Supplementary material

Supplementary Table 1. Previous studies on the association of sagittal skeletal relationship and craniocervical posture in children and adolescents.
	Author and year
	Sample
	Skeletal relationship
	Craniocervical posture
	Skeletal relationship (mean ± standard deviation)

	
	
	
	
	

	[bookmark: _Hlk213108538]Liu et al. [16], 2016
	90 physical lateral X-rays obtained in natural position of the head from a public hospital in China.
- Sex: male 50%, female 50%
- Age: 11–14 yr (12.32 ± 2.32)
	ANB (°):
- Class I (0–5): 33.3%
- Class II (>5): 33.3%
- Class III (<0): 33.3%
	Solow analysis:
[bookmark: OLE_LINK3]- NSL-VER (°)
- FH-VER (°)
- NL-VER (°)
- ML-VER (°)
- NSL-RL (°)
- FH-RL (°)
- NL-RL (°)
- ML-RL (°)
- NSL-OPT (°)
- FH-OPT (°)
- NL-OPT (°)
- ML-OPT (°)
- NSL-CVT (°)
- FH-CVT (°)
- NL-CVT (°)
- ML-CVT (°)
- NSL-EVT (°)
- FH-EVT (°)
- NL-EVT (°)
- ML-EVT (°)
- OPT-HOR (°)
- CVT-HOR (°)
- EVT-HOR (°)
- OPT-CVT (°)
- CVT-EVT (°)
- OPT-EVT (°)
	Class I
	Class II
	Class III
	p value

	
	
	
	
	96.98 ± 5.83a
89.43 ± 4.04a
88.00 ± 5.63a,b
60.50 ± 4.88a
91.13 ± 5.06
84.92 ± 4.81
82.15 ± 4.87
54.65 ± 6.01
95.42 ± 6.38
87.87 ± 5.56
86.44 ± 5.21
58.94 ± 5.63
103.03 ± 7.77
95.48 ± 6.23
94.05 ± 6.96
66.55 ± 6.43
107.19 ± 9.04
99.67 ± 7.76
98.20 ± 8.78
70.70 ± 8.13
91.56 ± 6.52
83.95 ± 6.38
100.20 ± 6.54
7.61 ± 4.81
4.15 ± 7.61
11.77 ± 9.05
	100.50 ± 6.57b
92.44 ± 5.32b
90.82 ± 4.96a
64.33 ± 5.82b
93.06 ± 4.11
85.20 ± 4.65
83.38 ± 5.10
56.89 ± 5.66
98.22 ± 6.80
90.17 ± 6.82
88.54 ± 7.12
62.06 ± 6.82
106.00 ± 8.10
97.94 ± 8.34
96.32 ± 7.89
69.83 ± 8.50
109.48 ± 9.16
101.76 ± 8.99
100.14 ± 8.29
73.65 ± 9.07
92.28 ± 6.61
84.50 ± 6.94
99.31 ± 6.52
7.78 ± 5.79
3.81 ± 5.15
11.59 ± 7.93
	95.98 ± 6.01a
88.66 ± 6.04a
86.60 ± 6.69b
59.66 ± 5.80a
90.43 ± 3.79
83.10 ± 3.95
81.05 ± 4.10
54.10 ± 4.30
95.55 ± 5.66
88.22 ± 5.92
86.17 ± 5.77
59.22 ± 5.73
101.52 ± 7.18
94.19 ± 7.53
92.14 ± 7.22
65.19 ± 7.29
105.93 ± 10.83
98.60 ± 9.42
96.55 ± 11.18
69.60 ± 10.78
90.43 ± 5.02
84.47 ± 5.93
99.95 ± 7.39
5.97 ± 4.06
4.41 ± 8.34
10.38 ± 8.60
	0.019*
0.019*
0.027*
0.005*
0.074
0.152
0.187
0.130
0.178
0.323
0.283
0.111
0.093
0.162
0.110
0.062
0.320
0.450
0.375
0.258
0.520
0.935
0.882
0.309
0.953
0.803

	Liu et al. [17], 2018
	94 digital lateral X-rays obtained in natural position of the head from a university center in China.
- Sex: male 50%, female 50%
- Age: 10–14 yr (12.17 ± 1.42)
	Class I (°): 2.5–2.74 ± 1.21–1.37
NSL-ML (°): 29.27–43.79
- Normodivergent (32–40): 35%
- Hypodivergent (<32): 32%
- Hyperdivergent (>40): 33%
	Solow analysis:
- NSL-VER
- FH-VER
- NL-VER
- NSL-OPT
- FH-OPT
- NL-OPT
- NSL-CVT
- FH-CVT
- NL-CVT
- ML-VER
- ML-OPT
- ML-CVT
- OPT-RL
- CVT-RL
- OPT-HOR
- CVT-HOR
- OPT-CVT
	Normodivergent
	Hypodivergent
	Hyperdivergent
	p value

	
	
	
	
