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IJSPT

ORIGINAL RESEARCH

PRESEASON LOWER EXTREMITY FUNCTIONAL TEST
SCORES ARE NOT ASSOCIATED WITH LOWER
QUADRANT INJURY – A VALIDATION STUDY WITH
NORMATIVE DATA ON 395 DIVISION III ATHLETES
Jason Brumitt, PT, PhD, ATC, CSCS
Victor Wilson, PT, DPT
Natalie Ellis, PT, DPT
Jordan Petersen, PT, DPT
Christopher John Zita, PT, DPT
Jordon Reyes, PT, DPT

ABSTRACT
Background: Preseason performance on the lower extremity functional test (LEFT), a timed series of agility drills, has been previously
reported to be associated with future risk of lower quadrant (LQ = low back and lower extremities) injury in Division III (D III) athletes.
Validation studies are warranted to confirm or refute initial findings.
Hypothesis/Purpose: The primary purpose of this study was to examine the ability of the LEFT to discriminate injury occurrence in D III
athletes, in order to validate or refute prior findings. It was hypothesized that female and male D III athletes slower at completion of the LEFT
would be at a greater risk for a non-contact time-loss injury during sport. Secondary purposes of this study are to report other potential risk
factors based on athlete demographics and to present normative LEFT data based on sport participation.
Methods: Two hundred and six (females = 104; males = 102) D III collegiate athletes formed a validation sample. Athletes in the validation sample completed a demographic questionnaire and performed the LEFT at the start of their sports preseason. Athletic trainers
tracked non-contact time-loss LQ injuries during the season. A secondary analysis of risk based on preseason LEFT performance was
conducted for a sample (n = 395) that consisted of subjects in the validation sample (n = 206) as well as athletes from a prior LEFT related
study (n = 189).
Study Design: Prospective cohort
Results: Male athletes in the validation sample completed the LEFT [98.6 (± 8.1) seconds] significantly faster than female athletes [113.1
(± 10.4) seconds]. Male athletes, by sport, also completed the LEFT significantly faster than their female counterparts who participated
in the same sport. There was no association between preseason LEFT performance and subsequent injury, by sex, in either the validation
sample or the combined sample. Females who reported starting primary sport participation by age 10 were two times (OR = 2.4, 95% CI:
1.2, 4.9; p = 0.01) more likely to experience a non-contact time-loss LQ injury than female athletes who started their primary sport at age
11 or older. Males who reported greater than three hours per week of plyometric training during the six-week period prior to the start of
the preseason were four times more likely (OR = 4.0, 95% CI: 1.1, 14.0; p = 0.03) to experience a foot or ankle injury than male athletes
who performed three or less hours per week.
Conclusions: The LEFT could not be validated as a preseason performance measure to predict future sports injury risk. The data presented in this study may aid rehabilitation professionals when evaluating an injured athlete’s ability to return to sport by comparing their
LEFT score to population norms.
Level of Evidence: 2
Keywords: Agility, college, epidemiology, functional test, lower quadrant
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INTRODUCTION
The lower extremity functional test (LEFT) consists
of a series of 8 agility drills performed on a diamond
shaped course (Figure 1).1-3 The LEFT was originally
designed as a functional test to qualitatively and
quantitatively assess an athlete’s ability to return to
sport after a lower extremity injury.1-3 Recently the
LEFT has been assessed for its ability to discriminate injury risk in athletic populations.4,5 In an initial prospective cohort study, female Division III (D
III) athletes who completed the LEFT in 118 seconds
or more (e.g., slower female athletes) were six times
more likely to experience a thigh or knee injury during the season.4 Slower females (LEFT score ≥ 118
seconds or more) experienced an initial (e.g., first
in-season injury) time-loss lower quadrant (LQ =
low back and lower extremities) injury rate of 4.8
per 1000 athletic exposures (AE).5 Slower female
athletes experienced a subsequent (e.g., any injury
after the first in-season injury) time-loss LQ injury
at a rate of 17.4 per 1000 AEs.5 Interestingly, faster
male D III athletes with a LEFT score of 100 seconds

