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$(forehead area, F); 1|7} F-9(glabella area, G); &+
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Z =18} (exocanthion area, Ex); F9- Fuijm 29
(zygion area, Zy); 25 & F%(cheek area, Ck); IE&
(pronasale area, Pn); & 59 (upper lip area, UL);
olef < F-H(lower lip area, LL); 3% Y 78] (chei-
lion area, Ch); B ¥ (soft tissue pogonion area, Pg’); &
£~ &2} ZH(soft tissue gonion area, Go’); F-¢ HA T
AR (tragus area, Tra) 5 PR 2] hAFo ¥

zhsldch (Fig ).

Fig 1. The positions of the facial markers used in this study: Fry, right area of forehead; Fy, left area of forehead;
Fm middle area of forehead; G, glabella; N', soft tissue nasion; Pn, pronasale; Exr, right exocanthion; Exy, left exo-
canthion; Zyr,, right zygion; Zy., left zygion; Ckg,, right cheek; Cky, left cheek; Chr;, right cheilion; Chy, left cheilion;
UL, upper lip; LL, lower lip; Go'r, right soft tissue gonion; Go', left soft tissue gonion; Pg', soft tissue pogonion;

Trare, right tragus; Tray, left tragus.
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3) A3 vhdlF] o] s FA¢ 455 S o} (Fig 3).

Fig 2. The laser scanner and rotator used in this study. A, Vivid 910 3D laser scanner {Minolta, Tokyo, Japan); B,
rotator fabricated for this study. Protractor is attached at the base of the rotator.
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Fig 3. Linear measurements used in this study: 1, Pn-Fn; 2, Pn-Fre 3, Pn-Fu; 4, Pn-G; 5, Pn-N'; 6, Pn-Exgy; 7,
Pn-Exu; 8, Pn-Zyry 9, Pn-Zyiy; 10, Pn-Cke; 11, Pn-Ckyy: 12, Pn-Chry; 13, Pn-Chyy; 14, Pn-UL; 15, Pn-LL; 18, Pn-Pg’;
17, PH-GO'Rt; 18, Pn-GO'u; 19, Pn-TraRt; 20, Pn-Trau; 21, FarFug 22, Expe-Exy; 23, Zym—Zyu; 24, Cth-—Cku; 25,
Chr-Chyy; 26, Go're-GO'Ls.

a0
HI

I M

=~

=%

E dAFAME BAAME 8 SPSS version
12.0 (SPSS, Chicago, IL, USA) X218 o|-83}9
o} 2} A& dig vhllZ) el d2A9 9AY
ol A9 ztolg HUgte R Tola Hiw}

A3 4 Adgd HAge Foln =3 E 2

st glolA AW Es} o] ue) oA ¢
ARG Bz Alol7} AEA Lolrr] 93
A A E 8 267) AESFE9] A=x) 9 YA
FolA ZH% T AZFE AZ2XE Kolmo-
gorov-Smirnov % Shapiro-Wilk 374 A4 ¥ ztzt
paired r-testE Al ste] wjmE-A et w8k 2 A
S8 5o gt vhilA ) A& 9 dAGA A3

o

ox B

Fig 4. Integrated 3D laser scan images were created
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2 AAE AT dAGEE A nE W T W ANGAE o] 83 AATR)elA =
Hol| A olu} Bof & 5wk Hol 9l gl Rojs FEAA sttt F9j9 A4 RS, HE7)
3§ AlER)(Pn-F, Pn-G, Pn-N, Pn-Ex, Pn-Zy, Pn- A 2] A& (Pn-Go'g, Pn-Go'n, Pn-Trag, Pn-Tra,

Ck, Pn-Ch, Pn-UL, Pr-LL)i= A 5219k £ @ o] Pn-Pg) ¢k <ol F&4) Al EA] (BxweExu, Chre-Chui,
€ Holx] ggtout §E8 LI ASH (Pn-Py) Go'r-Go'r)7t ASA G frelshA 24 vEhge

Table 1. Measurements of each integrated 3D laser scan image and their comparison with the physical measure-
ments of the manikins (mm) (n = 10)

