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[Abstract] Objective To compare the hyoid bone position among patients with different sagittal skeletal malocclu-
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sions to provide a reference for clinicians to formulate treatment plans. Methods Lateral cephalograms of 284 orth-
odontic patients were selected. According to ANB angles, the types of skeletal malocclusion of patients were determined
as follows: Class I (1° < ANB < 5°), Class Il (ANB > 5°) and Class Il (ANB < 1°). Ten parameters were used to de-
termine hyoid positions. After comparing the hyoid positions of the three groups, stratified analyses based on sex and
age were conducted. Results No significant differences in demographic and vertical facial type features among skele-
tal Classes I, Il and Il patients were observed (P > 0.05). The angle between the Gonion-hyoid point line and the hy-
oid point-Menton line (Go-Hy-Me) of Class I patients was significantly smaller than that of Class I patients, and the
angle between the most anterior and inferior point of the third cervical vertebra-hyoid point line and the hyoid point-Sel-

la line (C3-Hy-S) of Class Il patients was smaller than that of Class I patients (P < 0.05). Age-stratified analysis showed
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that in the juvenile group, the C3-Hy-S of Class Ill patients was significantly smaller than that of Class [ patients in
males and females (P < 0.05). In the adult female group, the Go-Hy-Me of Class Il patients was significantly smaller,
and the distance from the hyoid point to the mandibular plane (Hy-MP) was larger than that noted in Class I patients
(P < 0.05); no significant difference in hyoid position between male Class I and I patients was observed (P > 0.05).
Conclusions Compared with Class [ patients, the hyoid bone of Class I patients in adult females was farther away

from the mandible and that of Class Ill patients in juveniles was farther away from the cervical vertebra and posterior

cranial base.
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N: nasion; S: sella; P: porion; Or: orbitale; Ba: basion; A: sub-
spinale; B: supramentale; Me: menton; Go: gonion; Hy: most an-
terior and superior point on the body of hyoid bone; RGn: most
protrusive point of retrognathion; C3: most anterior and inferior
point of third cervical vertebra
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Table 1 ~ Demographic and vertical facial type characteristics of patients with different skeletal malocclusions n (%)
lem Skeletal Class | Skeletal Class 1l Skeletal Class Ill Hiy »
(n = 98) (n = 100) (n = 86)
Age [year , median(Ps, Ps)] 19.13(14.71, 26.27) 21.50(15.04, 26.69) 18.79(16.65, 23.42) 1.964 0.375
Gender Male 37 (37.8) 34 (34.0) 37 (43.0) 1602 0.449
Female 61 (62.2) 66 (66.0) 49 (57.0)
Vertical facial type Low-angle 23 (23.5) 20 (20.0) 21 (24.4)
Average-angle 55 (56.1) 45 (45.0) 45 (52.3) 6.152 0.188
High-angle 20 (20.4) 35 (35.0) 20 (23.3)
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Table 2 Hyoid bone positions of patients with different skeletal malocclusions

ENGIRERER ¥ eI DInE B A

x + s/Median (Pss, Pys)

Skeletal Class |

Skeletal Class Il

Skeletal Class Il

Item FIH P
(n =98) (n = 100) (n = 86)

Hy-Ba/mm 74.00(69.08, 81.15) 73.28(68.04, 79.43) 76.45(71.16, 82.56) 5.964° 0.051
Male 81.08 + 7.87 79.24 + 7.06 83.17  6.88 2.590 0.080
Female 71.68 + 591 70.98 + 6.05 72.12 +7.99 0.444 0.642

Hy-RGn/mm 33.78 + 4.77° 32.74 + 4.99° 36.73 + 5.06" 15.928 <0.001
Male 34.92 + 4.88 34.79 + 5.30 3721 +5.59 2425 0.093
Female 33.00 + 4.61° 31.69 + 4.51° 36.37 + 4.65" 15.020 <0.001

Hy-C3/mm 32.84(30.63, 36.55) 33.16(29.73, 36.90) 34.09(30.62, 37.84) 2.056° 0.358
Male 36.95 + 4.21 36.81 +4.52 37.85 + 4.85 0.557 0.574
Female 30.96(29.56, 33.31) 31.79(28.99, 33.94) 31.91(28.79, 34.60) 0.329° 0.848

