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Optimization for landmarks-based three-dimensional cephalometric
superimposition and a method for superimposition of

three-dimensional image of maxilla
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(Department of Stomatology, the General Hospital of Shenyang
Military Region, Shenyang 110840, China)

[Abstract] Objective To optimize the existed landmarks-based-superimposition technique, and to propose a new simple
method for regional superimposition of the maxillary complex. Methods Totally 9 volunteers were included, who were
performed twice cone beam CT (CBCT) in one-year interval. ELSA co-ordinate were corrected using two kind of numerical
optimization algorithm (6-point method and 8-point method), and the operator error of landmark location were compared.
The anterior and posterior nasal spine ( ANS and PNS) co-ordinate system were constructed only using two anatomical
landmarks (ANS and PNS) for regional superimposition of the maxillary complex. Several landmarks were pick up to eval-
uate the error of superimposition and analyze the difference by statistic method. Results In correction, 6-point method and
8-point method, the average error of linear and angle measurement of the ELSA co-ordinate were (0. 604 0.47) mm and
(0.4940.38)°, (0.44%+0.39)mm and (0.4840.37)°, (0.41=40.34)mm and (0.41=40.32)° respectively. The average
error of linear measurements significantly decreased ( P<<0. 05) in 8-point method. The average error of superimposition of
all picked landmarks on ELSA co-ordinate were (0. 952 0.50) mm and (1.06=+0.65)°, (0.92+0.54)mm and (0. 92+
0.58)°, (0.80=£0.43)mm and (0. 8740.59)° respectively. The differences had statistical significance ( P<C0.000 1). In
optimized by 8-point method. the average error of superimposition of all picked landmarks on ELSA, ANS and PNS co-or-
dinate were (0. 9240. 47)mm and (1. 14=£0. 66)°, (0.994-0. 47)mm and (1. 332£0. 64)°, (1.004=0. 62)mm and (1. 08+
0.70)° respectively. Conclusion Significant improvement of superimposition is observed using 8-point method. The im-
proved method is accuracy to analyze the clinical data.
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LT

D

2 REMEIE T ELSA JLABAR R T (19 A ) ML iR 2% (mm, 2+ 9
Pede s Fs_L Fs_R N Ba Fo_L Fo_R MPC_L
KA 0. 4020, 11 0.4040. 11 1.2740. 36 0.69240. 41 0.6920. 41 0. 69240, 41 0.9620. 41
6 sifhfbik 0.38+0.13 0.38+0.13 1.11+0. 59 0.70+0. 39 0.70+0. 39 0.70+0. 39 0.99+0. 41
8 mifhfbik 0.33+0.15 0.33+0.15 1.0340. 29 0.60+0. 26 0.60+0. 26 0.60+0. 26 0.86+0. 42
PeAb s MPC_R LPC_L Li_L Li_R Mf_L ANS PNS
Ktk 0.77+0.35 0.930. 46 0.9540. 45 0.92240. 40 1.3640.67 1.1840.59 0.9740. 29
6 mALAkIE 0.7340. 32 0.8440.39 0.8440.39 0.90740. 48 1.35%+0. 66 1.19+0.77 0.9640. 32
8 miftfkik 0.7240.25 0.7140.39 0.7140.39 0.81+0.53 0.89+0. 46 0.97+0. 44 0.83+0. 38
Pede s 10_L I0_R Ifn GPF_L GPF_R
SR 1.0440. 48 1.3640.53 1.1940. 54 0.92+0.52 0.92+0.51
6 stttk 0.99+0. 57 1.21+0. 66 1.10=+0. 66 1.05=+0. 56 0.9340. 64
8 mifhfbik 0.77+0.35 1.1740. 64 1.03+0. 44 0.87+0.53 0.83+0.47

38 m Ik =4E AR E S LAV L as 3 B A bR i SO 7EA Rl AL AR R P B R BE TR 25 (mm, T £ 9)

