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OrthoStudio Maestro, Italy), ClinCheck (Align Technology, USA), Autolign (Diorco,
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21t} (Hou et al., 2020).

oA Ao Agns ARAEs A 2AaE Agst Aok F(tooth
segmentation) o]t & IO 7] GAlA e F7F B olF B EA
Aot wid, A AF & AA A W A5 Aol S mAH, Ao di
Ao A=des AstAd = A V€Y FE Ao ®
segmentation) < =< SHLEE Q78 #}] Algre] Aw, ZAAAZE HAL
A7z A 7Eu. 53] Aote e F-etA thekd, A3 H|op Ato]d] R F g

=

A, 4 Aob el R HAFKH o A Aop BdE ofHA w

Kl
o,

S
o
2,

9|{_5
uiss

o
X
o

2
g

i)

oo Y



=
K
o
rO
jale
oy
o
ko
rO
o
il
.
ofo
2
kv
o
o
i
rlo
<L
X
i
[y
Az
ofr
ol
~
1o
o
rlt
®
L
~
T
T
1o

of thet AR yAE AGAA FLAH FHMD width)o] AAHTE ZHA
=4 ¥ = ko] H ¥t (Gonzalez Guzman & Teramoto Ohara, 2019). HE3h
gxg A 2Ee] Xde = (arch perimeter) 7} Aa 28] ARt FA

7

=45 AFo] o (Im et al, 2014), UxE Zdeor FH3 FAFo] Y1
2ERg d#9EHA A JehdtE 2% v (Yoon et al., 2018). tjxd Felo]
Aa mEel vls) AS JFEeA AolE BY F QlFo] HusHn F A 3k v
AR HAeAdE AFHAd(Fleming et al., 2011). °]g3d FEAES fxH
St NA ] AZ 74 a W A 3o AR IAsH, gAd AYds &8
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A 4 F8AS Bl wdYdtt. Onxceph® OneOrthos Xof s A7 4 H3F
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TE3FG 21| Autoligne #Ewla 7)HE £& Wkl (Landmark—based Segmentation,



LS) & AFg3le] LSE FEELE ol AXEol= AMEAZRE JF8 489S
STstEE VEAoxEys N s ®BE o sidelA N, FHE EdelA =
gPA o2  ‘RF 2o} E&(automatic tooth segmentation)’ =& EF3}=
o] (Im et al., 2022) & AFAE o]& WrYPsto] 7]=3sk3ltt.

 ATe 7 AZEOY 8 AEE, 429 ARE 294 FHMD width),
Bolton H]& (Bolton ratio), *7] ®W¥ #3%X(initial alignment accuracy)E

A BAe Fastel, tAd Aok 22 wAd mE UA9 muel

FTHoR A Y
Aegrel 84 Audor Hrlstux sk B Ao AR JMELS “A7HA
A4 CAD A2ZE o] (DS1, DS2, LS) 3+ & MFE, ~2Q A7, 294 =73,

Bolton H]&, 7] #jd F&&=e] SAHCZ 728 o7t vk’ Aol
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FHIY A5 e fgA" Ao RHA(BD A HoH) S thdorE FIFHOo=E
A#ysilom, F 1642 Aot 9 stet Alo|A(F 3078 R 7F 2HUAT. BEE
32=  Trios 2719 (3Shape, Denmark) & ©o]&3 +74 W yAd A4S

selom, Z4 AolAe U 7k AdE CAD £ZEJolE 3 Ao &=

2.1.1. 3+ 7]1% (Inclusion criteria)
7H Al 2 oA 7F WMES vk 14 Al o1 A AR b
) Ao W x]2ef Aslo] gli= yAY o} 2E

o wEA Wy AR g @A)
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2h) ¥} A (supernumerary tooth) 7} &= kAt
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B oo E d 7HA AYE CAD AZEY OIS ALgdto] gAY o}
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mde) Ao} BF WAL Brekdrh 2 £xEsold JEd A4 B4 D Fo
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542 Table 19 Q9F8tgitt. A +&7+9 3 742 orientation, set point,

