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Abstract approved:

Closed head injuries (concussions) sustained in an athletic realm are not as

transient as once thought. 8 Sensitive neuropsychological testing shows long-term

brain damage among athletes who have suffered repeated "mild" concussions.3'5' 11-18

While symptoms from a single concussion may be transient, repeated concussions,

especially if sustained before the brain is fully healed, have been shown to cause

extended and permanent deficits with immediate memory, concentration, delayed

recall,"38 11-19 or deatht6' 16,17,20

The purpose of this study was to investigate possible neurocognitive effects

due to collegiate football as assessed by the Standardized Assessment of Concussion

(SACTM). We used a one-way multivariate analysis of variance to evaluate differences

in SACTM test scores between intercollegiate football players with no history of

concussion (N 34) and an age and gender-matched control group of college students

not participating in collisionlcontact sports (N33). A 2 X 2 (Group x Time)

between/within analysis of variance was used to compare SACTM pretest/posttest

scores among 10 collegiate football players and 10 age and gender-matched controls.

Dependent variables were the total SACTM score, three SACTM subscales (Immediate
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Memory, Concentration, Delayed Recall), and a self-reported concussion symptoms

checklist. A Chi-square comparison was used to determine significance of self-

reported symptoms (p <0.05).

Using a one-way MANOVA, we found a significant difference for the between

groups SACTM condition of Concentration (F = 4.90, p < .03) with the Football group

having a higher mean score (3.85 ± .99) than the Control group (3.27 ± 1.15).

The two-way mixed design ANOVA showed a significant main effect of

Group for Immediate Memory (F = 4.89, p < .04) and Concentration (F = 4.57, p <

05). A significant main effect for Time was noted for Concentration (F = 4.99, p <

04).

A significant difference was also found between groups for self-reported

symptoms using a Chi-square with a Phi coefficient of.33 (p < .01). The Football

group reported a greater number of headaches.

As quantified by the SACTM test, no short-term neurocognitive deficits could

be contributed to participation in one season of NCAA Division III intercollegiate

football. However, football players reported significantly more headaches. The long-

term sequale of these headaches is currently unknown.
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THE INFLUENCE OF COLLEGIATE FOOTBALL ON COGNITIVE
FUNCTIONING AS DETERMINED BY TILE STANDARD ASSESSMENT OF

CONCUSSION (SA TEST

CHAPTER 1

ThTRODUCTION

Closed head injuries (concussions) sustained in an athletic realm are not as

transient as once thought.'8 Taylor defmed this brain injury as a "clinical syndrome

characterized by immediate and transient impairment of neurological function secondary

to mechanical forces". However, sensitive neuropsychological testing has shown long-

term brain damage among athletes who have suffered repeated "mild" concussions.3' 5,

11-18 Forces transmitted to the brain are now known to cause both transient and

permanent neurocognitive damage.13' 5-8. 16.29 While symptoms from a single concussion

may be transient, repeated concussions, especially if sustained before the brain is fully

healed, have been shown to cause extended and permanent deficits with immediate

or death.'6' 16. 17,20memory, concentration, delayed recall," 3-8, 11-19

Multiple concussions, if occurring before the brain has had time to heal, can lead

to long term or permanent cognitive deficits." 4-6. 17, 18 Once an athlete suffers a

concussion, his/her risk for suffering another concussion is increased by as much as 4 to 6

times, and neurocognitive impairment may be more severe than damage resulting from

the original trauma.1'46' 10. 17 Additionally, the NCAA Concussion study 26 reported that

of 2905 football players participating in the study, 184 suffered a concussion and of

those, over 6% suffered a repeat concussion within the same season. 26



A variety of conditions can exist with single or multiple concussions. The most

severe, Second Impact Syndrome (SIS). is a controversial diagnosis that occurs when the

second impact is fatal. 1-6. 16. 18Additionally some athletes suffer symptoms for months

following a single or repeated force, a condition termed Post Concussion Syndrome

(PCS). 7.8 Finally, chronic traumatic brain injury (CTBI) has been linked to repeated

concussions.5'21 Because of the damage known to occur, multiple concussions,

specifically those impacting the brain before full healing has taken place, need to be

avoided. 1.3.4-8. 11-19 Currently, the best treatment is education and prevention. By

properly educating coaches, players and health care providers in addition to properly

assessing the athlete and monitoring a safe return to activity, long-term damage is less

likely.

There are currently 25 different published versions of concussion management

guidelines to assist, and unfortunately sometimes confound, medical professionals

dealing with the short and long-term effects of concussions. 1-6, 11-13 The American

Academy of Neurology (AAN), Cantu, and Colorado Medical Society (CMS) guidelines

are the three most commonly accepted protocols. 1-6. 11 13

Additionally, as concussions are being better understood, a new group of

neuropsychological tests are being utilized as an objective way to assess and treat sports-

related concussions. 3.5. 11-15.20 of these tests, the Standard Assessment of

Concussion (SACTM) and the Immediate Post-Concussion Assessment and Cognitive

Testing (ImPACT) are sensitive to the detection of mild changes in cognitive functions

and can track recovery following an impact to the head. 4-6. 11, 13. 15.23.24
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Concussions, even those categorized as "mild" brain injuries, can cause

neurocognitive impairment.3' 5. 1116. 19 Repeated concussions increase cognitive deficits

and the length iii which these deficits last."38' 1116. 25, 26 In addition, the first traumatic

brain injury increases an athlete's risk of a second and third concussions by 4 to 6 times.6

If a sports-related concussion is not reported, proper post injury management is not

initiated and athletes are at increased risk for long-term or permanent cognitive damage.

Specific Aims and Hypotheses

The purpose of this study was to determine if any differences in memory and

other cognitive functions exist between male intercollegiate football players and male

college students not participating in contact or collision sports. Originally, this study was

conceptualized to investigate this research question in a population of Oregon high school

football players. Unfortunately, administrators of the targeted school district did not

approve the study, thus college football players were chosen as the study group. This

study examined the following research questions:

1. Do neurocognitive differences exist between intercollegiate football

players and an age and gender-matched control group?

2. Is participation in a collegiate-level collision sport (football) linked to

cognitive deficits?

From the two questions, the following specific aims and hypotheses developed:

Specific Aim #1: To conduct a comparison of neurocognitive functioning

between college football team members with no prior history of concussion and an age

and gender-matched control group immediately following the Fall 2003 intercollegiate

sports season.



Hypothesis la: Neurocognitive functioning, as assessed by the modified

SACTM test score, will be significantly lower among college football

players compared to an age and gender-matched control group.

Hypothesis ib: Neurocognitive functioning, as assessed by a SACTM test

immediate memory subscale score, will not be significantly different

between college football players and an age and gender-matched control

group.

Hypothesis ic: Neurocognitive functioning, as assessed by a SACTM test

concentration subscale core, will be significantly lower among college

football players compared to an age and gender-matched control group.

Hypothesis id: Neurocognitive functioning, as assessed by a SACTM test

delayed recall subscale score, will be significantly lower among college

football players compared to an age and gender-matched control group.

Hypothesis le: Concussion symptoms score (dizziness, sleep

disturbances, headache, nausea), as assessed by a concussion signs and

symptoms checklist, will be significantly higher among college football

players compared to an age and gender-matched control group.

Specific Aim # 2: To conduct a pretest/post-test comparison ofneuro cognitive

functioning between college football team members with no prior history of concussion

and an age and gender-matched control group. Pretest (baseline) and posttest (end of

season) will occur within a 3-month span of time, i.e., the length of the 2003 football

season.



Hypothesis 2a: Neurocognitive functioning, as assessed by the modified

SACTM test score, will significantly decrease from pretest to posttest for

intercollegiate football players when compared to an age and gender-

matched control group.

Hypothesis 2b: Neurocognitive functioning, as assessed by a SACTM test

immediate memory subscale score, will not change significantly between

pretest and posttest administration of the SACTM test for the intercollegiate

football players and an age and gender-matched control group.

Hypothesis 2c: Neurocognitive functioning, as assessed by a SACTM test

concentration subscale score, will significantly decrease between pretest

and posttest administration of the SACTM test for the intercollegiate

football players and an age and gender-matched control group.

Hypothesis 2d: Neurocognitive functioning, as assessed by a SACTM test

delayed recall subscale score, will significantly decrease between pretest

and posttest administration of the SACTM test for the intercollegiate

football players and an age and gender-matched control group.

Hypothesis 2e: Concussion symptoms score (dizziness, sleep

disturbances, headache, nausea), as assessed by a concussion signs and

symptoms checklist, will significantly increase among intercollegiate

football players compared to an age and gender-matched control group.



An abstract of this study will be submitted by December 1, 2004 for presentation

at the 56th Annual Meeting of the National Athletic Trainers' Association to be held June

12-16, 2005 in Indianapolis, Indiana.

The primary manuscript from this thesis will be submitted for publication in the

Journal of Athletic Training.
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The Influence of Collegiate Football on Cognitive Functioning as Detennined by the
Standard Assessment of Concussion (SACTM) Test

Objective: To investigate neurocognitive effects of collegiate football players as

assessed by the Standardized Assessment of Concussion (SACTM) testing battery and a

self-reported concussion symptoms checklist.

Design and Setting: We used a one-way MANOVA to evaluate differences in

SACTM test scores between intercollegiate football players with no history of concussion

and an age and gender-matched control group of college students not participating in

collisionlcontact sports. A 2 x 2 (Group x Time) betweenlwithin ANOVA was used to

compare SACTM pretest/posttest scores among 10 collegiate football players and 10 age

and gender-matched controls. Dependent variables were the modified SACTM score, three

SACTM subscale scores (Immediate Memory, Concentration, Delayed Recall), and a self-

reported concussion symptoms checklist. A Chi-square analysis was used to determine

the significance of differences in self-reported concussion symptoms between groups.

Subjects: Sixty-seven male collegiate volunteers (34 football players, 33 controls)

with no history of concussions were tested. A subgroup of 10 intercollegiate football

players and 10 age- and gender-matched controls participated in the 3-month

pretest!posttest aspect of this study.

Measurements: For the first part of the study, both football and control volunteers

were tested in the 2003 football postseason, within one week following the fmal regular

season or playoff game. For the second part of the study, 10 freshmen or transfer football

players and 10 age- and gender-matched control subjects received the SACTM in a

pretest/posttest protocol with 3 months between tests.
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Results: Using a one-way MANOVA. we found that the Football group had a

higher mean score (3.85 ± 0.99) than the Control group (3.27 ± 1.15) for the SACTM

Concentration subscale (F = 4.90, p <0.03).

The two-way mixed design ANOVA results indicated significant main effects of

Group for the Immediate Memory and Concentration subscales. For Immediate Memory,

the Control group had a higher mean score (15.0 ± 0) than did the Football group (14.5 ±

0.82). For Concentration, the Football group had a higher mean score (4.2 ± 0.90) than

did the Control group (3.5 ± 0.94, p < 0.05).