LT 10_L I0_R GPF_L GPF_R SR
ELSA AR #R R 0.7740.35 1.17+0. 64 1.03+0. 44 0.8740.53 0.8340.47 0.9240.47
ANS LAk R F 0.8540. 34 1.13+0. 47 0.9740.28 1. 06+0. 60 1.15+0. 47 0.9940. 47
PNS J:As bR 2 1.0540. 74 1.050. 74 0.9120. 33 1.14%0. 70 1.080. 59 1.00%0. 62
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# 4 AFEPEAE T2 ELSA LA PR R T (14 MO WF R MR ZEC, 21X

R RS Fs L—Fs R N—DBa Fo_LL—Fo_R MPC_L—MPC_R LPC_L—LPC_R
ENR 4 0.72+0.32 0.77+0.29 1.06+0. 35 0.86+0. 26 0.73+0. 31

6 AR AT 0.65+0. 25 0.64=+0. 48 0.79+0. 41 0.80+0. 38 0.48+0. 23

8 rifltfbi: 0.55+0. 28 0.5740.29 0.7620. 32 0.69+0.33 0.41+0. 31

LR RS Li L—Li R MI_L—MI_R ANS—PNS Iln—I10_L Ifn—I0_R
ENR 4 0.69+0.33 1.3941.05 1.0440. 41 0.96+0. 46 1.4240. 66

6 AL 0.63+0.16 1.1440. 97 0.81+0.45 1.0740. 56 1.4140.52

8 mifltfbi: 0.54+0.19 1.0940. 84 0.7940. 41 1.0240. 49 1.3540. 67

Ak 7 10_L—IO_R GPF_L—GPF_R Ifn—GPF_L Ifn—GPF_R SRS PG
ENR 4 0.80+0.45 1.5040. 98 1.4140. 86 1.43+0.91 1. 0640. 65

6 AL 0.70+0.17 1.3340. 62 1.1240.78 1.2440.77 0.92+0.58*

8 miffifbik 0.6540. 30 1.33+0.68 1.22+0. 87 1.26=+0. 70 0.87+0.59" "

e R LE, P<0. 055 * » . 5ARMALE, P<0.000 1

®5 8 mifiAbik =R E S OULUT O Lats & 09D (A R A bR R F A EER2ECL ok

A B Ifn—10_L Ifn—I0_R I0_.L—IO_R  GPF_L—GPF_R Ifn—GPF_L Ifn—GPF_R SRS (E
ELSA 3445 £ 1.02+0. 49 1.3540. 67 0. 6520. 30 1.3340.68 1.2240.87 1.2640. 70 1.1440. 66
ANS AR AR R 1.4040. 39 1.5740.80 0.94+0.35 1.4940. 69 1.2740.91 1.3340.63 1.3340.64
PNS Ak bR 3R 0.9440. 65 1.28+0.63 0.55+0. 32 1.45+0. 85 1.18+0. 59 1.05+0. 82 1.08+0.70"

Heox .5 ANS kR R HE . P<<0.05
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TS, T LW A 4 o) A 1) 2 6 O A B A5 B, A
Frift— 2 WF5%
3.2 ELSA d:ak i & T KR E &R 2
SEUA N A A S U Y7 2435 25 <1 mm BV AT B I
PRANTET W JH 3R 228 1~2 mm W] 34 42 1 T 4% 3k
WAL MR AR AR 22 > 2 mm WA A bR RS A
PO BEAR 25110 AN T B I R . A BF 92 i 485 2R R
28 Jt )ik e, 78 ELSA St A 4R & b, ANS H
PNS (97 B2 15 158 22 FOF- 4 M B R 22 2/ F 1 mm M
1 AL 2 f S DL S il — 4 2R 0 A
PRAREUE T B0 LR, AN, 7E PNS I ANS 4
B Z T & br i s I 2R I K A B R 22 FEARAE 1 mm Fl1°
FEAT BN AR ST 4 Hh A S AR Y T T
Tl A 151 14 5 b Sk TR S AR 434
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R.LPC_L—LPC_R ¥4 RA4Fmyfa et Aok st . (1
Uzel %R 1S BRI 7 ikl BB 28 0 B 9T 5

Lagravere
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