segmentation?] A ©AZ FAE Qlom JITEZ = Figure 19 #| A8l

F Ao} &+ (MS: Manual Tooth Segmentation): OrthoAnalyzer

4

v1.11.2.0 (3Shape, Denmark). $d% X7 FA7F 2+ X o} mesial 2

distal 7|+4& F%5o=2 AAsn, FAS A4 BHAsIY] 5 £ nd=z

A=t
AE Ao} Lo

@O DS1(Tooth Designation and Segmentation — type 1): Onyxceph

v3.2.65.71 (Image Instruments, Germany). =727 (center point) =
AAshE o] & 7|Ntow AE o7 o} Firo] o] FolA= W
@ DS2(Tooth Designation and Segmentation —type 2): OneOrtho v1.0.0.7

(Osstem Implant, Korea). DS1% %<d3s}A =44 (center point) <
7)E0 7 o} Hdto] La)E]i= HlA
@ LS(Landmark—based Segmentation): Autolign v1.6.5.6 (Diorco,

Korea). mesial ¥ distal pointE %22 A st =& st W2

HEX2 Windows 10 Pro 648 E 9 A A, Intel Core i7—9700 Z=Z A4 (3.00
GHz), 16 GB DDR4 WX 2], NVIDIA GeForce RTX 2060 GPU(6 GB VRAM) &
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Table 1. Classification of tooth segmentation methods by software

fi
Software Software Manufacturer Segmentation Method
Group
MS OrthoAnalyzer 3Shape, Denmark Manual segmentation
DS1 Onyxceph Image Instruments, Germany ~ Center point segmentation
DS2 OneOrtho Osstem Implant, Korea Center point segmentation
LS Autolign Diorco, Korea MD point segmentation

Note. MD = Mesial-Distal

Set pOint

Figure 1. Tooth segmentation workflows of DS1, DS2, and LS. Each row (top to bottom)
shows the software’s three-step process: orientation, set point, and segmentation.
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B e o) X FEo e AZEY] 7t

A vl EAs FYsith
D g 4FE
Abg Aop #ao] Ay ofte te FUHA Vs BT wSshes AeE
g 2l &kt

Figure 2. Examples of segmentation errors in digital tooth models.
(A) Deviation of the segmentation line from the gingival-cervical margin.
(B) Deficiency segmentation on the occlusal surface of a posterior tooth.



9 AAE sk ol L% ARE

= =
= @92 SAsgu. EBelME Fd 22 AARE T AR

rj@,
o>
NI Y
ox,
=
o
4
=
_0|L
2
&
%
ol
e
o,
pa)
flo
~
N
>
(0
o
s
i
Hr

4) Bolton B]&
ZESojo A At A FAH s viE o=, Aoty ket xof9]

E
%4 AT ARG F AAF 2L A4 Aoke] thel T FAL ALgstol

Sum of mandibular 6

Jnteri tio (%) = x 100
nterior ratio (%) Sum of maxillary 6

Sum of mandibular 12
x 100

0 ll ratio (%) =
verallratio (%) Sum of maxillary 12



7} A2 EYo]Y 2% wld Y]S5 (arch line generation) & E3 A& 3
ofe] vjd S Fas & Little’ s Irregularity IndexZ #£3}o] o} Ad

FEiel EatHAEE dZH R ekl (Little, 1975) (Figure 3).

Figure 3. Little’s Irregularity Index.

A-E represent the linear distances between the contact points of adjacent anterior teeth,
which are measured as the red lines in the figure. The index is calculated by summing
these values to represent the amount of anterior irregularity: Irregularity index =A + B +
C+D+E.



dole 4 Wy 2 A Az

E AT B4 A& [BM SPSS Statistics (Version 29.0; IBM Corp., Armonk,
NY, USA) & Abgste] Fasdtt. A7 tid#te] 5S4 wieel WEs, Fd 4
E=HAE ol &5t V)= sl

Aob AE S AEEIN s 2 L8 e
7} Kruskal-Wallis H #4& &8 E4alon, A4 F2% 2o)7t 9l
¥ Bonferroni ®74-& &3 A% Wilcoxon signed—rank A4S AAI&F3AT}

= -
Aopy 294 ZFS 7 Aote| dsl Friedman 43S AWy, fol

oﬁ, N

E
MEE AT FE LEEMS) A Al A AE R sxegel 79 53

YA E= Bland—Altman w4& S8 G7bsksion, Asfel Hof Zzhe] te)

Alo] e dial ®EE A4S AAlsta, AAE v O R Intraclass Correction
Coefficient (ICC) & AFE3F3ATh.

