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ABSTRACT

Background: Lower extremity injuries in soccer players are extremely common. Implementation of group
injury prevention programs has gained popularity due to time and cost-effectiveness. Unfortunately, play-
ers with greater number of risk factors are most likely to sustain an injury, yet less likely to benefit from a
group injury prevention program. The purpose of this study was to determine if targeting these high risk
players with one-on-one treatment would result in a reduction in the number of risk factors they possess.
The authors hypothesized that fifty percent or more of subjects receiving one-on-one intervention would
have a reduction of >1 risk factor(s).

Study Design: Quasi-experimental pretest-posttest design.

Methods: Division I men’s and women'’s soccer players were screened for modifiable risk factors using a
battery of tests which assessed mobility, fundamental movement pattern performance, motor control, and
pain. Players with >3 risk factors (“high risk”) received one-on-one treatment from a physical therapist via
an algorithm twice per week for four weeks. Players with <3 risk factors (“low risk”) did not receive one-
on-one intervention.

Results: The proportion of treatment successes in the intervention group was 0.923 (95% CI 0.640-0.998).
A significant proportion of high risk subjects (0.846) became low risk at posttest (p=0.003). A significant
between group difference was noted in risk factor change from pretest to posttest (p=0.002), with the
median risk factor change in the intervention group being -3.

Conclusion: Utilizing one-on-one interventions designed to target evidence-based risk factors is an effec-
tive strategy to eliminate LE musculoskeletal injury risk factors in high risk individuals.

Levels of Evidence: 2b
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INTRODUCTION

Injuries to the lower extremity (LE) are common in
collegiate soccer players, with injuries to the ankle,
knee and thigh having the highest incidence.' Iden-
tification of risk factors presents a challenge to cli-
nicians and coaching staffs. Many modifiable risk
factors, or those factors that respond favorably to
common rehabilitation techniques, have been iden-
tified for musculoskeletal injuries in soccer players
and analogous populations. The volume of modifi-
able risk factors is overwhelming; thus many injury
prevention programs, like Sportsmetrics™ or the
Prevent Injury and Enhance Performance program,
have focused on addressing the risk factors associ-
ated with a single joint or injury. This program spe-
cialization is not comprehensive and leaves athletes
vulnerable to injuries at adjacent joints. Therefore,
a battery of tests examining risk factors common to
several LE injuries may provide a more comprehen-
sive approach to injury prevention.

With the limited resources available to many clini-
cians and coaching staffs, tests to identify common
risk factors should be field-expedient and cost-effec-
tive. Testing should also provide clear, fundamental
impairments for clinicians to address. In a move-
ment hierarchy, basic range of motion (ROM), flex-
ibility, strength, balance, and movement pattern
competency precedes development of higher level
skills like running and jumping.? Many commonly
administered tests, such as the drop jump or Landing
Error Scoring System, require athletes to use higher
level skills. While these tests have demonstrated
some utility in injury prediction,®* it may be more
effective and efficient to establish basic movement
competency prior to performing higher level tests.
Risk factors can be categorized into three domains:
mobility, fundamental patterns, and neuromuscular
control.

Mobility: Mobility deficits, particularly in the hip
and ankle, have been identified as risk factors for
LE injury.®® Verrall et al found that hip external rota-
tion (ER) ROM was significantly lower in athletes
that went on to develop groin pain.® Not only has
total ankle dorsiflexion ROM shown a relationship
to injury, but an asymmetry of >6.5 degrees was
associated with a four-fold increase in risk for future
musculoskeletal injury in a population of warrior

athletes.” Though deficits in trunk or core neuro-
muscular control has been identified as a risk factor
for LE injuries, limited attention has been paid to
trunk mobility. To date, no study has examined the
relationship between thorax mobility and LE injury.
The role of the trunk during walking and running
tasks has long been documented biomechanically.?
Recently researchers have observed that trunk
mobility is increased in subjects with chronic ankle
instability during lower limb reaching tasks.” Given
that peripheral deficits can influence trunk mechan-
ics, it is plausible that limitations in thorax mobility
could influence LE mechanics thereby contributing
to overall injury risk.

Fundamental Patterns: Asymmetry in fundamental
patterns has also been associated with an increase
in injury risk. For example, asymmetry identified
by the Functional Movement Screen™ (FMS™) has
been associated with an increased odds for a time-
loss musculoskeletal injury in athletes.'®!! Presence
of pain during this movement testing also increases
risk for injury. In a population of Army soldiers, the
presence of pain with performance of fundamental
patterns led to ORs (odds ratios) ranging from 1.50 to
3.51 for future musculoskeletal injury.'?

Neuromuscular Control: Deficits in neuromuscular
control have also been identified as a risk factor for
LE injuries. Zazulak et al identified an association
between knee injuries and increased trunk displace-
ment measures following an unanticipated trunk
perturbation in collegiate athletes.’®> Wilkerson et al
reported ORs for core or lower extremity strain of up
to 4.17 in American football players with decreased
trunk flexion hold times (<161 seconds).'* Finally,
low composite score on the Lower Quarter Y Bal-
ance Test (YBT'LQ), a measure of dynamic neuro-
muscular control, has also been associated with
increased risk of injury in athletic populations.'®
Asymmetry in the anterior direction on the YBT:LQ,
defined as >4 cm difference in reach distance, has
been shown to increase risk for LE injury in active
populations.'®16

While evidence suggests that overall injury rates in
soccer players have declined in recent years, non-
contact injuries—which are largely preventable—are
on the rise.! Individual athletes will differ on the
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presence of risk factors and deficits, all in varying
degrees of severity, leaving some to reap the ben-
efits of consistent performance of an injury preven-
tion program while others do not. This is concerning
because recent evidence suggests a somewhat lin-
ear relationship in regards to number of risk factors
and risk for future injury. In a population of warrior
athletes, the odds of sustaining an injury increased
significantly in the presence of three to five risk fac-
tors compared to two or less, with ORs ranging from
4.60-6.70.7 Additionally, collegiate athletes with the
greatest number of risk factors were 3.4 times more
likely to sustain a non-contact LE injury than those
athletes with the least number of risk factors.!”