	97.57 ± 5.44a
89.55 ± 4.77
88.72 ± 5.68
97.54 ± 6.35a
89.52 ± 6.41
88.69 ± 6.04
104.08 ± 7.11a
96.06 ± 6.67
95.23 ± 6.77
61.62 ± 5.53a
61.60 ± 6.26a
68.13 ± 7.37a
3.99 ± 6.29a
10.53 ± 6.61a
90.03 ± 6.52
83.49 ± 6.58
6.54 ± 5.05a
	95.71 ± 6.59a
89.48 ± 4.83
87.71 ± 6.83
93.14 ± 7.85b
86.90 ± 6.55
85.14 ± 7.01
101.71 ± 8.14a
95.48 ± 7.48
93.71 ± 7.81
66.64 ± 7.54b
64.07 ± 8.32a
72.64 ± 8.68b
1.81 ± 5.38a
10.38 ± 7.06a
92.57 ± 6.48
84.00 ± 6.20
8.57 ± 4.70a,b
	101.57 ± 6.53b
92.31 ± 5.91
90.21 ± 6.21
99.69 ± 8.17a
90.43 ± 7.48
88.33 ± 7.59
109.31 ± 7.70b
100.05 ± 6.58
97.95 ± 7.45
57.79 ± 5.83c
55.90 ± 7.21b
65.52 ± 6.87a
7.29 ± 7.08b
16.90 ± 6.86b
91.88 ± 5.77
82.26 ± 5.18
9.62 ± 4.40b
	0.006*
0.109
0.405
0.011*
0.198
0.113
0.004*
0.051
0.152
<0.001*
0.001*
0.010*
0.020*
0.001*
0.236
0.639
0.034*

	Peng et al. [18], 2024
	150 digital lateral X-rays obtained in natural position of the head of a university center in China.
- Sex: male 50%, female 50%
- Age: 7–18 yr
	ANB (°): male 2.41 ± 3.87 | female 2.53 ± 8.11
- Class I (0–5): 32%
- Class II (>5): 36%
- Class III (<0): 32%
	Solow analysis:
- NSL-VER (°): male 97.24 ± 7.66 | female 95.70 ± 7.80 (p = 0.222)
- NL-VER (°): male 87.83 ± 5.98 | female 87.95 ± 3.85 (p = 0.883)
- NSL-OPT (°): male 98.69 ± 8.91 | female 100.06 ± 9.21 (p = 0.356)
- NL-OPT (°): male 88.43 ± 8.96 | female 91.00 ± 8.84 (p = 0.079)
- NSL-CVT (°): male 101.45 ± 8.18 | female 102.89 ± 8.68 (p = 0.297)
- NL-CVT (°): male 91.46 ± 8.20 | female 94.07 ± 8.22 (p = 0.054)
- OPT-HOR (°): male 89.80 ± 8.02 | female 87.75 ± 7.65 (p = 0.111)
- CVT-HOR (°): male 86.73 ± 7.31 | female 84.40 ± 7.56 (p = 0.056)
- OPT-CVT (°): male 3.06 ± 3.34 | female 3.76 ± 3.49 (p = 0.211)
	Class I
	Class II
	Class III
	p value

	
	
	
	
	91.09–98.93a
88.93–87.7a
100.3–102.54a
90.77–93.34a
101.83–105.1a
93.56–94.6a
86.36–89.96
83.48–86.79
2.79–3.63
	97.58–100.34b
88.18–90.58a
97.92–102.94a
89.39–93.58a
101.39–106.36a
92.72–96.74a
88.44–87.27
82.61–85.82
3.36–4.43
	91.54–95.83a
85–86.65b
93.82–99b
82.89–88.15b
98.25–100.24b
87.79–89.73b
87.12–95.18
85.02–90.47
2.69–4.71
	0.02*
0.022*
0.005*
0.008*
0.003*
0.014*
0.106
0.052
0.836

	
	
	NSL-ML (°): male 34.99 ± 6.19 | female 36.5 ± 6.4
	Solow analysis:
	NSL-ML (correlation coefficient)
	p value

	
	
	
	- NSL-VER (°): male 97.24 ± 7.66 | female 95.70 ± 7.80 (p = 0.222)
- NL-VER (°): male 87.83 ± 5.98 | female 87.95 ± 3.85 (p = 0.883)
- NSL-OPT (°): male 98.69 ± 8.91 | female 100.06 ± 9.21 (p = 0.356)
- NL-OPT (°): male 88.43 ± 8.96 | female 91.00 ± 8.84 (p = 0.079)
- NSL-CVT (°): male 101.45 ± 8.18 | female 102.89 ± 8.68 (p = 0.297)
- NL-CVT (°): male 91.46 ± 8.20 | female 94.07 ± 8.22 (p = 0.054)
- OPT-HOR (°): male 89.80 ± 8.02 | female 87.75 ± 7.65 (p = 0.111)
- CVT-HOR (°): male 86.73 ± 7.31 | female 84.40 ± 7.56 (p = 0.056)
- OPT-CVT (°): male 3.06 ± 3.34 | female 3.76 ± 3.49 (p = 0.211)
	0.1.61–0.336 (*pre-peak and post-peak growth stage)
[bookmark: OLE_LINK31][bookmark: OLE_LINK38][bookmark: OLE_LINK64][bookmark: OLE_LINK62]−0.006–−0.128
0.063–0.267
−0.124–0.163
0.157–0.391 (*pre-peak growth stage)
0.068–0.21
−0.231–0.058
−0.085–0.033
0.003–0.143
	0.017*
0.376
0.061
0.257
0.005*
0.143
0.106
0.557
0.322

