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[Abstract] Objective To investigate the changes in oropharyngeal airway parameters and hyoid position in skeletal
Class I adult female patients with different vertical skeletal types who were treated with maxillary anterior teeth retrac-
tion with maximum anchorage, and to provide a reference for orthodontic clinical diagnosis and treatment. Methods
This study was reviewed and approved by the Medical Ethics Committee, and informed consent was obtained from
patients. Sixty adult female patients with skeletal Class I were selected and divided into a skeletal Class Il normodiver-
gent group and a skeletal Class Il hyperdivergent group based on the patients’ mandibular plane angle. In both groups,
the bilateral maxillary first premolars were extracted and the maxillary anterior teeth were retracted with maximum an-
chorage. Cone beam CT(CBCT) images were collected before and after treatment, and three-dimensional measurement
software was used to analyze oropharyngeal airway-related parameters. Results  After retraction of the maxillary anteri-
or teeth with maximum anchorage, the 10 parameters related to the oropharyngeal airway did not exhibit statistically sig-
nificant differences in the normodivergent group (P > 0.05), but the perpendicular distance from the highest point of the
hyoid bone to the vertical line passing through the sella (H-X) value decreased (P < 0.001). In the hyperdivergent group,
the oropharyngeal area at the level of the epiglottis tip (OPA-E), anterior-posterior diameters of the oropharynx at the lev-
el of the epiglottis tip (E-AP), most constricted axial area of the oropharynx (OPA-MCA), and anterior-posterior diame-
ters of MCA area of the oropharynx (MCA-AP) decreased after treatment (P < 0.001). In addition, the oropharyngeal vol-
ume (OPV) decreased after treatment (P < 0.05), and the perpendicular distance from the highest point of the hyoid
bone to the horizontal line passing through the sella (H-Y) and the highest point of the hyoid bone to the epiglottis base
(H-Eb) values increased after treatment (P < 0.05). Conclusion After retraction of the maxillary anterior teeth with
maximum anchorage, there is no change in the oropharyngeal airway in skeletal Class Il normodivergent female adult pa-
tients, while skeletal Class Il hyperdivergent female adult patients have a risk of reduction in the oropharyngeal airway
after maximuim anchorage retraction of the maxillary anterior teeth.

[Key words] oropharyngeal airway; maximum anchorage; retraction; maxillary anterior teeth; normodiver-
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a: five hyoid bone measurement: H-Eb(1), H-C3(2), H-Me(3), H-X(4), and H-Y(5). b: the volume of the red area is the oropharyngeal volume

(OPV), and the white line in the figure is the most restricted axial area of the oropharynx (OPA-MCA) automatically generated by Find. c: the vol-

ume of the red area is the oropharyngeal area at the level of the PNS plane (OPA-PNS); anterior-posterior diameters of the oropharynx at the lev-
el of the PNS plane (PNS-AP) (6); lateraldiameters of the oropharynx at the level of the PNS plane (PNS-Lateral) (7). d: the volume of the red ar-

ea is the oropharyngeal area at the level of the epiglottis tip (OPA-E); anterior-posterior diameters of the oropharynx at the level ofthe epiglottis

tip (E-AP) (8); lateral diameter of the oropharynx at the level of the epiglottis tip (E-Lateral) (9). e: the volume of the red area is the most con-

stricted axial area of the oropharynx (OPA-MCA); anterior-posterior diameters of MCA area of the oropharynx (MCA-AP) (10); lateral diameter of

MCA area of the oropharynx (MCA-Lateral) (11)

