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ABSTRACT

Background and Purpose: Researchers have used an injury risk algorithm utilizing demographic data,
injury history, the Functional Movement Screen™ (FMS™) and Lower Quarter Y Balance Test™ (YBT™)
scores to categorize individual injury risk. The purpose of this study was to identify if'a group-based hybrid
injury prevention program utilizing key factors from previous research with the addition of an individual-
ized approach can modify the injury risk category of athletes.

Study Design: Cohort Study

Methods: Forty-four female subjects (ages 14-17) were recruited from a local high school soccer team. Pre-
participation testing included demographic data, injury history, FMS™ and YBT™ to determine if each ath-
letes’ injury risk category using the Move2Perform algorithm. Post-testing took place after an eight-week
exercise-based intervention program was completed. McNemar analysis was utilized to assess changes in
the injury risk categories.

Results: A significant number of athletes (21 of 44) moved to lower risk categories at posttest (p=0.000;
Z=-3.869). Of the 32 athletes in the High Risk category at pretest, 16 were Low Risk after the intervention
(p=0.002).

Conclusions: A preseason, group injury prevention training program with individually prescribed correc-
tive exercises, resulted in a significant number of subjects decreasing their injury risk category. The pri-
mary statistically significant decrease of injury risk category was seen in the Moderate Risk individuals
moving down to Slight. There were three athletes that moved from the Substantial Risk category to Slight,
however, this change was not statistically significant.
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INTRODUCTION

With over seven million students participating in high
school athletics alone, the yearly occurrences of sports
related injury are very high. Injuries range from one
day of lost time to career limiting injuries. Potential
career limiting injuries like anterior cruciate ligament
tears, ulnar collateral ligament tears, and compound
fractures are on the rise across the spectrum of little
leaguers to professional athletes.!? Despite the pres-
ence of injury prevention programs, sports injuries are
a continued problem with an estimated two million
injuries occurring annually.! While injury prevention
programs like FIFA 11 +, the PEP program, and Sports-
Metrics have been shown to decrease injury rate, they
do not work for all populations or even all individuals
in the population.®* One reason that these programs
might not work in all cases is that injury risk is mul-
tifactorial and the aforementioned programs are not
individualized nor comprehensive with their inter-
ventions. For example, FIFA 11 + includes a variety of
running, strength, plyometric and balance exercises,
but no exercises to address commonly present mobil-
ity restrictions. SportsMetrics focuses on jumping and
landing mechanics, but lacks other evidence-based
injury prevention interventions to address balance,
core, strength and/or mobility. Since injury risk is
multifactorial and each individual has unique defi-
cits, it seems logical to individualize the interventions
as much as is practical. This individualization would
address additional domains, potentially resulting in a
greater injury risk reduction.

Researchers have identified multiple risk factors
that increase risk of injury, with previous injury
being the most consistently reported risk factor.*
Other variables such as low or high body mass index,
faulty biomechanics, core motor control deficits,
and muscle flexibility deficits have also been iden-
tified as risk factors.* Knee valgus with drop jump
landing has been identified as another risk factor for
anterior cruciate ligament tears in female athletes.”
To complicate matters further, each individual may
possess different combinations of risk factors. Thus,
group programs may spend too much time on a par-
ticular risk factor for an individual that does not pos-
sess that problem, and too little time on risk factors
that are more profound for the individual thereby
under or overdosing specific prevention efforts.

Identifying risk factors is beneficial in order to begin
the process of prevention, however, screening for
every risk factor is not practical. The Functional
Movement Screen™ (FMS™) and Y-Balance Test
Lower Quarter (YBT-LQ™) are two tools that have
emerged in the literature as field-expedient options
to capture multiple risk factors efficiently.®?! The
FMS™ is a series of tests that can screen a person’s
ability to perform seven fundamental bodyweight
tasks, scored on an ordinal scale from 0-3. Initial
research of the FMS™ identified a cut score of <14
on FMS™ to be predictive of injury risk in American
football players.'>! This cut point was supported
by a recent meta-analysis, which concluded that
individuals scoring <14 had an OR of 2.74 (95% CI
1.70-4.43).%* Additionally, at least one asymmetry in
hurdle stepping, lunging, active straight leg raising,
or quadruped diagonal reaching patterns was associ-
ated with increased risk for a time-loss musculoskel-
etal injury in American football players* and later
confirmed by Mokha et al® as a risk factor for poten-
tial musculoskeletal injury in Division II athletes.
The Y Balance Test Lower Quarter™ (YBT-LQ™) is a
test that measures a person’s dynamic motor control
at his or her limits of stability. Three studies have
explored the relationship between scores on the
YBT-LQ™ and future injury.'>'®?* Researchers have
found that cutoff composite scores vary based on
variables such as sport, gender, and age, but can be
highly sensitive in detecting increased injury risk,
making the YBT:LQ™ a useful screening tool. Asym-
metries in the anterior and posteromedial reach on
the YBT:LQ™ have been shown to increase risk for
injury in active populations.'®?

