Additional file 1. Labial Bone Plate Thickness at Different Vertical Levels (mm).
	Level
	0
	1
	2
	3
	4
	5

	Thickness of labial bone plate
	T0

	1/4
	Mean
	-0.25
	0.37
	0.61
	0.72
	0.95
	1.01

	
	
	
	SD
	2.06
	1.77
	1.68
	1.64
	1.30
	1.22

	
	
	
	95% CI Lower; Upper
	-1.21; 0.71
	-0.45; 1.20
	-0.17; 1.40
	-0.05; 1.49
	0.34; 1.55
	0.44; 1.58

	
	
	2/4
	Mean
	0.08
	0.03
	-0.15
	-0.33
	-0.40
	-0.35

	
	
	
	SD
	1.14
	0.98
	0.86
	0.78
	0.73
	0.72

	
	
	
	95% CI Lower; Upper
	-0.55; 0.71
	-0.51; 0.58
	-0.63; 0.32
	-0.76; 0.10
	-0.81; 0.00
	-0.75; 0.06

	
	
	P-value
	0.585 c
	0.506 c
	0.089 d
	0.028 c*
	0.001 c*
	<0.001 b*

	
	T1
	1/4
	Mean
	3.15
	3.44
	3.63
	3.75
	3.70
	3.70

	
	
	
	SD
	1.03
	1.05
	0.97
	1.04
	1.33
	1.42

	
	
	
	95% CI Lower; Upper
	2.66; 3.63
	2.95; 3.93
	3.18; 4.09
	3.27; 4.24
	3.07; 4.32
	3.04; 4.36

	
	
	2/4
	Mean
	3.70
	4.01
	4.37
	4.36
	4.37
	4.30

	
	
	
	SD
	0.64
	0.63
	0.78
	0.82
	0.82
	0.72

	
	
	
	95% CI Lower; Upper
	3.35; 4.06
	3.66; 4.36
	3.94; 4.81
	3.91; 4.82
	3.91; 4.82
	3.90; 4.70

	
	
	P-value
	0.061 d
	0.054 d
	0.021 c*
	0.070 c
	0.093 c
	0.114 d

	
	T2
	1/4
	Mean
	2.18
	2.43
	2.78
	2.99
	3.16
	3.31

	
	
	
	SD
	1.33
	1.29
	1.48
	1.51
	1.68
	1.77

	
	
	
	95% CI Lower; Upper
	1.55; 2.80
	1.82; 3.03
	2.09; 3.47
	2.28; 3.70
	2.37; 3.94
	2.48; 4.14

	
	
	2/4
	Mean
	2.34
	2.89
	3.42
	3.66
	3.54
	3.61

	
	
	
	SD
	1.04
	0.72
	0.94
	0.81
	0.82
	0.77

	
	
	
	95% CI Lower; Upper
	1.76; 2.91
	2.49; 3.29
	2.90; 3.94
	3.21; 4.11
	3.08; 3.99
	3.18; 4.04

	
	
	P-value
	0.438 b
	0.218 c
	0.046 b*
	0.021 b*
	0.149 b
	0.149 b


Abbreviations: SD, standard deviation; CI: confidence interval.
b: Mann–Whitney U-test; c: t-test; d: Welch's t-test. *P < 0.05
Additional file 2. Differences in graft gain, new bone formation, and bone resorption of the labral plate between the two groups (mm).
	
	Difference in mean
	SE
	95% Bootstrap CI
	P-value

	LBG0
	-0.38
	0.59
	-1.65, 0.73
	0.525

	LBG1
	-1.09
	0.51
	-2.17, -0.09
	0.056

	LBG2
	-1.63
	0.50
	-2.71, -0.68
	0.005*

	LBG3
	-1.68
	0.45
	-2.60, -0.79
	0.003*

	LBG4
	-1.83
	0.45
	-2.73, -1.01
	0.003*

	LBG5
	-1.78
	0.47
	-2.69, -0.83
	0.003*

	LBF0
	0.09
	0.73
	-1.40, 1.54
	0.895

	LBF1
	-0.89
	0.60
	-2.17, 0.27
	0.149

	LBF2
	-1.47
	0.59
	-2.71, -0.29
	0.024*

	LBF3
	-1.73
	0.52
	-2.77, -0.67
	0.005*

	LBF4
	-1.63
	0.50
	-2.56, -0.58
	0.006*

	LBF5
	-1.56
	0.56
	-2.65, -0.38
	0.022*

	LBR0
	-0.47
	0.41
	-1.37, 0.29
	0.286

	LBR1
	-0.20
	0.38
	-1.02, 0.48
	0.582

	LBR2
	-0.16
	0.43
	-1.14, 0.56
	0.692

	LBR3
	-0.05
	0.41
	-0.87, 0.71
	0.891

	LBR4
	-0.19
	0.45
	-1.20, 0.53
	0.669

	LBR5
	-0.21
	0.49
	-1.37, 0.62
	0.692


Abbreviations: SE, standard error; CI: confidence interval; LBG0-5: labial bone graft at the implant shoulder and at 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm below the shoulder; LBF: labial bone formation; LBR: labial bone resorption.
*P < 0.05

Additional file 3. Alveolar Bone Thickness at Different Vertical Levels (mm).
	Level
	0
	1
	2
	3
	4
	5

