
Name: _________________________ Date: ______________________                                   Period: ____
The Nervous System              Week #____ 
 
Question     Description 
What is the function of  
a neuron? (p. 897) !!!!!!
Label the parts of the neuron.  
(p. 897) !!!!!!
What is a synapse? (p. 900) !!!
What is a neurotransmitter?  
(p. 900) !!!
What is the function of the  
spinal cord? (p. 901) !!!
What neurotransmitter do 
addictive substances affect?   
What does this neuro- 
transmitter do? (p. 904)  !!!
What happens in the brain that 
causes drugs to be addictive? 
(p. 904) !!!
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Name: _________________________ Date: ______________________                                   Period: ____
Directions: Use the passage, Table 1, and Table 2 to answer the  questions below. !
A study was conducted to analyze concussions in a select group of NCAA football players.  A concussion is 
defined as an injury resulting from a blow to the head that causes an alteration of mental status and 1 or more 
of the following symptoms: headache, nausea, vomiting, dizziness, fatigue, difficulty sleeping, drowsiness, 
sensitivity to light or noise, blurred vision, memory difficulty, and difficulty concentrating.  !
1. (IOD 401) According to Table 1, the study  

indicates that a player in which of the  
following positions has the least risk of  
concussion? 

a. Special teams         c.   Quarterback 
b. Receiver                 d.   Tight end !

2. (EMI 401) According to Table 1, the  
concussion rate suggests that: 

a. Some positions have no risk of  
concussion. 

b. There is a strong association  
between position played and the  
likelihood of concussion. 

c. Some positions have twice the  
concussion risk of others.  

d. There is a weak association  
between position played and  
likelihood of concussion. !

3. (EMI 401) According to Table 2, one would  
predict that most athletes sustaining their  
fourth concussion: 

a. do not recover 
b. experience a prolonged recovery 
c. experience a rapid recovery 
d. experience a gradual recovery !

An athlete in the study was given a preseason baseline test using a  
Graded Symptom Checklist.  Figure 3 illustrates this baseline and  
the subsequent scores after suffering a concussion. !
4. (IOD 601) According to Table 2, the concussion graphed in  

Figure 3 indicates that the athlete likely sustained their: 
a. second concussion with a rapid recovery 
b. second concussion with a prolonged recovery 
c. first concussion with a gradual recovery 
d. first concussion with a prolonged recovery !

--------------------------------------------------------------------------------- 
Adapted from:  
Guskiewicz, K. M., McCrea, M., Marshall, S. W., Cantu, R. C., Randolph, C., Barr, W., & ... Kelly, J. P. (2003). Cumulative  
Effects Associated With Recurrent Concussion in Collegiate Football  Players: The NCAA Concussion Study.  JAMA: 
Journal Of The American Medical Association, 290(19), 2549-2555.
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Position No. of 
Concussions

Estimated No. of 
Athlete Exposures

Concussion Rate per 
1,000 Athlete Exposures

Quarterback 11 13,320 0.83

Running back 18 25,336 0.71

Receiver 15 27,944 0.54

Tight end 10 12,867 0.78

Offensive lineman 41 43,078 0.95

Defensive lineman 28 36,673 0.76

Linebacker 32 32,308 0.99

Defensive back 32 36,446 0.88

Special teams 9 11,620 0.77

Total 196 239,592 0.78

Length of 
Symptom Recovery  

(in days)

No. of Previous ConcussionsNo. of Previous ConcussionsNo. of Previous ConcussionsNo. of Previous ConcussionsLength of 
Symptom Recovery  

(in days) 0 1 2 3+

Rapid (<1) 37 19 5 0

Gradual (1-7) 76 16 7 3

Prolonged (>7) 9 6 3 7

Table 2. Length of Recovery by History of Concussion

Table 1. Rate of Concussion by Player Position

Position No. of 
Concussions

Estimated No. of 
Athlete Exposures

Concussion Rate per 
1,000 Athlete Exposures

Quarterback 11 13,320 0.83

Running back 18 25,336 0.71

Receiver 15 27,944 0.54

Tight end 10 12,867 0.78

Offensive lineman 41 43,078 0.95

Defensive lineman 28 36,673 0.76

Linebacker 32 32,308 0.99

Defensive back 32 36,446 0.88

Special teams 9 11,620 0.77

Total 196 239,592 0.78

Length of 
Symptom Recovery  

(in days)

