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Abstract

Objectives: To assess time to stabilization (TTS) on jump type
and leg dominance in Division 111 collegiate athletes.
Design: Exploratory study.

Setting: Division 111 College.

Participants: 21 NCAA Division Il collegiate athletes
competing in soccer, basketball, lacrosse, volleyball, and
basketball.

Main Outcome Measure: TTS was calculated as the time
from landing to when the vertical ground reaction force
remained +5% of each individual’s body weight following a
dynamic jump protocol. A single force plate to capture four
conditions (1) forward, dominant limb, (2) forward, non-
dominant limb, (3) lateral, dominant limb, (4) lateral, non-
dominant limb.

Results: Twenty-one participants (female=81%; age (mean +
SD) =19.8 + 1.2 years. TTS (mean + SD): forward dominant
leg = 0.88 £ 0.27 seconds; forward non-dominant leg = 0.86 +
0.27 seconds; lateral dominant leg 1.04 + 0.30 seconds; lateral
non-dominant leg= 1.0 £ 0.36 seconds. The main effect of
jump direction showed a statistically significant difference
between forward and lateral jump (p = 0.01). Leg dominance
did not show a statistically significant difference between
dominant versus non-dominant leg (p = 0.63). There was not
a statistically significant interaction between jump direction
and leg dominance (p = 0.89).

Conclusion: Following a dynamic jump protocol, Division I11
athletes demonstrated worse dynamic postural stability in the
lateral direction, as compared to the forward direction. Leg
dominance did not have an influence on dynamic postural
stability in either the forward or lateral direction, suggesting
that one leg may not be more prone to injury.

Ethical statement

All participants consented to participate in this research
study, which was approved by the Nazareth College Human
Subjects Review Committee.

Highlights

e Time to stabilization (TTS) is an objective measure of
dynamic postural stability.

e In Division Il athletes, TTS is worse during lateral
maneuvers than forward.

e Limb dominance does not influence TTS during forward
and lateral jump protocols.

Keywords: Dynamic postural stability, Time to stabilization,
Athletes, Injury

Introduction

Approximately 100,000 anterior cruciate ligament (ACL)
ruptures occur annually in collegiate sports each academic
year [1], with lifetime societal costs within the United States
approximating to $38,000 per individual, including the cost of
surgery, rehabilitation, and lost time from work [2].
Noncontact sports, such as running, skiing, and dance, have
the lowest incidence rate of ACL injury (0.25/10,000 athlete
exposures [AE]); whereas fixed-object high impact rotational
landing sports, such as gymnastics, and contact sports,
including basketball and soccer, have the highest incidence
rates of ACL injuries (2.62/10,000 AEs, 1.51/10,000 AEs;
respectively) [3]. Most ACL injuries (70%) occur from a
noncontact mechanism such as landing from a jump [1, 4].
Complications resulting from an ACL injury may include, but
are not limited to, disability, functional limitations, meniscal
damage, and posttraumatic osteoarthritis [5-7]. Despite
possible improvements from surgical ACL reconstruction,
there is a high risk of posttraumatic degenerative joint disease
and a decrease in functional outcomes [6, 8].

Numerous risk factors for ACL injuries have been
identified including anatomic, genetic, hormonal, occupational,
biomechanics, and neuromuscular abnormalities [9]. More
specifically, increased frontal plane loads at the knee [10] and
dynamic knee valgus collapse during cutting or one-legged
jump landings have been identified as risk factors for
noncontact ACL injuries [11, 12]. Neuromuscular factors such
as decreased strength in core, hip abductors, hamstrings, are
also considered risk factors for ACL injuries [4]. Impaired
neuromuscular control at the knee is responsible for functional
deficits including decreased strength, extended reaction times
of the quadriceps and hamstrings, and decreased static and
dynamic postural stability [13]. Individuals who have
sustained an ACL injury demonstrate decreased static and
dynamic postural stability [14-18]. However, static postural
stability measures have been reported as insensitive and less
functional, whereas dynamic postural stability tests are
recommended [19, 20], as they more closely resemble athletic
performance and the dynamic movements (landing, cutting, or
deceleration) related to ACL injuries [14].