A significant difference was also found between groups for self-reported

symptoms using a Chi-square analysis with a Phi coefficient of 0.33 (p < 0.01). Nine of

the 34 football players reported having headaches; only 1 of the 33 controls reported a

headache.

Conclusions: Football players scored no worse than age and gender-matched

controls with a single administration of the SACTM test, and scored significantly better on

the Concentration subscale.

As quantified by a modified SACTM test, no short-term neurocognitive deficits

could be attributed to participation in one season of NCAA Division III intercollegiate

football. However, football players reported significantly more headaches than did the

controls. The long-term sequelae of these headaches are currently unknown.

Key Words: head injury, athletics, mild traumatic brain injury
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The Influence of Collegiate Football on Cognitive Functioning as Determined by the

Standard Assessment of Concussion (SACTM) Test

Closed head injuries (concussions) sustained in an athletic realm are not as

transient as once thought.'8 Current literature defines this brain injury as a "clinical

syndrome characterized by immediate and transient impairment of neurological function

secondary to mechanical forces". However, sensitive neuropsychological testing has

revealed long-term brain damage among athletes who have suffered repeated "mild"

concussions.3'5' 11-18 Forces transmitted to the brain are now known to cause both

transient and permanent neurocognitive damage. 1-3. 5-8. 16.29

Concussions, even those categorized as "mild" brain injuries, can cause

neurocognitive impairment.3' 5. 1415,20 Repeated concussions increase cognitive deficits

1 3-8 11-16 25 26and the length m which these deficits last. In addition, the first traumatic

brain injury increases an athlete's risk of a second and third concussions by 4 to 6 times.6

Approximately 20% of American football players sustain a concussion each season,2'4' 13,

17 and due to lack of reporting and detection, this number is significantly underestimated.
1,2,4,5, 13, 27, 29-31 If a sports-related concussion is not detected or reported, proper post-

injury management is not implemented and athletes are at an increased risk for long-term

or permanent cognitive damage.

The Standardized Assessment of Concussion (SACTM) test is a

neuropsychological assessment. Three studies done by McCrae et al 11. 13 showed a

combined 130 concussed players to score significantly lower than the combined 3094

non-concussed controls implying that the SACTM is sensitive to mild changes in cognitive
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function. All participants were high school and college football players measured over

4.11.13one sports season.

The purpose of this study was to determine if any differences in memory and

other mental functions existed between male intercollegiate football players and male

college students not participating in contact or collision sports.

Methods

Subjects

The participant population for this study is composed of a cohort of NCAA

Division III college students. These volunteers were solicited from two intact groups at a

university in Oregon: (a) intercollegiate football players and (b) students not participating

in any collision or contact sports (control group). Football players were chosen as a study

group because football has the highest concussion incidence rate in all NCAA sponsored

sports. 27.29 Following the Oregon State University Institutional Review Board (IRB)

approval of this research project, a recruiting announcement explaining the study was

made during a football team meeting in October 2003 to solicit volunteers (Appendix C).

The SACTM test given as part of this research study is currently used by the sports

medicine staff at the participating university as the professional 'standard of care" for

concussions that occur in intercollegiate athletics.

To examine the first question of whether differences exist between collegiate

football players and a control group, football players with no history of a concussion

were recruited from the approximately 120 football team members at the university.

Fifty-eight football players initially agreed to participate in the study. In early November
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2003, these volunteers were contacted by a group email for testing during the week

following the end of the 2003-football season. Thirty-four individuals responded and

were tested by the researcher.

In effort to identify an age and gender-matched control group, recruiting

announcements were posted in November 2003 at campus locations where university

students gather. (Appendix C). A volunteer was not accepted if he had a history of

concussions or was participating in collision or contact sports. i.e., rugby, martial arts.

Thirty-three male university students who were not currently participating in

intercollegiate athletics or recreational sports volunteered, met the criteria for

membership in the Control group, and were tested by the researcher. Demographic data

are summarized and presented in Table 1.

Table 1. Demographic statistics for the Football and Control groups (MANOVA).

Football group Control group

Number 34 33

Mass (kg) 97.6 78.6 *

Height (cm) 182.9 180.2

Body mass index 28.8 24.1 ?

Years in college 2.65 2.61

* =p<0.05
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To examine the comparison of age/gender-matched participants over a 3-month

time period, 10 football players from the Football group were pre-tested on the SACTM in

the preseason by the university's athletic training staff as part of the neurocognitive

baseline testing given to all first-year university athletes. Additionally, 10 age/gender-

matched volunteers were recruited from the Control group. These individuals were re-

tested 12 weeks after the initial pretest (the same amount of time as the 10 football

players). The researcher performed all the study testing except the preseason testing of

the 10 football players. The demographic data for this study are presented in Table 2.

Table 2. Demographic data for the Football and Control groups (ANOVA).

Football group Control group

Number 10 10

Mass (kg) 98.1 76.1 *

Height (cm) 183.2 177.5

Body mass index (BMI) 29.0 23.9 *

Years in college 1.2 1.9

* =p<0.05

The target subject pool for this study was not restricted to any ethnic group.

Because American football is a male dominated sport, the study groups were restricted to

males in effort to control for systematic variance attributed to gender differences.
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Prior to participating in the study, each volunteer signed an informed consent

form approved by the Oregon State University lnstitutional Review Board. (Appendix

A).

Instruments and Apparatus

Neurocognitive deficits such as impaired attention and concentration, mild

disorientation and memory difficulties are common effects of concussion injuries.11. 1113.

22-24. 27. 29. 30.31 The Standardized Assessment of Concussion (SACTM) test measures

orientation, immediate memory, concentration, and delayed recall.4' 11 Studies done by

McCrae et al found the test to be valid (using AAN and CMS guidelines as the gold

standard) in determining concussions in high school and college football players. 11

Since our subject population did not include any individuals with previous

concussions, only 3 of 4 SACTM test subseales (immediate memory, concentration, and

delayed recall) were utilized to test our research hypotheses. Instead of the typical

maximum SACTM test score of 30, the maximum modified SACTM test score was 25. In

addition to the modified SACTM test score, participants were asked to self-report any

symptom from a checklist of four common concussion symptoms, headache, dizziness,

nausea, and sleep disturbances. 1-829 (Appendix E)

Procedures

Volunteers recruited from the university football team and males attending the

university were asked to participate in this research study. Informed consent (Appendix

D) was obtained from each participant prior to any activity associated with this study.

To examine cognitive differences between groups, all members from the Football

group and the Control group were tested on the SACTM within one week following the
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final game of the 2003 football season. The same certified athletic trainer (CEF)

administered the SACTM test to both groups and requested that each subject self-report his

concussion symptoms. This posttest was used to determine the existence of cognitive

differences between groups.

To examine cognitive differences between age and gender-matched groups over a

3-month span of time, 10 members from the Football group and 10 age and gender-

matched members from the Control group were compared using a modified SACTM test

score in a pretest/post test fashion. The SACTM was given annually to first year athletes as

part of the university's pre-participation screening for football players. The medical staff

at the university uses this baseline neurocognitive assessment to determine the severity of

concussions that occur during the season, and to assist in return to play decisions.

Baseline SACTM tests were administered to first year football players in August 2003

before official practices began. Additionally, medical information from the football

players' pre-participation physical examination form was used to determine pre-test

concussion symptoms. The Control group was asked to self-report concussion symptoms

at the time of the pre-test.

All 20 participants were post-tested on a second SACTM test, 12 weeks after the

pre-test (the length of the 2003 football season). Previous investigations have shown the

three forms of the SACTM test to be equivocal. 4'11The second SACTM test form was

employed to control for any potential learning effects. The second form ('Form B") of

the SACTM differs from the first test ("Form A") in the questions used in the

concentration and memory sections.



18

The total time involvement in this study was approximately 20 minutes per

subject. This included the time needed to explain the study and obtain informed consent,

and to administer the SACTM test twice over a period of 12 weeks using a pretest/posttest

design.

Experimental Design

To examine significant cognitive differences between groups, the SACTM test

scores were compared between the Football and Control groups. This is a non-

randomized, posttest only, between groups design with a control group.

A one-way multivariate analysis of variance (MANOVA) was employed to

determine significance for the various neurocognitive testing subscales of the SACTM

including immediate memory, delayed recall, concentration and modified SACTM score

(alpha 0.05).

To examine significant group differences and significant differences over time

between age and gender-matched Football and Control groups, a 2 x 2 (Group x Time)

betweenlwithin design with repeated measures on the second factor analysis of variance

(ANOVA) was employed (alpha = 0.05).

A Chi-square comparison and Phi coefficient were used to determine significance

of self-reported concussion symptoms between the Football and Control groups (alpha

0.05).

All statistical analyses were performed using the Statistical Package for the Social

Sciences, version 11.5 (SPSS, Inc., Chicago, IL).
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Results

SACM Results -- Football Players Versus Controls

Four of the five SACTM test outcome measures (Modified SACTM Total Score,

Immediate Memory, Concentration, Delayed Recall) were analyzed for between-group

differences using a MANOVA approach. Orientation was not used for measurement by

the study university for preseason testing of the football players. For this reason,

Orientation was not included in the analysis.

The results of our MANOVA analysis indicated a statistically significant

difference on the SACTM test subscale Concentration, with the Football group having a

higher mean score (3.85 ± .99) than the Control group (3.27 ± 1.15). There were no other

significant differences on the SACTM total score or the three remaining subscales,

Immediate Memory. Delayed Recall. Total Score (p > 0.05).

For the same post-test only design, a significant difference was noted in the

number of the self-reported concussion symptoms between groups (Phi = 0.33, p < 0.01).

The Football group reported a great number of headaches than the Control group.





21

For the SACTM subscale Concentration there were significant Group differences

(Football: 4.2 ± 0.9, Control: 3.5 ± 0.9) and Time differences (Pretest: 3.5 ± 1.1, Posttest:

4.2 ± 0.7) present (Figure 3).

Concentration

3j +footbaII
2 ._._cofltrJ

0 I 1

pre post

Ti me

Figure 3. Concentration subscale of the SACTM pre/post testing.

For the SACTM subscale Delayed Recall there were significant Group differences

(Football: 3.5 ± 1.1, Control: 4.3 ± 0.9) and a significant interaction (p < 0.05) present.

Delayed Recall?i': tH
pre post

Time

Figure 4. Delayed Recall subscale of the SACTM pre/post testing.
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For the Modified SACTM test scores there were significant Time differences

(Pretest: 21.8 ± 1.7, Posttest: 23.3 + 1.4) and a significant interaction (p < 0.05) present.

Modified SAC Scores

24

2 22 I

g 21 _____j
--footbaII
--controI

2O
19

pre post

Time

Figure 5. Modified SACTM scores subscale of the SACTM pre/post testing.

Discussion

As assessed by a modified SACTM test score, participation in intercollegiate

football had no detrimental effects on neurocognitive functioning. In fact, the Football

group scored higher than the Controls group on 1 of the 4 SACT1 outcome measures.

with no between-group differences present for the other three subscores analyzed. Our

results are supported by those from a recent study by Guskiewicz et al, 14 who found no

differences with neuropsychological testing of soccer athletes, non-soccer athletes, and a

control group.

