[bookmark: _Hlk196747921]Figure S1: The method of ultrasound image acquisition.
[image: ]
A: sagittal section of the tongue (ST); B: sagittal section of the airway (SA); C: axial section of the jugular notch (SJN); D: axial section of the thyroid isthmus (STI); E: axial section of the cricothyroid membrane (SCM); F: axial section of the vocal cord (SVC); G: section of the hyoid bone (SHB); H: section of the epiglottis (SE).


Figure S2: The motivation of study design.
[image: ]
DSTR: distance from the skin to the end of the tongue root; DST: distance from the skin to the tongue surface; DGT: distance from the genioglossus to the tongue surface.


[bookmark: _Hlk197539933]Figure S3: The calibration curve and the precision-recall curve for validation and test sets.
[image: ]
A: the calibration curve for validation set; B: the calibration curve for test set; C: the precision-recall curve for validation set; D: the precision-recall curve for test set. 


[bookmark: _Hlk173933834][bookmark: _Hlk173933824]Figure S4: Ranking of Variable Importance.
[image: ] A. Ranking of Feature Importance in Random Forest; B. Feature Importance in LightGBM. ST: sagittal section of the tongue; SHB: section of the hyoid bone; TMD: thyromental distance.


Table S1: Description of Airway Assessments
	Variable
	Detail/Classification basis

	Baseline characteristics
	

	Chinese nationality
	the Chinese nationality of the patient, such as the Han nationality

	Age
	Age of the patient

	Gender
	Gender of patient

	Education
	Education level of the patient
Education 1: Junior high school education or below;
Education 2: High school education or above, without a bachelor's degree;
Education 3: Bachelor, Master, or Doctor degree

	BMI
	BMI of the patient

	Alcohol consumption
	Whether the patient was a regular alcohol drinker

	Smoking
	Whether the patient had a smoking habit

	Beard
	Whether the patient has a substantial beard

	ASA-PS
	ASA-Physical Status:
ASA-PS 1: in good health; 
ASA-PS 2: mild comorbidities; 
ASA-PS 3: severe comorbidities which limit activity; 
ASA-PS 4: severe comorbidities and very limited activity 

	[bookmark: _Hlk123156819]bedside examinations
	

	MMT
	modified Mallampati test: a grading system used to rate the visibility of the structures in the oropharynx, including the uvula, faucial pillars, and soft palate when the mouth is opened;
MMT 1: the soft palate, the pharyngopalatine arch, the uvula, and the hard palate are visible;
MMT 2: the soft palate, the uvula, and the hard palate are visible;
MMT 3: the soft palate and the hard palate are visible;
MMT 4: only hard palate is visible;

	[bookmark: _Hlk123849952]ULBT
	upper lip bite test: measured by asking patients to bite their upper lip with their lower incisors;
UBLT 1: the lower incisors extend beyond the vermilion border of the upper lip;
UBLT 2: the lower incisors bite the lip but cannot extend above the vermilion border;
UBLT 3: the lower incisors cannot bite the upper lip;

	[bookmark: _Hlk123849964]MP
	mandibular protrusion: the range of movement of the mandible;
MP 1: The lower incisors extend beyond the upper incisors;
MP 2: The lower incisors are flush with the upper incisors;
MP 3: The lower incisors extend within the upper incisors;

	NC
	neck circumference: circumference of the neck at the level of the thyroid cartilage.

	[bookmark: _Hlk123850006]LT
	length of tongue: the maximum length of the tongue outside the mouth.

	[bookmark: _Hlk123850018]JD
	jaw depth: the distance of the edge of lower lip and chin

	ML
	mandible length: the length of mandible.

	CSM
	Cervical spine mobility
NM 1: > 90°
NM 2: 90°
NM 3: < 90°

	IIG
	inter-incisor gap: the maximal distance between the upper and lower incisors.

	UIL
	upper incisor length: the length of upper incisor. 

	TMD
	thyromental distance: the distance between the upper-most border of the thyroid cartilage and the mentum with the neck extended.

	SMD
	sternomental distance: the distance between the upper border of the sternum and the tip of the jaw with the neck fully extended

	THD
	thyroid and hyoid distance: the distance between the thyroid and the hyoid with the neck extended

	HMD
	hyomental distance: the distance between the hyoid bone and the mentum with the neck extended


BMI: body mass index; ASA-PS: American Society of Anesthesiologists Physical Status; MMT: modified Mallampati test; ULBT: upper lip bite test; MP: mandibular protrusion; NC; neck circumference; LT: length of tongue; JD: jaw depth; ML: mandible length; CSM: cervical spine mobility; IIG: inter-incisor gap; UIL: upper incisor length; TMD: thyromental distance; SMD: sternomental distance; THD: thyroid and hyoid distance; HMD: hyomental distance.




