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PURPOSE 
 To compare a standardized exercise treadmill test with computerized neuropsychological (NP) testing for establishing readiness to return to 
play (RTP) after concussion in high school athletes. 
 
METHODS 
 Prospective study. Concussed athletes (n = 59, 46 M, age range 13-19y, mean age 15.7y) who were asymptomatic at rest completed 
Automated Neuropsychological Assessment Metrics (ANAM) computerized testing followed by a treadmill exercise test to exhaustion (Balke 
Protocol)1 on the same day. ANAM sub-test performance2 was compared with treadmill test performance. Athletes did not have a pre-injury 
“baseline” NP test. Athletes who were able to exercise to voluntary exhaustion without exacerbation of symptoms were then returned to play 
following the step wise progression recommended by the Zurich consensus conference3. A telephone follow up was performed with athletes 
and a parent (for those under 18) asking about return to school and sport difficulties.  
 
RESULTS 
 54% of athletes had 1 or more (range 1-6) ANAM subtests below average (9th percentile or below) and 22% had 1 or more (range 1-4) 
ANAM subtests clearly below average (2nd percentile or below) (see Table 1). On the same day, 100% of athletes exercised to exhaustion 
without exacerbation of concussion symptoms (mean 24 +/- 19 days). All athletes were returned to play without recurrent symptoms during 
sport.  In this sample, 17 athletes (29%) reported having experienced prior concussions. Phone contact follow up was performed with 30 ath-
letes to confirm symptom resolution. Follow-up data was collected between 3-41 months (M = 18.2 months, SD = 11.4) after the athletes were 
returned to play. The majority reported “No symptoms”.  None had recurrence of symptoms or difficulties in sports, although 15/30 (50%) re-
ported that return to school immediately after concussion had been difficult.  Performance on the ANAM tests did not predict difficulties in re-
turn to school (see Table 2)4. 
 
WEAKNESSES / ISSUES 
 Evaluation of the predictive nature of NP testing might be enhanced if we had baseline assessment data available.  On the other hand, 
many concussion programs rely on comparison with normative data.  Follow up period was variable and memory of school adjustment issues 
may have faded.  Primary outcome measure is safe and successful return to sport (without symptom exacerbation) which may not capture 
subtle cognitive issues represented by NP testing. 
 
CONCLUSIONS 
 Athletes who exercised to exhaustion on the treadmill test without symptom exacerbation were deemed physiologically recovered from 
concussion and cleared for graduated return to play, whether or not NP performance had normalized. All 59 adolescents returned to sport 
without complications.  ANAM performance did not predict return to play or problems associated with return to school. None of the athletes 
reported recurrent symptoms during sport after RTP. Over 50% of athletes had one or more below average or clearly below average NP sub-
tests despite normal exercise tolerance.  
 
SIGNIFICANCE OF FINDINGS 
 The ability of concussed high school athletes to exercise to exhaustion on a standardized treadmill test without symptom exacerbation 
better predicted readiness to resume sport than same day computerized neuropsychological test performance. The data suggest that a 
standardized exercise stress test may be a more valid indicator of concussion recovery than computerized neuropsychological  testing per-
formed at rest, at least in athletes who do not have a pre-injury “baseline” computerized neuropsychological  test. 
 

ANAM Performance Below average range 
< 9 percentile  (n, percent) 

Clearly below average range 
< 2 percentile  (n, percent) 

0 subtests           27 (45.8%)                46 (78.0%) 

1 subtests           13 (22.0%)                6 (10.2%) 

2 subtests           10 (16.9%)                3 (5.1%) 

3 subtests           2 (3.4%)                2 (3.4%) 

4 subtests           4 (6.8%)                2 (3.4%) 

5 subtests           2 (3.4%)                0 

6 subtests           1 (1.7%)                0 

Table 1 - Overall ANAM Performance  

Table 2 - Follow Up Reports of Recurrence of Symptoms when Athlete Returned to School 
 Parent-report of athletes  

who were minors at time of follow upa  
n = 21 

Self-report among athletes  
who were minors at time of follow upa  

n = 18 

Self-report among athletes 
who were 18 years old + at time of follow up 

n = 9 

Time from Exercise Stress Test to Follow up 3.3—37.8 months 3.3—28.7 months 17.3—40.9 months 

    

No Symptoms n(%) 8 (38%) 10 (56%) 7 (78%) 

Headaches n(%) 6 (29%) 4 (22%) 2 (22%) 

Concentration Problems n(%) 7 (33%) 2 (11%) 1 (11%) 

Memory Problems n(%) 4 (19%) 1 (6%) 0 

Sensitivity to Light n(%) 1 (5%) 0 0 

Neck Pain n(%) 1 (5%) 0 0 

Irritability n(%) 0 0 0 

Fatigue n(%) 0 0 1 (11%) 

Dizziness/Balance Problems n(%) 0 0 0 

Otherb n(%) 1(5%) 1 (6%) 0 

a These were the same athletes (parent-adolescent pairs) but minus the feedback of three youth 
b Other symptoms included one youth with eye tracking problems 
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