Hy-FH/mm 83.91(78.11, 91.03) 85.71(80.22, 90.70) 85.16(78.84, 90.28) 0.362° 0.834
Male 92.20 + 7.55 92.20 + 7.35 92.07 + 7.13 0.004 0.996
Female 80.64(77.43, 84.56) 82.07(78.94, 86.43) 79.70(76.19, 84.31) 5.149° 0.076

Hy-MP/mm 12.89(9.17, 15.66) 14.59(10.81, 17.93) 13.69(10.16, 17.62) 5.1007 0.078
Male 15.38 + 5.51 1647 +5.29 15.15 + 5.93 0.559 0.574
Female 11.19(7.79, 14.69)' 12.73(10.60, 16.57)" 12.74(8.69, 15.71)" 7.136° 0.028

Hy-C3RGn/mm 0.16 +9.18 791 +5.02 6.85 + 6.10 1.176 0.310
Male 1.10 + 11.77 10.86 + 4.85 8.53 +5.52 1.663 0.194
Female -0.40 +7.22 6.40 + 4.42 5.58 +6.25 1.411 0.247

€3-RGn/mm 65.04 + 7.02° 6331 + 6.87° 68.92 + 7.29" 15.129 <0.001
Male 67.90 + 8.16' 67.47 + 7.50° 72.28 +7.90" 4.163 0.018
Female 63.30 + 5.63" 61.22 + 5.46" 66.39 + 5.66 12.077 <0.001

Go-Hy-Me/° 138.96 + 17.20° 131.54 + 14.95" 136.78 + 15.49" 5.676 0.004
Male 133.12 = 15.50 128.51 + 14.97 134.97 + 15.95 1.619 0.203
Female 142.98(131.73, 154.25)" 135.70(125.17, 143.68)" 137.94(128.14, 151.27)" 10.451° 0.005

Hy-C3-8/° 91.39 + 11.68" 89.88 + 10.47° 93.96 + 11.63" 3.086 0.047
Male 94.55 + 11.48 91.40 + 9.77 95.06  9.01 1.333 0.268
Female 89.47 + 11.47 88.69 = 10.46 93.14 + 13.31 2.230 0.111

C3-Hy-8/° 95.44(91.24, 101.86)" 94.99(84.87, 99.56)" 92.13(82.39, 98.12)" 11.6447 0.003
Male 102.70(95.90, 107.29) 98.56(76.13, 105.64) 98.87(66.97, 106.51) 4267 0.118
Female 93.05(90.04, 107.50)" 94.62(88.89, 96.95)" 89.50(83.32, 93.28)" 12.8017 0.002

#: Kruskal-Wallis H test was used. a, b, c: the same letters indicate no statistically significant difference, and different letters indicate significant differ-

ences between groups. Hy-Ba: distance between most anterior and superior point on the body of hyoid bone (Hy) and Basion; Hy-RGn: distance between

Hy and most protrusive point of retrognathion (RGn); Hy-C3: distance between Hy and most anterior and inferior point of third cervical vertebra (C3); Hy-

FH: vertical distance from Hy to Frankfort horizontal plane; Hy-MP: vertical distance from Hy to mandibular plane; Hy-C3RGn: vertical distance from Hy
to C3-RGn line; C3-RGn: distance between C3 and RGn; Go-Hy-Me: angle between Gonion-Hy line and Hy-Menton line; Hy-C3-S: angle between Hy-C3
line and C3-Sella line; C3-Hy-S: angle between C3-Hy line and Hy-Sella line
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Table 3 Hyoid bone positions of juvenile patients with different skeletal malocclusions

x + s/Median (Pas, Pys)

Skeletal Class 1

Skeletal Class Il

Skeletal Class Il

Item FIH P
(n=42) (n=33) (n =26)

Hy-Ba/mm 74.43 + 6.78 71.50 + 6.91 72.07 + 8.21 1.734 0.182
Male 77.94 +7.51 77.14 +7.22 78.44 £ 4.51 0.087 0.917
Female 72.04 +5.11 68.28 + 4.21 69.73 + 8.07 2.392 0.100

Hy-RGn/mm 32.37(29.44,36.78)" 33.95(30.55,37.66)" 37.08(32.95,39.39) 6.668" 0.036
Male 34.02 £5.26 34.72 + 6.45 35.34 + 5.41 0.145 0.865
Female 31.99(29.39,34.45)" 32.85(30.99,36.51)" 37.37(34.48,39.38)" 9.096" 0.011