In contrast, our fmdings differed from studies done by Matser et al, 5,21. who

identified cognitive deficits in both amateur and professional soccer players. In 1999,

Matser et al 38 studied 33 amateur soccer players and found significant differences with

neuropsychological testing for planning and memory when compared to a control group

of amateur swimming and track athletes. In 2001, Matser et al examined 84
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professional soccer players with neuropsychological tests, and reported an inverse

relationship between the number of headers in a season and the test results for focused

attention and visual/verbal memory. The soccer players who had performed more headers

had lower neuropsychological test scores.

Guskiewicz and Matser were looking at chronic traumatic brain injury (CTBI) in

soccer players. Lack of studies found in the literature on CTBI in football and other

collision sports limits our ability to compare our fmdings with other collision sport

studies. Case reports of professional football players suffering from CTBI are noted, 5.40

however, no published studies were found on amateur football players.

The higher SACTM Concentration subscale score observed in our Football group

was an unexpected fmding. A plausible reason why the football players exhibited greater

concentration than the control subjects could be due to pretest sensitization. As part of the

health screening for athletic participation at the NCAA Division III University involved

in our study, the football players were tested on the SACTM before their first year of

football. The majority of these baseline tests could not be used for this study due to the

length of time between testing. To make this a prospective rather than retrospective

study, only freshman or transfer students were tested at the beginning of the 2003 football

season. Baseline SACTM test data for sophomores and upper classman could not be used

since they were tested 2 to 4 years previous. Prior knowledge of what the SACTM test

entailed may have enabled the Football group to perform better on the Concentration

subscale.

The lack of significant differences between the groups on the three remaining

subscales of the SACTM test is worthy of further discussion. One possible explanation for
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this result is the age of our subject population. Following a theory supported by the brain

injury evidence in soccer, it is possible that the neurocognitive effects of head-to-head

collisions may not surface in amateur football players, but may be evident in

professionals who have sustained a greater number of head-to-head collisions and

possibly an increased number of concussions for more years. Unfortunately, our theory

can only be substantiated through a larger scale, prospective longitudinal study of

concussions in American football players.

An alternative explanation for the lack of differences between groups may lie in

the nature and sensitivity of the SACTM test itself. The SACTM test is designed as an acute

measurement of neurocognitive functions for concussed athletes and may lack the ability

to detect subtle neurocognitive changes in athletes who have not suffered a concussion.

Our observation of an increased number of headaches among the Football group

compared to the Control group was an anticipated result (p <0.01, Figure 1). Nine of the

34 football players self-reported having headaches, while only 1 of the 33 subjects in the

Control group self-reported headaches. Guskiewicz et al 26 found headaches to be the

most commonly reported concussion symptom. Eighty-two percent of the 184 concussed

football players in the NCAA Concussion Study complained of headaches. 26 long-

term effects of these headaches are not known.

Our fmdings with regard to an increased number of headaches among the Football

group are supported by a recent study by Piland et al, 36 who determined the validity of a

9-Item Head Injury Scale (HIS). This self-reported symptom scale had a high correlation

with neuropsychological, cognitive, and somatic deficits in concussed collegiate athletes.

Concussed athletes reported more concussion symptoms with postinjury evaluation than
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did the Control group. 36 All five symptoms on our self-reported symptom checklist were

found on the 9-item HIS.

We posed our second research question to examine the neurocognitive effects of

participation in a single college football season. The 10 subjects in the Football group

were all freshmen or transfer students, while the 10 subjects selected from the larger

Control group were age-matched to minimize the effects of maturation and history.

Our review of the literature yielded no studies with the similar design as our own.

However, we know that there is a high incidence rate of concussions occurring in

American football. 2,4. 13. 17 Additionally, we know that this number is often lower than

the true number due to lack of reporting or lack of detection. 1.2,4.5. 13. 27. 29-31 Given the

existing epidemiological data, we speculate that football players are suffering repeated,

unreported mild concussions without proper post-injury management. Multiple

concussions can lead to long-term deficits in cognitive functioning. 1.4-6.37 Thus, we

expected to see cognitive differences between groups over time that could be linked to

possible unreported or undetected concussions.

Overall, our results showed the Control group to score significantly higher over

the two testing times on the Immediate Memory condition. While there was a significant

Group x Time interaction our results also showed significant main effects for group on

the Delayed Recall and for Time on modified SACTM scores. Through linear graphing of

the data, significant main effects can be contributed to between group differences at the

pretest for both Delayed Recall and modified SACTM scores.

The Control group scored higher on the Immediate Memory subscale than the

Football group. These findings are partially supported by studies done by McCrae et al, '
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concussed and nonconcussed volunteers. We did not expect differences, however, due to

the nature of the immediate Memory portion of the SACTM test. Specifically, the test of

Immediate Memory is a 5-word list that is repeated three times to achieve a perfect score

of 15. The tester orally presents the list and the volunteer immediately repeats the list;

this process is repeated two more times using the same 5-word list. None of the Control

group subjects missed any points on this section. Lack of motivation on the part of the

football players needs to be considered as part of the reason for the lower scores on

Immediate Memory. As a player is tested, he understands that the results of the test will

be used to assist the sports medicine staff in determining his readiness to return to action

following a closed head injury. By giving less than his best effort, the football player

helps ensure a quicker return to play. If he purposely scores lower on his baseline testing,

his post concussion testing score similarly does not need to be as high. Unfortunately, the

football player's main goal is to be eligible for Saturday's game, not to protect his brain.

For the Delayed Recall subscale, our results showed significance between groups

and also a significant Group x Time interaction. The Football group had large increase

between pretest and posttest scores (2.8 ± 1.4 and 4.3 ± .95 respectively). We are cautious

to claim a true difference between the groups as the Group x Time interaction may have

confounded our results. Following the same reasoning used for the Immediate Memory

subscale between group differences, the significance for between groups may be the

result of the Football group exhibiting a lack of motivation for the pretest. Knowing they

must reach at least a baseline score in order to return to play following a concussion, the

players may have purposely scored poorly on the first testing of the SACTM in an effort to
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better the chance of a quick return. The Delayed Recall condition relates to the

Immediate Memory subscale. The subjects are asked to recall the five-word list given to

them for the Immediate Memory. As the Football group did better on the Immediate

Memory subscale for the posttest, the same increase should, and was, seen with the

Delayed Recall condition.

Our results also indicated significant group differences for the Concentration

subscore with the Football group having a higher overall mean score. We also observed

significant differences in Time, with all subjects scoring better on the posttest. With a 3-

month interval between SACTM pretest and posttest, the presence of a learning effect is

not a particularly plausible explanation for the observed improvements. Our results are

contrary to other results found in the literature with regard to a learning effect associated

with use of the SACTM. 4. 10. 11. 15 According to McCrae et al, 4. 10, 11 the SACTM test carries

no learning effects. A similar investigation by Valovich et al found no learning effects

and that all three forms of the SACTM test are equivalent. 15

For modified SACTM scores, our results showed the Football group to improve

significantly over time, and also included a significant Group x Time interaction. Again,

an examination of the linear graphing of the data shows the differences to lie between

groups at the pretesting.

As quantified by the modified SACTM test, no short-term neurocognitive deficits

could be attributed to participation in one season of NCAA Division III intercollegiate

football. However, the football players in our study reported significantly more

headaches than did the controls. The long-term sequelae of these headaches are currently

unknown.
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Future investigations should involve the prospective, longitudinal study of

possible neurocognitive effects of football participation at both the amateur and

professional levels. In addition to the SACTM test, the use of a more sensitive assessment

tool, e.g. the ImPACT software system, football players could be monitored for signs of

significant change in neurocognitive function using a similar baseline and retest paradigm

over the course of multiple seasons or throughout their careers.
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IRB APPLICATION

The Influence of Sport-Related Concussions on Cognitive Functioning as Determined by
the Standard Assessment of ConcussionTM (SAC) Test

Chelsey E. Franz, ATC-R and Rod A. Harter, PhD, ATC-R

1. Brief Description

Recent epidemiological studies indicate that 1 in 5 football players sustains a concussion
during each season. The concussed player who returns to practice or games before his
brain injury is completely healed is, at worst, at risk of death from second impact
syndrome, or at the very least, risking long-term diminished cognitive functioning, (e.g.,
concentration, short-term memory, delayed recall and orientation). In this study,
cognitive deficits and symptoms associated with sports-related closed head injuries
(concussions) will be measured objectively using the Standard Assessment of
ConcussionTM (SAC) test, Oral Word AssociationTM (OWA) test, pre-participation
physical examinations, and a concussion symptoms checklist. We anticipate that the
results of this study will provide further insights into the extent of cognitive functioning
loss associated with sport-related concussions.

2. Participant Population

We will recruit a cohort of 180 college students from Willamette University in Salem,
Oregon. These volunteers will be solicited from three intact groups at Willamette
University: (a) intercollegiate football players, (b) previously-concussed intercollegiate
athletes, and (c) students not participating in any intercollegiate or recreational sports
(control group). The first group will be comprised of 60 football players with no history
of a concussion, recruited from the approximately 120 players at the university. The
football players will be chosen based on an aged-matched control group volunteer until
60 participants are found. Football players were chosen as a study group because football
has the highest concussion incidence rate in all NCAA sponsored sports. Following IRB
approval of this research project, a recruiting announcement explaining the informed
consent will be made during a football team meeting in October or November 2003 to
solicit volunteers (See Appendix A). In the announcement, those volunteers with a
previous concussion (as assessed by a medical professional) will be directed into the
second group.

The second experimental group will be solicited from the pool of male athletes at
Willamette University who have sustained one or more concussions (as assessed by a
medical professional) within the past 12 months. Recruiting flyers will be posted on
bulletin boards throughout the various Willamette University athletic facilities in October
or November 2003. (See Appendix C). Data from all volunteers fitting the criteria for this
group will be used.
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Sixty male Willamette University students who are not currently participating in
intercollegiate athletics or recreational sports will comprise the third (control) group.
Recruiting announcements will be posted in October or November 2003 at numerous
campus and public locations where Willamette University students gather. (See Appendix
B).

The proposed subject pool for this study is not restricted to any ethnic group. Because
American football is a male dominated sport, the first and third study groups will be
restricted to males in effort to control for systematic variance attributed to gender
differences.

3. Methods and Procedures

Volunteers recruited from the pool of Willamette University football team, previously
concussed male Willamette athletes, and male non-athletes attending Willamette
University will be asked to participate in this research study. Informed consent
(Appendix C) will be obtained from each participant prior to any activity associated with
this study.

For the first part of the study, results of a preseason Standardized Assessment of
ConcussionTM (SAC) testing and Oral Word AssociationTM (OWA) testing will be used.
These tests are given annually as part of the Willamette University pre-participation
screening for football players. The medical staff at Willamette uses this baseline
neurocognitive assessment to determine the severity of concussions that occur during the
season, and to assist in return to play decisions. Baseline tests were administered to all
Willamette University football players in August 2003 before official practices began.