Bolton B]&2 AAFe} AA Aofe] tfs] 2k AZE oS SA¢s 7|Wew
AL AL, Friedman A% I53F b #olE vlustglah, 7] wid Hg e
7y AT EY o] A% Hld 7|5Oo®E AFEHE Irregularity Index FS uwiEo®
detat ket ® uro]l Friedman HACE AT Ee A A lA

o) FFE p<0.052 AT

10



AT A3

3.1. 97 FARe] d¥ty E4
2 ATl A2 FA7EA] WES T 144 o] #FAF F 157 o] oIttt
o] T o442 13H86.7%) oE P 2% (13.3%) Xt Wtk oidAke] Lt
AFE 23.941(SD = 11.DReH, Adx HAE= 1544 5941t et Q9
H DT do] B%3}(arch length discrepancy, ALD)= —2.6 mm (SD = 1.2),

y

ok

stere —3.3 mm(SD = 1.1)E, Ahstel 2 FoA 7+ = (crowding) 9]

Tz Sl ot

Aop AHE BT HFES Al AZE 1 FAHCE f
(p < 0.001). 2zt AZE{ojol Ao} #£& Ax}E A4, U, wdelA
EAISEA T (Figure 4).

DS19 A AFTES 98.3%(SD = 3.3)2 7F¢ %41, DS2+= 97.4%(SD =
3.20% I HE otk F A2ZEd ] ol BAHOR {3 o7t YEREA
ATk (p = 1.000). WHA, LSE H+ 73.6%(SD = 8.5)2 W2 T ES Ho,
DS1(p < 0.001) ¥ DS2(p < 0.001)HT} FolhA w& Zo=z FAHQr].
A2y AUz 242 DS1(89.0-100.0), DS2(93.0-100.0), LS( 9
et oH, LSy ZsdHAE 7 A AZEe] 3k AFES d@d Sde
ZFo] = HITtH(Table 2).

(@]
)—A
O
OO
=)
~
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Figure 4. Segmentation results from each software.

(A)DS1 (B) DS2 (C) LS

Each figure shows segmentation results for anterior and posterior teeth. The top row
presents an incisor, and the bottom row presents a molar.

From left to right, the three views are: front view (facial), side view (proximal), and top
view (occlusal).
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Table 2. Success rate of tooth segmentation by software (Unit: %)

Software Mean + SD Min Max Post-hoc comparison
DSI 98.3+33 89.0 100.0 DS1 vs DS2: p=1.000 (ns)
DS2 97.4+33 93.0 100.0 DS1 vs LS: p <0.001*

LS 73.6+3.3 61.0 89.0 DS2 vs LS: p <0.001*

Note. Kruskal-Wallis test showed a significant difference in success rate across the three
software groups, ¥*(2) = 32.079, p < 0.001. Bonferroni-adjusted Wilcoxon signed-rank test
was used for post-hoc pairwise comparisons.

* significance at the 0.05 level.

SD = standard deviation.

3.3. & &8 Azt

0

O

U & Ege] 7b Aot 3 stof Bl AAE AT E@stE d AW AR
EAAOR §9% xo]2 HATH(p < 0.001). DS1¢] Hi #3 A7+ 35.9%(SD
4.00%2 7FF ko, DS2+ 62.0%(SD = 20.0), LS 73.5%(SD = 8.6) %
ZAEUL S B MSE H 704.8%(SD = 62.00% 7FF 71 B3 AIHS
Bl

Bonferroni RS A& A% #4 Ay, MSE BE As3t AXEQoRY
FHA 7 22 AFE B (p < .001), DS1S LS(p < 0.001) % MS(p <
0.00D) Bt} Fo kA Zgkoh =3, LSE MSHU o3 &2 AIe BwAt(p =
0.047). DS1#} DS2%k(p = 0.052), DS2¢} LSZH(p = 0.468) = TAIH 2 {2
zfo] 7k gl Tk (Table 3).