Taken collectively, these results suggest that ath-
letes with a greater number of risk factors are at the
highest risk for injury, and may benefit from a more
individualized approach to decrease risk. Identifying
these high risk individuals using tests designed to
capture risk factors common to multiple LE injuries
would allow for more efficient resource allocation,
giving clinicians the opportunity to focus injury
prevention efforts on the individuals that need it
most. Therefore, the purpose of this study was to
determine if targeting these high risk players with
one-on-one treatment would result in a reduction in
the number of risk factors they possess. The authors
hypothesized that fifty percent or more of players
treated with one-on-one interventions will have a
reduction of >1 risk factors.

METHODS

Data Collection Procedures

The study utilized a quasi-experimental pretest-post-
test design. Returning men’s and women'’s division
I soccer players at a local university were recruited
in March 2017 for this study. Study volunteers were
issued and signed an informed consent. Informed
consent and all study procedures were approved by
the Institutional Review Board of the University of
Kentucky and the University of Evansville. Players
were excluded from the study if any of the follow-
ing were present: current musculoskeletal injury
resulting in practice or workout restrictions from a
healthcare provider; recent (within 3 months) sur-
gery; other non-musculoskeletal issue resulting in
practice or workout restrictions from a healthcare

provider; current recipient of musculoskeletal care
from other healthcare provider.

All data collection procedures took place in a labo-
ratory classroom on campus. Players completed a
demographic form, which included gender and player
position, as well as medical, surgical, and injury his-
tory information. Height and weight were measured
using a standard beam scale with height rod. Subjects
were then measured for limitations in active ROM in
three areas: closed chain ankle dorsiflexion, hip ER,
and thorax rotation. All ROM values were captured
as a continuous measurement, then dichotomized
as “risk factor present/risk factor absent” based on
normative values for each measurement. All defi-
nitions for risk factor presence are summarized in
Table 1. Closed chain ankle dorsiflexion was mea-
sured in degrees using an inclinometer at the most
distal aspect of the tibial tuberosity, with the subject
in a half-kneeling position. Hip ER was measured
passively in degrees using an inclinometer placed
just superior to the lateral malleolus with the sub-
ject in prone. Finally, thorax rotation was measured
in degrees with an inclinometer, with the subject in
a lumbar locked position (full hip and knee flexion,
full lumbar flexion). The subject’s non-testing elbow
was placed at his or her midline on the testing sur-
face, with the dorsal aspect of the testing hand placed
in the lumbosacral area. The inclinometer was cen-
tered at C7 interspace and the subject was asked to
upwardly rotate toward the testing arm and ceiling.

Neuromuscular control was assessed next using the
YBT-LQ and YBT-UQ, using procedures as described
by Plisky et al'® and Gorman et al,'® respectively.
Briefly, the YBT-LQ requires subjects to stand on one
leg on the testing kit and push an indicator box as far
as possible with the contralateral leg in the anterior,
posteromedial, and posterolateral directions. For the
YBT-UQ, subjects were in a push up position on the
testing kit and instructed to push the indicator box
in the medial, inferolateral and superolateral direc-
tions, respectively, as far as possible. All procedures
were performed bilaterally.

Finally, fundamental movement was measured
using three tasks: active straight leg raise, hurdle
step, and in-line lunge. These fundamental tasks
are components of the FMS™, and were performed
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Table 1. Risk factor definitions and criteria for pass or fail (absent or present).

Risk Factors Test Dichotomous Pass Dichotomous Fail
(Risk Factor Absent) (Risk Factor Present)
Lumbar
Thora
mobilit )2(8 29 locked thorax 250° <50°
¥ rotation
Closed Kinetic Asymmetry of <5° or no
Ankle mobility” Chain Y v Asymmetry of 25°
e L asymmetry
Dorsiflexion
Closed Kinetic
Ankle mobility3° Chain >35° <35°
Dorsiflexion
Hip mobility®! Pr°"eE';ass“’e >40° <40°
Fundamental Supine active Lateral malleolus of leg raised Lateral malleolus of leg raised
movement!® 11 straight leg clears superior patella of does not clear superior patella
raise contralateral leg of contralateral leg
. Able to complete a lunge pattern Unable to complete lunge
Fundamental Standin, . i . . s
1011 & with feet 1 tibia length apart in pattern with feet 1 tibia length
movement lunge .
tandem apart in tandem
- Unable to clear hurdle 1 tibia
. Able to clear hurdle 1 tibia length
Fundamental Standing length from the floor, tap heel
1011 from the floor, tap heel on the
movement hurdle step . on the floor, then return to
floor, then return to start position .
start position
Neuromuscular
Control®® YBT-UQ Men: 285.1%, Women: 283.9% Men: <85.1%, Women: <83.9%
Neuromuscular Anterior reach asymmetry of <4 | Anterior reach asymmetry of 24
1516 YBT-LQ
Control cm cm
Neuromuscular
”c(mt:)ll;‘ YBT-LQ >95% <95%
Pain with
# of painful ain wi . .
atterns movement No pain reported Pain reported
P testing

and scored as previously described.?*?" A risk factor
was considered present if a subject scored a zero or a
one. Additionally, a continuous measure of hip flex-
ion ROM accompanied the active straight leg raise
task, with an inclinometer placed at the superior
aspect of the patella.

