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— Abstract

The purpose of this study was to provide clinical recommendations for restoration with selection of the most similar
zirconia crown by 3-dimensional analysis of the shape of the maxillary primary central and lateral incisors in Korean
individuals and prefabricated zirconia crowns.

The average shape of the sound maxillary primary central and lateral incisors in 300 children was reproduced by
3-dimensional scanning. Zirconia crowns of 4 manufacturers (NuSmile ZR® Crown, Cheng Crowns®, Kinder Krowns®,
and EZ Pedo® Crown) were scanned 3-dimensionally, and coordinates for comparison of the shape were measured to
evaluate the similarity between the teeth and crowns. The most similar crowns were selected by comparing the mesio-
distal length, crown height, crown shape ratio, distance between the same coordinates of a tooth and crown, the radius
of curvature of the labial surface, and the volume.

As a result of analysis, Cheng Crowns® size 3 and NuSmile ZR® Crown size 2 were the most similar crowns in the
maxillary primary central and lateral incisors, respectively. Scanning the inner surface of the crowns and evaluating
the amount of tooth reduction required suggested that an overall lesser amount of tooth reduction compared to that
presented by the manufacturer's guidelines should be performed.

Key words : Primary anterior zirconia crowns, Korean tooth models, 3-dimensional scanning, Amount of tooth reduction
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Table 1. Prefabricated primary anterior zirconia crowns used in
this study

Crown Manufacturer Size
NuSmile ZR® Crown O”L‘gg;gtx I:)f::ﬂ‘s’f\ies' 1,23
Cheng Cowns” s o, Extong, Ush %3
o DS
£7 Pedo® Crown EZ-Pedo, Inc., El Dorado Hills, 123

Calif, USA

A. Tooth sample preparation
: Sound maxillary primary
central & lateral incisors

B. 3D scanning & transfer to
Geomagic® design™ X program

=

D. Measurement

- Mesio-distal length

- Incisal edge-cervical length
- Crown shape ratio

C. Scanning of outer surface
of zirconia crown

E. Choice of the most suitable size
of crown for each manufacturer

J

F. Measurement

- Mesio-distal length

- Incisal edge-cervical length

- Crown shape ratio

- Distance between same coordinate
of tooth and zirconia crown

- Radius of curvature

- Volume

H. Scanning of the inner surface
of choosed zirconia crowns

G. Choice of the most similar crown
for maxillary primary central and
lateral incisor

LA of amount of maxillary
primary central and lateral incisors
for setting the crown

Fig. 1. Schematic illustration of the experimental procedure.
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Table 2. Reference points, vector and planes of natural primary
teeth

Reference Definition
LP middle Thg mldpom’F of the most prominent
region of labial and palatal surfaces
Point Incisor middle  The midpoint of incisor line
S The midpoint of LP middle and Inci-
Origin point

sor middle

The line connecting LP middle and

vector Origin vector Incisor middle points

The mesially farthest plane parallel

MDO o
to origin vector

MDS Th.e .distally farthest plane parallel to
origin vector

Plane .
. The incisally farthest plane perpen-

AxisO . -
dicular to origin vector

Ais8 The cervically farthest plane perpen-

dicular to origin vector

Axis 8

Axis 0

MD8 LR RN ] MDO

Fig. 2. Reference points, vector, planes of natural primary teeth. (A) Origin point and vector, (B) Reference planes.
Origin point means a midpoint of a line connecting of LP middle and Incisor middle points and origin vector is a connect-
ing axis of LP middle and Incisor middle points. A total of 18 reference planes were constructed from mesial surface to distal

surface and from incisal edge to cervical margin.

MD#AX#L or P

Labial surface

Palatal surface

Fig. 3. Coordinates of labial and palatal surface of maxillary primary central and lateral teeth. (Designation method of coordi-

nate . NO~(MD pIane)NO-(Axis plane)surface(L or P))
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HE|, 200 DR, 12|17 HELS H @I AEXHoz 7} Table 3. Assess.ment. criteria for similarity between primary ante-
rior teeth and zirconia crown

ZH QAFSH X|2AL|0F A2te 2 AM™SIQCHFIg. 4). o] O, A2t

of MA|HOl 372 ANMAIL 2YAl 20|, MTHH - X| AL} Similarity criteria Weight
x|°| Zo|, Xz HEh B8S 22 25%0 Jby 2 JpEHE, of  Mesiodistallength %
oo| BNl SEjZ 2Nt 22 FHEO|A X|Otet 32+ Incisal edge-cervical length 25

