Supplementary Table 1. 
Experimental Results of Specific Surface Area and Pore Size Analyzer

	Sample ID
	Weight 
(g)
	Hole volume 
(Vp, cm3/g)
	Total volume 
(Vs, cm3/g)
	Porosity
(%)

	1
	0.2117
	0.1829
	0.094
	66.053

	2
	0.2488
	0.2502
	0.1105
	69.35

	3
	0.2485
	0.2159
	0.1104
	66.153

	4
	0.2239
	0.1905
	0.0995
	65.69

	5
	0.2291
	0.2157
	0.1018
	67.936

	

	Mean
	0.2324
	0.21104
	0.10324
	67.036

	Std Dev
	0.01612296
	0.02642249
	0.007166101
	1.5592






Supplementary Table 2.
Tensile Test Data from Universal Testing Machine

	Number
	Thickness (mm)
	Width (mm)
	Cross-sectional Area (mm2)
	Maximum Load (N)
	Tensile Strength (N/mm2)

	1
	0.51
	11.26
	5.7426
	352.03
	61.3018

	2
	0.72
	12.93
	9.3096
	476.82
	51.2181

	3
	0.57
	15.57
	8.8749
	544.67
	61.3714

	4
	0.48
	15.04
	7.2192
	424.46
	58.7953

	5
	0.77
	15.96
	12.2892
	768.79
	62.5582

	

	Mean
	0.61
	14.152
	8.6871
	513.35
	59.04896

	Std Dev
	0.1286468
	1.995312006
	2.460828629
	159.29
	4.5872239





Supplementary Table 3. 
Qualitative morphological grading of cytotoxicity

	Grade
	Reactivity
	Conditions of all cultures

	0
	None
	Discrete intracytoplasmic granules, no cell lysis, no reduction of cell growth

	1
	Slight
	Not more than 20% of the cells are round, loosely attached and without intracytoplasmic granules, or show changes in morphology; occasional lysed cells 
are present; only slight growth inhibition is observed.

	2
	Mild
	Not more than 50% of the cells are round, devoid of intracytoplasmic granules; not more than 50% growth inhibition is observed.

	3
	Moderate
	Not more than 70% of the cell layers contain rounded cells or are lysed; cell layers not completely destroyed, but more than 50% growth inhibition is observed.

	4
	Severe
	Nearly complete or complete destruction of the cell layers.






Supplementary Table 4. 
Cytotoxicity evaluated using neutral red stain

	
	Neutral red stain (Cell lysis test)
	MTT assay (Cell viability)

	Test item
	Cell
	lysis
	(%)
	Grade
	Absorbance (OD 570 nm)
	Viability (%)
	Mortality (%)

	Blank (B)
	0
	0
	0
	0
	0.912 ± 0.036
	100
	0

	Negative control (NC)
	0
	0
	0
	0
	0.902 ± 0.03
	99
	1

	Positive control (PC)
	100
	100
	100
	4
	0.079 ± 0.001
	9
	91

	Test article group 1
	0
	0
	0
	0
	0.644 ± 0.013
	71
	29

	Test article group 2
	
	
	
	
	0.69 ± 0.002
	76
	24



The extraction ratio of test article surface/culture medium volume shall be 3 cm2 /mL,
Test article group 1: Test article extract, original extract
Test article group 2: 50 % extract of the test article
Positive control (PC):
Culture medium with 10% (v/v) DMSO, and incubated at a rotation speed of 100 rpm under 37±1 oC for 72±2h.
Negative control (NC):
The extraction ratio was 0.2 g/mL, took 1.0g HDPE, immersed it in 5.0 mL culture medium, and incubated at a rotation speed of 100 rpm under 37±1 oC for 72±2h.
Blank (B):
Took 5.0 mL of culture medium and then incubated at a rotation speed of 100 rpm under 37±1 oC for 72±2h.




Supplementary Table 5. 
The Effect of Extracts of Nano-fiber Collagen Bone Graft Matrix on Percentage of PCEs to Total Erythrocyte and the Frequency of Micronucleated PCE.