	Hedayati et al. [20], 2013
	102 digital lateral X-rays obtained in natural position of the head from a university in Iran.
- Sex: male 50%, female 50%
- Age: 15‒18 yr
	ANB (°):
- Class I (0‒5): 31%
- Class II (>5): 39%
- Class III (<0): 30%
	Solow analysis:
- OPT-HOR
- CVT-HOR
- NSL-VER
- NL-VER
- ML-VER
- NSL-OPT
- NSL-CVT
- NL-OPT
- NL-CVT
- ML-OPT
- ML-CVT
	Class I
	Class II
	Class III
	p value

	
	
	
	
	88.53 ± 6.60
83.16 ± 7.43
79.19 ± 6.76a
87.09 ± 6.30a
112.75 ± 5.82a
103.44 ± 9.21
108.72 ± 9.86a
93.94 ± 8.82
98.59 ± 9.17
68.34 ± 8.09
73.31 ± 7.39
	88.40 ± 7.42
84.25 ± 6.89
79.20 ± 5.56a
87.40 ± 5.88a
118.75 ± 16.94b
102.48 ± 9.16
106.73 ± 8.77a,b
92.75 ± 7.91
96.23 ± 8.31
65.95 ± 9.25
70.43 ± 8.79
	86.10 ± 4.88
82.87 ± 4.16
83.13 ± 6.27b
90.50 ± 5.25b
118.30 ± 8.76b
100.33 ± 6.63
103.73 ± 7.31b
93.57 ± 5.13
96.73 ± 5.97
66.83 ± 10.25
70.37 ± 10.89
	0.145
0.374
0.013*
0.030*
0.039*
0.155
0.027*
0.508
0.215
0.276
0.183

	Hosseinzadeh et al. [19], 2011
	53 digital lateral X-rays obtained in natural position of the head from a university in Iran.
- Sex: male 44%, female 56%
- Age: 9–18 yr (13.49 ± 5.53)
	ANB (°): 3.70 ± 3.41
- Class I (0–4): 13%
- Class II (>4): 45%
- Class III (<0): 42%
	Solow analysis:
- OPT-HOR (°): 95 ± 9.14
- CVT-HOR (°): 99.43 ± 10.65
- OPT-CVT (°): 5.83 ± 3.65
	Class I
	Class II
	Class III
	p value

	
	
	
	
	97.85 ± 11.52
100.42 ± 13.99
3.42 ± 2.43a
	94.29 ± 7.94
98.58 ± 11.21
6.95 ± 4.31b
	94.86 ± 9.83
100.04 ± 9.25
5.36 ± 2.71a,b
	0.669
0.866
0.02*

	D’Attilio et al. [21], 2005
	120 digital lateral X-rays obtained in natural position of the head from a private center in Italy.
- Sex: male 50%, female 50%
- Age: 9.5 ± 0.5 yr
	ANB (°):
- Class I (0–4): 33.3%
- Class II (>4): 33.3%
- Class III (<0): 33.3%
	Solow analysis:
- CVT-VER (°)
- OPT-VER (°)
- CVT-VER (°)
- EVT-VER (°)
- NSL-VER (°)
- NL-VER (°)
- GoGn-VER (°)
- VER-RL (°)
- NSL-OPT (°)
- NSL-CVT (°)
- NL-OPT (°)
- NL-CVT (°)
- GoGn-OPT (°)
- GoGn-CVT (°)
- OPT-RL (°)
- CVT-RL (°)
	Class I
	Class II
	Class III
	p value

	
	
	
	