Table S2: Indication, acquisition, interpretation, and medical decision making (I-AIM) framework in the study
	Indication

	Airway assessment for patients with suspected difficult airways before tracheal intubation

	Acquisition

	PATIENT
	· Position: supine; keep their mouths closed, with the tip of the tongue lightly touching the incisors
· Adjust ambient light
· Expose the neck (above the clavicle bone)

	PROBE
	· Probe selection
high frequency probe is selected for axial section of the cricothyroid membrane (SCM), axial section of the vocal cord (SVC), sagittal section of the airway (SA), axial section of the thyroid isthmus (STI), axial section of the jugular notch (SJN), section of the hyoid bone (SHB), and section of the epiglottis (SE); low frequency probe is selected for sagittal section of the tongue (ST)
· Probe orientation
Sagittal: marker placed cephalad, including ST and SA
Others: marker placed toward patient's right, including SCM, SVC, STI, SJN, SHB, and SE.

	PICTURE
	Knobology
	primary: adjust depth (>3.3 cm for the ultrasound images acquired by the high frequency probe and >8 cm for the ultrasound images acquired by the low frequency probe) and gain
secondary: adjust tissue harmonics and focal zone

	
	Scan
	axial section of the cricothyroid membrane (SCM): axial scanning plane at the cricothyroid membrane level.
axial section of the vocal cord (SVC): axial scanning plane at the vocal cord level.
sagittal section of the airway (SA): sagittal scanning plane at the middle of the neck, which can clearly show the thyroid cartilage, the cricothyroid membrane.
axial section of the thyroid isthmus (STI): axial scanning plane at the thyroid isthmus level.
axial section of the jugular notch (SJN): axial scanning plane at the thyroid isthmus level.
section of the hyoid bone (SHB): put the probe at cervicomental angle, and tilt the probe for a clear visualization of hyoid bone
section of the epiglottis (SE): put the probe at cervicomental angle, and tilt the probe for a clear visualization of epiglottis
sagittal section of the tongue (ST): sagittal scanning plane at the middle of cervicomental angle, with a clear visualization of tongue and tongue root.

	PROTOCOL
	See manuscript for details (METHOD)

	Interpretation

	• Assessment of image quality/adequacy
1. Appropriate ultrasound settings (preset, depth, gain, focal zone)
2. Inclusion of relevant anatomical structures

	Medical Decision-making

	• Integration with clinical context (History, bedside examination, and other imaging results)
• Consistency or inconsistency of ultrasound findings with pretest diagnostic hypothesis
• Changes in diagnostic and therapeutic approach: Change of tracheal intubation protocol; Airway rescue preparation


I-AIM: indication, acquisition, interpretation, and medical decision making; SCM: axial section of the cricothyroid membrane; SVC: axial section of the vocal cord; SA: sagittal section of the airway; STI: axial section of the thyroid isthmus; SJN: axial section of the jugular notch; SHB: section of the hyoid bone; SE: and section of the epiglottis; ST: sagittal section of the tongue.



Table S3: the hyperparameters across different machine learning algorithms
	Algorithm
		Hyperparameters



		Validation Method




	Random Forest 
	Number of trees: 500 (default), mtry: optimized by cross-validation
		5-fold cross-validation

	




	Support Vector Machine
	Kernel: Radial Basis Function, Cost: optimized via cross-validation, Gamma: auto
	5-fold cross-validation

	Extreme Gradient Boosting
	Learning rate: 0.1, Max depth: 6, Subsample: 0.8, nrounds: 100
	5-fold cross-validation

	Linear Discriminant Analysis
	No specific hyperparameters; assumes linear boundaries
	/

	Light Gradient Boosting Machine
	Number of trees: 100, Interaction depth: 3, Shrinkage: 0.1, Min. obs in node: 10
	5-fold cross-validation






Table S4: Distribution of DVL and non-DVL patients in different anesthesiologist, assessor and ultrasound device
	