Raters

Nine raters were used during the screening pro-
cess, each assigned to a specific station. Height and
weight, upper and lower extremity length were mea-
sured by physical therapy students, while all other
measurements were collected by licensed physi-
cal therapists with 1-15 years of experience. Those
raters with the fewest years of experience were
enrolled in a sports residency, and those raters with

the most experience were board certified in either
sports or orthopedics. Each rater was trained in data
collection procedures for his or her assigned station
with verbal instructions and demonstrations. Each
rater then performed data collection procedures on
10 individuals in front of the primary investigator to
ensure procedures were followed and results were
interpreted accurately.

Groups

Determination of risk factor presence was performed
by the primary investigator after data collection was
complete, based on previously established criteria.
Subjects with >3 risk factors were in the interven-
tion group, and were treated one-on-one by a physi-
cal therapist according to the algorithm in Figure 1
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where risk factors are treated according to rank. All
treatments were provided by one of two physical
therapists (PT5) based on the availability of subjects.
Both PTs were assistant professors in a doctor of
physical therapy program and have certifications in
strength and conditioning (CSCS). Both have board
certifications, one in sports and one in orthopedics,
with eight and ten years of experience, respectively.
All identified risk factors were treated according to a
treatment algorithm, where risk factors were ranked
from top to bottom, and left to right (Figure 1). For
example, all mobility deficits were treated first before
addressing any deficits in fundamental patterns or
neuromuscular control. Additionally, deficits within
each category were treated according to rank: there-
fore, ankle dorsiflexion limitations were treated prior
to hip ER or thorax rotation restrictions. Each deficit
has an associated treatment “package” that includes
manual therapy treatment and corrective exercises
designed to reinforce manual treatment and improve
neuromuscular control (Figure 1; NOTE: descriptions
and pictures of all interventions are included in the

Mobility

Ankle Hip
Dorsi- External
flexion Rotation

Asymmelry

Active
Straight
Leg Raise

In-Line
Lunge Step

Neuromuscular Control

Lower Upper
Quarter Quarter
YBT YBT

Thorax
Rotation

Hurdle

Appendix). Treatment sessions lasted approximately
20 minutes and occurred in addition to regular prac-
tice and games. All treatments provided during
one-on-one sessions were performed in the athletic
training room and were documented in a treatment
log, and compliance with one-on-one sessions was
defined a priori as attendance of >90% of scheduled
sessions. Players were treated 1-2 times per week for
five weeks, and were instructed in home exercises to
be performed independently between sessions.

Subjects with < 3 risk factors were placed in the con-
trol group and did not receive one-on-one interven-
tion. Additionally, subjects that met the criteria to
receive one-on-one intervention but declined treat-
ment were also placed in the control group. The
control group returned for posttesting only.

Statistical Methods

The null hypothesis assumed that 5% of players will
experience a reduction in one or more risk factors
by chance, with an alternative hypothesis of >50%

Interventions®

Ankle
¢ 1/2 Kneeling DF MWM
¢ |ASTM Soleus
Hip
* Anterior Capsule Mobilization
¢ |ASTM Rectus Femoris
Thorax
* Seated J Stroke Manipulation
* |ASTM to oblique

ASLR

* |ASTM Rectus Femoris/Hamstrings

* PNF Rectus Femoris/Hamstrings
In-Line Lunge

¢ |ASTM Rectus Femoris/Gastroc/Soleus
* PNF Rectus Femoris

Hurdle Step

* |ASTM lliopsoas/Rectus Femoris

* PNF lliopsoas/Rectus Femoris

LQ YBT

¢ Planks

* Pllates based exercises
* Kettlebell exercises

UQ YBT
¢ Planks
* Kettlebell exercises

*See Appendix for specific exercises

Figure 1. Intervention algorithm and associated treatment ‘packages’ Risk factors are ranked from top to bottom and left

to right.
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of players receiving the intervention program will
experience a reduction in one or more risk factors.
With a 2-tailed alpha level of significance equal to
0.05, seven players were needed in the intervention
program to have >80% power to detect the hypoth-
eses described above based on a one-sample bino-
mial test. Compliance, defined as attendance of 90%
or more of the scheduled one-on-one sessions, is
required to assess the effectiveness of the program.
It is expected that 15% of players enrolled in the
study will be non-compliant and another 15% will
experience an injury, both excluding them from per
protocol analysis. Therefore, three additional sub-
jects were enrolled for a total of 10 in the interven-
tion program to retain adequate power.

All data were analyzed using SPSS statistical soft-
ware (IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY). Descriptive statistics will be calcu-
lated for all subjects. The primary outcome variable
is the proportion of treatment successes, defined as
a reduction in one or more risk factors in a single

athlete, which will be estimated with a 95% confi-
dence interval. Secondary outcomes including the
number of risk factors changed during the inter-
vention as well as pre to post change in assessment
outcomes were evaluated using paired t-tests with
associated 95% confidence intervals.

RESULTS

Fifteen subjects received one-on-one intervention.
Ninety-three percent of treatments were provided
by one PT. Two subjects in the intervention group
were lost to follow up (Figure 2). Seven subjects
were “true controls”, having <3 risk factors at pre-
test. Four additional subjects originally allocated to
the intervention group declined one-on-one inter-
vention and returned only for follow up testing. The
data from these four subjects was combined with the
“true controls” to form the control group utilized in
the final analysis. Finally, one subject in the control
group was treated two times due to error. This sub-
ject was excluded, leaving 10 subjects in the control
group for final analysis.

