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But It’s Just a Concussion…

Feeling dizzy, disoriented, having attention or memory problems, and nursing a headache – these are typical symptoms of a mild traumatic brain injury (TBI), commonly referred to as a concussion.  These symptoms are part of a host of physical, cognitive, and behavioral effects known as postconcussive syndrome which can last anywhere from minutes to years after a concussion.  Somewhere between 1.6 and 3.8 million sports-related TBIs are estimated to occur each year (Centers for Disease Control, 2007).  NFL.com is rife with stories about recent Congressional hearings, educational outreach programs, and expert consultations to address better education and prevention of concussions.  The National Hockey League and other major league sports are also seeking answers.  Recent alliances have been formed between the National Football League and the military, and military personnel are learning about sports injuries to better understand mild TBIs (Lovell, Collins, Pardini, & Parodi, 2005).  Mild TBI has become the “signature injury” of military personnel returning from Iraq and Afghanistan (Hoge, 2008), with approximately 100,000 diagnoses since 2003 (McCullough, 2010).  Although major league sports and military personnel are instrumental in new movements to draw attention to the prevention and consequences of mild TBI, according to estimates from the Centers for Disease Control (2007) the most at-risk ages for sports concussions in the U.S. are children 10-19 years old.  Another high-risk group sustaining TBIs is older Americans (aged 65+), who are more likely to be injured in falls than in sports, but may have less favorable outcomes compared to their younger counterparts (Thompson, McCormick, & Kagan, 2008), and they often sustain injuries in multiple falls over time.


Results of TBI research and expert opinions of medical personnel agree that for a window of time while the brain is healing, a single concussion can leave the brain vulnerable to more devastating outcomes due to a second impact (known as second impact syndrome; CDC, 1997).  Many of the current return-to-play guidelines are not based on reliable research, since so little is known about second impact syndrome.  Evidence seems to be converging from sports, military personnel, and laboratory studies to indicate that three or more concussions can produce substantial cognitive deficits.  Even a single mild TBI (i.e., one concussion) can leave some people with post-concussive syndrome.  But why does a concussion seem to impair some people more than others?  How many concussions are too many?  The answers to these questions are unknown and are difficult to pinpoint because there is great variability in each human injury and the timing between multiple brain injuries also varies widely. 

Rodent models are often created to mimic human conditions in a controlled, experimental way.  In order to discover more about the effects of multiple concussions, DeFord et al. (2002) developed a repeated concussion model in mice.  The mice in the study were anesthetized, a helmet-like device was placed over their heads, and a weight was dropped down a guidepost.  The weight amount and the height of the drop were kept consistent, as was the interval between injuries (24 hours, which is a substantial recovery period for a mouse).  The recovery of reflexes were monitored to ensure the concussion was mild – in other words, it took the concussed mice no longer to wake up from the fast-acting gas anesthesia than it did the control mice who received no concussion.  Some of the mice received no injuries (zero injury controls), some received only one concussion (single injury controls), and others received four concussions (repeated injury group).  DeFord et al. found that even though there were no significant differences in post-concussion recovery (i.e., no recordable loss of consciousness, disorientation), the mice with four concussions performed significantly worse in a water maze designed to test spatial memory formation.  The hippocampus, part of the limbic system of the brain, is necessary for spatial memory formation in both humans and mice.  The hippocampus is also selectively vulnerable to TBI damage in both humans and rodents.  The mice that received only one concussion did not differ significantly from the no-injury control mice.  Therefore, four repeated concussions, but not a single concussion, impaired spatial cognitive function.

Using the DeFord et al. (2002) methodology, another study was conducted comparing maze scores for zero injury controls, single injury controls, and repeated injury groups on a dry-land maze, the Barnes’ circular maze, which is similar to the water task used by DeFord and colleagues. In order to test the effect of age on repeated mild TBIs (repeated concussions), both young (adolescent) and aged (late adulthood) mice were included in each experimental condition.   Mice with repeated injuries were expected to demonstrate more maze deficits than either the zero or single injury controls. Also, aged mice were expected to perform more poorly than young mice.
Method


  Young (adolescent, n = 18) and aged (over 1 year, n = 18) male mice were included in the study (N=36). Young and aged mice were evenly divided (n=6) into one of three groups:  zero injury, single injury, or four repeated injuries. 