Landing from a jump requires dynamic postural stability,
an ability to maintain a static state over an individual’s base of
support following a dynamic movement [21]. Moreover, an
increase in neuromuscular control is needed to maintain
dynamic stability and has been recommended for ACL
preventative programs [4, 21, 22]. There has been recent focus
on time to stabilization (TTS) to assess dynamic postural
stability [23-27]. TTS is a quantitative measure of dynamic
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postural stability used to assess an individual’s ability to
transition from dynamic movements to static equilibrium
inside their base of support [28]. Impaired dynamic postural
stability, as demonstrated by slower TTS, has been
demonstrated in individuals with ankle instability [27, 29],
recreational athletes with a history of concussion (Lynall et
al., 2020), and collegiate athletes post ACL reconstruction [8,
25, 26]. However, limited research has been conducted using
TTS to assess the risk of a first time ACL injury [23].

DuPrey et al.(2016) [23] demonstrated that the TTS was
significantly slower for a backward jump in Division | athletes
who suffered an ACL injury compared to those without a
history of an injury, suggesting that pre-injury TTS may be a
risk factor for noncontact ACL injuries. Understanding TTS in
collegiate athletes without a history of an ACL injury may help
in the design of a clinically relevant screening tool aimed
toward injury prevention. Furthermore, expanding on previous
research by examining pre-injury TTS in Division Il athletes,
which to the best of our knowledge has not been examined,
may provide further evidence on the significance of using
dynamic postural training within a prevention program. The
overall aim of this study was to evaluate pre-injury dynamic
postural stability, as measured by TTS, in Division Il
collegiate athletes using a multiplanar jump protocol.
Secondarily, we evaluated differences in dynamic postural
stability by leg dominance.

Materials and Methods

This was an exploratory study. All participants provided
their signed informed consent prior to participation and the
study was approved by the college’s Human Subjects Review
Committee. Between May 2018 and March 2019, participants
from both women’s and men have selected NCAA Division II1
collegiate sports teams were recruited by sending a flyer to the
coaches describing the purpose of the study. Selected teams
included: lacrosse, soccer, basketball, and volleyball since
these sports have shown to have a high rate of ACL injuries
among their athletes [3]. Coaches from these teams described
the purpose of the study and informed any athletes that were
interested to contact the principal investigator of this study.
Additionally, an email was sent to all athletes within these
sports describing the study and informing them to contact the
principal investigator for any further questions or to enroll.
Interested and potential participants were preliminary
screened by the principal investigator to ensure inclusion and
exclusion criteria were met. Inclusion criteria included being
either a freshman, sophomore, or junior Division Il athlete in
lacrosse, soccer, basketball, or volleyball. Senior athletes were
not included in the study as they would no longer be
participating in collegiate sports during the planned one-year
follow up, which will not be reported in this analysis.
Participants were excluded from the study if they had an
existing neurological condition, diagnosis of chronic ankle
instability, previous ankle fracture within six months of
recruitment, or any knee ligament or meniscal injury within
two years of recruitment. Of the 22 participants screened, all
22 met the inclusion criteria (17 women, 5 men). Height,
weight, and leg length (anterior inferior iliac spine to the
ipsilateral malleoli) were recorded by a single examiner.

Self-Reported Outcomes

After signing an informed consent form, participants
completed an intake screening including the International
Knee Documentation Committee Short Form (IKDC) [30].
The IKDC is a self-reported measure of knee function for
several knee injuries including patellofemoral pain,
osteoarthritis, and ligamentous and meniscal injuries [31]. The
form consists of 10 questions divided into three categories:
symptoms, sports activities, and knee function. Item responses
are on a Likert Scale (0-10), with a maximum total score of
100 points. Higher numbers represent a higher level of
function [32]. The IKDC is valid (construct validity r=.51, p<
0.0001) and reliable (internal consistency=0.88) [30].

Jump Testing Protocol

Prior to jump testing, participants completed a 10-minute
warm-up, which has been recommended elsewhere [29, 33].
The warm-up consisted of five minutes on a stationary bike on
low resistance and five minutes of dynamic lower extremity
exercises. Following the warm-up, participants were provided
a five-minute rest to minimize fatigue. A multidirectional,
single legged jump protocol was used to assess dynamic
postural stability, as previously used in other studies [24].
Participants performed a step, step, hop jump landing where
they took two comfortable steps prior to jumping over a 15 cm
hurdle with their test leg and landing in the middle of the force
platform on their test leg (Figure 1A). Lateral jumps required
the participant to shuffle two steps then hop with the leg
closest to the force platform over the 5 cm hurdle and land
single legged with the test leg in the middle of the force
platform (Figure 1B).