Figure 1 Measurements of oropharynx size and hyoid bone position.
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Table 1  Comparison of dental and skeletal parameters, oropharyngeal airway and hyoid bone position between normodivergent group

and hyperdivergent group before treatment in adult female patients with skeletal Class I x +5, n=30
Parameter Normodivergent group (TO) Hyperdivergent group (T0) t P
SNA/® 85.66 + 3.598 52 83.006 7 + 2.873 05 3.156 0.003
SNB/® 79.31 +3.270 6 76.303 3 +2.965 49 3.730 <0.001
ANB/* 6.386 7 + 1.406 08 6.706 7 + 0.851 75 -1.066 0.291
SN-MP/° 30.816 7 + 2.916 43 39.836 7 + 2.424 37 -12.892 <0.001
UL-SN/° 113.816 7 + 5.801 79 106.48 + 6.526 89 4.591 <0.001
L1-MP/° 104.713 3 + 5.015 54 101.06 + 4.615 46 2.936 0.005
Ul-L1/° 110.773 3 + 6.937 75 112.676 7 + 6.156 06 -1.124 0.266
Ul-X/mm 74.061 8 + 3.737 14 71.618 8 +5.471 32 2.020 0.048
L1-X/mm 68.966 7 + 3.641 23 67.327 4 + 5.000 71 1.451 0.152
OPV/mm? 15 034.644 8 + 2 750.447 7 14 944.933 + 4 237.084 16 0.097 0.923
OPA-PNS/mm? 585.064 5 + 91.219 05 592.780 6 + 136.415 37 -0.258 0.798
PNS-AP/mm 26.050 1 +4.885 78 26.383 7 + 4.632 21 -0.271 0.787
PNS-Lateral/mm 354743 £ 5.414 83 35.498 1 +7.559 27 -0.014 0.989
OPA-E/mm? 302.420 3 + 69.504 99 318.652 2 + 101.709 43 -0.722 0.473
E-AP/mm 14.962 + 5.132 77 15.676 9 + 6.142 37 -0.489 0.627
E-Lateral/mm 29.353 7 +2.908 78 29.026 3 + 5.692 85 0.281 0.780
OPA-MCA/mm? 246.590 1 + 60.458 21 249.802 9 + 92.905 89 -0.159 0.874
MCA-AP/mm 14.409 4 + 5.010 31 13.756 7 + 3.638 82 0.577 0.566
MCA-lateral/mm 24.608 2 + 4.486 38 26.787 9 + 4.884 46 -1.800 0.077
H-Eb/mm 10.342 8 + 3.280 38 7.804 3 + 2.359 66 3.441 0.001
H-C3/mm 28.601 8 +3.322 6 27.735 + 3.229 39 1.025 0.310
H-Me/mm 41.832 9 + 4.818 23 41.994 8 + 5.865 15 -0.117 0.907
H-X/mm 11.344 7 £ 5.569 14 10.285 4 + 6.327 14 0.688 0.494
H-Y/mm 94.648 8 + 8.860 87 91.788 7 + 4.424 44 1.582 0.119

SNA: angle between sella, nasion and subspinale point A. SNB: angle between sella, nasion and supramentale point B. ANB: angle between subspinale

point A and supramentale point B. SN-MP: angle between SN plane and the mandibular plane. UI-SN: angle between upper central incisor and SN plane.

L1-MP: angle between lower central incisor and mandibular plane. Ul-L1: angle between upper central incisor and lower central incisor. UI-X: perpen-

dicular distance from the upper central incisor incisal edge to the vertical line passing through the sella. L1-X: perpendiular distance from the lower cen-

tral incisor incisal edge to the vertical line passing through the sella. OPV: oropharyngeal volume. OPA-PNS: oropharyngeal area at the level of the PNS

plane. PNS-AP: anterior-posterior diameters of the oropharynx at the level of the PNS plane. PNS-Lateral: lateral diameters of the oropharynx at the level

of the PNS plane. OPA-E: oropharyngeal area at the level of the epiglottis tip. E-AP: anterior-posterior diameters of the oropharynx at the level of the epi-

glottis tip. E-Lateral: lateral diameter of the oropharynx at the level of the epiglottis tip. OPA-MCA: most constricted axial area of the oropharynx. MCA-

