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Abstract

Background—Physical rest after a concussion has been described as a key component in the
management of the injury. Evidence supporting this recommendation, however, is limited.

Purpose—To examine the association between physical activity and symptom duration in a
cohort of patients after a concussion.

Study Design—Cohort study; Level of evidence, 2.

Methods—This study included 364 patients who were diagnosed with a concussion, were seen
by a physician within 3 weeks of injury, and completed a questionnaire at the initial clinic visit.
The questionnaire assessed the postconcussion symptom scale (PCSS) score, previous number of
concussions, presence of the loss of consciousness or amnesia at the time of injury, and prior
treatment for headaches. During each follow-up clinic visit, physical activity level was self-
reported. A Cox proportional hazard model was constructed to determine the association between
symptom duration, initial clinic visit responses, and self-reported physical activity level after the
injury.

Results—Study participants ranged in age from 8 to 27 years (mean age, 15.0 years) and had
sustained a mean of 0.8 prior concussions; 222 patients (61%) were male. On initial examination,
the mean PCSS score was 34.7. The mean symptom duration was 48.9 days after the injury.
Among the variables included in the model, initial PCSS score and female sex were independently
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associated with symptom duration, while physical activity level after the injury was not. For
participants aged between 13 and 18 years, however, higher levels of physical activity after the
injury were associated with a shorter symptom duration.

Conclusion—Results from this study indicate that physical activity after the injury may not be
universally detrimental to the recovery of concussion symptoms.
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brain concussion; mild traumatic brain injury; physical activity; rehabilitation

The clinical presentation and aftercare of sport-related concussions can be complex,
multifaceted, and often controversial.® Prior research has commented on concussion
incidence rates, 3% diagnostic techniques,1® and the time course of symptom recovery after
the injury.28 Few studies, however, have prospectively assessed how behavior after an injury
affects patient outcomes. Currently, the Consensus Statement on Concussion in Sport
recommends a period of physical and cognitive rest immediately after concussions until
cleared by a qualified health care professional to begin a stepwise return-to-play protocol,
which gradually reintroduces physical activity as tolerated by the patient.2” Additionally, in
all 50 states of the United States, legislation intended to protect high school athletes from
returning to sports too soon after head trauma has been enacted.12

Some have argued that, acutely after a concussion, unrestricted physical activity may be
detrimental to recovery.3 Previous investigations reported that a premature return to physical
activity after concussions was related to increased concussion symptoms® and that postural
stability on return to play was not fully recovered.3* Another study observed that the
resumption of unrestricted physical activity negatively affected dual-task gait balance
control without affecting symptom severity or cognitive function.1® Conversely, complete
avoidance of physical activity may negatively affect recovery from a concussion: lack of
physical activity has been documented to increase anxiety and depression and to lower self-
esteem in a sample of athletes who sustained a sport-related injury.23 In a recent randomized
trial, Thomas et al®8 observed that strict cognitive and physical rest for 5 days after a
concussion negatively affected symptom scores and duration when compared with the
standard care of 2 days of rest followed by a gradual resumption of activity. Additionally,
moderate levels of physical activity and cognitive activity after a concussion have been
associated with better neurocognitive performance and lower symptom burdens than high
activity levels.24

Thus, the relationship between physical activity after a concussion and symptom duration
remains unclear. A further examination is necessary to determine the interaction between
physical activity after a concussion and ultimate symptom recovery. In addition, if physical
activity proves to be safe or even beneficial during recovery, the proper timing and optimal
intensity of training need to be investigated. We conducted a prospective cohort study of
patients reporting to a sport concussion clinic to determine the association between physical
activity and symptom recovery after a concussion.
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METHODS

Participants and Design

We conducted a prospective cohort study of patients presenting to a sport concussion clinic
between October 1, 2009 and July 31, 2011. We included all patients who sustained a
concussion during sports or by a mechanism involving forces similar to sports, such as
falling from the ground level or being injured during recreational activities, which was
diagnosed by a sports medicine physician. Patients with more severe injury mechanisms,
such as falling from a height or being involved in motor vehicle collisions, were excluded. In
addition, patients were excluded if they did not have complete medical records, were being
considered for an alternate diagnosis at the time of assessment, were not examined within
the first 21 days after injury, were not experiencing any symptoms at the time of the initial
examination, or did not complete the questionnaires. We used the definition of a concussion
provided by the Consensus Statement on Concussion in Sport: a complex pathophysiological
process resulting from traumatic biomechanical forces imparted to the head, resulting in the
onset of signs and/or symptoms of a concussion or changes in neurocognitive function.2’
Therefore, patients who experienced trauma to the head, resulting in the onset of signs and
symptoms included in the postconcussion symptom scale (PCSS, described below),2” were
diagnosed with a concussion. All participants and parents/guardians (if < 18 years old)
provided written informed consent to participate in the study. This study was approved by
the institutional review board before commencement.