	9 (5.25–14.75)a
2 (−0.75–3)
3 (2–5)
−6 (−9.75–−3.1)a
95 (80–100.7)
83.5 (72–90)
84 (57–69)
5 (2.2–6)
83 (78.2–85.7)a
81 (78.2–84)
76.6 (71.2–78)
72 (68.2–75)a
55.5 (52.2–57.7)
66.5 (64–80)
11 (6.2–13)
12 (7.2–14.7)a
	9 (5.5–14.7)a
2.5 (0.2–4.0)
2.5 (1–4.9)
−8.5 (−11.5–−3.1)a
97 (79.2–101)
84.5 (71.5–90)
63.5 (58–67)
4 (2–6)
82 (78.2–88)b
86 (85–91)
75 (72–78)
74 (70–77)b
55.5 (54–57.7)
58 (56.2–61)
9 (6–10.7)
11 (8–13)a
	3.5 (0–10)b
2 (−0.75–4)
3 (1–5)
−1 (−5–−2.75)b
99 (85.2–106)
85.5 (74.2–93)
64 (59–69)
5 (2.2–7)
84 (81.2–87.5)a
83 (80–87)
77 (73–80.7)
75 (72–79.7)c
58 (55–60.7)
57 (53–59.7)
10 (5.5–12)
5.5 (4–11)b
	0.045*
0.84
0.90
<0.001*
0.05
0.72
0.95
0.76
<0.001*
0.05
0.57
0.01*
0.054
0.05
0.29
<0.001*

	Salazar et al. [22], 2025
	187 digital lateral radiographs obtained in assisted head position from a private center in Peru.
- Sex: male 48.1%, female 51.9%
- Age: 6–12 yr
	[bookmark: _Hlk164026539]ANB (°): 3.05 ± 4.07
- Class I (0–4): 49.7%
- Class II (>4): 31.0%
- Class III (<0): 19.3%
	Rocabado analysis:
	Class I
	Class II
	Class III
	p value

	
	
	
	- MGP-OP (°): 98.89 ± 8.52; male 99.94 ± 8.11 | female 97.91 ± 8.81 (p = 0.102)
- C0-C1 (mm): 13.59 ± 7.07; 13.64 ± 7.06| female 13.54 ± 7.11 (p = 0.822)
- H (mm): 15.53 ± 16.21; male 14.06 ± 14.89| female 16.89 ± 17.32 (p = 0.255)
	100.51 ± 8.32a
13.01 ± 6.23
14.96 ± 16.06
	95.66 ± 8.2b
15.25 ± 8.99
18.65 ± 17.67
	99.92 ± 8.29a
12.4 ± 4.96
11.96 ± 13.41
	0.002*
0.236
0.214

	Vukicevic et al. [23], 2016
	90 digital lateral radiographs obtained in assisted head position according to NS-OPT from a university in Serbia.
- Sex: Not register.
- Age: 8–14 yr
	ANB (°):
- Clase I (2–4): 33.3%
- Clase II (>4): 33.3%
- Clase III (<2): 33.3%
	Solow analysis:
- NSL-OPT: 96.49 ± 10.64
	Class I
	Class II
	Class III
	p value

	
	
	
	
	94.06 ± 1.81a
	100.8 ± 11.1a
	94.59 ± 1.8b
	0.022*

	Bernal et al. [24], 2017
	107 digital lateral X-rays obtained in natural position of the head of a private center in Colombia.
- Sex: male 49%, female 51%
- Age: 6–11 yr (8.56 ± 1.5)
	ANB (°):
- Class I (0–4): 54%
- Class II (>4): 40%
- Class III (<0): 6%
	Rocabado analysis:
- MGP-OP (°): 106 ± 8.6; male 108.2 ± 8.2 | female 103.9 ± 8.5 (p = 0.008)
- C0-C1 (mm): 6.3 ± 2.4; male 6.7 ± 2.6 | female 5.9 ± 2.1 (p = 0.055)
- C1-C2 (mm): 4.8 ± 2.1; male 5.5 ± 1.9 | female 4.2 ± 2.2 (p = 0.002)
- H (mm): 4.8 ± 3.8; male 5.1 ± 3.5 | female 4.6 ± 4.1 (p = 0.507)
	Class I
	Class II
	Class III
	p value

	
	
	
	
	105.3 ± 8.7
6.0 ± 2.3
4.5 ± 2.3
4.7 ± 4.2
	106.6 ± 8.6
6.4 ± 2.5
5.2 ± 1.9
5.2 ± 3.4
	108.9 ± 8.2
7.8 ± 1.9
5.6 ± 2.6
3.1 ± 3.0
	0.556
0.306
0.185
0.842

	
	
	
	Solow analysis:
- NSL-VER (°): 99.9 ± 4.0; male 100.0 ± 3.9 | female 99.7 ± 4.2 (p = 0.683)
- NL-VER (°): 91.7 ± 4.4; male 92.0 ± 4.1 | female 91.5 ± 4.8 (p = 0.534)
- ML-VER (°): 67.2 ± 4.8; male 67.4 ± 4.9 | female 97.1 ± 4.7 (p = 0.822)
- OPT-HOR (°): 91.1 ± 7.7; male 93.9 ± 7.1 | female 88.5 ± 7.4 (p ≤ 0.001)
- CVT-HOR (°): 89.6 ± 7.1; male 93.0 ± 6.1 | female 86.5 ± 6.6 (p ≤ 0.001)
	99.8 ± 4.1
91.5 ± 4.6
67.4 ± 4.8
90.3 ± 7.6
88.8 ± 7.1
	100.3 ± 4.0
92.5 ± 4.2
67.3 ± 4.9
92.0 ± 8.2
90.6 ± 7.3
	97.1 ± 2.9
88.4 ± 2.6
65.3 ± 3.8
91.8 ± 7.7
91.1 ± 5.9
	0.198
0.068
0.922
0.459
0.270

