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A B S T R A C T

Background: Research suggests that dynamic balance in adolescents is compromised following concussion and
may worsen if patients return to sport (RTS) too soon. Understanding if there are ongoing dynamic balance
deficits in adolescents at the time of RTS clearance would determine if more complex motor tasks are necessary
to facilitate safe RTS decisions.
Research question: The purpose of this study was to determine if there were remaining dynamic balance deficits
in concussed adolescents at the time of clearance for RTS.
Methods: Sixteen concussed adolescent athletes (age 14.6 ± 1.8 years; 9 males; 57 ± 46 days post injury)
performed a simple walking task as well as two split attention gait tasks (reciting months backwards and audio
Stroop). The center of mass (COM) movement and walking velocity during these tasks was compared to a control
group of 15 healthy non-concussed adolescent athletes (age 13.8 ± 1.4 years; 9 male).
Results: The results indicated that there were no statistically significant differences between the two groups for
any of the tasks. Height-normalized walking speed did not differ between groups during walking alone (control:
0.757 ± 0.119, concussed: 0.739 ± 0.108, p=0.34), with the recitation task (control: 0.555 ± 0.095, con-
cussed: 0.557 ± 0.143, p=0.72), or with the Stroop task (control: 0.589 ± 0.129, concussed: 0.567 ± 0.141,
p= 0.43). Similarly, height-normalized medial-lateral COM displacement did not differ between groups during
walking alone (control: 0.027 ± 0.007, concussed: 0.028 ± 0.007, p=0.98, with the recitation task (control:
0.037 ± 0.012, concussed: 0.0.037 ± 0.016, p= 0.82), or with the Stroop task (control: 0.032 ± 0.014,
concussed: 0.033 ± 0.009, p= 0.891).
Significance: These findings indicate that the patients were returned to sport when their dynamic balance was
similar to controls suggesting that this cohort had recovered from their concussion. However, large variability in
dynamic balance measures in both the patient and control groups may reflect ongoing neuromuscular devel-
opment and requires further exploration.

1. Introduction

Concussions are complex injuries and a major public health issue
within organized athletics. As the understanding around the long term
sequela of concussion injuries increases, treatment protocols have be-
come collectively more conservative in regards to return to sport (RTS)
decisions. Currently, treatment protocols call for a period of physical
and cognitive rest immediately after injury followed by a stepwise re-
integration into pre-injury activities once symptoms have resolved [1].

The decision of when an individual should return to pre-injury aca-
demic schedules and participation in sports, specifically contact and
collision activities, remains among the most difficult aspects of clinical
care. Typically, healthcare providers rely on clinical symptoms, neu-
rocognitive evaluations, and postural control tests to determine when
an individual can return to pre-injury levels of activity [2–9].

Assessments of motor control and athletic abilities have received
less focus. Graded return to physical activities protocols exist, but are
general guidelines for increasing physical exertion that rely heavily
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upon a patient’s reports of symptom provocation to determine pro-
gression through the protocol. In addition, current RTS protocols do not
assess split attention activities that are common to the playing field.
Therefore, some investigators have turned to more extensive testing to
identify lingering deficits, such as assessing balance control during gait
[10], obstacle crossing [11], and dual performance tasks (e.g., obstacle
crossing and a cognitive task) [12–15], which indicate that recovery
may take much longer to return to normal values. These above men-
tioned studies suggest that limiting a RTS decision to static balance
alone [16,17] along with neurocognitive functional testing may not be
adequate. Furthermore studies have indicated a potential association
between returning patients back to sport too soon following a concus-
sion and an increased risk of further injury [18–21].

Although athletes undergo a battery of clinical assessments prior to
receiving medical clearance to resume sports, approximately 11% of
high school athletes suffer recurrent concussions, with a quarter of re-
peat injuries occurring within one month of the previous concussion
[22]. In a unique study, Howell and colleagues assessed dynamic bal-
ance during dual-task activities (walking with concurrent cognitive
tasks) at 5 time points post-concussion (72 h, 1 and 2 weeks and 1 and 2
months) in high school athletes. They found that dual-task dynamic
balance is compromised following concussion and RTS in adolescents
and earlier timing of RTS increases dynamic balance issues [23–25]. A
better understanding of whether currently unrecognized dynamic bal-
ance issues exist at the time of the physician decision to allow RTS
following the current standards of clinical care would improve RTS
decision making and potentially prevent patients from being returned
to sport too early. Therefore, the purpose of this study was to determine
if dynamic balance deficits are present during dual-task testing in
concussed adolescents who have been medically cleared to RTS. It was
hypothesized that adolescents cleared to RTS based on current clinical
criteria would walk significantly slower during cognitive function tasks
than their non-concussed counterparts. Additionally, it was hypothe-
sized that there would be significantly greater medial-lateral (ML) sway
during all gait tasks in concussed patients compared to controls.

2. Methods

This prospective multicenter study was conducted at Connecticut
Children’s Medical Center and Children’s Hospital Los Angeles. The
study received IRB approval at both institutions, and participants pro-
vided written assent and parental consent prior to participation.
Eligible participants were between the ages of 11 and 17 years and
actively participating in either school based or organized recreational
or competitive sports. The participants included in the patient group
met the following criteria: diagnosed with a concussion, completed
their treatment, and received medical clearance to return to full ac-
tivities at one of the two participating institutions. Additionally, par-
ticipants had to complete the study protocol within one week of re-
ceiving medical clearance to RTS. The participants included in the
control group reported no previously diagnosed concussions.
Participants were excluded from both groups in if they had a history of
prior concussion, any lower extremity injury or pathology that would
affect their gait pattern, cognitive deficiencies that could impact their
immediate recall, or inability to perform the audio Stroop test.

Prior to data collection each participant went through a training
protocol to familiarize the participants with both the audio Stroop and
recitation tasks. For the audio Stroop, they were told that they would
hear the word “high” or the word “low” in either a high pitched or a low
pitched voice. They were instructed to identify the pitch rather than the
stated word. The participants then listened to the word “high” spoken
in a high pitched voice, followed by the word “low” in a low pitched
voice so that they would understand the tonal difference. They were
then given multiple random combinations of pitch and word in which
they had to identify the correct pitch. No participants were excluded for
inability to perform the audio Stroop. The recitation tasks required the
participants to recite the days of the week backwards starting from a
randomly selected day, and then the months of the year backwards
starting from a randomly selected month. Based on the difficulty that
the participant had with the two tasks, either the days or the months
were chosen as the recitation task. Only one participant was unable to

Fig. 1. Depiction of trunk marker placement. The C7 marker is placed over the C7 spinous process. The Right Clavicle marker is placed near the right-mid clavicle
about an inch inferior to the bone. The Left Clavicle marker is placed left-mid clavicle and about an inch inferior to the bone.
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