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Abstract

Improving facial esthetics of our patientsis of great importance to
orthodontists. An individual’s facial appearance is one of their most
obvious characteristics and has profound social significance. Tooth
movement and proper positioning of the teeth to ensure favorable
facial changes and to avoid unfavorable changes should be the goal in
the orthodontist’s mind.

Standard color photographs and radiographic views (PA and
cephalometric X-ray films) remain a principle adjunct to orthodontic
care. Various methods of soft-tissue assessment have evolved; however,
none of those method has been reported adequately enough to describe
the face without depending upon anatomically variable intracranial
landmarks as reference points or upon the facial soft tissues themselves.
In addition, the most important problems are difficulties in
standardizing these images. The main disadvantages are the poor
resolution and the inconsistent magnification of the X-ray images and
the fact that the landmarks identified on the soft tissue profile do not
correspond with those identified from radiographic examination. These
unavoidabl e disadvantages make it hard to analyze and compare the
post-treatment outcomes directly.

At present, 2-dimensional (2D) assessments of lateral cephalograms
Is the main method to investigate the effects of orthodontic treatment on
the face. However, patients tend to assess their appearance from either a
frontal or athree-quarter profile view, rarely from the sagittal view as
recorded in the 2D lateral cephalograms. Three-dimensional (3D)
imaging has developed greatly in the last two decades and has been



applied to orthodontic treatment. In 3D imaging, a set of anatomical data
are collected using diagnostic imaging equipment, processed by a
computer and displayed on a 2D monitor to give the illustration of depth.
Depth perception causes the image to appear in 3D.

This study was to compare the 3D effects on the lower face
Immediate changes after the first step (direct bonding system, DBS) of
orthodontic treatment. Laser scanner (MinoltaVIVID 910) was used for
capturing the facial images before and after DBS of each patient. The
collected data were processed and compared with the Rapidforn 2006
(INUS Korea) reverse engineering software. The great immediate
changes of the lower face after DBS were appeared over the peri-oral,
chin area and could be measured by the variation directly from the
superimposed images. But the immediate changes of the lower face after
DBS were not in accordance with the thickness of the brackets.

The 3D laser scanning for capturing the facial profilesisasimple
and effective tool clinically, because the 3D images can be measured
directly from the processing software and easily showed the results of
orthodontic treatment to patients. Application of 3D datais expected to
increase significantly soon and might eventually replace many

conventional orthodontic records which are in use today.

Key words : immediate profile change ~ 3D laser scan.
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7H S EF SR 1970 # Harvey Peck™ i1 — 34T % 0 B
49 m a3 I TiaEd ol ko F R EHRED B R
B TRARE BB g~ E PGk g L - s
%émémﬁ%i*mﬁ“4%%ﬁ¢ﬁﬁﬁiﬂﬁx%ﬂﬁF“L
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% (external esthetics) ¥ & #&hF B ¥ 2 B8 F 2§ o Peck
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1952 & Herzberg“# it “3o47 Fo hT H B inis THEE LT
o i3 T H 198 (subnasion) st o i W ¥ dp
MEARE P LRERTAENZ SELRKT AT R 5P
Stoner”fr Peck" & 3™ g & #r e SRR - 3 E e AT
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Ricketts®”t 1957 & # ) % s (esthetic line) %4 » i
T - FA R R e T R s (Bl 1-21) BmamE s
LegE e hERL s R EE Bt S0 RIS D Amm ke T B Rt AR S
omm s 528 e B Rl At R o @ Hier e 1999 & 4 4 45 1> Bk
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v fE A PR gm’v‘é%“'lfi!i%fgé_E line * & f g > ez > &2

Ricketts % PFee & 5 41~ o
ankmk 76°

.

