Supplemental Table S1. Detailed information of the included patients
	Patient ID
	Age
	Height (m)
	Weight (kg)
	BMI
	Gender
	BP
	MPTA (°)
	HKA (°)
	KL (M)
	KL (L)
	Disease History
	Drug history

	A24
	68
	1.52
	71
	30.7
	Female
	120/70
	90
	178
	4
	1
	Hip fracture
	Simvastatin

	A25
	82
	1.44
	44.6
	21.5
	Male
	140/75
	90
	169
	4
	1
	N/A
	N/A

	A29
	69
	1.42
	51
	25.3
	Female
	135/70
	84
	153
	4
	2
	Spondyloarthritis; Depression; Dead
	N/A

	A33
	73
	1.68
	71.6
	25.4
	Male
	135/80
	86
	153
	4
	2
	N/A
	N/A

	A34
	70
	1.67
	88.5
	31.7
	Male
	123/70
	79
	168
	4
	2
	Hypertension; Hyperlipidemia
	Rosuvastatin

	A35
	69
	1.58
	59
	23.6
	Female
	128/68
	86
	164
	4
	1
	Spondyloarthritis; Hypertension
	N/A

	A38
	74
	1.52
	62.2
	26.9
	Female
	142/83
	86
	167
	4
	1
	N/A
	N/A

	A39
	70
	1.76
	80.5
	26.0
	Male
	156/90
	81
	170
	4
	1
	Diabetes; Hyperlipidemia
	Simvastatin

	A40
	59
	1.59
	72.7
	28.8
	Male
	145/84
	83
	167
	4
	2
	N/A
	Simvastatin

	A41
	73
	1.54
	57.5
	24.2
	Male
	118/48
	81
	158
	4
	2
	N/A
	N/A

	A42
	78
	1.59
	63
	24.9
	Male
	108/70
	87
	179
	3
	1
	Hyperlipidemia
	Simvastatin

	A43
	75
	1.67
	110
	39.4
	Male
	142/94
	86
	165
	4
	1
	Renal impairment
	Metformin

	A44
	79
	1.55
	69
	28.7
	Female
	81/40
	90
	174
	4
	1
	Hypertension; Hyperlipidemia
	Simvastatin

	A45
	79
	1.6
	72
	28.1
	Female
	120/60
	88
	180
	3
	2
	Hypertension; Hyperlipidemia
	N/A

	A46
	71
	1.75
	75
	24.5
	Male
	200/88
	81
	169
	4
	2
	N/A
	N/A

	A48
	67
	1.76
	72
	23.2
	Female
	130/80
	88
	171
	4
	1
	Hypertension; Pre-diabetes
	N/A

	A49
	87
	1.5
	56.4
	25.1
	Female
	163/63
	90
	177
	3
	3
	Hypertension; Hyperlipidemia
	Metformin

	A50
	62
	1.69
	59
	20.7
	Male
	99/58
	86
	160
	4
	1
	DDH
	N/A

	A52
	59
	1.78
	94.6
	29.9
	Male
	133/71
	91
	176
	4
	1
	Hip fracture
	N/A

	A51
	68
	1.75
	77
	25.1
	Male
	N/A
	85
	172
	4
	1
	N/A
	Rosuvastatin

	A54
	64
	1.51
	55
	24.1
	Female
	99/58
	83
	165
	3
	1
	Thyroidectomy
	Thyroxine sodium

	A55
	74
	1.66
	73
	26.5
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Female
	124/74
	89
	175
	3
	1
	Hypertension
	Simvastatin

	A56
	71
	1.63
	69
	26.0
	Male
	107/58
	83
	172
	3
	1
	Hypertension
	N/A

	A57
	67
	1.67
	92
	33.0
	Male
	110/62
	84
	171
	4
	1
	Diabetes; Hyperlipidemia
	Metformin

	X1
	64
	1.68
	72
	25.51
	Male
	122/74
	96.8
	171.4
	4
	1
	Hypertension; COPD
	Amlodipine

