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Abstract

Morphometric study of primary anterior prefabricated

zirconia crowns based on Korean tooth model

Park, Jung-Ha, D.D.S
Advisor : Prof. Lee, Sang-Ho, D.D.S., Ph.D.
Department of Dentistry

Graduate School of Chosun University

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

® and EZ Pedo® Crown) were scanned

Crowns®, Kinder Krowns
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
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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.

_Vi_
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Table 1. Prefabricated primary anterior zirconia crowns used in this study

Crown Manufacturer Size
NuSmile ZR® Crown Orthodontic Technologies, Houston, TX, USA 1,2,3
Peter Cheng Orthodontic Laboratories, Exton,

Cheng Crowns® 1,2,3
PA, USA
Kinder Krowns® Mayclin Dental Studios, Minneapolis,MN., USA  1,2,3
EZ Pedo® Crown EZ-Pedo, El Dorado Hills, CA., USA 1,2,3
2. A7 Wy

D A 2 A2mayol Agke-9 33 A=A
23 7138 32k 270 (Identica T500, MEDIT Inc., Korea)E o] &3}o] AFo}t
A R A 2FYol Adkes A7 ow A E2FYol Ak W %W U

S ~A8 =¥ A (Easy Scan, NABAKEM, Asan, Korea)E % &3 & ~713F%t}
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ol A& F 344 A e A, AEATL AANG AFEE SO 7FCE 7 um
o}, wat, Azmol Aehee] YHe e QRS ot YEE FFo

= Aol At AE A 2syol Aol ejw HeA Z Al zAL

7l Aol ZF A ZAE stol=gkels 7]FE o2 NuSmile ZR® Crown, Cheng

. ®
Crowns®, Kinder Krowns®& 15mm, EZ Pedo® Crowng 2mm$th.

_4

¥ oAToA AR B gor 34X, F34xe] 9wz 7 Hopwz A

Azzel metge] WS FH, wastel s FHA Bad JopaAFS

T3t A tH(Fig. 1).
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A Tooth sample preparatlon
: Sound maxillary prlmary E—

central & lateral incisors

PR

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

C. Scanning of outer surface S D. Measurement
of zirconia crown - Mesio-distal length

- Incisal edge-cervical length
- Crown shape ratio

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

F. Measurement

- Mesio-distal length G. Choice of the most similar crown
- Incisal edge-cervical length

. for maxillary primary central and
- Crown shape ratio ) lateral incisor
- Distance between same coordinate

of tooth and zirconia crown
- Radius of curvature

- Volume
H. Scanning of the inner surface I. Assessment of amount of maxillary
of choosed zirconia crowns 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
Point

) The midpoint between the most prominent region of labial
LP middle
and palatal surfaces

Incisor middle ‘The midpoint of incisor line

Origin point The midpoint of LP middle and Incisor middle

Vector

Origin vector  The line connecting LP middle and Incisor middle points

Plane

MDO The mesially farthest plane parallel to origin vector

MDS8 The distally farthest plane parallel to origin vector

Axis0 The incisally farthest plane perpendicular to origin vector
Axis8 The cervically farthest plane perpendicular to origin vector
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LP. middle’

g
.
# Origin point

.

~ - InClsor ™
middle

i

I
1
1
1
I
I

Origin axis

MD8 LN ) MDO

Fig. 2. Reference points, vector, planes of natural primary teeth.

(A) Origin point and vector. (B) Reference planes.

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 coordinate : No.am plane)NO.(Axis planeySUrfacer. or p)
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A=A R RAA Y o], A ¥

B Hles 7o 4 Az 7Y 443 4719 AExmyel Ates AW

of W, Aetee AAH A7E ARAE LAY o], Awdl - AARAX
Aol, A3 Fo) W& 247 5% g 2 AFAE, dwe] ARA Fus B
Hope g REIA Aoksh Aekee) AY % #we FEL 10%9 EAE,
Ao A 5%el EAE T 2 AZAEE A SAUR 194 4
AA olstel A% WAS T b FAR A=z:el aves APt