-

Profile
Line

Esthetic
Lina

B 1-21 ® 1-22

E value Z angle

1960 & Steiner'#t ¢! # j. &‘«T’*P@é""’ﬁ%ﬁ AP TEER G S
TR T R P i et Rl (82 % 21966 & Merrifield®#
Wi grle 3™ ek s T RE LB Ao bt W 2 Frankfort T oo
o & e ’i » f="Z angle" (B 1-22) > =4 %% 80tb & » +
£ 7845 & -
1967 # Burstone® 2 ™ f 12827 g fm T EEEcTiE G A §
Bl T REMBERLE R, VP RE T RANAMRST S 350
2.2mme T ft S RE A EF T A DS EAD T 0 P
| Brrir kg | 84 £ I8 B4 (nasolabial angle) 4 » ¥
Bz tpamp ¥ & RAE L 1440118 Rer § EFIS RN R
B 90~120 &% 5 & F o
HoldwayBOEl'Jf;Ji P 'Hline" » &8~ RS ERT FRET L B A
hERE AR (B 1-23) ¥ R ST ML HeR AGS
A 3~Tmm A T BREaGEER A w2 G 0.5mm =% > g ANB £
B % 2 &P H angle Bl 5 8 & - 1979 & Jaocobson’ fr 1981 +# &
Spardley B4 %12 4% Frankfort plane v 2 i -k T & ehd-21 > %
VORG-S LR SRR R
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| __Ti)/
T~ (7 B 1-23 %847 5 H angle

REGHEL{LE L F bR 2 EAT P T A2 — R
ALERCBEHTHEG > FRE
‘E/i’ff'ﬁﬁ Wt B pEARAR X 5 oK

I pper “7TEL” 2 EXRLAT F - N FTREZIERDOT R
£

BRY TR L L

ERIR R N e K‘E_E".f‘%‘i%f“ilﬁaﬁ%
Bﬁﬁﬁﬁﬁ§%%¥% L R A T AR R
boren — dpgEg A2 BT o A PSR (S e EE X R P B -
& chE & (superimposition) 't $ie L8 A iR geh i K o
58414 (polygon) &4 & pl& B ELR g R o 1 2
’f‘-".f‘:lrf R AR s sBcE (B 1-24) 0 T30 (8 RUER X
AL e i o AT k- B4R (SN) B A
‘G AL L (B 1-20) FH MR I foiad RELS LA LB T {8
TILE Rt R BT g s 18 e
PAfaA NEAIR S B it R A TR
EER - T Ko é},«;—,,&—%iﬁfﬂﬁﬂiﬁﬂfr’ij’é%ﬁ ApHEPER R BB

ko &
=F
J—
=f
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Pt FEGRE HI0 A L
R HEEA T A TG LR

&
Yk
‘g;
b=

Before After Mean SD.

Facial angle 91.7 904 8483 305 A B
Convexity -1.6 2.5 758 495 >
A-B plane 28 07 -481 350 M~ <\
Mandibular plane 30.3 335 2881 523 [ Z=
Y-axis 62.9 64.5 65.38  5.63 =
Occlusal plane 132 149 1142 364 = \>
Interincisal 1232 130.8 12409  7.63 g >
L-1 to Occlusal 14.3 77 2384 528 ) (
L-1 to Mandibular 87.3 79.1 96.33  5.78 —— -
U-1toA-Pplane 79 84 892 188 =>~ _
FMIA 62.4 67.4 5463 647 ~_ = _=r
FH to SN plane 4.2 4.2 619 289 >
SNA 86.7 87.5 82.32 3.45
SNB 88.3 87.3 7890 345 Z
SNA-SNB diff. -16 0.3 339 177 ’
U-1to N-Pplane 73 O& WA @ ¢ e

LT \
U-1 to FH plane 119.2 116.6 11113 5.54 I T
U-1to SN plane 115.0 112.4 10454 555 !

1
Gonial angle 120.3 1235 12223 461 \ ]
Ramus inclination 90.0 90.0 87.07 4.40 N

W 1-24

R 1-25
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3.1 fio frie sz BE ol £ ooF § R

1931 # Broadbent™:#- X £ #E2p| £ R * 3+ 7 Pﬁ?fi ks iR

S NIRE B ETA TR SRR ] BRI E 2 e E AL
X

foo - ERIUNC AP e XREPERLF pYEFT =4 R
28 S op b oenfR s RERC BT o s e b R AL RIRE X KB
B F PR B2 £E S e bR R R E L 47 Y
FERFRE S R R AT AT ST BRI B 2 s kR =

b2 m IRz At E PR E
ABL R ITE K R S SR RSBy TR S R
BIE 20 X o éﬁp” TR P T

- ~ = 2pEE X *PlE (3D cephalometry)
IR X KB E AR/ FEHL Y LT R TP ETH A 473 207 1R
%0 Fsg;w PR e T8 hs %ﬁr’i:p s @A H %Kﬁfxg#« g4 £
H