	Thickness of alveolar bone plate
	T0

	1/4
	Mean
	3.80
	4.76
	5.43
	5.82
	6.28
	6.56

	
	
	
	SD
	2.04
	1.86
	1.74
	1.65
	1.64
	1.65

	
	
	
	95% CI Lower; Upper
	3.08; 4.53
	4.10; 5.42
	4.81; 6.04
	5.24; 6.41
	5.70; 6.86
	5.98; 7.14

	
	
	2/4
	Mean
	3.74
	4.19
	4.29
	4.33
	4.51
	4.87

	
	
	
	SD
	1.56
	1.37
	1.19
	1.16
	1.20
	1.25

	
	
	
	95% CI Lower; Upper
	3.05; 4.44
	3.58; 4.79
	3.77; 4.82
	3.81; 4.84
	3.98; 5.04
	4.32; 5.42

	
	
	P-value
	0.770 b
	0.395 b
	0.006 d*
	<0.001 d*
	<0.001 c*
	<0.001 c*

	
	T1
	1/4
	Mean
	8.92
	9.57
	9.95
	10.12
	10.32
	10.35

	
	
	
	SD
	1.68
	1.73
	1.68
	1.72
	1.64
	1.65

	
	
	
	95% CI Lower; Upper
	8.33; 9.52
	8.95; 10.18
	9.36; 10.55
	9.51; 10.73
	9.74; 10.90
	9.77; 10.94

	
	
	2/4
	Mean
	8.83
	9.61
	10.03
	10.20
	10.21
	10.32

	
	
	
	SD
	1.41
	0.82
	0.78
	1.14
	1.28
	1.35

	
	
	
	95% CI Lower; Upper
	8.21; 9.46
	9.24; 9.97
	9.68; 10.37
	9.69; 10.70
	9.64; 10.78
	9.72; 10.92

	
	
	P-value
	0.839 c
	0.911 d
	0.823 d
	0.531 b
	0.837 b
	0.935 c

	
	T2
	1/4
	Mean
	6.00
	7.06
	7.83
	8.33
	8.58
	8.88

	
	
	
	SD
	1.49
	1.23
	1.29
	1.28
	1.37
	1.45

	
	
	
	95% CI Lower; Upper
	5.48; 6.53
	6.62; 7.49
	7.37; 8.29
	7.87; 8.78
	8.09; 9.07
	8.37; 9.39

	
	
	2/4
	Mean
	6.03
	7.39
	8.54
	9.05
	9.26
	9.57

	
	
	
	SD
	1.57
	1.25
	1.26
	1.02
	0.93
	1.09

	
	
	
	95% CI Lower; Upper
	5.34; 6.73
	6.83; 7.95
	7.98; 9.10
	8.60; 9.50
	8.85; 9.68
	9.09; 10.05

	
	
	P-value
	0.947 c
	0.335 c
	0.049 c*
	0.030 c*
	0.023 b*
	0.063 c    


Abbreviations: SD, standard deviation; CI: confidence interval.
b: Mann–Whitney U-test; c: t-test; d: Welch's t-test. *P < 0.05

Additional file 4. Differences in graft gain, new bone formation, and bone resorption of the alveolar plate between the two groups (mm).
	
	Difference in mean
	SE
	95% Bootstrap CI
	P-value

	ABG0
	0.01
	0.67
	-1.25, 1.34
	0.985

	ABG1
	-0.61
	0.55
	-1.64, 0.48
	0.285

	ABG2
	-1.33
	0.51
	-2.33, -0.32
	0.015*

	ABG3
	-1.57
	0.46
	-2.40, -0.62
	0.002*

	ABG4
	-1.67
	0.51
	-2.65, -0.66
	0.002*

	ABG5
	-1.75
	0.54
	-2.84, -0.75
	0.003*

	ABF0
	-0.10
	0.73
	-1.45, 1.36
	0.885

	ABF1
	-0.90
	0.59
	-1.99, 0.31
	0.135

	ABF2
	-1.84
	0.54
	-2.88, -0.75
	0.001*

	ABF3
	-2.21
	0.43
	-2.99, -1.32
	0.001*

	ABF4
	-2.46
	0.42
	-3.26, -1.58
	0.001*

	ABF5
	-2.38
	0.45
	-3.23, -1.47
	0.814*

	ABR0
	0.12
	0.49
	-0.80, 1.11
	0.465

	ABR1
	0.29
	0.39
	-0.48, 1.08
	

	ABR2
	0.52
	0.34
	-0.17, 1.17
	0.152

	ABR3
	0.65
	0.28
	0.12, 1.23
	0.025*

	ABR4
	0.79
	0.34
	0.09, 1.46
	0.027*

	ABR5
	0.63
	0.41
	-0.17, 1.44
	0.129


Abbreviations: SE, standard error; CI: confidence interval; ABG0-5: labial bone graft at the implant shoulder and at 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm below the shoulder; ABF: labial bone formation; ABR: labial bone resorption.
*P < 0.05

Additional file 5. Differences in osteogenic efficiency of two groups (%).
	
	Difference in mean
	SE
	95% Bootstrap CI
	P-value

	OE
	-8.76
	5.03
	-18.05, 1.25
	0.102


Abbreviations: SE, standard error; CI: confidence interval; OE: osteogenic efficiency.