	Kale et al. [25], 2020
	163 digital lateral X-ray obtained in natural position of the head of a university in Turkey.
- Sex: male 49%, female 51%
- Age: <17 yr (14.45 ± 2.34)
	ANB (°):
- Class I (0–4): 34%
- Class II (>4): 34%
- Class III (<0): 32%
SN-GoGn (°):
- Normodivergent (26–38): 32%
- Hypodivergent (<26): 32%
- Hyperdivergent (>38): 36%
- n = 17–20 per group
	Solow analysis:
- NSL-CVT: normodivergent
- NSL-CVT: hypodivergent
- NSL-CVT: hyperdivergent
- NSL-OPT: normodivergent
- NSL-OPT: hypodivergent
- NSL-OPT: hyperdivergent
- FH-CVT: normodivergent
- FH-CVT: hypodivergent
- FH-CVT: hyperdivergent
- FH-OPT: normodivergent
FH-OPT: hypodivergent
- FH-OPT: hyperdivergent
- OPT-CVT: normodivergent
- OPT-CVT: hypodivergent
- OPT-CVT: hyperdivergent
	Class I
	Class II
	Class III
	p value

	
	
	
	
	105.50 ± 8.57
104.76 ± 8.24
106.08 ± 9.66
102.47 ± 9.17
99.12 ± 8.25
101.29 ± 9.46
98.53 ± 8.58
96.14 ± 8.04
98.61 ± 8.61
93.25 ± 9.14
91.7 ± 7.57
94.51 ± 8.63
5.26 ± 3.02
5.48 ± 2.74
5.16 ± 3.79
	108.9 ± 7.41
106.33 ± 8.73
110.69 ± 7.59
102.16 ± 8.17
101.87 ± 9.59
104.87 ± 8.43
99.25 ± 7.26
98.34 ± 8.27
101.39 ± 7.88
94.7 ± 7.93
94.83 ± 8.81
96.7 ± 8.17
4.86 ± 3.04
4.76 ± 2.73
5.21 ± 3.42
	104.28 ± 9.71
101.09 ± 9.29
105.2 ± 6.07
98.16 ± 9.08
98.8 ± 11.33
101.89 ± 6.45
96.84 ± 8.57
94.16 ± 8.06
94.1 ± 6.31
92.69 ± 8.79
90.21 ± 8.97
91.7 ± 6.77
4.21 ± 2.56
5.14 ± 2.91
3.75 ± 2.78
	0.747
0.747
0.747
0.443
0.443
0.443
0.683
0.683
0.683
0.552
0.552
0.552
0.645
0.645
0.645


*p < 0.05. Different letters indicate significant differences by row.
ANB: point A‒nasion line to point B‒nasion line; NSL-ML: nasion‒sella line to mandibular line; SN-GoGn: nasion‒sella line to gonion‒gnation line; NSL-VER: nasion–sella line to true vertical line; FH-VER: Frankfort horizontal to true vertical line; NL-VER: nasal line to true vertical line; ML-VER: mandibular line to true vertical line; NSL-RL: nasion–sella line to ramus line; FH-RL: Frankfort horizontal to ramus line; NL-RL: nasal line to ramus line; ML-RL: mandibular line to ramus line; NSL-OPT: nasion–sella line to odontoid process tangent; FH-OPT: Frankfort horizontal to odontoid process tangent; NL-OPT: nasal line to odontoid process tangent; ML-OPT: mandibular line to odontoid process tangent; NSL-CVT: nasion–sella line to cervical vertebral tangent; FH-CVT: Frankfort horizontal to cervical vertebral tangent; NL-CVT: nasal line to cervical vertebral tangent; ML-CVT: mandibular line to cervical vertebral tangent; NSL-EVT: nasion–sella line to extended vertebral tangent; FH-EVT: Frankfort horizontal to extended vertebral tangent; NL-EVT: nasal line to extended vertebral tangent; ML-EVT: mandibular line to extended vertebral tangent; OPT-HOR: odontoid process tangent to true horizontal; CVT-HOR: cervical vertebral tangent to true horizontal; EVT-HOR: extended vertebral tangent to true horizontal; OPT-CVT: odontoid process tangent to cervical vertebral tangent; CVT-EVT: cervical vertebral tangent to extended vertebral tangent; OPT-EVT: odontoid process tangent to extended vertebral tangent; OPT-RL: odontoid process tangent to ramus line; CVT-RL: cervical vertebral tangent to ramus line; CVT-VER: cervical vertebral tangent to true vertical; OPT-VER: odontoid process tangent to true vertical; EVT-VER: extended vertebral tangent to true vertical; GoGn-VER: gonion–gnathion line to true vertical; VER-RL: true vertical to ramus line; GoGn-OPT: gonion–gnathion line to odontoid process tangent; GoGn-CVT: gonion–gnathion line to cervical vertebral tangent; MGP-OP: McGregor plane to occlusal plane; C0–C1: occiput to atlas line; MGP-OP: median glenoid point to occlusal plane; C1–C2: atlas to axis line.
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Supplementary Fig. 1. Group cephalometry according to sagittal/vertical skeletal relationship. NSL-OP’: nasion‒sella line to occlusal plane; ANB: point A‒nasion line to point B‒nasion line.