Participants were provided a demonstration for each
jumping direction by a single examiner and were allowed five
practice trials for each jump, in order to become familiar with
the testing procedure. Following the practice jumping trials, a
random generator was used to determine the order of the jumps
(direction [forward/lateral] and leg dominance [dominant/non-
dominant) and to minimize a learning effect. Leg dominance
was determined by participants self-reporting their dominant
leg while participating in their sporting event. Each directional
jump (forward/lateral) was completed for both the dominant
and the non-dominant lower extremity for three successful
trials, totaling 12 jumps. Participants were provided with a
two-minute rest between jump trials to minimize fatigue [34].
Participants were instructed to land single legged in the middle
of the force plate with their eyes forward, both hands on their
hips, and an attempt to maintain motionless (stabilize) for five
seconds. Jumps were discarded for any of the following
reasons: did not use proper step protocol, did not land or take
off on the correct side, did not land fully on the force plate,
took double hops on the force plate, touched opposite foot to
the force plate prior to the five-second stabilization period,
stepped off the force plate prior to the five-second stabilization
period, did not clear hurdle, excessive use of arms to maintain
balance. All landings were on a single force plate (Bertec
Corporation, Columbus, OH). Kinetic data were collected for
a five-second duration at a sampling rate of 100 Hz.
Participants performed each jump barefoot to avoid stability
assistance from their shoes [29].
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Figure 1: Jump Testing Protocol. (A.) Forward Jump, (B.) Lateral Jump.

Caption: Black indicates test limb. Arrow indicates direction
the person is facing. Numbers are the order of steps, with [1]
indicating the start. (A.) [1] Participant starts with both feet
together, [2] 1 step with non-test limb, [3] 1 step with test limb,
[4] test limb performs hop over 15 cm box landing in a single
legged stance on the force plate. (B.) [1]Participant starts with

both feet together, [2] participant takes a shuffling step with
test limb, [3] participant takes a shuffling step with non-test
limb to bring feet together, [4] participant takes shuffling step
with test limb [5] participant hops over 5 cm hurdle with test
limb landing in a single legged stance on the force plate.
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Figure 2: Time to Stabilization.

Dynamic Postural Control Measurement

TTS was used to assess dynamic postural control [25, 26,
27] and was quantified based on previous methodology [35].
Specifically, TTS is equal to the time the vertical ground
reaction force (GRF) reaches and stays within +5% of the
participants body weight after landing on a force plate [23, 35].
Increased TTS (slower time to stabilize) represents decreased
or worse dynamic postural controland has shown to be reliable
during landing activities (ICC=.65-.79) [19].

Statistical Analysis

Statistics were calculated using IBM SPSS 2017 Version
25. Descriptive statistics were used to describe the sample
(age, body mass index [BMI], IKDC score, and sport). A two-
way repeated measures ANOVA was utilized to determine the
effect of jump type (forward and lateral) and leg dominance
(dominant and non-dominant). The normality of distributions
and outliers were verified using the Shapiro-Wilk and
studentized test respectively. Additionally, main effects of the

two within- subjects’ factors were examined. Descriptive
analysis of means and standard deviations were performed to
characterize the sample, jump type, and leg (dominant/non-
dominant). The level of significance was set at p<0.05 for all
tests.

Results

Twenty-one Division 11l participants had complete
outcome data and were included in the analysis. One
participant was missing multiple TTS data on both the forward
and lateral jumps, thus was excluded from data analysis.
Participants were, on average, 19.8 + 1.2 years old with a BMI
of 24.4 + 3.7 kg/m?; 81% were women. Average IKDC score
was 96.7 + 5.8 points out of 100 points (Table 1). Participants
were from four different sports: lacrosse (n=9), soccer (n=6),
volleyball (n=2), basketball (n=4) (Table 2). The mean +
standard deviation (SD) for TTS for the four different type of
jumps were forward with dominant leg (0.88 £ 0.27 seconds);
forward with non-dominant leg (0.86 + 0.27 seconds); lateral
with dominant leg (1.04 + 0.30 seconds); lateral with non-
dominant leg (1.0 £ 0.36 seconds) (Figure 2).
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Table 1
Female (n=17) | Males (n=4)
Age (years) 19.7+1.2 200+£10
International Knee Documen_tatlon Committee 96.4 + 6.2 98.9+ 16
Short Form (points)
Body Mass Index (kg/m?) 24.3 + 3.88 24.8 £ 2.77
Participant characteristics (mean * 1 standard deviation)
Table 2
Sport type by gender (n) Female (n=17) Males (n=4)
Lacrosse 9
Soccer 5 1
Volleyball 2
Basketball 1 3

