
 

Original title: Chronic traumatic encephalopathy in 
blast-exposed military veterans and a blast 
neurotrauma mouse model 

Reference: Vol. 4, Issue 134, pp. 134ra60 

Authors: Lee Goldstein, Andrew Fisher, Robin 
Cleveland et al. 

Issue name: Science Translational Medicine 

Original publication date: 05/16/2012 DOI: 10.1126/scitranslmed.3003716 

Annotator(s): Andrew Fisher, Lee Goldstein, Shelby 
Lake 

 

1. Learning standards alignment 

2. Article overview 

3. Activities for interactive engagement 

4. Discussion questions 

 

 

 

 

 

 

 

 

 

 

 



 
 

Learning Performance: Students will examine a mouse model of blast neurotrauma and construct an explanation for 

how blast neurotrauma causes structural changes and functional impairments in the brain, with special attention given 

to the clinical and medical benefits of the successful development of such a model. 

The following tables provide an overview of the learning standards covered by this article, including the A Framework for 

K-12 Science Education (Framework), Common Core State Standards English Language Arts-Literacy (CCSS ELA), Common 

Core State Standards Statistics and Probability (CCSS HSS), AP Science Practices, and Vision and Change for 

Undergraduate Education. Where applicable, activities and information will be marked with specific standards to which 

they are linked. 

A Framework for K-12 Science Education  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Developing and Using Models (SEP2) 
Develop and use a model based on evidence to 
illustrate the relationships between systems 
and their components in the natural and 
designed worlds. 

 
Constructing Explanations and 
Designing Solutions (SEP6) 
Evaluate a solution to a complex real-world 
problem, based on scientific knowledge, 
student-generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations. 
 

LS1.A: Structure and Function 
Systems of specialized cells within organisms 
help them perform the essential functions of 
life. 

 
PS2.A: Forces and Motion 
If a system interacts with objects outside itself, 
the total momentum of the system can 
change; however, any such change is balanced 
by changes in the momentum of objects 
outside the system. 
 

ETS1.C: Optimizing the Design 
Solution 
Criteria may need to be broken down into 
simpler ones that can be approached 
systematically, and decisions about the priority 
of certain criteria over others (trade-offs) may 
be needed. 

 
 

 

 

Cause and Effect 
Systems can be designed to cause a desired 
effect 

 
Systems and System Models 
Models (e.g., physical, mathematical, 
computer models) can be used to simulate 
systems and interactions—including energy, 
matter, and information flows—within and 
between systems at different scales. 
 

Structure and Function 
Investigating or designing new systems or 
structures requires a detailed examination of 
the properties of different materials, the 
structures of different components, and 
connections of components to reveal its 
function and/or solve a problem. 
 

 

 

 

 

 

 

 



 
 

Common Core State Standards English Language Arts-Literacy 

Key Ideas and Details Craft and Structure Integration of Knowledge and Ideas 

RST.9-10.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to the precise details of explanations 
or descriptions. 

 
RST.9-10.2 
Determine the central ideas or conclusions of a 
text; trace the text’s explanation or depiction 
of a complex process, phenomenon, or 
concept; provide an accurate summary of the 
text. 

 
RST.11-12.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to important distinctions the author 
makes and to any gaps or inconsistencies in the 
account. 

 
RST.11-12.2 
Determine the central ideas or conclusions of a 
text; summarize complex concepts, processes, 
or information presented in a text by 
paraphrasing them in simpler but still accurate 
terms. 
 

RST.9-10.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 9-10 texts 
and topics. 

 
RST.9-10.5 
Analyze the structure of the relationships 
among concepts in a text, including 
relationships among key terms (e.g., force, 
friction, reaction force, energy). 

 
RST.9-10.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, defining the 
question the author seeks to address. 
 
RST.11-12.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 11-12 texts 
and topics. 
 