	X2
	64
	1.6
	62.5
	24.41
	Female
	129/77
	90.3
	174.8
	3
	1
	Diabetes; Hypertension
	Metformin

	X3
	67
	1.65
	60
	22.04
	Male
	142/88
	94.9
	169.3
	4
	1
	Hypertension
	N/A

	X4
	70
	1.5
	50
	22.22
	Female
	143/70
	93.4
	173
	4
	1
	Diabetes
	Metformin

	X5
	69
	1.65
	80
	29.38
	Female
	140/87
	85.4
	171.8
	4
	1
	Hypertension
	Amlodipine

	X6
	82
	1.56
	60
	24.65
	Female
	181/87
	87.7
	167
	4
	1
	Hypertension
	Amlodipine

	X7
	69
	1.4
	50
	25.51
	Female
	137/76
	91.9
	172.3
	3
	1
	Chronic gastritis
	N/A

	X8
	73
	1.45
	60
	28.54
	Female
	151/87
	85.4
	174
	3
	1
	N/A
	N/A

	X9
	71
	1.6
	73
	28.52
	Female
	152/88
	91.1
	169.7
	3
	1
	Hypertension; Gout
	Felodipine

	X10
	71
	1.55
	60
	24.97
	Female
	114/69
	93
	170.1
	4
	2
	Hypertension
	Amlodipine

	X11
	63
	1.45
	56
	26.63
	Female
	141/73
	92.3
	172.1
	3
	1
	N/A
	N/A

	X12
	57
	1.57
	60
	24.34
	Female
	84/58
	93.4
	171.1
	3
	1
	N/A
	N/A

	X13
	65
	1.54
	52
	21.93
	Female
	154/86
	82.1
	165.1
	4
	2
	Hypertension
	valsartan

	X14
	77
	1.58
	75
	30.04
	Female
	151/82
	96.4
	167.7
	4
	1
	Hypertension
	Felodipine

	X15
	74
	1.66
	69
	25.04
	Male
	125/84
	90
	169.9
	4
	1
	Osteoporosis
	N/A

	X16
	70
	1.58
	56
	22.43
	Male
	140/78
	95.1
	170.8
	3
	1
	Recurrent aphthous ulcer
	N/A

	X17
	76
	1.6
	60
	23.44
	Male
	150/90
	93.6
	167.4
	3
	1
	Captopril
	N/A

	X18
	59
	1.65
	78
	28.65
	Male
	127/89
	93.5
	176
	3
	1
	N/A
	N/A


BMI: body mass index; HKA: hip-knee-angle; MPTA: medial proximal tibial angle; BP: blood pressure; KL: Kellgren and Lawrence system; M: medial; L: lateral; DDH: developmental dysplasia of the hip

















Supplemental Table S2 Statistical analysis within each group
	Tests
	Distributional normality 
	Homogeneity of variances 
	Statistical test method 

	[bookmark: _Hlk209731445]
microCT data (Fig. 1)
	SCBP BV/TV
	Shapiro-Wilk test (Normal)
	Levene’s test (No variance)
	Paired t test

	
	SCBP BMD
	Shapiro-Wilk test (Normal)
	Levene’s test (No variance)
	Paired t test

	
	SCCB BV/TV
	Shapiro-Wilk test (Normal)
	Levene’s test (No variance)
	Paired t test

	
	SCCB BMD
	Shapiro-Wilk test (Normal)
	Levene’s test (No variance)
	Paired t test

	[bookmark: _Hlk209731510][bookmark: _Hlk209732057][bookmark: _Hlk209731933]Male SCBP cell data 
(Fig. 2)
	F4/80 density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	
Wilcoxon signed rank test


	
	Osterix density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	
	CTSK density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	[bookmark: _Hlk209731516]Female SCBP cell data 
(Fig. 2)
	F4/80 density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	
Wilcoxon signed rank test

	
	Osterix density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	
	CTSK density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	[bookmark: _Hlk209731573]Male SCCB cell data 
(Fig. 3)
	F4/80 density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	
Wilcoxon signed rank test