Crown shape ratio

HE| W =Mo| FE2 10%2| 7tEX|E, OtX|U2 2 H| X2 5% ; o

1el % | =8 o2l ZFSXIE, OHX] i ’ (Labio-palatal length / Mesio-distal length) 25

o Jb=X|Z2 =] ZF K RAIEZ QALSE & eSh) ) .

o ZFEAIE T A MZAEZ RARE M2 1004 4377 Distance between same coordinate of tooth and 10

x| Sooto KF $S 7o) H RASH XI2AL0F 22k zirconia crown

S AM™MEIACE SAIEES Il g2 9 7EK|= Table 30 Radius of curvature of labial surface 10

7| =SSt Volume 5

Labio"- palatal
length

Incisal edge -

cervical length ‘ Mesio - distal
Mesio - distal ‘ length

length

Fig. 4. Assessment criteria for similarity between primary anterior teeth and zirconia crown. (A) Mesio - distal length, (B) In-
cisal edge - cervical length, (C) Crown shape ratio (Labio - palatal length / Mesio - distal length), (D) Distance between same
coordinate of tooth and zirconia crown, (E) Radius of curvature, (F) Volume.
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Table 4. Measurement data of the mean maxillary primary central and lateral incisors in this study

Criteria

Tooth Mesio-distal length (mm) Incisal edge-cervical length (mm) Crown shape ratio
Central tooth 6.530 + 0.286 5.320 + 0.558 0.7492 + 0.0423
Lateral tooth 5325 + 0.221 4722 + 0.564 0.8854 + 0.0383

o Radius of curvature of labial surface (mm)
Criteria . .
Tooth Horizontal Vertical
Mesial Middle Distal Total Incisal Middle Cervical Total
Central tooth 4328 6.781 4.242 5117 7.500 11.282 7.775 8.852
Lateral tooth 2.767 4442 4196 3.802 6.988 18.902 11.576 1249

Values are mean + standard deviation.

0|2 EO0|= X|2ZL|0} 32+2- NuSmile ZR® Crowne 2,
P Cheng Crowns®2 3#, Kinder Krowns®2 3, 112|101 EZ Pedo®
Crown2 30| ULt &t FSEX[Q| EHAHMM X|Z 27|
o Bx Z0[et 71y Al Z20|§ E0|= X[2ZA L0 HEt2
© NuSmile ZR® Crown2 2, Cheng Crowns®2 3H, Kinder
Krowns®2 38, 2|1 EZ Pedo® CrownS 3HO|Q o0 Aot
FEEX|] BHAHONM XFENK 2 ZO|2t 7Y AR Z
0|2 0| X|Z3L|0} 32122 NuSmile ZR® Crowne 2t
Cheng Crowns®2 3, Kinder Krowns®2 38, 12| 1 EZ Pedo®

Crowng 3H0|9iC}. OtX[Bto 2 *|2 Hef B2 2 Hl@3t 21

6.530 mm

Fig. 6. Mean shape of maxillary primary central and lateral 2 MZ=AFE 2 X|23L0F 2k 37(0f BA Lol A2l 2
incisors in this study. (A) Maxillary primary central incisor, (B) X2 HEf HE8 20| EMg|QICt oA 22A Zo|, A
Maxillary primary lateral incisor. of - X|ZENIX|o| 20|, kB HE| H|ES J|F02 Zt H&

24
2E JtE FARS 7|8 E0|= X[2EZL[0F 222 &Y
ZHK|o| Z2 NuSmile ZR® Crown& 14, Cheng Crowns®&