During the initial examination, standardized forms were completed by the patient, who
reported demographic and clinical information. Data regarding the date of injury,
mechanism of injury, loss of consciousness or amnesia at the time of injury, sport played at
the time of injury, total number of prior concussions, and medical history were collected on
the intake forms. Additionally, patients completed a symptom inventory, describing the
severity of each symptom of the PCSS. If required, parents were available to help explain
and answer concussion symptom ratings or other survey questions for younger patients.

Symptoms were assessed using the PCSS, a 22-symptom inventory adapted from the
Standardized Concussion Assessment Tool version 2.27 This scale uses a range of scores
from 0 (asymptomatic) to 6 (maximum severity) for 22 typical symptoms of a concussion.
Thus, possible PCSS scores range from a minimum of 0 to a maximum of 132. Previous
research has used such symptom inventories to prospectively examine the effect of cognitive
activity level on symptom duration,® the effect of returning to physical activity after
concussions,8 and the effect of activity level on symptom burden.2* As patients without a
concussion may endorse a certain level of symptoms,# participants were instructed to only
rate those symptoms that started at the time of injury and those that they had been
experiencing within 24 hours of the clinical assessment.2930 Symptom free was thus defined
as a PCSS score of 0. Participants who were symptom free during their clinical examination
recorded the last date on which they experienced symptoms. The time from the date of
injury to the last date of symptoms was then calculated to determine the length of time for
symptom duration for each participant. Although neurocognitive and balance assessments
are often used in addition to symptom reporting to evaluate concussion recovery, these
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variables were not measured in all participants at each clinical visit. Thus, we were unable to
use these data to determine the exact duration of recovery or use them as covariates in our
statistical model. Therefore, for our main outcome variable, we chose symptom duration,
defined as the time (days) between the day of injury and the last day of symptoms.21.24.29

Activity was assessed during the initial clinic visit and during each regularly scheduled
follow-up examination. During the initial clinic visit, patients were asked if they had
continued regular exercise from the time of injury until the initial examination to assess the
role of exercise acutely after a concussion. During follow-up visits, patients described their
average level of physical activity (Table 1) and cognitive activity® since the previous clinic
visit using standardized scales. This physical activity scale was adapted from the graduated
return-to-play protocol described by the Consensus Statement on Concussion in Sport.2” The
ratings were completed by patients at each clinic visit as their average level since the time of
their previous clinic visit. Ratings from this ordinal scale were used as time-varying
covariates in subsequent statistical analyses.

Statistical Analysis

Continuous variables are presented as the mean + SD; categorical variables are presented as
percentages. To determine which variables were independently associated with symptom
duration, a multivariate Cox proportional hazard model was constructed. In this model, the
outcome variable was the total duration of concussion symptoms.

Based on prior literature suggesting an association with concussion recovery, the following
variables were chosen as potential predictor variables: sex,3? age as a continuous
variable,11:17 total number of previous concussions,2 total PCSS score at the initial
examination,2%:30 Joss of consciousness at the time of injury,2:26 amnesia at the time of
injury,8-26 prior treatment for headaches,3! initial period of physical rest,26:32 cognitive
activity after the injury,>24 and physical activity after the injury.18:22 Data on physical
activity and cognitive activity were collected at each follow-up visit and entered into the
statistical model at each time point as time-varying covariates. As the initial PCSS score has
been identified as the strongest predictor of prolonged recovery,2%30 we only included it as a
measure of initial injury severity rather than the PCSS score at each clinic visit.

