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INTRODUCTION
• Mild traumatic brain injury (mTBI) is one of the most prevalent 

neurological disorders and account for 85% of all TBIs
• working memory impairment is common and may persist years post-

mTBI
• N-back fMRI is the most popular measures of working memory
• No clear picture has emerged between the performance on N-back 

test and the corresponding functional activation patterns in mild TBI
Objective
• To investigate changes in functional activation patterns under various 

N-back task loads in healthy controls and mTBI patients

METHODS
• Subjects

• Thirty-five patients with mTBI
• 21males/14females, age of 46.46+/-15.89 years

• Twenty-eight age-matched healthy controls
• Behavioral Test

• Military Acute Concussion Evaluation (MACE) Cognitive Score
• orientation, immediate memory, concentration and delayed recall. 
• range from 0 to 30 (lower score for poorer cognitive performance)

• Modified Rivermead Post Concussive Questionnaire (RPQ)

• MRI Data Acquisition
• All mTBI patients underwent cognitive behavioral test and N-

back fMRI scans at post-1month and post-6month injury. 
• Three functional runs (0-, 1-, and 2-back) in order 
• T2* EPI (TE/TR = 30 /2300 ms, 2.396 x 2.396 x 4 mm3)
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Figure 1. Illustration of N-back diagram

• Each functional run consisted of 5 
blocks of task

• Each block lasted 48.3 sec and was 
followed by 23 sec “+”

• The task block consisted of the 
presentation of a sequence of 
letters and participants responded 
with a MR-compatible response 
box

• Accuracy and average reaction 
time for correct responses were 
calculated.

• MRI Data Analysis
• The fMRI data were preprocessed using Conn Toolbox 15.6
• slice timing, realignment, normalization to the MNI template, 

and spatially smoothed with an 8-mm FWHM. 
• In the first level, the preprocessed images were analyzed with 

General Linear Model (GLM)  and contrast maps were generated 
for each task load and each time point

• In the second level,  the contrast maps were used for group analysis
• one sample T-test for each load across all subjects
• two-sample T-test for comparison between mTBI and HCs as 

well as for comparison between difference task loads
• Cluster-wise FDR p < 0.05 was used for multiple comparison

RESULTS

HC mTBI (1mon) mTBI (6mon) HC vs. 1mon HC vs. 1mon
N 28 35 35
Gender 16M 21M 21M 0.156 0.156
Age 39.71 (20.43) 46.46 (15.89) 46.50 (15.83) 0.164 0.162
Edu 15.18 (1.94) 14.32 (2.8) 14.32 (2.8) 0.080 0.080
Post-injury days NA 34.86 (10.45) 209.46
GCS at admission NA 14.71 (1.0) 14.71 (1.0)
MACE 26.10 (2.40) 25.91 (2.81) 26.44 (2.43) 0.77 0.58
Rivermead 16.82 (13.19) 17 (1..46)

HC mTBI
(1mon)

mTBI
(6mon)

HC vs. 
1mon

HC vs. 
6mon

1mon vs. 
6mon

N 24 34 32
Accuracy

0-back mean 0.96 0.97 0.95 0.967 0.387 0.247
std 0.06 0.04 0.08

1-back mean 0.97 0.90 0.90 0.469 0.478 0.805
std 0.04 0.14 0.12

2-back mean 0.95 0.82 0.82 0.048 0.049 0.969
std 0.08 0.14 0.15

Reaction Time (ms)
0-back mean 591.15 597.18 609.45 0.814 0.913 0.641

std 87.00 95.73 110.48
1-back mean 597.18 726.88 722.75 0.233 0.285 0.900

std 95.73 129.85 134.85
2-back mean 609.45 922.49 899.33 0.149 0.191 0.573

std 110.48 173.75 155.37

0-back 1-back 2-back

• Activation maps for all subjects, including both HCs and mTBI patients ( N = 
63) across the three working memory loads (voxel-wise uncorrected p < 0.001, 
cluster-wise FDR-p < 0.05) 
• For all the three task loads, we observed

• consistent task positive brain regions in fronto-parietal network, cerebellum, 
and basal ganglia network
• consistent task negative brain regions in default mode network (DMN)

A. mTBI_1mon: 1-back > 0-back

C. mTBI_1mon: 2-back > 0-back

B. mTBI_1mon: 2-back > 1-back

D. mTBI_6mon: 2-back > 0-back

• For mTBI group at 1month post-injury,
• 1-back vs. 0-back: higher activation in left parietal
• 2-back vs. 1-back: higher activation in bilateral fronto-

parietal network
• 2-back vs. 0-back: higher activation in bilateral fronto-

parietal network and bilateral cerebellum, and lower 
activation in middle frontal lobe

• For mTBI group at 6month post-injury,
• 1-back vs. 0-back: no difference
• 2-back vs. 1-back: no difference
• 2-back vs. 0-back: higher activation within the fronto-

parietal network, and lower activation within the 
DMN.

• No significant activation difference among different task 
loads was observed within HC group

DISCUSSION
• In terms of cognitive performance during N-back fMRI task,

• HCs and mTBI patients exhibited comparable response accuracy for 0-back and 1-back tasks, while
mTBI patients exhibited lower accuracy for 2-back task.

• There was no significant difference in reaction time between HCs and mTBI patients across all task
loads; however, mTBI patients tended to have longer reaction times.

• In terms of brain functional activities during N-back fMRI task,
• No significant differences in brain activation between HCs and mTBI patients during the 0-back and

1-back tasks. However, during the 2-back task, mTIB patients exhibited significant greater activation
in the bilateral fronto-parietal network than HCs.

• For both semi-acute and chronical mTBI patients, higher task load, especially 2-back task load, had
grater activation in fronto-parietal network, basal ganglia, and cerebellum than lower task load.
Additionally, the DMN was selectively suppressed for the 2-back task.

• Our results suggest that with appropriate working memory load, subtle functional activation changes in
mTBI patients could be detected even though no differences in behavioral performance between mTBI
and HCs. However, it remains to be seen if such changes lead to on going post-concussive syndrome.
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Demographics and clinical data of healthy controls and mTBI patients

Accuracy and reaction time during N-back fMRI experiments

Activation maps for varying loads of N-back fMRI tasks

Difference Activation Maps within mTBI Group

B.   2-back, mTBI at 6mon > HCA.   2-back, mTBI at 1mon > HC Group difference between HC controls and mTBI
• At 1month post-injury: No difference 
• At 6month post-injury:

• No difference for 0-back task
• No difference for 1-back task
• mTBI patients had greater activation within the 

fronto-parietal network for 2-back task 

Difference Activation Maps Between HCs and mTBI Group
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