Enrollment

Assessed for eligibility (n=34)

Excluded (n=8)

+Currently receiving care from a
physical therapist (n=8)

h.

h 4 [

Allocation ] L 2

Allocated to intervention (n=15)
+ Received allocated intervention (n=15)

Allocated to control (n=11)
+ “True controls™; <3 risk factors (n=7)
+ Additional controls (n=4)*

v [ Follow-Up ]
Lost to follow-up (n=2)
+Left men’'s soccer team (n=1) Lost to follow-up (n=0)
+Scaphoid fracture (n=1)

v [ Analysis ] v

Analyzed (n=13)
+ Excluded from analysis (n=0)

Analyzed (n=10)
+ Excluded from analysis after receiving
intervention due to error (n=1)

Figure 2. CONSORT flowchart. *Subjects were originally allocated to the intervention group, but declined treatment and attended
posttesting only. These subjects’ data was combined with the “true controls” in the final analysis.
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There were 13 subjects in the intervention group
(8 males, 5 females) with a mean height of 70.58 +
4.30 and a mean weight of 171.85 + 20.36. The con-
trol group had 10 subjects (9 males, 1 female) with
a mean height of 70.10 + 2.44 and a mean weight
of 169.80 + 18.10. There were no significant dif-
ferences observed between groups at pretest. The
frequency of risk factors present at pretest and post-
test both for the intervention and control groups are
summarized in Figures 3-5.

The primary outcome was proportion of treatment
successes in the intervention group, which was
defined a priori as a reduction of >1 risk factors. Of

the 13 subjects treated with one-on-one interven-
tion, 12 had a reduction of at least one risk factor at
posttest, therefore the proportion of treatment suc-
cesses was 0.923 (95% CI 0.640-0.998). All 13 sub-
jects in the intervention group had >3 risk factors at
pretest (“high risk”) and at posttest, 84.6% had <3
risk factors (“low risk”). A McNemar’s test, a form of
the Chi-square statistic where subjects act as their
own control,* was used to determine significant
changes in risk category. The 2x2 contingency table
for the intervention group is presented in Table 2.
The number of subjects changing from a high risk
category at pretest to a low risk category at posttest
was statistically significant (p=0.003). Finally, only

14
12

10

CKCDFROM

Pretest--Control Group

Frequency of Risk Factors--Mobility

CKC DF Asymmetry

W Pretest—-Intervention Group  Posttest--Intervention Group

Hip ER Thorax rotation

Posttest--Control Group

Figure 3. Frequency of mobility risk factors at pretest and posttest by group. Abbreviations: Closed kinetic chain dorsiflexion

(CKC DF),; Range of motion (ROM), External rotation (ER).

12

10

Active Straight Leg Raise

m Intervention--Pretest

Frequency of Risk Factors--Fundamental Patterns

7 Intervention--Posttest

Control--Pretest

Hurdle Step In-Line Lunge

Control--Posttest

Figure 4. Frequency of asymmetry in fundamental pattern risk factors at pretest and posttest by group.
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Frequency of Risk Factors--Neuromuscular Control
14

12

10

2 §
N
o IR\ \
YBT-LQ Comp YBT-LQ Ant asymmetry YBT-UQ Comp
m Intervention--Pretest = Intervention--Posttest Control--Pretest Control--Posttest

Figure 5. Frequency of neuromuscular control risk factors at pretest and posttest by group. Abbreviations: Lower quarter Y

Balance Test (YBT-LQ); Anterior (Ant);, Upper quarter Y Balance Test (YBT-UQ).

2x2 table for McNemar's analysis.

Posttest

High Risk | Low Risk Total

High Risk (= 3 risk factors)

11 13

Pretest — = Risk (<3 risk factors)

Total

2
0 0 0
2 11 13

10 of the 13 subjects treated with one-on-one inter-
vention were compliant with treatment (attending
>90% of sessions). Of the 10 compliant subjects,
100% had a reduction of at least one risk factor at
posttest. The proportion of treatment successes for
compliant subjects was 1.00 (95% CI 0.69-1.00).

Because the number of painful patterns and total
number of risk factors were not normally distrib-
uted, a Mann-Whitney U test was performed to
determine differences between groups (Table 3).
The median number of painful patterns (or tests) in
both groups was zero, and changes from pretest to
posttest between groups was not statistically signifi-
cant (p=0.278). The median reduction of risk fac-
tors was -3 and -1 for the intervention and control
groups, respectively. The difference in change in
risk factors between groups was statistically signifi-
cant (p=0.002).

DISCUSSION
The purpose of this study was to determine if one-
on-one treatment—with interventions matched to

address the specific deficits of each subject—was
effective at reducing the number of risk factors for
LE musculoskeletal injury. The interventions pre-
scribed to each subject followed an algorithm con-
sisting of soft tissue and joint mobilizations followed
by corrective exercises to improve fundamental
movement patterns and neuromuscular control.
The results of this study indicate that one-on-one
treatment with matched interventions is an effective
approach to reduce the presence of risk factors in
collegiate soccer players. While individualized treat-
ment for every athlete would be ideal, most clinicians
and coaching staffs have limited resources. Group
injury prevention programs are used commonly to
decrease injury risk due to the time and cost effi-
ciency. Unfortunately many group programs have a
limited scope of prevention, as they tend to address
risk factors for only one joint or injury.?® Addition-
ally, emerging research indicates that individuals at
the highest risk for injury, or those with the greatest
number of risk factors, are also less likely to respond
to group injury preventions.?* Therefore, a system-
atic approach is needed to not only identify these
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Table 3. Mann Whitney U results. (*) = statistically significant.

