
Experimental Design
The following procedures were used to validate the adapted momentum 
exchange model in a multimodal fashion, utilizing behavioral assays, in vivo 
structural and functional neuroimaging, and ex vivo histology. Young adult (PD 
90) C57BL/6 mice (N=24, 50% male) were housed in a reverse light-dark cycle 
with all procedures executed during the active (dark) phase under dim red light.

Postnatal Day (PD) 90                                                                                    PD 105

Recovery
9 Days

Pre-mTBI
4 Days

mTBI Induction
2 Days

Follow-up
10th Day Post-Injury

Acclimation 
for Awake 

fMRI

Day 1 Day 2

Open Field Test

• T2-Weighted Anatomical MRI
• fMRI with Hypercapnic Challenge

Open Field Test

• T2-Weighted Anatomical MRI
• fMRI with Hypercapnic Challenge

• Diffusion Weighted MRI
• Functional Connectivity

Immunohistochemistry

No Changes in Locomotor Behavior No Changes in Gross Anatomy or 
Evidence of Skull Fracture

References & Acknowledgements
 Future Directions

Momentum Exchange Model
The momentum exchange method ranks highly among mTBI models in 
translational value for its ability to generate tightly regulated, ecologically valid 
linear and rotational forces without skull fracture; however, it has only been used 
in rats, limiting accessibility of its use for longitudinal, transgenic, and exploratory 
studies5. In this adaptation, each mouse is lightly anesthetized with isoflurane 
and administered 1 mg/kg buprenorphine before being secured in the holding 
tube via bite bar and fitted with a 3 mm resin-polyurethane helmet. Upon arousal, 
the pneumatic impactor is propelled, creating rotational acceleration around the 
tube’s hinge and linear acceleration along the platform’s chassis.

Loss of Consciousness

Independent samples t-tests indicate that time to spontaneous ambulation after 
removal from the apparatus is significantly increased following mTBI on Day 1 (p 

= 0.005) and Day 2 (p = 0.010), suggesting momentary loss of consciousness. 
Paired samples t-test indicates there is no significant change in time to 

ambulation after a second impact (p = 0.743).

Introduction
Mild traumatic brain injury (mTBI), commonly known as concussion, is the most 
prevalent form of head trauma, with over 40 million injuries estimated per year 
worldwide1. Of particular concern are cases of repetitive concussion (rmTBI), a 
risk factor for neurodegenerative disease onset later in life2. In order to develop 
treatments and better understand the mechanisms underlying 
neurodegenerative risk, preclinical models must be developed with maximal 
translational value. In pursuit of this aim, our lab has adapted the existing 
momentum exchange model of repetitive concussion3,4 for use in conscious mice.
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Neurovascular Coupling is Altered by Repetitive (but not Single) mTBI 
and Partially Recovers in 10 Days

fMRI with Hypercapnic Challenge

Cytotoxic Edema 10 Days After Repetitive mTBI
Diffusion Weighted Imaging

Non-parametric Kruskal-Wallis tests of 140 brain regions indicate significantly reduced fractional anisotropy 10 days 
after rmTBI in the regions listed (p < 0.05). Notable clusters of reduced fractional anisotropy include the cerebellum 

and olfactory bulbs. This suggests alterations to the microstructure of these regions that could be indicative of 
cytotoxic edema.

Highlights
By adapting the momentum exchange model of rmTBI for use in mice, 
translational studies employing longitudinal, transgenic, and exploratory 
designs will become more accessible to preclinical researchers
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Model Features
• Closed-head impact
• Allows for use in conscious 

mice during the active phase
• Linear and rotational 

acceleration
• Intertrial consistency
• No mortality

Model Outcomes
• Momentary loss of consciousness
• No changes in locomotor behavior
• No changes in gross anatomy or evidence of skull 

fracture
• Altered neurovascular coupling emerges after 

repetitive injury and partially recovers in 10 days
• Cytotoxic edema evident 10 days after repetitive 

injury

N Mean Impact Velocity ± SD Mean Energy Input ± SD Mortality

22 3.677 ± 0.107 m/s 0.338 ± 0.020 J 0%

Non-parametric Kruskal-Wallis tests 
of 140 brain regions indicate 
significantly altered BOLD signal in 
response to 5% CO2 challenge in the 
regions listed (p < 0.05). The median 
number of voxels activated per 
region is shown in accompanying 
tables.

Thirty minutes after a single mTBI, 
alterations to neurovascular coupling 
are minimal.

Thirty minutes after a second mTBI 
within 24 hours, robust alterations to 
neurovascular coupling are observed 
diffusely.

Ten days after injury, alterations to 
neurovascular coupling are primarily 
limited to the cortex and cerebellum, 
indicating partial recovery.

• Functional Connectivity: Analysis of Day 10 awake functional connectivity scans is underway to identify and 
characterize lasting changes to neurocircuitry.

• Neuroinflammation: Immunohistochemical analysis of brain tissue collected after Day 10 scanning is 
underway to identify lasting astrocytosis and microgliosis. Sample images from a female rmTBI brain are 
shown. (Left: GFAP+ astrocytes in the hippocampus. Right: IBA1+ microglia in the hippocampus)

• Sex Differences: Mixed-sex cohorts were used for this analysis6. Future studies with larger sample sizes will 
maintain this study design to allow for identification of sexual dimorphisms.

• Longitudinal Studies: This model will be used in future studies examining the interaction of rmTBI with lifestyle 
factors such as diet, exercise, and drug addiction as compounding neurodegenerative risk factors.
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Half of all mice 
underwent a 5-
minute Open Field 
Test on Day 1, half on 
Day 2, and all were 
repeated on the 10th 
day of recovery. 
Group average heat 
maps are shown. 
Cross-sectional 
independent samples 
t-tests indicate no 
significant effect of 
condition at any 
timepoint (p > 0.05).

T2-weighted scans of representative mice following mTBI or sham procedures
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