DS¢t LSE DSI1HT Hi & Algke] AA Yeigtew, 53] DS2&

ok



Table 3. Comparison of tooth segmentation time by software (Unit: sec)

Software Mean + SD Min Max Post-hoc comparison

MS 704.8 £62.0 610 890 vs All Others: p <0.001+
vs LS: p <0.0017

DSI1 359+4.0 31 48
vs MS: p <0.0017

DS2 62.0£20.0 45 125 -
vs DS1: p <0.001

L S+8. 4

S 73:5£86 6 95 vs MS: p =0.047*

Note. Kruskal-Wallis test showed a significant difference in segmentation time across the
four software groups, ¥*(3) =52.757, p < 0.001. Bonferroni-adjusted Wilcoxon signed-rank
test was used for post-hoc pairwise comparisons.
* significance at the 0.05 level.
1 significance at the 0.01 level.

SD = standard deviation; sec = seconds.
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3.4. <24 &7
3.4.1. Xopd Hlm

Ul 7kA] 22 EQ o] (MS, DS1, DS2, LS)E % Aot (Ul1-U7) ¥ skt (L1-
L7) Aotol 494 73S ®BAsIow Hag, EFAAN W p-value:
Wilcoxon signed—rank A4 & &3l 2= Itk (Table 4, Table 5).

DS2%} LSE &S Holex MS i 29N ZHS I SAse

o,
ot
o
4

%

e oH (p < 0.05), °o1¥d Aol FE ATA L diFH A FE A
vhebstth A0 Aol ol Apolrh SAFAA R, AZE O] IF 4 gk
pol7h g o Aotk ol 7FA AZEYC Y 294 =7 =4 % box
ploto 2 Alzts}l sto] Htgkat HelE &4 AAslth(Figure 5). 53] DS29}
LSt oo Xotell Al BFtgho] = Uebhbe A o] F313)

F7FE, 7 AT Ee]d wHE A didt AddS e 4y, RE
ZR2IRA F2 FEY dAEE vEbdllth H4t ICCE DS10.938, DS2 0.951,
LS 0.9630%, Al AXEY
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Table 4. Mesiodistal widths of maxillary teeth (U1-U7) by software (Unit: mm)

Tooth Software Mean+SD  Min—Max ¥(df) p-value Post h.oc
comparison
Ul MS 8.46 +£0.47 7.92-9.38  31.403) <0.001* MS<DS2
DS1 8.49+£ 047 7.95-9.30 >DS1=LS
DS2 8.74 £0.50 8.15-9.65
LS 8.76 £0.49 8.14-9.68
U2 MS 6.94 +0.50 5.61-7.63 31.48(3) <0.001* MS<DS2
DSI 6.99 +0.48 5.80-7.85 >DS1<LS
DS2 7.17£0.44 6.25-8.15
LS 7.30 £0.45 6.25-8.22
U3 MS 7.95+0.37 7.46-8.69  36.22(3) <0.001* MS<DS2
DS1 7.82+0.37 7.25-8.50 =LS>DS1
DS2 8.16 £0.36 7.60-8.60
LS 8.18 £0.40 7.90-8.85
U4 MS 7.45+0.36 6.86-8.11 29.64(3) <0.001* MS<DS2
DSI 7.24 £0.40 6.80-8.10 >DSI1 <LS
DS2 7.71 £0.34 7.30-8.30
LS 7.63 £0.38 7.14-8.26
us MS 6.83 £0.43 6.02-7.92  32.88(3) <0.001* MS<DS2
DS1 6.68 +0.42 6.10-7.25 >DS1=LS
DS2 7.18 +0.37 6.60-8.05
LS 7.18 £0.38 6.73-8.10
U6 MS 10.45+0.57 9.66-11.83  34.17(3) <0.001* MS<DS2
DS1 10.52+0.49 9.85-11.95 =LS>DSI
DS2 11.11£0.60 10.05-12.40
LS 11.11£0.52  10.28-12.25
U7 MS 9.89+0.40 9.26-10.96  25.65(3) <0.001* MS<DS2
DS1 9.58+0.43  9.05-10.60 >DS1<LS
DS2 10.45+0.46 9.60-11.60
LS 10.16+0.42  9.57-10.94

