and move-
ment dysfunction have been proposed
as indicators of poor athletic perfor-
mance. >!%'2 Competitors with contralat-
eral imbalance are more prone to injury
during sports, which contributes to com-
pensatory movement patterns and mus-
cle inhibition, perhaps resulting in poorer
execution levels.”

The Star Excursion Balance Test
(SEBT) and Lower Quarter Y-Balance
Test (LQ-YBT) have both been exten-
sively studied and utilised for determin-
ing physical readiness and injury risk,
as well as return to sport testing and
pre-post intervention monitoring.'® The
SEBT was found to be reliable, valid, and
responsive to specific dynamic neuro-
muscular control training for injured and
healthy athletic populations in a system-
atic review. '

LQ-YBT was developed from SEBT
to improve SEBT reliability and field
suitability. > LQ-YBT has been simpli-
fied to use only the three most reliable
reach directions (compared to the eight
reach directions in SEBT). !> The LQ-YBT
assesses dynamic balance and physical
performance.'°It identifies the risk of
sport-related injuries of the lower extrem-
ities and exhibits high interrater relia-
bility.” The SEBT and LQ-YBT have the
advantage of testing neuromuscular con-
trol at the limits of stability,
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which can help us identify and emphasize subtle impairments
and asymmetry. '?

The agility and muscle power tests are used to evaluate
athletic performance. Caswell et al., 1 examined the relation-
ship between sports injury and actual execution in American
Youth Football crews. They inferred that an intricate relation-
ship exists between the agility and muscle power of a com-
petitor in terms of their movements and rates of injury occur-
rence. These four clinical screening tests could assist with dis-
tinguishing the risk of injury and add to the plan of an effec-
tive sports injury prevention technique.

Impaired balance and decreased functional movement are
associated with increased injury risk. Ample studies done on
the athletic population give evidence that impaired dynamic
balance and decreased functional movements are a major
cause of increased injury in them, #10:13:18-23

Until this point in time, there is restricted examination
with respect to the association between the FMS CS, LQ-
YBT, and physical performance tests in athletes. Utilizing
the FMS or LQ-YBT autonomously or in pair might help
sports medicine and strength and conditioning experts in
their capacity to recognize people with an expanded gam-
ble of injury during sports participation through distinguish-
ing proof of physical or functional movement deficiencies.
Accordingly, the reason for this study was to explore the asso-
ciation between the FMS CS, LQ-YBT and tests of physical
performance (Standing Long Jump, Sit and Reach Test, Pro
Agility Test).

2 Subjects and Methods

The study was approved by Institutional Ethics Committee.
Fifty athletes (32 males and 18 females) in the age group
of 18-30 years were included in this study after obtaining
the informed consent. The subjects were interviewed about
their health status and were excluded if they reported any
history of musculoskeletal injury in past 6 months which
could affect the performance of the tests, and with any
history of cardiovascular disease like angina, hypertension,
neurological/cognitive impairment disorders, etc.

2.1 Procedure

o Warm Up Exercises: Before initiating the tests, the
subjects underwent warm-up exercises. This regimen
comprised jogging on the spot followed by stretching
exercises.

o Functional Movement Screening: The Functional
Movement Screening (FMS) was systematically admin-
istered using standard equipment (Functional Move-
ment Systems, Lynchburg, VA, USA), procedures, and
verbal instructions. The subjects sequentially performed
seven FMS tasks: deep squat, hurdle step, in-line lunge,
shoulder mobility, active straight leg raise, trunk stabil-

ity push-up, and rotary stability test. Each movement
was attempted a maximum of three times, with the low-
est of the three scores being recorded as the composite
score (FMS CS). A movement executed as instructed,
with full range of motion and postural control, was
awarded a score of three. A score of two was assigned
if the movement was completed in a compensatory
position or if it lacked full range of motion or postural
control. Inability to complete the movement resulted in
a score of one, while any indication of pain during the
movement led to a score of zero. For bilateral move-
ments, such as the hurdle step, in-line lunge, shoulder
mobility, active straight leg raises, and rotary stability,
the lower of the two scores was incorporated into the
composite score (FMS CS).?

