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What are the new findings?

►► Postacute structured aerobic exercise  (AE), begin-
ning on day 6 postinjury, appears to be both safe 
and feasible to administer to symptomatic  adoles-
cent patients with sport-related concussion.

►► The eight-session structured AE intervention imple-
mented in this study was not associated with any 
exacerbation of symptoms and/or prolonged time to 
medical clearance compared with ‘usual care’.

►► Structured AE appears to be associated with fast-
er resolution of symptoms severity compared with 
‘usual care’.

How might it impact on clinical practice in the near 
future?

►► Findings support the emerging paradigm shift in 
concussion management towards active rehabilita-
tion rather than rest.

►► Clinicians now have empirical evidence to support 
the safe prescription of light-to-moderate aerobic 
exercise as an intervention in the early stages of 
recovery following sport-related concussion (SRC). 

►► Results support the increasing obsolescence of rest 
in the clinical management of SRC.

Abstract 
Objective  The utility of structured exercise for 
rehabilitation purposes early in the postacute phase (ie, 
beyond the initial 24–48 hours of advised rest) following 
sport-related concussion (SRC) remains largely unexplored. 
This study examined the feasibility of implementing a 
standardised aerobic exercise (AE) intervention in the 
postacute stage of SRC recovery in a sample of adolescent 
students with SRC compared with usual care.
Methods  Symptomatic adolescents with SRC were 
randomised to one of two groups: Aerobic Exercise (n=8) 
or Usual Care (n=7). The AE intervention, beginning on day 
6 postinjury, comprised eight sessions with progressive 
increases in intensity and duration on a cycle ergometer. 
Usual care consisted of rest followed by physician-advised 
progressions in activity levels in an unsupervised setting. 
All participants were evaluated by physician at weeks 1, 2, 
3 and 4 postconcussion. Outcome measures included: (1) 
Intervention feasibility: symptom status pre-post exercise 
sessions and completion of intervention and (2) Clinical 
recovery: symptom status at weeks 1, 2, 3 and 4 postinjury 
and medical clearance date.
Results  All participants completed the exercise sessions 
as part of the AE intervention and symptom exacerbation 
was not associated with any exercise session. The AE 
group experienced greater symptom resolution compared 
with the Usual Care Group across the recovery timeline.
Conclusion  A structured AE protocol appears to be safe 
and feasible to administer in the postacute stage of SRC 
recovery in adolescents and should be explored as part of 
a full Phase III Clinical Trial.

Introduction
Historically, guidelines for the clinical 
management of sport-related concussion 
(SRC) have advised physical and cognitive 
rest until the achievement of asymptomatic 
status.1 2 While this postinjury rest period 
was previously assumed to be beneficial, 
it lacks the support of empirical evidence, 
and there is no consensus as to appro-
priate nature or duration. Conversely, the 
administration of low-to-moderate aerobic 

exercise (AE), a well-established mechanism 
of neuronal regeneration following a trau-
matic event,3 4 has demonstrated efficacy in 
expediting recovery time and improving func-
tional outcomes following various injuries to 
the central nervous system including stroke,5 6 
whiplash7–9 and low back pain.10–12

A growing body of evidence highlights 
the benefits of structured AE in facilitating 
recovery across the traumatic brain injury 
(TBI) spectrum. For example, low-to-mod-
erate AE, administered as early as 2 days 
postinjury in rodents, has been associated 
with significant downregulation of apoptotic 
factors in the neurons of the tissue surrounding 
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the site of the injury13 and significant increases to cell 
proliferation and neurogenesis.14 In humans, structured 
AE has demonstrated efficacy in facilitating the recovery 
of individuals with persistent postconcussion symptoms. 
For example, Leddy and colleagues (2010) demonstrated 
that the implementation of a controlled, graded AE 
programme involving treadmill exercise (5–6 days per 
week at 80% of the individual’s predetermined symptom 
exacerbation threshold) led to a significantly more rapid 
recovery and significantly fewer postconcussion symp-
toms in a cohort of patients with persistent symptoms 
compared with rest.15