RN A FEIH p RO b Ly b et i o
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ez dafplpE X 6Bl k% (Sculptor) v st 49
R DRFERE 0 S F AR 2 B A & Loz poo MR R R
A B g X KPR D45 B o

ZAaREEX RRE DRI AN BRI Y T3GRE AT 0 L g
PO PR ARR R S REEART S

ETTRS

~ B f 2 % (Moiré topography)
T0 # R4 B4R 2 T {?'J’* L A%k 3% 1 i R (S ST AR R
A BAAPIFHAG S ERGRBRd AR PIF L G T
- R BERRIPE %‘ﬂjﬁﬂ%ﬂfﬁlé’ MA@ g
i’%ﬁ%%ﬁﬁﬁﬁﬁﬁﬁﬁb”ﬁ4%ﬁﬁ“éﬁ”%égﬁﬁ
g

o Lol Y G5 -Sd EEXEHFMLAPFIRYT 2N i
LBz A TR AA G G AR o 1N SRR E e
ol WAL BT AR RIE R R R R TR E 2 T

A f A KA g RS 5 S8 g 2 o gk BE 2R 1
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=~ B kRIE22 (structure light)
%ﬁ%ﬁﬁmﬁ“%@w%%ﬂﬁhﬁaa’éhé B 3R Bt
BRE R R RS L him g LR gr_aﬁiq* riE g
Wi Gz ARG L - B X RESE S FEPB I Rk
2ho Sd TGRS (S I = £ PEER I E RS Bk g

Bl RS E T B TR A ARl F R E IR AR =

WEE G HEA] 0 RIR GFE R IR AR L S sk SR S T Aot T f
S P ot RIS RNBRPE i B RIERILEE A 0 T b R R Y -
PRI R ETRESG VRO L FR Y o PP AR R R
fhe SEdE o @ FRRIR RO PE M)

Curry” B3t i 1 s2ag s s PR F ke 53 5 RAp S fr
- PR R URBOERAB RIS 0 Bkl d ¥ Ed
TR R IRz Al Vb um sk R - > a R

r o~z T %A 4 (3D CT scanning)
X RFAME - TERDE G LR LA HRE
I ER GRS T T == T8 FEL RN IR SOk
Fe A FF AR RS S B (Thd ) e Bl £ T RET P
B oo 0] fpde @A) = B o Ko BRG] LR FCT
PIERFEAR DL R FF o e FF L i@ 7 S HA n R g
2B o dor Speh L B o FIGEOY R G e Bl R R P
LA T 5] & B b (o S w# BT S &

2

%ﬂﬁﬁ)mm%@ﬁ%%ma%§%§:&“%%€%ﬂ$@im

-
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ST IS AL ER E N NERE S T LR Ve

* i |

HHD FE A o AP aofkend & 20t pEe 0 82 %
Pl R 2 ek enT T AR R T 2 R 0 1990 & 4
B b H*é\*”“‘@*‘r%#w#(conebeamCT)}F% AR E NN § () A
*RORGE g o i & - B 3DCT AP > ie ORI THR X b
fiil;sﬂ]f'é_%r’?’ﬁ H T 52— Cone beam CT #73k &f 4! et s 40 R 5 44
20 8- B (ThBVRAFF o HVREAN A I e RER

A=

SEAERE T R ¥4 RS 1 S UC i R S
TEROT A Y A R0 R (B X kR ) 2 enta|e s

{7 @I ek B bl4ed 2 W GE 2 7 974 2 «hLight speed 16
ﬂ,fapW#meemmCTﬁiﬁ@ﬂ$a$%ﬁ£4 Xk

LR R R - BTV ORE SR R R R R F o F AT
LR 5 hg B e (360 & /0.5 ) o Cone beam CT £ 3 #f #& 2 =% jp|
ik B B A ER PR s 50t B0 2 BBcdR Rl gk