TAM S Brbete &5 B 7FS A= Table 30 71E8kA T

Table 3. Assessment criteria for similarity between primary anterior teeth and

zirconia crown

Similarity criteria Weight
Mesio—-distal length 25
Incisal edge-cervical length 25
Crown shape ratio (Labial-palatal length / Mesio—distal length) 25
Distance between same coordinate of tooth and zirconia crown 10
Radius of curvature of labial surface 10
Volume 5
-8 -

Collection @ chosun



_ g Labio™ palatal,_
__length

ke ftlﬁmcal lengthl . Mesio = distal
Mesio - distal length
length

Fig. 4. Assessment criteria for similarity between primary anterior teeth and
zirconia Crown.
(A) Mesio - distal length.

(B) Incisal 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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Outer surface of the Inner surface of the
mean primary central choosed zirconia crowns
and lateral incisors

Fig. 5. Evaluation of required amount of tooth reduction for restoration of the
zirconia crown.
(A) Occlusal view. (B) Proximal view.
a : a plane tangent to the outside of the tooth.

b : a plane tangent to the inside of the zirconia crown.

5) A 4
ZAE AR5 SPSS iZ 2 1d(version 18.0.0, SPSS, Chicago, IL, USA)& o] &

stel B4 9 EAANY sk dob §FAN, §3AA} A2me} aekeo)
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Table 4. Measurement data of the mean maxillary primary central and lateral

incisors in this study

Criteria Mesio—distal Incisal edge- :
: Crown shape ratio
Tooth length (mm) cervical length (mm)
Central tooth 6.530 + 0.286 5320 + 0.558 0.7492 + 0.0423
Lateral tooth 5.325 + 0.221 4722 + 0.564 0.8854 + 0.0383
Radius of curvature of labial surface (mm)
Criteria
Horizontal Vertical
Tooth

Mesial Middle Distal Total | Incisal Middle Cervical Total
Central tooth | 4.328 6.781 4242 5117 @ 7500 @ 11.282 77075 8.852
Lateral tooth | 2.767 4.442 4196 3802 @ 6988  18.902 11576  12.490

A L
D‘hMD ML P
6.530 mm
P
B L ‘ )
D%MD N |
p

Fig. 6. Mean shape of maxillary primary central and lateral incisors.

(A) Maxillary primary central incisor. (B) Maxillary primary lateral incisor.
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o} Z e}t NuSmile ZR® CrownS 191, Cheng Crowns®< 39, Kinder Krowns
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W 294 Aol
Mg frAbek 294 delg ®oli: N2 3yo} ek NuSmile ZR® Crowne 2
H Cheng Crowns®< 3W, Kinder Krowns®& 3%, 18|31 EZ Pedo® Crown< 3
Hol Aok, ot fredA e dadolA AGF7A o Hat dolet 7 fAeE 2
o] Holx= X2F3Yol At NuSmile ZR® Crowne 29, Cheng Crowns®<
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Aol Ao A BF-7A o] dolet 7 fFALgE AolE Hole A=FAYol A
222 NuSmile ZR® Crowne 2%, Cheng Crowns®2 3%, Kinder Krowns®< 3
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NuSmile ZR® Crown 2@Wolt}. x# e v &9 A9 F =2 z3Yol agLe =

~

o]7} A \¥A &Auk o] ] fAS AL AE ettty NuSmile ZR® Crown 2%
olt}. 349 NuSmile ZR® Crown 29 M e1st A| AA| x|o}e} QA Zo]df A
Z #olE Holy dud - AAHE7A ] Hol= F Aol oF 0.3 mm FEo

Folg mol of Fu9 Aol Aed}E FEY A 25T Folnm HEA

oz ot FF A9} 7§41 NuSmile ZR® Crowns 1H o2 Aesigict

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 6530 + 0286 Natural lateral incisor 535 + 0221

