Additional file 1: Supplementary analyses and radiographic reliability tables
Supplementary Table S1. Baseline characteristics before and after propensity score matching.
	Variable
	TKA before
(n=95)
	UKA before
(n=81)
	P before
	SMD before
	TKA after
(n=70)
	UKA after
(n=70)
	P after
	SMD after

	Age, years
	69.9 ± 4.8
	70.3 ± 4.7
	0.578
	0.08
	70.1 ± 4.7
	70.2 ± 4.6
	0.901
	0.02

	Male/female, n
	43/52
	34/47
	0.775
	0.06
	32/38
	33/37
	0.872
	0.03

	BMI, kg/m²
	26.1 ± 3.7
	26.2 ± 4.6
	0.875
	0.02
	26.2 ± 3.9
	26.1 ± 4.4
	0.889
	0.02

	Preoperative ROM, degrees
	93.0 ± 10.1
	94.0 ± 9.5
	0.500
	0.10
	93.5 ± 9.8
	93.8 ± 9.6
	0.856
	0.03

	Preoperative VAS
	6.8 ± 1.0
	6.6 ± 0.9
	0.165
	0.21
	6.7 ± 1.0
	6.7 ± 0.9
	1.000
	0.00

	Preoperative HSS
	38.8 ± 4.7
	39.4 ± 5.5
	0.442
	0.12
	39.0 ± 4.9
	39.2 ± 5.3
	0.817
	0.04

	Preoperative WOMAC
	50.1 ± 4.5
	49.3 ± 4.1
	0.219
	0.19
	49.8 ± 4.3
	49.5 ± 4.2
	0.677
	0.07

	Preoperative HKA, degrees
	162.2 ± 1.2
	162.4 ± 1.3
	0.294
	0.16
	162.3 ± 1.2
	162.3 ± 1.3
	1.000
	0.00

	Preoperative mLDFA, degrees
	97.7 ± 2.2
	97.4 ± 1.7
	0.309
	0.15
	97.6 ± 2.0
	97.5 ± 1.9
	0.762
	0.05

	Preoperative MPTA, degrees
	80.0 ± 1.8
	79.5 ± 1.9
	0.076
	0.27
	79.8 ± 1.8
	79.7 ± 1.9
	0.750
	0.05

	Preoperative JLCA, degrees
	7.5 ± 1.8
	7.6 ± 1.7
	0.705
	0.06
	7.5 ± 1.8
	7.5 ± 1.7
	1.000
	0.00


Note: This table reports the base propensity model (age, sex, BMI, preoperative ROM, VAS, HSS, WOMAC, and HKA). SMD <0.1 was considered adequate balance. mLDFA, MPTA, and JLCA were not included in the base model but also showed post-match SMD values <0.1. The expanded model adding lateral KL and patellofemoral Iwano grades is reported in Supplementary Table S7. Both PSM analyses are exploratory robustness checks.
Supplementary Table S2. Descriptive and group-level outcome comparisons in the base PSM cohort.
	Outcome
	TKA after matching
(n=70)
	UKA after matching
(n=70)
	P value