Figure 1. Course Dimensions for the Lower Extremity Functional Test. Distance between the Northern and Southern triangles is 9.14 m (30 feet). Distance between the Eastern and
Western triangles is 3.05 m (10 feet).

or less were three times more likely to experience
a time-loss LQ injury and six times more likely to
sustain time-loss foot or ankle injury.4 The authors
of the initial study hypothesized that faster males
may have had a greater risk of injury due to having
more exposure (e.g., more minutes devoted to practice or game) than slower males; however, this form
of athletic exposure (e.g., tracking minutes played)
had not been collected (note: exposure in that study
was based only on participation during a practice or
game and not on minutes played per event).4
A recent trend in sport science research is to attempt
to identify athletes at risk for injury based on preseason measures of fitness.6,7 Several functional
performance tests (FPT), including the LEFT, have
been assessed for their ability to discriminate injury
risk in various athletic populations.4,5,8-12 Many of the
initial cohort studies that have assessed the potential predictive value of preseason FPT scores have
reported significant relationships between suboptimal scores and future injury risk. However, these
initial studies should be viewed with caution. Subsequent studies are warranted to validate the previously reported risk profiles. For example, Kiesel et
al12 reported a score of 14 or less on the Functional
Movement Screen™ (FMS™) was associated with an
11-fold increased risk of professional football players experiencing a time-loss injury requiring a minimum of three weeks on the disabled list. However,
since this initial report,12 a majority of subsequent
studies have failed to validate the original cutoff
score (14 or less) and have failed to identify an alternate composite cutoff score for the FMS in order
to discriminate injury risk in various sport populations.13-20 Likewise, Plisky et al reported that female
high school basketball players were 6.5 times more
likely to have experienced a lower extremity injury
when their composite score on the star excursion
balance test (later developed into the Y-balance test)
was less than or equal to 94 percent of their lower
extremity (LE) length.8 Subsequent studies, albeit
with different sport populations, have reported different cutoff scores.20,21
As detailed in the prior paragraph, subsequent studies
designed to validate risk profiles based on preseason
FPT measures may not support initial findings.
Thus, there is a need to conduct subsequent studies
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to validate initial findings. The association between
preseason LEFT scores and subsequent sport related
injury has yet to be validated. The primary purpose
of this study was to examine the ability of the LEFT
to discriminate injury occurrence in D III athletes,
in order to validate or refute prior findings. It was
hypothesized that female and male D III athletes
slower at completing the LEFT would be at a greater
risk for a non-contact time-loss injury during sport.
Secondary purposes of this study are to report other
potential risk factors based on athlete demographics
and to present normative LEFT data based on sport
participation. It was hypothesized that those who
spent less time training during the off-season, who
started sport at an older age, and/or who had a prior
history of injury would have a greater risk of injury.
METHODS
Participants
Two hundred and six Division III athletes (females
= 104, males = 102) from one university were
recruited to participate in this study and served as
a validation sample. Inclusion criteria for this study
was participation in a varsity level sport. Athletes
were excluded from the study if: a) he/she was under
the age of 18 or b) if he/she was restricted from full
sport participation by their primary care provider or
team athletic trainer at the start of the season. The
validation sample consisted of athletes from the following sports: women’s soccer = 35, men’s soccer
= 41, women’s volleyball = 32, men’s basketball =
15, women’s track = 26, men’s track = 40, women’s
tennis = 11, men’s tennis = 6.
The validation sample (n = 206) combined with 189
athletes from a different D III university formed the
“combined sample”. The purpose of the combined
sample was to a) assess injury risk profiles, per sex,
in a large population of D III athletes and b) present
normative data for the LEFT based on sex and sport
participation. The initial sample of D III athletes (n =
189)4 consisted of athletes from the following sports:
women’s soccer = 30, men’s soccer = 19, women’s
cross-country = 5, men’s cross-country = 6, women’s
volleyball = 26, men’s wrestling = 14, women’s basketball = 7, men’s basketball = 14, softball = 10, baseball
= 12, women’s track = 2, men’s track = 6, women’s
lacrosse = 17, women’s tennis = 9, men’s tennis = 12.