Before constructing the Cox regression model, potential predictor variables were assessed
for collinearity using condition indices and corresponding variance inflation factors. A
condition index greater than 30 was determined to require individual collinearity
assessments, which were performed using variance inflation factors. Collinearity between 2
variables was detected with a variance inflation factor greater than 2.5. If this occurred, only
1 variable was included in the model.30-36

Furthermore, to compare the potential effect of age group on the duration of symptoms, we
used univariate analysis of variance to compare the mean symptom duration for the
following age groups: school age (<12 years), junior high/high school age (13-18 years),
and adult (=19 years). To further examine how developmental stage may affect the
association between physical activity and symptom duration, we then stratified patients into
these age groups and constructed 3 separate Cox regression models using the same outcome
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and predictor variables. Statistical significance was defined as a P value of <.05 or, for Cox
regression models, a hazard ratio with a 95% CI that did not contain 1. Statistical analyses
were performed with SPSS (version 21; IBM Corp) and Stata (version 11.2; StataCorp).

RESULTS

A total of 1050 patients received care in the sports concussion clinic during the study period
and completed questionnaires. Of those, 686 were excluded: 466 because they did not report
to the clinic within 21 days of injury, 84 because they did not report any concussion-related
symptoms at the time of the initial visit, and 136 because they did not complete the physical
and cognitive activity scales during their clinic visits. Thus, a total of 364 patients were
included in the current study.

The mean time to presentation in the clinic after the injury was 11.8 + 5.4 days. Patients
ranged in age from 8 and 27 years with a mean age of 15.0 £ 2.8 years, were mostly (61%)
male, and had sustained a mean of 0.8 + 1.3 previous concussions before their current injury
(Table 2). The majority of participants sustained their concussions during collision or
contact sports (Table 3), while 38 participants reported sustaining their concussion in an
activity other than sports. At the initial examination, participants reported a mean overall
PCSS score of 34.7 + 25.7 (see Appendix 1, available online at http://ajsm.sagepub.com/
supplemental). Of those who reported a resolution of symptoms (68%), the mean symptom
duration was 48.9 + 76.0 days. Data on the symptom resolution date were not available for
the remaining 32% of patients; these data were included as censored data in the multivariate
Cox regression model. The majority (76%) of participants reported a period of physical rest
between the time of injury and the initial examination (Table 4). The mean symptom
duration was not significantly different between school-aged (46 + 87 days), junior high/
high school-aged (50 + 77 days), or adult (38 + 57 days) participants (P = .786) or between
female (49 £ 108 days) and male patients (39 + 80 days) (P = .431).

Significant collinearity was detected between self-reported physical activity and cognitive
activity levels after the injury (variance inflation factor = 4.54). Additionally, the association
between cognitive activity and symptom duration has been previously reported.> Thus, only
physical activity was included as a time-varying covariate in the Cox regression model. Total
PCSS score at the initial clinic visit and female sex were each independently associated with
a longer duration of symptoms (see Appendix 2, available online). Participant age, number
of previous concussions reported, loss of consciousness, amnesia, and prior treatment for
headaches were not independently associated with the duration of symptoms. In addition,
neither an initial period of physical inactivity from the time of injury until the first
examination nor the amount of physical activity between the time of injury and each clinic
visit had an independent association with the duration of symptoms (Appendix 2).

Cox regression analyses for age subgroups revealed that for adolescents of junior high/high
school age, higher levels of physical activity after the injury, lower initial PCSS score, and
male sex were associated with a shorter symptom duration (Appendix 2). For adults, a lower
initial PCSS score was associated with a shorter symptom duration, while no significant
associations were found within the school age subgroup (Appendix 2).

Am J Sports Med. Author manuscript; available in PMC 2017 March 14.


http://ajsm.sagepub.com/supplemental
http://ajsm.sagepub.com/supplemental

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Howell et al. Page 6

DISCUSSION

Data from our investigation suggest that physical activity after a concussion, at least at the
levels self-selected by these patients reporting to a sport concussion clinic, is not
independently associated with symptom duration. Further examination of adolescent
participants, however, indicates that higher levels of physical activity after the injury are
associated with a shorter duration of concussion symptoms. These findings extend previous
work examining symptom duration after concussions and factors that are associated with
prolonged recovery.>29:30 Ayoidance of physical activity or relative physical rest until acute
symptom resolution has been described as the current best practice of concussion
management.2’ The goal of relative physical rest after concussions is to avoid symptom
exacerbation. A prior retrospective study has observed that a premature return to contact
sports may be associated with a recurrence of symptoms.8 However, it remains unclear as to
whether physical activity outside participation in contact sports is detrimental to recovery
after a concussion.