	In vivo Mammalian Erythrocyte 

	Group
	Dose volume 
(mL/kg b.w.) 
	Dose level 
(mg/kg b.w.)
	Concentration
	Animal  number

	Negative control (Water for Injection)
	20
	-
	-
	5

	Blank control (polar vehicle-Normal saline)
	20
	-
	-
	5

	Polar extract (polar vehicle-Normal saline)
	20
	-
	1x extract
	5

	Blank control (Non-polar vehicle-cottonseed oil)
	20
	-
	-
	5

	Non-polar extract (Non-polar vehicle-cottonseed oil)
	20
	-
	1x extract
	5

	Positive control (Cyclophosphamide)
	4
	40
	10 mg/mL
	5

	
	
	
	
	
	
	

	Total Erythrocyte
	Individual Animal Data Animal (% PCES)
	

	Group
	Animal 1
	Animal 2
	Animal 3
	Animal 4
	Animal 5
	Mean ± SD

	Negative control (Water for Injection)
	3.8
	4
	3.4
	3.8
	4
	3.80 ± 0.24

	Blank control (polar vehicle-Normal saline)
	3.8
	3.7
	3.4
	3.4
	3.8
	3.62 ± 0.20 

	Polar extract (polar vehicle-Normal saline)
	4.2
	3.1
	4.1
	3.6
	3.1
	3.62 ± 0.53

	Blank control (Non-polar vehicle-cottonseed oil)
	4
	3.2
	3.8
	3.8
	3
	3.56 ± 0.43 

	Non-polar extract (Non-polar vehicle-cottonseed oil)
	3.6
	3.9
	3.5
	4
	4.2
	3.84 ± 0.29

	Positive control (Cyclophosphamide)
	1.4
	1.6
	1.5
	2.7
	1.6
	1.76 ± 0.5

	
	
	
	
	
	
	

	Frequency of Micronucleated PCES
	Individual Animal Data Animal (% PCES)
	

	Group
	Animal 1
	Animal 2
	Animal 3
	Animal 4
	Animal 5
	Mean ± SD

	Negative control (Water for Injection)
	0.5
	1
	1
	0.8
	0.5
	0.76 ± 0.25

	Blank control (polar vehicle-Normal saline)
	0.8
	0.8
	0.5
	1
	1.5
	0.92 ± 0.37

	Polar extract (polar vehicle-Normal saline)
	0.5
	0.8
	1.3
	1
	0.5
	0.82 ± 0.34

	Blank control (Non-polar vehicle-cottonseed oil)
	0.5
	1
	1.3
	0.5
	0.5
	0.76 ± 0.37

	Non-polar extract (Non-polar vehicle-cottonseed oil)
	1
	0.8
	1.3
	1
	0.8
	0.98 ± 0.20 

	Positive control (Cyclophosphamide)
	16.5
	7.3
	14.3
	8
	10.8
	11.38 ± 3.97




Supplementary Table 6. 
Hematology Assay

	Groups
	Negative control 
	Treatment
	Negative control 
	Treatment

	Gender
	Male 
	Male 
	Female 
	Female

	Dosage (cm2 /rat) 
	1
	37
	1
	37

	Animal number 
	10
	10
	10
	10

	WBC (103 /μl) 
	11.7 ± 1.2 
	12.0 ± 1.8 
	8.4 ± 0.9 
	9.0 ± 1.2 

	RBC (106 /μl) 
	9.58 ± 0.57 
	9.19 ± 0.41 
	8.82 ± 0.39 
	8.66 ± 0.32 

	HGB (g/dl)  
	16.6 ± 1.0 
	16.1 ± 0.8 
	15.5 ± 0.6 
	15.4 ± 0.5

	HCT (%) 
	55.6 ± 2.8 
	54.0 ± 1.6 
	50.3 ± 2.1 
	49.3 ± 2.0 

	MCV (fl) 
	58.8 ± 2.1 
	57.6 ± 1.6 
	57.0 ± 1.8 
	56.9 ± 1.6 

	MCH (pg) 
	17.3 ± 0.3 
	17.2 ± 0.7 
	17.6 ± 0.4 
	17.8 ± 0.4 

	MCHC (g/dl) 
	29.5 ± 0.7 
	29.3 ± 0.7 
	30.8 ± 0.5 
	30.3 ± 0.7 

	Platelet (103 /μl) 
	907 ± 109 
	852 ± 80 
	943 ± 106 
	883 ± 106 

	NEUT (%) 
	7.5 ± 1.1 
	11.4 ± 2.0 
	7.6 ± 4.5 
	8.1 ± 2.4 

	Lymphocyte (%) 
	84.8 ± 1.5 
	79.5 ± 3.8 
	84.9 ± 4.0 
	85.0 ± 2.8 

	Monocyte (%) 
	6.1 ± 1.6 
	7.7 ± 2.1 
	6.2 ± 1.7 
	5.8 ± 0.9 

	Eosinophil (%) 
	1.5 ± 0.3 
	1.2 ± 0.4 
	1.3 ± 0.7 
	1.0 ± 0.2 

	Basophil (%) 
	0.1 ± 0.1 
	0.2 ± 0.1 
	0.1 ± 0.1 
	0.1 ± 0.1 

	MPV (fl) 
	8.55 ± 0.31 
	8.66 ± 0.34 
	8.75 ± 0.52 
	8.65 ± 0.21

	RDW (%) 
	21.1 ± 0.9 
	20.6 ± 1.1 
	19.3 ± 1.2 
	18.7 ± 1.1



Mean ± S.D., n＝10
S.D.: standard deviation
WBC: White blood cell count, RBC: Erythrocyte count, HGB: Hemoglobin concentration, HCT: Hematocrit, MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin Concentration, NEUT: Neutrophil segment, MPV: Mean platelet volume, RDW: Red blood cell volume distribution width.
Data collated from Appendix 4-1 and 4-2.