	
	Non-DVL
	DVL
	Total
	P

	Anesthesiologists*
	Anesthesiologist 1
	102
	8
	110
	0.385

	
	Anesthesiologist 2
	70
	9 
	79
	

	
	Anesthesiologist 3
	61
	4
	65
	

	
	Anesthesiologist 4
	55
	2
	57
	

	Total
	
	288
	23
	311
	

	[bookmark: OLE_LINK1]Assessor*
	Assessor 1
	361
	25
	386
	0.677

	
	Assessor 2
	618
	34
	652
	

	
	Assessor 3
	169
	9
	178
	

	Total
	
	1148
	68
	1216
	

	Device
	SonoSite SII
	788
	48
	836
	0.239

	
	Mindray M9
	591
	47
	638
	

	Total
	
	1379
	95
	1474
	


DVL: difficult video laryngoscopy; *: For assessors and anesthesiologists, only the most frequent individuals are shown; thus, the totals do not sum to the full cohort size.



[bookmark: _Hlk227443807]Table S5: The results of predictive performances for the ultrasound images and combined models in training set and validation set
	[bookmark: _Hlk230031128]
	AUROC (95% CI)
	Sensitivity (95% CI)
	Specificity (95% CI)
	Accuracy (95% CI)

	Training set (Single image)

	SCM
	0.887 (0.833, 0.922)
	0.855 (0.745, 0.945)
	0.831 (0.800, 0.863)
	0.832 (0.804, 0.863)

	SE
	0.948 (0.924, 0.972)
	0.927 (0.855, 0.982)
	0.889 (0.861, 0.928)
	0.891 (0.864, 0.927)

	STI
	0.999 (0.997, 1.000)
	1.000 (1.000, 1.000)
	0.997 (0.992, 1.000)
	0.998 (0.993, 1.000)

	SJN
	0.872 (0.832, 0.912)
	0.873 (0.745, 0.982)
	0.762 (0.626, 0.847)
	0.770 (0.649, 0.844)

	SA
	0.999 (0.999, 1.000)
	1.000 (1.000, 1.000)
	0.997 (0.992, 1.000)
	0.998 (0.993, 1.000)

	SHB
	0.759 (0.699, 0.819)
	0.727 (0.582, 0.964)
	0.745 (0.427, 0.805)
	0.741 (0.461, 0.796)

	SVC
	1.000 (1.000, 1.000)
	1.000 (1.000, 1.000)
	1.000 (1.000, 1.000)
	1.000 (1.000, 1.000)

	ST
	1.000 (1.000, 1.000)
	1.000 (1.000, 1.000)
	1.000 (1.000, 1.000)
	1.000 (1.000, 1.000)

	Validation set (Single image)

	SCM
	0.682 (0.558, 0.806)
	0.833 (0.500, 1.000)
	0.576 (0.356, 0.886)
	0.592 (0.397, 0.865)

	SE
	0.714 (0.616, 0.813)
	0.944 (0.722, 1.000)
	0.534 (0.462, 0.799)
	0.560 (0.493, 0.798)

	STI
	0.687 (0.566, 0.807)
	0.833 (0.389, 1.000)
	0.674 (0.341, 0.962)
	0.677 (0.379, 0.926)

	SJN
	0.590 (0.442, 0.739)
	0.556 (0.222, 0.944)
	0.750 (0.292, 0.943)
	0.734 (0.330, 0.904)

	SA
	0.671 (0.543, 0.800)
	0.667 (0.389, 1.000)
	0.831 (0.250, 0.958)
	0.814 (0.298, 0.922)

	SHB
	0.750 (0.638, 0.863)
	0.833 (0.556, 1.000)
	0.644 (0.432, 0.894)
	0.656 (0.465, 0.876)

	SVC
	0.659 (0.514, 0.805)
	0.667 (0.389, 0.889)
	0.735 (0.489, 0.879)
	0.734 (0.514, 0.855)

	ST
	0.782 (0.689, 0.875)
	0.833 (0.611, 1.000)
	0.705 (0.386, 0.871)
	0.713 (0.426, 0.858)

	Validation set (Combined model)

	LR
	0.864 (0.798, 0.929)
	0.944 (0.778, 1.000)
	0.746 (0.545, 0.867)
	0.759 (0.574, 0.865)

	RF
	0.724 (0.624, 0.825)
	0.889 (0.556, 1.000)
	0.561 (0.345, 0.898)
	0.582 (0.387, 0.879)

	SVM
	0.543 (0.389, 0.697)
	0.389 (0.167, 1.000)
	0.932 (0.223, 0.973)
	0.894 (0.270, 0.929)