The Institutional Review Boards of George Fox University and Pacific University approved this study. Athletes provided informed consent prior to testing.
Procedures
Demographic measures, off-season training habits, prior injury history, and LEFT scores were collected from each athlete at the start of their sports
preseason. Prior to performing the LEFT, each athlete
provided the following information: age, years in university, age they started participating in their sport,
and average weekly time devoted to training (in four
categories: weightlifting, cardiovascular exercise, plyometric training, scrimmaging) during the six-week
period of time prior to the start of the season.
Dynamic Warm-Up
Prior to performing the LEFT, each athlete performed a five-minute dynamic warm-up. This warmup routine was performed to metabolically prepare
the athlete for activity and to reduce the risk of
injury.22 Athletes were instructed to perform the following active movements at their own pace: forward
walking, backward walking, forward lunging, backward lunging, and high knee marching.
Lower Extremity Functional Test Protocol
The LEFT is performed on a diamond shaped course:
9.14 m (30 ft.) in the North-South direction and 3.05
m (10 ft.) in the East-West direction (Figure 1).1-3,23,24
Triangles, made with 0.305 m (1.0 ft.) strips of athletic tape, were placed at the end of each axis. The
following agility drills are performed during the test
in the following order: forward run, backward run,
side shuffle, cariocas (Figure 2), Figure 8s, 45° cuts
(plant outside foot), 90° cuts (plant outside foot),
crossover 90° cuts (plant inside foot), forward run,
and backward run.1-3,23,24
The athlete is positioned at the Southern triangle to
start the test. The forward run (sequence: South –
North – South) and backward run (sequence: South
– North – South) are performed first at the start of
the test and repeated at the end of the test. The
remaining drills are performed both in a counterclockwise and a clockwise direction. Consistent verbal instruction from an investigator is necessary due
to the variety of skills performed and fatigue onset.25

The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 412

habits, and LEFT scores between sexes within the
validation sample. Independent t-tests were also utilized to compare means between sexes within the
combined sample for demographics, training habits,
and LEFT scores. Mean (± SD) LEFT scores were
calculated, using data from the combined sample,
and presented by sex for each sport. Independent
t-tests were utilized to compare mean LEFT scores
between sexes by sport. The PI collected injury
records on a weekly basis from the ATC team.

Figure 2. Athlete Demonstrating Carioca Progressing from
the West Triangle toward the North Triangle.

A researcher provided verbal instruction as to the
next movement and its associated course direction
as the athlete neared completion of a task. One trial
of the LEFT was performed by each athlete. Time
was recorded in seconds using a stopwatch. Testretest reliability for the LEFT is 0.95 to 0.97.24
Injury Surveillance
The university’s athletic training (ATC) staff documented all non-contact time-loss injuries to the
LQ for all athletes. The operational definition of
an injury was any musculoskeletal injury resulting
from a non-contact injury mechanism to the lower
quadrant (LQ) [categorized by region: low back, hip,
thigh, knee, leg, ankle, or foot] that occurred during
practice or competition that resulted in the athlete
either failing to complete that day’s event or requiring the athlete to miss a subsequent practice or
competition.25,26 The athletic trainers also provided
athletic exposure data. In this study one athletic
exposure was equal to participation in one practice
or one game.
Statistical Analyses
A minimum of 67 subjects per sex, based on an a
priori calculation, were needed to identify statistically significant associations between LQ injury and
LEFT measures for the validation sample. Descriptive statistics (means ± SD) were calculated for
demographic information, off-season training habits, and LEFT scores. Independent t-tests were utilized to compare means for demographics, training