NuSmile 7R® # 64% + 0001 NuSmile 7R® # 5102 + 0001
# 680 + 0002 # 5357 + 0001

Crown #7249 + 0001 Crown #3579 + 0002
#5749 + 0002 #4638 + 0002

Cheng Crowns® # 630 + 0001 Cheng Crowns® # 5012 + 0002
#6606 £ 0002 # 536 + 0001

#5941 + 0001 #4618 + 0001

Kinder Krowns® #6403 + 0001 Kinder Krowns® # 5064 + 0002
#6839 + 0002 # 5502 + 0002

, #6143 £ 0002 , #1458 + 0001

EZ Pedo® Crown #6399 + 0002 EZ Pedo® Crown  #2 4997 + 0001
#3686 + 0001 #5420 + 0002

Incisal edge—cervical length (mm)
Natural central incisor 530 + 058 Natural lateral incisor 47722 + 054
#5102 £ 0001 # 4319 + 0001

. ® . ®

NuSmile ZR 530+ oo | bmile ZR 2468 + 0001

Crown 4 579 + ooor | oW 8 50014 + 0001
#4638 + 0002 , # 331 + 002

Cheng Crowns® #5012 + 0002 Cheng Crowns® #4212 + 0001
#5342 + 0002 4 476 + 0001
#1476 + 0001 #4062 + 0001

Kinder Krowns® #5043 + 0.002 Kinder Krowns® #2445 + 0002
#5469 + 0001 #4802 + 0001
#1458 + 0001 , # 384 + 0001

EZ Pedo® Crown #2497 + 0001 EZ Pedo® Crown  #2 4218 + 0001
#5346 + 0001 #4752 + 0002

— 15 _
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Crown shape ratio

Natural central incisor 07492 + 0.0423 Natural lateral incisor 0834 + 00333
NuSmile ZR® #1 08743 + 0.0003 NuSmile m@ #1 09270 + 0.0003
# 08142 + 00004 #0970 + 00002
Crown #3 08742 + ooooe | Grown #0969 + 00002
# 08645 + 00006 # 09141 + 00004
Cheng Crowns® #0843 + 00002 | Cheng Crowns® # 09142 + 00003
#0842 + 00003 # 09141 + 00003
# 08628 + 00003 ] # 09103 = 0.0002
Kinder Krowns® #0862 + 0004 | Kinder Krowns®  # 09102 + 00003
# 08630 + 00003 £ 09104 + 00002
# 08632 + 00002 , # 09129 + 0004
EZ Pedo® Crown #0831 + 00002 | EZ Pedo® Crown  #2 09129 + 00002
#0863 + 00004 # 09130 + 00002

Values are mean + standard deviation.

#number means a crown size designated by each manufacturers.

2) 7t AzAEE duE A23ol A W

o} gt Ast, b f5AAe] 294 Polsh b FAR Aol AZme}

A2 NuSmile ZR® Crown 2@¥o]lglom t}& o0 2= Cheng Crowns® 3%, EZ
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Pedo® Crown 3%, Kinder Krowns® 3¥ 0] tH(Table 6).

Table 6. Mean mesio-distal length of teeth and zirconia crowns

(unit : mm)

Mesio-distal Mesio-distal
Tooth Zirconia Ccrown
length length
NuSmile ZR® Crown #1 6.495 + 0.001
Natural Cheng Crowns® #3 6.656 + 0.002
o 6.530 + 0.286 .
central incisor Kinder Krowns®™ #2 6.403 + 0.001
EZ Pedo® Crown #6399 + 0.002
NuSmile ZR® Crown #2 5357 + 0.001
Natural Cheng Crowns® #3 5365 + 0.001
o 5325 £+ 0.221 o
lateral incisor Kinder Krowns® #3 5502 + 0.002
EZ Pedo® Crown #3 5420 + 0.002

Values are mean + standard deviation.

#number means a crown size designated by each manufacturers.

