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Objectives

•Review the rationale & recommendations for 
inclusion of exercise in the management of concussion

• Examine the existing research on frequency, intensity, 
time, type, and timing of exercise

•Demonstrate how existing evidence can be translated 
into clinical practice



A Paradigm Shift…

https://maymassage.info/thong-tin-can-biet-ve-xe-dap-tap-
the-duc-reebok-z7-re1-11710/http://www.enaturalawakenings.com/Health-Briefs-

Archive/Silence-De-Stresses-the-Brain/



• “After a brief period of initial rest (24–48 hours), symptom-limited 
activity can be begun while staying below a cognitive and physical 
exacerbation threshold.” (McCrory et al., 2017)

• “Future studies should evaluate the optimal timing, mode, duration, 
intensity, and frequency of treatment during the post-acute time 
period following concussion.” (Schneider et al., 2017)



Timing-when should patients begin exercising 
after injury?

• 24-48 hours of rest recommended 

• Early studies investigated exercise 
intervention with mostly PCS 
patients & demonstrated it to be 
safe(Gagnon et al. 2009; Leddy et al., 2010, Baker et al., 2012)

• More recent studies have been 
moving the timeline back closer to 
the date of injury

• Subacute or postacute phase

• Determine status of the patient

Author (year) Time following injury

Gagnon et al., 2009 4-18 weeks

Leddy et al., 2010 6-40 weeks

Baker et al., 2012 8-40 weeks

Maerlender et al., 2015 “recently concussed”

Lawrence et al., 2018 1-10 days

Micay et al., 2018 6 days

Leddy et al., 2019 <10 days (mean 5 days)

Popovich et al., 2019 <16 days vs >16 days



Mode—what type of exercise should they 
perform?

• Aerobic

• Relatively universal using either a 
stationary bike or treadmill

• Popovich et al., (2019) include med 
balls, agility drills, & sport specific 
exercises

• Resistance exercise (weight lifting) 
not recommended (Worts et al., 
2019)

https://maymassage.info/thong-tin-can-biet-ve-xe-dap-tap-the-duc-reebok-z7-re1-11710/



Intensity-At what intensity level should patients 
exercise?

Intensity Authors

Stationary bike; elliptical; running; 
med balls, agility drills, & sport 
specific exercises (HR & RPE)

Popovich et al., (2019)

Perceived exertion of “mild” to 
“moderate” on Borg scale

Maerlender et al., (2015)

Borg RPE of 11 for 2-5 minutes; 
increase RPE 1 every 5 min

Kurowski et al., (2016)

15 min @ 100-120 bpm; 30 min @ 
100-120 bpm; 30 min @ 140; 1 min 
max sprint every 5 min for 30 min

Lawrence et al., (2018)

60% APMHR Dobney et al., (2018)

80% of HR achieved on a sub-
maximal treadmill test (Buffalo 
Protocol)

Leddy et all, (2010); Baker et al., 
(2012); Clausen et al., (2015); Polak et 
al., (2015); Cordingly et al., (2016); 
Leddy et al., (2019)



The Buffalo Protocol

 Assesses exercise intolerance in concussed individuals

 The BCTT has been demonstrated to be valid and 
reliable (Leddy et al., 2011)

 The BCTT has been shown to be safe for use both in 
PCS as well as acute concussion (Cordingly et al., 2016; Leddy et al., 

2017)

 Provides a symptom-limited threshold, individualized
framework for exercise prescription

 May be prognostic of time to recovery (Haider et al., 
2019)



Buffalo Concussion Treadmill 
Test (BCTT)

 Set treadmill at a speed of 3.2-3.6 mph 

 After one minute at this pace, treadmill incline is 
increased to 1 degree. 

 Patient is asked to rate RPE and symptom severity. 
Subjective scores and heart rate (bpm) are 
recorded. 

 This procedure is repeated each minute, with 
ratings and heart rate being recorded, and 
treadmill increasing in incline at a rate of 1 
degree/minute. 

 1 point given for each increase in a symptom or 
appearance of a new symptom



Stopping Criteria

 Maximum exertion (RPE score of ≥17-19) is reported 

 Symptom exacerbation that causes significant increase in pain or symptom severity 

≥ 3 points over the pre-test overall symptom score on the 1-10 point VAS;

• Clinician notes a rapid progression of complaints (ex. headache to searing focal pain) 
between symptom reports, patient appears faint or unsteady, or determines that 
continuing the test constitutes significant health risk for the participant,

 Patient reports an inability to continue the test safely

Leddy JJ, Baker J, Willer B., 2016



The Buffalo Concussion Bike Test (BCBT)



BCBT power output conversion spreadsheet
(convert from pounds to kilograms: bw (lbs) ÷ 2.2 kg)





Test – Prescribe- Re-test

At stage 3 of the 
RTS Strategy



Duration & Frequency-How long should 
patients exercise…and how often?

• Most studies use 20-30 minutes 

• Same duration as achieved on 
the treadmill test (Leddy et al., 
2010; Grabowski et al., 2017)

• 15 min; 30 min; sprints for 30 
min (Lawrence et al., 2018)

• Individualized/symptom limited 
4-50 min (Popovich et al., 2019)

• Frequency 5-7 days per week
https://www.rawpixel.com/image/378309/premium-photo-image-stopwatch-
african-african-descent



In Summary…

• Frequency: Most studies used daily exercise with at least one rest 
day per week

• Intensity: Most studies used heart rate & prescribed “sub-
symptom threshold”; some used Rate of Perceived Exertion (RPE)

• Type: All studies used aerobic exercise—most utilizing an exercise 
bike

• Time: Most studies recommended 20-30 minutes

• Timing: Most studies were with subjects with prolonged 
symptomology (PCS); more recent research is moving closer 
toward the date of injury



But does it “work”?

 Daily low intensity, sub-symptom threshold aerobic exercise has been demonstrated 
to be safe during concussion recovery (Baker et al., 2012; Cordingly et al., 2016; 
Maerlender et al., 2016; Leddy et al., 2017; Mychasiuk et al., 2016; Gall et al., 2003; 
Kurowski et al., 2016)

 Those who began exercise within 6 days of injury returned to sport 9 days sooner than 
those who waited (mean 26.5 11.2 days vs 35.1 26.5 days; P=0.020) (Popovich et al., 2019)

 For each successive day in delay to initiation of aerobic exercise, individuals had a less 
favorable recovery trajectory (Lawrence et al., 2018)

 Those who exercised recovered approximately 4 days sooner than those who didn’t 
(Leddy et al., 2019)

 No difference in recovery time, but much improved symptom burden (Micay et al., 
2018, Howell et al., 2018)

 No negative outcomes
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Thank You!!