8% e A AT o R B E - G R e

|k

._\

i,
BRZ B R d fHAaud* by @ b b pl A a5 Sen
AR A LRI IR R A LA S o g
beam CT v A2 @ 5 CT 5 { % cnifp2h> 2R iks > v @i 3D CT -
thig iz L BB o ol manin e | H R TR Hoee T 0 = BE 2R
g - IR EL r"’ﬁfx.ﬂ_#« g ERT 0 P X R N E R E
1= AT g (B EmMpF, = ad ’T@'\mvlo TR A 0 Bl &
2 %ﬁ%iiﬁﬂ%#?%ﬁf{?%i%?}; m Al Es p‘\%‘rﬁ‘g‘&,ﬁmg 2
H®EE NIARFL D BRI ) R

a“?&
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=R
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BE > 2 (stereophotogrammetry )
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B g 2 g X P ARER 4 7 R RERFRM R
foilag > FREF o3 F E BB SR LEY FP AR PR
(Q”%%B%ﬁ%ﬁp F e e e BB 2 X N IR A5 G
R ERR BRSO “ﬁ%J ﬁ%uﬁﬁ%i&ﬁﬁwU%#F@\

B HETREEY 0 REEHRE 0 U AR Y F
7wk ;é_i;’;#'l’ LN i) f’f/zf—«kﬂﬁ;a%# ¥R AR Bl
LRV BB R B RS E S o - HE T AeF
Fo ¥ - % R s ARIE RB D F BRIz B
Foripd B E KRR AR S Sl APPSR 2 i
T ot TR B EE  BRBEEEF LR R NERESR
g Sl DRSS Y IREL > £ A HOEE 38
£ BBt o gt e oy B R (2 iRl R RR D g 3R
) &5~ B o B A (Bdp b 415 B e gl iR ) > 52
FafAT R T B R A 0 R At - ﬂv&%ﬁu AT AP R e g
ﬁ°ﬁ%&ﬁﬁi@’$%%iﬁiwiﬁﬂ#%ﬁiﬁ@ﬂiﬁ%
¥ @B ot Pl ARG T e

Pk BB TORE B 0% SR B PRI R B ket
Lo S AAFENFS Z ar MEDRE L bldoo d gt

“ B9 FH2 Turing # 1 #7 & (T8 3 03D 21k 7 00 = 4
&'w%% SRR TIPS A A FRP R G 5 50ms 0 & &
Mo iR R Ao RIZ BH R TR G e M o R
g ii‘&? P ™ g s s o T 0.5mm R o

- A WEBRIE 2 DR R DA T e ALY
B en ko 1A Bkhip 3 T FendE ¢ CCDIBRS - Bl s k &
ERGIEE Rz agE kot 23 NV EE 8 5 CCD # R 8 se bt

‘—![F!
-
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o

Wt o T BAUR] S FRER L ALRER LR A I i ST (7 enfR <
ek MIEE G L BiRe R 198 (Nasion) & R Bz
R s X YT E %ﬁ%ﬁﬁ“ﬁ\%‘ﬁ’? 4 ORAL AR 6

e NI AR hip T MR Fene A g
Plo B fRAPFEIR LS RBz BRE P DX Y2 &
PR1sHE K ﬁ#ﬁg\uﬁ%”'@h@%ﬁf 0

b

R

\4

-
agi
l\w
E

ol

A~ Z fe )2 (3D facial morphometry)
TE - fE R Bk n R LSS 204 R B

BEZmF ok * A 5 CCDAp a4 adRe By RS * T "ot
RIS AR A e B B AR EE < g R iRe BLRE

??};%Eﬂ Tﬁ’gﬁ * g ‘%‘E; gtk ‘ﬁﬂa% / /r"gi' 7"57}#”‘
A R4 RIE B ReriEie Bh ) B D R o 2 Rt B A e g
HBRGPERS VLR L B2 A48 E Pz BHT

=~z Ak A (3D ultrasound scanning)

WH R F AR A DG HER TUT FEG - BE
Wi 475 > & % X AR F B0 AR B BEALF A B
PiohfFhidhieg-d i gd 2% 22 2 d vl
%ww’ﬁﬁmgﬁﬁ'm\@ﬁ@ “% ’,-*%Wﬁﬁﬁg
TR 6 Bk ST g %& AR AL € 14 BT * o Smith”
FEHHE %é% P8 2 BT B IRER 0 @
R TR (7 3 i
@ i

BIE DP o

\H
(3“
E
?

