Upper Airway Morphology on Lateral Radiographs and Hypoglossal Nerve Stimulation Outcome
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Supplemental Figure S1. Absolute apnea–hypopnea index (AHI) reduction stratified by electrode cuff orientation
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Boxplots show the median and interquartile range; diamonds indicate the mean.


Supplemental Table S1. Comparison of pre- and postoperative sleep study parameters and patient-reported symptoms
	Variable
	Preoperative
	Postoperative
	Hodges–Lehmann median difference [95% CI]
	P

	Total sleep time (minutes)
	407.0 [360.0, 494.0]
	395.5 [347.6, 434.1]
	30.7 [1.0, 152.5]
	0.042

	Apnea-hypopnea index (events/hour)
	39.3 [25.8, 51.8]
	24.3 [12.6, 35.4]
	13.2 [8.4, 19.5]
	<0.001

	Supine apnea-hypopnea index (events/hour)
	39.9 [28.1, 64.6]
	24.1 [16.7, 39.8]
	14.9 [6.3, 24.6]
	0.001

	Oxygen desaturation index (events/hour)
	22.9 [12.7, 33.0]
	20.1 [10.7, 29.9]
	1.8 [-2.2, 6.3]
	0.374

	Supine position (% of sleep time)
	40.8 [17.0, 60.7]
	47.4 [29.9, 62.3]
	0.0 [-12.3, 11.8]
	1.000

	Time with oxygen saturation <90%
	4.3 [1.5, 10.0]
	0.7 [0.1, 2.5]
	3.8 [2.0, 7.2]
	<0.001

	Epworth Sleepiness Scale
	10.0 [6.0, 12.5]
	7.0 [4.0, 9.5]
	3.0 [1.5, 4.0]
	<0.001

	Snoring (Visual Analog Scale)
	8.0 [5.0, 9.0]
	4.0 [2.0, 6.0]
	3.0 [2.5, 4.0]
	<0.001

	Snoring Symptoms Inventory
	53.5 [47.2, 60.2]
	27.5 [8.5, 41.2]
	25.5 [18.0, 34.0]
	<0.001



Sleep study parameters and patient-reported symptoms are presented as median (interquartile range). Pre- and postoperative measurements were compared using the Hodges–Lehmann estimator of the median difference with corresponding 95% confidence intervals (CI) and P values.


Supplemental Table S2. Association between baseline apnea–hypopnea index and radiographic parameters
	Variable
	Spearman rho [95% CI]
	Spearman P
	Spearman P (FDR)
	Linear Regression Coefficient [95% CI]
	Linear Regression P
	Linear Regression P (FDR)

	Hyoid bone to mandibular plane
	0.01 [-0.26, 0.28]
	0.947
	0.947
	0.09 [-0.50, 0.67]
	0.763
	0.850

	Hyoid bone to palatal plane
	0.04 [-0.24, 0.32]
	0.788
	0.947
	0.20 [-0.18, 0.59]
	0.299
	0.478

	Hyoid bone to cervical vertebra (C3)
	0.35 [0.08, 0.56]
	0.011
	0.041
	0.85 [0.13, 1.56]
	0.021
	0.072

	Angle between hyoid bone and mandibular plane
	-0.10 [-0.36, 0.17]
	0.474
	0.947
	-0.43 [-1.22, 0.36]
	0.278
	0.478

	Mandibular length
	0.40 [0.08, 0.64]
	0.015
	0.041
	0.81 [0.10, 1.53]
	0.027
	0.072

	Middle electrode to mandibular plane
	-0.03 [-0.30, 0.24]
	0.819
	0.947
	0.09 [-0.67, 0.86]
	0.805
	0.850

	Middle electrode to cervical vertebra (C3)
	0.43 [0.18, 0.63]
	0.001
	0.011
	1.29 [0.57, 2.02]
	0.001
	0.006

	Angle between hyoid bone and electrode cuff
	-0.02 [-0.29, 0.25]
	0.896
	0.947
	-0.03 [-0.31, 0.26]
	0.850
	0.850



Spearman correlation and linear regression analyses between radiographic measurements and baseline apnea–hypopnea index, presented as correlation coefficients with 95% confidence intervals (CI) and corresponding unadjusted and false discovery rate (FDR)-adjusted P values using the Benjamini–Hochberg procedure.