Lower Quarter Y-Balance Test: For the Lower Quarter
Y-Balance Test (LQ-YBT), subjects performed move-
ments in three distinct directions: anterior, posterome-
dial, and posterolateral, all in accordance with stan-
dard procedures and instructions. Participants stood on
one leg at the grid’s center, positioning the most dis-
tal aspect of the great toe. Maintaining this single-leg
stance, they reached with their free limb in the afore-
mentioned directions relative to the stance foot. The
furthest reach distance was marked on a tape mea-
sure using erasable ink, indicating where the foot’s most
distal part landed. This procedure was repeated three
times in each direction for both legs, and the average of
these three maximal reach distances was recorded. To
determine leg length difference, the distance between
the anterior superior iliac spine (ASIS) and the medial
malleolus was measured. Both absolute and relative
reach distances for the right and left legs in all three
directions were then calculated for analysis.>

Sit and Reach Test: In the Sit and Reach Test, subjects
positioned themselves on the floor, removed their shoes,
and extended their legs so that their feet lay flat against a
table. They were then guided to reach forward, pushing
their fingers along the table’s surface to the furthest point
possible. This distance, from the fingertips to the table’s
edge, was then measured. After three attempts, the
average of these distances was taken for data analysis.
Pro Agility Test: For agility assessment, three markers
were strategically placed five yards apart on the floor.
Participants began at the central marker, sprinting
five yards to their right, then ten yards to their left,
and concluding with a five-yard sprint to their right,
passing through the center marker. The entire sequence’s
duration was recorded using a stopwatch. After three
trials, the average time was used for data analysis.?
Standing Long Jump: In the Standing Long Jump
test, participants were directed to position the toes of
both feet behind a designated starting line. They were
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then asked to jump as far as possible, ensuring a two-
footed landing. The resultant distance, from the starting
line to where the backmost part of the foot landed,
was measured. This was repeated three times, with the
average distance being used for subsequent analysis.>

2.2 Analysis

The data was statistically analysed using SPSS statistics
version 28 (IBM, Chicago, IL, USA). Shapiro-Wilk Test was
used to evaluate the normal distribution of the data. As the
data was normally distributed, independent T-Test was used
to determine gender differences between all the measures.
Karl Pearson correlation was used to assess the association
between FMS C.S, LQ-YBT and other physical performance
measures and p < 0.05 was utilized for statistical significance.

3 Results

Descriptive statistics (mean 4+ standard deviation [SD]) for
the demographic data and FMS CS are presented in Table 1
A. The FMS CS which indicates the quality of movement is
19.92 £ 1.104 in the subjects (N=50).

Descriptive statistics (mean + standard deviation [SD]) of
LQ-YBT, Sit and Reach Test, Pro Agility Test and Standing
Long Jump in male and female athletes are presented in
Table 1 B.

The comparison of demographic data, FMS CS and other
physical performance measures between males and females
are presented in Table 2. LQ-YBT is significantly different
for males and females, with males having better reach
than the females (p<0.05). Pro Agility Test is significantly
different for males and females, with females outperforming
males (p<0.05). There also exists a significant difference for
Standing Long Jump between males and females, where males
outperformed females (p<0.05).

On correlating the FMS CS with other physical perfor-
mance measures using Pearson correlation, a significant pos-
itive correlation was found between FMS CS and Standing
Long Jump (p<0.05) suggesting the good quality movement
score indicates better performance in standing long jump
test. However, no statistically significant correlation exists
between FMS C.S, LQ-YBT, Sit and Reach Test and Pro Agility
Test as shown in Table 3.