N~z g ¥ (3D laser scanning)
MR R E = 355 L R AARPS cbRET dho

i
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Btk SRS AR TR R o R H AR R A Gk ZER RS £ 9
VT W R RO R {oRdt B gk A § SR i R
2R -7 EHLR > BRAESFE &7 R oRIET B (G
FERTE Lyum)  BEHR 4 > BT USRI R FR 0 L ir g i Fa
RIS o B3 chd SRR S G kL E M o § i SR
To e FERTHBEOEIT L ERABZBRIT | AFELHEY §
FRRERER L P AERFEDIE 2T - 8¢5 {FE 7
M= g W4 e am it o
"EE - AT NI F SRRk M d L e
ERM NN AL 305 A AR R Lehde 4 > 5 ook suilg
BRE P M RE N BRE TG - AR ESDET R
PFEI PO FRAR oA IR SR -

3.2 = a7 sthEmeni 4

TR RS ERE Y 2 - o TR § S R
(Laser diode ) » 5 R B FE 4 e S {FRF o %ﬁd i R | N Y
& # 1% (Charge Coupled > CCD) #fB~F bf & > 1 #difc F & w
RenF S G R 27V @I B RE2 RS
B AR ehBEE R -
B (FAR R 40T "
(1) o 4o %3 iLims b o
(2) 2 ofLFFprs 15> F 341 CCD &LEf > & & e CCD S BB + o
(3) CCD B il e AT T B » #9045 & B ot gt
(4) PHpP gLz 3D ki -

FI* 227 HFRRET LR Brrhif flize 2 fe 2 oz
/E—F oo ATIE N 2 }% i a‘é%%ﬁﬁ%i‘ﬁl A2 vk B E
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3.3 Z A7 WiFRBIERIL

BT SRR RO & g - IV BT STREE R e
-V ESIF AR E & RFR R M T HPIERT L H
WE R PR AR F S TR S E - TR R
FEIRE L R R A e R E Rk T LR S e b TR
Hx - R g Rlabz = RZFARH AL - FRlb2 = aaiRe
oo WY REE - FR gz Mo Pon F SHBEER Y HRIET
h ot HEpE R R (Time of Flight > @ % = TOF) ~ 4p = £ £ ]
A REERE =2
(1) & 7% (TOF)

efaE (B 1-26) “ﬁ*iﬁﬁﬁ%ﬁﬁﬂiﬁﬂiﬂﬁﬁ”ﬁ oo RIL AT

HEF R EERE T AT MR TR PR S

e b AT IR RN o PR e Bl ek Btk B% RN 7
PR R R SR T SRR L KR D R SRR
SOFEHE o pth o T kPR PR TERITIE Y 7 B F T A err&E
BIERE > ViR Bk re-Ne T 5tV E X HA T 5 A R
ROFEHL > PIF Tk p s R RS Nd:YAG § 5 o AT SRR
GO R E - LA 23 2 L REEFFEIN T RTINS B
mmeRE£ o AR € XX g HRRPPE LT P pBEZ FEES
B BB A

==

i ® 1-26
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(2) Api=4 (B 1-27)
«f]'if TSR ST F R ek Bk g 2

2

B ehjp i 2 K F &

R4 cPpEdL o AT SRR S R L RRI BT v R G L2
iz i ¢ ¥ - local oscillator 2 4 3p#4f (Beat) % %5 > B 4p
AR E G RN SRR SRR g L A ¢ Bt B e
fed 204p s 2 B IEH o AT AR PURIEEE € 1 ORI E EEAR Y L

PEEgESF o AT Eme © i1 RF R (S/NF & S
BIE S 0 EE AR WERREE o P oW S fAREED 2 R ARIE

B BldrF ;Li‘,%:l;’* # oo

BN R AT

-;;E:'—'—-&A‘ EJI =4

\ [::::: B AP
.......... .<

Local oscillator

1
Single-frequency

master oscillator

Pulse

feE B & EHE

amplifier
Bl 1-27
(3)= & iplse( B 1-28)

FIARRIEER 7 A d R ILRT FRl LG 2 2 AT P E

-»u 15/?1#"’ "’t’ Jo,)ﬁzm‘&l?'%ﬁ_ 13;/?]*"’ Bl FE:* - %»' w Fﬁf{kfj’é\‘ F 3/1‘710

EEHREY S Cle BPI § FRIP B2 S0 s C20 4

Cl-C2 Berpegpe g =#H & De P mief@ > 2 ¥ * L RS
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MINOLTA VIVID 910 ¥+