All mice were anesthetized with isoflurane (3% in oxygen carrier gas) four times, with a 24-hour recovery period between each anesthesia dose. While anesthetized, each group received either no concussions, a single concussion on the first day only, or a concussion on each of the four days. The injury method described by DeFord et al. (2002) was used for all injury inductions. Latency to recover neurological reflexes (righting reflex and orientation to place) was recorded for all mice in each anesthesia and/or injury session. Following a one week recovery period, mice learned to find an escape box in the Barnes circular maze using visual cues, a cognitive mapping task for memory formation that requires a properly functioning hippocampus. The Barnes maze consists of 40 evenly spaced holes around the perimeter of an elevated circular platform. Only one of the holes leads to an escape box.  Three bright (500 Watt) lights positioned above the maze were used as a mild aversive stimulus to motivate the mice to seek out and enter the escape box.  Lower latencies (time to find the box) indicate better performance in the maze.  Note that the original data are from a real study, but have been modified here for example clarity.
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Research Design Questions
1. What ethical considerations are important when modeling human brain injury in a mouse model? What are some of the benefits and limitations of using an animal model?
2. What are some of the repercussions for athletes? For older adults? For military personnel?
3. This study focused on memory acquisition. What other types of memory might be important and how would you test them?
4. What additional studies do you suggest? What would your next study be?
5. What are some of the potential sources of error in the study – things that should be controlled? How would you control them? What has already been controlled?
Statistics Questions

1. Create a boxplot of maze latencies and cluster by injury group. Describe the data based on this graph.
2. What type of ANOVA should you conduct on these data? Why?
3. What does Levene’s test tell you? What should you do about it?
4. For each significant effect, what is your effect size and what does it mean (in the context of the study)?
5. Do you need a post hoc analysis? If so, which one(s) is most appropriate?
6. Summarize your findings in APA style.
7. Describe hypothetically what a potential interaction might be for this study.
8. What can you conclude about this study? Do the results support the original study’s findings?
9. If you were interested in comparing only young and old mice who have not had any injuries on maze performance, what type of analysis would you use?
10. If you were interested only in sports injuries, and therefore wanted to compare only the three groups of young mice, what type of analysis would you use?

Research Design Answers
1. The APA has published guidelines for psychologists involved in animal research. See http://www.apa.org/research/responsible/animal/index.aspx for a complete index of animal research ethics information, including these APA guidelines. An important consideration in brain injury research, or any research involving probable pain or distress to animal subjects, is justification of the potential benefits of the research and a demonstrated effort toward the 3 R’s: reduce the number of animals used to the minimum necessary, refine the procedures to minimize risk to the subjects, and replace live animal use with alternatives whenever possible. Benefits for TBI research focus on better understanding the risks and outcomes of a widespread medical condition. Only animal models can be used for controlled experiments because important controls (timing between injuries, injury severity, point of impact, etc.) and random assignment to injury groups are not possible in human studies. Also, histological analysis of brain tissue necessarily involves animal subjects. Students often overlook benefits to veterinary medicine, for example a pet that has been hit by a car and suffered a brain injury. An important limitation of animal studies is limited generalization to the human condition. It is important to note which outcomes can most easily be modeled and which outcomes do not translate well from a mouse to a human. For example, the basic mammalian brain structure is similar enough that basic learning and memory tasks in animal models often translate well to humans. However, higher order functions such as planning, integrating thoughts, cognitive flexibility, and subjective reports of outcomes are difficult or impossible to model in animals because their cortexes are not as fully developed as humans.

2. Empirical literature reviews and popular media searches may spark interest and ideas for additional discussion about the consequences and impacts of TBI. The possible designs of follow-up or ancillary studies may also be discussed with students.

