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Background:

We present a 23-year-old male professional Australian Football player who experienced a total of 

seven sports-related concussions between May-2015-March-2019, not associated with loss of 

consciousness (see supplementary materials for clinical details). Advanced brain imaging was 

performed after the latter four of these, revealing that his brain underwent a pattern of focal, but 

transient, increases in T2 relaxometry following concussive events.

Methods:

As T2 relaxometry[1] is sensitive to a range of relevant brain pathologies[2], we collected T2 

relaxometry within 15 days of each event, and later recovery follow-up (seven datasets in total). The 

subject consented to participate in this study, which was approved by University of Melbourne ethics 

committee[3]. Routine T1- and T2-weighted imaging did not show any structural brain abnormalities, 

apart from a small incidental left thalamic punctuate lesion. T1 hippocampal volume was normal (see 

supplementary materials). For each MRI scan, we calculated voxel-based T2 relaxometry z-scores 

between the individual football player and 19 neurologically normal male controls (Adjusted T2). 

Multiple comparison correction was performed using the False Discovery Rate (q<0.05)[4] 

(supplementary materials).

Results:

Adjusted T2 was significantly increased in left frontal cortices in all three definite concussions and 

the left inferior frontal cortex and putamen in two of these (Figure 1A).  The probable concussion did 

not show these changes (Figure 1A–scan #6). The three follow-up scans did not show significant 

changes of this sort (Figure 1A–green).

---Figure 1---

Discussion:

We report a professional AFL footballer studied after multiple concussive events. Quantitative MRI 

T2 relaxometry showed a focal pattern including left frontal lobe brain regions affected in the first 

and subsequent concussions (Figure 1A–red). Increased T2-relaxometry is a marker of increased 
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water content in brain regions showing higher signal[5] related to pathologies such as gliosis, 

increased extracellular or intracellular edema or inflammation[2]. In this subject, areas with high T2 

relaxometry may reflect transient post-concussive neuroinflammation or edema[6]. This abnormality 

persisted during symptomatic MRI scans and recovered towards the baseline between concussions 

(Figure 1C-green). At the time of his last scan, the ‘recovery’ T2 time was higher than the original 

baseline and some symptoms persisted. The similar distribution of the recurrent transient T2 increases 

may be because of an earlier injury that makes these brain regions vulnerable (i.e. a ‘second hit’ 

process). In all three definite concussions, T2 relaxometry showed brain abnormality (Figure 1A-

first, second and fourth event). In the ‘potential’ case, no changes were found (Figure 1A-third event). 

T2 relaxometry may be a sensitive imaging marker of concussion, aiding clinical interpretation and 

diagnosis.

Data Availability Statement:

The data are not publicly available due to privacy and ethical restrictions.
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Figure legend:

A) Red–Adjusted T2 <15 days after events; Green–Adjusted T2 >15 days after events. B) Average 

number of statistically significant Adjusted T2 voxels across MRI scans. C) Timeline of concussive 

events, and peak raw T2-relaxometry in the left frontal lobe.
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