The Willamette University Sports Medicine staff, consisting of certified athletic trainers
and student athletic trainers, educated on the neuro-cognitive tests, instructed each
participant according to guidelines found in the protocol for the SAC and OWA tests.
Certified athletic trainers are allied health field professionals specializing in the
prevention, evaluation, treatment and rehabilitation of athletic injuries. The researchers
have no ties with the Willamette University Sports Medicine staff. The researchers, to
determine marks on a symptoms checklist, will additionally examine pre-participation
physical examinations of volunteers.

Beginning in October or November 2003, members of the concussed and the control
groups will be tested using the cognitive tests. The graduate student researcher, also a
certified athletic trainer educated on the tests, will instruct each participant according to
guidelines found in the protocol for the SAC and OWA tests while asking the volunteer to
self-report any of the concussion symptoms that he/she commonly experiences.

A series of 3 x 2 (Group x Time) univariate ANOVAs will be employed for the various
neuro-cognitive testing subscales and overall neuro-cognitive test score to determine the
significance of differences observed among the groups and testing intervals (alpha =
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0.05). In the event of a significant main effect for Group or significant Group x Time
interactions, the Scheffe' post-hoc test will be utilized.

For the second part of the study, the first group (non-concussed football players) will be
tested within one week following the fmal game of Willamette's 2003 football season.
Members of the third group (control) will be post tested at an interval identical to the
duration of the football season (approximately 12 weeks).

Both groups will be tested on a second but equal form of the SAC test. This will assist in
reduction of the learning effect. The second form of the SAC differs from the first in the
questions used in the concentration and memory sections. Additionally, each volunteer
will again take the OWA test and be asked to place a check next to any symptom that he
commonly experiences. This post-testing and checklist is to determine possible cognitive
differences that may exist between groups.

The total involvement (testing time) should be approximately 20 minutes per subject.
This includes the time to needed to explain the study, obtain informed consent, and to
administer the SAC and OWA twice with over a period of 12 weeks using a
pretest/posttest design to estimate the reliability of the SAC test using intraclass
correlation coefficients (ICCs).

The SAC and OWA tests given as part of this research study are currently used by the
sports medicine staff at Willamette University as the professional 'standard of care" for
concussions that occur in intercollegiate athletics.

4. Risks

There are no known risks associated with this study. There are known injury risks
associated with participation in tackle football at the collegiate level, but these risks will

be experienced regardless of the volunteer's decision to participate in this research study.

5. Benefits

The potential personal benefit that may occur as a result of participation in this study is
an increased knowledge of concussions sustained in collegiate sports. The researchers
anticipate that society may benefit from this study because the results could provide
additional knowledge for better understanding of all athletic-related concussions.

6. Compensation

There will be no compensation for participating in this study.

7. Informed Consent Process



37

Volunteers will have study explained to them in person by the graduate student
researcher. informed consent will be obtained from each volunteer who agrees to
participate prior to involvement in any activity associated with this study.

8. Confidentiality

Records of participation in this research project will be kept confidential to the extent
permitted by law. Code numbers will be used to identify participants and, to maintain
confidentiality, the information will be stored on a computer accessed only by the
researchers. In the event of any report or publication from this study, the volunteer's
identity will not be disclosed. Results of this study will be reported in a summarized
manner in such a way that the volunteer cannot be identified.
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Appendix B

Letter of Agreement Willamette University
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October 21, 2003

Chelsey Franz
7645 O'Neil Rd. NE
Keizer, OR 97303

Dear Ms Franz:

I am pleased to grant you permission to seek participation by Willamette University
students as subjects in your study, "The Influence of Sport-Related Concussions on
Cognitive Functioning as Determined by the Standard Assessment of Concussion Test."
You may solicit participation in your study as described in the document submitted to us
("Appendix D: 1KB Application") by posting flyers in locations approved for general
purpose postings, subject to the approval of the appropriate campus department.

Permission is granted based on the conditions that the study will be conducted as
described in your application document, Willamette University shall not be held
responsible in any way for the study or its results, and the University will not be
identified in any published fmdings.

This permission is granted in spite of my fear that, without providing incentives, you do
not have a reasonable chance of gaining participation by the number of Willamette
students required. Nevertheless, I wish you success. Please do not hesitate to contact me
if you have questions or if I can be of further help.

Best Regards,

David Douglass, Ph.d.
Associate Dean

Cc: Laura Leete, JRB Chair; Mark Majeski, Director of Athletics; Mark Speckman,
Head Football Coach
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Appendix C

Subject Recruitment Flyers





Attention Varsity Football Players

42

Volunteers are needed to assist in a research study by taking and EASY 5-minute verbal
test.

Benefits include evaluation that is more accurate in the event that you sustain a
concussion during the course of the football season.

Please see your athletic trainer (Shane Wibel) for more details and a consent form, or
contact Chelsey Franz ATC-R at McNary High School with any questions.

503-399-3233 ext. 279
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Appendix D

Informed Consent Document



OREGON
STATE

UNIVERSITY

214 Langton Hall
Corvallis, Oregon

97331

Telephone
541-737-2643

FAX
541-737-2788

44

Exercise and Sport Science
INFORMED CONSENT DOCUMENT

Project Title: The Influence of Sport-Related Concussions on Cognitive
Functioning as Determined by the Standard Assessment of ConcussionTM (SAC)
Test

Principal Investigator: Rod A. Harter, PhD, ATCIR
Graduate Student Researcher: Chelsey E. Franz, ATC/R

PURPOSE

The purpose of this study is to determine if any differences in memory and other
mental functions exist among male collegiate football players, male college
athletes who have had a concussion in the last 12 months, and male college
students who are not participating in organized sports. This study is being
conducted as part of a Master of Science degree research project at Oregon State
University.

This study involves taking two simple, 5-minute tests that are widely used by
medical personnel to determine whether a head injury ("concussion") has
occurred to an athlete. These tests, known as the Standardized Assessment of
ConcussionTM ("SAC test") and the Oral Word AssociationTM ("OWA test"), are
being used by thousands of sports medicine professionals around the USA to
help evaluate concussions.

The purpose of this consent form is to give you the information you will need to
help you decide whether to be in the study or not. Please read this form
carefully. You may ask any questions about the research, what you will be asked
to do, the possible risks and benefits, your rights as a volunteer, and anything
else about the research or this form that is not clear. When all of your questions
have been answered, you can decide if you want to be in this study or not. This
process is called "informed consent". You will be given a copy of this form for
your records.

We are inviting you to participate in this research study because you are either:
(a) a member of the intercollegiate football at Willamette University; (b) a male
intercollegiate athlete at Willamette University who suffered a concussion within
the previous 12 months, or (c) a male student at Willamette University who does
not participate in intercollegiate or recreational sports.

PROCEDURES

If you agree to participate, your total time commitment and involvement with
this study will be about 20 minutes, i.e., two 10-minute sessions, over an
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approximate three-month period. The exact testing interval will be determined by the
length of the 2003 Willamefte University intercollegiate football season, including any
time required for participation in the NCAA Division II playoffs.
Each subject will be given the SAC and OWA tests twice during this study. The test will
be administered by a certified athletic trainer (ATC). Certified athletic trainers are allied
health field professionals who specialize in the prevention, evaluation, treatment and
rehabilitation of athletic injuries.
If you are a Willamette University football player with no history of a concussion and
volunteer for this study, you already took a 'baseline" SAC and OWA test in August
2003 before football practices began. Your signed Informed Consent document grants us
permission to have access to these test results. Additionally, your consent also grants us
permission to examine your medical information to look for a history of headaches,
dizziness, nausea, and/or sleep disturbances. This information is contained in your
preparticipation physical examination. At the end of 2003 football season, we will
administer another SAC and OWA test and ask you to complete a short questionnaire
about concussion symptoms.
if you are a male member of a Willamette University intercollegiate sports team and have
had one or more concussions within the last 12 months, you qualify for participation in
this study. If you sign this informed consent form, you grant us permission to administer
the SAC and OWA tests to you. In addition, we will ask you to complete a short
questionnaire about concussion symptoms. If you are a football player and are assigned to
this group, we will collect medical information from your preparticipation physical
examination form. That is al that is required of this group.
If you are a male Willamette University student who does not participate in
intercollegiate or recreational sports, you qualify for participation in this study. If you
sign this informed consent form, you grant us permission to administer the SAC and
OWA tests to you on two occasions over a 3-month period, hi addition, we will ask you
to complete a short questionnaire about concussion symptoms.
The total time devoted to participation in this study will be about 20 minutes per subject.

RISKS

There are no known risks associated with this study. There are known injury risks
associated with participation in tackle football at the collegiate level, but these risks will

be experienced regardless of your decision to participate in this research study.

BENEFITS

There are no direct benefits from your participation in this study. Potential personal
benefits that may occur because of your participation in this study (how this study can
help you) are improved, more accurate knowledge of sport-related concussions. The
researchers anticipate that society may benefit from this study (how this study helps
others) because the tests could improve treatment for all sport-related concussions.

CONFIDENTIALITY
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Records of participation in this research project will be kept confidential to the extent
permitted by law. However, federal government regulatory agencies and the Oregon
State University Institutional Review Board (a committee that reviews and approves
research studies involving human subjects) may inspect and copy records pertaining to
this research. It is possible that these records could contain information that personally
identifies you. A coded number system will be used to identify participants and the
information will be stored on a computer accessed, to maintain confidentiality, only by
the researchers. In the event of any report or publication from this study, your identity
will not be disclosed. Results will be reported in a summarized manner in such a way that
you cannot be identified (we won't use your name in the report).

VOLUNTARY PARTICIPATION

Taking part in this research study is voluntary. You may choose not to take part at all. If
you agree to participate in this study, you may stop participating at any time. If you
decide not to take part, or if you stop participating at any time, your decision will have no
effect on your status in school or, if you play a sport, on your sports team. If you are a
football player and withdraw from the study, your preseason SAC and OWA test scores
and symptom history will be included in the study results unless you state that you do not
wish them to be.

QUESTIONS

Questions are encouraged. If you have any questions about this research project, please
contact: Dr. Rod Harter at Oregon State University by telephone at 541-737-6801 or via
e-mail at rod.harter(2ioregonstate.edu or Chelsey Franz by telephone at 503-463-6857 or
by email at franzkiscjuno.com If you have questions about your rights as a participant,
please contact the Oregon State University Institutional Review Board (IRE) Human
Protections Administrator, at (541) 737-3437 or by e-mail at IRBoregonstate.edu.

Your signature indicates that this research study has been explained to you, that your
questions have been answered, and that you agree to take part in this study. You will

receive a copy of this form.
Participant!s Name (printed):

(Signature of Participant) (Date)

. There is a chance you may be contacted in the future to participate in an
additional study related to this project. If you would prefer not to be contacted, please let
the researchers know at any time.

