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Supplementary
Supplementary Table 1. Description of the designed primers.
	Gene

	Forward Primer
	Reverse Primer

	Runt-related transcription factor 2 (RUNX2)
	5’- GAA TGC CTC TGC TGT TAT GA -3’
	5’- GAA GAC GGT TAT GGT CAA GG -3’

	Alkaline phosphatase (ALP)
	5’- GAG TAT GAG AGT GAC GAG AAA G -3’
	5’- GAA GTG GGA GTG CTT GTA TC -3’

	Osteopontin (OPN)
	5’- CCC ATC TCA GAA GCA GAA TC -3’
	5’- TGG CTT TCG TTG GAC TTA C -3’

	Osteocalcin (OCN)
	5’- AGG CGC TAC CTG TAT CAA -3’
	5’- CTC CTG AAA GCC GAT GTG -3’

	Collagen Type I Alpha 1 Chain (COL1A1)
	5’- GGA TTC CAG TTC GAG TAT GG -3’
	5’- CAG TGG TAG GTG ATG TTC TG -3’

	Matrix metalloproteinase 3 (MMP3)
	 5’- TTT GAT GGA CCT
GGA AAT GT -3’
	 5’- GGT CCC TGT TGT
ATC CTT TG -3’

	Matrix metalloproteinase 9 (MMP9)
	 5’- TTG ACA GCG ACA
AGA AGT G -3’
	 5’- GGC ACT GAG GAA
TGA TCT AAG -3’

	Bone morphogenetic protein 2 (BMP2)
	5’- CGT CAA GCC AAA CAC AAA C -3’
	5’- AGC CAC AAT CCA GTC ATT C -3’

	Bone morphogenetic protein 4 (BMP4)
	5’- GCT GGA ATG ACT GGA TTG T -3’
	5’- ATG GTT GGT TGA GTT GAG G -3’

	Bone morphogenetic protein 6 (BMP6)
	5’- CGA CAC CAC AAA GAG TTC A -3’
	5’- CCC ATA ACA CAG TCC TTG TAG -3’

	Piezo-type mechanosensitive ion channel component 1 (PIEZO1)
	5’- AAG GAG ATG ATG GAC AGA GA -3’
	5’- CTG ACG TGC AGG TAG TAA TG -3’

	Yes-associated protein 1 (YAP1)
	5’- AGA ACC GTT TCC CAG ACT A -3’
	5’- TCA GCT CCT CTC CTT CTA TG -3’

	WW domain-containing transcription regulator protein 1 (WWTR1 / TAZ)
	5’- AAA TCA CCA CAT GGC AAG A -3’
	5’- GAG ATT TGG CTG GGA TAC TG -3’

	Connective Tissue Growth Factor (CTGF) / Cellular Communication Network Factor 2 (CCN2)
	5’- AAG CTG ACC TGG AAG AGA A -3’
	5’- CAG CCA GAA AGC TCA AAC T -3’

	Mitogen-activated protein kinase 1 (MAPK1)
	5’- GTA CAG GAC CTC ATG GAA AC -3’
	5’- CTC TGA GGA TCT GGT AGA GAA -3’

	Janus kinase 1 (JAK1)
	5’- TGG AAC CAA CGA CAA TGA G -3’
	5’- GTC CCT GAG CAA ACA GAT AC -3’

	Prostaglandin-endoperoxide synthase 2 (PTGS2)
	5’- GCC TGG TCT GAT GAT GTA TG -3’
	5’- CTG CTT GTC TGG AAC AAC T -3’

	Interleukin 6 (IL-6)
	5’- CCC AGG AGA AGA TTC CAA AG -3’
	5’- GTC GAG GAT GTA CCG AAT TT -3’

	Nuclear factor kappa B subunit 1 (NFKB1)
	5’- AGT ACA GGT CCA GGG TAT AG -3’
	5’- TGC TTC ATC CCA GCA TTA G -3’

	Snail family transcriptional repressor 1 (SNAI1)
	5’- GAT GAG GAC AGT GGG AAA G -3’
	5’-  XCTC CAA GGA AGA GAC TGA AG -3’

	Twist family bHLH transcription factor 2 (TWIST2)
	5’- CAA GAT CCA GAC GCT CAA G -3’
	5’- CTG CAG CTG GTC ATC TTA TT -3’

	Transforming growth factor beta 1 (TGF-β1)
	5’- GTG GAG CTG TAC CAG AAA TAC -3’
	5’- CAA CTC CGG TGA CAT CAA A -3’

	Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase (YWHAZ)
	5’- GGA GGG TCG TCT CAA GTA T -3’
	5’- ATC TCT TAG CTC CGT CTC AA -3’
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Supplementary Figure 1. Metabolic activity of bone marrow-derived mesenchymal stem cells (BM-MSCs) within P3S3 scaffolds over 21 days, cultured under static conditions or continuous direct perfusion. Metabolic activity was assessed using the resazurin reduction assay to determine cell viability (*p < 0.05).
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Supplementary Figure 2. Live/dead and scanning electron microscopy (SEM) analyses of bone marrow-derived mesenchymal stem cells (BM-MSCs) within P3S3 scaffolds on day 21, cultured under static culture or continuous, direct perfusion. (A) Live/dead staining showing 3D z-stack reconstructions of cell-seeded scaffolds, where green fluorescence represents live cells (due to calcein AM staining), and red fluorescence represents dead cells (due to ethidium homodimer-1 staining). Scale bar: 1000 µm (B) SEM of cell-cell, cell-scaffold, and cell-extracellular matrix (ECM) interactions. Scale bars: 500 µm (50x) and 100 µm (100x).
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Supplementary Figure 3. Metabolic activity of bone marrow-derived mesenchymal stem cells (BM-MSCs) within P3S3 and PLA600 scaffolds over 10 days. Cells were cultured under direct perfusion (DP) alone, or combined with intermittent hydrostatic pressure (HP, 15 kPa) for 2 h/day (rehabilitation program 1 [RP1]), pulsed electromagnetic field (PEMF) stimulation (75 Hz, 1.5 mT) for 4 h/day (rehabilitation program 2 [RP2]), or RP1 and RP2 sequentially (rehabilitation program 3 [RP3]). Metabolic activity was assessed using the resazurin reduction assay to determine cell viability.
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