Researchers have developed a computer algorithm
(Move2Perform, Functional Movement Systems,
Chatham, VA) that can synthesize multiple risk fac-
tors including demographic factors, injury history,
and results of field-expedient tests (including the
FMS™ and YBT-LQ™) to place an athlete into one
of four categories according to risk level. The soft-
ware algorithm further uses population specific cut
points to place the athlete in the risk category. Lehr
et al® established a significant association between
the risk category of an athlete identified by the com-
puter algorithm and noncontact lower extremity
injury in collegiate athletes. Athletes who were in
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the Substantial and Moderate Risk were 3.4 times
more like to sustain an injury compared to those in
Slight or Optimal groups.?

While athletes at high risk for injury may be able to be
identified by the Move2Perform algorithm, the ques-
tion remains if risk category can be modified. Both
the FMS™ and YBT:LQ™ have been identified as modi-
fiable with exercise. Kiesel et al*” found that utilizing
a seven-week off-season intervention program, 52%
of professional football players in the program were
able to score above the injury cut score of 14. Indi-
vidualized corrective exercises were prescribed based
on each player’s specific deficit on the FMS™ and the
athletes had a supervised progression of these correc-
tions over the course of seven weeks.” A randomized
controlled trial performed by Bodden et al?® also iden-
tified the FMS™ is modifiable with the prescription of
corrective exercises over a course of four and eight
weeks in mixed martial arts athletes.?® The YBT:LQ™
and SEBT have also been shown to be modifiable with
an exercised based program. Steffen et al® identified
a significant improvement of functional balance as
tested by the SEBT in athletes who highly adhered
to the FIFA 11 + program which included a 20 min
warm-up consisting of 15 single exercises that focused
on strength, plyometrics, agility and field balance
techniques. Those athletes also were identified as
having a 72% reduction of injury risk based on their
improvements on the SEBT.? Thus, FIFA 11 + appears
to be effective at reducing injury risk, but may ben-
efit from the addition of an individualized approach
to further decrease injury risk.

A systematic approach to injury prevention should
take the best available evidence and apply it in a
logical manner. Since group injury prevention pro-
grams have been shown to decrease injury rate,*-
32 it would be prudent to include the components
of these programs that demonstrate effectiveness.
There are also several other variations of injury
prevention training protocols within the literature
which include strength training, coordination, speed
and agility, flexibility, balance training, and jump-
ing. Rossler et al** found a 46 % reduction in injuries
in organized youth sports with the implementation
of an exercise-based injury prevention program
and further identified the need for jumping/plyo-
metric exercises being particularly relevant for the

reduction. Among the 21 studies reviewed by Rossler
et al,** each study included either a progressive dif-
ficulty level that increased weekly or a continuous
difficulty level which increased at each session.
There are lots of variability in session time frames
as some injury prevention programs included only
a five-minute warm-up, while others lasted for 30
minutes. Overall, Rossler et al** found that all injury
prevention programs were significantly effective
in children and adolescents with the greatest risk
reduction in the sub-elite athlete.

While it appears exercise-based injury prevention
programs decrease risk of injury and improve scores
on functional movement and balance testing, no
current research has identified if the Move2Perform
injury risk category can be modified. Therefore, the
purpose of this study was to identify if a group-based
hybrid injury prevention program utilizing key fac-
tors from previous research with the addition of an
individualized approach can modify the injury risk
category of athletes.

METHODS

This study was approved by the University of Evans-
ville’s Institutional Review Board. Fifty-four high
school female soccer players were enrolled in the
program over the course of three years, with forty-
four athletes included in participation of the pro-
gram. All players were educated on the program and
testing involved. Inclusion criteria included: 14-17
years old, female, current athlete in preseason of
their sport. Subjects were excluded from the program
if they had a current injury or were not medically
cleared to participate. Previous injury was defined
as ‘any injury occurring during athletic activity
resulting in medical attention and/or the removal
of the player from the current session and/or sub-
sequent time loss of at least one athletic session
(match or practice) as a direct result of that injury.*
All of the subjects were under legal age, therefore
parental informed consent and release of testing
information for research use was obtained in order
to house athlete’s data within the Move2Perform
database. Each athlete’s data was pulled from the
Move2Perfom database and deidentified for statisti-
cal analysis. Program design included individually
prescribed corrective exercises and 14 supervised
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group sessions that included jump, agility, and core
training over the course of eight weeks.