	Intraoperative blood loss, mL
	164.8 ± 24.7
	131.5 ± 21.0
	<0.001

	Operative time, min
	100.9 ± 15.8
	84.6 ± 12.1
	<0.001

	ROM at 1 month, degrees
	101.2 ± 5.7
	105.5 ± 4.9
	<0.001

	ROM at 1 year, degrees
	114.5 ± 2.5
	117.8 ± 5.1
	<0.001

	ROM at 5 years, degrees
	118.2 ± 7.8
	118.9 ± 4.4
	0.508

	VAS at 1 month
	3.5 ± 0.7
	2.8 ± 0.7
	<0.001

	VAS at 1 year
	0.9 ± 0.7
	1.0 ± 0.7
	0.402

	VAS at 5 years
	0.4 ± 0.5
	0.3 ± 0.5
	0.225

	HSS at 1 month
	79.5 ± 2.2
	83.6 ± 3.2
	<0.001

	HSS at 1 year
	84.2 ± 2.7
	87.7 ± 2.9
	<0.001

	HSS at 5 years
	93.3 ± 2.2
	93.5 ± 2.9
	0.643

	WOMAC at 1 month
	30.8 ± 3.2
	26.5 ± 2.3
	<0.001

	WOMAC at 1 year
	15.0 ± 2.1
	12.4 ± 2.0
	<0.001

	WOMAC at 5 years
	10.0 ± 1.5
	9.5 ± 1.8
	0.078

	Total complications, n (%)
	3 (4.3)
	2 (2.9)
	1.000


Note: PSM, propensity score matching; ROM, range of motion; VAS, visual analog scale; HSS, Hospital for Special Surgery; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index. Because linked pair identifiers were unavailable for some archived base-PSM outcomes, this table presents secondary group-level comparisons; pair-specific inference is reported in Supplementary Table S7.
Supplementary Table S3. Descriptive mean improvement from baseline in clinical outcomes.
	Outcome
	Time point
	TKA mean improvement
	UKA mean improvement
	Difference in improvement (UKA minus TKA)

	ROM, degrees
	1 month
	7.7
	11.8
	4.1

	ROM, degrees
	1 year
	21.3
	24.1
	2.8

	ROM, degrees
	5 years
	25.4
	25.0
	-0.4

	VAS
	1 month
	3.2
	3.9
	0.7

	VAS
	1 year
	5.9
	5.6
	-0.3

	VAS
	5 years
	6.4
	6.3
	-0.1

	HSS
	1 month
	40.5
	44.4
	3.9

	HSS
	1 year
	45.2
	48.5
	3.3

	HSS
	5 years
	54.4
	54.2
	-0.2

	WOMAC
	1 month
	19.0
	23.1
	4.1

	WOMAC
	1 year
	34.9
	37.1
	2.2

	WOMAC
	5 years
	40.0
	39.9
	-0.1


Note: Positive values indicate improvement. ROM and HSS improvement was calculated as follow-up minus baseline; VAS and WOMAC improvement as baseline minus follow-up. The final column is UKA minus TKA. Values are descriptive differences between the reported group means. HSS, Hospital for Special Surgery; MCID, minimal clinically important difference; ROM, range of motion; TKA, total knee arthroplasty; UKA, unicompartmental knee arthroplasty; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
Supplementary Table S4. Clinical interpretation of between-group WOMAC improvement differences relative to the published MCID.
	Time point
	TKA mean improvement
	UKA mean improvement
	Difference in improvement (UKA minus TKA)
	Published total WOMAC MCID
	10-point MCID benchmark reached?

	1 month
	19.0
	23.1
	4.1
	10 points
	No

	1 year
	34.9
	37.1
	2.2
	10 points
	No

	5 years
	40.0
	39.9
	-0.1
	10 points
	No


Note: WOMAC improvement was calculated as baseline minus follow-up score. The published 10-point WOMAC MCID was established one year after TKA and is used here as a group-level clinical benchmark. MCID, minimal clinically important difference; TKA, total knee arthroplasty; UKA, unicompartmental knee arthroplasty; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
Supplementary Table S5. UKA alignment from the early postoperative examination to five years: weight-bearing primary analysis and all-pair sensitivity analysis.
A. Primary analysis: weight-bearing early postoperative radiographs (n = 65)
	Parameter
	Early postoperative
	Five years
	Paired change (5 years minus early postoperative)
	95% CI
	P value

	HKA, degrees
	175.82 ± 0.84
	175.91 ± 1.36
	+0.09 ± 1.58
	-0.30 to 0.48
	0.645

	mLDFA, degrees
	90.40 ± 2.00
	90.72 ± 1.97
	+0.32 ± 2.82
	-0.38 to 1.02
	0.363

	Reconstructed MPTA, degrees
	85.18 ± 2.21
	85.34 ± 2.34
	+0.17 ± 3.02
	-0.58 to 0.91
	0.658

	JLCA, degrees
	2.56 ± 1.06
	2.45 ± 0.91
	-0.11 ± 1.37
	-0.45 to 0.23
	0.535


B. Sensitivity analysis: all analyzable paired radiographs (n = 76)
	Parameter
	Early postoperative
	Five years
	Paired change (5 years minus early postoperative)
	95% CI
	P value

	HKA, degrees
	175.79 ± 0.89
	175.94 ± 1.30
	+0.15 ± 1.58
	-0.21 to 0.52
	0.398

	mLDFA, degrees
	90.20 ± 2.01
	90.59 ± 2.01
	+0.39 ± 2.90
	-0.27 to 1.05
	0.243

	Reconstructed MPTA, degrees
	85.08 ± 2.15
	85.49 ± 2.32
	+0.41 ± 3.04
	-0.29 to 1.10
	0.246