	
	Osterix density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	
	CTSK density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	[bookmark: _Hlk209731578]Female SCCB cell data 
(Fig. 3)
	F4/80 density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	
Wilcoxon signed rank test

	
	Osterix density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	
	CTSK density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	[bookmark: _Hlk209732032][bookmark: _Hlk209732070][bookmark: OLE_LINK18]Statin SCBP
(S. Table. S7)
	F4/80 density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	
Wilcoxon signed rank test


	
	Osterix density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	
	CTSK density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	[bookmark: _Hlk209732037][bookmark: _Hlk209731681][bookmark: _Hlk209731742]Statin SCCB
(S. Table. S7)
	F4/80 density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	
Wilcoxon signed rank test

	
	Osterix density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	
	CTSK density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	[bookmark: _Hlk209732044][bookmark: _Hlk209731788]Non-statin SCBP
(S. Table. S7)
	F4/80 density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	
Wilcoxon signed rank test

	
	Osterix density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	
	CTSK density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	[bookmark: _Hlk209731810]Non-statin SCCB
(S. Table. S7)
	F4/80 density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	
Wilcoxon signed rank test

	
	Osterix density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
	

	
	CTSK density
	Shapiro-Wilk test (Abnormal)
	Levene’s test (variance)
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Supplemental Table S3. Factors analysis applied to the data from included patients
	
	M (n=20)
	F (n=22)
	P value

	Age
	69.40±6.26
	70.96±6.74
	0.454 (t-test)

	BMI
	26.41±4.36
	26.06±2.46
	0.754 (t-test)

	Hypertension
	10 (50%)
	13 (59%)
	0.757 (Fisher’s Exact test)

	Diabetes Mellitus (DM)
	3 (15%)
	3 (14%)
	>0.999 (Fisher’s Exact test)









Supplemental Table S4 Kellgren-Lawrence grading system
	Kellgren-Lawrence grade
	Descriptions

	0
	No JSN or reactive changes

	I
	Doubtful JSN, possible osteophytic lipping

	II
	Definite osteophytes, possible JSN

	III
	Moderate osteophytes, definite JSN, some sclerosis, possible bone-end deformity

	IV
	Large osteophytes, marked JSN, severe sclerosis, definite bone ends deformity





















Supplemental Table S5 OARSI score system
OA score is based on both the severity (grade) and extent (stage) of OA in the articular cartilage. 
The OA stage is shown below:
	[bookmark: _Hlk193895346]Stage
	% Involvement (surface, area, volume)

	Stage 0
	No OA activity seen 

	Stage 1 
	10%

	Stage 2 
	10%-25%

	Stage 3 
	25%-50%

	Stage 4
	More than 50%



The OA severity is shown below:
	Grade
	Subgrade

	Grade 0: surface intact, cartilage intact
	N/A

	[bookmark: _Hlk193895416]Grade 1: surface intact
	1.0 Cells intact 

	
	1.5 Cell death

	Grade 2: surface discontinuity
	2.0 Fibrillation through superficial zone

	
	2.5 Surface abrasion with matrix loss within superficial zone

	Grade 3: vertical fissures
	3.0 Simple fissures

	
	3.5 Branched/complex fissures

	Grade 4: erosion
	4.0 Superficial zone delamination 

	
	4.5 Mid zone excavation 4.5

	Grade 5: denudation
	5.0 Bone surface intact

	
	5.5 Reparative tissue surface present

	Grade 6: deformation
	6.0 Joint margin osteophytes

	
	6.5 Joint margin and central osteophytes


The recommended score is an index of combined grade and stage. The simple formula: score=gradeⅹstage is recommended.