Analysis of the studentized residuals showed that the data
was minimally skewed, as assessed by the Shapiro-Wilk test
of normality and no outliers, as assessed by no studentized
residuals greater than +3 standard deviations. The main effect
of jump type showed a statistically significant difference
between forward and lateral jumps, F(1,20)=6.83, p=.01. The
main effect of leg dominance did not show a statistically
significant difference between dominant vs. non-dominant leg,
F(1,20)=0.247, p= 0.63. There was not a statistically
significant interaction between jump type and leg dominance
F(1,20)=0.019, p= 0.89.

Discussion

When using a dynamic jumping protocol [23, 24], healthy
Division 111 collegiate athletes took a statistically longer time
to stabilize single-legged after performing a lateral jump as
compared to a forward jump. Our results support that landing
from a medial to lateral direction is more challenging; more
closely resembles an athletic movement, and requires both
frontal and transverse plane neuromuscular control [36]. This
is clinically important considering injuries are more likely to
result from a medial-lateral component in a landing [11, 44].
Our results are similar to [24] who also found that, a lateral
jump type had significantly longer TTS than a frontal jump
type in healthy active participants (non-athletes). Similarly,
although not statistically significant, DuPrey et al.(2016) [23]
reported slower TTS in lateral jJump landings as compared to
forward jump landings in Division | athletes who sustained an
ACL injury over a 4-year period compared to athletes who did
not sustain an ACL injury. Furthermore, using a drop landing
protocol, a slower TTS has been reported in the medial-lateral
direction as compared to the frontal direction [37]. In contrast
to our findings, Liu et al.(2016) did not find any significant
difference in TTS when comparing forward and lateral hops in
Division I collegiate athletes with either healthy, coping with
unstable ankles, or unstable ankles.

There are several possible reasons for why our results
indicated a significant difference in TTS related to jump type
as compared to other studies [23, 27, 29]. but not all (Liu &
Heise, 2013) [24]. One reason may be a variation in the jump
protocol. In contrast to studies which required patients to take
“two comfortable steps" when performing a lateral directional
jump [23, 24], include a vertical component in their jump
protocol (Liu et al., 2016), or perform a single-legged drop
jump [27], we had our participants assume an athletic stance
and shuffle two steps prior to jumping in the lateral direction
off either their dominant or non-dominant leg. The intent of
this variation was to replicate a movement used in athletic
competition. The resulting increased speed used prior to
performing a lateral jump as compared to a forward jump may
account for the significant difference in TTS. Best to our
knowledge, the impact of speed in performing a jump protocol
and its relation to TTS has not been researched. An additional

factor in the differing study results is not all studies [23, 24,
27, 41] officially screened for impaired knee function, which
has been shown to effect dynamic postural stability [13].
Similar to others, we used the IKDC to help ensure knee
function was not impaired [26].

In utilizing a similar dynamic jump protocol for healthy
collegiate athletes, mean values for TTS for both forward and
lateral jump directions were similar to others [23, 24].
However, when utilizing a different jump protocol, differences
exist for average TTS in both forward and lateral jump
directions [26, 29]. Furthermore, differences exist in the
literature in regards to calculating TTS [19, 34]. This may
suggest that when using the same jumping protocol,
calculations of TTS normative data could be compiled to help
better understand athletes’ TTS. Thus, jumping protocols
should be standardized to compare results across studies. This
could be clinically significant when performing initial
screening as correlations exist between TTS and ACL risk
[23]. Moreover, in cases where an athlete sustains an ACL
injury, TTS normative data may play a crucial role in the
athlete’s return to sport and decrease the prevalent risk of
reinjury.

Results from our study also demonstrated no significant
difference in TTS between participants’ dominant and non-
dominant legs. These results indicate that self-reported leg
dominance did not affect participants’ ability to stabilize on a
single limb after performing a dynamic jumping protocol. Our
research concurs with others who reported no bilateral
differences on dynamic postural stability [33, 34. In contrast
to other studies that utilized alternative forms of jump landing
protocols, the results of this study adds to the limited literature
on TTS and leg dominance by reporting no differences in TTS
and leg preference following a dynamic jump protocol in
Division 11 athletes [39, 40]. The lack of significant findings
related to leg dominance may be due to the heterogeneity of
sport type. Our study included athletes who played lacrosse,
volleyball, and basketball, which are primarily upper
extremity focused, and soccer, which is primarily lower
extremity focused. It is possible that lacrosse, volleyball, and
basketball players may be ambidextrous in leg dominance,
whereas soccer plays may have a distinct dominant side.