Original Analysis
Factor Group Median Range p value
. Control 0 -1,5
Number of painful patterns intervention 0 33 0.278
Total number of risk factors Contrql o 2.4 0.002*
Intervention -3 -5,0
Modified Analysis
trol -2,4
Total number of risk factors Con ro_ 0 ’ 0.003*
Intervention -3 -5,0

high-risk individuals, but to provide targeted inter-
ventions as well. This system may provide a more
economical alternative to group injury prevention
programs by allocating resources to the individuals
who need them most.

This individualized approach to injury prevention
programs has been successful in other athletic popu-
lations. Kiesel et al utilized individualized corrective
exercises in professional football players to improve
fundamental movement patterns.?® Movement defi-
cits for each player were identified using the FMS™,
and prescribed exercises included self and partner
soft tissue work and stretching, followed by exercises
to improve core function and movement patterns.
Additionally, Bodden et al utilized a similar indi-
vidualized program in mixed martial arts athletes by
combining self-mobility and corrective exercises, in
an intervention group and compared to controls.?
Taken collectively, programs targeting an individ-
ual’s specific deficits with soft tissue and mobility
interventions, followed by corrective exercises rein-
forcing fundamental movement patterns and neu-
romuscular control can be a successful approach to
injury prevention.

Mean changes are often used to determine effec-
tiveness of interventions. However, the effective-
ness of the one-on-one, deficit-matched program
could be lost if limited to this type of comparison.
For example, in this study only two subjects in the
intervention group had limitations in closed kinetic
chain dorsiflexion ROM. Though both subjects expe-
rienced an increase in ROM (and an elimination of
this risk factor), a significant difference in group
mean change scores was not observed because so
few subjects had a dorsiflexion deficit. Therefore,

examining effectiveness on an individual level may
provide a more useful way of measuring success
than comparing mean changes.

One of the many challenges in injury prevention is
the dichotomization of continuous variables. Cut-
off scores for continuous variables are developed to
determine presence of a risk factor. This presents
a challenge for researchers and clinicians, as some
athletes may score very near the cutpoint. Given
the error associated with each measurement, when
the value is close to the cutpoint, the true presence
or absence of these risk factors is questionable. The
most conservative interpretation was to consider this
risk factor to be present in order to avoid underesti-
mation of injury risk. Unfortunately, small changes
in these measurements resulted in crossing of the
dichotomous threshold, translating to an elimination
of that risk factor without exceeding minimal detect-
able difference (MDD). Minimal detectable differ-
ence (also known as minimal detectable change)
is the amount of change in a variable that exceeds
measurement error, and represents a true change.?
This phenomenon is illustrated in Figure 5, where
the control group demonstrates a reduction in the
presence of the YBT-UQ risk factor. One female sub-
ject had low composite scores on the YBT-UQ on the
right and left sides at pretest, with scores of 80.1 and
83.5, respectively. The cutoff for passing the YBT
UQ composite score (thereby removing this risk fac-
tor) for females was 83.9. At posttest, the right and
left composite scores for this subject were 84.80 and
86.40, respectively. The MDD for the YBT-UQ com-
posite score has been reported as 6.10-8.10.' Though
the posttest scores crossed the threshold for this risk
factor, because the change scores for this subject
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fell below the MDD, the change observed may be
due to measurement error and not a true change in
the risk factor. A modified analysis was performed
requiring the observed change for each risk factor to
cross the operationally defined threshold as well as
exceed MDD to qualify as a risk factor change. Even
when a more conservative estimate was used, the
Mann-Whitney U test revealed a statistically signifi-
cant difference between the intervention and con-
trol groups with a p value of 0.003 (Table 3).

LIMITATIONS

Strength of Evidence

Limited consistency exists in the literature regard-
ing which factors contribute to LE injury in soccer
players. The purpose of this study was to combine
risk factors common to multiple LE injuries to have
a broader effect in injury reduction. The risk fac-
tors selected for the study have an association to
LE injury in soccer players or other athletic popu-
lations, though the strength of evidence supporting
each factor varies. For example, hip ER deficit was
the most prevalent risk factor amongst both groups,
with 82.6% of all subjects having at least one hip that
failed to clear the 40 degree threshold. However, the
strength of evidence supporting the ability of limited
hip ER to predict LE injury is less robust than other
factors. In 58.3% of cases, the interventions selected
were successful at eliminating limited hip ER as a
risk factor. Still, it is possible that elimination of this
risk factor does not translate to a meaningful reduc-
tion in LE injury risk. Other studies have combined
risk factors and stratified subjects using a weighted
algorithm, where the most robust risk factors carry
greater weight than less robust risk factors.'” Weight-
ing risk factors would allow resources to be allocated
to those individuals that need it most and injury
prevention efforts to be focused on areas that would
produce meaningful reductions in injury risk.

Subject Compliance

Three subjects received one-on-one treatment but
were considered non-compliant due to poor atten-
dance of treatment sessions. One subject attended
only one treatment session and no change in risk
factors was noted from pretest to posttest. The
remaining non-compliant subjects attended three

one-on-one sessions each, with reductions in risk
factors of -1 and -5. These findings suggest that sig-
nificant improvement may be possible in fewer treat-
ments, though more than one treatment session is
likely needed. Additionally, compliance with inde-
pendent performance of prescribed home exercises
is uncertain. Subjects in the intervention group were
asked to perform prescribed exercises at least once
daily and record performance in a journal supplied
to them. Unfortunately only one subject returned
an exercise journal one time during the intervention
period. Therefore compliance with independent
performance of prescribed exercises, and dosage of
interventions cannot be determined.

Follow up

Long term follow up was not feasible for this study,
therefore maintenance of risk factor reduction and
impact on future LE risk is unknown. Most of the
subjects in this study were returning home for the
summer to train or compete on local travel teams.
Without continued performance of corrective exer-
cises during training, it is possible that the risk fac-
tors would return and injury risk would increase.
Additionally, it is unknown if removal of these risk
factors translates to a decrease in injuries. It is rec-
ommended that future studies utilize a long term
follow up, preferably following players through in-
season play, to determine changes in number of risk
factors over time as well as translations to injury rate
reduction.

