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Objective: “To assess the effectiveness of sub-symptom threshold aerobic exercise versus a 
placebo-like stretching program prescribed to adolescents in the acute phase of recovery from 
sport-related concussion.” As per American Academy of Neurology 2013 guidelines, concussion 
is defined as an alteration in brain function, which typically involves loss of memory and 
orientation and can include loss of consciousness. This study is relevant given that current 
guidelines do not used evidence-based medicine but rely on animal studies and expert opinion 
alone. Current recommendations prohibit patients from engaging in “contact-risk activity” until 
asymptomatic off of medication. 
 
Methodology (design, inclusion and exclusion criteria, interventions compared, outcomes 
evaluated) 
Design: Multicenter, prospective, randomized clinical trial. Locations were university concussion 
centers, 3 in Western New York and 1 in Winnipeg, Canada, that receive referrals from athletic 
trainers, PCPs, ED’s within 10 days of injury. Participants were tested on their first visit to 
determine their individual exercise tolerance on a treadmill (Buffalo Concussion Treadmill Test) 
and then were randomly assigned to treatment groups in a 1:1 allocation ratio. Participants were 
followed weekly and reported their symptoms using the post-concussion symptom scale each 
night for 30 days and completed a BCTT weekly. If they did not recover by 30 days, they were 
provided with interdisciplinary treatment and then followed to determine number of days to 
recovery. 
 
Statistical tools: Below is a review of some of the statistical tools used in this study. 
Kaplan-Meier curves – Traditionally used to assess time to death after initiation of intervention. 
In this study, it is used to assess time to recovery. The log-rank test (chi-square) is used to 
determine statistical significance of the curves. 
Mann-Whitney test – Used to compare different groups when the data in those groups are not 
normally distributed. In this study it was used because the time to recovery was not normally 
distributed in either treatment arm. 
Test of proportions (z score) – Used to compare groups based on one variable. 
Mixed-effects linear regression models – Evaluate relationships between dependent and 
independent variables. 
 
Inclusion criteria: Male and female athletes ages 13-18 presenting within 10 days of a sport-
related concussion (diagnosed by sports medicine physician following International Concussion 
in Sports Group criteria, including history and cognitive evaluation and concussion symptom 
questionnaire, physical exam). 
Exclusion criteria: “(1) evidence of focal neurological deficit; (2) an inability to exercise because 
of orthopedic injury, cervical spine injury, diabetes, or known heart disease; (3) an increased 
cardiac risk according to American College of Sports Medicine criteria (4) a history of moderate 
or severe traumatic brain injury, defined as a brain injury with an associated Glasgow Coma Scale 



score of 12 or less; (5) a current diagnosis of and treatment with medication for attention-
deficit/hyperactivity disorder, learning disorder, depression, anxiety, or a history of more than 3 
prior concussions (because these factors are associated with delayed recovery); (6) sustaining 
another head injury during the research period before recovery; (7) a symptom severity score of 
less than 5 points on the post-concussion symptom scale during an initial clinical visit; (8) an 
ability to exercise to exhaustion without symptom exacerbation on the first visit; and/or (9) 
limited English proficiency.” 
 
Interventions:  
Progressive sub-symptom threshold aerobic exercise = exercising to a level that does not cause 
concussive symptoms. Exercise included walking or jogging to a target heart rate (80% of heart 
rate that produced symptoms on the BCTT) without pre- and post-exercise stretching. Exercise 
was to be stopped if symptoms increased by 2 points from participants’ pre-exercise symptom 
level or at 20 minutes of exercise. Target heart rate changed each week based on weekly BCTT 
testing. 
Progressive placebo-like stretching = gentle, whole-body, progressive stretching program that 
would not elevate heart rate for 20 minutes each day. Also preformed BCTT weekly and stretches 
were adjusted accordingly. 
 