Hy-C3/mm 32.69 + 3.81 31.78 + 4.74 32.46 + 4.67 0.415 0.661
Male 35.07 + 4.00 34.62 +5.52 37.02 + 5.00 0.605 0.552
Female 31.08 £2.73 30.16 = 3.39 30.78 = 3.30 0.496 0.611

Hy-FH/mm 85.54 + 8.07 84.43 +7.74 80.88 = 7.72 2.897 0.060
Male 90.65 + 7.84 90.30 + 8.46 87.02 +7.22 0.549 0.583
Female 82.06 + 6.25 81.08 + 4.90 78.61 = 6.73 1.833 0.169

Hy-MP/mm 13.99 + 5.37 16.61 £ 5.79 13.86 + 4.58 2.787 0.066
Male 14.87 + 5.44 18.21 + 6.27 14.10 = 3.76 1.739 0.191
Female 13.39 +5.35 15.69 + 5.44 13.77 + 4.94 1.198 0.309

Hy-C3RGn/mm -0.29 + 8.59 8.69 + 4.85 540 +6.23 2.930 0.058
Male 7.85 +4.63 11.51 +4.76 6.45 + 6.31 2.830 0.073
Female 6.57 + 4.83 7.08 +4.21 5.02 +£6.33 0.869 0.424

C3-RGn/mm 63.02(58.54,68.92) 62.93(57.11,65.81) 65.34(61.28,70.22) 5.198" 0.074
Male 66.65 + 8.48 64.68 +9.19 70.13 + 10.40 0.793 0.461
Female 62.42(57.70,66.03)" 62.78(57.11,64.55)" 65.24(61.29,69.69)" 7.131° 0.028

Go-Hy-Me/° 135.39 + 15.82° 125.17 + 16.89" 134.93 + 13.67" 4.573 0.013
Male 132.43(120.29, 146.87) 118.32(108.97, 133.44) 132.47(129.54, 137.74) 5.135% 0.077
Female 136.41 + 16.16 126.74 + 17.18 134.41 + 14.90 2.194 0.120

Hy-C3-S/° 91.73 £ 9.70 89.44 + 10.15 92.90 + 14.61 0.740 0.480
Male 91.22 + 8.50 92.57 + 10.68 93.86 + 12.66 0.182 0.834
Female 92.08 + 10.60 87.65 + 9.64 92.54 + 15.57 1.067 0.350

C3-Hy-S/° 96.90(91.01,103.16)* 93.20(89.78,100.54)* 84.22(71.72,92.70)" 19.350* <0.001
Male 102.80 + 8.08" 97.79 + 9.77" 84.11 + 22.00" 5.724 0.007
Female 92.73(90.04,99.13)" 91.47(84.63,96.33)" 84.10(74.27,92.20) 12.049" 0.002

#: Kruskal-Wallis H test were used. a, b: the same letters indicate no statistically significant difference, and different letters indicate significant differenc-

es between groups. Hy-Ba: distance between most anterior and superior point on the body of hyoid bone (Hy) and Basion; Hy-RGn: distance between Hy

and most protrusive point of retrognathion (RGn); Hy-C3: distance between Hy and most anterior and inferior point of third cervical vertebra (C3); Hy-FH:

vertical distance from Hy to Frankfort horizontal plane; Hy-MP: vertical distance from Hy to mandibular plane; Hy-C3RGn: vertical distance from Hy to
C3-RGn line; C3-RGn: distance between C3 and RGn; Go-Hy-Me: angle between Gonion-Hy line and Hy-Menton line; Hy-C3-S: angle between Hy-C3

line and C3-Sella line; C3-Hy-S: angle between C3-Hy line and Hy-Sella line
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Table 4  Hyoid bone positions of adult patients with different skeletal malocclusions

x + s/Median (Pas, Pys)

Skeletal Class 1

Skeletal Class Il

Skeletal Class Il

Item FIH P
(n =56) (n=067) (n = 60)

Hy-Ba/mm 73.83(68.82, 82.28)" 74.64(68.19, 80.66)" 78.03(72.59, 85.05)" 6.402" 0.041
Male 83.76 + 7.31 80.38 + 6.86 84.27 £ 6.92 2.141 0.125
Female 70.17(67.10, 74.82) 71.73(67.05, 76.93) 72.74(69.00, 77.08) 1.468" 0.480