Supplementary Table 7. 
Clinical chemistry Assay

	Groups
	Negative control 
	Treatment
	Negative control 
	Treatment

	Gender
	Male 
	Male 
	Female 
	Female

	Dosage (cm2 /rat) 
	1
	37
	1
	37

	Animal number 
	10
	10
	10
	10

	Na (Sodium): mmol/L
	145 ± 2 
	146 ± 1 
	147 ± 2 
	146 ± 2 

	K  (Potassium): mmol/L 
	9.2 ± 0.9 
	8.8 ± 0.7 
	8.1 ± 0.9 
	8.2 ± 1.1 

	Cl (Chloride): mmol/L 
	104 ± 2 
	104 ± 2 
	105 ± 1 
	106 ± 3 

	AST: U/L 
	109.6 ± 11.1 
	118.3 ± 14.8 
	91.9 ± 8.8 
	97.6 ± 7.2

	ALT: U/L 
	41.9 ± 6.7 
	42.8 ± 6.5 
	32.4 ± 3.5 
	33.6 ± 2.8 

	Total protein: g/dL 
	6.3 ± 0.3 
	6.4 ± 0.2 
	6.9 ± 0.3 
	7.0 ± 0.2 

	Albumin: g/dL 
	3.3 ± 0.2 
	3.4 ± 0.2 
	3.9 ± 0.3 
	4.1 ± 0.3

	Globulin: g/dL 
	3.0 ± 0.1 
	3.0 ± 0.2 
	3.0 ± 0.1 
	2.9 ± 0.3 

	A/G ratio 
	1.10 ± 0.08 
	1.16 ± 0.09 
	1.30 ± 0.13 
	1.41 ± 0.23 

	Total Bilirubin: mg/dL 
	0.12 ± 0.06 
	0.10 ± 0.00 
	0.10 ± 0.00 
	0.10 ± 0.00 

	Amylase: U/L 
	1615 ± 152 
	1597 ± 199 
	1537 ± 157 
	1426 ± 181 

	γ-GT: U/L 
	0.0 ± 0.0 
	0.0 ± 0.0 
	0.0 ± 0.0 
	0.0 ± 0.0 

	Alkaline-P'ase: U/L 
	119.0 ± 11.2 
	111.1 ± 11.1 
	68.3 ± 11.5 
	71.1 ± 8.7 

	Alkaline-P’ase: U/L 
	119.0 ± 11.2 
	111.1 ± 11.1 
	68.3 ± 11.5 
	71.1 ± 8.7 

	BUN: mg/dL 
	8.6 ± 1.1 
	8.2 ± 1.3 
	9.1 ± 1.1 
	8.6 ± 1.3 

	Creatinine: mg/dL 
	0.35 ± 0.05 
	0.36 ± 0.05 
	0.36 ± 0.05 
	0.33 ± 0.05 

	Uric Acid: mg/dL 
	5.2 ± 0.6 
	5.5 ± 0.4 
	4.6 ± 0.5 
	4.2 ± 0.5 

	Cholesterol: mg/dL 
	55.9 ± 9.3 
	61.6 ± 6.3 
	55.0 ± 6.5 
	53.1 ± 5.7 

	Triglyceride: mg/dL 
	85.6 ± 9.9 
	84.1 ± 8.6 
	82.0 ± 9.5 
	79.3 ± 9.0 

	Glucose (AC): mg/dL 
	313.8 ± 34.2 
	291.7 ± 33.1 
	245.5 ± 29.6 
	248.6 ± 31.5 

	Ca (Calcium): mg/dL 
	11.3 ± 0.5 
	11.1 ± 0.4 
	11.0 ± 0.4 
	10.8 ± 0.3 

	P (Phosphorous): mg/dL 
	11.1 ± 1.4 
	11.3 ± 1.2 
	9.4 ± 0.9 
	9.1 ± 0.9 

	LDH: U/L 
	313 ± 49 
	321 ± 39 
	386 ± 45 
	373 ± 52 

	Lipase: U/L 
	104 ± 16 
	113 ± 15 
	101 ± 12 
	94 ± 12 

	Mg (Magnesium): Mg/dL 
	4.2 ± 0.2 
	4.1 ± 0.2 
	4.0 ± 0.4 
	3.8 ± 0.4 

	CPK: U/L 
	66 ± 5 
	63 ± 9 
	60 ± 8 
	55 ± 7



Mean ± S.D., n＝10
S.D.: standard deviation
AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, γ-GT: Gamma-glutamyltransferase, BUN: Blood Urea Nitrogen, LDH: Lactate Dehydrogenase, CPK: Creatine phosphokinase.
Data collated from Appendix 5-1 and 5-2.



