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——Abstract

outer surface of celluloid strip crowns were analyzed.

diameter among the three crowns.

This study was performed to compare the shape and dimension of anterior zirconia crowns to other pediatric
crowns using a three-dimensional scanner to investigate adequate amount of tooth preparation.

Primary central and lateral anterior zirconia crowns, stainless steel crowns and celluloid strip crowns were
scanned by a three-dimensional scanner. Outer and inner surfaces of zirconia and stainless steel crowns, and

In outer scanned images, all sizes of central and lateral size 1 zirconia crown had the largest labiolingual

In inner scanned images, zirconia crown's mesiodistal diameter was 0.7-1.0 mm smaller and crown length was
approximately 1 mm shorter than those of stainless steel crowns. Zirconia crown's labiolingual diameter was
larger in central crowns whereas it was smaller in lateral crowns than that of stainless steel crowns.

Recommended preparation required for zirconia crown is incisal 2.5-3.0 mm, mesiodistal 1.5-2.0 mm, labial
0.5-1.0 mm. Cingulum should be trimmed parallel to the long axis. No more lingual reduction is needed in
central incisors whereas additional 0.5 mm reduction is suggested in lateral incisors.
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1. A7 A=

gt &5 FF5EA 7544 CellCr (3M ESPE, St
Paul, MN, USA), SSCr (3M ESPE, St Paul, MN, USA),
ZrCr (NuSmile Pediatric Crowns, Houston, Texas, USA)
< o83ttt 7 gl thek AFRE Table 16 VBRI
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Table 1. Scanned crowns for primary anterior teeth
Crown Company Composition Size Abbreviation
Zirconia Crown NuSmile Pediatric Crowns, Zirconium oxide 88-96% 1,2,3 ZrCr
Houston, Texas, USA Yttrium oxide (Y,0;) 4-6%
Hafnium oxide (HfO,) 5%
etc.
Stainless Steel Crown 3M ESPE, St Paul, MN, USA Stainless steel 1,2,3,4,5,6 SSCr
Celluloid strip Crown 3M ESPE, St Paul, MN, USA Plastic 1,2,3,4 CellCr

A Sample preparation
« ZrCr : Outer/inner surface

B 3D scan & transfer to

SSCr : Quter/inner surface
« CellCr : Outer surface

Geomagic design X

C Reference plane, line,

point setting

Measurement

Mesiodistal diameter

Labiolingual diameter

Labiolingual diameter on mid paint
Crown length on each points
Crown shape ratio

B

Fig. 1. Schematic illustration of the experimental procedure.
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A F-plane | e B

S-plane | Incisal edge

H-plane

Plane 1 S-plane Plane 2

Incisal

Incisal plane

H-plane

Incisal

Plane3

S-plane

Plane4

F-plane Incisal plane

H-plane

Fig. 2. Reference planes, line, points. A Basic line and Planes. B, C reference points. D, E Incisal plane and plane 1, 2, 3, 4.

Table 2. Reference line, planes and points

Table 3. Crown measurments

Reference Definition Crown measurements

Basic line M-D Mesiodistal diameter. Distance from plane 1 to plane 2

Incisal edge The line represents average of several points in curved La-Li Labiolingual diameter. Distance from plane 1 to plane 2
surface of crown's incisal edge CL Crown length at m point. Distance from incisal plane to m

Basic plane CL-M Crown length at M point. Distance from incisal plane to M

F-plane The plane was constructed by incisal edge and m CL-D Crown length at D point, Distance from incisal plane to D

S-plane The plane was perpendicular to incisal edge passing CL-La Crown length at La point. Distance from incisal plane to La
through m CL-Li Crown length at Li point. Distance from incisal plane to Li

H-plane The plane was perpendicular to F-pane and S-plane pass- La-Limid  Labiolingual diameter at mid point. The distance that
ing through m Normal line of F-plane passing mid point penetrated the

Point crown

La The most inferior point of labial surface crown shape . .