Hat Aot F5dx e 7 Alx:AE R AEld (23 Yol gk dud - A
AR el dolg vlaust Ay Aot fFAX e 7Y fARSE Aol =2 F Yo}
A8EL Cheng Crowns® 3Wo]glorn th&o 2 EZ Pedo® Crown 2%, NuSmile

ZR® Crown 14, Kinder Krowns® 2¥ o]l

Gt el FEAAE 4 AxAEE Add A=2mel agtee] Aud - 27
B8 Aolg mag Az, Aot §ZAAE g fAE delo) A2ae} 2

2922 NuSmile ZR® Crown 2Wo|glon tl&oz:= EZ Pedo® Crown 3H,

Cheng Crowns® 39, Kinder Krowns® 3% 0] thH(Table 7).
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Table 7. Mean incisal edge-cervical length of teeth and zirconia crowns

(unit : mm)

Incisal Incisal
Tooth edge—cervical Zirconia crown edge-cervical
length length
NuSmile ZR® Crown #1  5.102 + 0.001
Natural Cheng Crowns® #3 5342 + 0.002
o 5320 + 0.558 o
central incisor Kinder Krowns® #  5.043 + 0.002
EZ Pedo® Crown #2 4997 + 0.001
NuSmile ZR® Crown #2  4.698 + 0.001
Natural Cheng Crowns® #3 47756 + 0.001
o 4722 + 0.564 \
lateral incisor 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.

Q) A& dH v&

T AR e 7t

2APe] Aol
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do] &4 E A H(Table 8).

Table 8. Mean crown shape ratio of teeth and zirconia crowns

Crown shape : : Crown shape
Tooth : Zirconia crown :
ratio ratio
NuSmile ZR® Crown #1 0.8743 + 0.0003
Natural Cheng Crowns® #30.8642 + 0.0003
o 0.7492 + 0.0423 .
central incisor Kinder Krowns® #2 0.8629 + 0.0004
EZ Pedo® Crown #20.8631 + 0.0002
NuSmile ZR® Crown #2 0.9270 + 0.0002
Natural Cheng Crowns® #3 09141 + 0.0003
o 0.8854 + 0.0383 .
lateral incisor Kinder Krowns® #3 09104 + 0.0002
EZ Pedo® Crown #3  0.9130 + 0.0002

Values are mean + standard deviation.

#number means a crown size designated by each manufacturers.

(4) 71= F3Eol A Aoke} A 2ol Aeke Alolo] A

Aol Agls FA41g A= Table 99 7|=3tAth WA Aot f5dX9 A=
FUol Zgtge] AgAE EAg A3 EZ Pedo® Crown 2¥o] 714 22 78] x
%, NuSmile ZR® Crown 1¥e] 714 & Agas Below 47 zAlzAle] N2=

Yol Zeheol Aol 418 AAE wele] BANAY. o] 47) AxAle] A==

—

Yob Aekggrel s fold Aol EARAAT (p < 0.05) AFHHA 2 27

ﬂd
o

gk Afol= EAshA Skt
TN A= EZ Pedo Crown 2] 7 & Agx+E, Kinder Krowns® 2%

o] 714 & AYAE ®BY} E3| Kinder Krowns® 2We %] AL S0 H
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shol oF 25u) AEol Z AAE BHATE 4748 A ALY A =25 o} ARt
o8t #ol7t 2AsY oM (p < 0.05) AFEAA A Kinder Krowns® 2@ gre] 1}
WA AekEEd 247 Fold AFolE Kol EAHAT(p < 0.0083).

, &=Ho] A= NuSmile ZR® Crown 2¥eo] 714 & Agxt
5 BAEd ol b AFAe Aekeo] H|ste] oF 25 - 3u] AL F Foldd
oh 47f o] Al zAbe] Ak gbel] fod zol7t EAsEA e (p < 0.05) ARG A
NuSmile ZR® Crown 2Weo] t& =gt 93 o7t EAsATHp
0.0083).

TN EE NuSmile ZR® Crown 2Wlo] th Al 2ALe] Zghdol Hlae] of
15 - 2 7Fe] 2 AAAE ®Belo] A EAT 4709 A ALY el
o)gt 2ot EAFA oM (p < 0.05) AFEHAA NuSmile ZR® Crown 2W o] th&
A5 FF 2ol7t A ATHp < 0.0083).