Note. Friedman test indicated significant differences in mesiodistal width among the four
software groups for each tooth. Bonferroni-adjusted Wilcoxon signed-rank test was used

for post-hoc pairwise comparisons. Post-hoc comparisons summarize statistically
significant pairwise differences using symbolic notation (e.g., MS < DS2 = LS > DS1).
* significance at the 0.05 level.
Tooth abbreviations: U1, upper central incisor; U2, upper lateral incisor; U3, upper canine;
U4-US, upper premolars; U6—U7, upper molars.
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Table 5. Mesiodistal widths of mandibular teeth (L1-L7) by software (Unit: mm)

Tooth Software Mean+=SD  Min-Max ¥(df) p-value Post h.oc
comparison
L1 MS 5.40+0.37 4.86-6.05  23.94(3) <0.001* MS<DS2
DS1 541+0.34 4.90-6.00 =LS>DS1
DS2 5.56+0.29 5.15-6.20
LS 5.60+0.29 5.24-6.17
L2 MS 6.09 +0.40 521-6.75  25.18(3) <0.001* MS<DS2
DSI 6.11 +£0.37 5.25-6.80 >DS1=LS
DS2 6.18 +£0.33 5.35-6.65
LS 6.34+0.34 5.62-6.94
L3 MS 6.77+£0.32 5.90-7.27  35.093) <0.001* MS<DS2
DS1 6.83 £0.30 6.15-7.45 =LS>DS1
DS2 7.07+0.32 6.50-7.55
LS 7.20+0.25 6.87-7.78
L4 MS 7.35+0.32 6.85-7.80  33.80(3) <0.001* MS<DS2
DSI 7.34+0.37 6.95-8.10 =LS>DSI
DS2 7.60 +0.34 7.20-8.30
LS 7.53 +£0.35 7.20-8.24
L5 MS 7.17+£0.42 6.57-7.77  28.50(3) <0.001* MS<DS2
DS1 7.25+0.29 6.85-7.50 >DS1=LS
DS2 7.61+0.30 7.10-8.00
LS 7.51+0.36 7.02-7.89
L6 MS 11.01+0.56  9.90-11.57 29.75(3) <0.001* MS<DS2
DS1 11.19+0.52 10.20-11.95 =LS>DSI
DS2 11.52+0.48 10.95-12.40
LS 11.45+0.48 10.97-12.31
L7 MS 10.39+0.60 9.83-11.47 2491(3) <0.001* MS<DS2
DS1 10.60+£0.57 9.05-11.55 >DS1<LS
DS2 11.03+0.62 9.60-11.95
LS 10.66 £0.58 9.57-11.70

Note. Friedman test indicated significant differences in mesiodistal width among the four

software groups for each tooth. Bonferroni-adjusted Wilcoxon signed-rank test was used

for post-hoc pairwise comparisons. Post-hoc comparisons summarize statistically
significant pairwise differences using symbolic notation (e.g., MS < DS2 = LS > DS1).

* significance at the 0.05 level.
Tooth abbreviations: upper molars; L1, lower central incisor; L2, lower lateral incisor; L3,

lower canine; L4-L5, lower premolars; L6—L7, lower molars.
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Figure 5. Comparison of mesiodistal width by tooth and software.

(A) Maxillary teeth (U1-U7) (B) Mandibular teeth (L1-L7)

Boxplots represent distribution of measurements per tooth. Outliers are shown as separate
points and do not imply statistical significance.
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SA%S BYorn FEIL FTAA FHo nE2A FESYH(Figure 6A). =&
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Figure 6. Bland-Altman plot comparing MS with each automatic tooth segmentation
software.