A significant positive correlation was found between all
directions of LQ-YBT, Sit and Reach Test and Standing Long
Jump (p<0.05) as shown in Table 4. This suggests a good reach
in LQ-YBT is indicative of better performance in sit and reach
as well as standing long jump tests.

4 Discussion

The objective of this study was to investigate the association
between FMS C.S, LQ-YBT and physical performance tests in

Table 1. Demographic data

A. Descriptive Statistics of Demographic Data and Fmscs (N=
50)

Parameter Mean + SD
AGE (year) 20.98 4 2.74
HEIGHT (cm) 170.744 10.24
WEIGHT (kg) 65.56 4+ 10.88
BMI (kg/m2) 22.35 4 1.89
FMS CS 19.92 + 1.1

cm-centimetres, kg-kilogram, BMI- Body Mass Index, m-
metres, FMS CS- Functional Movement Screening Composite
Score

B. Descriptive Statistics of Physical Performance Measures
(N=50)

Parameter Mean+SD
ANT.ABS.R 79.184+15.43
ANT.REL.R 92.69415.02
ANT.ABS.L 78.29417.11
ANT.REL.L 91.51+16.49
PL.ABS.R 98.09+21.23
PL.REL.R 114.77421.42
PL.ABS.L 105.334-20.40
PL.REL.L 123.284-19.65
PM.ABS.R 104.584-19.87
PM.REL.R 122.444-19.08
PM.ABS.L 93.82+18.26
PM.REL.L 109.72417.14
SIT AND REACH 34.584+6.61
PRO AGILITY 6.831+0.54
SLJ 197.744-22.15

ANT-Anterior, PL-Posterolateral, PM-Posteromedial, ABS-
Absolute, REL-Relative, R-Right, L-Left, SLJ- Standing Long
Jump.

male and female athletes. A significant relationship was found
between FMS CS and Standing Long Jump but not with other
measures (LQ-YBT, Pro Agility and Sit and Reach Test). The
LQ-YBT was significantly correlated with the Standing Long
Jump and Sit and Reach Test.

The significant relationship between FMS C.S and SLJ
could be due to the fact that both depend on the flexibility
of the muscles in the lower extremities. However, this is
inconsistent with the result of Kramer et al.,*> who found
that exercise patterns associated with maximum results in
performance tests (such as SLJ) required a significantly
narrower range of motion compared to FMS for maximum
results. For example, the FMS Deep Squat Test requires a
“femur below horizontal” position to achieve maximum score.
In contrast, SLJ test results do not depend on the use of
full range of motion. Instead, SL] uses rapid stretching of
agonist muscles with a wide shocking movement, followed by
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Table 2. Comparison of Demographic Data, FMS CS and Physical Performance Measures Between Males And Females

Males (N=32)

Females (N=18)

Parameter Mean+ SD Mean+ SD t- value p-value Cohen’s d
AGE (year) 214+ 3.1 20.98 + 2.04 0.07 0.47 0.02
HEIGHT (cm) 177.56 +5.09 158.61 +3.38 14.11 0 4.16
WEIGHT (kg) 71.63 +8.78 54.78 £2.92 7.87 0 2.32
BMI (kg/m?2) 22.66+2.15 21.78+1.14 1.6 0.06 0.47
LEG LENGTH (cm) 88.44 +4.31 77.61 £2.68 10.52 0 3.1
FMS CS 19.84+1.14 20.0641.06 0.65 0.26 -0.19
ANT.ABS.R 85.72 +12.62 67.56 +13.14 4.81 0 1.42
ANT.REL.R 96.05 +14.63 86.71 +14.16 2.19 0.02 0.65
ANT.ABS.L 85.42 +14.03 65.61 +14.8 4.7 0 1.38
ANTREL.L 95.64 +£15.4 84.16 +-16.17 2.49 0.01 0.73
PL.ABS.R 104.42 +17.26 86.83 +23.37 3.04 0.002 0.89
PL.REL.R 116.79418.69 111.184+25.77 0.89 0.19 0.26
PL.ABS.L 113.17 +17.16 91.39 +18.47 4.19 0 1.23
PL.REL.L 126.64+18.85 111.31420.15 1.64 0.05 0.48
PM.ABS.R 111.75 +19.14 91.83 +14.21 3.85 0 1.13
PM.REL.R 124.93+20.68 118.01+14.94 1.24 0.11 0.36
PM.ABS.L 101.16 +16.29 80.78 +14 4.46 0 1.31
PM.REL.L 113.99 +17.63 103.74 +14.87 1.9 0.03 0.56
SIT AND REACH 35.1646.52 33.5646.82 0.82 0.21 0.24
PRO AGILITY 6.96 +0.55 6.6 +£0.45 2.33 0.01 0.69
SLJ 205.63 +-22.75 183.72 +12.04 3.78 0 1.11