B, Kinder Krowns®2 28, 12|11 EZ Pedo® Crown2 2H 0|

3. 4% REEX] FEEX|A 4 M=AE X|2ZA L0} o Ao REXHKO AL NuSmile ZR® Crown2 2, Cheng
A0 FER Hjw Crowns®2 3H, Kinder Krowns®2 38, 12|11 EZ Pedo® Crown
S 3H0|Q{Ct 0] Iff, NuSmile ZR® Crown2| A Aot 9=
1) 4o RFEX|, REEXA 7t |ARRH 2 HZALE X2 X|o| 2@l ZOIQ 7t RAMSH A7|= 19, HEHA - XY E&
AL|0} A2h22| A7| MEH T}X|Q] Z0]& NuSmile ZR® Crown 2HHO|C}. |2t HEf H|29
ot RFEA, FEEAX 4 MxAE |UXRE 2R &% F X[2ZL[0t 22t22| XtO[7F HO| LEX| gX|Bt Z0| O
LIOF F2h Qo] 2Rl ZO|, HEtA - X|ZENX| Q| ZO|, QAFSE 748 MEHSICHH NuSmile ZR® Crown 2EHO|C}. &FX|Tt
K|t HEj H|E2 Table 50f LIEFLHRACE & RSEKXQ & NuSmile ZR® Crown 2HH2 MEHSH A| AlK| X|OtQt QA 20|
= T 20|19 Tt FARSH 22l ZO0|E 2Ol X2 L OlM 2 XtO|E EO|L} HEtH - X|FLEMK| e 20| & A2t
of 32122 NuSmile ZR® Crown& 18, Cheng Crowns®2 3 20| 2 03 mm HEO X}0|2 B0 0] HE9o| xjo|= X2
8, Kinder Krowns®2 28, 12|11 EZ Pedo® Crowng 2E0] S22 423 A| TNIISE U0|D2 X ESHOoZ Aot 9 H
ACH FEEKX Q| Ha AN 2ot 7HY FARSH 2/ 2 o 7H& fAst NuSmile ZR® CrownS 102 MEHSIRICE
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Table 5. Measurement data of maxillary primary central & lateral teeth and primary anterior zirconia crown by each manufacturers

Mesio-distal length (mm)

Natural central incisor 6.530 + 0.286 Natural lateral incisor 5325 + 0.221
NuSmile ZR® Crown #1 6.495 + 0.001 NuSmile ZR® Crown #1 5102 + 0.001
#2 6.870 + 0.002 #2 5.357 + 0.001
#3 7.249 + 0.001 #3 5.759 + 0.002
Cheng Crowns® #1 5.749 + 0.002 Cheng Crowns® #1 4638 + 0.002
#2 6.380 + 0.001 #2 5.012 + 0.002
#3 6.656 + 0.002 #3 5.365 + 0.001
Kinder Krowns® #1 5.941 + 0.001 Kinder Krowns® #1 4618 + 0.001
#2 6.403 + 0.001 #2 5.054 + 0.002
#3 6.889 + 0.002 #3 5.502 + 0.002
EZ Pedo® Crown #1 6.143 + 0.002 EZ Pedo® Crown #1 4598 + 0.001
#2 6.399 + 0.002 #2 4997 + 0.001
#3 6.866 + 0.001 #3 5420 + 0.002
Incisal edge-cervical length (mm)
Natural central incisor 5320 + 0.558 Natural lateral incisor 4722 + 0.564
NuSmile ZR® Crown #1 5.102 + 0.001 NuSmile ZR® Crown #1 4319 + 0.001
#2 5.399 + 0.002 #2 4,698 + 0.001
#3 5.759 + 0.001 #3 5.014 + 0.001
Cheng Crowns® #1 4638 + 0.002 Cheng Crowns® #1 3.831 + 0.002
#2 5.012 + 0.002 #2 4212 +0.001
#3 5.342 + 0.002 #3 4.756 + 0.001
Kinder Krowns® #1 4726 + 0.001 Kinder Krowns® #1 4.062 + 0.001
#2 5.043 + 0.002 #2 4459 + 0.002
#3 5469 + 0.001 #3 4.802 + 0.001
EZ Pedo® Crown #1 4598 + 0.001 EZ Pedo® Crown #1 3.834 + 0.001
#2 4997 + 0.001 #2 4218 + 0.001
#3 5.346 + 0.001 #3 4752 + 0.002
Crown shape ratio
Natural central incisor 0.7492 + 0.0423 Natural lateral incisor 0.8854 + 0.0383
NuSmile ZR® Crown #1 0.8743 + 0.0003 NuSmile ZR® Crown #1 0.9270 + 0.0003
#2 0.8742 + 0.0004 #2 0.9270 + 0.0002
#3 0.8742 + 0.0002 #3 0.9269 + 0.0002
Cheng Crowns® #1 0.8645 + 0.0005 Cheng Crowns® #1 0.9141 + 0.0004
#2 0.8643 + 0.0002 #2 0.9142 + 0.0003
#3 0.8642 + 0.0003 #3 0.9141 + 0.0003
Kinder Krowns® #1 0.8628 + 0.0003 Kinder Krowns® #1 0.9103 + 0.0002
#2 0.8629 + 0.0004 #2 0.9102 + 0.0003
#3 0.8630 + 0.0003 #3 0.9104 + 0.0002
EZ Pedo® Crown #1 0.8632 + 0.0002 EZ Pedo® Crown #1 0.9129 + 0.0004
#2 0.8631 + 0.0002 #2 0.9129 + 0.0002
#3 0.8632 + 0.0004 #3 0.9130 + 0.0002

Values are mean standard + deviation.
#number means a crown size designated by each manufacturers.
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Table 6. Mean mesio-distal length of teeth and zirconia crowns
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Crown 2E10|QIOH
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Crowns® 3, Kinder Krowns® 38 £=0|9IC}(Table 7).