Supplementary Table 8.
In Vitro Mammalian Cell Gene Mutation Test Using Mouse Lymphoma (L5178Y) Cells
Supplementary Table 8A. 
Suspension Growth (SG) and Relative Total Growth (RTG) Short-term treatment without metabolic activation (-S9)

	Long-term treatment without metabolic activation (-S9)

	Treatment group 
	Duplicate 
	Daily cell density (x105/mL) 
	SGc
	SG 
(Mean ± S.D.)
	RSGd 
	RTGe
	RTG
(Mean ± S.D.)

	
	
	Posttreatment a,b
	Day 1b
	Day 2
	
	
	
	
	

	Negative 
	1
	21.6
	7.8
	9.21
	48.49
	50.08 ± 2.25
	1
	100
	100.00 ± 0.00

	
	2
	22.5
	7.98
	9.21
	51.68
	
	1
	100
	

	Blank polar 
	1
	22.6
	7.62
	8.91
	47.95
	47.69 ± 0.37
	0.99
	118.19
	111.59 ± 9.34

	
	2
	21.2
	7.98
	8.97
	47.42
	
	0.92
	104.98
	

	Blank additional
	1
	21.1
	7.68
	9.03
	45.73
	44.83 ± 1.26
	0.94
	97.28
	98.15 ± 1.23

	
	2
	20.6
	8.03
	8.5
	43.94
	
	0.85
	99.02
	

	Polar extract
	1
	20.8
	6.92
	7.57
	34.05
	34.80 ± 1.06
	0.71
	63.25
	62.87 ± 0.55

	
	2
	19.2
	7.27
	8.15
	35.55
	
	0.75
	62.48
	

	Additional extract
	1
	20.9
	7.21
	9.03
	42.52
	42.83 ± 0.44
	0.93
	97.52
	85.42 ± 17.11

	
	2
	21.8
	7.45
	8.5
	43.14
	
	0.98
	73.32
	

	Positive MMS (10 µg/mL)
	1
	20.6
	4.05
	4.46
	11.63
	13.92 ± 3.24
	0.24
	13.85
	14.38 ± 0.75

	
	2
	23.3
	4.46
	4.99
	16.2
	
	0.31
	14.91
	



a: 8 x 105 cells/mL were treated. 
b: Cell density was adjusted to 2 x 105 cells/mL after counting (or original cell density if not sub-cultured). 
c: SG = [Post-treatment / treated cell density] × [cell concentration at day 1 /2* x 105] × [cell concentration at day 2/2* x 105] 
d: RSG = SG(test) / SG(control) *: RTG = RSG x Day 2 relative PE (refer to table 2).



Supplementary Table 8.
In Vitro Mammalian Cell Gene Mutation Test Using Mouse Lymphoma (L5178Y) Cells
Supplementary Table 8B. 
Plating Efficiency at The Time of Mutant Selection

	Short-term treatment without metabolic activation (-S9)

	Treatment group 
	Duplicate
	Number of empty wells (EW)
	PE (Absolute cloning efficiency) (%)a (Mean ± S.D.)
	Relative PЕ (%)b

	
	
	Plate A 
	Plate B 
	Total 
	
	

	Negative
	1
	26
	22
	48
	 91.57 ± 6.97
	100

	
	2
	19
	22
	41
	
	100

	Blank polar
	1
	22
	25
	47
	92.23 ± 6.04
	101.52

	
	2
	11
	30
	41
	
	100

	Blank additional 
	1
	23
	19
	42
	92.83 ± 3.05
	109.63

	
	2
	19
	26
	45
	
	93.97

	Polar extract
	1
	22
	25
	47
	100.96 ± 18.39
	100

	
	2
	13
	18
	31
	
	118.11

	Additional extract  
	1
	20
	17
	37
	105.55 ± 3.74
	108.34

	
	2
	12
	22
	34
	
	119.32

	Positive MMS (10 g/mL) 
	1
	18
	22
	40
	104.05 ± 8.50
	113.15

	
	2
	19
	14
	33
	
	114.06

	Short-term treatment with metabolic activation (+S9)