Testing

Testing was performed on all 44 subjects at the
beginning of the eight-week training session. Testing
included demographic data, injury history, FMS™
and YBT™ testing which identified each athlete’s
injury risk category per Move2Perform algorithm.
Each athlete was categorized in one of the follow-
ing categories: Substantial deficit, Moderate deficit,
Slight deficit, or Optimal. Each athlete was re-tested
with the aforementioned protocol after they com-
pleted the eight-week training program.

Training Sessions

After their initial Move2Perform category was iden-
tified, each athlete received corrective exercise
strategies based upon their FMS™ and YBT™ scores
regardless of their category. Corrective exercise pre-
scription was based upon the hierarchy of the Func-
tional Movement Systems model in which deficits in
symmetry, mobility, and stability were identified and
ranked. Once those areas of deficit were identified
each athlete received their three individualized cor-
rective exercise strategies to perform as part of their
warm-up and cool-down during the training program.

Athletes participated in an eight-week group pro-
gram which included supervised sessions, two days
per week. Each session consisted of each athlete’s
corrective exercises, a functional warm-up based on
the FIFA 11 +, three 20-minute circuits that included
jump training, core strengthening, and agility train-
ing, and a cool-down consisting of each athlete’s
corrective exercises. The program followed a struc-
tured progression with each circuit increasing in dif-
ficulty and complexity of movement pattern over
the course of eight weeks. See Appendix 1 for more
detailed description of the program.

Statistical Methods

The primary outcome for this study was change in
risk category. Significant changes in the four risk
categories (Substantial, Moderate, Slight, and Opti-
mal) were determined using a Wilcoxon Signed
Ranks Test with significance set at 0.05. An addi-
tional analysis was performed using a modified risk

cutoff based on the results from Lehr’s study, which
condensed Moderate and Substantial categories to a
single to “High Risk” category, and Slight and Opti-
mal to a single “Low Risk” category. Change across
this risk threshold was determined using a McNe-
mar’s test, with significance set at 0.05.

RESULTS

Fifty-four athletes participated in pretest. Ten ath-
letes did not complete the program due to financial
constraints (four participants) of participation or
other schedule conflicts (six participants). No inju-
ries were sustained during participation in the pro-
gram, therefore forty-four athletes were included in
the final analysis.

A Wilcoxon Signed Ranks test was used to determine
change in risk category from pretest to posttest.
Twenty-one athletes had an improved risk category
(i.e. movement to a lower risk category), two ath-
letes had decline in risk category (i.e. movement
to a higher risk category), and twenty-one athletes
were ties (i.e. no change in risk category). Figure 1
illustrates the movements of athletes by category
at pre-test and post-test. The improvement in risk
category from pretest to posttest was significant
(p=0.000, Z=-3.869).

Of the forty-four athletes, thirty-two were in the High
Risk (Substantial and Moderate Risk combined) cate-
gory at pretest. At posttest, sixteen of the athletes in
the High Risk category had moved to the Low Risk
(Slight and Optimal Risk combined) category. More
specifically, at pre-test there were 11 athletes in the
Substantial Risk category and five remained at post-
test, 21 athletes in Moderate category at pre-test and
11 remained at post-test, and there were 10 athletes
in Slight category and two in Optimal category at
pre-test which remained in their measured category
at post-test. The results of the McNemar's analy-
sis revealed that the number of High Risk athletes
moving to the Low Risk category was significant
(p<0.000; see Table 1). Figures 2 and 3 indicate the
total number of participants in each risk category at
pretest and at posttest.

DISCUSSION
The purpose of this retrospective study was to
determine if injury risk category as defined by
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Figure 1. Participant injury risk category movement from pre-test to post-test.

Table 1. 2x2 table calculated with McNemar's analysis

demonstrating significant movement of participants in the
High Risk group pretest to the Low Risk group at posttest.

Posttest Il Optimal
High Risk | Low Risk | Total Slight
Pretest High Risk 16 16* 32 Moderate
Low Risk 0 12 12 B Substantial
Total 16 28 44 2
* = statistically significant difference at p=0.0002

Move2Perform is modifiable. It has been suggested Figure 2. Participant total per category at pre-test.
in previous research that categorizing athletes with
efficient screening tools allows for prioritization of

prevention strategies.® To the authors’ knowledge,
this is the first study to look at the ability to change
Move2Perform injury risk category based on an
injury prevention training program and/or individu-

. . . . Il Optimal
alized treatment. The program in this study utilized
an individualized group intervention strategy, which Slight
included individualized corrective exercises based on Moderate

FMS™ and YBT™ scores, jump training, agility drills
and core strengthening. The results of this study
showed that nearly 48% of athletes moved to a lower
risk category following intervention. This finding is

B Substantial

consistent with previous intervention studies look-
ing at interventions to improve either the FMS™ or Figure 3. Participant total per category at post-test.
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the YBT-LQ™.%'* Therefore, an individualized group
injury prevention program can be beneficial in not
only improving performance on the FMS™ and YBT
LQ™, but may alter risk category as well.

