Supplementary Table 1. Quality Assessment for Randomized Control Trials (RCTs) Based on Cochrane Risk of Bias Tool.
	Criteria
	Murphy (2014)
	Judgement

	Was the allocation sequence generated adequately?
	
Yes (Randomized)
	
Low risk

	Was the allocation of treatment adequately concealed?
	
Yes (Concealed until enrollment)
	
Low risk

	Did researchers rule out unintended exposure that might bias results?
	
Yes (Standardized surgical protocol)
	
Low risk

	Were participants analyzed per original assignment (ITT)?
	
Yes
	
Low risk


	Was the length of follow-up different between groups?
	
No (1 year for all)
	
Low risk

	Were outcome assessors blinded to intervention status?
	
Yes (Blinded assessors)
	
Low risk

	Were pre-specified outcomes reported?
	
Yes
	
Low risk


	Were missing data handled appropriately?
	
Yes (Linear mixed model used; attrition unlikely to bias results)
	
Low risk

	Were outcomes assessed using valid/reliable measures?
	
Yes (WOMAC, SF-12, ROM measured consistently)
	
Low risk

	Overall risk of bias judgement
	Low risk of bias
	Low risk









Supplementary Table 2. Newcastle-Ottawa Scale Criteria for Observational Studies
	NOS Criterion
	Guruprasad (2023)
	Haikal (2025)
	Kim (2014)
	Li (2023)
	Nishitani (2020)
	Okamoto (2019)
	Scott (2019)
	Zhou (2023)
	Mulpur (2025)

	Representativeness of Exposed
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Selection of Non-Exposed
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Ascertainment of Exposure
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Outcome Absent at Start
	1
	1
	1
	0
	1
	1
	0
	1
	1

	Comparability
	0
	0
	2
	0
	0
	2
	0
	0
	0

	Assessment of Outcome
	2
	2
	3
	2
	1
	0
	2
	3
	1

	Follow-up Length
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Adequacy of Follow-up
	1
	1
	1
	0
	0
	1
	1
	1
	0

	Total NOS Score
	6
	6
	9
	5
	5
	6
	5
	7
	5





Supplementary Table 3. GRADE Domains Across Included Studies.
	Outcome
	Studies contributing (N knees)
	Risk of Bias
	Inconsistency
	Indirectness
	Imprecision
	Publication Bias
	Upgrades
	Certainty of Evidence (GRADE)

	Range of Motion (ROM, 1–2 yrs)
	Haikal 2025 (976), Li 2023 (89), Nishitani 2020 (156), Okamoto 2019 (120), Zhou 2023 (113), Malpur 2025 (285), Murphy 2014 (40) = 1,779 knees
	Serious (retrospective majority, variable measurement)
	Not serious
	Not serious
	Serious (small cohorts, wide CIs)
	Not detected
	None
	Low

	Functional Scores (KSS, OKS, AKSS, JOA, SF-12)
	Guruprasad 2023 (81), Haikal 2025 (976), Li 2023 (89), Nishitani 2020 (156), Okamoto 2019 (120), Scott 2019 (297), Zhou 2023 (113), Malpur 2025 (285), Murphy 2014 (40) = 2,157 knees
	Serious (retrospective designs, some unclear blinding)
	Not serious
	Minor indirectness (heterogeneous scoring systems)
	Serious (small sample size in several studies)
	Not detected
	None
	Very low

	Survivorship / Revision Outcomes (≥10 yrs)
	Kim 2014 (3,048), Scott 2019 (297) = 3,345 knees
	Not serious (large sample sizes, long follow-up)
	Not serious
	Not serious
	Not serious
	Not detected
	+1 (large magnitude, Kim 2014)
	Moderate

	Anterior Knee Pain (AKP)
	Scott 2019 (297) = 297 knees
	Serious (small single study)
	Not serious
	Not serious
	Serious (wide CI, small cohort)
	Not detected
	None
	Low





Supplementary Table 4. Definitions of Femoral Flexion Angle (FFA) Across Included Studies and Potential Impact.
	Study
	FFA Definition
	Potential Impact on Outcomes

	Guruprasad 2023
	Angle between implant’s distal surface and anatomical femoral axis.
	May underestimate true flexion depending on implant geometry; weaker correlation with symptoms.

	Haikal 2025
	Angle between distal anatomical axis and line perpendicular to posterior condyles.
	Sensitive to rotational error or condylar asymmetry; may shift grouping.

	Kim 2014
	Angle between distal anatomical axis and component sagittal axis on lateral X-ray.
	Observer-dependent axis estimation; small errors may inflate measured flexion affecting survival analysis.

	Li 2023
	Angle between mechanical axis and component long axis.
	Mechanical axis ignores femoral bowing, often underestimating flexion in bowed femurs.

	Murphy 2014
	Software-derived angle between femoral flange and a parallel reference on true lateral radiograph.
	True lateral requirement improves reproducibility and lowers measurement variability.

	Nishitani 2020
	Angle between distal anatomical axis and line perpendicular to posterior condyles.
	Same limitations: rotation-sensitive; may alter flexion category assignment.

	Okamoto 2019
	Angle between anterior cortex line and line perpendicular to distal articular surface.
	Anterior cortex influenced by femoral bowing, often overestimating flexion.

	Scott 2019
	Flexion measured on true lateral radiograph using anatomical axis vs component axis.
	Strict radiograph criteria reduce error; improves reliability of AKP associations.

	Zhou 2023
	Angle between distal anatomical axis and component longitudinal axis.
	Small tracing variations can shift knees between angle groups.

	Mulpur 2025
	Values obtained directly from MAKO robotic planning software.
	Highest precision; minimal measurement error enhances detection of subtle angle–outcome relationships.