CONCLUSIONS

Utilizing one-on-one interventions designed to tar-
get evidence-based injury risk factors is an effective
strategy to eliminate LE musculoskeletal injury risk
factors and potentially mitigate injury risk. The inter-
ventions included in the algorithm were selected
based on current evidence and clinical expertise of
the treating physical therapists. Clinically and prag-
matically, of greatest importance is that identified
deficits are matched with interventions designed to
improve them. These impairments should be reas-
sessed after the treatment to determine the effec-
tiveness of the technique. This study may be used as
a template for injury prevention efforts, allowing cli-
nicians to allocate resources where they are needed
most.
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APPENDIX
MOBILITY INTERVENTIONS

Ankle Dorsiflexion
Half kneeling mobilization with movement

Details: The subject begins
in half-kneeling, with knee
and ankle flexed to 90
degrees, and ankle to be
treated forward. The thera-
pist provides a posterior
force to the subject’s talus
as the subject shifts his or her weight forward with
an upright trunk, advancing the tibia to produce
closed kinetic chain dorsiflexion.

Instrument Assisted
Soft Tissue Mobilization
(IASTM)—Soleus

Details: An instrument was
used to mobilize soft tissue
trigger points or painful
areas in the soleus.

Ankle Dorsiflexion Home Exercise Program (HEP)
Foam rolling— Gastroc-soleus

Details: The subject places
the leg to be treated on top
of the foam roller, cross-
ing the contralateral leg on
top. Lifting the hips off the
floor, the subject then rolls
over the soft tissue of the
gastroc-soleus complex to mobilize trigger points or
painful areas.

Half kneeling dorsiflexion

Details:  The  subject
begins in a half kneeling
position, with knee and
ankle flexed to 90 degrees,
and leg to be treated for-
ward. The subject shifts
his or her weight forward
with an upright trunk,
advancing the tibia over
the toes to produce closed kinetic chain dorsiflexion.

Downward dog

Details: The subject begins
in a modified push up
position, with hips raised
toward the ceiling, bear-
ing weight through hands
and feet. The subject then
pushes through the floor
with his or her hands, keeping the knees extended,
to produce a stretch in the gastrocnemius muscles.

Hip External Rotation
Anterior capsule mobilizations

Details: The subject lies in
prone with the hip to be
treated slightly abducted
and knee flexed. With the
subject’s foot supported
by a pillow, the therapist
applies an anterior glide to
the posterior aspect of the
femoral acetabular joint.

TASTM to Rectus femoris

Details: The subject lies
in supine while the thera-
pist uses an instrument to
mobilize trigger points or
painful areas in the rectus
femoris.

Hip External Rotation HEP
Foam rolling— Rectus femoris

Details: The subjects lies
prone with the leg to be
treated in direct contact
with the lateral edge of the
foam roller, and the con-
tralateral hip flexed and
abducted off to the side.
The subject then rolls over the tissue of the rectus
femoris to mobilize trigger points or painful areas.

Single leg lumbar locked bridging

Details. Start: The subject begins in hooklying
position with the foot of the leg to be treated flat on
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the table and contralateral knee flexed up toward
the chest. Finish: The subject holds the knee tightly
toward the chest using his or her hands, while lifting
the hips toward the ceiling by pushing through the
heel.

Windmill

Details. Start: The subject
starts in half kneeling,
with hip to be treated for-
ward and contralateral leg
externally rotated so that
the feet are perpendicular
to each other.

St Finis

Finish: The subject shifts weight away from the for-
ward leg, lowering contralateral hip toward contralat-
eral heel until contralateral palm contacts the floor.

Thorax Rotation
Seated | stroke

Details: The subject is
seated on the edge of a
plinth with arms crossed
over chest. The therapist
wraps his or her arms
around the subject, with
hands clasped over the
subject’s elbows. The ther-
apist applies a posterior and inferior force through
the subject’s elbows before providing a superior dis-
traction thrust, using a “J” shaped maneuver.

IASTM to Obliques

Details: The subject is
positioned in sidelying,
with side to be treated
toward the ceiling. A pil-
low or bolster was placed
between the contralat-
eral lower ribs and iliac
crest. The arm of the side to be treated is abducted
overhead to increase tissue stretch while the

therapist mobilizes trigger points or painful areas in
the obliques.

Thorax Rotation—HEP
T-spine extension over foam roller

Details: The subject is in
hooklying, with the foam
roller positioned at the
mid-thoracic spine. After
lifting the hips, the subject
rolls over the foam roller and performs extension seg-
ment by segment throughout the thoracic vertebrae.

Sidelying rib grab

Details. Start: The subject starts in sidelying with the
side to be treated toward the ceiling and ipsilateral
hand draped over the stomach, grasping the contralat-
eral ribs. Finish: The subject then rotates posteriorly,
retracting the ipsilateral scapula toward the table.

Tuall kneeling rotations with kettlebell

Details. Start: The subject
begins in tall kneeling, with
knees abducted slightly
wider than hips and heels of
both feet touching. Finish:
While holding the kettlebell
directly behind him or her,
the subject rotates towards
one side, maintaining an upright trunk and retracted
scapulas before rotating toward the opposite side.

Start ini

FUNDAMENTAL PATTERN INTERVENTIONS

Active Straight Leg Raise (ASLR)
IASTM to Rectus femoris

Details: The subject lies
in supine while the thera-
pist uses an instrument to
mobilize trigger points or
painful areas in the rectus
femoris.
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IASTM to Hamstrings

Details: The subject lies
prone while the thera-
pist uses an instrument to
mobilize trigger points or
painful areas in the ham-
string muscle group.