cm-centimetres, kg-kilogram, BMI- Body Mass Index, m- metres, FMS CS- Functional Movement Screening Composite Score, ANT-

Anterior, PL-Posterolateral, PM-Posteromedial, ABS-Absolute, REL-Relative, R-Right, L-Left, SLJ- Standing Long Jump

Table 3. Correlation o f FMS CS With Other Physical Performance Measures

Parameter r p value
ANT.ABS.R 0.084  0.564
ANT.REL.R 0.74 0.226
ANT.ABS.L 0.098  0.499
ANT.REL.L 0.183  0.203
PL.ABS.R 0.053  0.715
PL.REL.R 0.115  0.425
PL.ABS.L 0.15 0.297
PL.REL.L 0.252  0.078
PM.ABS.R 0.122  0.398
PM.REL.R 0222  0.122
PM.ABS.L -0.008  0.957
PM.REL.L 0.066  0.65
SIT AND REACH 0.158  0.274
PRO AGILITY -0.248  0.083
SLJ 0.397  0.004

ANT-Anterior,

PM-Posteromedial,
REL-Relative, R-Right, L-Left, SLJ-
Standing Long Jump

PL-Posterolateral,

ABS-Absolute,
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Table 4. Correlation of LQ-YBT With Other Physical Performance Tests

Parameters Sit and Reach Pro Agility Standing Long Jump
r p value r p value r p value
ANT.ABS.R 0.343 0.015 0.125 0.388 0.595 0
ANT.REL.R 0.314 0.027 0.015 0.92 0.52 0
ANT.ABS.L 0.386 0.006 0.19 0.185 0.567 0
ANTREL.L 0.380 0.006 0.111 0.444 0.508 0
PL.ABS.R 0.553 0 0.26 0.068 0.549 0
PL.REL.R 0.549 0 0.19 0.186 0.464 0.01
PL.ABS.L 0.499 0 0.179 0.213 0.605 0
PL.REL.L 0.488 0 0.078 0.592 0.533 0
PM.ABS.R 0.36 0.01 0.072 0.617 0.596 0
PM.REL.R 0.312 0.027 -0.062 0.668 0.508 0
PM.ABS.L 0.283 0.046 0.139 0.336 0.503 0
PM.REL.L 0.232 0.106 0.027 0.854 0.419 0.02

ANT-Anterior, PL-Posterolateral, PM-Posteromedial, ABS-Absolute, REL-Relative, R-Right, L-Left