AP: anterior-posterior diameters of MCA area of the oropharynx. MCA-Lateral: lateral diameters of MCA area of the oropharynx. H-Eb: highest point of hy-

oid bone to the epiglottis base. H-C3: highest point of hyoid bone to the most anterior and inferior point of the third cervical vertebra. H-Me: highest point

of hyoid bone to the menton. H-X: perpendicular distance from the highest point of hyoid bone to the vertical line passing through the sella. H-Y: perpen-

dicular distance from the highest point of hyoid bone to the horizontal line passing through the sella. TO: before orthodontic treatment
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Table 2 Comparison of dental and skeletal parameters, oropharyngeal airway and hyoid bone position between normodivergent group

and hyperdivergent group after treatment in adult female patients with skeletal Class II

x s, n=30

Parameter Normodivergent group (T1) Hyperdivergent group (T1) t P

SNA/® 84.663 3 +3.015 19 82.756 7 + 3.458 69 2.276 0.027
SNB/* 78.63 + 2.543 98 76.506 7 + 3.531 62 2.672 0.010
ANB/° 6.066 7 + 1.220 61 6.256 7 + 0.968 36 -0.668 0.507
SN-MP/° 30.57 +4.162 99 39.206 7 + 3.128 61 -9.084 < 0.001
U1-SN/° 100.336 7 + 7.091 25 96.25 + 6.799 38 2.278 0.026
L1-MP/° 95.843 3 £ 8.054 11 90.21 + 5.709 78 3.125 0.003
Ul-L1/° 133.136 7 + 6.345 27 1345133 £ 6.116 1 -0.856 0.396
U1-X/mm 66.928 8 + 3.141 61 65.396 1 +4.961 71 1.430 0.158
L1-X/mm 64.108 5 + 3.346 74 62.606 3 + 4.695 15 1.427 0.159
OPV/mm? 15 025.066 2 + 3 799.846 28 13 682.467 2 + 4 797.154 29 1.202 0.234
OPA-PNS/mm? 600.846 1 + 114.917 49 589.659 3 + 123.566 4 0.363 0.718
PNS-AP/mm 26.598 7 + 2.891 56 26.213 9 + 3.936 64 0.431 0.668
PNS-Lateral/mm 35.132 8 + 6.151 63 34.1315+491275 0.697 0.489
OPA-E/mm? 330.117 9 £ 99.319 08 255.309 1 + 83.370 56 3.160 0.003
E-AP/mm 15.066 3 + 4.213 58 11.686 4 +2.616 71 3.732 <0.001
E-Lateral/mm 29.217 + 5.303 49 29.129 4 + 5.144 88 0.065 0.948
OPA-MCA/mm? 255.872 5 + 84.766 45 201.13 1 £ 94.502 14 2.362 0.022
MCA-AP/mm 14.016 1 +4.101 78 10.591 4 + 3.763 94 3.370 0.001
MCA-lateral/mm 25.518 7+ 7.015 71 26.711 1 + 4.484 55 -0.784 0.436
H-Eb/mm 9.878 8 + 3.267 46 9.721 8 + 3.358 08 0.184 0.855
H-C3/mm 28.9305 +3.959 11 274707 £ 2.923 5 1.625 0.110
H-Me/mm 42.825 3 + 6.870 92 40.420 5 £ 6.204 13 1.423 0.160
H-X/mm 9.537 8 + 6.608 14 10.270 2 = 7.511 57 -0.401 0.690
H-Y/mm 94.834 3 +7.089 11 93.003 3 + 5.523 75 1.116 0.269

SNA: angle between sella, nasion and subspinale point A. SNB: angle between sella, nasion and supramentale point B. ANB: angle between subspinale

point A and supramentale point B. SN-MP: angle between SN plane and the mandibular plane. UI-SN: angle between upper central incisor and SN plane.

L1-MP: angle between lower central incisor and mandibular plane. Ul-L1: angle between upper central incisor and lower central incisor. UI-X: perpen-

dicular distance from the upper central incisor incisal edge to the vertical line passing through the sella. L1-X: perpendiular distance from the lower cen-

tral incisor incisal edge to the vertical line passing through the sella. OPV: oropharyngeal volume. OPA-PNS: oropharyngeal area at the level of the PNS

plane. PNS-AP: anterior-posterior diameters of the oropharynx at the level of the PNS plane. PNS-Lateral: lateral diameters of the oropharynx at the level

of the PNS plane. OPA-E: oropharyngeal area at the level of the epiglottis tip. E-AP: anterior-posterior diameters of the oropharynx at the level of the epi-

glottis tip. E-Lateral: lateral diameter of the oropharynx at the level of the epiglottis tip. OPA-MCA: most constricted axial area of the oropharynx. MCA-