Supplemental Table S6. Parameters comparison of statin-treated patients with non-statin-treated patients across different regions 

	SCBP (cells/mm2)
	Statin (n=8)#
	Non-statin (n=21)
	P value
(Statin v.s. Non-statin)

	
	C
	OA
	P value
	C
	OA
	P value
	C
	OA

	1
	F4/80+
macrophage
	1239.5±1264.5
	635.6±466.6
	0.078
	446.1±486.2
	318.5±472.3
	0.855
	0.058
	0.058

	2
	Osterix+
osteoprogenitors
	948.9±648.8
	1145.7±851.6
	0.945
	552.2±585.1
	544.8±544.9
	0.892
	0.162
	0.130

	3
	Cathepsin K+
osteoclasts
	821.9±761.2
	373.4±244.4
	0.115
	230.8±261.8
	247.3±241.6
	0.946
	0.021
	0.150

	SCCB (cells/mm)
	Statin (n=8)#
	Non-statin (n=32)
	P value
(Statin v.s. Non-statin)

	
	C
	OA
	P value
	C
	OA
	P value
	C
	OA

	1
	F4/80+
macrophage
	3.4±3.1
	7.2±5.3
	0.039
	1.5±2.4
	3.2±3.1
	<0.001
	0.034
	0.045

	2
	Osterix+
osteoprogenitors
	6.7±7.3
	4.5±3.2
	0.312
	2.6±4.3
	5.1±5.5
	0.418
	0.024
	0.686

	3
	Cathepsin K+
osteoclasts
	1.6±0.9
	5.1±3.9
	0.016
	1.7±2.7
	4.5±4.0
	<0.001
	0.557
	0.820


# 8 patients having statin-related drug history (A24, A34, A39, A40, A42, A44, A51, A55), please find the details about numbers of samples in Table S1 and Table 4. 
From the analysis, in subchondral bone plate (SCBP) region, patients with statin history did not show significant differences in F4/80+ macrophages, Osterix+ osteoprogenitors, in comparison with patients with non-statin history, however, the number of Cathepsin K+ osteoclasts is significantly higher in the C region of Satin users (p=0.021). In subchondral cancellous bone (SCCB) regions, we found that patients with or without statin history (both groups) exhibited significantly higher numbers of F4/80+ macrophages and Cathepsin K+ osteoclasts in OA affected zones (F4/80: Statin: p=0.039, Non-statin: p<0.001; Cathepsin K: Statin: p=0.016, Non-statin: p<0.001), while the number of osteoprogenitors are higher in the C region of Satin users (Osterix: C: Satin vs Non-Satin: p=0.024). Importantly, it is noted that only 8 patients have the satin-related drug history, the data shown here is for reference only. 

[bookmark: OLE_LINK16]Supplemental Table S7. Analysis of the influence factors in the cellular data using linear mixed effects models (LMM) fit by Restricted Maximum Likelihood (REML)

F4/80 SCBP
	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	0.7143
	6.311484
	33
	0.113175
	0.9106

	BMI
	-0.05834
	0.131819
	33
	-0.44257
	0.661

	Age
	0.076392
	0.07777
	33
	0.982286
	0.3331

	Hypertension (0/1)
	-0.73535
	1.032838
	33
	-0.71197
	0.4815

	DM (0/1)
	-1.72659
	1.346747
	33
	-1.28204
	0.2088

	

	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	2.656452
	0.829163
	36
	3.203774
	0.0028

	OA1
	2.761757
	0.726106
	26
	3.803515
	0.0008

	Gender (Female 0/Male1)
	-0.87333
	0.992511
	36
	-0.87992
	0.3847




OSX SCBP
	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	-951.153
	1440.392
	29
	-0.66034
	0.5142

	BMI
	53.8014
	28.6198
	24
	1.879867
	0.0723

	Age
	6.2334
	17.0997
	24
	0.364534
	0.7187

	Hypertension (0/1)
	-391.054
	230.3003
	24
	-1.69802
	0.1024

	DM (0/1)
	-80.6135
	268.4092
	24
	-0.30034
	0.7665

	

	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	408.9234
	157.2208
	28
	2.60095
	0.0147

	OA1
	48.9778
	126.1765
	28
	0.388169
	0.7008

	Gender (Female 0/Male1)
	488.5187
	200.2347
	27
	2.43973
	0.0215



CTSK SCBP
	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	-1001.05
	846.2403
	29
	-1.18293
	0.2464