Despite these promising advancements in support 
of active rehabilitation, no study to date has explored 
the efficacy of a structured AE intervention in humans 
within the acute stages of the injury. The Concussion 
in Sport Group’s most recently published guidelines 
acknowledge that rest beyond the initial 24–48 hours of 
SRC is not beneficial to the recovery process.16 As such, 
the ideal nature and duration of postconcussion activity 
must now be defined. The purpose of this study was to 
determine the feasibility of implementing a standardised 
AE intervention in the postacute stage of SRC recovery 
in adolescent athletes. Specifically, we evaluated partic-
ipant safety and logistics, and  estimated the treatment 
effect of the standardised AE intervention on facilitating 
clinical recovery following SRC compared with usual 
care.

Methods
Participant recruitment and randomisation
Eligible participants included adolescent athletes (aged 
14–18 years) with a physician-diagnosed SRC who were 
symptomatic at day 5 postinjury, which was operationally 
defined as a symptom severity score of greater than five 
on the Post-Concussion Symptom Scale (PCSS) of the 
SCAT3. Symptomatic participants were then randomised 
into either the Usual Care Group (UCG) or the Exercise 
Group (EXG) using a computer-based randomisation 
algorithm. Informed consent was obtained for all partic-
ipants, in addition to parental consent for participants 
under the age of 16. Ethical approval for this study was 
granted by the University of Toronto Health Sciences 
Research Ethics Board and the trial was registered on 
a public database (​clinicaltrials.​gov, protocol reference 
#33459).

UCG participants were directed through the existing 
six-stage progression of activity by their attending 
sport-medicine physician, consistent with  the Berlin 
2016 guidelines16 and were assessed at weeks 1, 2, 3 and 
4 postinjury on measures of clinical recovery, including 
return-to-play (RTP) status and PCSS symptom severity. 
RTP status was determined by a sports  medicine 
physician who was blinded to the participant’s group 
placement. EXG participants were directed through 
a standardised AE intervention beginning on day 6 
postinjury while concurrently being directed through 
the six-stage activity progression by their attending 

physician. These participants were assessed using the 
same measures and at the same time intervals as the 
UCG participants.

Standardised AE intervention
The AE intervention consisted of eight sessions proceeding 
in a stepwise fashion with respect to duration and inten-
sity using the Velotron Racermate Pro  stationary cycle 
ergometer (RacerMate, Washington, USA), which was 
digitally connected to a heart rate monitor (Polar Electro 
Oy, Kemple, Findland) to ensure that participants main-
tained an appropriate exercise intensity corresponding 
with their age and stage in the recovery timeline. The 
first session was 10 min in duration and exercise inten-
sity was set to correspond with 50% of the participant’s 
age-predicted maximal heart rate (HR). This intensity was 
maintained at the next session, however, the session was 
increased to 20 min in duration. All subsequent sessions 
were 20 min in duration, and exercise intensity increased 
by 5% of the individual’s age-predicted maximal HR per 
session until 70% was reached, which was maintained for 
the final three sessions. All sessions began with a 5 min 
warmup period and concluded with a 5 min cool-down 
period on the cycle ergometer. Exercise occurred on two 
consecutive days, followed by 1 day of rest, for a total of 
11 days.

PCSS scores were collected before and after each exer-
cise session and symptoms were monitored throughout 
exercise using a prepared script. Symptom exacerbation 
was defined as an increase in the PCSS symptom severity 
score by 3 or more, based on the operational definition 
of exercise-induced symptom exacerbation previously 
provided by Willer and Leddy.17 If symptoms worsened 
at any point during exercise, the session was terminated 
and the same duration and intensity of exercise would 
be attempted at the subsequent session. If a participant’s 
symptoms became exacerbated again at the subsequent 
session, their participation in the intervention portion 
of the study was terminated. Once participants in the 
EXG achieved asymptomatic status, they continued to 
progress through the protocol until completing all eight 
sessions or until they received full medical clearance to 
RTP.