AP: anterior-posterior diameters of MCA area of the oropharynx. MCA-Lateral: lateral diameters of MCA area of the oropharynx. H-Eb: highest point of hy-

oid bone to the epiglottis base. H-C3: highest point of hyoid bone to the most anterior and inferior point of the third cervical vertebra. H-Me: highest point

of hyoid bone to the menton. H-X: perpendicular distance from the highest point of hyoid bone to the vertical line passing through the sella. H-Y: perpen-

dicular distance from the highest point of hyoid bone to the horizontal line passing through the sella. T1: the day after removing the orthodontic appliance
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Table 3 Comparison of the changes in dental and skeletalparameters between normodivergent group and hyperdivergent group after

treatment in adult female patients with skeletal Class I x + 5, n=30

Parameter Normodivergent group (TO-T1) Hyperdivergent group (T0-T1) t p

SNA/® 0.996 67 + 2.983 92 0.25 £ 2.133 27 1.115 0.269
SNB/* 0.68 + 3.039 67 -0.203 33 +2.221 76 1.285 0.204
ANB/® 0.32 +£0.722 73 0.45 + 0.489 02 -0.816 0.418
SN-MP/° 0.246 67 + 3.578 55 0.63 +1.390 15 -0.547 0.587
UL-SN/° 13.48 + 8.403 83 10.23 + 5.040 40 1.817 0.074
L1-MP/® 8.87 £ 5.738 93 10.85 + 6.899 31 -1.208 0.232
UL-L1/° -22.363 33 + 8.018 15 -21.836 67 + 8.218 80 -0.251 0.803
U1-X/mm 7.132 97 + 1.854 87 6.222 67 +2.997 80 1.414 0.163
L1-X/mm 4.858 13 + 1.955 05 4.721 07 = 2.694 11 0.226 0.822

SNA: angle between sella, nasion and subspinale point A. SNB: angle between sella, nasion and supramentale point B. ANB: angle between subspinale

point A and supramentale point B. SN-MP: angle between SN plane and the mandibular plane. U1-SN: angle between upper central incisor and SN plane.

L1-MP: angle between lower central incisor and mandibular plane. Ul-L1: angle between upper central incisor and lower central incisor. Ul-X: perpen-

dicular distance from the upper central incisor incisal edge to the vertical line passing through the sella. L1-X: perpendiular distance from the lower cen-

tral incisor incisal edge to the vertical line passing through the sella. TO: before orthodontic treatment; T1: the day after removing the orthodontic appli-

ance
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Table 4 Changes in the dental and skeletal parameters, oropharyngeal airway and hyoid bone position after maximum retraction of the