Outcomes: 
Primary: “Days to recovery since date of injury”, with normal recovery being <30 days and 
delayed recovery being ≥30 days. Recovery was defined as symptom resolution (reporting a 7 or 
less on the post-concussion symptom severity score for three consecutive days), with 
confirmation physical exam (conducted by study-blinded physician) and demonstration of 
exhaustion without symptom exacerbation on BCTT. However, for patients recovering beyond 30 
days, resolution was determined by chart review using the same criteria. 
Secondary: “the proportion of participants with delayed recovery, which was defined as recovery 
requiring more than 30 days” 
 
 
 
 

Comments 
 

A. Are the results of the study valid? 
Answer questions below 

  

 

1. Were patients randomized?  
 
 

Yes. Potential participants were randomized in 
blocks of three by sex and clinic location. 
Then, consented participants were randomly 
assigned to a treatment group by research 
assistants. 

2. Was randomization concealed (Blinded) 
 
  

Randomization was blinded to the physician 
conducting initial and weekly assessments and 
making determination of recovery, but was not 
blinded to the participants or to the research 
assistants which may predispose to intervention 
bias (patients) or ascertainment bias (assessors) 

3. Were patients analyzed in the groups to 
which they were randomized?    

Not really. The authors did not use an 
intention-to-treat analysis that would have 
included patients who dropped out after 
randomization but used a per-protocol analysis 



meaning they counted only those who 
completed the study protocol  

4. Were patients in the treatment and control 
groups similar with respect to known 
prognostic factors? 
 
 
 

Yes. Underlying conditions were similar in the 
two treatment groups: 8% in each had asthma, 
4% stretching and 2% aerobic had 
hypothyroidism, 8% stretching and 4% aerobic 
had LOC <1 minute from injury, 2% aerobic 
had repaired ASD. Participants did not differ in 
demographics (age, sex, previous concussions, 
time since injury (4.9 days in aerobic group, 
4.8 days in stretching group), initial severity 
score, initial BCTT, initial physical exam 
results). Additionally, those who were not 
included in the study did not differ in 
demographics (age, sex, time since injury, 
initial BCTT, initial physical exam). 

C. Did experimental and control groups 
retain a similar prognosis after the study 
started (answer the questions below)? 
 

 

1. Were patients aware of group allocation? 
 
 

Yes. Given the nature of the treatment groups, 
participants could not be blinded to their 
treatment arm.  

2. Were clinicians aware of group allocation? 
 

No. The evaluating physicians, who were 
responsible for determining concussion 
recovery, were not aware of which treatment 
arm the participants were in. The research 
assistants were aware of which participants 
were in each treatment arm, but gave equal 
attention to each arm and did not indicate 
which treatment arm might be more beneficial. 

3. Were outcome assessors aware of group 
allocation? 

As above. 

4. Was follow-up complete? Yes, the participation rate was very high. 89% 
of total participants reported completing their 
prescribed exercise. Additionally, there was no 
significant difference in compliance with daily 
symptom reporting (84% of aerobic group and 
87% of stretching group). They did not report 
on how long they followed >30 Day patients. 

D. What were the results? 103 participants; 52 in aerobic group, 51 in 
stretching group. Aerobic participants 
recovered in a median of 13 days, stretching 
participants recovered in a median of 17 
days (p = 0.009).  
 
While adjusting for age, sex, time from injury 
to enrollment, and concussion history it was 
determined that aerobic participants 
recovered significantly faster than stretching 



participants (p = 0.005).  
 
Those in the stretching group had a higher 
incidence of delayed recovery, but this was 
not a statistically significant difference (p = 
0.08).  
 
There was no significant difference in how 
rapidly symptom severity scores decreased 
overall, though there were significant 
differences on days 5, 12, and 18, with the 
aerobic group scores decreasing more rapidly.  
 
Importantly, there were no adverse effects, 
though there was 1 participant that was 
classified as a near miss for becoming 
symptomatic during initial BCTT and withdrew 
from the study. 

1. How large was the treatment effect? 
(difference between treatment and control 
group).  

Unclear why authors did not include CI’s 
(likely their small group sizes would 
demonstrate wide or overlapping CI’s  The 
treatment effect was significant and showed 
that aerobic exercise hastened recovery by a 
median of 4 days.  Using interquartile ranges, 
which measure the dispersion of results, most 
of those in the aerobic group recovered 
between 10-18.5 days and those in the 
stretching group recovered in 13-23 days. 
Additionally, Kaplan-Meier curve (Fig. 2) 
showed that when adjusting for confounders 
(age, sex, time from injury, concussion history) 
80% of those in the aerobic group recovered by 
~15 days and 80% of those in the stretching 
group recovered by ~22 days. 