maximizing muscle activation.?*

Balance is a fundamental motor skill for sport and ath-
letic performance as well as for everyday activities. In this
study, we found dynamic balance (LQ-YBT) to be strongly
associated with Standing Long Jump. The positive associa-
tions above indicate that the greater the dynamic balance, the
higher the strength/power of the lower limbs. In addition,
some studies have shown improvement in strength/power
after balance training and, conversely, strength training inter-
ventions improve balance. The results of this study were con-
sistent with the findings of Hammami et al.,?> where a signif-
icant medium-large sized correlation between balance (static
and dynamic) and power (SL], CM]J and 3-Hop Jump Tests)
was observed. The positive correlation demonstrates that two
variables vary in the same direction, the significant correla-
tions not only predict that improved balance may contribute
to the tested power measure, but it would also be predicted
that the better SL] performances would contribute to higher
balance scores. In another study, Booysen et al.,*® established
a relationship between power and dynamic balance using the
Y-Balance and CM]J tests.?” The relationship between lower
limb strength and balance may be due to the same neuropsy-
chological structure responsible for controlling lower limb
posture and strength. The same communication pathway
(from Ia fibers) acts on motor neurons responsible for gener-
ating muscle strength and maintaining balance. Furthermore,
voluntary muscle activity and long-latency reflex control dur-
ing balance tasks are regulated by cortical excitability. ***°
In addition, mechanoreceptors located in muscles (muscle
axis) and tendons (Golgi tendon organ) provide reflex func-
tions that aid in positioning (e.g., axis) of the lower extrem-
ities during motor tasks motion.*® The significant relation-
ship between dynamic balance and lower limb power in this
study indicates that they are interdependent. These results can

be used in future studies that focus on both the implementa-
tion of preventive training and the reinforcement of individ-
ual characteristics of athletic performance.

Flexibility as measured by Sit and Reach Test has also
correlated significantly with Dynamic Balance which could be
due to the fact that the athlete with better lower limb flexibility
might have a greater excursion on LQ-YBT. This finding is
in consistent with that of Kartal,?" who found a significant
relationship between balance and flexibility using SEBT and
Sit and Reach Tests respectively. It signifies that athletes with
good flexibility may perform better in dynamic balance with
good postural control.

5 Limitations

This study had some limitations. First, since the sample size
was limited due to the COVID-19 restrictions at the time
of data collection process, further investigation is necessary
to see if the strength of these associations remains true
with larger groups of male and female athletes. Second,
the selected tests, including the FMS, LQ-YBT, and other
performance tests, provide specific insights but may not
capture all aspects of an athlete’s physical capabilities or
injury vulnerabilities. Additionally, the scoring, particularly
for the FMS, introduces a level of subjectivity, potentially
affecting the consistency of the results. These factors should
be considered when interpreting the study’s outcomes and
planning future research.

6 Conclusion

This study revealed that specific functional movement assess-
ments, namely the FMS composite score and the Lower
Quarter Y Balance Test, correlate significantly with standing
long jump performance in athletes, but not with agility. This
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underscores their potential as indicators for certain athletic
capabilities. However, the lack of correlation with agility and
the inherent subjectivity in scoring highlight areas for further
exploration. Future research should delve deeper into refining
these assessment tools and broadening the scope to capture a
more holistic view of athletic performance, especially within
the Indian athlete demographic.

References

1)

)
~

2
=

4

=

6

=

~
~

e
=

9

-

10)

11

~

Takken T, Elst E, Spermon N, Helders PJM, Prakken ABJ, van der Net
J. The physiological and physical determinants of functional ability
measures in children with juvenile dermatomyositis. Rheumatology
(Oxford). 2003;42(4):591-595. Available from: https://doi.org/10.1093/
rheumatology/keg210.

Lockie RG, Schultz AB, Callaghan SJ, Jordan CA, Luczo TM, Jefriess
MD. A preliminary investigation into the relationship between
functional movement screen scores and athletic physical performance in
female team sport athletes. Biology of Sport. 2015;32(1):41-51. Available
from: https://doi.org/10.5604/20831862.1127281.

Kramer TA, Sacko RS, Pfeifer CE, Gatens DR, Goins JM, Stodden
DE  The association between the functional movement screenTM, y-
balance test, and physical performance tests in male and female high
school athletes. The International Journal of Sports Physical Therapy.
2019;14(6):911-919. Available from: https://pubmed.ncbi.nlm.nih.gov/
31803523/.

