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Supplementary Table S1. Mean positive and mean negative surface deviations by medial meniscal region
Values are mean ± standard deviation in millimeters. Δ denotes the ACL-reconstructed knee (ACLR knee) value minus the contralateral knee (CON knee) value. The 95% confidence intervals are unadjusted percentile intervals for paired mean differences. Holm-adjusted P values were calculated across the combined family of 36 comparisons of mean positive and mean negative surface deviations for the medial and lateral menisci. Negative deviations retain their sign. n = 14. These conditions were unloaded at 0° (0U) and under axial loading at 0° (0L), 15° (15L), and 30° (30L).
	Region
	Deviation sign
	State
	ACLR knee
	CON knee
	Δ [95% CI]
	Raw P
	Holm-adjusted P

	AH
	Positive (+)
	0L
	0.4110 ± 0.2824
	0.5348 ± 0.2576
	−0.1238 [−0.3104, 0.0684]
	0.2431
	1.0000

	AH
	Positive (+)
	15L
	0.5020 ± 0.2471
	0.5287 ± 0.2945
	−0.0267 [−0.2211, 0.1646]
	0.7931
	1.0000

	AH
	Positive (+)
	30L
	0.6569 ± 0.3068
	0.5317 ± 0.2852
	0.1252 [−0.0848, 0.3163]
	0.2606
	1.0000

	AH
	Negative (−)
	0L
	−0.4123 ± 0.1772
	−0.3643 ± 0.0747
	−0.0480 [−0.1438, 0.0457]
	0.3589
	1.0000

	AH
	Negative (−)
	15L
	−0.3709 ± 0.1071
	−0.3965 ± 0.1613
	0.0256 [−0.0872, 0.1373]
	0.6743
	1.0000

	AH
	Negative (−)
	30L
	−0.4064 ± 0.1094
	−0.4294 ± 0.1943
	0.0230 [−0.0784, 0.1373]
	0.6962
	1.0000

	BD
	Positive (+)
	0L
	0.2505 ± 0.0964
	0.4565 ± 0.3423
	−0.2060 [−0.4033, −0.0400]
	0.0785
	1.0000

	BD
	Positive (+)
	15L
	0.3604 ± 0.1439
	0.4811 ± 0.3589
	−0.1207 [−0.3161, 0.0220]
	0.2412
	1.0000

	BD
	Positive (+)
	30L
	0.4018 ± 0.1061
	0.4938 ± 0.2709
	−0.0920 [−0.2401, 0.0388]
	0.6698
	1.0000

	BD
	Negative (−)
	0L
	−0.3682 ± 0.1399
	−0.3318 ± 0.1308
	−0.0364 [−0.1220, 0.0393]
	0.4103
	1.0000

	BD
	Negative (−)
	15L
	−0.3282 ± 0.0857
	−0.3369 ± 0.1373
	0.0087 [−0.0703, 0.0885]
	0.8387
	1.0000

	BD
	Negative (−)
	30L
	−0.4011 ± 0.1399
	−0.3646 ± 0.1034
	−0.0364 [−0.1163, 0.0534]
	0.4288
	1.0000

	PH
	Positive (+)
	0L
	0.3097 ± 0.1177
	0.4779 ± 0.2886
	−0.1683 [−0.3470, −0.0170]
	0.1353
	1.0000

	PH
	Positive (+)
	15L
	0.4623 ± 0.2511
	0.4786 ± 0.3049
	−0.0163 [−0.2106, 0.1702]
	0.8744
	1.0000

	PH
	Positive (+)
	30L
	0.5593 ± 0.2478
	0.6935 ± 0.6884
	−0.1343 [−0.5019, 0.1607]
	0.8552
	1.0000

	PH
	Negative (−)
	0L
	−0.3546 ± 0.1012
	−0.3546 ± 0.1289
	0.0000 [−0.0636, 0.0635]
	0.9999
	1.0000

	PH
	Negative (−)
	15L
	−0.3635 ± 0.0970
	−0.3638 ± 0.0833
	0.0003 [−0.0580, 0.0525]
	0.9919
	1.0000

	PH
	Negative (−)
	30L
	−0.4075 ± 0.0867
	−0.4344 ± 0.0896
	0.0269 [−0.0441, 0.0985]
	0.4878
	1.0000


AH, anterior horn; BD, body; PH, posterior horn. Positive values followed the positive local-normal direction, whereas negative values followed the opposite direction.