2. How precise was the estimated treatment 
effect at a 95% confidence interval?  
 
 

According to Fig. 3, which depicts daily 
symptom severity by treatment arm, the 95% 
CIs appear to overlap between the interventions 
on all days though minimally on days 5,12 & 
18  This suggests that day 5 post-injury may 
represent a crucial timeframe for recovery and 
aerobic exercise introduced prior to day 5 may 
be crucial to recovery time (though this is 
speculation, and not a stated claim of the 
article). 

D. How can I apply the results to patient 
care 

 

IV. Were the study patients similar to my 
patients?   
 

The study participants represent a small portion 
of patients seen in our EDs for concussion. 
They were aged 13-18 and suffered a sport-
related injury. Thus, the results are not 



generalizable to all pediatric patients with any 
type of concussion. 

1. Were all clinically important outcomes 
considered?  
 

Mostly. The study evaluated time to recovery 
as well as adverse reactions to the treatment 
arms. The ideal treatment for concussion would 
speed recovery time while minimizing adverse 
reactions given that prolonged recovery has 
large academic and social consequences. There 
were no comparative long-term assessments of 
cognitive impairment.  

2. Are the likely treatment benefits worth the 
potential harms and costs?  
 
 

Possibly. The study was conducted via 
concussion centers with resources available to 
monitor symptoms daily and the ability to 
establish a weekly maximum heart rate 
threshold via treadmill testing. In practical 
terms, it may be unreasonable to test patients 
for target heart rate and to provide strict 
instructions for aerobic exercise that does not 
exceed the target all while having appropriate 
safety nets available to monitor and intervene if 
patients exceed the recommendations. Thus, 
while aerobic exercise may be beneficial under 
study conditions with consistent follow up, it 
may not have real world application (unless the 
appropriate resources and follow up are 
established). 

 
Limitations: 
Small study population and no intention-to-treat analysis which may have altered their results. 
Authors often perform both ITT and per-protocol analyses whisc was not the case here.  
 
No mention of how patient assessments were standardized such as a data form. Also, unclear if 
the Buffalo Concussion Treadmill Test has been widely externally validated.  
 
Participants were not blinded to the treatment, which may predispose to bias in rating their 
improvement in accordance with the belief that they should be improving.  
 
Those in the stretching group were subjected to weekly treadmill testing which, assuming aerobic 
exercise does in fact speed recovery, may have improved recovery time and thus resulted in the 
lack of statistical significance between early and delayed recovery at 30 days.  
 
The method of determining concussion recovery changed when the participant reached 30 days: 
those who recovered before 30 days were determined by severity score, an evaluation by a 
physician, and a BCTT, while those who recovered after 30 days were determined by medical 
record review. Thus, the results for determining normal versus delayed recovery may not be 
comparable given that one method was prospective and the other was changed to retrospective at 
30 days.  
 



Finally, the results are not generalizable to all patients less than 18 years old with any type of 
concussion. The results are specific to those aged 13-18, with sport-related injury, who have 
access to a center specialized in concussion care. 
 
Clinical Bottom Line: Early introduction of sub-symptom aerobic exercise may improve 
recovery time for sport-related injury in patients aged 13-18. There appears to be no evidence of 
harm however, this may be because the study is underpowered to identify harms.   
 
Before widespread clinical application can begin, more studies are necessary to validate this study 
and broaden generalizability to more mechanisms of injury and ages. Additionally, engagement 
with primary care physicians, sports medicine clinicians, physical therapists, athletic directors is 
necessary to create the appropriate channels for follow up and monitored treatment. Meaning it 
would be inappropriate to instruct patients to aerobic exercise without systems in place to monitor 
and intervene if and when patients exceed threshold goals or become symptomatic. 


