Table 1 ERAS protocol for TKA
	Protocol
	Specific implementation content

	Preoperative
	Preoperative assessment & education
	A comprehensive assessment, including cardiopulmonary function, lower limb muscle strength, and nutritional status, is completed one day before surgery. A dedicated nurse provides preoperative education, explaining the surgical process, key rehabilitation points, and the pain management plan

	
	Preoperative exercise protocol
	Quadriceps exercises (15-20 minutes/time, 4-5 times/day), ankle pump exercises (300-500 times/day)

	
	Preoperative fasting protocol
	Solid food up to 6h before surgery, clear carbohydrate-rich liquid (200ml) up to 2h before surgery

	
	Preemptive analgesia
	Celecoxib 0.2g twice daily (bid)

	
	Sleep improvement
	Estazolam 1 mg orally (po) the night before surgery to ensure sleep quality

	Intra-operative
	Intraoperative
	General anesthesia

	
	TXA
	IV Dexamethasone 20mg 10min before incision, IV TXA 1g 10min before tourniquet release, intra-articular injection of TXA 2g after capsular closure

	
	"Cocktail" Therapy
	TXA 1g, ropivacaine 150mg, dexamethasone injection 10mg, sodium bicarbonate injection 30ml, magnesium sulfate injection 1ml

	Postoperative
	Multimodal Analgesia
	Celecoxib 0.2g/bid, Tramadol 50mg/every 8h (q8h), Pregabalin Capsule 75mg/bid; supplemented postoperatively with Flurbiprofen Cataplasms 40mg/bid and Diclofenac Diethylamine 3-4 times/day

	
	TXA
	IV infusion of TXA 1g (in 100ml solution) 3 hours postoperatively

	
	Diet
	Resume normal diet 2 hours after returning to the ward

	
	Ice Therapy
	Apply 3 times/day, 20min/session, temperature maintained at approximately 10°C

	
	Sleep Improvement
	Estazolam 1 mg/dose, once nightly

	
	Rehabilitation
	Instruct patient on quadriceps exercises and ankle pump exercises postoperatively. Progressively perform ROM exercises. Ambulate with a walker and bear weight on POD 1


ERAS, enhanced recovery after surgery; TXA, Tranexamic Acid; IV, intravenous; ROM, range of motion; POD 1, postoperative day 1

Table 2 Interobserver reliability of radiographic measurements
	
	mTFA
	mLDFA
	MPTA
	LFC
	LTC

	ICC (95%IC)
	0.877(0.799-0.930)
	0.927(0.878-0.959)
	0.914(0.857-0.952)
	0.910(0.850-0.949)
	0.952(0.919-0.974)


mTFA, mechanical tibiofemoral angle; mLDFA, mechanical lateral distal femoral angle; MPTA, medial proximal tibial angle; LFC, lateral femoral component; LTC, lateral tibial component; ICC, intraclass correlation coefficient; CI, confidence interval

Table 3 Radiological changes of patients before and after surgery among the three groups
	Parameter
	Preoperative
	Postoperative
	P value

	MA-MSVA
	
	
	

	mTFA(°)
	176.35±6.45
	179.52±2.04
	<0.001

	mLDFA(°)
	87.62±3.12
	89.81±1.29
	<0.001

	MPTA(°)
	86.61±3.59
	90.27±1.50
	<0.001

	LTC(°)
	85.15±3.12
	85.34±1.76
	0.955

	MSVA
	
	
	

	mTFA(°)
	176.23±6.25
	178.62±2.45
	0.002

	mLDFA(°)
	88.32±3.04
	91.21±2.02
	<0.001

	MPTA(°)
	86.90±3.52
	89.17±1.97
	<0.001

	LTC(°)
	85.29±2.93
	83.26±2.26
	<0.001

	MPA
	
	
	

	mTFA(°)
	176.58±6.36
	178.45±2.68
	<0.001

	mLDFA(°)
	88.08±9.27
	91.06±1.71
	<0.001

	MPTA(°)
	86.42±3.25
	89.47±2.18
	<0.001

	LTC(°)
	85.23±3.15
	83.08±2.46
	<0.001


MA-MSVA, mako-robotic assisted modified subvastus approach; MPA, medial parapatellar approach; mTFA, mechanical tibiofemoral angle; mLDFA, mechanical lateral distal femoral angle; MPTA, medial proximal tibial angle; LTC, lateral tibial component