Outcome measures
The AE intervention was determined to be feasible if: 
(1) symptom did not become exacerbated during or 
immediately after exercise compared with pre-exercise 
levels and (2) EXG participants were able to complete 
the entire AE intervention. The efficacy of the interven-
tion was evaluated by symptom status and time to medical 
clearance (in days) compared with usual care. Time to 
medical clearance (in days) was determined by reviewing 
each participant’s electronic medical record for their 
RTP status, while resolution in symptom severity across 
the recovery timeline was determined based on self-re-
ported symptom severity scores on the PCSS, collected 
on a weekly basis for a full month postinjury.
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Figure 1   Participant recruitment and randomisation. EXG, 
Exercise Group; UCG, Usual Care Group.

Table 1  Participant characteristics (mean and SD) 
stratified by group randomisation

Exercise 
Group (n=8) 

Usual Care 
Group (n=7) P values 

Age (years) 15.8+1.2 15.6+1.0 0.76 

Height (cm) 179.7+8.3 176.7+3.6 0.40 

Mass (kg) 74.9+12.8 82.0+11.0 0.27 

Number of previous 
concussions (median 
and range) 

0 (0–2) 0 (0–2) 0.58 

Number of pre-existing 
medical conditions 
(median and range) 

1 (0–2) 1 (0–2) 0.18 

Weekly leisure activity 
score 

79.9+7.4 78.4+27.2 0.90 

Acute PCSS symptom 
severity score 

32.0+13.0 24.4+18.7 0.37 

PCSS, Post-Concussion Symptom Scale.

Statistical analysis
A series of independent t-tests were used to evaluate 
between-group differences in demographic and injury 
characteristics, specifically age, height, mass, prior 
concussions, pre-existing medical conditions, preinjury 
activity levels and initial symptom burden. To investi-
gate the feasibility of the AE intervention within the 
EXG participants, a series of paired-sample t-tests were 
completed to determine differences in PCSS symptom 
severity scores pre-exercise and postexercise at each 
session. We also calculated the percentage of individuals 
lost to follow-up. To examine the efficacy of the AE inter-
vention, a multiple linear regression analysis was used 
to examine between-group differences in overall time 
to medical clearance (days), while adjusting for acute 
symptom severity. Paired t-tests were also completed for 
both groups to determine within-group differences in the 
resolution of symptom severity across the recovery time-
line.

Results
Participant recruitment
Recruitment of participants occurred between January 
and June, 2017 at the University of Toronto’s David L. 
Macintosh Sport Medicine Clinic. Figure  1 illustrates 
the recruitment and flow of participants through the 
trial. A total of 21 patients meeting the eligibility criteria 
consented to be contacted by a member of the research 
team to learn more about the study. Of these 21 patients, 
n=16 (76%) of them went on to participate in the study. 
Using a predetermined randomisation schedule gener-
ated on an electronic randomisation platform, eight 
participants each were allocated into the EXG and UCG. 
None of the participants in either group were lost to attri-
tion, although one UCG participant was removed from 

the dataset as this individual was the sole female partic-
ipant of the study. As such, the study sample comprised 
15 male participants with SRC (n=15), all of whom were 
symptomatic at day 5 postinjury (PCSS symptom severity 
score of >5).

Participant demographics
Independent t-tests revealed no significant differ-
ences between groups with respect to age, height, 
mass, concussion history, the presence of pre-existing 
medical  conditions (including anxiety, depression, 
migraines and/or attention deficit hyperactivity 
disorder), preinjury exercise levels (based on responses 
to the Godin Leisure-Time Exercise Questionnaire) and 
the number/severity of symptoms on the PCSS at day 5 
postinjury. A detailed description of these demographic 
variables as well the results from a series of independent 
t-tests between groups can be found in table 1.

Safety of the AE intervention
The structured AE intervention was not associated with 
symptom exacerbation at any point during or immedi-
ately after any of the exercise sessions. Figure 2 illustrates 
that average postsession PCSS symptom severity scores 
were generally lower than average presession symptom 
severity scores, although results from a series of paired 
t-test found  that this difference was only statistically 
significant at Session 1 (t(7)=3.2, p=0.02).