3. This is a thought question involving the identification of memory types, and the design of studies that are valid measurements of this type of memory. For example, if mice in this study had been trained prior to injury, their recall memory would have been tested rather than their working/acquisition memory. Recall memory is governed by entirely different brain structures (more cortex, less limbic system) and is less likely to be affected by injury. The best way to develop a good research model is to determine what should be studied and then find a valid, reliable measurement to study it. For example, cognitive flexibility (the ability to smoothly switch tasks and focus) is often impaired after brain injury. Therefore, a study could be designed in an animal model or in a human experiment where the measured task (DV) involved one pattern of learned behavior (e.g., always turning right in a maze, or sorting cards by a specific set of criteria such as color or suit) but expectations are then altered and a different behavior is required (e.g., suddenly the goal in the maze could be to the left or straight ahead, or new criteria are expected for sorting cards).
4. Creative research design question – see example in Question 3
5. Some things that were controlled include similarity of genetics, environmental, and nutritional factors; timing between injuries; and injury severity. Some controls that should be considered may include maturation (e.g., the older mice may have developed visual deficits); or individual history/pre-existing cognitive or physiological capabilities (especially when comparing young and old mice). 

Statistics Answers

1. The data for older adults generally have more variability, and the mean latencies to complete the task are worse than in younger adults. The older adults’ control group generally performed more poorly than the younger adults’ control group, so  some differences found in the study may be due to age rather than worsened outcome of injury due to age. Groups with 0 or 1 injury were very similar, while those with 4 injuries had longer latencies (true for both young and old participants).

2. 2 (age) x 3 (injury) between subjects factorial ANOVA because there are 2 between subjects independent variables
3. The significant p-value of Levene’s test indicates there is a significant difference in the variability between groups. The assumption of homogeneity of variance has been violated. If there is a significant finding, one should use a post hoc test designed for unequal variances (e.g., Games-Howell).
4. For group, eta-squared = .427, indicating 42.7% of the variability in latency was accounted for by the injury group. For age, eta-squared = .641, indicating that 64.1% of the variability in latency was accounted for by age.
5. Yes, for concussion group, because there are 3 groups and a significant finding. No, for age, because even though there was a significant finding there are only 2 groups, so we know which groups are different.
6. A significant main effect was found for age, F(1, 30) = 53.66, p < .001. Older mice (M = 234.03, SD = 53.83) had significantly longer latencies than younger mice (M = 139.00, SD = 42.22). A significant main effect was also found for group, F(2, 30) = 11.181, p < .001. Post hoc analysis indicated the repeated concussion group (M = 228.25, SD = 56.50) had significantly longer latencies than either the no injury control (M = 175.90, SD = 68.70) or the one injury control groups (M = 155.39, SD = 60.25), which were not significantly different from each other. There was no significant interaction, F(2, 30) = .076, p > .05. 
7. Hypothetically, an interaction might be if the older individuals had similar latencies to younger individuals in the no injury and single injury control groups but worsened outcome only in the multiple concussion group.
8. Older individuals had poorer performance overall compared to younger individuals, but their responses to injury were at comparable magnitudes to younger individuals. There were no differences between no injury and single injury groups, but when an individual had four concussions, memory for learning a new navigational task was significantly impaired.  These data support the findings by DeFord et al., since repeated, but not single, concussions produced worsened cognitive outcome on the memory task.
9. An independent t test because there are two between-subjects groups to compare
10. A one-way between subjects ANOVA because there are three between-subjects groups to compare.

Means/Summary Statistics

	Descriptive Statistics

	Injury Group
	Old or Young Mice
	Mean
	Std. Deviation
	N

	control
	young
	124.9020
	29.95847
	6

	
	old
	226.9000
	56.94808
	6

	
	Total
	175.9010
	68.69812
	12

	1xinjury
	young
	108.9230
	19.85946
	6

	
	old
	201.8667
	49.07572
	6

	
	Total
	155.3948
	60.24926
	12

	4xinjury
	young
	183.1667
	33.20492
	6

	
	old
	273.3333
	32.29877
	6

	
	Total
	228.2500
	56.50339
	12

	Total
	young
	138.9972
	42.21571
	18

	
	old
	234.0333
	53.82653
	18

	
	Total
	186.5153
	67.78908
	36