maxillary anterior teeth in skeletal Class Il adult female patients with normodivergent x +5,n=30
Parameter Normodivergent group (TO) Normodivergent group (T1) t p
SNA/® 85.66 + 3.598 52 84.663 3 +3.015 19 1.829 0.078
SNB/* 79.31 +3.270 6 78.63 + 2.543 98 1.225 0.23
ANB/° 6.3867 + 1.406 08 6.066 7 + 1.220 61 2.425 0.022
SN-MP/° 30.816 7 +2.916 43 30.57 £ 4.162 99 0.378 0.709
U1-SN/° 113.816 7 + 5.801 79 100.336 7 + 7.091 25 8.786 < 0.001
L1-MP/° 104.713 3 £ 5.015 54 95.843 3 £ 8.054 11 8.466 < 0.001
Ul-L1/° 110.773 3 £ 6.937 75 133.136 7 + 6.345 27 -15.276 < 0.001
U1-X/mm 74.061 8 +3.737 14 66.928 8 + 3.141 61 21.063 < 0.001
L1-X/mm 68.966 7 + 3.641 23 64.108 5 + 3.346 74 13.61 <0.001
OPV/mm’* 15 034.644 8 + 2 750.447 7 15 025.066 2 + 3 799.846 28 0.019 0.985
OPA-PNS/mm? 585.064 5 + 91.219 05 600.846 1 + 114.917 49 -1.436 0.162
PNS-AP/mm 26.050 1 + 4.885 78 26.598 7 + 2.891 56 -0.751 0.459
PNS-Lateral/mm 35474 3 +5.414 83 35.132 8 + 6.151 63 0.678 0.503
OPA-E/mm? 302.420 3 + 69.504 99 330.117 9 £ 99.319 08 -1.689 0.102
E-AP/mm 14.96 2 + 5.132 77 15.066 3 + 4.213 58 -0.09 0.929
E-Lateral/mm 29.353 7 £ 2.908 78 29.217 +5.303 49 0.172 0.864
OPA-MCA/mm? 246.590 1 + 60.458 21 255.872 5 + 84.766 45 -0.646 0.524
MCA-AP/mm 14.409 4 +5.010 31 14.016 1 £ 4.101 78 0.386 0.703
MCA-lateral/mm 24.608 2 + 4.486 38 25.518 7+ 7.015 71 -0.685 0.499
H-Eb/mm 10.342 8 + 3.280 38 9.878 8 + 3.267 46 0.632 0.532
H-C3/mm 28.601 8 +3.3226 28.930 5 +3.959 11 -0.738 0.466
H-Me/mm 41.8329 +4.818 23 42.825 3 + 6.870 92 -0.914 0.369
H-X/mm 11.344 7 £ 5.569 14 9.537 8 + 6.608 14 2.188 0.037
H-Y/mm 94.648 8 + 8.860 87 94.834 3 +7.089 11 -0.196 0.846

SNA: angle between sella, nasion and subspinale point A. SNB: angle between sella, nasion and supramentale point B. ANB: angle between subspinale

point A and supramentale point B. SN-MP: angle between SN plane and the mandibular plane. UI-SN: angle between upper central incisor and SN plane.

L1-MP: angle between lower central incisor and mandibular plane. U1-L1: angle between upper central incisor and lower central incisor. UI-X: perpen-

dicular distance from the upper central incisor incisal edge to the vertical line passing through the sella. L1-X: perpendiular distance from the lower cen-

tral incisor incisal edge to the vertical line passing through the sella. OPV: oropharyngeal volume. OPA-PNS: oropharyngeal area at the level of the PNS

plane. PNS-AP: anterior-posterior diameters of the oropharynx at the level of the PNS plane. PNS-Lateral: lateral diameters of the oropharynx at the level

of the PNS plane. OPA-E: oropharyngeal area at the level of the epiglottis tip. E-AP: anterior-posterior diameters of the oropharynx at the level of the epi-

glottis tip. E-Lateral: lateral diameter of the oropharynx at the level of the epiglottis tip. OPA-MCA: most constricted axial area of the oropharynx. MCA-

AP: anterior-posterior diameters of MCA area of the oropharynx. MCA-Lateral: lateral diameters of MCA area of the oropharynx. H-Eb: highest point of hy-

oid bone to the epiglottis base. H-C3: highest point of hyoid bone to the most anterior and inferior point of the third cervical vertebra. H-Me: highest point

of hyoid bone to the menton. H-X: perpendicular distance from the highest point of hyoid bone to the vertical line passing through the sella. H-Y: perpen-

dicular distance from the highest point of hyoid bone to the horizontal line passing through the sella. TO: before orthodontic treatment; T1: the day after re-

moving the orthodontic appliance
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Table 5 Changes in the dental and skeletal parameters, oropharyngeal airway and hyoid bone position after maximum retraction of the

