Table 1 | Key signalling pathways and downstream effectors involved in fracture healing at each stage
	
	Related pathways
	Related factors
	References

	Inflammatory (hematoma) phase
	*Thrombin- and factor Xa–mediated activation of PAR1/PAR2–RhoA/ROCK and ERK signalling
*DAMP–TLR–NF-κB signalling driving TNF, IL-1 and IL-6 production
*CCL2/CCR2
*Complement C5a–C5aR1 inflammatory–angiogenic signalling axis
*Hypoxia–HIF-1α signalling driving VEGF and angiopoietin (ANGPT) expression
	*MPO
*CitH3/NETs
*iNOS
*CD86
*CD206
*IL-1β
*TNF-α
*CCL2/MCP-1
*SDF-1/CXCL12
*CXCR4
*VEGFA
	[1-5]

	Reparative phase – soft (fibrocartilaginous) callus formation
	*TGF-β/BMP–Smad signalling pathway
*Indian hedgehog (Ihh)–parathyroid hormone-related protein (PTHrP) signalling axis
*MMP-9/-13–mediated extracellular matrix degradation and VEGF release
*Canonical Wnt/β-catenin signalling (with reduced DKK1 and SOST expression)
	*SOX9
*COL2A1
*ACAN
*COL10A1
*HIF-1α
*Ihh–PTHrP
*MMP9
*MMP13
*DKK1
	[6-10]

	Hard (bony) callus formation
	*SLIT3–ROBO1/ROBO2 signalling axis
*DLL4–Notch signalling in type H vasculature
*Piezo1-mediated mechanotransduction activating YAP/TAZ and β-catenin signalling
*PI3K–Akt–mTOR signalling pathway
*Calcitonin gene-related peptide (CGRP) and substance P (SP) neuropeptide signalling
*miR-26a, miR-29b and miR-21 modulating Wnt/β-catenin, RUNX2 and SP7 (Osterix) signalling
	*RUNX2
*SP7/OSX
*ALP
*COL1A1
*BGLAP/OCN
*SPP1/OPN
*BMP2
*BMP7
*Smad
*Wnt
*β-catenin
*Piezo1
*YAP/TAZ
*Integrin–FAK signalling
	[11-16]

	Remodeling phase
	*RANKL–RANK–OPG signalling pathway
*Osteoclast–osteoblast coupling pathways
*Piezo1-mediated mechanotransduction activating YAP/TAZ and β-catenin signalling
	*TRAP (ACP5)
*CTSK
*NFATc1
*RANKL/OPG
*SOST/DMP1
*MMP9
*MMP13
	[17-20]
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