Pn-Fp 6832 + 784 6844 = 791 6845 + 786 6844 + 787 6846 + 791 6845 £ 789 6845 £ 784
Pn-Fg, 9099 + 982 9100 £ 979  9L.04 £ 976 9109 + 979 9106 + 983 9110 = 984 9105 + 9.8
Pn-Fi, 8874 + 993 8901 + 900 8903 + 1000 8900 + 1006 8397 + 1004 8897 + 999 8899 + 1006
Pn-G 4647 £ 730 4660 + 736 4662 + 737 4663 + 737 4663 + 735 4665 + 734 4659 + 741
Pn-N’ 3326 £ 798 3337 + 806 3331 £ 807 3342 + 808 3334 + 813 3338 +812 3330 = 809
Pn-Exg 6958 + 784 6969 + 794 6972 + 781 6970 £ 789 6970 £ 784 6960 + 792 6965 + 7.82
Pn-Ex;, 6925 + 780 6941 + 787 6939 £ 789 6935 £ 795 6935 = 795 6933 + 797 6935 + 7.9
Pn-Zyre 4622 = 505 4624 £ 512 4527 = 512 4531 £ 500 4524 £ 509 4527 = 506 4520 + 514
Pn-Zyi, 4598 + 462 4604 £ 455 4606 + 455 4610 + 463 4605 + 456 4597 + 456 4609 + 454
Pn-Ckne 6370 = 466 6378 + 475 6379 + 467 6377 = 457 6378 = 465 6380 + 475 6383 + 478
Pn-Cky, 6393 + 432 6407 + 439 6410 + 443 6408 = 447 6407 + 449 6400 + 457 6398 = 457
Pn-Chg, 4881 + 582 4393 + 583 4302 + 586 4892 £ 585 4896 + 586 4880 + 58 48% + 5%
Pn-Ch.: 4883+ 5% 48% + 605 4897 + 609 4896 + 605 4900 £ 610 4892 + 615 4901 + 605
Pn-UL 2177 £ 374 2175+ 380 218 +378 2779 =377 2175+ 380 2770 + 384 2781 + 376
Pn-LL 3938 + 375 3952 + 395 3053 + 392 3954 + 383 3949 + 389 3947 + 389 3050 + 376
Pn-Pg’ 6210 + 582 6255 + 580" 6258 + 5857 6273 = 5757 6255 + 5817 6252 5877 6260 = 5837
Pn-Go'e 8243 + 018 284 + 9347 228 = 9277 8254 £ 928 R4 £ 928 8245 + 033 8247 + 928
Pn-Go'ne 8199 £ 1016 8249 = 10127 8251 = 10157 8217 + 1022 8216 + 1025 8206 + 1037 8210 + 1031
Pn-Trap 8630 + 1425 8659 = 14477 8658 + 14327 8640 + 1435 8633 = 1438 8627 + 1436 8630 + 1439
Pn-Tra;, 8708 + 1558 8746 = 15347 8749 + 1536' 8723 + 1539 8723 £ 1534 8724 + 1549 8725 + 1551
FreFi: 9902 + 776 908 + 779 9906 + 776 9919 = 7717 9913+ 77 9913 + 772 9912 = 773
Exp-Exy 10044 = 598 10062 + 5927 10052 + 591 10065 + 598" 10054 £ 599 10055 + 603 10052 + 591
ZywZye  TL73 £ 532 7174 +534 7179 +535 719 £ 52 718 £526 7179 + 511 7176 + 525
Chp-Ckiy 9491 £ 356 9513 £ 3527 96507 + 353 9522 + 3557 9510 = 355 9497 + 353 9503 + 34
ChreChi: 5605 + 812 5617 £ 810 5519 + 810 5522 + 813 5620 + 804 5516 = 814 5513 + 810
Go'r-Go'yx 10028 £ 7.35 10049 + 7367 10049 + 7.397 10051 + 7.327 10040 + 735 10040 = 739 10041 + 7.44