Supplementary Table S2. Mean positive and mean negative surface deviations by lateral meniscal region
	Region
	Deviation sign
	State
	ACLR knee
	CON knee
	Δ [95% CI]
	Raw P
	Holm-adjusted P

	AH
	Positive (+)
	0L
	0.4071 ± 0.2053
	0.4966 ± 0.1887
	−0.0896 [−0.2257, 0.0479]
	0.2397
	1.0000

	AH
	Positive (+)
	15L
	0.5061 ± 0.1508
	0.4836 ± 0.1561
	0.0226 [−0.0921, 0.1320]
	0.7100
	1.0000

	AH
	Positive (+)
	30L
	0.5844 ± 0.1555
	0.5868 ± 0.1487
	−0.0024 [−0.1160, 0.1116]
	0.9684
	1.0000

	AH
	Negative (−)
	0L
	−0.3710 ± 0.1057
	−0.3496 ± 0.0820
	−0.0214 [−0.0797, 0.0375]
	0.5048
	1.0000

	AH
	Negative (−)
	15L
	−0.5196 ± 0.1170
	−0.4344 ± 0.0917
	−0.0852 [−0.1519, −0.0165]
	0.0351
	1.0000

	AH
	Negative (−)
	30L
	−0.6334 ± 0.1523
	−0.5100 ± 0.1258
	−0.1234 [−0.2054, −0.0403]
	0.0143
	0.5152

	BD
	Positive (+)
	0L
	0.3040 ± 0.0896
	0.4430 ± 0.2315
	−0.1390 [−0.2848, −0.0120]
	0.0798
	1.0000

	BD
	Positive (+)
	15L
	0.4863 ± 0.1618
	0.5066 ± 0.2129
	−0.0204 [−0.1892, 0.1440]
	0.8219
	1.0000

	BD
	Positive (+)
	30L
	0.5042 ± 0.1178
	0.5808 ± 0.1942
	−0.0766 [−0.1895, 0.0310]
	0.2120
	1.0000

	BD
	Negative (−)
	0L
	−0.4039 ± 0.1079
	−0.3254 ± 0.0989
	−0.0785 [−0.1442, −0.0124]
	0.0437
	1.0000

	BD
	Negative (−)
	15L
	−0.4316 ± 0.1175
	−0.3982 ± 0.1672
	−0.0335 [−0.1376, 0.0720]
	0.5570
	1.0000

	BD
	Negative (−)
	30L
	−0.5301 ± 0.1546
	−0.4603 ± 0.2563
	−0.0697 [−0.2262, 0.1105]
	0.4470
	1.0000

	PH
	Positive (+)
	0L
	0.4762 ± 0.1570
	0.5970 ± 0.1756
	−0.1208 [−0.2338, −0.0023]
	0.0712
	1.0000

	PH
	Positive (+)
	15L
	0.6709 ± 0.1574
	0.6945 ± 0.2336
	−0.0236 [−0.1570, 0.1242]
	0.6257
	1.0000

	PH
	Positive (+)
	30L
	0.7011 ± 0.2504
	0.6265 ± 0.1825
	0.0745 [−0.0748, 0.2105]
	0.3425
	1.0000

	PH
	Negative (−)
	0L
	−0.4197 ± 0.1136
	−0.3778 ± 0.0892
	−0.0419 [−0.0837, 0.0020]
	0.0870
	1.0000

	PH
	Negative (−)
	15L
	−0.5127 ± 0.1100
	−0.4668 ± 0.1059
	−0.0458 [−0.1173, 0.0349]
	0.3258
	1.0000

	PH
	Negative (−)
	30L
	−0.5893 ± 0.0874
	−0.5267 ± 0.1486
	−0.0626 [−0.1430, 0.0234]
	0.1794
	1.0000