RST.11-12.5 
Analyze how the text structures information or 
ideas into categories or hierarchies, 
demonstrating understanding of the 
information or ideas. 
 

RST.11-12.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, identifying 
important issues that remain unresolved. 

RST.9-10.8 
Assess the extent to which the reasoning and 
evidence in a text support the author’s claim 
or a recommendation for solving a scientific 
or technical problem. 
 

RST.9-10.9 
Compare and contrast findings presented in a 
text to those from other sources (including 
their own experiments), noting when the 
findings support or contradict previous 
explanations or accounts. 

 
RST.11-12.8 
Evaluate the hypotheses, data, analyses, and 
conclusions in a science or technical text, 
verifying the data when possible and 
corroborating or challenging conclusions with 
other sources of information. 

 
RST.11-12.9 
Synthesize information from a range of 
sources (e.g., texts, experiments, simulations) 
into a coherent understanding of a process, 
phenomenon, or concept, resolving 
conflicting information when possible. 

 

 

 

 

 

 

 



 
 

AP Science Standards 

AP Science Practices AP Biology Content Standards 

Science Practice 1 (SP1) 
The student can use representations and models to communicate 
scientific phenomena and solve scientific problems. 
 

Science Practice 6 (SP6) 
The student can work with scientific explanations and theories, 
construct explanations of phenomena based on evidence, articulate the 
reasons that scientific explanations and theories are refined or 
replaced, and evaluate alternative scientific explanations. 

Essential knowledge 3.E.2: Animals have nervous systems 
that detect external and internal signals, transmit and 
integrate information, and produce responses. (EK3.E.2) 
Transmission of information between neurons occurs across synapses. 
Transmission of information along neurons and synapses results in a 
response. 

 
Essential knowledge 4.A.1: The subcomponents of 
biological molecules and their sequence determine the 
properties of that molecule (EK4.A.1) 
Structure and function of polymers are derived from the way their 
monomers are assembled. 

 

Connections to the Nature of Science 

Vision and Change for Undergraduate Biology Education 
Core Competencies and Disciplinary Practices 

A Framework for K-12 Science Education 
Understandings About the Nature of Science 

Ability to use modeling and simulation 
Use mathematical modeling and simulation tools to describe complex 
living systems 
 

Scientific Investigations Use a Variety of Methods 
Scientific inquiry is characterized by a common set of values that 
include: logical thinking, precision, open-mindedness, objectivity, 
skepticism, replicability of results, and honest and ethical reporting of 
findings. 
 

Interdependence of Science, Engineering, and Technology 
Science and engineering complement each other in the cycle known as 
research and development (R&D). 
 
 
 

 

 

 

 

 

 

 

 



 
 

Article summary (recommended for educator use only) 

Blast exposure has previously been associated with traumatic brain injury (TBI), neuropsychiatric symptoms, and long-

term cognitive disability. In this paper, the authors use as case studies a series of postmortem brains from military 

veterans that have been exposed to blast and/or concussive injury. They found evidence of chronic traumatic 

encephalopathy (CTE), similar to what has been observed in athletes exposed to concussive injury. The authors 

developed a mouse model to better determine how blast exposure causes injury and, eventually, CTE.  

Importance of this research 

At present, a diagnosis of CTE requires examination of the postmortem brain. Because of this, it is not possible to 

confirm a CTE diagnosis and begin treatment while a patient lives. By investigating the mechanism of traumatic brain 

injury leading to CTE, the authors are taking the first step to preventing these injuries in the first place. The development 

of a mouse model allows researchers to develop preventative measures and treatments for TBI and CTE. 

Experimental methods 

• Histopathological analysis 

• Electron microscope analysis 

• Development of a mouse model for blast neurotrauma 

• Static and reflected free field pressure measurement 

• High-speed videographic kinematic analysis 

• Hippocampal electrophysiology 

• Enzyme-linked immunosorbent assay (ELISA) 

• Barnes maze to evaluate hippocampal-dependent learning and memory 

Conclusions 

• A single blast exposure is sufficient to cause significant brain injury, CTE-related abnormalities (like 

phosphorylated tau abnormalities), and cognitive deficits in mice. 