Supplementary Table 2. Sex and age characteristics of sagittal/vertical skeletal relationship groups.
	Skeletal relationship
	Sex
	Age (yr)

	
	Male
	Female
	Mean
	Standard deviation

	
	n
	%
	n
	%
	
	

	Sagittal

	
	Class III
	27
	37.5%
	24
	29.6%
	15.49
	1.50

	
	Class I
	20
	27.8%
	31
	38.3%
	15.10
	1.51

	
	Class II
	25
	34.7%
	26
	32.1%
	15.06
	1.53

	Vertical

	
	Hypodivergent
	20
	27.8%
	31
	38.3%
	15.59
	1.63

	
	Normodivergent
	26
	36.1%
	25
	30.9%
	14.98
	1.36

	
	Hyperdivergent
	26
	36.1%
	25
	30.9%
	15.08
	1.51

	Sagittal/vertical

	
	Hypodivergent Class III
	6
	8.3%
	11
	13.6%
	15.94
	1.39

	
	Normodivergent Class III
	9
	12.5%
	8
	9.9%
	15.12
	1.50

	
	Hyperdivergent Class III
	12
	16.7%
	5
	6.2%
	15.41
	1.58

	
	Hypodivergent Class I
	7
	9.7%
	10
	12.3%
	15.24
	1.79

	
	Normodivergent Class I
	7
	9.7%
	10
	12.3%
	14.88
	1.17

	
	Hyperdivergent Class I
	6
	8.3%
	11
	13.6%
	15.18
	1.59

	
	Hypodivergent Class II
	7
	9.7%
	10
	12.3%
	15.59
	1.70

	
	Normodivergent Class II
	10
	13.9%
	7
	8.6%
	14.94
	1.48

	
	Hyperdivergent Class II
	8
	11.1%
	9
	11.1%
	14.65
	1.32
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Supplementary Table 3. Craniocervical posture parameters according to sagittal/vertical skeletal relationship groups in Peruvian adolescents.
	Variables
	Class I
Normodivergent
(n = 17)
	Class I
Hypodivergent
(n = 17)
	Class I
Hyperdivergent
(n = 17)
	Class II
Normodivergent
(n = 17)
	Class II
Hypodivergent
(n = 17)
	Class II
Hyperdivergent
(n = 17)
	Class III
Normodivergent
(n = 17)
	Class III
Hypodivergent
(n = 17)
	Class III
Hyperdivergent
(n = 17)
	p value

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	

	MGP-OP (°)
	101.98
	6.02
	103.63
	10.97
	100.54
	5.69
	103.34
	8.20
	102.48
	8.70
	98.09
	6.27
	106.77
	8.41
	106.61
	9.93
	103.59
	9.46
	0.080

	C0–C1 (mm)
	11.09
	3.63
	10.48
	3.21
	10.68
	3.78
	11.79
	2.83
	10.37
	2.77
	11.09
	2.36
	12.89
	2.28
	10.41
	3.81
	11.76
	4.53
	0.373

	H (mm)
	11.83
	7.53
	11.98
	10.67
	12.59
	9.73
	13.48
	9.94
	16.44
	12.04
	11.29
	8.70
	12.35
	9.80
	11.60
	10.00
	10.05
	11.05
	0.827

	NSL-OPT (°)
	103.12ab
	5.36
	98.76ab
	8.07
	101.82ab
	6.43
	98.71ab
	10.07
	101.00ab
	8.85
	105.65a
	6.48
	98.35b
	7.65
	96.71b
	8.14
	101.71ab
	8.94
	0.024*

	FH-OPT (°)
	93.71
	4.09
	91.29
	8.24
	93.29
	6.57
	90.06
	9.74
	92.59
	7.96
	94.41
	5.82
	90.41
	7.39
	89.29
	8.87
	92.29
	7.83
	0.498

	NL-OPT (°)
	95.71
	5.23
	92.06
	8.10
	93.24
	6.69
	90.00
	10.01
	93.65
	8.51
	94.88
	6.33
	91.59
	7.57
	90.12
	9.87
	91.76
	8.24
	0.406

	ML-OPT (°)
	70.06A
	6.20
	69.94AB
	8.19
	65.41A
	5.48
	62.35B
	9.62
	70.29A
	8.98
	62.88B
	6.09
	67.35AB
	8.33
	68.59AB
	8.95
	62.94B
	7.26
	0.003*

