
Supplementary Table 1 Craniocervical and craniofacial measurements used in this study
	Measurements
	Definition

	Craniocervical measurements

	C0-C1(mm)
	Distance between the base of the occiput (C0) and the posterior arch of the atlas (C1).

	C1-C2 (mm)

	Distance between the posterior arch of the atlas (C1) and the spinous process of the second vertebra (C2).

	Ba-C3ia (mm)

	Distance between basion (Ba) and the most inferior-anterior point on the body of the third vertebra (C3ia).

	C2ap-C4ip (mm)
	Distance between the apex of the odontoid process of the second cervical vertebra (C2ap) and the most postero-inferior point on the corpus of the fourth cervical vertebra (C4ip).

	Craniocervical angle (°)
	The posterior angle of the intersection of the MGP (a line connecting the basi-occiput with the posterior nasal spine, C0-PNS) and OP (a line crossing from the anterior inferior angle of the odontoid to the apex of the odontoid, C2ap-C2ia) planes.

	CVT-OPT (°)
	Angle between odontoid process tangent (the posterior tangent to the odontoid process through C2ip, OPT) and cervical vertebrae tangent (the posterior tangent to the odontoid process through C4ip, CVT).

	CVT-MP (°)
	Angle between the mandibular plane (a line formed by Go and Me points, MP) and CVT.

	CVT-NL (°)
	Angle between the nasal line (a line connecting ANS and PNS) and CVT.

	CVT-FH (°)
	Angle between the Frankfort horizontal line (a line formed by Or and P points, FH) and CVT.

	CVT-NSL (°)
	Anterior-inferior angle between the Nasion-Sella line ( a line formed by N and S points, NSL) and CVT. 

	CVT-RL (°)
	Angle formed by a tangent to the posterior border of the mandibular ramus (Ar-Go) and CVT.

	OPT-MP (°)
	Angle between MP and OPT.

	OPT-NL (°)
	Angle between the nasal line (line through ANS and PNS) and OPT.

	OPT-FH (°)
	Angle between FH and OPT.

	OPT-NSL (°)
	Angle between NSL and OPT.

	OPT-RL(°)
	Angle formed by the intersection of a tangent to the posterior border of the mandibular ramus (Ar-Go) and OPT.

	NSL-C2’ (°)
	Angle formed by the NSL plane and the tangent line to the inferior edge of the second cervical vertebra (C2ia-C2ip).

	Craniofacial measurements

	SNA (°)
	Angle between the SN plane and the Nasion-A point line.

	SNB (°)
	Angle between the SN plane and the Nasion-B point line.

	ANB (°)
	Angle between the Nasion-A and Nasion-B point lines.

	FMA (°)
	Angle between the FH plane and MP.

	MP-NPog (°)
	Angle between the MP plane and the Nasion-Pogonion line.

	Mandibular body length (mm)
	Distance between Gonion and Mention, Go-Me.

	Effective length of maxilla (mm)
	Distance between Condylion and point A, Co-A.

	Effective length of mandible (mm)
	Distance between Condylion and Gnathion, Co-Gn.

	Anterior cranial base length (mm)
	Distance between Sella and Nasion, S-N.

	Posterior cranial base length (mm)
	Distance between Sella and Articulate, S-Ar.

	Y-axis (°)
	Angle between the S-Gn line and the FH plane.

	Angle of convexity (°)
	Angle between the Nasion-A point line and the Pogonion-A point line.

	Convexity of Point A (mm)
	Distance between A point and the Nasion-Pogonion line.

	Anterior facial height (mm)
	Distance between Nasion and Menton, N-Me.

	Posterior facial height (mm)
	Distance between Sella and Gonion, S-Go.

	Facial height ratio(PFH/AFH)
	Ratio between posterior facial height (S-Go) and anterior facial height (N-Me).

	U1 to NA(mm)
	Distance between the upper incisor edge and the Nasion-A point line.

	L1 to NB (mm)
	Distance between the lower incisor edge and the Nasion-B point line.

	Overjet (mm)
	The horizontal distance between the upper and lower incisal edge with reference to the occlusal plane.

	Overbite (mm)
	The vertical overlap between the upper and lower incisal edge.



Supplementary Table 2 Two-Way ANOVA results for craniocervical and craniofacial   outcomes by ONL status and gender
	Variable
	Factor
	F
	P
	partial η²

	C0-C1(mm)
	ONL
	69.612
	0.000*
	0.216

	
	Sex
	1.255
	0.264
	0.005

	
	ONL*Sex
	1.830
	0.177
	0.007

	Craniocervical angle (°)
	ONL
	12.668
	0.000*
	0.048

	
	Sex
	0.205
	0.651
	0.001

	
	ONL*Sex
	1.415
	0.235
	0.006

	SNA (°)
	ONL
	10.626
	0.001*
	0.040

	
	Sex
	0.309
	0.579
	0.001

	
	ONL*Sex
	2.818
	0.904
	0.011

	SNB (°)
	ONL
	1.208
	0.273
	0.005

	
	Sex
	3.116
	0.079
	0.012

	
	ONL*Sex
	1.415
	0.235
	0.006

	ANB (°)
	ONL
	11.818
	0.001*
	0.045

	
	Sex
	3.127
	0.078
	0.012

	
	ONL*Sex
	1.601
	0.207
	0.006

	FMA (°)
	ONL
	5.174
	0.024
	0.020

	
	Sex
	26.325
	0.000*
	0.095

	
	ONL*Sex
	0.182
	0.670
	0.001

	MP-NPog (°)
	ONL
	16.424
	0.000*
	0.061

	
	Sex
	31.700
	0.000*
	0.112

	
	ONL*Sex
	2.483
	0.116
	0.010

	Y-axis (°)
	ONL
	0.623
	0.431
	0.002

	
	Sex
	1.768
	0.185
	0.007

	
	ONL*Sex
	1.197
	0.275
	0.005

	Angle of convexity (°)
	ONL
	11.210
	0.001*
	0.043

	
	Sex
	5.660
	0.018*
	0.022

	
	ONL*Sex
	0.946
	0.332
	0.004

	Convexity of Point A (°)
	ONL
	10.893
	0.001*
	0.041

	
	Sex
	2.601
	0.108
	0.010

	
	ONL*Sex
	0.687
	0.408
	0.003

	U1 to NA (mm)
	ONL
	16.023
	0.000*
	0.060

	
	Sex
	0.482
	0.488
	0.002

	
	ONL*Sex
	0.710
	0.400
	0.003

	L1 to NB (mm)
	ONL
	0.538
	0.346
	0.003

	
	Sex
	1.622
	0.174
	0.006

	
	ONL*Sex
	1.188
	0.266
	0.005

	Overjet (mm)
	ONL
	0.039
	0.843
	0.000

	
	Sex
	1.504
	0.221
	0.006

	
	ONL*Sex
	1.404
	0.237
	0.006

	Overbite (mm)
	ONL
	1.291
	0.257
	0.005

	
	Sex
	2.081
	0.150
	0.008

	
	ONL*Sex
	1.697
	0.194
	0.007


ONL: Ossification of nuchal ligament
[bookmark: _GoBack]* P≤ 0.05