Li The most inferior point of lingual surface ratio La-LyM-D ratio

m The midpoint of La and Li

M The most superior point of the cervical outline of mesial
surface

D The most superior point of the cervical outline of distal
surface

Incisal The point of intersection of F-plane, S-plane and incisal edge

mid The midpoint of Incisal and m

1 The distally farthest point to S-Plane

2 The mesially farthest point to S-Plane

3 The labially farthest point to F-Plane

4 The lingually farthest point to F-Plane

Plane

1 The plane was parellel to S-plane passing through point 1

2 The plane was parellel to S-plane passing through point 2

3 The plane was parellel to F-plane passing through point 3

4 The plane was parellel to F-plane passing through point 4

Incisal The plane was parellel to H-plane passing through incisal
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Table 4. Measurement data of primary central incisor crowns
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. d M-D La-Li CL CL-M CL-D CL-La CL-Li La-Limid crown shape

Cown Se  Code Gom) ) @w) ) m) () @m)  (m) ratio

Group 1 - Outer Surface

ZrCr 1 Zr loc 6.62 5.63 5.72 493 4.85 5.79 5.71 443 0.85
+ 0.03 + 0.03 + 0.03 + 0.06 + 0.05 + 022 + 0.15 + 0.12 =+ 0.00

SSCr 2 SS 2o0c 6.75 4.58 6.03 493 5.01 6.05 6.01 3.73 0.68
+ 0.00 + 0.02 + 0.01 + 0.03 + 0.02 + 0.05 + 0.06 + 0.03 =+ 0.00

CellCr 2 Cl2c 6.36 4.58 5.59 4.84 4.69 542 5.76 343 0.72
+ 0.03 + 0.00 + 0.01 + 0.01 + 0.05 + 0.03 + 0.01 + 0.01 =+ 0.00

Group 1 - Inner surface

ZrCr 1 Zr lic 5.44 451 4.96 3.86 4.01 4.75 5.11 3.55 0.83
+ 0.06 + 0.05 + 0.03 + 0.18 + 0.08 + 0.13 + 0.15 + 0.07 + 0.02

SSCr 2 SS 2ic 6.47 431 5.98 4.74 4.80 6.11 5.85 347 0.67
+ 0.01 + 0.05 + 0.02 + 0.01 + 0.09 + 0.09 + 0.13 + 0.01 + 0.01

Group 2 - Outer surface

ZrCr 2 Zr 20c 6.95 591 6.23 5.07 5.17 6.07 6.33 4.58 0.85
+ 0.02 + 0.03 + 0.00 + 0.04 + 0.06 + 0.02 + 0.04 + 0.12 + 0.01

SSCr 3 SS 3oc 7.14 4.89 6.34 5.23 5.40 6.21 6.47 3.85 0.69
+ 0.01 + 0.01 + 0.03 + 0.03 + 0.04 + 0.03 + 0.08 + 0.01 + 0.00

CellCr 3 Cl3c 7.05 5.26 6.33 543 5.66 6.26 6.41 3.98 0.75
+ 0.00 + 0.02 + 0.00 + 0.02 + 0.01 + 0.05 + 0.06 + 0.03 + 0.00

Group 2 - Inner surface

ZrCr 2 Zr 2ic 5.61 4.79 494 4.14 3.95 4.78 5.11 3.68 0.85
+ 0.02 + 0.00 + 0.01 + 0.04 + 0.04 + 0.01 + 0.02 + 0.01 + 0.00

SSCr 3 SS 3ic 6.87 4.67 6.20 5.03 533 6.15 6.26 3.66 0.68
+ 0.00 + 0.01 + 0.03 + 0.03 + 0.03 + 0.04 + 0.09 + 0.06 + 0.00

Group 3 - Outer surface

ZrCr 3 Zr 3oc 7.33 6.19 6.58 5.54 545 6.45 6.70 4.86 0.84
+ 0.03 + 0.01 + 0.01 + 0.03 + 0.05 + 0.05 + 0.03 + 0.06 + 0.00

SSCr 4 SS 4oc 7.46 5.07 6.36 5.78 5.31 6.39 6.32 393 0.68
+ 0.00 + 0.02 + 0.01 + 0.02 + 0.02 + 0.03 + 0.04 + 0.03 =+ 0.00

CellCr 4 Cl4c 7.76 5.57 6.83 6.11 591 6.63 7.03 421 0.72
+ 0.00 + 0.01 + 0.01 + 0.00 + 0.02 + 0.03 + 0.02 + 0.01 + 0.00

Group 3 - Inner surface

ZrCr 3 Zr 3ic 5.89 4.99 5.34 421 438 5.14 5.53 3.87 0.85
+ 0.04 + 0.03 + 0.02 + 0.03 + 0.02 + 0.02 + 0.04 + 0.07 + 0.01

