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[Abstract] Objective To explore the correlation between the parameters of the mandible and parameters of
cervical vertebrae and craniofacial bone in class II skeletal patients in Northeast China and to establish correlation
equations expressing the relationship between the mandible and cervical vertebrae and craniofacial bone directly and
quantitatively for the clinical diagnosis and treatment of orthodontics and orthognathics and for prediction. Methods
The mandible, cranial facial bone and cervical vertebrae of 201 children and adolescents aged 8 to 20 years were
measured using digital cranial lateral tablets. All of the cases were divided into male (n=75) and female (n = 126)
groups using a sensitivity analysis method based on genetic algorithms to select the craniofacial bone and cervical bone
with strong sensitivity to mandible parameters and to establish relevant equations. Results Through sensitivity
analysis, the parameters with the strongest correlation between the measured values of the mandible were H4 and SN,

those with a strong correlation were SN - Ar, the anterior and posterior high ratio SGo/NGn, the Y axis angle and
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mandibular angle Ar-Go-Gn. The established equation was as follows: males: Ar-Pg = 28.415+1.818xH4+0.746XSN(r* =
0.056 8, P < 0.001); females: Ar-Pg = 15.168+1.706xH4+0.675XSN+0.31XSN-Ar-0.29XY axis angle (*=0.611, P <

0.001). No significant difference was found between the predicted values obtained by the established equations and

measured values (P> 0.05). Conclusion The mandibular length equation established by sensitivity analysis and

genetic algorithms is statistically significant and can predict a certain degree of growth and development.

[Key words] skeletal Class II; genetic algorithms; mandible; growth and development; cervical vertebrae;

craniofacial bone; orthodontic; orthognathic
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Figure 2 Craniofacial measurement point
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Figure 1  Cervical vertebrae measurement
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Table 1 Measurement and analysis of the mandible in males

and females X+s,mm
W15 H Bk Pk ' P
Co-Gn 111.54 + 8.20 105.89 + 7.02  5.039 <0.001
Ar-Pg 97.81 + 6.96 93.61 £6.04 4.375 <0.001
Ar-Gn 103.31 + 12.05 99.58 + 6.76  2.738 0.007
Go-Pg 63.38 £ 5.40 61.63 £5.95 2.024 0.044
Go-Me 57.92 +5.38 56.88 + 6.10 1.191 0.235
Go-Gn 66.55 + 5.86 64.75 £+ 6.16  1.984 0.049
Ar-Go 53.92 + 7.86 45.01 £5.24 1553 0.125
Co-Go 60.39 + 7.02 55.66 £ 542 5201 <0.001

IrIEH 43 ), P AERE (13.63 +2.90) % . %) R4
B AT S BT IS A A R 5 [A]— R BIZ IGTT
K1 KE520EKA THESHERY LG T
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Table 2 Mandibular measurements and analysis results for class Il division 1 and division 2 patients in different genders

X £s,mm

5 Ak it
21402 262 502 ; P 261402 126243 2% ‘ P

Co-Gn 111.64 +9.02 111.36 + 6.55 0.133 0.895 106.17 + 6.96 105.36 + 7.17 0.609 0.544
Ar-Pg 98.30 + 7.53 96.86 + 5.72 0.820 0.415 93.75 + 6.00 93.363 + 6.18 0.333 0.740
Ar-Gn 103.42 + 14.16 103.08 + 6.59 0.111 0.912 99.82 + 6.73 99.15 + 6.88 0.518 0.606
Go-Pg 64.07 + 5.96 62.04 + 3.90 1.512 0.135 62.03 + 5.80 60.90 + 6.21 0.996 0.321
Go-Me 58.57 +5.76 56.68 + 4.40 1.412 0.162 57.27 + 5.98 56.17 + 6.32 0.954 0.342
Go-Gn 67.23 + 6.40 65.25 + 4.50 1.348 0.182 65.24 + 6.14 63.84 + 6.16 1.199 0.233
Ar-Go 57.22 + 8.81 47.61 = 6.22 0.795 0.429 44.66 + 5.21 45.65 + 5.30 -0.994 0.322
Co-Go 60.24 + 7.18 60.68 + 6.86 -0.252 0.802 55.25 +5.16 56.41 + 5.86 -1.132 0.260
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Table 3 Main parameters of sensitivity analysis

e U
TR AL 10 000
AR 0.05
IR 0.1
L S 0.2
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Table 4 Main parameters of genetic algorithms