	Treatment group 
	Duplicate
	Number of empty wells (EW)
	 PE (Absolute cloning efficiency) (%)a (Mean ± S.D.)
	 Relative PЕ (%)b

	
	
	Plate A 
	Plate B 
	
	
	

	Negative
	1
	23
	28
	51
	82.25 ± 0.86
	100

	
	2
	34
	18
	52
	
	100

	Blank polar
	1
	19
	26
	45
	86.16 ± 6.39
	109.44

	
	2
	33
	19
	52
	
	100

	Blank additional 
	1
	30
	26
	56
	79.3 ± 3.28
	92.94

	
	2
	32
	20
	52
	
	100

	Polar extract
	1
	17
	27
	44
	95.06 ± 4.21
	101.55

	
	2
	19
	21
	40
	
	120.09

	Additional extract  
	1
	24
	22
	46
	91.41 ± 2.98
	115.96

	
	2
	24
	19
	43
	
	114.5

	Positive MMS (10 g/mL) 
	1
	42
	40
	82
	51.69 ± 2.10
	64.18

	
	2
	42
	44
	86
	
	61.48

	Long-term treatment witout metabolic activation (-S9)

	Treatment group 
	Duplicate
	Number of empty wells (EW)
	 PE (Absolute cloning efficiency) (%)a (Mean ± S.D.)
	 Relative PЕ (%)b

	
	
	Plate A 
	Plate B 
	Total 
	
	

	Negative
	1
	18
	26
	44
	95.85 ± 5.33
	100

	
	2
	19
	20
	39
	
	100

	Blank polar
	1
	21
	12
	33
	112.02 ± 2.76

	
	2
	17
	14
	31
	
	114.4

	Blank additional 
	1
	27
	15
	42
	105.50 ± 14.87

	
	2
	16
	14
	30
	
	116.46

	Polar extract
	1
	20
	20
	40
	96.51 ± 2.16
	89.08

	
	2
	21
	21
	42
	
	83.35

	Additional extract  
	1
	19
	20
	39
	93.13 ± 9.18
	104.88

	
	2
	26
	22
	48
	
	74.68

	Positive MMS (10 g/mL) 
	1
	42
	40
	82
	50.26 ± 4.11
	57.75

	
	2
	44
	46
	90
	
	47.54



a: PE (%) = [P / number of cells seeded per well] × 100% = [-ln (EW/TW)/1.6 cells] × 100%; 
EW: number of empty well; 
TW: number of total wells seeded (two 96-well plates, total 192 wells per duplicate); 
b: Relative PE (%) = [Plating efficiency (test) / Plating efficiency (control)] × 100%





Supplementary Table 8.
In Vitro Mammalian Cell Gene Mutation Test Using Mouse Lymphoma (L5178Y) Cells
Supplementary Table 8C. Mutant Frequencies and Sizing for Small and Large Colonies 


	Short-term treatment without metabolic activation (-S9)

	Treatment 
	Duplicate
	Number of mutant colonies
	Total Number of small colonies
	Total Number of large colonies
	MF for 106 cellsa 
	MF for 106 cells (Mean ± S.D.) 
	IMF for 106 cells 
	Small colonies IMF for 106 cells 

	
	
	Plate A 
	Plate B 
	Plate C 
	Plate D
	
	
	
	
	
	

	Negative
	1
	13
	9
	9
	11
	24
	18
	66.84
	63.43 ± 4.83 
	0
	0

	
	2
	10
	9
	10
	13
	22
	20
	60.02
	
	
	

	Blank polar
	1
	14
	9
	9
	17
	33
	16
	77.6
	71.09 ± 9.20
	7.66
	10.69

	
	2
	12
	11
	12
	10
	27
	18
	64.58
	
	
	

	Blank additional 
	1
	9
	9
	14
	16
	30
	18
	70.29
	67.89 ± 3.40 
	4.45
	4.66

	
	2
	6
	11
	14
	12
	23
	20
	65.49
	
	
	

	Polar extract
	1
	7
	12
	14
	13
	29
	17
	72.53
	 63.61 ± 12.62
	 0.00** 
	0.00** 

	
	2
	11
	8
	14
	12
	30
	15
	54.68
	
	
	

	Additional extract  
	1
	13
	10
	10
	12
	24
	21
	60.56
	73.13 ± 17.78 
	5.24
	3.7

	
	2
	14
	19
	16
	16
	41
	24
	85.7
	
	
	

	Positive MMS (10 g/mL) 
	1
	53
	53
	55
	50
	165
	46
	406.65
	396.58 ± 14.25 
	333.14
	281.42

	
	2
	53
	53
	56
	58
	179
	41
	386.5
	
	
	

	Short-term treatment with metabolic activation (+S9)