SSCr 4 SS 4ic 7.15 4.79 6.18 5.49 5.19 6.20 6.14 3.68 0.67
+ 0.00 + 0.01 + 0.05 + 0.03 + 0.01 + 0.09 + 0.05 + 0.02 + 0.00

Values are mean + standard deviation.
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Table 5. Measurement data of primary lateral incisor crowns

. d M-D La-Li CL CL-M CL-D CL-La CL-Li La-Limid crown shape
Cown Se  Code Gom) ) @w) ) m) ) @m)  am) ratio
Group 1 - Outer Surface
ZrCr 1 Zr 1ol 5.09 4.70 490 3.95 393 483 4.99 3.73 0.92
+ 0.01 + 0.00 + 0.00 + 0.02 + 0.03 + 0.03 + 0.02 + 0.04 + 0.00
SSCr 2 SS 20l 4.87 420 482 4.08 4.02 4.81 4.83 3.36 0.86
+ 0.00 + 0.00 + 0.04 + 0.07 + 0.01 + 0.01 + 0.07 + 0.09 + 0.00
CellCr 2 Cl21 4.84 425 544 4.66 417 542 5.46 3.09 0.88
+ 0.01 + 0.01 + 0.00 + 0.01 + 0.01 + 0.02 + 0.02 + 0.04 =+ 0.00
Group 1 - Inner surface
ZrCr 1 Zr il 3.88 3.74 3.97 3.09 332 3.73 4.20 2.69 0.97
+ 0.00 + 0.00 + 0.02 + 0.04 + 0.03 + 0.02 + 0.02 + 0.06 + 0.00
SSCr 2 SS 2il 4.61 3.90 4.76 4.08 417 4.69 4.84 3.05 0.85
+ 0.00 + 0.00 + 0.01 + 0.04 + 0.05 + 0.02 + 0.02 + 0.03 =+ 0.00
Group 2 - Outer surface
ZrCr 2 Zr 20l 545 5.03 5.23 4.40 434 5.15 5.28 4.07 0.92
+ 0.01 + 0.00 + 0.05 + 0.05 + 0.06 + 0.03 + 0.05 + 0.04 + 0.00
SSCr 3 SS 3ol 5.30 452 5.29 4.67 4.44 5.53 5.04 3.54 0.85
+ 0.00 + 0.02 + 0.01 + 0.03 + 0.05 + 0.06 + 0.05 + 0.06 =+ 0.00
CellCr 3 Cl31 5.62 5.23 6.20 5.49 494 6.24 6.15 3.63 0.93
+ 0.01 + 0.00 + 0.01 + 0.05 + 0.02 + 0.02 + 0.01 + 0.06 =+ 0.00
Group 2 - Inner surface
ZrCr 2 Zr2il 425 4.05 432 3.49 3.62 421 442 2.98 0.95
+ 0.00 + 0.00 + 0.03 + 0.02 + 0.03 + 0.03 + 0.03 + 0.03 + 0.00
SSCr 3 SS 3il 4.95 422 5.18 4.56 4.50 5.20 5.16 3.26 0.85
+ 0.00 + 0.00 + 0.00 + 0.02 + 0.01 + 0.00 =+ 0.00 + 0.02 =+ 0.00
Group 3 - Outer surface
ZrCr 3 Zr 3ol 5.79 5.35 5.71 4.55 4.79 5.58 5.85 431 0.92
+ 0.01 + 0.01 + 0.01 + 0.03 + 0.04 + 0.02 + 0.02 + 0.07 + 0.00
SSCr 4 SS 4ol 5.61 490 5.74 4.96 4.99 5.86 5.67 3.81 0.87
+ 0.00 + 0.01 + 0.01 + 0.06 + 0.09 + 0.01 + 0.08 + 0.01 =+ 0.00
CellCr 4 Cl4l 6.35 5.62 6.75 5.74 5.20 6.72 6.78 4.10 0.89
+ 0.01 + 0.01 + 0.03 + 0.04 + 0.04 + 0.03 + 0.04 + 0.03 =+ 0.00
Group 3 - Inner surface
ZrCr 3 Zr 3il 4.58 425 4.61 3.76 3.89 4.45 4.77 3.15 0.93
+ 0.00 + 0.01 + 0.02 + 0.00 + 0.05 + 0.02 + 0.05 + 0.01 + 0.00
SSCr 4 SS 4il 5.36 4.66 573 487 4.80 5.76 5.70 3.55 0.87
+ 0.01 + 0.00 + 0.01 + 0.03 + 0.02 + 0.02 + 0.04 + 0.03 =+ 0.00
Values are mean =+ standard deviation.
Il o7 A5 2 SEWA Mo
1. AAKE W AR D733 g5l 4
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Table 6. Difference between stainless steel crown and zirconia crown in