Table 9. Distance between same coordinate of tooth and zirconia crown in
labial and palatal surfaces

(unit : mm)

Central Lateral
Crown Crown

Labial  Palatal Labial  Palatal
Surface Surface
NuSmile ZR® Crown  #1 02706 03279 | NuSmile ZR® Crown  #2 06669" 06340
Cheng Crowns® #3 02302 03971 | Cheng Crowns® #023% 03011
Kinder Krowns® ¥ 02424 076247 | Kinder Krowns® #0261 0392
EZ Pedo® Crown #0201 0280 | EZ Pedo® Crown #0203 03397

ANOVA test , significant level at p < 0.05
* @ 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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Table 10. Radius of curvature of labial surface of tooth and zirconia crown

(unit : mm)

Mesial 4328 12105 3207 32% 4245
Middle 6781 24007 12990 7662 21.100
Horizontal
Distal 4212 2800 3006 3444 515
Total 5117 12971 6.397 480 10173
Incisal 75 6510 7673 5374 11.28
Middle  11.232 11971 17415 11.339 23269
Vertical
Cervical 7500 6.852 7184 832 1785
Total 82 M5 10757 8345 174417 "
Mesial 2767 5379 366 3170 2800
Middle 4442 12589 6,014 5160 6353
Horizontal
Distal 419 3288 3086 2638 280
Total 3801 7086 4238 3656 4011
Incisal 11576 4452 5338 3770 3609
Middle 1892 10567 11.276 11.237 12,779
Vertical
Cervical 6933 3484 499 8912 5719
Total 12490 6.163 7208 7973 73%6

ANOVA test , significant level at p < 0.05
* ¥ 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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Table 11. Volume of teeth and zirconia crowns

(unit : mm®)

Tooth Volume Zirconia crown Volume

NuSmile ZR® Crown #1 76.943

Natural Cheng Crowns® #3 81.990
o 65.323 o

central incisor Kinder Krowns® #2 81.786

EZ Pedo® Crown #2 75.046

NuSmile ZR® Crown #2 65.843

Natural Cheng Crowns® #3 67.984
o 46.308 _

lateral incisor Kinder Krowns®™ #3 66.042

EZ Pedo® Crown #3 63.372

#number means a crown size designated by each manufacturers.

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

zirconia crowns

Zirconia crown

Sum ()] Score x weight)

NuSmile ZR® Crown #1 2.70

Cheng Crowns® #3 2.75
Central ]

Kinder Krowns® #2 2.55

EZ Pedo® Crown #2 2.00

NuSmile ZR® Crown #2 2.65

Cheng Crowns® #3 2.45
Lateral _

Kinder Krowns® #3 2.25

EZ Pedo® Crown #3 2.65

#number means a crown size designated by each manufacturers.
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Table 13. Comparison of the amount of tooth reduction between this study

and manufacturers

Tooth reduction requirerments
Manufacturer's guidelines Required amount in this study
Incisal edge : 1.5 - 20 mm
Occlusal : 1.0 - 1.5 mm
Circumferential axial reduction :

NuSmile
o 05 - 1.25 mm
ZR\B/
Subgingival : feather margin
Crown

circumferentially 1 - 2 mm
Round all line and point angles

Final seat : passive
Cheng Not specifically outlined / videos

® .
Crowns”  available

Incisal edge/occlusal :

Incisal edge/occlusal © 1.0 mm 1154 - 1.186 mm
Interproximal : 1.0 mm Proximal : 1235 - 1.415 mm
Facial/buccal : 1.0 mm Labial :
Kinder Lingual : 1.0 mm - 0693 - 0776 mm
Krowns®  Subgingival : feather margin in horizontal direction
- 0765 - 0790 mm

circumferentially
Final seat : passive and
subgingivally 1 - 2 mm
Incisal edge/occlusal @ 15 - 20
mm
Circumferential axial reduction :

EZ Pedo® 05 - 10 mm

Crown Lingual : 0.5 - 1.25 mm

Circumferential subgingival
reduction 2 mm below gumline
Final seat : passive

in vertical direction
Palatal : almost no reduction
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(unit : mm)

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.
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