S LAE
FRRE AL 8 000
PEPER 0.05
L 0.1
AR R 0.2
HEALAEL 20
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(0.129 9) \SN(0.037 5) ; 5 Co-Gn A & 11 fic it () 2
00 H4(0.123 7) \SN(0.042 9) ; 5 Go-Pg #H X1k
58 1 2 0 H4(0.091 2) (SN (0.054 8) ; 5 Go-Me
AH M B ok B9 S 80 H4(0.143 8) (SN (0.043 2) |
W4(0.062 7) ; 5 Go-Gn #H &4 fiw 58 1 2 %4k H4
(0.077 3) \SN(0.064 4) .SGo/NGn (0.043 8) ; 5 Ar-
Go A & ME B 5 9 S @2(0.287 5) 55 Co-Go #
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Table 5 Result of sensitivity analysis for males

AR 2R EESE S

Ar-Pg Co-Gn Go-Pg Go-Me Go-Gn Ar-Go Co-Go
Y axis 0.026 4 0.024 3 0.029 5 0.038 6 0.042 2 0.206 9 0.023 9
SGo/NGn 0.020 0 0.036 5 0.030 2 0.029 2 0.043 8% 0.205 6 0.037 3
Ar-Go-Gn 0.012 6 0.013 3 0.0211 0.020 6 0.020 2 0.205 8 0.024 1
SN 0.037 5% 0.042 9* 0.054 8* 0.043 2 0.064 4* 02111 0.048 2*
Sn-Ar 0.019 4 0.025 3 0.039 9 0.034 2 0.026 2 0.206 4 0.022 9
ANS-PNS 0.021 3 0.018 0 0.016 5 0.0250 0.023 7 0.210 6 0.022 3
H4 0.129 9" 0.123 7" 0.091 2" 0.143 8" 0.077 3" 0.205 6 0.078 5"
w4 0.032 5 0.038 9 0.073 5 0.062 7%’ 0.039 7 0.206 0 0.024 0
AH3 0.026 9 0.025 1 0.040 6 0.028 5 0.0317 0.204 8 0.034 0
PH3 0.026 4 0.026 5 0.042 7 0.044 2 0.021 8 0.204 7 0.032 8
@2 0.017 0 0.020 6 0.0339 0.031 2 0.026 6 0.287 5" 0.027 8
CVM 0.021 7 0.025 2 0.015 5 0.026 5 0.020 0 0.204 2 0.023 4
H4/W4 0.021 0 0.033 8 0.041 4 0.034 1 0.021 1 0.207 5 0.025 8
AH3/PH3 0.019 8 0.0152 0.029 2 0.026 8 0.020 1 0.206 2 0.018 0

E DU, 2) A U

(0.114 0) .SN(0.042 5) ; 5 Co-Gn M KPR IR A S
B HA4(0.073 8) .Y 4l /1 (0.044 9) ; 5 Go-Pg #HK
P B 08 1 S50 H4(0.078 5) . Ar-Go-Gn (0.061 1) .

SGo/NGn (0.056 2) .SN(0.0529) .Y %144 (0.052 1) ;
5 Go-Me #H M 5 5 1) 2 BN SGo/NGn (0.086 6) |
Ar-Go-Gn(0.084 5) . Y #l1£1(0.077 3) \H4(0.074 0) ;
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Table 6 Result of sensitivity analysis for females

Ar-Pg Co-Gn Go-Pg Go-Me Go-Gn Ar-Go Co-Go
Y axis 0.027 2 0.044 9* 0.052 1* 0.077 3" 0.077 0" 0.072 6" 0.084 3"
SGo/NGn 0.023 0 0.023 1 0.056 2% 0.086 6" 0.074 6" 0.128 3" 0.093 4"
Ar-Go-Gn 0.018 8 0.022 1 0.061 1" 0.084 5" 0.065 6" 0.070 0" 0.036 9
SN 0.042 5% 0.020 8 0.052 9* 0.034 8 0.024 4 0.0223 0.061 8"
Sn-Ar 0.030 8 0.030 1 0.030 2 0.034 3 0.033 2 0.043 4 0.034 0
ANS-PNS 0.022 6 0.0259 0.032 1 0.039 4 0.025 8 0.0330 0.032 8
H4 0.114 0" 0.073 8" 0.078 5" 0.074 0" 0.052 2 0.059 1* 0.057 6”
w4 0.036 1 0.009 8 0.015 2 0.021 2 0.0153 0.023 4 0.017 3
AH3 0.021 6 0.025 0 0.043 3 0.059 4 0.024 6 0.034 7 0.0220
PH3 0.019 7 0.0317 0.036 0 0.040 8 0.028 2 0.046 3 0.035 1
@2 0.023 2 0.028 7 0.020 8 0.024 6 0.0219 0.0399 0.043 5
CVM 0.030 5 0.024 8 0.049 4 0.029 6 0.044 1 0.040 1 0.027 8
H4/W4 0.030 4 0.0129 0.021 1 0.026 6 0.020 4 0.047 0 0.034 1
AH3/PH3 0.0193 0.0215 0.022 4 0.048 2 0.038 0 0.041 7 0.038 3