RESEARCHER STATEMENT
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I have discussed the above points with the participant or, where appropriate, with the
participant's legally authorized representative, using a translator when necessary. It is my
opinion that the participant understands the risks, benefits, and procedures involved with
participation in this research study.

(Signature of Researcher) (Date)
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Appendix E

Symptom Checklist
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Please place a check next to any symptom that you have had within the last 5 days.

u Headache

Dizziness

u Nausea

i Sleep disturbances

How many concussions (confirmed by a doctor or athletic trainer) have you had within

the last 12 months?

How many concussions (confirmed by a doctor or athletic trainer) have you had in your

l/è?



50

Appendix F

Review of Literature
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Review of Literature

Closed head injuries (concussions) sustained in an athletic realm are not as

transient as once thought. 1-8 Taylor defmed this brain injury as a "clinical syndrome

characterized by immediate and transient impairment of neurological function secondary

to mechanical forces". However, sensitive neuropsychological testing shows long-term

brain damage among athletes who have suffered repeated "mild" concussions.3'5' 1118

Forces transmitted to the brain are now known to cause both transient and permanent

neurocognitive damage.'3' 5-8. 16' 29 While symptoms from a single concussion may be

transient, repeated concussions, especially if sustained before the brain is fully healed,

have been shown to cause extended and permanent deficits with immediate memory,

concentration, delayed recall, 1.3-8, 14 19 death. 1-6. 16, 17.20

Multiple concussions, if occurring before the brain has had time to heal, can lead

to long term or permanent cognitive deficits. 1.4-6. 17. 18 Once an athlete suffers a

concussion, his/her risk for suffering another concussion is increased by as much as 4 to 6

times, and neurocognitive impairment may be more severe than damage resulting from

the original trauma. 1.4-6. 10. 17 Additionally, a recent NCAA Concussion study 26 reported

that 184 of the 2905 football players participating suffered a concussion and of those,

more than 6% suffered repeat concussions within the same season. 26

A variety of medical conditions may be present with single or multiple

concussions. The most severe, Second Impact Syndrome (SIS), is a controversial

diagnosis that occurs when the second blow is fatal. 1-6. 16. 18 Additionally, some athletes

suffer symptoms for months following a single or repeated force, a condition termed Post
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Concussion Syndrome (PCS). 7.8 Finally, chronic traumatic brain injury (CTBI) has been

linkedo repeated concussions. 5.21 Because of the risks known to occur, concussions,

specifically those impacting the brain before full healing has taken place, need to be

avoided. 1.3. 4-8. 11 19 Currently, the best treatment is education and prevention. Long-term

damage is less likely with proper education and assessment.

There are currently 25 different concussion management guidelines to assist, and

unfortunately sometimes confound, medical professionals in dealing with the short and

long-term effects of concussions. 16. 11-13 The American Academy of Neurology (AAN),

Cantu, and Colorado Medical Society (CMS) guidelines are the three most commonly

accepted protocols 1-6. 11-13 and will be examined further in this review of the literature.

Additionally, as concussions are being better understood, a new group of

neuropsychological tests are being marketed as an objective way to assess and treat

sports-related concussions. 3,5. 11-15.20 Two of these tests, the Standard Assessment of

Concussion (SACTM) and the hnmediate Post-Concussion Assessment and Cognitive

Testing (ImPACT) are sensitive to detecting mild changes in cognitive functions and can

track recovery following an impact to the head. 4-6, 11, 13, 15.23,24

Concussions, even those categorized as "mild" brain injuries, can cause

neurocognitive impairment.3'5' 1416, 19 Repeated concussions increase cognitive deficits

and the length in which these deficits last." 3-8. 11-16,25,26 In addition, the first traumatic

brain injury increases an athlete's risk of a second and third concussions by 4 to 6 times.6

If a sports-related concussion is not reported, proper post injury management is not

initiated and athletes are at risk for increased long-term or permanent cognitive damage.
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Epidemio1oty

An estimated 300,000 sports-related concussions occur annually in the United

States, 1,5,6,20.27 with 250,000 in football alone.5'6'28 Powell and Barber-Foss 29 examined

10 different sports ranging from volleyball to football over a 3-year period. All sports

registered at least one mild traumatic brain injury (MTBI) and football compiled 773

(63.4% of all MTBIs). From their epidemiological data, Powell and Barber-Foss

estimated that pproximately 63,000 mild traumatic brain injuries (MTBIs) occur annually

in high school varsity athletics.29

Genuardi and King 2 estimated 1 in 5 high school football players suffers a

concussion each season.2'4' 13, 17 Of these concussions, approximately 75 to 90% are

considered "mild" injuries.4' 13 Due to a lack of detection and reporting, frequency of

concussions in American football is significantly underestimated.1'2'4'5' 13,27,2931

Fortunately, efforts have been made to decrease the number and severity of

sports-related head injuries. 2,30 The National Collegiate Athletic Association was formed

in 1906 to oversee collegiate football and reduce the 18 deaths and 159 injuries that had

occurred among the only 20,000 players the previous year.'° Later, in 1976, football

passed a rule making it illegal to use the head as a battering ram and instead provided

instruction to hit and tackle using one's shoulder. 2,30 The results were dramatic. Cantu &

Mueller 30 examined catastrophic injuries (head and spine) in football from 1977 to 1998.

A peak of 36 deaths in high school and collegiate athletes due to football related injuries

occurred in 1968, but none occurred in 1990. 30 Similarly, Koester 6 reported 162 deaths

during participation in American football from 1965 to 1974 with that number reduced to

32 deaths during a similar length of time from 1985 to 1994. 6
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While the severity of the injuries is decreasing due to stricter enforcement of

rules, there still remain a high number of concussions reported annually. The short and

long-term effects of this type of injury are still being understood.

Mechanism of Injury and Si°n s/Symptoms

A cerebral concussion, also know as a mild or traumatic brain injury 29, occurs

flom direct, impulsive, shear or rotational forces that cause rapid head deceleration and

collision of the brain with the skull wall. 1-3.5.6. 17 This impact leaves the brain at an

increased risk for bleeding and swelling. Therefore, a second impact taken before full

healing occurs can be detrimental. 1,2.6 Although loss of consciousness (LOC) andlor

amnesia are often used as benchmarks to assess concussions, any deficit of neural

function due to head trauma is sufficient evidence to confirm diagnosis. 3.6 Typically, the

more mild concussions are the most difficult to confirm; 4however, any concussion can

potentially result in permanent brain damage.

Because the deceleration forces usually impact the temporal and frontal areas of

the brain, memory, attentionlconcentration, processing speed, language and executive

functions and motor control are most commonly affected by concussions. 20

Concussion pathophysiology can be divided into four categories. 32 The first and

least severe is cortical function disturbance. This brain dysfunction mainly affects

memory. The second category of concussion pathophysiology has a short LOC due to a

disruption between the cerebral hemispheres and the brain stem. Axonal disruption in the

cortex resulting in a longer period of LOC (>24 hours) constitutes the third category.

Finally, increasing axonal disruption extending into the brain stem fulfills the fourth
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category which carries a 50% fatality rate. When categorizing concussion

pathophysiology, greater forces lead to a higher category. 32

Signs and symptoms of a MTBI may include any of the following: headache,

confusion, dizziness, nausealvomiting, vision problems, tinnitus, poor motor function,

amnesia, and loss of consciousness. 1,3.5.9. 17. 19 Additional symptoms such as personality

change, unusual/inappropriate emotions or slurred speech may also be present. 5,7,9, 19

Symptoms are acute and, in over 75% of the cases, transient. 1.4, 13

One interesting view was presented relating concussions to genetics. A study by

Jordan et al. found retired boxers (presumably having suffered multiple concussions in

their careers) with more of the apoliopoprotien E epsilon-4 gene (APOE) also had

increased neurological impairment. These results suggest a genetic predisposition to

concussions.

Concussion mana2ement !uidelines

As stated previously, there are numerous concussion management guidelines

developed to assist the medical professional in assessing degree of injury and deciding

return to play. Though the grading of concussions has become more conservative, the

return-to-play guidelines have remained stable over time. 2



Table 3 Concussion grades and guidelines.

CONCUSSION GRADE DEFINITIONS25

Grade 1 Grade 2 Grade 3
CMS No LOC, No Post- No LOC, Post-traumatic Any duration LOC

traumatic amnesia; amnesia; Confusion
Confusion

Cantu No LOC, Post-traumatic LOC < 5 mm.; Post- LOC > 5 mm.; Post-
amnesia for fewer than traumatic amnesia> 30 traumatic amnesia > 24
30 mm. mi hrs.

No LOC; Concussion No LOC; Concussion Any duration LOC
symptoms for < 15 mm. symptoms for> 15 mm.

FIRST TIME CONCUSSION MANAGEMENT25

Gradel Grade2 Grade 3

CMS Athlete may return if Athlete may return if Athlete may return if
asymptomatic for 20 asymptomatic for I asymptomatic for 1
mm. week month

Cantu Athlete may return if Athlete may return if Athlete may not return
asymptomatic for I wk. asymptomatic for 1 to play for 1 month; then
(possible same day week may return if
return if totally asymptomatic for I
asymptomatic) week

AAN Athlete may return if Athlete may return if Brief LOC (seconds),
asymptomatic for 15 asymptomatic for 1 may return at 1 week
miii. week asymptomatic: LOC

(minutes) may return at
2 weeks asymptomatic
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MULTIPLE CONCUSSION MANAGEMENT25

Grade 1 Grade 2 Grade 3

CMS
2uid Concussion Athlete may return if Athlete may return if Terminate season

asymptomatic for 1 asymptomatic for I
week month

3rd Concussion Terminate season Terminate season

Cantu
2 Concussion Athlete may return in 2 Athlete may not return Terminate season

weeks if asymptomatic for I month, and then
for athlete may return if
1 week asymptomatic for I

week

3rc Concussion Terminate season Terminate season

AAN
2nd Concussion Athlete may return if Athlete may return if Athlete may return if

asymptomatic for 1 asymptomatic for 2 asymptomatic for 1 or
week weeks more months

3rd Concussion No recommendation

Genuardi and King2 examined the treatment and return to play guidelines given

to 33 patients with a sports related concussion. Records were inspected to determine the

grade of each concussion and then discharge recommendations were compared to the

appropriate guidelines. Because the records came from a children's hospital, the authors

chose to use the CMS guidelines that are endorsed by the American Academy of

Pediatrics. Of the 33 concussed patients, only 10 were given proper discharge

instructions. 2
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In addition, most guidelines use amnesia and LOC as indicators of injury

severity.2' 13, 22,38 McCrea et al. used the SACTM to test 91 concussed high school and

college football players. Those who suffered a concussion without LOC or amnesia (85%

of the participants) still exhibited marked deficits in memory, concentration and

orientation. 13

Similarly, a second study done by Erianger et al examined LOC and previous

concussion history related to symptoms. Neither factor was associated with duration of

symptoms. Instead, memory problems and cognitive impairment proved more indicative

of concussion severity.35

MeCrea et al (2003) 25 examined the timeline for an athlete to return to baseline

measurements following a concussion. 25 The authors studied football players from 15

NCAA Division I, II, and III colleges. Groups were comprised of 56 controls and 79

concussed athletes who fmished a 90-day post concussion follow-up protocol. Testing

consisted of a Graded Symptom Checklist (GSC), the Standardized Assessment of

Concussion (SACTM), the Balance Error Scoring System (BESS), and a

neuropsychological test battery. Self-reported symptoms cleared within 7 days, balance

problems resolved between 3 to 5 days, and cognitive functioning returned to baseline in

5 to 7 days. The authors stressed that recovery pattern differed between players and not

all players had returned to baseline by day 7 25 The majority of the concussed athletes in

this study suffered Grade I or Grade II concussions.25 Because grading scales and return-

to-play guidelines allow an athlete with a Grade I concussion to return to play 15 or 20

minutes following the collision (if asymptomatic), the sports medicine professional needs

to recognize that the majority of concussions may take up to 7 days for complete
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recovery. An earlier entrance back to activity puts the athlete at risk. Because of this,

injured athletes exhibiting "only" a Grade I injury due to no LOC or anmesia may be

returning to play too quickly. In truth, the guidelines need to be re-assessed based on

neuropsychological testing.