	Treatment 
	Duplicate
	Number of mutant colonies
	Total Number of small colonies
	Total Number of large colonies
	MF for 106 cellsa 
	MF for 106 cells (Mean ± S.D.) 
	IMF for 106 cells 
	Small colonies IMF for 106 cells 

	
	
	Plate A 
	Plate B 
	Plate C 
	Plate D
	
	
	
	
	
	

	Negative
	1
	14
	5
	11
	13
	37
	6
	71.67
	72.20 ± 0.75 
	0
	0

	
	2
	8
	11
	14
	10
	27
	16
	72.73
	
	
	

	Blank polar
	1
	11
	13
	4
	12
	30
	10
	60.66
	62.24 ± 2.24 
	0.00** 
	0.00** 

	
	2
	11
	5
	13
	9
	33
	5
	63.82
	
	
	

	Blank additional 
	1
	16
	14
	11
	11
	38
	14
	94.47
	82.71 ± 16.64 
	10.51
	8.72

	
	2
	8
	11
	12
	11
	33
	9
	70.94
	
	
	

	Polar extract
	1
	17
	19
	13
	15
	50
	14
	99
	92.04 ± 9.84 
	29.8
	19.22

	
	2
	12
	18
	14
	15
	43
	16
	85.08
	
	
	

	Additional extract  
	1
	19
	22
	15
	21
	56
	21
	125.3
	128.64 ± 4.73 
	45.94
	31.88

	
	2
	20
	19
	20
	25
	62
	22
	131.98
	
	
	

	Positive MMS (10 g/mL) 
	1
	70
	64
	66
	61
	212
	49
	1070.51
	1041.35 ± 41.24 
	969.15
	783.91

	
	2
	61
	57
	63
	64
	195
	50
	1012.19
	
	
	

	Long-term treatment without metabolic activation (-S9)

	Treatment 
	Duplicate
	Number of mutant colonies
	Total Number of small colonies
	Total Number of large colonies
	MF for 106 cellsa 
	MF for 106 cells (Mean ± S.D.) 
	IMF for 106 cells 
	Small colonies IMF for 106 cells 

	
	
	Plate A 
	Plate B 
	Plate C 
	Plate D
	
	
	
	
	
	

	Negative
	1
	10
	9
	14
	2
	22
	13
	51.89
	46.36 ± 7.83 
	0
	0

	
	2
	8
	11
	5
	6
	23
	7
	40.83
	
	
	

	Blank polar
	1
	11
	11
	7
	11
	37
	3
	49.97
	50.36 ± 0.6 
	4.03
	11.12

	
	2
	14
	9
	9
	10
	33
	9
	50.82
	
	
	

	Blank additional 
	1
	3
	7
	7
	7
	16
	8
	33.97
	35.74 ± 2.49 
	0.00** 
	0.00** 

	
	2
	13
	5
	6
	8
	25
	7
	37.5
	
	
	

	Polar extract
	1
	8
	10
	13
	7
	26
	12
	53.14
	66.46 ± 18.83 
	16.06
	4.65

	
	2
	20
	11
	11
	12
	40
	14
	79.77
	
	
	

	Additional extract  
	1
	11
	9
	9
	8
	24
	13
	50.85
	63.95 ± 18.53 
	28.22
	16.21

	
	2
	13
	13
	11
	11
	32
	16
	77.06
	
	
	

	Positive MMS (10 g/mL) 
	1
	79
	77
	76
	69
	226
	75
	1440.38
	 1389.87 ± 71.44 
	1343.5
	1054.7

	
	2
	68
	68
	71
	69
	225
	51
	1339.35
	
	
	




a: MF = [PE (mutant) /PE (viable)] × 106 = [P (mutant) /2 × 10³]/[P (viable) /1.6]* × 106 = {-ln [EW/TW (mutant)]/-ln [EW/TW (viable)]} × 800; 
EW (mutant): number of empty well (TFT plate) = TW(TFT plate) — total number of mutant colonies = 384- [sum of the numbers of plate A + B + C+ D]; 
TW (mutant): number of total wells seeded (TFT plate) (four 96-well plates, total 384 wells, per duplicate); 
* value of "P (viable) /1.6" refer to table 2; b: Induced mutation frequency (IMF) =MF (test) - MF (concurrent blank); MF (concurrent blank) - MF (concurrent negative); 
** If the IMF is less than zero; the IMF is shown as zero.; 
c: Small colonies IMF =MF of small colonies (test) - MF of small colonies (concurrent blank) 
MF of small colonies (test or blank) = MF (test or blank) × [number of small colonies / total number of mutant colonies]