	XGBoost
	0.703 (0.606, 0.801)
	0.944 (0.611, 1.000)
	0.519 (0.311, 0.811)
	0.543 (0.355, 0.801)

	LDA
	0.605 (0.506, 0.704)
	0.222 (0.056, 0.444)
	0.989 (0.973, 1.000)
	0.940 (0.922, 0.957)

	LightGBM
	0.761 (0.675, 0.848)
	0.944 (0.722, 1.000)
	0.595 (0.413, 0.799)
	0.613 (0.450, 0.798)


ST: sagittal section of the tongue; SCM: horizontal section of the cricothyroid membrane; SVC: horizontal section of the vocal cord; SA: sagittal section of the airway; STI: horizontal section of the thyroid isthmus; SJN: horizontal section of the jugular notch; SHB: section of the hyoid bone; SE: section of the epiglottis; AUROC: Area under the receiver operating characteristic curve; LR: Logistic Regression; RF: Random Forest; SVM: Support Vector Machine; XGBoost: eXtreme Gradient Boosting; LDA: Linear Discriminant Analysis; LightGBM: Light Gradient Boosting Machine.



Table S6: The results of predictive performances for all models (sensitivity = 0.900)
	
	AUROC (95% CI)
	Specificity (95% CI)
	Accuracy (95% CI)

	LR
	0.777 (0.682, 0.873)
	0.374 (0.298, 0.747)
	0.407 (0.336, 0.757)

	RF
	0.782 (0.671, 0.893)
	0.491 (0.101, 0.687)
	0.517 (0.152, 0.700)

	SVM
	0.770 (0.642, 0.898)
	0.162 (0.057, 0.747)
	0.209 (0.110, 0.757)

	XGBoost
	0.783 (0.685, 0.880)
	0.529 (0.214, 0.712)
	0.552 (0.257, 0.724)

	LDA
	0.535 (0.459, 0.611)
	0.107 (0.095, 0.132)
	0.157 (0.146, 0.181)

	LightGBM
	0.804 (0.713, 0.894)
	0.626 (0.236, 0.741)
	0.644 (0.278, 0.751)


AUROC: Area under the receiver operating characteristic curve; LR: Logistic Regression; RF: Random Forest; SVM: Support Vector Machine; XGBoost: eXtreme Gradient Boosting; LDA: Linear Discriminant Analysis; LightGBM: Light Gradient Boosting Machine.



Table S7: Sensitivity analysis using class weights
	
	Validation set
	Test set

	AUROC (95% CI)
	0.741 (0.648, 0.834)
	0.799 (0.711, 0.889)

	Specificity (95% CI)
	0.534 (0.364, 0.765)
	0.679 (0.596, 0.789)

	Sensitivity (95% CI)
	0.944 (0.722, 1.000)
	0.944 (0.778, 1.000)

	Accuracy (95% CI)
	0.560 (0.404, 0.766)
	0.696 (0.618, 0.795)


AUROC: Area Under the Receiver Operating Characteristic curve; CI: confidential interval



Table S8: The confusion matrix for all models and the ultrasonographic measurements
	Model/Measurement
	Actual: Negative
	Actual: Positive

	LightGBM model (test set*)
	
	

	Predicted: Negative
	174 (True Negative)
	2 (False Negative)

	Predicted: Positive
	91 (False Positive)
	16 (True Positive)

	LDA model (test set)
	
	

	Predicted: Negative
	254
	11

	Predicted: Positive
	16
	2

	XGBoost model (test set)
	
	

	Predicted: Negative
	175
	4

	Predicted: Positive
	90
	14

	SVM model (test set)
	
	

	Predicted: Negative
	184
	3

	Predicted: Positive
	81
	15

	RF model (test set)
	
	

	Predicted: Negative
	169
	3

	Predicted: Positive
	96
	15

	LR model (test set)
	
	

	Predicted: Negative
	186
	3

	Predicted: Positive
	79
	15

	DSTR
	
	

	Predicted: Negative
	1198
	44

	Predicted: Positive
	174
	51

	DST
	
	

	Predicted: Negative
	628
	17

	Predicted: Positive
	633
	59

	DGT
	
	

	Predicted: Negative
	667
	26

	Predicted: Positive
	594
	50

	DSTR/Height
	
	

	Predicted: Negative
	1027
	31

	Predicted: Positive
	342
	64

	DST/Height
	
	

	Predicted: Negative
	869
	23

	Predicted: Positive
	389
	53

	DGT/Height
	
	

	Predicted: Negative
	753
	27

	Predicted: Positive
	505
	49


LR: Logistic Regression; RF: Random Forest; SVM: Support Vector Machine; XGBoost: eXtreme Gradient Boosting; LDA: Linear Discriminant Analysis; LightGBM: Light Gradient Boosting Machine; DSTR: distance from the skin to the end of the tongue root; DST: distance from the skin to the tongue surface; DGT: distance from the genioglossus to the tongue surface. *: Due to stratified sampling, the actual test set proportion is 19.2%, approximating the intended 20%.