	NSL-CVT (°)
	108.82ab
	4.23
	111.53ab
	11.25
	112.35a
	5.34
	110.76a
	7.30
	108.65ab
	7.24
	111.41a
	5.93
	107.59ab
	8.46
	107.47b
	23.39
	103.88b
	10.59
	0.022*

	FH-CVT (°)
	100.29ab
	4.41
	103.53a
	11.19
	103.35a
	4.46
	102.29a
	6.94
	100.29abc
	6.80
	100.41abc
	5.94
	99.94abc
	8.33
	94.59c
	8.31
	94.47b
	11.40
	0.012*

	NL-CVT (°)
	102.29AB
	4.55
	104.35A
	13.21
	103.76A
	4.58
	102.12AB
	7.83
	101.24AB
	6.88
	100.71AB
	6.17
	101.12AB
	8.72
	95.41AB
	7.12
	93.94B
	11.72
	0.003*

	ML-CVT (°)
	76.76ab
	7.15
	82.76a
	8.50
	75.94ab
	5.07
	74.53ab
	6.66
	77.94ab
	8.84
	68.94bc
	6.72
	76.76ab
	9.92
	66.94b
	17.97
	62.88c
	15.02
	<0.001*

	NSL-RL (°)
	90.41abc
	4.39
	89.47abc
	3.37
	91.65abc
	7.04
	94.06a
	4.98
	94.06a
	5.17
	94.94a
	5.89
	87.00c
	4.50
	89.88b
	8.31
	94.65ab
	11.02
	<0.001*

	FH-RL (°)
	81.00abc
	4.62
	82.06abc
	3.47
	82.88abc
	6.64
	85.82a
	5.48
	86.41a
	5.60
	84.12ab
	5.27
	74.71c
	17.60
	82.35b
	8.68
	85.29ab
	9.66
	0.001*

	NL-RL (°)
	83.41ab
	5.26
	83.29ab
	4.21
	83.71ab
	5.98
	85.59a
	5.47
	87.35a
	5.07
	84.59ab
	5.17
	81.18b
	5.26
	83.18b
	9.48
	84.82ab
	10.08
	0.037*


Different letters indicate significant differences by row. ANOVA test with Tukey’s post-hoc or Kruskal-Wallis with post-hoc in pairs. *p < 0.05.
SD: standard deviation. MGP-OP: McGregor plane to odontoid plane; H: point “h” to C3-RGn line; C0–C1: distance from C0 to C1; NSL-OPT: nasion‒sella line to odontoid process tangent; FH-OPT: Frankfurt horizontal to odontoid process tangent; NL-OPT: nasal line to odontoid process tangent; ML-OPT: mandibular line to odontoid process tangent; NSL-CVT: nasion‒sella line to cervical vertebral tangent; FH-CVT: Frankfurt horizontal to cervical vertebral tangent; NL-CVT: nasal line to cervical vertebral tangent; ML-CVT: mandibular line to cervical vertebral tangent; NSL-RL: nasion‒sella line to ramus line; FH-RL: Frankfurt horizontal to ramus line; NL-RL: nasal line to ramus line.



Supplementary Table 4. Linear regression of predictors of skeletal relationship parameters in Peruvian adolescents.
	
	First model ANB angle
R2 = 0.343, adj R2 = 0.261, F = 4.15, AIC = 823, p < 0.001
	Second model: ANB angle
R2 = 0.330, adj R2 = 0.288, F = 7.82, AIC = 810, p < 0.001
	First model NSL-OP’ angle
R2 = 0.63, adj R2 = 0.583, F = 13.5, p < 0.001
	Second model NSL-OP’ angle
R2 = 0.618, adj R2 = 0.591, F = 22.9, p < 0.001

	Predictor
	B
	SE
	95% CI
	p value
	B
	SE
	95% CI
	p value
	B
	SE
	95% CI
	p value
	B
	SE
	95% CI
	p value

	
	
	
	LI
	UL
	
	
	
	LI
	UL
	
	
	
	LI
	UL
	
	
	
	LI
	UL
	

	Intercept
	4.40
	11.13
	−17.60
	26.41
	0.693
	4.57
	9.25
	−13.71
	22.86
	0.622
	16.84
	12.34
	−7.56
	41.24
	0.175
	18.10
	11.01
	−3.66
	39.86
	0.102

	Sex (Ref. male)
	0.79
	0.69
	−0.56
	2.15
	0.249
	0.87
	0.62
	−0.34
	2.09
	0.158
	0.48
	0.77
	−1.04
	2.00
	0.536
	0.26
	0.61
	−0.95
	1.46
	0.677

	Age
	−0.27
	0.20
	−0.67
	0.13
	0.186
	−0.30
	0.19
	−0.68
	0.08
	0.127
	−0.59
	0.22
	−1.03
	−0.15
	0.009*
	−0.58
	0.21
	−0.99
	−0.17
	0.006*