maxillary anterior teeth in skeletal Class Il adult female patients with hyperdivergent x +5,n=30
Parameter Hyperdivergent group (TO) Hyperdivergent group (T1) t P
SNA/® 83.006 7 + 2.873 05 82.756 7 + 3.458 69 0.642 0.526
SNB/* 76.303 3 + 2.965 49 76.506 7 + 3.531 62 -0.501 0.62
ANB/° 6.706 7 + 0.851 75 6.256 7 + 0.968 36 5.04 < 0.001
SN-MP/° 39.836 7 + 2.424 37 39.206 7 + 3.128 61 2.482 0.019
U1-SN/° 106.48 + 6.526 89 96.25 + 6.799 38 11.117 < 0.001
L1-MP/° 101.06 + 4.615 46 90.21 + 5.709 78 8.614 < 0.001
Ul-L1/° 112.676 7 + 6.156 06 1345133 £ 6.116 1 -14.553 < 0.001
U1-X/mm 71.618 8 +5.471 32 65.396 1 +4.961 71 11.369 < 0.001
L1-X/mm 67.327 4 + 5.000 71 62.606 3 + 4.695 15 9.598 <0.001
OPV/mm’* 14 944.933 + 4 237.084 16 13 682.467 2 + 4 797.154 29 3.374 0.002
OPA-PNS/mm? 592.780 6 + 136.415 37 589.659 3 + 123.566 4 0.441 0.663
PNS-AP/mm 26.383 7 + 4.632 21 26.213 9 + 3.936 64 0.19 0.85
PNS-Lateral/mm 35.498 1 + 7.559 27 34.1315+491275 1.752 0.09
OPA-E/mm? 318.652 2 + 101.709 43 255.309 1 + 83.370 56 4.204 < 0.001
E-AP/mm 15.676 9 + 6.142 37 11.686 4 +2.616 71 4.019 < 0.001
E-Lateral/mm 29.026 3 + 5.692 85 29.129 4 + 5.144 88 -0.085 0.933
OPA-MCA/mm? 249.802 9 + 92.905 89 201.131 + 94.502 14 4.749 <0.001
MCA-AP/mm 13.756 7 + 3.638 82 10.591 4 + 3.763 94 5.287 <0.001
MCA-lateral/mm 26.787 9 + 4.884 46 26.711 1 +4.484 55 0.11 0.913
H-Eb/mm 7.804 3 + 2.359 66 9.721 8 + 3.358 08 -4.445 < 0.001
H-C3/mm 27.735 +3.229 39 27.470 7 £2.923 5 0.814 0.422
H-Me/mm 41.994 8 + 5.865 15 40.420 5 £ 6.204 13 2.003 0.055
H-X/mm 10.285 4 + 6.327 14 10.270 2 = 7.511 57 0.019 0.985
H-Y/mm 91.788 7 + 4.424 44 93.003 3 + 5.523 75 -2.338 0.026

SNA: angle between sella, nasion and subspinale point A. SNB: angle between sella, nasion and supramentale point B. ANB: angle between subspinale
point A and supramentale point B. SN-MP: angle between SN plane and the mandibular plane. UI-SN: angle between upper central incisor and SN plane.
L1-MP: angle between lower central incisor and mandibular plane. U1-L1: angle between upper central incisor and lower central incisor. UI-X: perpen-
dicular distance from the upper central incisor incisal edge to the vertical line passing through the sella. L1-X: perpendiular distance from the lower cen-
tral incisor incisal edge to the vertical line passing through the sella. OPV: oropharyngeal volume. OPA-PNS: oropharyngeal area at the level of the PNS
plane. PNS-AP: anterior-posterior diameters of the oropharynx at the level of the PNS plane. PNS-Lateral: lateral diameters of the oropharynx at the level
of the PNS plane. OPA-E: oropharyngeal area at the level of the epiglottis tip. E-AP: anterior-posterior diameters of the oropharynx at the level of the epi-
glottis tip. E-Lateral: lateral diameter of the oropharynx at the level of the epiglottis tip. OPA-MCA: most constricted axial area of the oropharynx. MCA-
AP: anterior-posterior diameters of MCA area of the oropharynx. MCA-Lateral: lateral diameters of MCA area of the oropharynx. H-Eb: highest point of hy-
oid bone to the epiglottis base. H-C3: highest point of hyoid bone to the most anterior and inferior point of the third cervical vertebra. H-Me: highest point
of hyoid bone to the menton. H-X: perpendicular distance from the highest point of hyoid bone to the vertical line passing through the sella. H-Y: perpen-
dicular distance from the highest point of hyoid bone to the horizontal line passing through the sella. TO: before orthodontic treatment; T1: the day after re-

moving the orthodontic appliance
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