Cutoff Scores
Multiple receiver-operator characteristic (ROC)
curves (by sex) were created in order to identify
potential cutoff scores that maximized sensitivity
and specificity for demographic information, offseason training reports, and LEFT scores [Note:
separate ROC curves analyzing LEFT scores were
created for both the validation sample and the combined sample. The additional ROC curve analyses for demographic and training variables were
only created using the combined sample]. Analysis of ROC curves for the validation sample failed
to identify a cutoff score for the LEFT; thus, previously reported cutoff scores for the LEFT were
used for regression analysis.4 A majority of the ROC
curves for the combined sample failed to identify
a cutoff score for numerous variables; however,
the category “age starting sport” was significant for
“all LQ injuries” and “thigh or knee injuries”. For
female athletes in the combined sample, the area
under the curve associated with all LQ injuries was
0.66 (95% CI: 0.57, 0.76) (Figure 3a) and the area
under the curve associated with thigh or knee injuries was 0.66 (95% CI: 0.55, 0.77) (Figure 3b). All
other measures were dichotomized based on either
mean scores from the combined sample population
or previously reported cutoff scores (for off-season
training variables).27 Univariate logistic regression
was performed to calculate odds ratios (OR) and
95% confidence intervals (CI). Logistic regression
was performed for both the validation sample (per
sex) and for the combined sample (per sex). Risk
profiles were calculated based on region of the body
injured: 1) all injuries (e.g., all LQ injuries), 2) thigh
or knee injuries, and 3) foot or ankle injuries. Data
analysis was performed using SPSS Statistics 23
(Chicago, IL) with the alpha level set at 0.05.
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Figure 3. (a) Receiver Operator Characteristic (ROC) Curve Associated with All Female Athletes (e.g., Combined Sample) and
All LQ Injury during Sport. For this ROC curve: a “smaller” test result (e.g., younger age starting sport) was associated with a
greater risk of injury. (b) Receiver Operator Characteristic (ROC) Curve Associated with All Female Athletes (e.g., Combined
Sample) and Thigh or Knee Injury during Sport. For this ROC curve: a “smaller” test result (e.g., younger age starting sport) was
associated with a greater risk of injury.

RESULTS
Demographic information, off-season training habit
reports, and LEFT scores for subjects in the validation sample and for the combined sample of D III
athletes are presented in Table 1. Male athletes, in
both samples, completed the LEFT significantly
faster than their female counterparts (p ≤ 0.0001).
Male athletes also reported more time devoted to
off-season training in each category except for plyometric training.
In this study, females in the validation study completed the LEFT in 113.1 (± 10.4) seconds and males
completed the LEFT in 98.6 (± 8.1) seconds. Normative data for the LEFT has been previously reported
based on either small sample sizes or for heterogeneous populations. Table 2 presents a comparison of
LEFT scores between this study and prior studies.
Normative LEFT data per sport and gender is presented in Table 3 (this data includes LEFT scores
for the combined sample). For all female D III athletes (n = 210) the mean LEFT score was 115.1 (±
10.6) seconds with a range of 91 to 162 seconds. For
all male D III athletes (n = 185) the mean LEFT

score was 101.6 (± 9.0) seconds with a range of 85
– 135 seconds. In each sex based comparison, males
completed the LEFT significantly faster than their
female counterparts.
A total of 34 non-contact time-loss LQ injuries were
experienced by subjects in the validation sample (n
= 206). Female athletes in the validation sample
experienced 17 total non-contact time-loss LQ injuries with 12 occurring at the thigh or knee region
and five occurring at the ankle or foot. Male athletes
in the validation sample experienced 17 total noncontact time-loss LQ injuries with 14 occurring at
the thigh or knee region and two occurring at the
ankle or foot. For the combined sample (n = 395)
a total of 78 non-contact time-loss LQ injuries were
recorded. Female athletes sustained a total of 22
injuries to the thigh or knee, 17 injuries to the foot or
ankle, and three injuries to other regions of the LQ.
Male athletes sustained a total of 21 injuries to the
thigh or knee, 11 to the foot or ankle, and 4 injuries
to other regions of the LQ.
Odds ratios (OR) associated with the validation sample for female and male populations are presented in
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Table 1. Demographic Information and Lower Extremity Functional Test Scores (Seconds) for Female and
Male Division III Athletes: Sex Based Comparisons for Validation Sample and for Combined Sample.