A second fault in these return-to-play guidelines is that they focus too heavily on

self-reported symptoms.36 This area of concentration strongly correlates to the motivation

and honesty of the athlete. 36 Unfortunately, ignorant of the consequences, the athletes

will often mask or hide the symptoms in an effort to return to activity sooner, thus

placing them at a greater risk.

Thirdly, the use of a headache as a concrete symptom of a concussion has recently

been called into question. 10 Guskiewicz et a! 26 reported that headaches are the most

commonly reported symptom at the time of injury: up to 82% of the 184 players

monitored in the 2003 NCAA concussion study complained of a headache immediately

following the impact. 26 However, with as many as 50% of athletes describing headache-

like symptoms with any activity, how does one judge, without the use of a sensitive

neuropsychological test, how significant the headache is? 10

Effects of concussions

Repeated concussions

Multiple concussions may lead to long term or permanent cognitive deficits. 1,4-6

Once an athlete suffers a concussion, his/her risk for suffering another concussion could

be increased by as much as 4 to 6 times, and may be more severe than the first. 6,37

Guskiewicz et al (2003) 26 preseason tested football athletes from 25 US colleges.

The authors followed all concussed players to monitor symptom resolution and repeated



60

concussions for up to three years. 26 Within that time frame, those players with a history

of three or more previous concussions were three times more likely to receive another

concussion. Of those concussed, 6.6% suffered a repeat concussion within the same

season. Within that percentage, 91% occurred within 10 days of the previous concussion

and 75% within seven days of the previous concussion. Additionally, a slower recovery

rate was associated with multiple concussions. 26

Collins et al examined 173 high school athletes with one or more sports-related

concussions. The athletes were divided into groups based on number of previous

concussions. Comparisons were made between the groups using on-field presentation of

symptoms following a concussion. Those athletes with three or more previous

concussions were significantly more prone to suffering loss of consciousness,

anterograde anmesia, and confusion. These fmdings suggest a strong correlation to the

severity of symptoms and multiple concussions.

Chronic traumatic brain injury (CTBI), also termed 'punch drunk" syndrome or

dementia pugilistica, has been used to describe boxers who suffer from permanent motor

and cognitive deficits. This syndrome is seen in 17% of retired boxers and is believed to

be due to the repeated concussive and sub-concussive blows taken to the head.

The impact of heading a soccer ball repeatedly during the course of a season and a

possible relationship with CTBI has been called into question. 7.21,38,39 Differing views

remain in the literature regarding this. Guskiewicz et al 14 examined Scholastic Aptitude

Test results, a concussion questionnaire and neuropsychological testing of soccer athletes,

nonsoccer athletes and a control group to examine the cumulative effects on the brain
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from years of soccer participation. No differences were found between the three groups

suggesting that CTBI may not occur in soccer athletes at the collegiate level.'4

However, forces distributed to the brain while playing soccer have been linked

with CTBI in professional 5,21 and amateur 38 Dutch soccer players. hi the professional

players, Matser et al found 45% of the 53 Dutch athletes monitored had some degree of

brain damage. Impairments in memory and visual perception were linked to soccer

related concussions.21

In 1999, Matser et al 38 again examined soccer, this time focusing on amateur

athletes. Using a study group of 33 amateur soccer players and a control group of 27

swimming and track amateur athletes the authors used interviews and neuropsychological

testing to look for significant differences between the two groups. The soccer players

performed significantly worse on the planning and memory tests. Additionally, when

regrouping the soccer players by number of concussion, results showed an inverse

relationship regarding number of concussions and performance on the

neuropsychological tests. Those soccer athletes with an increased number of concussions

scored significantly worse on the tests.38

Again in 2001, Master et al focused on the relationship of the number of

headers in one professional soccer season, number of concussions and cognitive function.

Using a dose-response relationship, 84 active professional from premier league soccer

clubs were tested on focused attention and visual/verbal memory. An inverse relationship

was found regarding number of headers in a season and test results: more headers were

linked with lower test scores. Also, those athletes with soccer-related concussions scored
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lower on the cognitive tests. This study suggests that headers and concussions separately

contribute to lower cognitive function among soccer athletes.

There are no set guidelines for when CTBI symptoms occur. Though football,

boxing and soccer are very different sports, one could surmise that the repetitive player-

to-player collisions seen in football could result in the same chronic traumatic brain

injury seen in boxers and Dutch soccer players. Kelly and Rosenberg 40 discussed a case

report of a linebacker whom, after 13 years as a professional and a minimum of 15

concussions had memory and concentration difficulties (both prominent symptoms of

CTBI) that lasted several years beyond his playing career. 40 Despite this report, the rate

of CBTI in football and other high impact and collision sports remains unknown, but

likely to occur.

Similar to CTBI, post concussion syndrome (PCS) 1,7 is characterized by long-

lasting symptoms. Headaches, dizziness, fatigue and irritability (among others symptoms)

can last anywhere from weeks to years after the concussion occurred. "7 PCS can be

brought on by one or multiple concussions. This syndrome has sent prominent football

players (Steve Young, Troy Aikman) into retirement. 1 Rates have been reported as high

as 50% to 80% for head trauma victims that still complain of symptoms at three months

post injury. While this number is believed to be affect by psychological factors, 7.8 the

risk of developing PCS cannot be overlooked.

Second Impact Syndrome (SIS)

Second Impact Syndrome is a controversial injury caused when a second force to

the head follows the primary impact before the brain has time to heal. 1,2,5,6, 10, 17 The

result is thought to be cerebral vascular congestion. This congestion results in cerebral
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swelling, brainstem herniation and rapid death. 2,5,6. 17 The syndrome is more common in

children 10, 17 young adults, and seen mostly in males rather than females.1°

In California in 1999, a 15-year old high school linebacker died three days after

colliding with an opposing player. This collision came one month after the player had

sustained a previous football-related concussion.16 However, it is difficult to decipher

whether the first or second impact caused the greater damage; SIS remains a questionable

injury.'0' 16.41

A study done by McCrory & Berkovic analyzed 17 case reports of SIS. 10.41 Due

to insufficient evidence, they felt none were defmite cases of SIS, five were probable and

12 did not fit the SIS criteria. 10.41

if this entity exists, the risk is very low: 1 SIS per 138,889 concussions. However,

SIS brings to light the fears related to returning an "asymptomatic" athlete to play.1°

Because research is this area is indecisive, the detrimental effects of a first impact need to

be considered. One helmet-to-helmet collision has been severe enough to cause death as

recently as the late 1990's. 42

Neuropsychological Testin!

Neuropsychological tests have been developed as tools to measures and assess

areas most commonly affected by concussions: attention and concentration, orientation,

memory. These tools are sensitive to mild cognitive changes in the frontal and temporal

regions of the brain. 3.5. 11-15,20 Some complaints of these tests relate to lack of baseline

testing, lack of proper timing, practice effects, lack of controls, 20 and gender

differences.43 Two tests chosen for this literature review, the Standardized Assessment of
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Concussion (SACTM) and the Immediate Post-Concussion Assessment and Cognitive

Testing (ImPACT) refute all the complaints except the gender issue.

Standardized Assessment of Concussion (SACIM)

The SACTM testing battery is an objective, immediate measure of cognitive

function used to assess possible sports-related concussions. Developed in accordance

with the AAN recommendations, testing takes only five minutes to administer and is a

useful sideline tool. 4.10, 11. 19.25 The SACTM measures orientation, immediate memory,

concentration and delayed recall and is sensitive to mild cognitive changes. The test is

stable over fatigue, emotions, distractions and other conditions. Additionally, three

different forms of the tests are equivalent and carry no learning effects. Thus, the test can

be given immediately after impact and within the days following injury. Baseline

measures taken preseason also assist in determining return to play guidelines. '

The SACTM testing consists of four areas. The first, orientation, includes questions

of day, month, year, time and date for five possible points. The second, immediate

memory consists of a five-word list that the concussed is asked to repeat. A score of 15 is

possible in this category. Third, concentration, tests ability to repeat a string of digits

backwards and also months of the year in reverse order. Total score possible is five.

Delayed recall, the fourth subscale, tests the concussed's ability to recall the five words

used in the immediate memory list. Again, five total points are possible. Additionally, the

SACTM has neurological screening and exertional maneuvers to be assessed when deemed

appropriate by the tester.4 The injured participant has the ability to achieve an overall

score of 30 points. '
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Three studies done by McCrae et al showed a combined 130 concussed players to

score significantly lower than the combined 3094 non-concussed controls implying that

the SACTM is sensitive to mild changes in cognitive function. All participants were high

school and college football players measured over one sports season. 4. 11. 13

Additionally, a study done by Valovich et al. found no significant differences

between the three different forms of the SACTM tests. 15 This implies the SACTM has no

learning effects associated with it. The SACTM can also be used with baseline

measurements or using norm data. 4. 10. 11

Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT)

Professionals at the University of Pittsburgh Medical Center working in the

Sports Medicine Concussion Program designed the IniIPACT test battery as an objective

tool useful in the assessment and recovery of sports-related concussions. 22

ImPACT is computer administered and consists of six test modules that measure

attention, memory, reaction time and processing time. 22.23 The first module consists of

word discrimination and tests attentional processes and verbal recognition memory. In

this module, the participant is shown 12 different words. This list is shown two times.