Sheu Y, Chen LH, Hedegaard H. Sports- and Recreation-related Injury
Episodes in the United States, 2011-2014. National Health Statistics
Reports. 2016;(99):1-2. Available from: https://pubmed.ncbi.nlm.nih.
gov/27906643/.

Moran RW, Schneiders AG, Mason J, Sullivan SJ. Do Functional
Movement Screen (FMS) composite scores predict subsequent injury?
A systematic review with meta-analysis.  British Journal of Sports
Medicine. 2017;51(23):1661-1669. Available from: https://doi.org/10.
1136/bjsports-2016-096938.

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. The American Journal
of Sports Medicine. 2017;45(3):725-732. Available from: https://doi.org/
10.1177/0363546516641937.

Whittaker JL, Booysen N, Motte SDL, Dennett L, Lewis CL, Wilson
D, et al. Predicting sport and occupational lower extremity injury
risk through movement quality screening: a systematic review. British
Journal of Sports Medicine. 2017;51(7):580-585. Available from: https:
//doi.org/10.1136/bjsports-2016-096760.

Kiesel K, Plisky PJ, Voight ML. Can Serious Injury in Professional Foot-
ball be Predicted by a Preseason Functional Movement Screen? Interna-
tional Journal of Sports Physical Therapy. 2007;2(3):147-158. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953296/.
Garrison M, Westrick R, Johnson MR, Benenson J.  Association
between the functional movement screen and injury development in
college athletes.  International Journal of Sports Physical Therapy.
2015;10(1):21-28. Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4325284/.

Cook G, Burton L, Hoogenboom B. Pre-participation screening: the
use of fundamental movements as an assessment of function - part
2. International Journal of Sports Physical Therapy. 2006;1(3):132-
139. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2953359/.

Caswell SV, Ausborn A, Diao G, Johnson DC, Johnson TS, Atkins R,
et al. Anthropometrics, Physical Performance, and Injury Charac-
teristics of Youth American Football. Orthopaedic Journal of Sports
Medicine. 2016;4(8):1-8.  Available from: https://doi.org/10.1177/
2325967116662251.

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

Smith L], Creps JR, Bean R, Rodda B, Alsalaheen B. Performance of high
school male athletes on the Functional Movement Screen™. Physical
Therapy in Sport. 2017;27:17-23.  Available from: https://doi.org/10.
1016/j.ptsp.2017.07.001.

Gribble PA, Hertel ], Plisky P.  Using the Star Excursion Balance
Test to assess dynamic postural-control deficits and outcomes in lower
extremity injury: a literature and systematic review. Journal of Athletic
Training. 2012;47(3):339-357. Available from: https://doi.org/10.4085/
1062-6050-47.3.08.

Plisky PJ, Gorman PP, Butler R], Kiesel KB, Underwood FB, Elkins B.
The reliability of an instrumented device for measuring components of
the star excursion balance test. International Journal of Sports Physical
Therapy. 2009;4(2):92-99. Available from: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC2953327/.

Plisky P, Schwartkopf-Phifer K, Huebner B, Garner MB, Bullock G.
Systematic Review and Meta-Analysis of the Y-Balance Test Lower
Quarter: Reliability, Discriminant Validity, and Predictive Validity.
International Journal of Sports Physical Therapy. 2021;16(5):1190-1209.
Available from: https://doi.org/10.26603/001c.27634.

Chimera NJ, Smith CA, Warren M. Injury history, sex, and performance
on the functional movement screen and Y balance test. Journal of
Athletic Training. 2015;50(5):475-485. Available from: https://doi.org/
10.4085/1062-6050-49.6.02.

Stiffler MR, Bell DR, Sanfilippo JL, Hetzel S, Pickett KA, Heiderscheit
BC. Star Excursion Balance Test Anterior Asymmetry Is Associated
With Injury Status in Division I Collegiate Athletes.  Journal of
Orthopaedic & Sports Physical Therapy. 2017;47(5):339-346. Available
from: https://doi.org/10.2519/jospt.2017.6974.