Using Lehr's modified categories, 50% of athletes in
the High Risk category moved to Low Risk at post-
test. While this change is statistically significant,
its clinical relevance is likely more important. Ath-
letes in the High Risk category have been reported
to be 3.4 times more likely to sustain an injury
compared to their Low Risk peers per Lehr et al*
therefore crossing the threshold from the High Risk
to Low Risk category may decrease injury risk but
this needs to be studied further. Movement within
groups was primarily seen in the athletes who were
in the Moderate risk category at pre-test. Sixty-two
percent (13 athletes) of the Moderate Risk pre-test
athletes moved into the Slight Risk category at post-
test which was a statistically significant change
(p<0.0001). The researchers believe this holds clini-
cal significance as well, by demonstrating the ability
for a clinician to triage the Moderate risk athletes
into a group training program in order to potentially
decrease their injury risk level. The clinical appli-
cation would include utilizing the pre-testing pro-
tocol and injury risk categorization, then enrolling
athletes that are in either the Moderate, Slight, or
Optimal injury risk categorization into an individu-
alized group training program like the one this study
describes. By following that protocol at pre-season,
the remaining athletes in the Substantial Risk cat-
egory would be able to have more individualized
assessment and treatment which would in turn
lessen the burden on the clinicians triaging care.

Athletes that are categorized in Substantial Risk are in
that category due to current injury, current pain, and/
or substantially poor movement competency. Basic
movement competency means an athlete is able to
exhibit a full array of range of motion, body control and
movement awareness in various postures. All three
of these characteristics are major risk factors for sub-
sequent time-loss injury. The authors hypothesized
the Substantial Risk category athletes would not see
enough injury risk factor reductions from implemen-
tation of a group injury prevention training program
(albeit a partially individualized program) because
the program was too high level for the demonstrated

movement competency, and/or athletes were experi-
encing pain at pre-test, and/or athletes were currently
injured at pre-test. There were three outliers that did
move from Substantial Risk to Slight Risk category.
Looking at each of those athlete’s pre-test information
compared to their post-test, there was not a clear pat-
tern of why those individuals improved and others in
Substantial category did not. Two of the athletes had
pain at pre-test in the upper extremity that they did
not report at post-test which allowed for a decrease
in a significant risk factor. The other athlete was able
to demonstrate improved YBT-LQ™ composite scores
and cleared asymmetries within the FMS™ which
allowed for movement to a lower risk category. The
movement between categories of those three athletes
was not statistically significant. Future research with
alarger sample size may shed more light on if an indi-
vidualized group training program does in fact mod-
ify the Substantial Risk athlete’s category similarly to
the decrease seen in the Moderate Risk group. At this
time the authors’ recommendation for the Substantial
Risk athlete’s care would be to have more formalized
assessment of the risk factors causing the athlete to
be rated as substantial and then for each athlete to
receive individualized treatment.

There were a few limitations identified by the
authors. One limitation of this study is the lack of
control group, which precludes a clear cause/effect
relationship as no randomization occurred. Thus, it
also cannot be determined the relative contribution
of each of the parts of the intervention to changing
risk category. A second limitation was a lack of con-
trol of co-interventions which may have influenced
the outcomes of the study. Although the authors
have no reason to believe this impacted the results
of the study, the participants may have received
additional interventions such as personal training,
weight lifting, massage and/or chiropractic care.
There also was no short-term or long-term follow-
up to identify if the change in injury risk category
was maintained over time. And finally, due to the
retrospective nature of this study, full demographic
data (height and weight) on the participants was not
obtained. Additional research should focus on the
maintenance of injury risk categories and the actual
injury risk reduction occurred once an individual’s
category has been modified.
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Although the specific results of this study cannot be
generalized beyond the population tested, matching
Moderate, Slight and Optimal Risk category athletes
with a standard individualized group injury preven-
tion program appears to do no harm and signifi-
cantly benefit those in the Moderate Risk category.
Matching the Substantial Risk category athletes with
an individualized treatment program may also allow
ideal allocation of available resources in the high
school athletic training room to the individuals that
need it the most. Therefore, it will be beneficial to
perform additional studies with a larger sample size
to increase the external validity as well as confirm
the broad use of this injury prevention method.

CONCLUSIONS

The results of the current study indicate that an
athlete’s injury risk category can be altered; how-
ever, the strategy to implement is dependent on the
athlete’s initial risk category. Group injury preven-
tion training programs can be utilized to change the
injury risk category in athletes who are categorized
as either Optimal, Slight or Moderate, but a more
individualized approach may be needed for athletes
that fall in the Substantial risk category. Utilizing the
Move2Perform algorithm can be beneficial during
pre-participation physicals to identify an athlete’s
injury risk category and also provide a good filtering
system for utilization of injury prevention resources.
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