The participant is then asked to pick the 12 words out of a list of 24. These 12 words are

also used in a later module for assessing delayed recall. The second module, design

memory, is very similar to the first. However, designs rather than words are used. The

third module assesses visual working memory and visual processing speed. Four trials are

completed in which the participant to click the right or left mouse button depending on an

or and "0". Additionally, the participant is also asked to locate where on the screen

an "X" or an "0" appeared. The fourth module, symbol matching, measures processing
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speed, learning and memory. For this exercise, the participant is asked to quickly match

numbers with common symbols, and later, remember the pairs. Fifth, the color-matching

module, evaluates reaction time. hi this module, the participant clicks on the spelled out

color only if it is in ink of the same color. The fmal module represents working memory

and visual-motor response speed. Three numbers are shown and then the participant is

asked to click the numbers in backwards order onto a grid.

In addition to the modules, symptoms are checked off, background and

demographic information is taken, and an injury description is logged. The computer

keeps track of all information, in the case of a concussion, the demographic material is

automatically pulled up using the participant's social security number and birth date.

Both the SACTM and ImPACT offer population-based normative data (based on a

large number of controls) to assist in return to play decisions. However, data analysis is

most accurate when used in conjunction with an athlete's preseason baseline scores. 10. 22-

24. Both testing tools are ideal for use in a preseason-testing environment. 10,22-24.44

Regarding gender differences, a study by Leclerc et a! on athletes at McGill

University found females to score significantly worse on a reverse digit test than their

male counterparts. u The testing tool used was an abbreviated concussion evaluation

(ACE) or a condensed version of a neuropsychological evaluation (similar to a standard

SACTM test). Again, this result suggest that comparison to ones baseline testing at best, or

gender specific normative data at the least, is idealfor a return -to-play decision.
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One-way MANOVA

Between-Subjects Factors

Value Label N
group I football

34
players

2 control 33

Descriptive Statistics

group Mean Std. Deviation N
SAC immediate memory football players 14.94 .239 34

control 14.97 .174 33
Total 14.96 .208 67

SAC delayed recall football players 4.03 1.000 34
control 4.27 .839 33
Total 4.15 .925 67

SAC concentration football players 3.85 .989 34
control 3.27 1.153 33
Total 3.57 1.104 67

SAC total score football players 22.82 1.547 34
control 22.52 1.460 33
Total 22.67 1.501 67
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Multivariate Testd

Effect Value F Hypothesis df Error df Sig.
Noncent.

Parameter
Observed

Powera
Intercept Pillais Trace 1.000 107413.9" 4.000 62.000 .000 429655.634 1.000

Wilks' Lambda .000 107413gb 4.000 62.000 .000 429655.634 1.000
Hotellings Trace 6929.930 107413gb 4.000 62.000 .000 429655.634 1.000
Roys Largest Root 6929.930 107413.9" 4.000 62.000 .000 429655.634 1.000

GROUP Pillais Trace .116 2027b 4.000 62.000 .102 8.107 .574
Wilks Lambda .884 2027b 4.000 62.000 .102 8.107 .574
Hotellings Trace .131 2027b 4.000 62.000 .102 8.107 .574
Roys Largest Root .131 2027" 4.000 62.000 .102 8.107 .574

a. Computed using alpha = .05
b. Exact statistic

c. Design: lntercept+GROUP

Levenes Test of Equality of Error Variances

F dfl df2 Sig.
SAC immediate memory 1.266 1 65 .265
SAC delayed recall 1.036 1 65 .313
SAC concentration 2.634 1 65 .109
SAC total score .086 1 65 .770
Tests the null hypothesis that the error variance of the dependent variable is
equal across groups.

a. Design: lntercept+GROUP
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Tests of Between-Subjects Effects

Type Ill Sum Noncent. Observed
Source Dependent Variable of Squares df Mean Square F Sig. Parameter Powera
Corrected Model SAC immediate memory 014b

1 .014 .310 .579 .310 .085
SAC delayed recall .991C 1 .991 1.161 .285 1.161 .186

SAC concentration 5638d
1 5.638 4.898 .030 4.898 .587

SAC total score 1593e
1 1.593 .703 .405 .703 .131

Intercept SAC immediate memory 14982.223 1 14982.223 341454.2 .000 341454.216 1.000
SAC delayed recall 1154.245 1 1154.245 1351.428 .000 1351.428 1.000
SAC concentration 850.294 1 850.294 738.792 .000 738.792 1.000
SACtotal score 34423.563 1 34423.563 15202.316 .000 15202.316 1.000

GROUP SAC immediate memory .014 1 .014 .310 .579 .310 .085
SAC delayed recall .991 1 .991 1.161 .285 1.161 .186
SAC concentration 5.638 1 5.638 4.898 .030 4.898 .587
SAC total score 1.593 1 1.593 .703 .405 .703 .131

Error SAC immediate memory 2.852 65 .044

SAC de'ayed recall 55.516 65 .854

SAC concentration 74.810 65 1.151

SAC total score 147.184 65 2.264
Total SAC immediate memory 14988.000 67

SAC delayed recall 1210.000 67
SAC concentration 933.000 67

SAC total score 34587.000 67
Corrected Total SAC immediate memory 2.866 66

SAC delayed recall 56.507 66
SAC concentration 80.448 66

SAC total score 148.776 66

a. Computed using alpha = .05

b. R Squared = .005 (Adjusted R Squared = -.011)
C. R Squared = .018 (Adjusted R Squared = .002)

d. R Squared = .070 (Adjusted R Squared = .056)

e. R Squared = .011 (Adjusted R Squared = -.005)
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Two-way mixed design ANOVA

Within-Subjects Factors

Measure: MEASURE 1
Dependent

TIME Variable
1 PIMMEM
2 QIMMEM

Between-Subjects Factors

Value Label N
group 1

2
football
control

10
10

Descriptive Statistics

group Mean Std. Deviation N
Pre-SAC football 14.20 1.317 10
immediate memory control 15.00 .000 10

Total 14.60 .995 20
Post-SAC football 14.90 .316 10
immediate memory control 15.00 .000 10

Total 14.95 .224 20



Multivariate Test

Effect Value F Hypothesis df Error df Sig.
Noncent.

Parameter
Observed

Powera

TIME Pillais Trace .119 2436b 1.000 18.000 .136 2.436 .315
Wilks Lambda .881 2436b 1.000 18.000 .136 2.436 .315
Hotellings Trace .135 2436b 1.000 18.000 .136 2.436 .315
Roy'sLargestRoot .135 2436b 1.000 18.000 .136 2.436 .315

TIME*GROUP PillaisTrace .119 2436b 1.000 18.000 .136 2.436 .315
Wilks Lambda .881 2436b 1.000 18.000 .136 2.436 .315
Hotelling's Trace .135 2.436" 1.000 18.000 .136 2.436 .315
Roy's Largest Root .135 2436b 1.000 18.000 .136 2.436 .315

a. Computed using alpha = .05
b. Exact statistic

Design: lntercept+GROUP
Within Subjects Design: TIME
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Mauchlys Test of Sphericit

Measure: MEASURE_i

EPSlOfla

GreenhousApprox.
Within Subjects Effect Mauchlys W Chi-Square df Sig. e-Geisser Huynh-Feldt Lower-bound
TIME 1.000 .000 0 . 1.000 1.000 1.000

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the
Tests of Within-Subjects Effects table.

b.

Design: lntercept+GROUP
Within Subjects Design: TIME
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Tests of Within-Subjects Effects

Measure: MEASURE 1
Type III Sum Noncent. Observed

Source of Squares df Mean Square F Sig. Parameter Powera
TIME SphericityAssumed 1.225 1 1.225 2.436 .136 2.436 .315

Greenhouse-Geisser 1.225 1.000 1.225 2.436 .136 2.436 .315
Huynh-Feldt 1.225 1.000 1.225 2.436 .136 2.436 .315
Lower-bound 1.225 1.000 1.225 2.436 .136 2.436 .315

TIME*GROUP SphericityAssumed 1.225 1 1.225 2.436 .136 2.436 .315
Greenhouse-Geisser 1.225 1.000 1.225 2.436 .136 2.436 .315
Huynh-Feldt 1.225 1.000 1.225 2.436 .136 2.436 .315
Lower-bound 1.225 1.000 1.225 2.436 .136 2.436 .315

Error(TIME) Sphericity Assumed 9.050 18 .503
Greenhouse-Geisser 9.050 18.000 .503
Huynh-Feldt 9.050 18.000 .503
Lower-bound 9.050 18.000 .503

a. Computed using alpha = .05

Tests of Within-Subjects Contrasts

Measure: MEASURE 1

Source TIME
Type III Sum
of Squares df Mean Square F Sig.

Noncent.
Parameter

Observed
Powera

TIME Linear 1.225 1 1.225 2.436 .136 2.436 .315
TIME * GROUP Linear 1.225 1 1.225 2.436 .136 2.436 .315
Error(TIME) Linear 9.050 18 .503

a. Computed using alpha = .05
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Tests of Between-Subjects Effects

Measure: MEASURE_i
Transformed Variable: Averaqe

Type Ill Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Powera
Intercept 8732.025 1 8732.025 21097.510 .000 21097.510 1.000
GROUP 2.025 1 2.025 4.893 .040 4.893 .553
Error 7.450 18 .414

a. Computed using alpha = .05

Estimated Marginal Means

group * TIME

Measure: MEASURE 1

group TIME Mean Std. Error
95% Confidence Interval

Lower Bound Upper Bound
football 1

2
14.200
14.900

.294
.071

13.582
14.751

14.818
15.049

control 1

2
15.000
15.000

.294

.071
14.382
14.851

15.618
15.149

Within-Subjects Factors

Measure: MEASURE I
Dependent

TIME Variable
1 PDRECALL
2 ODRECALL
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Between-Subjects Factors

Value Label N
group 1

2
football
control

10

10

Descriptive Statistics

group Mean Std. Deviation N
Pre-SAC delayed recall football 2.80 1.398 10

control 4.70 .675 10
Total 3.75 1.446 20

Post-SAC delayed recall football 4.30 .949 10
control 4.00 1.155 10
Total 4.15 1.040 20
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Multivariate Test

Effect Value F Hypothesis df Error df Sig.
Noncent.

Parameter
Observed

Powera
TIME PilIai'sTrace .067 1291b 1.000 18.000 .271 1.291 .190

Wilks Lambda 933 l.29l 1.000 18.000 .271 1.291 .190
Hotellings Trace .072 1291b 1.000 18.000 .271 1.291 .190
RoysLargestRoot .072 12g1b 1.000 18.000 .271 1.291 .190

TIME * GROUP PiIIai's Trace .352 9767b 1.000 18.000 .006 9.767 .840
Wilks' Lambda .648 9767b 1.000 18.000 .006 9.767 .840
Hotellings Trace g767b 1.000 18.000 .006 9.767 .840
Roys Largest Root .543 g767b 1.000 18.000 .006 9.767 .840

a. Computed using alpha = .05
b. Exact statistic
C.

Design: Intercept+GROUP
Within Subjects Design: TIME
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Mauchly's Test of Sphericit

Measure: MEASURE_i

EPsilOfla

GreenhousApprox.
Within Subjects Effect Mauchlys W Chi-Square df Sig. e-Geisser Huynh-Feldt Lower-boundTIME 1.000 .000 0 . 1.000 1.000 1.000
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests significance. Corrected tests are displayed in the
Tests of Within-Subjects Effects table.

b.