Limitations

Participants in our study had healthy knees as determined
by a mean IKDC score of 96.7 + 5.8 points. These results are
similar to Patterson et al. (2013) [26] who reported a mean
IKDC score of 99.1 + 3.7 points in healthy control participants.
However, because the IKDC is a self-reported measure, it is
plausible that our participants may have had impaired knee
function. Moreover, impaired dynamic postural stability, as
demonstrated by slower TTS, has been demonstrated in
individuals with ankle instability [27, 29]. We aimed to
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exclude participants with previous ankle impairments by
identifying diagnoses of chronic ankle instability or previous
ankle fractures within six months of recruitment. As this was
also self-reported it is conceivable that participants had ankle
instability which could have affected their TTS. Assessing
knee and ankle stability in our participants could have helped
alleviate these limitations; however, conscious of the
participants’ time, we chose to have them self-report as they
were balancing both academics and athletics at the time of the
study. Additionally, not formally assessing knee and/or ankle
stability is consistent with previous studies [23, 24, 26].

Opportunities for Future Research

Future research should utilize a standardized jumping
protocol to be able to compare TTS across articles and
populations. Moreover, normative data can be compiled and
utilized for prevention and return to sport programs. This
would be clinically significant since there has been an increase
in ACL injuries despite prevention programs [41-44].
Additionally, TTS as it relates to different sports at the
collegiate level (Division I, 11, and 111) should be researched to
determine if differences exist. This information will further
our understanding and possible utilization of TTS in
prevention and return to sport programs. Lastly, future

research should have a follow-up component to determine if
slower TTS is related to lower extremity injuries such as ACL
injuries, as described in DuPrey et al (2016) [23].

Conclusions

Poor dynamic postural stability is a known risk factor for
ACL injuries in athletes [14-18]. TTS, a measure of dynamic
stability, a fairly simple measure that could be implemented as
a screen tool and part of an ACL prevention plan or return to
sport program. Following a dynamic jump protocol, Division
111 athletes demonstrated worse dynamic postural stability in
the lateral direction, as compared to the forward direction. Leg
dominance did not have an influence on dynamic postural
stability in either the forward or lateral direction, suggesting
that one leg may not be more prone to injury. To the best to
our knowledge, this is the first study examining TTS in
Division Il athletes. There was no difference in TTS related
to leg dominance.

Appendix
e TTS- Forward and Lateral Jumps for Dominant and Non-

Dominant Legs
e TTS =Time to Stabilization; M= male; F= female.

TTS (seconds)
Forward Lateral
Non-
Dominant Dominant
Participant ID Sex Sport Leg Non-Dominant Leg Dominant Leg Leg
1 F Soccer 1.18 1.1 1.07 1
2 F Soccer 0.81 0.93 0.93 0.78
3 F Soccer 0.88 0.63 1.19 1.09
4 F Volleyball 0.65 0.67 0.94 0.75
5 F Lacrosse 0.71 0.64 11 151
6 M Basketball 0.91 141 0.86 0.49
7 M Soccer 0.71 0.96 0.87 1.35
8 F Lacrosse 1.22 0.98 1.96 1.14
9 F Volleyball 1.12 0.72 1.1 1.16
10 F Soccer 0.68 0.53 0.61 0.55
11 F Soccer 0.91 0.82 1.04 1.07
12 M Basketball 0.53 0.74 1.39 1.1
13 M Basketball 1.03 1.58 1.02 2.04
14 F Lacrosse 0.68 0.85 0.94 0.77
15 F Lacrosse 0.87 0.61 1.36 0.68
16 F Lacrosse 0.67 0.94 0.82 0.99
17 F Lacrosse 0.65 0.58 0.86 0.68
18 F Lacrosse 0.83 0.92 0.61 0.75
19 F Lacrosse 0.94 0.71 1.02 1.18
20 F Lacrosse 0.81 0.62 0.66 0.69
21 F Basketball 1.06 1.76 1.26 1.47
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