(A) MS vs DS1: Mean difference =—0.01 mm, LoA = [-0.44, 0.42] mm

(B) MS vs DS2: Mean difference = +0.35 mm, LoA =[-0.19, 0.90] mm

(C) MS vs LS: Mean difference = +0.32 mm, LoA =[-0.19, 0.82] mm

Each plot presents the agreement between the MS and the target software in terms of
mesiodistal width measurements. The X-axis represents the mean of the two methods, and
the Y-axis shows their difference (automatic tooth segmentation software — MS). Colored
dots indicate individual teeth (Tooth #1-—#7). Dashed lines represent the mean difference
(black), upper LoA (+1.96 SD, red), and lower LoA (—1.96 SD, blue).

3.5. Bolton B]&

7h A Eolea] F3E ot A A FAFS wHgoRE AAF A4Y
(Table 6) 2 WA <A (Table 7)ol thdt Bolton H]&S A& A H v &2
MS(78.18 £ 1.97%)Z 7]%°% DSI1 78.73 £ 1.63%, DS2 78.17 + 1.97%, LS
79.04 * 1.72%% ZH =3t} Friedman A% A3, o LAZEo] 7o AXH
H & Aol FAIA R FelskA] ektrh(p = 0.989).

A wl& w3 MS 91.08 £ 1.35%, DS1 92.43 * 8%, DS2 90.95 =*
1.58%, LS 90.98 £ 1.28%% uetstom, o] HE3t FAHCR {Fodt zol=
Gl A kSktH(p = 0.948).

shAINE RGO R 7t AXESO|S] Aot AF Ao wE i W3
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Wi Lot
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O

DS28} LS Z-ste Aoks B MSEO AA S48t dA| vl&2 5 2223

§AFel 4%02 2959 Table 7).
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Table 6. Anterior Bolton ratios and tooth size sums by software
Measurement MS DS1 DS2 LS p-value

Anterior ratio (%) 78.18+1.38 7873+1.63 78.17+197 79.04+1.72 =0.989(ns)

Maxillary sum
(U1-U3, mm)
Mandibular sum
(L1-L3, mm)

46.72+2.17 46.61+224 48.14+2.19 4847+223 —

36.52+1.82 36.69+1.71 37.61+148 3829+133 —

Table 7. Overall Bolton ratios and tooth size sums by software
Measurement MS DS1 DS2 LS p-value

Overall ratio (%) 91084135  9243+148  9095+158 9098+128 =098 (ns)

Maxillary sum
(U1-U6, mm)
Mandibularsum o) 5. 335 §304+320 91062294  9125+324
(L1-L6, mm)
Note. Friedman test revealed no statistically significant differences among the software
groups for both anterior and overall Bolton ratios (p > 0.05). Statistical tests were not
conducted for component sums. All values are presented as mean + standard deviation.

9617+351 9549+384 100.15+£3.56 10030+3.61 —
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Table 8. Comparison of Irregularity Index by arch and software (Unit: mm)
Mx Mn

Software (Mean £SD)  (Mean = SD) rMx) pMx) »¥*Mn) pMMn)
MS 0.68 +1.30 0.52+1.38 1403  =0.003*  18.16  <0.001*
DSI 3.06 £2.66 2.85+1.65
DS2 6.02 +2.46 4.08 £1.66

LS 4.63 +£3.46 481 +1.99

Note. The Irregularity Index represents the degree of anterior alignment irregularity for
each arch. All values are presented as mean + standard deviation. The Friedman test was
used to evaluate differences among software programs. Bonferroni-adjusted Wilcoxon
signed-rank test was used for post-hoc pairwise comparisons where significant differences
were found.

* significance at the 0.05 level.

Abbreviations: Mx = Maxillary teeth (U1-U7); Mn = Mandibular teeth (L1-L7).