Table 2. Comparison of Lower Extremity Functional Test Scores (Seconds) between the Current Study
(Validation Sample and Combined Sample) and Previously Reported Populations.

Table 4. No significant relationships between LEFT
measures and cutoff scores were found for either sex;
thus unable to validate the risk profile previously
reported4 for a general D III athlete population.

Odds ratios for the combined sample were calculated
and presented in Tables 5 and 6. Crude OR were calculated for demographics, off-season training habits, and LEFT scores by sex. Table 5 presents OR for
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Table 3. Comparison of Lower Extremity Functional Test Scores (Seconds) between Sexes based
on Sport: Normative Data for 395 Division III Athletes.

Table 4. Odds Ratios for Lower Extremity Functional Test Scores (Seconds) for Division III Athletes:
Validation Sample.

all (e.g., combined sample) female D III athletes.
Only one category was associated with future risk of
injury: age starting sport. Females who started participating in their primary sport at age 11 or older
were significantly less likely (OR = 0.4, 95% CI:
0.2, 0.8; p = 0.01) to experience “any LQ injury” and
less likely (OR = 0.3, 95% CI: 1.4, 10.0; p = 0.009)
to experience a thigh or knee injury. Stated in the
converse, female athletes who were 10 years of age

or younger when starting sport were two times (OR
= 2.4, 95% CI: 1.2, 4.9) more likely to experience
any LQ injury and three times (OR = 3.2, 95% CI:
1.2, 8.1) more likely to experience a thigh or knee
injury). Multivariate regression of demographic,
training, or LEFT scores did not change risk profiles.
Table 6 presents OR for all (e.g., combined sample) male D III athletes. Only one category was
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Table 5. Crude Odds Ratios for Demographic and Lower Extremity Functional Test Scores for All (Combined Sample)
Female Division III Athletes (N = 210).

associated with future risk of injury: off-season plyometric training. Males who reported performing
plyometric exercises less than three hours a week
were significantly less likely (OR = 0.3, 95% CI: 0.1,
0.9; p = 0.03) to experience a foot or ankle injury. In
other words, males who reported performing greater
than 3 hours per week of plyometric exercises were
four times more likely (OR = 4.0, 95% CI: 1.1, 14.0)
to experience a foot or ankle injury.

DISCUSSION
The primary purpose of this study was to validate or
refute the previously reported4 risk profile for athletes based on their preseason performance of the
LEFT. The results of the current study were not able
to validate the utility of the LEFT as an individual
test to discriminate injury risk. A secondary purpose
to this study was to evaluate demographic variables
as potential risk factors. Only one demographic
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Table 6. Odds Ratios for Demographic and Lower Extremity Functional Test Scores for All (Combined Sample) Male
Division III Athletes (N = 185).