Proprioceptive Neuromuscular Facilitation
(PNF) to Rectus femoris

Details: The subject lies in
a modified prone position,
with the contralateral floor
flat on the floor and the leg
to be stretched on the table
with the knee flexed to 90
degrees. The therapist sta-
bilizes the ipsilateral hip
with one hand, while grasping the ipsilateral dis-
tal tibia with the other. The subject is asked to per-
form knee extension into resistance provided by the
therapist, resulting in an isometric contraction. The
therapist then passively flexes the knee to produce a
stretch to the rectus femoris.

PNF to Hamstrings

Details: The subject lies
in supine, both knees
extended, with the leg to be
stretched supported by the
therapist’s shoulder. The
subject performs hip exten-
sion with the ipsilateral leg into resistance provided
by the therapist, resulting in an isometric contraction,
while the therapist provides stabilization to the contra-
lateral leg to maintain full knee extension. The thera-
pist then passively flexes the ipsilateral hip with the
knee extended to produce a stretch to the hamstrings.

ASLR—-HEP
Sidelying Brettzel

Details: The subject begins in side-
lying, with the leg to be stretched
down on the table. The contralat-
eral hip is flexed toward the chest
and the subject grasps it with the
ipsilateral hand. The ipsilateral hip

is extended, with the knee flexed, and the subjects
posteriorly rotates through the thoracic spine to
grasp the foot with the contralateral hand to produce
a stretch through the rectus femoris and iliopsoas.

Doorway ASLR

Details. Start: The subject lies in supine with the leg
to be treated supported by a door frame or table, with
hips as close to the door frame as tolerated. Finish:
Maintaining full knee extension on both legs, the sub-
ject then lifts and lowers the contralateral leg.

Single leg dead lift

Details: The subject begins
in standing with the con-
tralateral arm holding a
kettlebell. After shifting
his or her weight to the leg
to be treated, the subject
balances on the ipsilateral
side and hinges forward to
lift the contralateral leg toward the ceiling, keeping
a straight line from the head to the foot. The subject
then returns to standing position.

In-Line Lunge
TASTM to Rectus femoris

Details: The subject lies
in supine while the thera-
pist uses an instrument to
mobilize trigger points or
painful areas in the rectus
femoris.

TASTM— Gastroc-soleus

Details: The subject lies
in prone while an instru-
ment was used to mobilize
soft tissue trigger points
or painful areas in the gas-
trocnemius and soleus.
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PNF to Rectus femoris

Details: The subject lies in
a modified prone position,
with the contralateral floor
flat on the floor and the leg
to be stretched on the table
with the knee flexed to 90
degrees. The therapist sta-
bilizes the ipsilateral hip
with one hand, while grasping the ipsilateral dis-
tal tibia with the other. The subject is asked to per-
form knee extension into resistance provided by the
therapist, resulting in an isometric contraction. The
therapist then passively flexes the knee to produce a
stretch to the rectus femoris.

Half kneeling dorsiflexion

Details: The subject begins
in a half kneeling position,
with knee and ankle flexed
to 90 degrees, and leg to be
treated forward. The sub-
ject shifts weight forward
with an upright trunk,
advancing the tibia over
the toes to produce closed kinetic chain dorsiflexion.

Sidelying Brettzel

Details: The subject begins in
sidelying, with the leg to be
stretched down on the table.
The contralateral hip is flexed
toward the chest and the sub-
ject grasps it with the ipsilat-
eral hand. The ipsilateral hip
is extended, with the knee
flexed, and the subjects pos-
teriorly rotates through the
thoracic spine to grasp the
foot with the contralateral hand to produce a stretch
through the rectus femoris and iliopsoas.

Single leg lumbar locked bridging

Details. Start: The subject begins in hooklying posi-
tion with the foot of the leg to be treated flat on
the table and contralateral knee flexed up toward
the chest. Finish: The subject held the knee tightly

toward the chest using his or her hands, while lifting
the hips toward the ceiling by pushing through the
heel.

Hurdle Step
TASTM to Iliopsoas

Details: The subject lies in
supine while the therapist
palpates the medial sur-
face of the pelvis, mobiliz-
ing trigger points or tender
areas noted in the iliacus
or psoas muscles.

TASTM to Rectus femoris

Details: The subject lies
in supine while the thera-
pist uses an instrument to
mobilize trigger points or
painful areas in the rectus
femoris.

PNF to Iliopsoas and Rectus femoris

Rectus
Femoris

Details. Iliopsoas: The subject lies in a modified
prone position, with the contralateral floor flat on
the floor and the leg to be stretched on the table
with the knee flexed comfortably. The therapist sta-
bilizes the ipsilateral hip with one hand, while grasp-
ing the ipsilateral distal femur. The subject is asked
to perform hip flexion into resistance provided by
the therapist, resulting in an isometric contraction.
The therapist then passively extends the hip to pro-
duce a stretch to the iliopsoas muscle group. Rectus
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Femoris: The subject and therapist positions are the
same, except the therapist is grasping the distal tibia
rather than distal femur. The subject is asked to per-
form knee extension into resistance provided by the
therapist, resulting in an isometric contraction. The
therapist then passively flexes the knee to produce a
stretch to the rectus femoris.

Hurdle Step—HEP
Pigeon stretch

Details: The subject stands facing
the end of a plinth with the leg to
be treated supported by the plinth
and positioned in 90 degrees of
knee flexion and full hip external
rotation and abduction. The sub-
ject is instructed to keep knee and
tibia parallel with the plinth sur-
face and a stretch should be felt in
the posterior hip.