Henderson NE, Knapik JJ, Shaffer SW, Mckenzie TH, Schneider GM.
Injuries and injury risk factors among men and women in U.S. Army
Combat Medic Advanced individual training.  Military Medicine.
2000;165(9):647-652.  Available from: https://pubmed.ncbi.nlm.nih.
gov/11011532/#:~:text=In%20AIT%2C%20injury%20incidence%
20was, by%20diagnosis%20and%20anatomical%20location.

Jones BH, Knapik JJ. Physical training and exercise-related injuries.
Surveillance, research and injury prevention in military populations.
Sports Medicine. 1999;27(2):111-125. Available from: https://doi.org/
10.2165/00007256-199927020-00004.

Knapik JJ, Bullock SH, Canada S, Toney E, Wells JD, Hoedebecke E, et al.
Influence of an injury reduction program on injury and fitness outcomes
among soldiers. Injury Prevention . 2004;10(1):37-42. Available from:
https://doi.org/10.1136/ip.2003.002808.

Lincoln AE, Smith GS, Amoroso PJ, Bell NS. The natural history and
risk factors of musculoskeletal conditions resulting in disability among
US Army personnel. Work. 2002;18(2):99-113. Available from: https:
/Iwww.ncbi.nlm.nih.gov/pmc/articles/PMC2151132/.

Plisky PJ, Rauh M]J, Kaminski TW, Underwood FB. Star Excursion
Balance Test as a Predictor of Lower Extremity Injury in High School
Basketball Players. Journal of Orthopaedic & Sports Physical Therapy.
2006;36(12):911-919. Available from: https://dx.doi.org/10.2519/jospt.
2006.2244.

Rosendal L, Langberg H, Skov-Jensen A, Kjer M. Incidence of
Injury and Physical Performance Adaptations During Military Training.
Clinical Journal of Sport Medicine. 2003;13(3):157-163. Available from:
https://dx.doi.org/10.1097/00042752-200305000-00006.

Guyton AC, Hall JE. Textbook of Medical Physiology. 11th ed. Elsevier
Saunders. 2007. Available from: https://dx.doi.org/10.1097/00000441-
196107000-00060.

Hammami R, Chaouachi A, Makhlouf I, Granacher U, Behm DG.
Associations Between Balance and Muscle Strength, Power Performance
in Male Youth Athletes of Different Maturity Status. Pediatric Exercise
Science. 2016;28(4):521-534.  Available from: https://dx.doi.org/10.
1123/pes.2015-0231.

Booysen M]J, Gradidge PJL, Watson E. The relationships of eccentric
strength and power with dynamic balance in male footballers. Journal
of Sports Sciences. 2015;33(20):2157-2165. Available from: https://dx.
doi.org/10.1080/02640414.2015.1064152.

