
  

  

Abstract— Although mild traumatic brain injury (mTBI) 

occurs commonly, little is known about how multiple mTBI 

incidents accumulate over time to produce serious morbidity or 

how the extent of injury can be quantified. This work presents 

a rat model that uses deceleration-induced brain trauma and 

an implantable EEG system for recording injury-induced 

changes in brain activity. Specifically, we present an analysis 

method to assess and quantify mTBI by combining information 

derived from EEG power spectral analysis and EEG phase 

shifts. We found that in different frequency bands, both EEG 

power spectra and the instantaneous phases of the two EEG 

channels before the impact were different from those measured 

after the impact. This study shows that EEG analysis can be 

used as a tool to identify and assess brain related injuries. 

I. INTRODUCTION 

Traumatic Brain Injury (TBI) is a term used to describe 

the damage induced into the brain by traumatic events such 

as motor vehicle accidents, falls and other trauma. TBI 

events are classified as mild traumatic brain injury (mTBI) 

when loss of consciousness, confusion and disorientation are 

limited to short periods of time. Despite being classified as 

mild, mTBI may cause a vast series of symptoms and 

disabilities that can adversely affect an individual’s quality 

of life.  

mTBI is challenging to diagnose, even advanced medical 

imaging techniques, such as MRI and CT can fail to assess 

the magnitude of the accumulated brain damage. Our long-

term goal is to establish a rat model for studying the 

cumulative effects of multiple mild traumatic brain injuries. 

We are also interested in studying how EEG can be used to 

quantify the severity of accumulated TBIs in this model. 

EEG has been shown to be highly sensitive (96%) in 

identifying Traumatic Brain Injury (TBI) and post-

concussion syndrome [1]. This paper presents preliminary 

methodology and data from our model. Specifically, we 

demonstrate how combining information derived from EEG 

power spectral analysis and phase shifts can be used to 

assess the presence of brain injury. In order to accurately 

identify damage induced into the brain by head trauma, we 

recorded two-channel EEG signals from 350-g adult male 

Sprague Dawley rats using a surgically implanted EEG 

acquisition and telemetry system (Data Sciences 

International, St. Paul, MN). We then subjected these rats to 
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controlled traumatic brain injuries using a high-speed impact 

system [2], subjecting each rat to a deceleration of 80g on 

two separate occasions. EEG measurements were made both 

before and after the experimental impact to allow for a 

comparison of the baseline activity of a specific rat to data 

recorded from the same rat after the traumatic impact. We 

first computed EEG power spectra, we then divided every 

EEG channel into six clinical frequency bands and measured 

changes in the signal analytic phase shifts (also known as 

instantaneous phase) [4,5] in each frequency band, before 

and after the traumatic impact. The instantaneous phase has 

been proven, together with some standard EEG processing, 

to be a valuable tool to measure and investigate synchronous 

components in EEG activity [5]. 

II. MATERIAL AND METHODS 

A. Wireless EEG System Implant 

Each Sprague Dawley rat was implanted with a wireless 

EEG acquisition device, TL11M2-F40-EET,  (Data Sciences 

International (DSI), St.Paul, MN). These devices allowed us 

to record two EEG channels via wireless communication. 

The EET system is composed of two major components: two 

pairs of biopotential leads, which are connected to a device 

body, containing the battery and the electronics module that 

is able to measure, digitize and wirelessly transmit 

biopotential voltage fluctuations. The body of the device was 

implanted subcutaneously along the dorsal flank between the 

forelimb and hind limb through a dorsal incision. The lead 

pairs from the transmitter were led subcutaneously to the 

skull and the bare ends placed in contact with the dura mater 

through holes in the skull and kept in place by specific 

screws, as shown in Figure 1. Electrical insulation between 

the electrode-screw contacts and the surrounding tissue was 

guaranteed by a coating of dental acrylic cement.  

All surgical procedures were performed under aseptic 

conditions and surgical anesthesia was attained by injecting 

a solution of ketamine and xylazine. All procedures were 

carried out in accordance with the National Institutes of 

Health Guide for the Care and Use of Experimental Animals 

and were approved by the Temple University Institutional 

Animal Care and Use Committee. 

B. High Deceleration Impact System 

To recreate a controlled traumatic brain injury, we used a 

custom-made linear impact system (Actuator: PT-USA, 

SpeedLine WH120). This system consisted of two parallel 6 

m long tracks, of which one track was active and the other 

was passive. The former was driven by a servomotor and it 

was used to accelerate a freely sliding cart mounted on the 

passive track. 
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