The level of physical activity after a concussion may be an important consideration in
management decisions. Previously, high levels of physical activity and cognitive activity
during the first month after a concussion have been reported to be associated with worse
symptom severity and neurocognitive performance than moderate activity levels.24 However,
the precise duration of physical rest required after concussions and the proper timing and
intensity of reintegration into physical activities are considerations that remain poorly
understood.2” While returning to exercise before full recovery from a concussion has been
associated with an increased symptom burden® and dual-task gait balance control deficits,18
the lack of association between the amount of physical activity during the course of recovery
and symptom duration among our entire cohort of participants suggests that some amount of
physical activity may be acceptable during recovery from concussions. Furthermore, for
adolescents specifically, higher levels of physical activity were associated with a faster
symptom resolution time, while such an association was not found for older or younger age
groups. This indicates that physical activity may affect symptom recovery throughout each
stage of development differently and that adolescents may benefit from some physical
activity to decrease symptom resolution time.

Prior work has investigated the effect of physical rest on concussion symptoms. Adolescents
who underwent strict physical rest for the initial 5 days after a concussion had higher
symptom severity over the first 10 days after a concussion than patients who underwent only
a 1- to 2-day period of initial rest.38 Thus, complete physical rest may not be an effective
treatment strategy after concussions. This study employed a different methodological
approach from ours by examining the acute effect of rest on concussion symptom severity,
whereas we monitored physical activity throughout symptom resolution. Our data build on
this prior work, however, as our data also suggest that physical activity after concussions is
not detrimental to the length of time required to achieve symptom resolution, particularly
among adolescent athletes.

Closely monitored physical activity represents one strategy that may potentially lead to
decreased symptom severity. Previous data show that patients suffering from a traumatic
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brain injury who exercise are less depressed, report fewer symptoms, and have a better
health status than nonexercising patients.14 Furthermore, cerebrovascular dysfunction®7:33
due to vascular damage®® may, at least partly, underlie concussion symptoms such as altered
cognitive function, headache, or dizziness. There is evidence to suggest that exercise at mild-
to-moderate intensities may improve cerebrovascular function.3” Thus, it is possible that
controlled exercise could modify the concussion symptom burden through an improvement
in cerebral autoregulation.2?

It should also be noted that, particularly in the athletic population, a lack of physical activity
may lead to deconditioning, which can induce physiological changes in the cerebral and
systemic control of blood flow. Impaired cerebrovascular function has been documented
after deconditioning caused by sustained head-down bed rest,*? and even a single day of bed
rest has been reported to reduce cerebral blood flow for the subsequent 4 to 5 hours.20
Cardiovascular-autonomic dysfunction has also been identified in a cohort of patients with a
history of mild traumatic brain injury, noted by lower supine heart rate variability and less
responses to standing.1® Thus, those who continue to engage in physical rest beyond the
acute phase of concussion recovery may be at risk for deconditioning, which may lead to a
longer duration of time required for symptom resolution. The participants within this study
were primarily athletes, so the addition of physical activity after a concussion may also
represent a return to normal everyday life. As athletes who miss time due to injury may be
more likely to exhibit depression or anxiety,23 2 symptoms also associated with concussions,
some physical activity for this population may constitute a potential treatment to assist with
the reduction of emotional symptoms.

Our finding that a high initial symptom burden was associated with a longer duration of
symptoms supports previous work.>-2%:30 Our results also suggest that female patients may
be at a greater risk for symptom persistence after concussions, and this relative risk was
greater than the initial symptom burden variable. This is consistent with reports that female
patients have greater cognitive deficits after concussions than their male counterparts,10 but
other previous studies have not revealed a consistent sex bias.>2%30 Furthermore, Brown and
colleagues® have recently identified that the symptomatic presentation of female patients
significantly differs from that of male patients in which female patients reported more
symptoms both at baseline and after a concussion. Thus, while initial symptom burden may
be among the best predictors of a prolonged symptom duration,2® female patients may also
possess a greater risk for symptom persistence after concussions than male patients.