Single leg lumbar locked straight leg bridge

Details. Start: The subject
lies in supine with the leg
to be treated extended and
supported on a bolster, and
the contralateral knee flexed
to his or her chest. Finish:
Keeping contralateral knee
held tightly toward chest,
the subject lifts the hips off
the table, keeping ipsilateral knee extended.

Single leg Oscillatory Technique for
Isometric Stabilization (OTIS)

Details: The subject begins
standing on the leg to be
treated, with the contra-
lateral leg raised approxi-
mately 6 inches off the
floor and both arms grasp-
ing a resistance band.
While maintaining balance
on the ipsilateral leg, the
subject rapidly and repeat-
edly flexes and extends the arms in a limited range
to provide a perturbation to single leg balance.

MOTOR CONTROL INTERVENTIONS

Lower Quarter Neuromuscular Training
Planks

Details. Traditional: The subject holds a “plank” posi-
tion by propping up onto elbows and toes, keeping
trunk and hips off the surface and maintaining a
straight line from head to heels. Side: The subject
holds a “side plank” position by propping up onto
one elbow, keeping trunk and hips off the surface
and maintaining a straight line from head to heels.
This is repeated on the opposite side.

Pilates— Reverse Planks

Start

Details. Start: The subject begins in a reverse plank
position, propping up on hands and heels while
lifting the hips off the plinth surface. Finish: The
subject then alternates lifting one leg off the plinth
surface, without dropping hips toward the plinth.

Pilates-Single leg stretch

Details: The subject lies in supine with his or her
head elevated from the plinth surface. One knee
is flexed toward chest while the other is extended
approximately 45 degrees from the plinth surface.
The subject alternates bringing one knee to chest
while extending the other.

Pilates— Bicycle

Details. The patient begins with head raised slightly
off the plinth surface, with one leg extended and one
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knee flexed to chest. The subject alternates flexing
and extending legs while twisting the contralateral
elbow toward the flexed knee.

Pilates— Sidelying leg lift

Details: The subject begins in sidelying with hips
perpendicular to ceiling and knees extended. Ante-
rior: The subject lifts the top leg toward the ceiling,
then advances it forward before dropping toward the
front edge of the table. Posterior: The subject then
raises the top leg toward the ceiling again, before
reaching backwards and dropping the leg toward the
back edge of the table. This is repeated on the oppo-
site leg.

Single leg dead lift

Details: The subject begins
in standing with the con-
tralateral arm holding a
kettlebell. After shifting
weight to the leg to be
treated, the subject bal-
ances on the ipsilateral
side and hinges forward to
lift the contralateral leg toward the ceiling, keeping
a straight line from the head to the foot. The subject
then returns to standing position.

Kettlebell Swings

Details: The subject begins
with feet shoulder width
apart in a squat position
and hands grasping the
handles of the kettlebell on
the floor. Keeping elbows
straight, the subject pulls
the kettlebell through the
legs posteriorly (A), before quickly extending the
hips (B) to swing the kettlebell toward the ceiling.

Turkish Get Ups

Details: The subject begins in supine with the ipsilat-
eral knee bent and the ipsilateral arm is flexed to 90
degrees holding a kettlebell with a neutral wrist. The
contralateral leg and arm are slightly abducted (A).
The subject rolls up to the contralateral elbow (B),
then extends the elbow to prop up into a modified
long sitting position (C). The patient then lifts the hips
toward the ceiling (D) before placing the contralateral
knee under the hips (E). The subject then pushes the
weight up toward the ceiling and rotates the contra-
lateral leg so that he or she is now in a half kneeling
position (F). Finally, the subject stands up (G), before
reversing the sequence to return to a supine position.

Upper Quarter Neuromuscular Training
Planks

Details. Traditional: The subject holds a “plank” posi-
tion by propping up onto elbows and toes, keeping
trunk and hips off the surface and maintaining a
straight line from head to heels. Side: The subject
holds a “side plank” position by propping up onto
one elbow, keeping trunk and hips off the surface
and maintaining a straight line from head to heels.
This is repeated on the opposite side.
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Supine arm bar, (aka) Bottoms up arm bar

Details. The subject begins in hooklying with arm to
be treated holding a kettlebell at 90 degrees of shoul-
der flexion. Supine: The bell rests against the fore-
arm while the wrist is neutral, and the scapula is in
a retracted and depressed position. Bottoms Up: The
bell is facing the ceiling, balancing over the shoul-
der. The wrist is neutral and the scapula is retracted
and depressed.

Sidelying arm bar

Details: The subject begins
in sidelying with hips and
knees flexed to 90 degrees
and arm to be treated
abducted to 90 degrees.
The kettlebell is balanced
directly over the shoulder,
with the bell resting against the forearm. The wrist is
neutral and the scapula is retracted and depressed.

Half kneeling press up

Details: The subject begins
in half kneeling with the
contralateral leg forward,
knee and ankle flexed to
90 degrees. The kettlebell
is held in a “rack” posi-
tion, held with a neutral
wrist at shoulder height
and resting on the forearm

(A). While maintaining an upright trunk, the subject
presses the weight overhead (B).

3 position kettlebell carry

S)

Details: The subject begins in a standing position
with the kettlebell held directly overhead (A). The
subject walks forward in a straight path until he
or she is unable to hold the kettlebell overhead, at
which time it is lowered to the “rack” position (B).
The subject continues to walk in a forward path until
he or she is unable to hold the bell in the “rack” posi-
tion, at which time the kettlebell is lowered to the
side (C). The subject continues walking until he or
she is unable to hold the kettlebell the side, at which
time the kettlebell is lowered to the ground and the
set is complete.
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