• Decreased levels of choline acetyltransferase (ChAT), an enzyme that produces the neurotransmitter 

acetylcholine, suggests similarities between Alzheimer’s, and TBI. 

• Pressure from a blast wave is not sufficient to cause brain injury—the authors’ results suggest that head 

acceleration is responsible (the “bobblehead effect”). 

• Blast exposure and concussive injury contribute to TBI in similar ways. 

• Blast exposure may be more damaging than sports-related impact injuries because a single blast exposure can 

induce neural abnormalities. 

 

 

 

 

 



 
 

Learning Performance: Students will examine a mouse model of blast neurotrauma and construct an explanation for 

how blast neurotrauma causes structural changes and functional impairments in the brain, with special attention given 

to the clinical and medical benefits of the successful development of such a model. 

Writing an abstract 
 
Students write a new abstract for the article at a grade-appropriate reading level. 
 
 

RST.9-10.2 
RST.11-12.2 

Locating this study in the larger field 
 
Students use the annotated list of references to explain how this research builds on the 
published work of at least one other independent group of scientists. Students will 
evaluate whether data from this research supports or contradicts previous conclusions, 
and reflect on the statement that scientific knowledge is a “community effort.” 
 
 

RST.9-10.8 
RST.11-12.8 

Science in the news 
 
Students explore news stories in the Related Resources tab and evaluate the stories for 
tone, accuracy, missing information, etc. They may then write their own news stories on 
the article.  
 
 

RST.9-10.5 
RST.11-12.5 
RST.9-10.6 
RST.11-12.6 
RST.9-10.8 
RST.11-12.8 

Results and conclusions 
 
Students diagram each of the experiments presented in the study (divided up by figure, if 
appropriate). They then consider the results depicted in each figure, and how these 
results support the conclusions of the study.  
 
 

 
 
SEP2 
SP1 
PS2.A 

The next steps 
 
Students design a follow-on experiment to this study that either addresses flaws or 
unanswered questions in the research at hand, or builds on it to explore a new question. 

 
SEP6 
SP6 

 

 

 

 

 

 

 



 
 

1. What are the difficulties associated with diagnosing CTE in humans? How do the 
authors address this? 

SEP2 
ETS1.C 
SP1 
 
 

2. The authors began with a series of case studies of military veterans with prior 
blast exposure and athletes with repetitive concussive injury. What is the 
significance of these case studies? Why did the authors choose these cases, and 
what did they learn from them? How did they help the authors design and carry 
out their own experiments?  
 

LS1.A 
ETS1.C 
Structure and Function 
EK3.E.2 
 
 

3. Why did the authors test the various hypotheses about how blast exposure 
causes traumatic brain injury? How did these results contribute to the 
development of their own model? 
 
 

SEP2 
SEP6 
Structure and Function 
Systems and System Models 
SP1 
SP6 
 
 

4. The investigators chose to use wild-type mice rather than transgenic mice that 
express human tau protein. How does this choice influence the results and the 
conclusions drawn from these results? What kinds of problems might this choice 
cause? 

SEP2 
ETS1.C 
SP1 
 
 

5. The authors note that murine tau protein may be resistant to forming neurotoxic 
tangles in vivo, unlike human tau protein. What does this mean for this study? 
What are the potential applications of this information? 

 

LS1.A 
EK3.E.2 
EK4.A.1 
 
 

6. Why are models such as the one developed here useful to scientists? Why don’t 
researchers perform these experiments directly in humans, or in other animals? 

SEP2 
SP1 
 
 

7. In designing this study, the authors built on a lot of work by other groups and 
integrated knowledge and techniques from many fields. What is the significance 
of this in the larger field, and what cultural and social implications could the 
results of this study have? 

 

 

 