The interpretation of the findings from this study must be viewed in light of several
limitations. All study participants reported to a specialty concussion clinic and therefore
likely represent a different cohort that is perhaps more severe than the general population of
athletes who sustain concussions, thus limiting the generalizability of our results. This may
be reflected in the mean symptom duration (~49 days), which is considerably longer than
previous reports that identify that 98% of high school athletes report symptom recovery
within 28 days of injury?8 and that adolescents require approximately 30 days after a
concussion to return to similar symptom severities as a matched control group.16
Neurocognitive, balance, and visual function assessments were not used to determine
recovery from a concussion. Rather, self-reported symptom severity was used as a tool to
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evaluate recovery. Although objective tools are also helpful in determining recovery,
symptom reporting represents a highly feasible tool in assessing recovery from concussions
that many health care professionals utilize to make management decisions. Additionally, we
relied on patients’ recall of self-reported activity level instead of a controlled exercise
training program. Given the collinearity between cognitive activity and physical activity, we
did not include cognitive activity in our model. Thus, our observations have not been
adjusted for the effect of cognitive activity. Future prospective trials examining the effects of
exercise training on pathophysiology and persistent concussion symptoms should employ a
standardized exercise program. Finally, data regarding the symptoms and resolution times of
prior concussions were not obtained and may have affected our results.

In conclusion, among a cohort of patients reporting to a sport concussion clinic, physical
activity level after a concussion was not independently associated with symptom duration,
suggesting that physical activity may not be universally detrimental to the recovery of
concussion symptoms. These findings warrant further investigation regarding the effects of
physical activity after the injury on recovery from concussions. In particular, the effects of
intensity level and timing of physical activity on recovery from a concussion should be
further explored.
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TABLE 1

Physical Activity Scale Ratings Completed by Participants at Each Visit to the Clinic?

Physical Activity Scale

Description

1 =rest

2 = minimal athletic activity
3 = moderate athletic activity
4 = sport-specific activity

5 = noncontact activity only

6 = full practice with contact

7 = game play

No athletic activity except walking.

Light aerobic activity such as vigorous walking or light stationary bicycle riding, such that you barely break a
sweat.

Moderate aerobic activity such as jogging or brisk cycling, such that you are sweating but are able to carry on a
conversation.

Sport-specific or full aerobic activity such as running, ice skating, swimming, throwing, dribbling a ball, or
cycling.

Noncontact training drills such as passing, shooting, and/or resistance training such as push-ups, sit-ups, or
weightlifting.

Full-contact practice, including contact.

You have been playing fully with the team.

a . . Lo .
Ratings on this scale were adapted from the stages described in the graduated return-to-play protocol provided by the Consensus Statement on

Concussion in Sport.27
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TABLE 2

Demographic Data and Medical History of Participants?

Variable Female (n =142) Male (n = 222)
School age (<12 y) 13 (9) 48 (22)
Junior high/high school age (13-18 y) 113 (80) 160 (72)
Adult (=19y) 16 (11) 14 (6)
History of concussion 45 (32) 81 (36)
History of migraine 14 (10) 15 (7)
Treatment for headache before concussion 22 (16) 32 (14)
History of psychiatric condition 14 (10) 9 (4)
Learning disability 1(1) 5(2)
Loss of consciousness at time of injury 23 (16) 52 (23)
Amnesia at time of injury 44 (31) 92 (41)

a
Data are reported as n (%).
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TABLE 3
Sports Participation at the Time of Injury?
Sport Female Athletes Male Athletes  All Athletes
Ice hockey 23 20 21
Football 2 28 18
Basketball 15 14 14
Soccer 19 7 12
Lacrosse 4 6 5
Skiing/snowboarding 3 2 2
Wrestling 0 2 1
Cheerleading 4 0 1
Baseball 0 2 1

aData are reported as percentages. Fewer than 5 patients reported sustaining a concussion while participating in the following sports: softball, field
hockey, rugby, horseback riding, dance, running/track, swimming, diving, cycling, gymnastics, volleyball, and crew. Mechanisms of injury that
occurred outside of sports included the following activities: color guard, physical education class, roughhousing, and slipping on ice.
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TABLE 4

Descriptive Data for Activity Level and Symptom Severity at the Initial Clinic Visit and the First Follow-up
Visit?

Variable n (%)b PCSS, Mean + SD

Initial clinic visit

Initial period of physical rest 278 (76) 36.2+26.5

No initial period of physical rest 76 (21) 30.3+23.3
First follow-up visit

Physical activity level 1 (complete rest) 105 (29) 26.1+28.7

Physical activity levels 2-3 (minimal/moderate) 113 (31) 10.5+17.2

Physical activity levels 4-6 (sport-specific) 102 (28) 42+86

Physical activity level 7 (full athletic activity) 16 (4) 1431

a .
PCSS, postconcussion symptom scale.

b, . -
Values may not add up to 364 patients or 100%, as not all participants recorded all responses.
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