Supplementary Table 9.
Histological evaluation system

A. Histological evaluation system - Cell type/response   

	
	Score

	Cell type/ response
	0
	1
	2
	3
	4

	Polymorphonuclear cells
	0
	Rare, 1 to 5 / phf a
	5 to 10 / phf
	Heavy infilitrate
	Packed

	Lymphocytes
	0
	Rare, 1 to 5 / phf a
	5 to 10 / phf
	Heavy infilitrate
	Packed

	Plasma cells
	0
	Rare, 1 to 5 / phf a
	5 to 10 / phf
	Heavy infilitrate
	Packed

	Macrophages
	0
	Rare, 1 to 5 / phf a
	5 to 10 / phf
	Heavy infilitrate
	Packed

	Giant cells
	0
	Rare, 1 to 2 / phf a
	3 to 5 / phf
	Heavy infilitrate
	sheets

	Necrosis
	0
	minimal
	Mild
	Moederate
	Severe



a: phf = per high power field (400x) field.

B. histological evaluation system - Tissue response

	Response
	Score

	
	0
	1
	2
	3
	4

	Neovascularization
	0
	Minimal capillary proliferation, focal, I to 34 buds
	Groups of 4 to 7 capillaries with supporting fibroblastic structures
	Broad bands of capillaries with supporting fibroblastic structures
	Extensive bands of capillaries with supporting fibroblastic structures

	Fibrosis
	0
	Narrow bands
	Moderate thick bands
	Thick bands
	Extensive bands

	Fatty infiltrate
	0
	Minimal amount of fat associated with fibrosis
	Severe layers of fat and fibrosis
	Elongated and broad accumulation of fat cells about the implant site
	Extensive fat completely surrounding the implants



Under the conditions of this study, the test sample was considered to demonstrate the following: 
__ minimal or no reaction (0,0 to 2,9); 
__ slight reaction (3,0 to 8,9); 
__ moderate reaction (9,0 to 15,0); 
__ severe reaction (15,1) 
to the tissue as compared to the negative control sample 
   



Supplementary Table 10
Implantation and Surgery Information of Animals

	
	
	Weight (g)
	Implantation ID Femur

	No.
	Animal ID
	Before surgery
	Before sampling
	Left
	Right

	1
	R-240606-01
	220.28
	313.29
	T1
	C1

	2
	R-240606-02
	247.26
	347.75
	T2
	C2

	3
	R-240606-03
	209.51
	272.11
	T3
	C3

	4
	R-240606-04
	201.45
	277.78
	T4
	C4

	5
	R-240606-05
	225.07
	320.68
	T5
	C5

	6
	R-240606-06
	236.55
	340.27
	T6
	C6

	7
	R-240606-07
	199.96
	257.39
	T7
	C7

	8
	R-240606-08
	248.67
	348.86
	T8
	C8

	9
	R-240606-09
	212.39
	285.63
	T9
	C9

	10
	R-240606-10
	196.91
	249.95
	T10
	C10

	11
	R-240606-11
	231.55
	275.66
	T11
	C11

	12
	R-240606-12
	234.02
	297.42
	T12
	C12



Sex: All Female SD Rats; a: Test article implant site; b: Control article implant site.
Body weight measurement: 
Before surgery: 221.97  18.08 g; Before sampling: 298.90  34.74g. 



Supplementary Table 11

Individual Score of Microscopic Findings
	
	Test group
	Implantation ID

	
	
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	T10
	T11
	T12
	Sum

	Cell type/ response
	Polymorphonuclear cells
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	11

	
	Lymphocytes
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0
	9
	

	
	Plasma cells
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	
	Macrophages
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	
	Giant cells
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	
	Necrosis
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	Response
	Neovascularisation
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4

	
	Fibrosis
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0
	0
	0
	4
	

	
	Fatty infiltrate
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	

	
	Control group
	Implantation ID

	
	
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12
	Sum

	Cell type/ response
	Polymorphonuclear cells
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	3
	16

	
	Lymphocytes
	1
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	10
	

	
	Plasma cells
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	
	Macrophages
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	3
	

	
	Giant cells
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	
	Necrosis
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	Response
	Neovascularisation
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	11

	
	Fibrosis
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	11
	

	
	Fatty infiltrate
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	



Total scores=(subtotal score of cell type/response)x2+subtotal score of response 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 𝑠𝑐𝑜𝑟𝑒𝑠=(Total scores of test group/12)−(Total scores of control/12) 
= (19 × 2 + 6)/12 − (20 × 2 + 11)/12 = 0				
* If the calculation result is less than 0, the scores show 0.0.				