Table S9: The results of predictive performances for bedside tests and composite scores
	
	AUROC
(95% CI)
	Sensitivity
(95% CI)
	Specificity
(95% CI)

	Inter-incisor gap
	0.700
 (0.645，0.755)
	0.685
 (0.457，0.859)
	0.629
 (0.476，0.845)

	Modified Mallampati test
	0.668
 (0.622，0.713)
	0.806
 (0.731，0.882)
	0.485
 (0.457，0.511)

	Upper lip bite test
	0.611
 (0.555，0.667)
	0.553
 (0.213，0.649)
	0.641
 (0.613，0.925)

	Sternomental distance
	0.727
 (0.676，0.778)
	0.758
 (0.589，0.874)
	0.642
 (0.534，0.777)

	Thyromental distance
	0.738
 (0.694，0.781)
	0.811
 (0.684，0.937)
	0.597
 (0.458，0.711)

	Mandibular protrusion
	0.573
 (0.530，0.617)
	0.234
 (0.160，0.319)
	0.913
 (0.898，0.928)

	Hyomental distance
	0.599
 (0.536，0.661)
	0.495
 (0.253，0.811)
	0.715
 (0.400，0.885)

	Neck circumference
	0.596
 (0.535，0.656)
	0.579
 (0.221，0.916)
	0.608
 (0.213，0.926)

	Wilson score
	0.571
 (0.509，0.632)
	0.478
 (0.098，0.805)
	0.652
 (0.251，0.979)

	EGRI
	0.683
 (0.627，0.739)
	0.678
 (0.422，0.844)
	0.559
 (0.513，0.809)


EGRI: El Ganzouri risk index; AUROC: Area under the receiver operating characteristic curve; CI: confidence interval.



Table S10: The results of predictive performances for the ultrasonographic measurements.
	Measurement
	[bookmark: _Hlk173324556]AUROC (95% CI)
	[bookmark: _Hlk173324562]Sensitivity (95% CI)
	[bookmark: _Hlk173324573]Specificity (95% CI)
	[bookmark: _Hlk173324586]Accuracy (95% CI)

	DSTR
	0.766 (0.714, 0.819)
	0.537 (0.442, 0.642)
	0.873 (0.855, 0.890)
	0.851 (0.834, 0.868)

	DST
	0.671 (0.614, 0.729)
	0.776 (0.684, 0.868)
	0.498 (0.469, 0.526)
	0.514 (0.487, 0.541)

	DGT
	0.614 (0.552, 0.675)
	0.658 (0.553, 0.763)
	0.529 (0.500, 0.556)
	0.536 (0.508, 0.562)

	DSTR/Height
	0.776 (0.725, 0.827)
	0.674 (0.579, 0.768)
	0.750 (0.727, 0.771)
	0.745 (0.722, 0.766)

	DST/Height
	0.721 (0.665, 0.778)
	0.697 (0.592, 0.803)
	0.691 (0.666, 0.715)
	0.691 (0.666, 0.715)

	DGT/Height
	0.656 (0.592, 0.717)
	0.645 (0.526, 0.750)
	0.599 (0.573, 0.625)
	0.601 (0.576, 0.627)


AUROC: area under the receiver operating characteristic curve; CI: confidence interval; DSTR: distance from the skin to the end of the tongue root; DST: distance from the skin to the tongue surface; DGT: distance from the genioglossus to the tongue surface



Table S11: The results of predictive performances for the ultrasonographic measurements in moderate-experience (3-5 years of experience in airway management) and extensive-experience (>5 years of experience in airway management) groups.
	