	JLCA, degrees
	2.57 ± 1.04
	2.47 ± 0.98
	-0.09 ± 1.34
	-0.40 to 0.21
	0.539


Note: Data are mean ± standard deviation unless otherwise indicated. Panel A includes the 65 analyzable patients whose early postoperative radiographs were weight-bearing. Panel B includes all 76 analyzable pairs, including 11 patients whose early postoperative radiographs were non-weight-bearing. All 81 UKA patients had early postoperative and five-year radiographs; five did not meet the imaging requirements for complete serial measurement. HKA, hip-knee-ankle angle; JLCA, joint line convergence angle; mLDFA, mechanical lateral distal femoral angle; MPTA, medial proximal tibial angle; UKA, unicompartmental knee arthroplasty.
Supplementary Table S6. Interobserver reliability of radiographic assessments.
	Assessment
	Reliability statistic
	Estimate
	95% CI

	Lateral compartment KL grade
	Quadratic-weighted κ
	0.951
	0.917 to 0.979

	Patellofemoral Iwano grade
	Quadratic-weighted κ
	0.953
	0.924 to 0.975

	Post-UKA HKA
	ICC(2,1)
	0.884
	0.848 to 0.911

	Post-UKA mLDFA
	ICC(2,1)
	0.921
	0.892 to 0.943

	Post-UKA reconstructed MPTA
	ICC(2,1)
	0.902
	0.867 to 0.928

	Post-UKA JLCA
	ICC(2,1)
	0.898
	0.867 to 0.921


Note: Weighted kappa was calculated from the observers' initial independent ordinal grades. ICC values used a two-way random-effects, absolute-agreement, single-measurement model; consensus values were used in the primary analyses. The 95% CIs were obtained by patient-level bootstrap with 5,000 resamples. CI, confidence interval; HKA, hip-knee-ankle angle; ICC, intraclass correlation coefficient; JLCA, joint line convergence angle; KL, Kellgren-Lawrence; mLDFA, mechanical lateral distal femoral angle; MPTA, medial proximal tibial angle; UKA, unicompartmental knee arthroplasty.
Supplementary Table S7. Expanded propensity score-matched sensitivity analysis including other-compartment grades.
A. Covariate balance before and after matching
	Covariate
	SMD before matching
	SMD after matching
	Balanced (<0.1)

	Age
	0.08
	0.01
	Yes

	Sex
	0.06
	0.03
	Yes

	BMI
	0.02
	0.02
	Yes

	Preoperative ROM
	0.10
	0.02
	Yes

	Preoperative VAS
	0.21
	0.01
	Yes

	Preoperative HSS
	0.12
	0.00
	Yes

	Preoperative WOMAC
	0.19
	0.01
	Yes

	Preoperative HKA
	0.16
	0.01
	Yes

	Lateral KL grade
	0.26
	0.00
	Yes

	Patellofemoral Iwano grade
	0.11
	0.00
	Yes

	Maximum SMD
	0.26
	0.029
	Yes


B. Five-year outcomes in the expanded matched cohort (n = 70 per group)
	Outcome at 5 years
	TKA (n=70)
	UKA (n=70)
	Matched-pair effect estimate
	P value

	ROM, degrees
	118.6 ± 6.8
	119.2 ± 4.5
	+0.57 (-1.41 to 2.55)
	0.566

	VAS pain
	0.3 ± 0.5
	0.2 ± 0.5
	Median pair difference 0.0 (IQR -0.5 to 0.0)
	0.458

	HSS score
	93.2 ± 2.2
	93.5 ± 2.9
	+0.24 (-0.65 to 1.13)
	0.587

	WOMAC total
	10.0 ± 1.5
	9.5 ± 1.8
	-0.51 (-1.07 to 0.05)
	0.075

	Overall complications, n (%)
	3 (4.3)
	2 (2.9)
	3 TKA-only vs 2 UKA-only discordant pairs
	1.000