(unit : mm)

Tooth Mesio-distal length Zirconia crown Mesio-distal length
NuSmile ZR® Crown #1 6.495 + 0.001
o Cheng Crowns® #3 6.656 + 0.002
Natural central incisor 6.530 £ 0.286 ) ®
Kinder Krowns #2 6.403 + 0.001
EZ Pedo® Crown #2 6.399 + 0.002
NuSmile ZR® Crown #2 5.357 + 0.001
o Cheng Crowns® #3 5.365 + 0.001
Natural lateral incisor 5325 + 0.221 . o
Kinder Krowns #3 5.502 + 0.002
EZ Pedo® Crown #3 5.420 + 0.002
Values are mean + standard deviation.
#number means a crown size designated by each manufacturers.
Table 7. Mean incisal edge-cervical length of teeth and zirconia crowns (unit : mm)

Tooth Incisal edge-cervical length Zirconia crown Incisal edge-cervical length
NuSmile ZR® Crown #1 5.102 + 0.001
o Cheng Crowns® #3 5.342 + 0.002
Natural central incisor 5.320 + 0.558 ) o
Kinder Krowns #2 5.043 + 0.002
EZ Pedo® Crown #2 4997 + 0.001
NuSmile ZR® Crown #2 4698 + 0.001
o Cheng Crowns® #3 4756 + 0.001
Natural lateral incisor 4722 + 0.564 ) o
Kinder Krowns #3 4.802 + 0.001
EZ Pedo® Crown #3 4752 + 0.002

Values are mean + standard deviation.
#number means a crown size designated by each manufacturers.
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Tooth Crown shape ratio Zirconia crown Crown shape ratio
NuSmile ZR® Crown #1 0.8743 + 0.0003
o Cheng Crowns® #3 0.8642 + 0.0003
Natural central incisor 0.7492 + 0.0423 . ®
Kinder Krowns #2 0.8629 + 0.0004
EZ Pedo® Crown #2 0.8631 + 0.0002
NuSmile ZR® Crown #2 0.9270 + 0.0002
o Cheng Crowns® #3 0.9141 + 0.0003
Natural lateral incisor 0.8854 + 0.0383 ) o
Kinder Krowns #3 0.9104 + 0.0002
EZ Pedo® Crown #3 0.9130 + 0.0002
Values are mean + standard deviation.
#number means a crown size designated by each manufacturers.
Table 9. Distance between same coordinate of tooth and zirconia crown in labial and palatal surfaces (unit : mm)
Central Lateral
Surface Labial Palatal Surface Labial Palatal
Crown Crown
NuSmile ZR® Crown ~ #1 0.2705 0.3279 NuSmile ZR® Crown ~ #2 0.6669t 0.6340t
Cheng Crowns® #3 0.2302 0.3971 Cheng Crowns® #3 0.2335 0.3011
Kinder Krowns® #2 0.2424 0.7624t Kinder Krowns® #3 0.2761 0.3922
EZ Pedo® Crown #2 0.2079 0.2820 EZ Pedo® Crown #3 0.2038 0.3597

ANOVA test, significant level at p < 0.05

1 significant difference : Bonferroni correction post hoc analysis, level at p < 0.0083
#number means a crown size designated by each manufacturers.
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Pedo® Crown

Table 10. Radius of curvature of labial surface of tooth and zirconia crown (unit : mm)
Central teeth NuSmile ZR® Cheng Crowns® Kinder Krowns® EZ Pedo® Crown
Crown #1 #3 #2 #2
Mesial 4328 12.105 3.207 3.285 4.245
) Middle 6.781 24.007 12.98 7.662 21.100
Horizontal .
Distal 4242 2.800 3.005 3444 5.175
Total 5.117 12971 6.397 4.800 10.173
Incisor 7775 6.510 7.673 5.374 11.228
Vertical Middle 11.282 11.971 17415 11.339 23.269
rti
et Cervical 75500 6852 7184 8322 17.825
Total 8.852 8445 10.757 8.345 174411t
Lateral teeth NuSmile ZR® Cheng Crowns®  Kinder Krowns®  EZ Pedo® Crown
Crown #2 #3 #3 #3
Mesial 2.767 5.379 3.665 3.170 2.860
. Middle 4442 12.589 6.014 5.160 6.353
Horizontal )
Distal 4.196 3.288 3.036 2.638 2.820
Total 3.802 7.085 4238 3.656 4011
Incisor 11.576 4452 5.338 3.770 3.659
Vertical Middle 18.902 10.567 11.276 11.237 12.779
ertica
Cervical 6.988 3484 4992 8912 5.719
Total 12.490 6.168 7.203 7973 7.386