No. of Previous ConcussionsNo. of Previous ConcussionsNo. of Previous ConcussionsNo. of Previous ConcussionsLength of 
Symptom Recovery  

(in days) 0 1 2 3+

Rapid (<1) 37 16 5 0

Gradual (1-7) 76 19 7 7

Prolonged (>7) 9 6 3 3

with concussion are presented in
FIGURE 1 and mean GSC total scores are
shown in FIGURE 2. Headache (167/
196 [85.2%]) was the most commonly
reported symptom at the time of in-
jury, followed by dizziness/balance dif-
ficulties (151/196 [77.0%]) and feel-
ing cognitively “slowed down” (136/
196 [69.4%]). Among the 167 players
experiencing a headache at the time of
their concussion, 149 (89.2%) still re-

ported having a headache 3 hours af-
ter injury, 110 (65.9%) 24 hours after
injury, 41 (24.5%) at postinjury day 5,
and 23 (13.8%) at postinjury day 7. On
average, overall symptom duration was
about 3.5 days (mean duration, 82
hours; median duration, 48 hours), and
87.8% (172/196) achieved full symp-
tom resolution within 1 week after
injury.

There was an apparent association be-
tween returning to play on the same day
of injury and experiencing delayed on-
set of symptoms (ie, symptoms not pre-
sent immediately following the concus-
sion but present 3 hours after injury)
(! 2

1=7.83; P=.005). Thirty-three per-
cent (10/30) of players with concussion
who returned to play on the same day
of injury experienced delayed onset of
symptoms compared with only 12.6%
(20/158) of those who did not return to
play on the same day of injury. Analysis
of headache scores alone found that 9
players (4.6%) with concussion re-
ported a delayed headache, which was
not present at the time of injury but was
present 3 hours after injury. However,
this association could be spurious since
players whose symptoms did not re-
solve within 3 hours were more likely to

be withheld from play and who, by defi-
nition, did not develop delayed-onset
symptoms.

Recurrent Concussion
The likelihood of sustaining an inci-
dent concussion was associated with a
history of self-reported previous con-
cussion (TABLE 3). Sixty-six (35.1%) of
188 injuries were recorded as “repeat
injuries” from within the last 7 years;
football players with a history of 3 or
more previous concussions were 3
times more likely to sustain an inci-
dent concussion than those with no
concussion history; and similar eleva-
tions in risk, although less marked, were
observed in players with 2 previous
concussions and those with 1 previ-
ous concussion. This “dose-response”
relationship between number of previ-
ous concussions and risk of incident
concussion persisted after controlling
for potential confounders, such as di-
vision of play, playing position, years
of participation in organized football,
academic year in school, and body mass
index, using multivariate Poisson re-
gression (Table 3). Data collectors re-
ported that 12 (6.5%) of the 184 play-
ers with concussion had an incident
repeat concussion within the same sea-
son. Of the in-season repeat concus-
sions, 11 (91.7%) of 12 occurred within
10 days of the first injury, and 9 (75.0%)
of 12 occurred within 7 days of the first
injury.

Course of recovery was classified by
the certified athletic trainers as either
rapid (symptoms lasting "1 day),
gradual (symptoms lasting 1-7 days),
or prolonged (symptoms lasting #7
days). Athletes with a history of mul-
tiple concussions experienced a longer
recovery (P=.03 by Fisher exact test)
(TABLE 4). There was no association be-
tween concussion history (0, 1, 2, or $3
concussions) and the presence of ei-
ther LOC (P=.66 by Fisher exact test)
or amnesia (P=.31 by Fisher exact test)
with subsequent concussions. How-
ever, presence of LOC and amnesia
tended to be associated with a slower
recovery (TABLE 5). Ten players with
concussion (5.4%) were disqualified

Figure 1. Percentage of Players With Concussion (n=196) Reporting Symptoms at Time of
Injury
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Overall Moderate to Severe Concussion

Moderate/severe symptoms defined as scores of 3 to 6 on the Graded Symptom Checklist.

Figure 2. Mean Reported Graded Symptom
Checklist Total Scores for Players With
Concussion (n=196) Across Repeated
Assessments
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Error bars indicate 95% confidence intervals.

CUMULATIVE EFFECTS OF RECURRENT CONCUSSION
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Figure 3