Supplemental Table S3. Association between apnea–hypopnea index reduction and radiographic parameters after correction for body size
	Variable
	Spearman rho [95% CI]
	Spearman P
	Spearman P (FDR)
	Linear Regression Coefficient [95% CI]
	Linear Regression P
	Linear Regression P (FDR)

	Hyoid bone to mandibular plane
	0.05 [-0.22, 0.32]
	0.707
	0.808
	0.17 [-0.74, 1.09]
	0.704
	0.805

	Hyoid bone to palatal plane
	0.14 [-0.15, 0.40]
	0.344
	0.665
	0.40 [-0.42, 1.22]
	0.328
	0.655

	Hyoid bone to cervical vertebra (C3)
	-0.07 [-0.33, 0.21]
	0.642
	0.808
	-0.35 [-1.64, 0.94]
	0.589
	0.805

	Angle between hyoid bone and mandibular plane
	0.11 [-0.16, 0.37]
	0.416
	0.665
	0.13 [-0.55, 0.81]
	0.699
	0.805

	Mandibular length
	0.21 [-0.12, 0.50]
	0.217
	0.578
	0.97 [-0.36, 2.29]
	0.148
	0.509

	Middle electrode to mandibular plane
	0.03 [-0.24, 0.30]
	0.823
	0.823
	0.12 [-1.07, 1.32]
	0.840
	0.840

	Middle electrode to cervical vertebra (C3)
	0.19 [-0.08, 0.44]
	0.167
	0.578
	0.82 [-0.42, 2.06]
	0.191
	0.509

	Angle between hyoid bone and electrode cuff
	0.39 [0.14, 0.60]
	0.004
	0.029
	0.33 [0.11, 0.56]
	0.004
	0.036



Spearman correlation and linear regression analyses between radiographic measurements and absolute apnea–hypopnea index reduction after hypoglossal nerve stimulation, presented as correlation coefficients with 95% confidence intervals (CI) and corresponding unadjusted and false discovery rate (FDR)-adjusted P values using the Benjamini–Hochberg procedure.


Supplemental Table S4. Comparison of radiographic measurements by responder status after correction for body size
	Variable
	Nonresponder
	Responder
	Median Difference (95% CI)
	P
	P (FDR)

	Hyoid bone to mandibular plane
	15.0 [12.3, 18.1]
	14.3 [12.8, 18.0]
	0.1 [-2.2, 2.8]
	0.949
	0.993

	Hyoid bone to palatal plane
	49.5 [46.4, 52.5]
	49.9 [46.3, 52.6]
	0.2 [-2.8, 3.5]
	0.879
	0.993

	Hyoid bone to cervical vertebra (C3)
	26.6 [23.8, 28.3]
	22.5 [20.7, 24.4]
	3.7 [1.8, 5.5]
	<0.001
	0.001

	Angle between hyoid bone and mandibular plane
	9.0 [4.0, 12.0]
	11.0 [6.0, 16.0]
	-3.0 [-6.0, 0.0]
	0.064
	0.129

	Mandibular length
	56.1 [53.1, 58.8]
	55.7 [52.4, 58.7]
	0.5 [-2.5, 3.5]
	0.794
	0.993

	Middle electrode to mandibular plane
	8.4 [6.4, 9.9]
	8.2 [5.1, 11.0]
	0.0 [-2.2, 2.6]
	0.993
	0.993

	Middle electrode to cervical vertebra (C3)
	25.6 [23.4, 27.7]
	23.2 [20.2, 25.0]
	2.8 [0.8, 4.7]
	0.008
	0.031

	Angle between hyoid bone and electrode cuff
	33.5 [20.2, 42.5]
	43.0 [29.0, 54.0]
	-11.0 [-21.0, 0.0]
	0.042
	0.111



Data are presented as median (interquartile range) with median differences, 95% confidence intervals (CI), and corresponding unadjusted and false discovery rate (FDR)-adjusted P values using the Benjamini–Hochberg procedure.
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