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    Abstract
Objective Post-traumatic headache (PTH) is one of the most frequent and persistent physical symptoms following mild traumatic brain injury (mTBI) and develop in more than 50% of this population. This study aimed to investigate the periaqueductal grey (PAG)-seeded functional connectivity (FC) in patients with mTBI with acute post-traumatic headache (APTH) and further examine whether the FC can be used as a neural biomarker to identify patients developing chronic pain 3 months postinjury.

Methods 70 patients with mTBI underwent neuropsychological measurements and MRI scans within 7 days postinjury and 56 (80%) of patients were followed up at 3 months. 46 healthy controls completed the same protocol on recruitment to the study. PAG-seeded resting-state FC analysis was measured in 54 patients with mTBI with APTH, in comparison with 46 healthy volunteers.

Results The mTBI+APTH group presented significantly reduced PAG-seeded FC within the default mode network (DMN), compared with healthy volunteers group. The connectivity strength can also predict patients’ complaints on the impact of headache on their lives. Crucially, the initial FC strength between the PAG-right precuneus as well as the PAG-right inferior parietal lobule became the important predictor to identify patients with mTBI developing persistent PTH 3 months postinjury.

Conclusions Patients with mTBI+APTH exhibited significant PAG-related FC differences mainly within the DMN. These regions extended beyond traditional pain processing areas and may reflect the diminished top-down attention regulation of pain perception through antinociceptive descending modulation network. The disrupted PAG-DMN FC may be used as an early imaging biomarker to identify patients at risk of developing persistent PTH.
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    Footnotes
	XN and LB contributed equally.

	Correction notice Since this paper first published, the section 'In addition, postconcussive symptoms were measured with the Rivermead Post-Concussion Symptoms Questionnaire (RPQ…' has been updated to read 'In addition, postconcussive symptoms were measured using the Rivermead Post-Concussion Symptoms Questionnaire (RPQ)33. One item from the International Classification of Diseases-10th edition (ICD-10) diagnostic criteria (fear of brain damage with a hypochondriacal concern) was used to assess the excessive attention to brain injury self and current symptom, ranging from 0 to 4, with 0 meaning ‘not experienced’ and 4 meaning ‘severe problem’'. Three new references have also been cited at the end of the paragraph. These are listed as references 34, 35 and 36 in the reference list.
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