	BMI
	43.5574
	16.8143
	24
	2.590494
	0.16

	Age
	4.638
	10.0462
	24
	0.46167
	0.6485

	Hypertension (0/1)
	-228.333
	135.3031
	24
	-1.68757
	0.1044

	DM (0/1)
	-95.1092
	157.6923
	24
	-0.60313
	0.5521

	

	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	391.0013
	105.9177
	28
	3.691556
	0.001

	OA1
	-111.783
	80.6992
	28
	-1.38518
	0.1769

	Gender (Female 0/Male1)
	5.6023
	136.1675
	27
	0.041143
	0.9675



F4/80 SCCB
	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	-8.55549
	6.416687
	31
	-1.33332
	0.1921

	BMI
	0.209168
	0.132525
	31
	1.578328
	0.1246

	Age
	0.107528
	0.077928
	31
	1.379832
	0.1775

	Hypertension (0/1)
	-0.77908
	0.982364
	31
	-0.79306
	0.4338

	DM (0/1)
	-2.46765
	1.503692
	31
	-1.64106
	0.1109

	

	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	2.380181
	0.888434
	34
	2.679076
	0.0113

	OA1
	1.909007
	0.825592
	24
	2.31229
	0.0297

	Gender (Female 0/Male1)
	0.513492
	1.003841
	34
	0.511527
	0.6123




OSX SCCB
	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	-8.75217
	9.354815
	34
	-0.93558
	0.3561

	BMI
	-0.01169
	0.198737
	34
	-0.05882
	0.9534

	Age
	0.19832
	0.115243
	34
	1.720894
	0.0944

	Hypertension (0/1)
	0.793149
	1.511577
	34
	0.524716
	0.6032

	DM (0/1)
	-3.07155
	2.041954
	34
	-1.50422
	0.1418

	

	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	3.331733
	1.20045
	37
	2.775403
	0.0086

	OA1
	0.609912
	1.215469
	28
	0.501792
	0.6197

	Gender (Female 0/Male1)
	2.443674
	1.399581
	37
	1.746004
	0.0891





CTSK SCCB
	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	-0.06049
	6.804657
	32
	-0.00889
	0.993

	BMI
	-0.0306
	0.141924
	32
	-0.2156
	0.8307

	Age
	0.062239
	0.083105
	32
	0.748915
	0.4594

	Hypertension (0/1)
	-0.94313
	1.097953
	32
	-0.85899
	0.3967

	DM (0/1)
	-1.55035
	1.435623
	32
	-1.07991
	0.2883

	

	
	Value
	Std.Error
	DF
	t-value
	p-value

	(Intercept)
	2.656452
	0.829163
	36
	3.203774
	0.0028

	OA1
	2.761757
	0.726106
	26
	3.803515
	0.0008

	Gender (Female 0/Male1)
	-0.87333
	0.992511
	36
	-0.87992
	0.3847







[bookmark: _Hlk85020508]











Supplemental Method 
Fig S1. ROI of data collection and methods 
[image: /Users/isyoung/Library/Containers/com.kingsoft.wpsoffice.mac/Data/tmp/picturecompress_20250919042811/output_1.pngoutput_1]
Differences in cell density quantification methods between SCBP and SCCB result in variability in measurement outcomes, here we list the detailed calculation process of the IHC assays. Firstly, the ROIs are different in SCBP and SCCB (as shown in above figure). In SCBP, large numbers of positively stained cells exist within the marrow cavity; in SCCB, cells are all attached to the cancellous bone.
To obtain results from positively stained cells, at least 5 views of each slide from 4X magnification field under the microscope were collected, and average cell densities within each marrow cavity were calculated in the subchondral bone plate (SCBP, red dashed line box). Regarding the positive cells distributed along the bone surfaces in subchondral cancellous bone (SCCB), at least 5 views of each slide were collected under 20X magnifications in the blue dashed line box.
Below are the quantification formula for each view:
a. Cell density within marrow cavities=positively stained cell numbers/area of marrow cavity
b. Cell density along the bone surface=positively stained cell numbers/length of bone surface
image1.png
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