All 70 matched-pair identifiers (match_id 1-70) were retained; every post-match covariate SMD was <0.1.
Note: Expanded PSM included age, sex, BMI, preoperative ROM, VAS, HSS, WOMAC, HKA, lateral KL grade, and patellofemoral Iwano grade; KL and Iwano were ordinal. Matching was 1:1 nearest-neighbor without replacement with a 0.2-SD caliper; maximum post-match SMD was 0.029. Paired t tests were used for ROM, HSS, and WOMAC, the Wilcoxon signed-rank test for VAS, and the exact McNemar test for complications. Effect estimates are UKA minus TKA. CI, confidence interval; IQR, interquartile range; KL, Kellgren-Lawrence; PSM, propensity score matching; SMD, standardized mean difference.
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TKA

before

(n=95)

UKA

before

(n=81)

P

before

SMD

before

TKA

after

(n=70)

UKA

after

(n=70)

P

after

SMD

after

Age,

years

69.9

±

4.8

70.3

±

4.7

0.578

0.08

70.1

±

4.7

70.2

±

4.6

0.901

0.02

Male/female,

n

43/52

34/47

0.775

0.06

32/38

33/37

0.872

0.03

BMI,

kg/m

²

26.1

±

3.7

26.2

±

4.6

0.875

0.02

26.2

±

3.9

26.1

±

4.4

0.889

0.02

Preoperative

ROM,

degrees

93.0

±

10.1

94.0

±

9.5

0.500

0.10

93.5

±

9.8

93.8

±
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0.856

0.03

Preoperative
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6.8

±

1.0

6.6

±

0.9

0.165

0.21

6.7

±

1.0

6.7

±

0.9

1.000
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Preoperative
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38.8

±
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39.4
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39.2

±
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0.07

Preoperative

HKA,

degrees

162.2

±
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±
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0.294

0.16
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±

1.2

162.3

±

1.3

1.000

0.00

Preoperative
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degrees

97.7

±

2.2

97.4

±

1.7

0.309

0.15
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±
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±
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0.762
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80.0

±
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0.00

Note:

This

table

reports

the

base

propensity

model

(age,

sex,

BMI,

preoperative

ROM,

VAS,

HSS,

WOMAC,

and

HKA).

SMD

<0.1

was

considered

adequate

balance.

mLDFA,

MPTA,

and

JLCA

were

not

included

in

the

base

model

but

also

showed

post-match

SMD

values

<0.1.

The

expanded

model

adding

lateral

KL

and

patellofemoral

Iwano

grades

is

reported

in

Supplementary

Table

S7.

Both

PSM

analyses

are

exploratory

robustness

checks.

Supplementary

Table

S2.

Descriptive

and

group-level

outcome

comparisons

in

the

base

PSM

cohort.

Outcome

TKA

after

matching

(n=70)

UKA

after

matching

(n=70)

P

value

Intraoperative

blood

loss,

mL

164.8

±

24.7

131.5

±

21.0

<0.001

Operative

time,

min

100.9

±

15.8

84.6

±

12.1

<0.001

ROM

at

1

month,

degrees

101.2

±

5.7

105.5

±

4.9

<0.001

ROM

at

1

year,

degrees

114.5

±

2.5

117.8

±

5.1

<0.001

ROM

at

5

years,

degrees

118.2

±

7.8

118.9

±

4.4

0.508

VAS

at

1

month

3.5

±

0.7

2.8

±

0.7

<0.001

VAS

at

1

year

0.9

±

0.7

1.0

±

0.7

0.402

VAS

at

5

years

0.4

±

0.5

0.3

±

0.5

0.225

HSS

at

1

month

79.5

±

2.2

83.6

±

3.2

<0.001

HSS

at

1

year

84.2

±

2.7

87.7

±

2.9

<0.001

HSS

at

5

years

93.3

±

2.2

93.5

±

2.9

0.643

WOMAC

at

1

month

30.8

±

3.2

26.5

±

2.3

<0.001

WOMAC

at

1

year

15.0

±

2.1

12.4

±

2.0

<0.001

WOMAC

at

5

years

10.0

±

1.5

9.5

±

1.8

0.078

Total

complications,

n

(%)

3

(4.3)

2

(2.9)

1.000

Note:

PSM,

propensity

score

matching;

ROM,

range

of

motion;

VAS,

visual

analog

scale;

HSS,

Hospital

for

Special

Surgery;

WOMAC,

Western

Ontario

and

McMaster

Universities

Osteoarthritis

Index.

Linked

pair

identifiers

were

not

retained

for

all

outcomes

in

the

archived

base-PSM

dataset;

these

results

are

therefore

presented

only

as

secondary

group-level

comparisons

and

do

not

represent

pair-specific

treatment

effects.