variable (age starting sport ≤ 10 years) was associated with injury risk in female athletes and only one
off-season training category (> 3 hr/week) was associated with injury risk in male athletes.
This study illustrates the importance of performing subsequent prospective cohort studies to assess
preseason FPT measures and future injury risk in
athletic populations. Based on the results in this
study the LEFT should not be used in isolation to

determine risk of injury in a general population of
collegiate athletes.
The LEFT may have utility as a test for either a specific athlete population or as part of battery of tests
for a general population of athletes. For example,
a general population of D III female athletes that
presented with suboptimal scores on a battery of
FPT (shorter standing long jump measures, shorter
single-leg hop for distance measures performed
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bilaterally, and slower LEFT scores) were nine times
more likely to experience a thigh or knee injury
during sport.28 Additional studies are warranted to
identify the LEFT’s predictive utility in either homogeneous sport populations or as one component of a
battery of preseason performance tests.
In addition to assessing the utility of the LEFT as a
predictor of injury, numerous demographic and offseason training variables were assessed for their ability to dichotomize athletes into at risk and lesser risk
groups. For female athletes, the age starting sport
was identified as a risk factor. Interestingly, female
athletes who reported starting sport at a younger age
(10 years of age or earlier) had a greater risk than
those who started playing their primary sport at age
11 or older. A possible explanation for this finding
may be related to sport specialization and the observation that athletes who participate in one sport
experience a greater rate of injury when compared to
those who participate in multiple sports.29-33 Athletes
who start sport participation at a later age may have
been less likely to focus on only one sport throughout their adolescent athletic career. It is important to
note though that information regarding the sport participation history for each athlete was not collected,
thus this finding should be viewed with caution.
For male athletes time spent performing plyometric exercises during the six-week period prior to the
official start of the preseason was associated with
future foot and ankle injury. This finding is contrary to what one might expect. Plyometric training
is considered an important component of athletic
strength and conditioning training programs and
injury prevention programs.34,35 The authors do not
suggest that an athlete or a team should reduce time
devoted to plyometric training. Rather, it is possible
that athletes that devoted more time in the off-season to unsupervised plyometric training devoted
less total time to other forms of training that may
have had a protective effect (e.g., injury protection).
It should be noted that there is a lack of prospective studies assessing the role of training parameters
(e.g., mode of exercise, volume, etc.) and subsequent
risk of injury in a population of D III athletes.
A novel feature of this study is the presentation of
sex and sport specific normative data for the LEFT.