Hy-RGn/mm 34.07 + 4.73* 32.11 + 4.93" 36.94 £ 5.39° 14.639 <0.001
Male 35.69 +4.53 34.83 +4.73 37.64 £ 5.63 2.109 0.129
Female 33.17 + 4.66" 30.79 + 4.50 36.23 £ 5.15° 11.939 <0.001

Hy-C3/mm 33.31(30.87, 39.29) 33.57(30.37, 37.24) 34.68(32.20, 38.60) 1.993 0.369
Male 38.55 +3.77 38.00 + 3.45 38.04 + 4.88 0.115 0.892
Female 32.33 £ 3.69 32.12 £ 3.64 32.90 = 3.79 0.404 0.668

Hy-FH/mm 83.72(78.02, 90.63) 86.05(80.71, 91.08) 87.35(80.31, 93.32) 2.228" 0.328
Male 9351 +7.24 93.23 + 6.65 93.24 + 6.70 0.011 0.989
Female 80.50(77.05, 83.94) 82.58(79.09, 87.40) 80.38(76.22, 86.51) 4.891" 0.087

Hy-MP/mm 11.63(7.79, 14.93) 12.71(10.59, 16.90) 13.05(8.80, 17.75) 3.602" 0.165
Male 15.81 + 5.67 15.53 +4.55 15.40 £ 6.35 0.031 0.969
Female 10.41(7.12, 13.16)* 11.89(10.35, 16.46)" 11.74(8.16, 14.77)" 7.382" 0.025

Hy-C3RGn/mm 6.26(2.01, 10.18) 7.58(4.47, 10.86) 6.71(4.00, 11.16) 2.247 0.325
Male 11.93 + 6.47 10.50 + 4.97 9.01 £5.32 1.676 0.195
Female 3.82(-0.77, 6.57) 6.39(3.61, 9.00)" 5.22(2.97, 8.73)" 6.873" 0.032

C3-RGn/mm 65.93 + 7.06" 63.66 + 6.90° 69.90 + 7.19 12.606 <0.001
Male 68.97 +7.93 68.98 + 6.10 72.78 +7.32 2.474 0.092
Female 64.24 + 6.00° 61.06 + 5.70" 67.03 + 5.87° 9.601 <0.001

Go-Hy-Me/° 141.64 + 17.83 134.67 + 12.92 137.58 + 16.25 3.032 0.051
Male 132.46 = 15.74 131.83 + 13.15 134.65 + 17.11 0.236 0.791
Female 146.75 + 17.04* 136.06 + 12.72" 140.51 + 15.07" 5.171 0.007

Hy-C3-S/° 91.13 + 13.05 89.69 + 10.40 94.43 + 10.19 2.920 0.056
Male 97.38 + 13.06 90.77 £ 9.44 95.34 + 8.20 2411 0.097
Female 87.66 + 11.84 89.17 £ 10.90 93.51 + 11.93 2.257 0.110

C3-Hy-S/° 94.95(91.39, 101.05) 95.27(85.08, 99.58) 93.15(86.90, 101.82) 1.579* 0.454
Male 100.73(95.11, 107.38) 95.07(72.33, 106.80) 101.42(74.41, 106.17) 1.526" 0.466
Female 93.06(89.49, 97.00) 95.27(88.80, 97.14) 91.74(87.87, 95.10) 3.616" 0.164

#: Kruskal-Wallis H test were used. a, b, c: the same letters indicate no statistically significant difference, and different letters indicate significant differ-

ences between groups. Hy-Ba: distance between most anterior and superior point on the body of hyoid bone (Hy) and Basion; Hy-RGn: distance between

Hy and most protrusive point of retrognathion (RGn); Hy-C3: distance between Hy and most anterior and inferior point of third cervical vertebra (C3); Hy-

FH: vertical distance from Hy to Frankfort horizontal plane; Hy-MP: vertical distance from Hy to mandibular plane; Hy-C3RGn: vertical distance from Hy
to C3-RGn line; C3-RGn: distance between C3 and RGn; Go-Hy-Me: angle between Gonion-Hy line and Hy-Menton line; Hy-C3-S: angle between Hy-C3

line and C3-Sella line; C3-Hy-S: angle between C3-Hy line and Hy-Sella line
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