EOD N EEURE, 2) AT EURE

55 Go-Gn M M fe s 1 S0 Y il /7 (0.077 0) |
SGo/NGn(0.074 6) \Ar-Go-Gn(0.065 6) \H4(0.0522) ;
5 Ar-Go A0 &1 558 1 2500 SGo/NGn (0.128 3) |
Y 44 (0.072 6) . Ar-Go-Gn(0.070 0) \H4(0.0522) ;
55 Co-Go F KM 8 9 S 500 SGo/NGn (0.093 4) |
Y i £ (0.084 3) .SN(0.061 8) \H4(0.057 6)

22 @tk kAMET A

R A R o B 245 2R 45 31 55 PR 4 b Ar-Pg L Co
-Gn , Co-Go H B HUE; Lo 41 Ar-Pg . Go-Pg ., Go-
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Table 7 Equations of the mandible for males

i H It
Ar-Pg Ar-Pg =28.415 + 1.818 X H4 + 0.746 x SN(* = 0.568 , P < 0.001)
Co-Gn Co-Gn =35.523 + 2.18 x H4 + 0.787 x SN(* = 0.556, P < 0.001)
Co-Go Co-Go = -71.694+1.456 x H4 + 0.564 x SN + 0.355 x SN-Ar + 0.529 x [fi & It (## = 0.518,, P <0.001)
x8 WM TME L

Table 8 Equations of the mandible for females
S| ok
Ar-Pg Ar-Pg = 15.168 + 1.706 x H4 + 0.675 x SN + 0.31 x SN-Ar-0.29 x Y #li ffj (* = 0.611, P < 0.001 )
Go-Pg Go-Pg = 0.852 X H4 + 0.446 x SN-0.842 x [fi & [1-0.647 x Y #li #1-0.609 x T A7 ff + 203.292(+* = 0.734, P < 0.001)
Go-Me Go-Me = 244.294 + 1.106 x H4-1.029 x [fif = F£-0.725 x Y §ili£f1-0.638 x F#iiffi (+*=0.700, P <0.001)
Go-Gn Go-Gn =246.371 + 1.241 x H4-1.05 x [fii = F£-0.776 x Y §l1£11-0.570 x R #iffi (©* = 0.664, P < 0.001)
Ar-Go Ar-Go =-91.453 + 1.207 x H4 + 0.953 X [fi & b + 0.539 X Y#li /i + 0.170 x Fiiff (= 0.647,P < 0.001)
Co-Go Co-Go =-90.261 + 1.216 X H4 + 0.412 x SN + 0.935 x [ 7 Lt + 0.65 x Y i i (/* = 0.708,, P < 0.001)
23 SAEHEFAERNALE FRE AL R 3 4t i

N9 Fr7R , Sl 57 A4 5 i T L 5 5 0L LE
ZRIGEIFEX(P>005), BEEUWE KL T
515 2PUME B B T R 2 B YOG AR, Dy IE M L Qi
I R B BT B (32 AR

2 G I A5 FE WY B KR R AE D E N 10%
FERRIN S 5% ~ 12% , £ SEE R 3% ~ 4%, ThifEFR
[ % s R A i (S A R 19.48% , 5 oF ] & o 3K
H36.19% , T 186 4 9118 26.62% 7, H B E A
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Table 9 Predictive values of the genetic algorithms and

measured data X+s,n=5

P BiH SE T t P

B Ar-Pg 08.58 +2.98 100.76 +2.42 -1.860  0.136
B Co-Gn 11238 +3.88 11541273 -1930 0.126
B Co-Go 63.90 £5.07 6587 £5.09 -2.641  0.058
ZPE Ar-Pg 9472 +7.50  92.88 +4.50  1.208  0.293
L Co-Go 59.30+5.52  56.86+521 2585  0.061
LM Go-Pg 62.12£6.95 6244 +625 -0.528 0.626
ZME Go-Me 5672659 5678 +6.12  -0.064  0.952
4P Go-Gn 65.14+7.07 6382+583 1523 0202
4P Ar-Go 4720+ 481  4454+509 1753  0.154
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