In this study’s validation sample, male athletes completed the LEFT in 98.6 (± 8.1) seconds and female
athletes completed the LEFT in 113.1 (± 10.4) seconds. Healthy female D III athletes, in this study
and in prior studies,4,24 appear to be able to complete
the LEFT faster than originally described.1 This may
be due in part to the sample population from Davies
et al1 (athletic demographics unknown) or the sample’s health status (e.g., recovering from injury vs.
healthy status). Male D III athletes in this study
appear to complete the LEFT in a period of time
similar to those previously reported.1,4,24 The LEFT
is used clinically by rehabilitation professionals to
assess an athlete’s readiness to return to sport.1-3 The
presentation of normative data per sport and sex can
aid clinicians as they make determinations regarding an athlete’s ability to return to sport after a low
back or LE injury.
Limitations
A few limitations to this study are noted. First, the
risk profiles for females (age starting sport) and
males (plyometric training) may be subject to recall
bias. It is possible that an athlete under or overreported training habits or the age that they started
sport. Prospective cohort studies are warranted to
confirm these findings. Second, the risk profiles presented here are for a general population of D III athletes and may not be generalizable to other levels
of competition. Third, as part of this study athletic
exposures (e.g., 1 AE = either participation in one
practice or one game) were collected; however, this
measure of exposure did not quantify exposure per
minutes played (Note: collecting athletic exposures
are necessary to calculate injury rates per LEFT cutoff scores. Injury rates based on cutoff scores were
not calculated because there were no significant relationships between LEFT measures and sports injury
occurrence). It is possible that categorizing athletes
by their LEFT measures and exposures per minutes
played during practice or competition could help discriminate at risk athletes.36 For example, increased
time playing in Division I football games was associated with injury.36 However, increased playing time
may not always be associated with greater injury
risk. In a cohort of male, collegiate basketball players, one being a starter was no more likely to get
injured than their non-starter counterparts.25
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CONCLUSION
A prior study reported an association between preseason LEFT scores and subsequent injury in a general population of D III athletes. However, in this
validation study, the LEFT test failed to discriminate athletes at risk for a sports injury. The LEFT
may provide utility as a preseason performance
test for either specific sport populations or as part
of a battery of tests; however, this requires future
study. Finally, the data presented in this study may
aid rehabilitation professionals when evaluating an
injured athlete’s ability to return to sport by comparing their LEFT score to population norms.
REFERENCES
1. Davies GJ, Zillmer DA. Functional progression of a
patient through a rehabilitation program. Orthop
Phys Ther N Am. 2000; 9: 103-117.
2. Ellenbecker TS, Davies GJ. Closed Kinetic Chain
Exercise: A Comprehensive Guide to Multiple-Joint
Exercises. Champaign, IL: Human Kinetics; 2001.
3. Davies GJ, Heiderscheit BC, Clark M. The scientiﬁc
and clinical rationale for the use of open and closed
kinetic chain rehabilitation. In: Ellenbecker TS, ed.
Knee Ligament Rehabilitation. Philadelphia, PA:
Churchill Livingstone; 2000: 291-300.
4. Brumitt J, Heiderscheit BC, Manske RC, et al. Lower
extremity functional tests and risk of injury in
division III collegiate athletes. Int J Sports Phys Ther.
2013; 8: 216-227.
5. Brumitt J, Heiderscheit BC, Manske RC, et al. The
lower-extremity functional test and lower-quadrant
injury in NCAA division iii athletes: a descriptive and
epidemiologic report. J Sport Rehabil. 2016; 25: 219-226.
6. Manske R, Reiman M. Functional performance
testing for power and return to sports. Sports Health.
2013; 5: 244-250.
7. Chimera NJ, Warren M. Use of clinical movement
screening tests to predict injury in sport. World J
Orthop. 2016; 7: 202-217.
8. Plisky PJ, Rauh MJ, Kaminski TW, et al. Star
excursion balance test as a predictor of lower
extremity injury in high school basketball players. J
Orthop Sports Phys Ther. 2006; 36: 911-919.
9. Smith CA, Chimera NJ, Warren M. Association of y
balance test reach asymmetry and injury in division
I athletes. Med Sci Sports Exerc. 2015; 47: 136-141.
10. Opar DA, Williams MD, Timmins RG, et al.
Eccentric hamstring strength and hamstring injury
risk in Australian footballers. Med Sci Sports Exerc.
2015; 47: 857-865.

11. Opar DA, Williams MD, Timmins RG, et al. The
effect of previous hamstring strain injuries on the
change in eccentric hamstring strength during
preseason training in elite Australian footballers. Am
J Sports Med. 2015; 43: 377-384.
12. 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: 147-158.
13. Azzam MG, Throckmorton TW, Smith RA, et al. The
functional movement screen as a predictor of injury
in professional basketball players. Curr Orthop Pract.
2015; 26: 619-623.
14. Bushman TT, Grier TL, Canham-Chervak M, et al.
The functional movement screen and injury risk:
association and predictive value in active men. Am J
Sports Med. 2016; 44: 297-304.
15. Walbright PD, Walbright N, Ojha H, Davenport T.
Validity of functional screening tests to predict
lost-time lower quarter injury in a cohort of female
collegiate athletes. Int J Sports Phys Ther. 2017; 12:
948-959.
16. Dossa K, Cashman G, Howitt S, et al. Can injury in
major junior hockey players be predicted by a preseason functional movement screen – a prospective
cohort study. J Can Chiropr Assoc. 2014; 58: 421-427.
17. Martin C, Olivier B, Benjamin N. The functional
movement screen in the prediction of injury in
adolescent cricket pace bowlers: an observational
study. J Sport Rehabil. 2017; 26: 386-395.
18. Mokha M, Sprague PA, Gatens DR. Predicting
musculoskeletal injury in national collegiate athletic
association division ii athletes from asymmetries
and individual-test versus composite functional
movement screen scores. J Athl Train. 2016; 51:
276-282.
19. Moran RW, Schneiders AG, Mason J, et al. Do
functional movement screen (fms) composite scores
predict subsequent injury? A systematic review with
meta-analysis. Br J Sports Med. 2017; 51: 1661-1669.
20. Warren M, Smith CA, Chimera NJ. Association of the
functional movement screen with injuries in
division i athletes. J Sport Rehabil. 2015; 24: 163-170.
21. Butler RJ, Lehr ME, Fink ML, et al. Dynamic balance
performance and noncontact lower extremity injury
in college football players: an initial study. Sports
Health. 2013; 5: 417-422.
22. McMillian DJ, Moore JH, Hatler BS, et al. Dynamic
vs. static-stretching warm up: the effect on power
and agility performance. J Strength Cond Res. 2006;
20: 492-499.
23. Reiman MP, Manske RC. Functional Testing in Human
Performance. Champaign, IL: Human Kinetics; 2009.