24



B oA3E A 7 AYE CAD A2ZE9 o (DS1, DS2, LS)E &g3to] x4
Ao AE o B wld AyE AFHo=w Hrlsta, FF

2EEMS)F vlmste] AFH AxEgole] ok B WAR W 75 Y

Bt 35.9 & 7HE #gen, DS2(62.0 ), LS(73.5 %) w22 AA el
o2t ztol= AT EOE £ WA o] Aol Z]Qlgh 1o Holm, DSI 2 A4
714k (edge—based) £3 W22 A}E3)] vlwZ wWET w9adt A4 AdAo] Jbsdd
wtE DS2 9F LS = FE 7]¥F(curvature flow) €152 Ed Xof JIFS
AHstA AdstEE A2l Algre] dojA= AT B 53] LS & &4 Ao}
a7 e 7S FEoE AAser R A w8 FHA Azte] M

wol 2wl

1
;

=

494 =7 v Ay, DS2 ¢ LS & R oM MS Hu A7
SS9, 53] stof A (L6, L7) A 1 #ol7F F= gt Wb, DS1 2
AvbA o w MS ¢ fAREE s Ko AdiAow ggetn e AFgFS JEillth
olggt AFE FE ATAG diTFAeA FEEA dERd b, AARAE
AZESOFE FAg Aoyt AdiFom Agth fASH, #HTE ATOlAE AL
Z1ak AE Ko} R wrae] % whAmT Xof AV o A SHsE Ao

BuE v ok (Yu et al., 2023). o]g3t xfo]i= AXEYoH A whalo
zpole]  7]Qst Aow Atk LS = xof B3I o]de] AEAF X

EN
i

o
o

=4
landmark £ 7]HWFe® XA E mesial—distal point & 7§l 2 AL s}
- (contact point) & F&3tAl AAs7] AH: H5

&
r= P =4=" ¢ 9tk Wbd DS1 ¥ DS2 & Xop ®I} Z

o,
1 b
oty
5
@]
=
8
=N
N
aQ
o
@]
2
i,
td
i)
X
=2
>
ry
o,
febas
1
o,
o
e
e
ol
ok,
il
2
i)
N
2
X
e

25
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ABSTRACT

The Accuracy and Efficiency of Digital Dental Model Analysis
According to Automatic Tooth Segmentation Methods

This study evaluated the accuracy and efficiency of digital setups for orthodontic
diagnosis and treatment planning by comparing the digital tooth model analysis and
automatic tooth alignment accuracy according to the automatic tooth segmentation
methods of three commercial CAD software programs (Onyxceph [DS1], OneOrtho [DS2],
and Autolign [LS]). A total of 15 pairs of maxillary and mandibular digital tooth models
from clear aligner patients were analyzed to compare and evaluate segmentation success
rate, segmentation time, mesiodistal width, Bolton ratio, and initial alignment accuracy
with a manual segmentation group (MS).

The analysis showed that DS1 demonstrated a high segmentation success rate (98.3%)
and the shortest segmentation time (35.9 seconds), indicating high efficiency and accuracy,
and yielded mesiodistal width measurements comparable to the manual reference group.
DS2 also showed a high segmentation success rate but exhibited overestimation in
measurements for some teeth and large variability in processing time. LS presented the
lowest segmentation success rate and the longest processing time among the three software
programs, with a tendency to overestimate measurements for certain teeth. While there
were no statistically significant differences in the Bolton ratios among the software
programs, DS1 demonstrated the lowest Irregularity Index in the initial alignment accuracy
analysis, indicating relatively higher alignment accuracy.

These results indicate that automatic tooth segmentation functions directly impact the
diagnostic and alignment processes within digital setups, underscoring the importance of
understanding and utilizing the algorithmic structures and characteristics of each software

in clinical applications. This study confirmed the clinical applicability of automatic tooth
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segmentation and alignment functions and may contribute to expanding the clinical
reliability and utility of automatic tooth segmentation technologies through future studies

involving various clinical conditions and complex cases.

Key words: automatic tooth segmentation, digital tooth model analysis, digital setup, CAD
software, segmentation success rate, segmentation time, mesiodistal width, Bolton ratio,

alignment accuracy
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