ANOVA test , significant level at p < 0.05

1t : significant difference : Bonferroni correction post hoc analysis, level at p < 0.005

#number means a crown size designated by each manufacturers.
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22 EZ Pedo® Crown 2HO|A O Atot Q=X X|o} JHAH S A}
8 X &g zt= 32422 NuSmile ZR® Crown 2810|QIC} EBH
X230t Fat2 25 H MK ED O 2 HHE d= A
oz 2MEIACH

2t 252 ISy 4 MzAEE JEE X223 Lot 2
222l & H|wotRACHTable 12). &9 K22 82,
NuSmile ZR® Crown 182 270, Cheng Crowns® 3#{& 275,

o
(e}

Kinder Krowns® 212 2,55 12|11 EZ Pedo® Crown 2H£ 2.
HMoZ Cheng Crowns® 3HH0| 7% QAISH A2teo=z M
QUCh Aot @=HK|o| AL, NuSmile ZR® Crown 2812 265,
Cheng Crowns® 382 245, Kinder Krowns® 382 225, 12|11
EZ Pedo® Crown 32 2658 0|2iC}. NuSmile ZR® Crown 2
1} EZ Pedo® Crown 30| Z-2 ®4:7t Lot 745 X[ 7} &2 37|
O| S22 CiA| HW3F0 XEXOZ NuSmile ZR® Crown 2

Ol 7Y #wAtet Jetzoz MEL ALY

m

Table 12. Scores of similarity between maxillary primary anterior
teeth and zirconia crowns

7i . Sum
irconia crown (£Score x weight)
NuSmile ZR® Crown  #1 2.70
Cheng Crowns® #3 2.75
Central ) o
Kinder Krowns #2 2.55
EZ Pedo® Crown #2 2.00
NuSmile ZR® Crown  #2 2.65
Cheng Crowns® #3 245
Lateral . ®
Kinder Krowns #3 2.25
EZ Pedo® Crown #3 2.65

#number means a crown size designated by each manufacturers.

Table 11. Volume of teeth and zirconia crowns (unit : mm?)

Tooth Volume Zirconia crown Volume
NuSmile ZR® Crown #1 76.943
o Cheng Crowns® #3 81.990

Natural central incisor 65.323 _ ®
Kinder Krowns #2 81.786
EZ Pedo® Crown #2 75.046
NuSmile ZR® Crown #2 65.843
o Cheng Crowns® #3 67.984

Natural lateral incisor 46.308 , ®
Kinder Krowns #3 66.042
EZ Pedo® Crown #3 68.372

#number means a crown size designated by each manufacturers.
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Fig. 7. Mean amount of tooth reduction for restoration
of zirconia crown. A dotted line means the inner surface
of choosed zirconia crown in this study. (A) Mean amount
of maxillary primary central incisor reduction, (B) Mean
amount of maxillary primary lateral incisor reduction.

Table 13. Comparison of the amount of tooth reduction between manufacturers and this study

Tooth reduction requirements

Manufacturer’s guidelines

Required amount in this study

Incisal edge : 1.5 - 2.0 mm
Occlusal : 1.0 - 1.5 mm

Circumferential axial reduction : 0.5 - 1.25 mm

NuSmile ZR® Crown

Subgingival : feather margin circumferentially 1 - 2 mm

Round all line and point angles
Final seat : passive

Cheng Crowns®

Not specifically outlined / videos available

Incisal edge/occlusal : 1.154 - 1.186 mm

Incisal edge/occlusal : 1.0 mm
Interproximal : 1.0 mm
Facial/buccal : 1.0 mm

Kinder Krowns® )
Lingual : 1.0 mm

Subgingival : feather margin circumferentially

Proximal : 1.235 - 1.415 mm
Labial : 0.693 - 0.776 mm

in horizontal direction

0.765 - 0.790 mm

in vertical direction
Palatal : almost no reduction

Final seat : passive and subgingivally 1 - 2 mm

Incisal edge/occlusal : 1.5 - 2.0 mm

Circumferential axial reduction : 0.5 - 1.0 mm

EZ Pedo® Crown Lingual : 0.75 - 1.25 mm

Circumferential subgingival reduction 2 mm below gumline

Final seat : passive
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