Supplementary Table S3. Change in radial meniscal extrusion measured along fixed rays defined in the reference configuration
Values are changes relative to the within-knee unloaded 0° reference configuration (0U) and are reported as mean ± standard deviation in millimeters.
	Meniscus
	Region
	State
	ACLR knee
	CON knee
	Δ [95% CI]
	Raw P
	Holm-adjusted P

	MM
	AH
	0L
	−0.4970 ± 1.2839
	−0.1087 ± 1.3615
	−0.3883 [−1.1870, 0.4560]
	0.3885
	1.0000

	MM
	AH
	15L
	−1.1693 ± 1.3930
	−0.9289 ± 1.4469
	−0.2404 [−1.1099, 0.5609]
	0.5966
	1.0000

	MM
	AH
	30L
	−1.2378 ± 1.8375
	−1.7045 ± 1.3200
	0.4667 [−0.4302, 1.4018]
	0.3533
	1.0000

	MM
	BD
	0L
	−0.7632 ± 1.6540
	−0.1797 ± 1.6578
	−0.5836 [−1.7076, 0.5550]
	0.3470
	1.0000

	MM
	BD
	15L
	−0.0245 ± 1.2285
	0.2282 ± 1.0112
	−0.2527 [−1.1996, 0.7468]
	0.6341
	1.0000

	MM
	BD
	30L
	−0.2395 ± 1.4766
	0.2351 ± 1.0733
	−0.4746 [−1.3249, 0.3229]
	0.3026
	1.0000

	MM
	PH
	0L
	0.4794 ± 1.0897
	0.4601 ± 0.8964
	0.0193 [−0.3995, 0.4252]
	0.9313
	1.0000

	MM
	PH
	15L
	0.6800 ± 1.2540
	0.6394 ± 1.1568
	0.0406 [−0.8483, 0.9373]
	0.9333
	1.0000

	MM
	PH
	30L
	1.2362 ± 1.0646
	1.0798 ± 1.2008
	0.1564 [−0.5807, 0.8493]
	0.6885
	1.0000

	LM
	AH
	0L
	0.6869 ± 1.4893
	0.7760 ± 1.7781
	−0.0891 [−1.2464, 1.1861]
	0.8922
	1.0000

	LM
	AH
	15L
	−4.3756 ± 2.2083
	−3.8710 ± 1.8436
	−0.5046 [−1.8744, 0.8068]
	0.4904
	1.0000

	LM
	AH
	30L
	−5.9805 ± 2.2301
	−5.0984 ± 2.0818
	−0.8821 [−2.0359, 0.1669]
	0.1580
	1.0000

	LM
	BD
	0L
	−0.5168 ± 1.0049
	−1.0112 ± 1.4307
	0.4945 [−0.2011, 1.1611]
	0.1960
	1.0000

	LM
	BD
	15L
	−0.2107 ± 1.3932
	−0.7830 ± 1.8007
	0.5723 [−0.3786, 1.4339]
	0.2512
	1.0000

	LM
	BD
	30L
	0.1997 ± 1.4014
	0.0328 ± 1.7991
	0.1669 [−0.5690, 0.8669]
	0.6687
	1.0000

	LM
	PH
	0L
	0.0895 ± 1.4236
	−0.1780 ± 1.3412
	0.2674 [−0.8335, 1.3034]
	0.6483
	1.0000

	LM
	PH
	15L
	3.4390 ± 2.3715
	3.3940 ± 1.7970
	0.0450 [−1.1518, 1.2594]
	0.9461
	1.0000

	LM
	PH
	30L
	3.9614 ± 3.0259
	3.8734 ± 1.9063
	0.0879 [−0.9773, 1.1636]
	0.8792
	1.0000


Positive values indicate outward change along the fixed reference ray, and negative values indicate inward change. 