H

N

H+

SD, Standard deviation. “The control was obtained from physical measurements of manikins; Tp < 005 Tp < 001
§
' < 0.001.
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Fig 5. Bland-Altman plots for variations in (Pn-Pg’) of Methods 4, 5, and 6. The x-axis shows the average of each
integrated 3D laser scan image with physical measurements of manikins, whereas the y-axis represents the differ-
ence between the 2 measurements. The limits of agreement are indicated by horizontal lines.
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Fig 6. Differences between each integrated 3D laser
scan image and the physical measurements of the
manikins (mm).
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Table 2. Mean magnification of each integrated 3D laser scan image in comparison to the physical measurements
of manikins (%)

Pn-Fy, 0.18 0.19 0.18 0.20 0.19 0.19
Pn-Fg: 0.01 0.05 0.11 0.08 0.12 0.07
Pn-F1¢ 0.30 0.33 0.29 0.26 0.26 0.28
Pn-G 0.28 0.32 0.34 0.34 0.39 0.26
Pn-N’ 0.33 0.15 0483 0.24 0.36 0.12
Pn—Exg: 0.16 0.20 0.17 0.17 0.03 0.01
Pn-Exy; 0.23 0.20 0.14 0.14 0.12 0.14
Pn—Zyr: 0.04 0.11 0.20 0.04 0.11 -0.04
Pn—Zyws 0.13 0.17 0.26 0.15 -0.02 0.24
Pn—Ckg, 013 0.14 0.11 0.13 0.11 0.06
Pn—Cku, 0.22 0.27 0.23 0.22 0.11 0.08
Pn—Chg 0.25 0.23 0.23 0.31 0.16 0.29
Pn—Chy 0.25 0.29 0.27 0.35 0.18 0.37
Pn-UL -0.07 0.22 0.07 -0.07 -0.25 0.14
Pn-LL 0.36 0.38 041 0.28 0.23 0.30
Pn-Pg’ 072 0.77 1.01 0.72 0.68 0.81
Pn-Go'rt 0.50 0.52 013 0.01 0.02 0.05
Pn-Go'r 0.61 0.63 0.22 0.21 0.09 0.13
Pn—Trag; 0.34 032 0.12 0.08 -0.03 0.00
Pn-Trar, 0.44 047 017 0.17 0.18 0.20
FreFix 0.06 0.04 0.17 0.11 0.11 0.10
Exp-Exut 0.18 0.08 0.21 0.10 0.11 0.08
ZyreZyus 0.01 0.08 0.32 0.17 0.08 0.04
Ckri—Chkyy 0.23 0.17 0.33 0.20 0.06 0.13
Chr—Chys 0.22 0.25 0.31 0.27 0.20 0.15
Go're~Go'Lt 022 0.21 0.23 0.12 0.12 0.13
Total 0.24 0.26 0.26 0.19 0.14 0.17
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ORIGINAL ARTICLE

Influence of the angles and number of scans on

the accuracy of 3D laser scanning

Kyung-Min Lee, DDS, MSD," Hyo-Young Song, DDS, MSD,"
Ki-Heon Lee, DDS, MSD, PhD,’ Hyeon-Shik Hwang, DDS, MSD, PhD‘

Objective: To investigate whether the accuracy of 3D laser scanning is influenced by the angles and number
of scans. Methods: Using a 3D laser scanner, 10 manikins with facial markers were scanned at 7 horizontal an-
gles (front view and at 20°, 45° and 60° angles on the right and left sides). Three-dimensional facial images
were reconstructed by 6 methods differing in the number and angles of scans, and measurements of these im-
ages were compared to the physical measurements from the manikins. Results: The laser scan images were
magnified by 0.14 - 0.26%. For images reconstructed by merging 2 scans, excluding the front view; and by merg-
ing 3 scans, including the front view and scans obtained at 20° on both sides; several measurements were sig-
nificantly different than the physical measurements. However, for images reconstructed by merging 3 scans, in-
cluding the front view; and 5 scans, including the front view and scans obtained at 20° and 60° on both sides;
only 1 measurement was significantly different. Conclusions: These results suggest that the number and angle
of scans influence the accuracy of 3D laser scanning. A minimum of 3 scans, including the front view and scans

obtained at more than 45° on both sides, should be integrated to obtain accurate 3D facial images. (Korean J
Orthod 2011;41(2):76-86)

Key words: 3D laser scanner, Scan angle, Number of scans
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