Aerobic exercise intervention efficacy
Time to medical clearance
Independent t-tests did not identify a significant between-
group difference in mean time to medical clearance, 
which was 36.1±18.5 days for the EXG and 29.6±15.8 
days for the UCG (t(13)=0.03; p=0.87). For exploratory 
purposes, multiple linear regression analysis was used to 
examine between-group differences in time to medical 
clearance while controlling for acute symptom severity 
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Figure 2   Symptom severity scores for the EXG pre-
exercise and post-exercise sessions (*indicates statistical 
significance, p<0.05). AE, aerobic exercise; PCSS, Post-
Concussion Symptom Scale. 

Figure 3   Mean symptom severity scores reported on the 
PCSS component of the SCAT3 across the recovery timeline 
(error bars:±1 SE). PCSS, Post-Concussion Symptom Scale; 
SRC, sport-related concussion.

(ie, symptom severity at day 5 postinjury). The model 
overall was not statistically significant (F(2,14)=3.2, 
p=0.08), R2=0.35) and the between-group difference was 
also not found to be significant (p=0.82). However, there 
was a significant association identified between time to 
medical clearance and acute symptom severity (ie, PCSS 
symptom severity at day 5 postinjury), which yielded a 
beta coefficient score of 0.57 (p=0.04).

Symptom resolution across the recovery timeline
The resolution in mean PCSS symptom severity scores 
for both groups across the first month of recovery is 
illustrated in  figure  3. On visual inspection, it appears 
that the resolution in symptom severity was noticeably 
more pronounced in the EXG compared with the UCG, 
particularly between Weeks 1 and 3  (15.8±1.9 vs 6.7±4.1 
points, respectively) and Weeks 1 and 4  (18.8+4.9 points 

vs 10.0±6.1 points, respectively) postinjury. Results from 
a series of paired t-tests demonstrate that the EXG expe-
rienced significant within-group differences in symptom 
resolution between Weeks 1 and 2  (t(7) = 3.4, p=0.01), 
Weeks 2 and 3 (t(7)=2.6, p=0.04), Weeks 1 and 3 (t(7)=6.4, 
p<0.01) and Weeks 1 and 4 (t(7)=7.8, p<0.01) postcon-
cussion. Within the UCG group, significant differences 
in resolution in symptom severity were observed between 
Weeks 1 and 4 (t(6)=2.5, p<0.05) and Weeks 3 and 4 
(t(6)=3.0, p=0.02) postconcussion.

Discussion
This is the first study to report the feasibility and 
preliminary efficacy of a structured AE intervention in 
adolescents in the postacute days following SRC. Prelim-
inary findings from the study are promising as we have 
provided evidence that structured AE initiated within the 
first week of concussion among symptomatic patients is 
feasible and safe to administer, given that  symptom status 
did not worsen during, of after, each exercise session and 
all participants were able to complete the intervention 
protocol over the 11 days. Furthermore, the administra-
tion of a AE intervention appears to be associated with 
a reduction in symptom severity scores across the first 4 
weeks  post injury.

Symptom resolution
In the current study, we found that the EXG participants 
reported a significant reduction in symptom severity 
scores compared with the usual care participants. 
Specifically, EXG participants experienced significant 
decrease in symptom severity between Weeks 1 and 3 
postinjury, while their UCG counterparts did not achieve 
significant resolution until Week 4 postinjury. While 
our limited sample size lacked the statistical power to 
detect between-group differences in symptom scores at 
specific times across SRC recovery, exploratory analyses 
with an effect size of 0.80 indicate a sample size of 30 
participants (15 in each group) is required to identify 
between-group differences in symptom status across the 
4 weeks postinjury.