Supplementary Table S4. Holm-adjusted significant within-knee comparisons between loaded states
This table summarizes only statistically significant comparisons between loaded states and excludes 0U. Δ denotes the later state minus the earlier state. Holm correction was applied across all 48 displacement comparisons, 72 comparisons of change in radial meniscal extrusion, or 144 comparisons of mean positive and mean negative surface deviations, rather than only the comparisons presented in this table. n = 14.
	Meniscus
	Region
	Knee
	Outcome
	State comparison
	Δ (mm)
	Holm-adjusted P

	MM
	Whole meniscus
	CON
	AP displacement
	0L→30L
	−1.2600
	0.0425

	LM
	Whole meniscus
	ACLR
	AP displacement
	0L→15L
	−4.2400
	0.0001

	LM
	Whole meniscus
	ACLR
	AP displacement
	0L→30L
	−4.7100
	<0.0001

	LM
	Whole meniscus
	CON
	AP displacement
	0L→15L
	−3.4500
	0.0054

	LM
	Whole meniscus
	CON
	AP displacement
	0L→30L
	−3.5800
	0.0001

	LM
	AH
	ACLR
	Change in radial meniscal extrusion
	0L→15L
	−5.0600
	0.0006

	LM
	AH
	ACLR
	Change in radial meniscal extrusion
	0L→30L
	−6.6700
	<0.0001

	LM
	AH
	CON
	Change in radial meniscal extrusion
	0L→15L
	−4.6500
	0.0004

	LM
	AH
	CON
	Change in radial meniscal extrusion
	0L→30L
	−5.8700
	<0.0001

	LM
	PH
	ACLR
	Change in radial meniscal extrusion
	0L→30L
	3.8700
	0.0122

	LM
	PH
	CON
	Change in radial meniscal extrusion
	0L→15L
	3.5700
	0.0127

	LM
	PH
	CON
	Change in radial meniscal extrusion
	0L→30L
	4.0500
	0.0010

	LM
	AH
	ACLR
	Mean negative surface deviation
	0L→30L
	−0.2600
	0.0112

	LM
	BD
	ACLR
	Mean positive surface deviation
	0L→15L
	0.1800
	0.0302

	LM
	BD
	ACLR
	Mean positive surface deviation
	0L→30L
	0.2000
	0.0249

	LM
	PH
	ACLR
	Mean positive surface deviation
	0L→15L
	0.1900
	0.0302

	LM
	PH
	ACLR
	Mean negative surface deviation
	0L→30L
	−0.1700
	0.0068


Within-knee comparisons and side-to-side comparisons address different questions. This table does not indicate that ACLR caused abnormality. Because 0U was defined as zero, the main text does not interpret significance of positive or negative changes relative to 0U as evidence of injury.


Supplementary Table S5. Robustness analysis using Wilcoxon signed-rank tests for displacement comparisons
All 12 displacement comparisons were reanalyzed using two-sided exact Wilcoxon signed-rank tests, with Holm correction applied within the original family of 12 displacement comparisons. The table presents the 12 displacement outcomes. n = 14.
	Meniscus
	State
	Axis
	Primary-analysis Holm-adjusted P
	All-Wilcoxon Holm-adjusted P

	MM
	0L
	AP
	1.0000
	1.0000

	MM
	0L
	ML
	1.0000
	1.0000

	MM
	15L
	AP
	1.0000
	1.0000

	MM
	15L
	ML
	1.0000
	1.0000

	MM
	30L
	AP
	1.0000
	1.0000

	MM
	30L
	ML
	1.0000
	1.0000

	LM
	0L
	AP
	0.0012
	0.0015

	LM
	0L
	ML
	0.4322
	0.5494

	LM
	15L
	AP
	0.0012
	0.0015

	LM
	15L
	ML
	0.0012
	0.0015

	LM
	30L
	AP
	<0.0001
	0.0015

	LM
	30L
	ML
	0.0003
	0.0015




Supplementary Table S6.
Intraobserver and interobserver reliability of the main measurement outcomes
Measurements were completed by two experienced orthopedic surgeons. Data are presented as intraclass correlation coefficients (ICCs) with 95% confidence intervals.
	Measurement
	Intraobserver intraclass correlation coefficient
	Interobserver intraclass correlation coefficient

	Lateral displacement
	0.9560 (0.9450–0.9630)
	0.9450 (0.9350–0.9530)

	Medial displacement
	0.9240 (0.9140–0.9320)
	0.9210 (0.9100–0.9330)

	Extrusion AH
	0.7690 (0.7570–0.7770)
	0.7540 (0.7460–0.7630)

	Extrusion PH
	0.8560 (0.8490–0.8620)
	0.8410 (0.8300–0.8500)
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