Resolution and Range of Digitized Volumes (X, Y, Z where x is the horizontal
dimension of the focal plane, y isthe vertical axis, z is distance from the sensor,
units are millimeters), Field of View varies based on distance between VIVID and
scanned object.

near field (@ 0.6 m) far field max resolution (depth)

Tele Lens: || 111 x 84 x 40 mm ||460 x 350 x 130 mm (@ 2.5 m)|| 0.039 mm (0.0016")

Mid Lens: || 196 x 153 x 70 mm (|830 x 622 x 220 mm (@ 2.5 m)|| 0.068 mm (0.0026")

Wide Lens:|| 355 x 266 x 92 mm ||1200 x 903 x 400 mm (@ 2 m)| 0.090 mm (0.0035")

Non-contact 3-D LASER digitizer VIVID

Type
X 910

Measuring Method Triangulation light block method

Image surface Auto-Focus (contrast

Auto-Focus method _
method), active Auto-Focus

TELE: Focal distance f=25mm
MEDIUM: Focal distance f=14mm
WIDE: Focal distance f=8mm

Light-Receiving Lens
(Interchangeable)

Scan Range 0.6 to 2.5m (2m for WIDE)
Optimal 3D measurement Range 0.6to 1.2m
Class 2 (IEC 60825-1), "Eye safe" Class
Laser class
1 (FDA)
Laser Scan Method Galvanometer-driven rotating mirror
X Direction Input Range 111 to 463mm (TELE), 198 to 823
(Varies with the distance) (MIDDLE), 359 to 1196mm (WIDE)
Y Direction Input Range 83 to 347mm (TELE), 148 to 618
(Varies with the distance) (MIDDLE), 269 to 897mm (WIDE)
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Z Direction Input Range
(Varies with the distance)

40 to 500mm (TELE), 70 to 800
(MIDDLE), 110 to 750mm (WIDE)

Precision (Z,Typ.)

+- 0.008mm (Condition: FINE mode,
Konica Minolta's standard)

Accuracy

+- 0.008mm (Condition: FINE mode,
Konica Minolta's standard)

TELE X: +- 0.22mm, Y: +- 0.16mm,

Z: +- 0.10mm to the Z reference
plane (Conditions: TELE/FINE

mode, Konica Minolta's standard)

0.3 sec (FAST mode), 2.5 sec (FINE
mode), 0.5 sec (COLOR)

Input Time

0.3 sec (FAST mode), 2.5 sec (FINE
mode), 0.5 sec (COLOR)

Transfer Time to Host Computer

Approx. 1 sec (FAST mode), 1.5 sec
(FINE mode)

Ambient Lighting Condition

Office Environment, 500 lux or less

Imaging Element

3-D data: 1/3-inch frame transfer CCD
(340,000 pixels)
Color data: 3-D data is shared (color
separation by rotary filter).

Number of Output Pixels

3-D data: 307,000 (for FINE mode),
76,800 (for FAST mode)
Color data: 640 x 480 x 24 bits color
depth

Output Format

3-D data: Konica Minolta format & (STL,
DXF, OBJ, AXCII points, VRML)
(Converted to 3-D data by the Polygon
Editing Software/standard accessory
Color data: RGB 24-bit raster scan
data)

Recording Medium

Compact Flash memory card (128MB)

Date File Size

Total 3-D and color data capacity: 1.6MB
per data (for FAST mode), 3.6MB per
data (for FINE mode)

Viewfinder

5.7-inch LCD (320 x 240 pixels)

Output Interface

SCSI Il (DMA synchronous transfer)
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Commercial AC power 100 to 240V (50 to
Power 60Hz), rated current 0.6A (when
100Vac is input)

213 (W) x 413 (H) x 271 (D) mm

Dimensions (8-3/8 (W) x 16-1/4 (H) x 10-11/16 (D)
inches
Weight Approx. 11kg (25 Ibs)

temperature: 10 to 40 degrees C (50 to

104 degrees F); relative humidity 65%

or less with no condensation, Pollution
degree: 2, Installation category: Il

Operating Environment

-10 to 50 degrees C (14 to 122 degrees

Storage Temperature & Humidity F); relative humidity 85% or less (at 35
Range degrees C/95 degrees F) with no

condensation
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