	AUROC (95% CI)
	Sensitivity (95% CI)
	Specificity (95% CI)
	Accuracy (95% CI)

	3-5 years
	
	
	
	

	DSTR
	0.809 (0.708, 0.909)
	0.731 (0.500, 0.962)
	0.823 (0.529, 0.974)
	0.821 (0.547, 0.955)

	DST
	0.687 (0.586, 0.788)
	0.864 (0.409, 1.000)
	0.496 (0.240, 0.904)
	0.511 (0.270, 0.884)

	DGT
	0.633 (0.527, 0.740)
	0.818 (0.364, 1.000)
	0.509 (0.166, 0.858)
	0.522 (0.199, 0.841)

	>5 years
	
	
	
	

	DSTR
	0.748 (0.685, 0.811)
	0.551 (0.406, 0.855)
	0.887 (0.540, 0.938)
	0.858 (0.564, 0.902)

	DST
	0.663 (0.593, 0.734)
	0.778 (0.556, 0.926)
	0.843 (0.382, 0.765)
	0.558 (0.417, 0.746)

	DGT
	0.601 (0.524, 0.677)
	0.667 (0.259, 0.963)
	0.592 (0.200, 0.911)
	0.594 (0.251, 0.866)

	3-5 years
	
	
	
	

	DSTR/Height
	0.815 (0.718, 0.913)
	0.769 (0.538, 1.000)
	0.789 (0.545, 0.974)
	0.790 (0.562, 0.960)

	DST/Height
	0.715 (0.604, 0.826)
	0.727 (0.545, 0.909)
	0.746 (0.704, 0.814)
	0.747 (0.707, 0.809)

	DGT/Height
	0.663 (0.556, 0.771)
	0.773 (0.409, 1.000)
	0.571 (0.256, 0.894)
	0.581 (0.286, 0.878)

	>5 years
	
	
	
	

	DSTR/Height
	0.758 (0.698, 0.819)
	0.681 (0.464, 0.826)
	0.740 (0.571, 0.922)
	0.736 (0.594, 0.887)

	DST/Height
	0.722 (0.656, 0.788)
	0.759 (0.611, 0.926)
	0.666 (0.483, 0.772)
	0.674 (0.513, 0.766)

	DGT/Height
	0.648 (0.573, 0.723)
	0.685 (0.500, 0.852)
	0.635 (0.436, 0.746)
	0.637 (0.462, 0.734)


AUROC: area under the receiver operating characteristic curve; CI: confidence interval; DSTR: distance from the skin to the end of the tongue root; DST: distance from the skin to the tongue surface; DGT: distance from the genioglossus to the tongue surface




[bookmark: _Hlk165881452]Table S12: The results of multivariable regression in moderate-experience (3-5 years of experience in airway management) and extensive-experience (>5 years of experience in airway management) groups
	
	Model 3 (3-5 years)
OR (95% CI)
	Model 3 (>5 years)
OR (95% CI)

	DSTR (cm)

	Continuous variable
	5.84 (2.47, 15.00) *
	4.61 (2.54, 8.73) *

	Binary variable
	
	

	<3.89cm
	1.00 (reference)
	1.00 (reference)

	≥3.89cm
	6.18 (2.20, 18.29) *
	5.20 (2.73, 10.00) *

	Tertile
	
	

	Tertile1
	1.00 (reference)
	1.00 (reference)

	Tertile2
	1.14 (0.21, 8.72)
	1.28 (0.52, 3.40)

	Tertile3
	4.09 (0.93, 29.02)
	3.15 (1.36, 8.08) *

	DSTR/Height (per 0.001 value change)

	Continuous variable
	1.36 (1.18, 1.59) *
	1.25 (1.14, 1.38) *

	Binary variable
	
	

	<21.8
	1.00 (reference)
	1.00 (reference)

	≥21.8
	6.38 (2.19, 20.83) *
	3.02 (1.63, 5.67) *

	Tertile
	
	

	Tertile1
	1.00 (reference)
	1.00 (reference)

	Tertile2
	1.25 (0.21, 9.86)
	0.94 (0.36, 2.58)

	Tertile3
	3.83 (0.87, 27.34)
	3.24 (1.40, 8.29) *


[bookmark: _Hlk161507330]Model 3: covariates included only age, gender, ASA-PS, BMI, neck mobility, mandibular protrusion, inter-incisor gap, thyromental distance, modified Mallampati test, neck circumference, snoring history, upper lip bite test, and mandibular length; DSTR: distance from the skin to the end of the tongue root; OR: odds ratio; CI: confidence interval. For dichotomous variables, optimal cut-off values were determined using the maximum Youden's Index. Trichotomous variables (tertiles) were categorized into three levels based on data distribution. *: P <0.05.
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