Our results from the present study align with previous 
research examining the effect of rest on symptom resolu-
tion in adolescents following SRC. A randomised control 
trial by Thomas and colleagues18 found that 50% of adoles-
cent patients with mTBI undergoing 5 days of strict rest 
following concussion took approximately 3 days longer 
to achieve symptom resolution compared with patients 
who underwent 24–48 hours of rest followed by a gradual 
return to activities. Moreover, the strict rest patients also 
reported a significantly higher overall symptom severity 
scores over the 10-day follow-up period compared with 
those who underwent the active rehabilitation protocol.18 
Collectively, these findings provide further evidence to a 
growing body of literature suggesting that active rehabil-
itation may be associated with more desirable outcomes 
compared with rest.18 19 20
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Time to medical clearance
Although we did not identify earlier time to medical 
clearance for the EXG compared with UCG, a signifi-
cant correlation was identified between acute symptom 
severity (ie, PCSS symptom severity score at day 5 post-
injury) and overall time to medical clearance across 
both groups. Specifically, individuals reporting a higher 
initial symptom severity score took significantly longer 
to obtain medical clearance to return to their preinjury 
participation levels. Thus, it appears acute symptom 
burden may be a meaningful predictor of time to 
medical clearance, regardless of group placement. This 
finding is supported by a recent systematic review by 
Iverson and colleagues,21 which reported that acute and 
subacute symptoms is the most consistent predictor of 
prolonged recovery from concussion across the liter-
ature.21 These findings highlight the need for future 
research studies to control for initial symptom burden 
as part of the group randomisation process.

Future directions
The primary purpose of this pilot study was to determine 
the practical and clinical feasibility of implementing this 
type of protocol, thereby providing evidence to warrant 
a larger scale clinical trial. Future studies should aim 
to recruit a statistically powered sample size. Based on 
exploratory sample size calculation analyses, this would 
be achieved with a sample size of n=30. Our study sample 
was limited to male participants; future studies should also 
consider a sample size large enough to explore potential 
differences between males and females giving the growing 
body of literature identifying differential responses 
postconcussion.22–24 Furthermore, while the clinical 
decision to medically clear a patient is well established 
(ie, the achievement of asymptomatic status following 
a graded exertional protocol), previous research has 
demonstrated a great degree of variability in individual 
physician practices with respect to assessment, manage-
ment and clearance following concussion.25 Also, there 
are some practical issues that should be acknowledged 
with using medical clearance as an outcome measure, 
such as physician availability and scheduling, patient 
availability,and urgency. Future studies may consider 
limiting the number of physicians to ensure consistency 
in the clinical management of participants or using an 
outcome measure other than time to medical clearance 
as a marker of clinical recovery following concussion, 
such as time to return to light AE (stage 2 of the existing 
RTP guidelines).16 It may also be beneficial for future 
studies to assess the inter-rater reliability of physicians 
with respect to their  return-to-school or RTP decisions. 
Additionally, given the objective of assessing the efficacy 
of an AE intervention, it is recommended that future 
studies implement activity logs and/or wearable activity 
trackers to monitor compliance among participants and 
control for  any unsupervised physical activity performed 
outside of the AE intervention setting. Lastly, future 
studies should consider acquiring additional symptom 

status evaluations given the timeline of the neuromet-
abolic cascade of mTBI,26 which is correlated with the 
presentation of subjective symptoms following SRC.27 
This would allow for a more precise understanding of 
how symptoms resolve in the immediate stages following 
injury and how this is affected by the administration of 
AE within the adolescent population.

Conclusion
This study is the first randomised control trial to demon-
strate that a standardised, graded AE intervention in 
the low-to-moderate intensity range is safe and feasible 
to administer in adolescents within the postacute stage 
of SRC recovery. Given the novelty of this protocol and 
the conservative approach taken in its design, future 
studies building on it should explore a wider range of 
exercise intensities and modalities in order to deter-
mine the optimal parameters for facilitating recovery. 
Future studies should also attempt to initiate exercise 
at an earlier stage in the recovery timeline, particularly 
in light of the most recently published guidelines from 
the Concussion in Sport Group, which acknowledge the 
lack of evidence to suggest that rest beyond the initial 
24–48 hours of injury is of any benefit to the recovery 
process.16
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