] Clin Biomed Sci 2024;14(3):91-98

97


https://doi.org/10.1093/rheumatology/keg210
https://doi.org/10.1093/rheumatology/keg210
https://doi.org/10.5604/20831862.1127281
https://pubmed.ncbi.nlm.nih.gov/31803523/
https://pubmed.ncbi.nlm.nih.gov/31803523/
https://pubmed.ncbi.nlm.nih.gov/27906643/
https://pubmed.ncbi.nlm.nih.gov/27906643/
https://doi.org/10.1136/bjsports-2016-096938
https://doi.org/10.1136/bjsports-2016-096938
https://doi.org/10.1177/0363546516641937
https://doi.org/10.1177/0363546516641937
https://doi.org/10.1136/bjsports-2016-096760
https://doi.org/10.1136/bjsports-2016-096760
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953296/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4325284/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4325284/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953359/
https://doi.org/10.1177/2325967116662251
https://doi.org/10.1177/2325967116662251
https://doi.org/10.1016/j.ptsp.2017.07.001
https://doi.org/10.1016/j.ptsp.2017.07.001
https://doi.org/10.4085/1062-6050-47.3.08
https://doi.org/10.4085/1062-6050-47.3.08
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953327/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953327/
https://doi.org/10.26603/001c.27634
https://doi.org/10.4085/1062-6050-49.6.02
https://doi.org/10.4085/1062-6050-49.6.02
https://doi.org/10.2519/jospt.2017.6974
https://pubmed.ncbi.nlm.nih.gov/11011532/#:~ :text=In%20AIT%2C%20injury%20incidence%20was,by%20diagnosis%20and%20anatomical%20location.
https://pubmed.ncbi.nlm.nih.gov/11011532/#:~ :text=In%20AIT%2C%20injury%20incidence%20was,by%20diagnosis%20and%20anatomical%20location.
https://pubmed.ncbi.nlm.nih.gov/11011532/#:~ :text=In%20AIT%2C%20injury%20incidence%20was,by%20diagnosis%20and%20anatomical%20location.
https://doi.org/10.2165/00007256-199927020-00004
https://doi.org/10.2165/00007256-199927020-00004
https://doi.org/10.1136/ip.2003.002808
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2151132/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2151132/
https://dx.doi.org/10.2519/jospt.2006.2244
https://dx.doi.org/10.2519/jospt.2006.2244
https://dx.doi.org/10.1097/00042752-200305000-00006
https://dx.doi.org/10.1097/00000441-196107000-00060
https://dx.doi.org/10.1097/00000441-196107000-00060
https://dx.doi.org/10.1123/pes.2015-0231
https://dx.doi.org/10.1123/pes.2015-0231
https://dx.doi.org/10.1080/02640414.2015.1064152
https://dx.doi.org/10.1080/02640414.2015.1064152

Pachava & Bisht, Movement screen, balance and physical performance in athletes

27)

28)

29)

Wilczynski B, Hinca J, Slezak D, Zorena K. The Relationship between
Dynamic Balance and Jumping Tests among Adolescent Amateur Rugby
Players. A Preliminary Study. International Journal of Environmental
Research and Public Health. 2021;18(1):1-10.  Available from: https:
//dx.doi.org/10.3390/ijerph18010312.

Muehlbauer T, Gollhofer A, Granacher U.  Associations Between
Measures of Balance and Lower-Extremity Muscle Strength/Power in
Healthy Individuals Across the Lifespan: A Systematic Review and Meta-
Analysis. Sports Medicine. 2015;45(12):1671-1692.  Available from:
https://dx.doi.org/10.1007/s40279-015-0390- z.

Schubert M, Beck S, Taube W, Amtage F, Faist M, Gruber M.
Balance training and ballistic strength training are associated with task-

30)

31)

specific corticospinal adaptations. European Journal of Neuroscience.
2008;27(8):2007-2018.  Available from: https://dx.doi.org/10.1111/j.
1460-9568.2008.06186.x.

Lephart SM, Pincivero DM, Giraido JL, Fu FH. The Role of
Proprioception in the Management and Rehabilitation of Athletic
Injuries. The American Journal of Sports Medicine. 1997;25(1):130-137.
Available from: https://dx.doi.org/10.1177/036354659702500126.
Kartal A. The relationships between dynamic balance and sprint,
flexibility, strength, jump in junior soccer players. Pedagogy of Physical
Culture and Sports. 2020;24(6):285-289. Available from: https://doi.org/
10.15561/26649837.2020.0602.

] Clin Biomed Sci 2024;14(3):91-98

98


https://dx.doi.org/10.3390/ijerph18010312
https://dx.doi.org/10.3390/ijerph18010312
https://dx.doi.org/10.1007/s40279-015-0390-z
https://dx.doi.org/10.1111/j.1460-9568.2008.06186.x
https://dx.doi.org/10.1111/j.1460-9568.2008.06186.x
https://dx.doi.org/10.1177/036354659702500126
https://doi.org/10.15561/26649837.2020.0602
https://doi.org/10.15561/26649837.2020.0602