The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 420

24. Tabor MA, Davies GJ, Kernozek TW, et al. A
multicenter study of the test-retest reliability of the
lower extremity functional test. J Sport Rehabil. 2002;
11: 190-201.
25. Brumitt J, Engilis A, Isaak D, et al. Preseason jump
and hop measures in male collegiate basketball
players: an epidemiologic report. Int J Sports Phys
Ther. 2016; 11: 954-961.
26. Rauh MJ, Koepsell TD, Rivara FP, et al.
Epidemiology of musculoskeletal injuries among
high school cross-country runners. Am J Epidemiol.
2005; 163: 151-159.
27. Brumitt J, Engilis A, Eubanks A, et al. Risk factors
associated with noncontact time-loss lower-quadrant
injury in male collegiate soccer players. Sci Med
Football. 2017; 1: 96-101.
28. Brumitt J, Heiderscheit B, Manske RC, et al.
Preseason performance on a battery of functional
tests is associated with time-loss thigh and knee
injury in division iii female athletes. [abstract SPL12
in Sports Physical Therapy Section Abstracts:
Platform Presentations SPL1-SPL67] J Orthop Sports
Phys Ther. 2016; 46: A29-A57.
29. McKay D, Broderick C, Steinbeck K. The adolescent
athlete: a developmental approach to injury risk.
Pediatr Exerc Sci. 2016; 28: 488-500.
30. Feeley BT, Agel J, LaPrade RF. When is it too early
for single sport specialization? Am J Sports Med. 2016;
44: 234-241.

31. Pasulka J, Jayanthi N, McCann A, et al.
Specialization patterns across various youth sports
and relationship to injury risk. Phys Sportsmed. 2017;
45: 344-352.
32. Post EG, Trigsted SM, Riekena JW, et al. The
association of sport specialization and training
volume with injury history in youth athletes. Am J
Sports Med. 2017; 45: 1405-1412.
33. McGuine TA, Post EG, Hetzel SJ, et al. A prospective
study on the effect of sport specialization on lower
extremity injury rates in high school athletes. Am J
Sports Med. 2017; 45(12): 2706-2712.
34. Slimani M, Chamari K, Miarka B, et al. Effects of
plyometric training on physical ﬁtness in team sport
athletes: a systematic review. J Hum Kinet. 2016; 53:
231-247.
35. Alentorn-Geli E, Myer GD, Silvers HJ, et al.
Prevention of non-contact anterior cruciate ligament
injuries in soccer players. Part 2: a review of
prevention programs aimed to modify risk factors
and to reduce injury rates. Knee Surg Sports
Traumatol Arthrosc. 2009; 17: 859-879.
36. Wilkerson GB, Colston MA. A reﬁned prediction
model for core and lower extremity sprains and
strains among collegiate football players. J Athl Train.
2015; 50: 643-650.

The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 421