Design: lntercept+GROUP
Within Subjects Design: TIME
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Tests of Within-Subjects Effects

Measure: MEASURE_i
Type III Sum Noncent. Observed

Source of Squares df Mean Square F Sig. Parameter Powera
TIME SphericityAssumed 1.600 1 1.600 1.291 .271 1.291 .190

Greenhouse-Geisser 1.600 1.000 1.600 1.291 .271 1.291 .190
Huynh-Feldt 1.600 1.000 1.600 1.291 .271 1.291 .190
Lower-bound 1.600 1.000 1.600 1.291 .271 1.291 .190

TIME*GROUP SphericityAssumed 12.100 1 12.100 9.767 .006 9.767 .840

Greenhouse-Geisser 12.100 1.000 12.100 9.767 .006 9.767 .840
Huynh-Feldt 12.100 1.000 12.100 9.767 .006 9.767 .840
Lower-bound 12.100 1.000 12.100 9.767 .006 9.767 .840

Error(TIME) Sphericity Assumed 22.300 18 1.239
Greenhouse-Geisser 22.300 18.000 1.239
Huynh-Feldt 22.300 18.000 1.239
Lower-bound 22.300 18.000 1.239

a. Computed using alpha = .05

Tests of Within-Subjects Contrasts

Measure: MEASURE 1

Source TIME
Type III Sum
of Squares df Mean Square F Sig.

Noncent.
Parameter

Observed
Powera

TIME Linear 1.600 1 1.600 1.291 .271 1.291 .190
TIME * GROUP Linear 12.100 1 12.100 9.767 .006 9.767 .840
Error(TIME) Linear 22.300 18 1.239

a. Computed using alpha = .05
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Tests of Between-Subjects Effects

Measure: MEASURE_i
Transformed Variable: Average

Type Ill Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Powera
Intercept 624.100 1 624.100 576.092 .000 576.092 1.000
GROUP 6.400 1 6.400 5.908 .026 5.908 .633
Error 19.500 18 1.083

a. Computed using alpha = .05

Estimated Marginal Means

group * TIME

Measure: MEASURE_i

group TIME Mean Std. Error
95% Confidence Interval

Lower Bound Upper Bound
football 1

2
2.800
4.300

.347

.334
2.071
3.598

3.529
5.002

control 1

2
4.700
4.000

.347

.334
3.971
3.298

5.429
4.702

General Linear Model

Within-Subjects Factors

Measure: MEASURE 1
Dependent

TIME Variable
1 PCONCEN
2 OCONCEN
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Between-Subjects Factors

Value Label N
group 1

2
football
control

10

10

Descriptive Statistics

group Mean Std. Deviation N
Pre-SAC concentration football 3.90 1.101 10

control 3.20 1.135 10
Total 3.55 1.146 20

Post-SAC concentration football 4.50 .707 10
control 3.90 .738 10
Total 4.20 .768 20
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Mutivariate Test

Effect Value F Hypothesis df Error df Sig.
Noncent.

Parameter
Observed

Powera
TIME Pillai's Trace .217 4987b 1.000 18.000 .038 4.987 .561

Wilks Lambda .783 4987b 1.000 18.000 .038 4.987 .561
Hotelling's Trace .277 4987b 1.000 18.000 .038 4.987 .561
Roy's Largest Root .277 4.987" 1.000 18.000 .038 4.987 .561

TIME*GROUP PillaisTrace .002 030b 1.000 18.000 .866 .030 .053
Wilks Lambda .998 030b 1.000 18.000 .866 .030 .053
Hotelling'sTrace .002 030b 1.000 18.000 .866 .030 .053
Roy's Largest Root .002 030b 1.000 18.000 .866 .030 .053

a. Computed using alpha = .05
b. Exact statistic
c.

Design: lntercept+GROUP
Within Subjects Design: TIME
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Mauchlys Test of Sphericit'
Measure: MEASURE_i

EPSIlOfla

GreenhousApprox.
Within Subjects Effect Mauchly's W Chi-Square df 81g.

J.
e-Geisser Huynh-Feldt Lower-bound

TIME 1.000 .000 0 1.000 1.000 1.000
Tests the null hypothesis that the error covariance matrix of the orthonormalizedtransformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the
Tests of Within-Subjects Effects table.

b.

Design: lntercept+GROUP
Within Subjects Design: TIME
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Tests of Within-Subjects Effects

Measure: MEASURE 1
Type III Sum Noncent. Observed

Source of Squares df Mean Square F Sig. Parameter Powera
TIME Sphericity Assumed 4.225 1 4.225 4.987 .038 4.987 .561

Greenhouse-Geisser 4.225 1.000 4.225 4.987 .038 4.987 .561
Huynh-Feldt 4.225 1.000 4.225 4.987 .038 4.987 .561
Lower-bound 4.225 1.000 4.225 4.987 .038 4.987 .561

TIME * GROUP Sphericity Assumed .025 1 .025 .030 .866 .030 .053
Greenhouse-Geisser .025 1.000 .025 .030 .866 .030 .053
Huynh-Feldt .025 1.000 .025 .030 .866 .030 .053
Lower-bound .025 1.000 .025 .030 .866 .030 .053

Error(TIME) Sphericity Assumed 15.250 18 .847
Greenhouse-Geisser 15.250 18.000 .847
Huynh-Feldt 15.250 18.000 .847
Lower-bound 15.250 18.000 .847

a. Computed using alpha = .05

Tests of Within-Subjects Contrasts

Measure: MEASURE 1

Source TIME
Type III Sum
of Squares df Mean Square F Sig.

Noncent.
Parameter

Observed
Powera

TIME Linear 4.225 1 4.225 4.987 .038 4.987 .561
TIME * GROUP Linear .025 1 .025 .030 .866 .030 .053
Error(TIME) Linear 15.250 18 .847

a. Computed using alpha = .05
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Tests of Between-Subjects Effects

Measure: MEASURE_i
Transformed Variable: Averacie

Type Ill Sum Noncent. Observed
Source of Squares df Mean Square F Sig. Parameter Powera
Intercept 600.625 1 600.625 649.324 .000 649.324 1.000
GROUP 4.225 1 4.225 4.568 .047 4.568 .525
Error 16.650 18 .925

a. Computed using alpha = .05

Estimated Marginal Means

group * TIME

Measure: MEASURE 1

group TIME Mean Std. Error
95% Confidence Interval

Lower Bound Upper Bound
football 1

2
3.900
4.500

.354

.229
3.157
4.020

4.643
4.980

control 1

2
3.200
3.900

.354

.229
2.457
3.420

3.943
4.380

General Linear Model

Within-Subjects Factors

Measure: MEASURE 1
Dependent

TIME Variable
1 PTOTAL
2 OTOTAL
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Between-Subjects Factors

[ Value Label N
group 1

2
football
control

10

10

Descriptive Statistics

group Mean Std. Deviation N
Pre-SAC total score football 20.90 2.183 10

control 22.80 1.549 10
Total 21.85 2.084 20

Post-SAC total score football 23.70 1.160 10
control 22.90 1.663 10
Total 23.30 1.455 20
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Multivariate Test

Effect Value F Hypothesis df Error df Sig.
Noncent.

Parameter
Observed

Powera
TIME Pillai's Trace .252 6080b 1.000 18.000 .024 6.080 .645

Wilks' Lambda .748 6080b 1.000 18.000 .024 6.080 .645
Hotellings Trace .338 6080b 1.000 18.000 .024 6.080 .645
Roy's Largest Root .338 6.080" 1.000 18.000 .024 6.080 .645

TIME*GROUP Pillai'sTrace .226 5270b 1.000 18.000 .034 5.270 .584
Wilks Lambda 774 570b 1.000 18.000 .034 5.270 .584
Hotellings Trace .293 5270" 1.000 18.000 .034 5.270 .584
Roy's Largest Root .293 5.270" 1.000 18.000 .034 5.270 .584

a. Computed using alpha = .05
b. Exact statistic

Design: Intercept+GROUP
Within Subjects Design: TIME
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Mauchly's Test of Sphericit

Measure: MEASURE 1

EPSIOfla

GreenhousApprox.
Within Subjects Effect Mauchly's W Chi-Square df Sig. e-Geisser Huynh-Feldt Lower-bound
TIME 1.000 .000 0 . 1.000 1.000 1.000
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the
Tests of Within-Subjects Effects table.

b.

Design: lntercept+GROUP
\Nithin Subjects Design: TIME
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Tests of Within-Subjects Effects

Measure: MEASURE 1
Type III Sum Noncerit. Observed

Source of Squares df Mean Square F Sig. Parameter Powera
TIME SphericityAssumed 21.025 1 21.025 6.080 .024 6.080 .645

Greenhouse-Geisser 21.025 1.000 21.025 6.080 .024 6.080 .645
Huynh-Feldt 21.025 1.000 21.025 6.080 .024 6.080 .645
Lower-bound 21.025 1.000 21.025 6.080 .024 6.080 .645

TIME * GROUP Sphericity Assumed 18.225 1 18.225 5.270 .034 5.270 .584
Greenhouse-Geisser 18.225 1.000 18.225 5.270 .034 5.270 .584
Huynh-Feldt 18.225 1.000 18.225 5.270 .034 5.270 .584
Lower-bound 18.225 1.000 18.225 5.270 .034 5.270 .584

Error(TIME) Sphericity Assumed 62.250 18 3.458
Greenhouse-Geisser 62.250 18.000 3.458
}-uynh-Feldt 62.250 18.000 3.458
Lower-bound 62.250 18.000 3.458

a. Computed using alpha = .05

Tests of Within-Subjects Contrasts

Measure: MEASURE 1

Source TIME
Type III Sum
of Squares df Mean Square F Sig.

Noncent.
Parameter

Observed
Powera

TIME Linear 21.025 1 21.025 6.080 .024 6.080 .645
TIME * GROUP Linear 18.225 1 18.225 5.270 .034 5.270 .584
Error(TIME) Linear 62.250 18 3.458

a. Computed using alpha = .05



93

Tests of Between-Subjects Effects

Measure: MEASURE_i
Transformed Variable: Averaae

Type III Sum
I Noncent. Observed

Source of Squares df j Mean Square F Sig. Parameter Powera
Intercept 20385.225 1

J 20385.225 9348.638 .000 9348.638 1.000
GROUP 3.025 1 3.025 1.387 .254 1.387 .200
Error 39.250 1!J 2.181

a. Computed using alpha .05

Estimated Marginal Means

group * TIME

Measure: MEASURE 1

group TIME Mean Std. Error
95% ConfidAnce Interval

Lower Bound Upper Bound
football 1

2
20.900
23.700

.599

.453
19.642
22.747

22.158
24.653

control 1

2
22.800
22.900

.599
.453

21.542
21.947

24.058
23.853