Supplementary Table 12
Animal Observations:
Test article (T) and predicate device (P) group
	Implantation period
	4 weeks
	
	12 weeks
	
	26 weeks

	
	Weight (g)
	
	Weight (g)
	
	Weight (g)

	N=8
	Animal ID
	start
	Ending
	
	Animal ID
	start
	Ending
	
	Animal ID
	start
	Ending

	Test: N=8
Predicate: N=8
	1001
	2932
	3060
	
	1009
	2911
	4169
	
	1017
	2821
	4239

	
	1002
	2951
	3121
	
	1010
	2949
	4233
	
	1018
	2862
	4255

	
	1003
	2922
	3154
	
	1011
	2963
	4212
	
	1019
	2914
	4288

	
	1004
	3020
	3162
	
	1012
	2946
	4295
	
	1020
	2977
	4298

	
	1005
	3013
	3225
	
	1013
	3001
	4243
	
	1021
	2930
	4272

	
	1006
	3012
	3210
	
	1014
	2998
	4274
	
	1022
	2952
	4290

	
	1007
	2981
	3215
	
	1015
	2920
	4275
	
	1023
	2930
	4322

	
	1008
	3022
	3300
	
	1016
	2936
	4306
	
	1024
	3010
	4366

	
	
	
	
	
	
	
	
	
	
	
	

	Mean
	2981.625
	3180.875
	
	Mean
	2953
	4250.9
	
	Mean
	2924.5
	4291.3

	Std Dev.
	41.34502
	73.11915
	
	Std Dev.
	33.028
	45.824
	
	Std Dev.
	60.488
	39.651

	

	Implantation period
	4 weeks
	
	12 weeks
	
	26 weeks

	
	Weight (g)
	
	Weight (g)
	
	Weight (g)

	N=4
	Animal ID
	start
	Ending
	
	Animal ID
	start
	Ending
	
	Animal ID
	Animal ID
	start

	Sham N=4
	1025
	2921
	3055
	
	1029
	2942
	4175
	
	1033
	2965
	4312

	
	1026
	2971
	3122
	
	1030
	2887
	4183
	
	1034
	2878
	4288

	
	1027
	2894
	3095
	
	1031
	2903
	4239
	
	1035
	2932
	4242

	
	1028
	3017
	3191
	
	1032
	2954
	4274
	
	1036
	2979
	4329

	

	Mean
	2950.75
	3115.75
	
	Mean
	2921.5
	4217.8
	
	Mean
	2938.5
	4292.8

	Std Dev.
	54.48165
	57.22106
	
	Std Dev.
	31.67
	47.084
	
	Std Dev.
	44.889
	37.783



Test: N=8	"SunGraft” Nano-fiber Collagen Bone Graft Matrix; Predicate: N=8 “Socko” Graftend Collagen Bone Graft; Sham N=8.
Those animals were observed during the test period. No abnormal behaviors and wound infections were found.


Supplementary Table 13
Macroscopic Examination of Femoral Specimens 

	4 weeks

	Groups
	Test article
	Predicate device
	Sham

	Number of implants
	8
	8
	8

	Treated article
	Nano-fiber Collagen Bone Graft Matrix
	“Socko” Graftend Collagen Bone Graft
	Without implant

	Gross finding
	0/8
	0/8
	0/8

	12 weeks

	Groups
	Test article
	Predicate device
	Sham

	Number of implants
	8
	8
	8

	Treated article
	Nano-fiber Collagen Bone Graft Matrix
	“Socko” Graftend Collagen Bone Graft
	Without implant

	Gross finding
	0/8
	0/8
	0/8

	26 weeks

	Groups
	Test article
	Predicate device
	Sham

	Number of implants
	8
	8
	8

	Treated article
	Nano-fiber Collagen Bone Graft Matrix
	“Socko” Graftend Collagen Bone Graft
	Without implant





Supplementary Table 14
Histomorphomtetric Measurements

	4 weeks Histomorphomtetric Measurements (Mean ± S.D.)

	Treatment
	Percentage of material area (%)
	Percentage of new bone area (%)

	P (N=8)
	13.7  20.6
	16   10

	T (N=8)
	39.2   14.1
	7.2  3.8

	C (N=8)
	-
	11.1  8.7

	12 weeks Histomorphomtetric Measurements (Mean ± S.D.)

	Treatment
	Percentage of material area (%)
	Percentage of new bone area (%)

	P (N=8)
	0
	11.6  5.9

	T (N=8)
	9.6  4.2
	12  4.4

	C (N=8)
	-
-
	6.3  1.8

	26 weeks Histomorphomtetric Measurements (Mean ± S.D.)

	Treatment
	Percentage of material area (%)
	Percentage of new bone area (%)

	P (N=8)
	-
	7.8  2.2

	T (N=8)
	4.1
 1.9
	8.9  5.5

	C (N=8)
	-
	5.7  1.5
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