	NSL-OP’ or ANB
	−0.19
	0.08
	−0.34
	−0.04
	0.013*
	−0.18
	0.07
	−0.31
	−0.04
	0.011*
	−0.24
	0.09
	−0.42
	−0.05
	0.013*
	−0.24
	0.09
	−0.42
	−0.06
	0.009*

	MGP-OP
	−0.14
	0.05
	−0.24
	−0.03
	0.011*
	−0.13
	0.05
	−0.22
	−0.04
	0.004*
	−0.09
	0.06
	−0.21
	0.03
	0.141
	−0.07
	0.05
	−0.18
	0.03
	0.172

	C0–C1
	0.01
	0.10
	−0.19
	0.21
	0.911
	
	
	
	
	
	0.14
	0.11
	−0.08
	0.36
	0.216
	
	
	
	
	

	H
	0.06
	0.04
	−0.02
	0.13
	0.128
	0.07
	0.03
	0.00
	0.14
	0.039*
	0.01
	0.04
	−0.07
	0.10
	0.729
	
	
	
	
	

	NSL-OPT
	0.31
	0.21
	−0.10
	0.72
	0.135
	0.19
	0.07
	0.05
	0.32
	0.009*
	0.66
	0.23
	0.21
	1.11
	0.004*
	0.56
	0.07
	0.42
	0.71
	<0.001*

	FH-OPT
	−0.08
	0.44
	−0.94
	0.78
	0.852
	
	
	
	
	
	0.63
	0.48
	−0.33
	1.58
	0.198
	
	
	
	
	

	NL-OPT
	−0.05
	0.42
	−0.87
	0.78
	0.907
	
	
	
	
	
	−0.72
	0.46
	−1.63
	0.20
	0.123
	
	
	
	
	

	ML-OPT
	−0.37
	0.08
	−0.54
	−0.21
	<0.001*
	−0.37
	0.07
	−0.50
	−0.24
	<0.001*
	−0.71
	0.08
	−0.87
	−0.56
	<0.001*
	−0.70
	0.07
	−0.84
	−0.57
	<0.001*

	NSL-CVT
	−0.05
	0.04
	−0.13
	0.03
	0.186
	
	
	
	
	
	−0.06
	0.04
	−0.15
	0.02
	0.153
	−0.09
	0.04
	−0.16
	−0.02
	0.011*

	FH-CVT
	0.08
	0.43
	−0.77
	0.94
	0.848
	
	
	
	
	
	−0.57
	0.48
	−1.51
	0.38
	0.239
	
	
	
	
	

	NL-CVT
	−0.02
	0.43
	−0.87
	0.83
	0.961
	
	
	
	
	
	0.55
	0.48
	−0.40
	1.50
	0.252
	
	
	
	
	

	ML-CVT
	0.11
	0.04
	0.03
	0.19
	0.007*
	0.11
	0.03
	0.05
	0.17
	<0.001*
	0.08
	0.05
	−0.01
	0.17
	0.098
	0.08
	0.04
	0.01
	0.16
	0.033*

	NSL-RL
	0.10
	0.17
	−0.24
	0.44
	0.556
	0.17
	0.04
	0.08
	0.26
	<0.001*
	0.25
	0.19
	−0.13
	0.63
	0.198
	0.38
	0.09
	0.19
	0.56
	<0.001*

	FH-RL
	0.03
	0.05
	−0.06
	0.13
	0.487
	
	
	
	
	
	−0.01
	0.05
	−0.12
	0.09
	0.791
	
	
	
	
	

	NL-RL
	0.03
	0.17
	−0.30
	0.36
	0.844
	
	
	
	
	
	−0.17
	0.19
	−0.54
	0.20
	0.367
	−0.32
	0.09
	−0.50
	−0.14
	<0.001*


Ref.: reference variable; Β: Standardized coefficients; SE: Standard error; R2: Coefficient of determination; adj R2: adjusted R2; CI: Confidence interval; LI: Lower limit; UL: Upper Limit. *p < 0.05.
ANB: point A‒nasion line to point B‒nasion line; NSL-OP’: nasion‒sella line to occlusal plane; MGP-OP: McGregor plane to odontoid plane; H: point “h” to C3-RGn line; C0–C1: distance from C0 to C1; NSL-OPT: nasion‒sella line to odontoid process tangent; FH-OPT: Frankfurt horizontal to odontoid process tangent; NL-OPT: nasal line to odontoid process tangent; ML-OPT: mandibular line to odontoid process tangent; NSL-CVT: nasion‒sella line to cervical vertebral tangent; FH-CVT: Frankfurt horizontal to cervical vertebral tangent; NL-CVT: nasal line to cervical vertebral tangent; ML-CVT: mandibular line to cervical vertebral tangent; NSL-RL: nasion‒sella line to ramus line; FH-RL: Frankfurt horizontal to ramus line; NL-RL: nasal line to ramus line.
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