Table 4 Changes in clinical outcomes before and after surgery in the three groups of patients
	Parameter
	Preoperative
	POD 1
	POD 14
	POD 30
	P value

	MA-MSVA
	
	
	
	
	

	IKDC
	34.28±7.28
	
	
	79.03±7.39
	<0.001

	EQ-5D-5L
	0.22±0.15
	0.64±0.09
	0.82±0.08
	0.83±0.07
	<0.001

	KSS
	38.90±13.81
	63.65±11.52
	77.64±9.29
	86.35±6.40
	<0.001

	VAS
	5.85±1.08
	2.10±0.64
	0.90±0.73
	0.22±0.42
	<0.001

	ROM
	96.94±9.95
	108.54±10.34
	116.15±10.99
	124.72±10.70
	<0.001

	MSVA
	
	
	
	
	

	IKDC
	35.01±8.03
	
	
	77.28±8.85
	<0.001

	EQ-5D-5L
	0.22±0.14
	0.60±0.10
	0.75±0.10
	0.82±0.09
	<0.001

	KSS
	37.64±11.55
	57.39±8.67
	72.67±5.89
	85.66±4.35
	<0.001

	VAS
	6.00±1.09
	2.50±1.01
	1.24±0.70
	0.31±0.47
	<0.001

	ROM
	95.50±9.02
	104.55±8.94
	110.95±9.19
	123.31±9.06
	<0.001

	MPA
	
	
	
	
	

	IKDC
	34.45±9.61
	
	
	76.75±9.68
	<0.001

	EQ-5D-5L
	0.25±0.13
	0.56±0.09
	0.71±0.11
	0.82±0.08
	<0.001

	KSS
	36.15±13.40
	51.88±11.89
	68.74±6.44
	85.00±5.75
	<0.001

	VAS
	5.81±1.07
	2.96±0.83
	1.69±0.78
	0.33±0.47
	<0.001

	ROM
	95.40±13.02
	99.47±11.40
	105.36±12.42
	122.45±13.31
	<0.001


MA-MSVA, mako-robotic assisted modified subvastus approach; MPA, medial parapatellar approach; 
IKDC, International Knee Documentation Committee; EQ-5D-5L, five-level EuroQol five-dimensional questionnaire; KSS, Knee Society Score; VAS, visual analog scale; ROM, range of motion 


Table 5 The changes in muscle injury and quadriceps muscle strength before and after surgery in three groups of patients
	Parameter
	Preoperative
	POD 1
	POD 14
	POD 30
	P value

	MA-MSVA
	
	
	
	
	

	CK
	109.04±46.07
	179.27±48.19
	
	
	<0.001

	LDH
	196.40±41.62
	224.24±44.02
	
	
	<0.001

	KE
	0.77±0.14
	0.61±0.14
	0.78±0.14
	0.89±0.14
	<0.001

	KF
	0.52±0.19
	0.37±0.17
	0.53±0.18
	0.63±0.17
	<0.001

	MSVA
	
	
	
	
	

	CK
	115.30±77.74
	212.78±67.37
	
	
	<0.001

	LDH
	196.51±33.43
	227.58±34.65
	
	
	<0.001

	KE
	0.76±0.16
	0.54±0.15
	0.69±0.15
	0.79±0.16
	<0.001

	KF
	0.51±0.18
	0.30±0.14
	0.43±0.15
	0.52±0.15
	<0.001

	MPA
	
	
	
	
	

	CK
	109.17±67.70
	251.24±105.20
	
	
	<0.001

	LDH
	206.16±42.96
	233.92±42.78
	
	
	<0.001

	KE
	0.77±0.19
	0.43±0.19
	0.53±0. 20
	0.62±0.20
	<0.001

	KF
	0.51±0.22
	0.22±0.12
	0.32±0.12
	0.38±0.13
	<0.001


MA-MSVA, mako-robotic assisted modified subvastus approach; MPA, medial parapatellar approach; 
CK, creatine kinase; LDH, lactate dehydrogenase; KE: knee extensors; KF: knee flexors