inner surface

Central incisor Lateral incisor
M-D difference SSCr > ZrCr SSCr > ZrCr

by 1.03-1.26 mm by 0.70-0.78 mm
La-Li difference SSCr < ZrCr SSCr > ZrCr

by 0.11-0.20 mm by 0.16-0.41 mm
La-Limid difference SSCr < ZrCr SSCr > ZrCr

By 0.02-0.18 mm by 0.28-0.40 mm
CL difference SSCr > ZrCr SSCr > ZrCr

by 0.84-1.26 mm by 0.79-1.12 mm
o] ol 7+ ¥-9lolA 0.75-1.39 mm Aol = gkt
o ¢ Z73L La-LiolA ZrCre] 0.11-0.20 mm #HoH,

La-LimidolA & 3

[e)
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Aslele T £5
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Holx] gsit}, ol e] F ARe] Afo]E Table 69l %

Zlesitt.

2) 42| crown shape ratio

FHA A4 He crown shape ratio® ZrCr (0.84-
0.85), CellCr (0.70-0.75), SSCr (0.68-0.70) 2.2 e}
weom, A SSCrd ZrCr el crown shape ratio®
SSCre] 0.66-0.70, ZrCre] 0.83-0.85°1At}(Fig. 3).
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Wl e] 2ol Table 691 3 2l 8H% T,

DO

) 2743] crown shape ratio

=42 AR crown shape ratios FEX R 2 S
yebdw e ZrCr (0.92-0.92), CellCr (0.88-0.93),
SSCr (0.85-0.87) wollen, WHolA= SSCre] 0.85-
0.87, ZrCre] 0.93-0.97¢| %} (Fig. 4).

Mesial

Mesial

Fig. 3. Incisal view of central incisor group 1. Scanned models show incisal view of each crown materials. A Outer surface. Crown shape ratios of outer
surfaces were the largest in zirconia crowns followed by celluloid strip crowns and stainless steel crowns. B Inner surface. Crown shape ratios of inner sur-
faces were larger in zirconia crowns than stainless steel crowns.
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A Lingual
Distal
SS 2ol
-
Labial
Lingual
B
Distal
Zr il i S 2il
il
— 1mm
Labial

Imm

Mesial

clal

| =

Tmm

Mesial

= 1mm

Fig. 4. Incisal view of lateral incisor group 1. Scanned models show incisal view of each crown materials. A Outer surface. Crown shape ratios of outer sur-

faces were the largest in zirconia crowns followed by celluloid strip crowns and stainless steel crowns. B Inner surface. Crown shape ratios of inner surfaces

were larger in zirconia crowns than stainless steel crowns.

e — g —

approximately 1Tmm

Fig. 5. SSCr needs 1.0-1.5 mm incisal reduction for crown fitting, and
crown length of inner surface of ZrCr is approximately 1mm shorter than
that of SSCr. assuming there is no crown scissoring on SSCr and all
crowns are restored on original incisal position, Imm more incisal reduc-
tion may be needed for ZrCr than SSCr.

Table 7. Preparation recommendation for zirconia crown
Lateral incisor

Central incisor

incisal 2.5-3.0 mm 2.5-3.0 mm
proximal 1.5-2.0 mm 1.5-2.0 mm

0.8-1.0 mm per each side ~ 0.8-1.0 mm per each side
labial 0.5-1.0 mm 0.5-1.0 mm
lingual Cut cingulum parellel Cut cingulum parellel

to long axis to long axis

0.5 mm surface reduction

subgingival ~ Form feather margin Form feather margin

2 mm subgingival 2 mm subgingival

182

Korean children’'s average M-D diameter of
primary central/lateral incisors

M-D diameter of central/lateral ZrCr

1.5-2.0 mm proximal cutting(0.8-1.0 mm in each side)
seems to be reasonable.

Fig. 6. Schematic illustration of primary incisor, inner surface of zirconia
crown and crown preparation for zirconia crown. Korean children's aver-
age M-D diameter primary central incisors (male 6.69 + 0.33 mm,
female 6.62 + 0.42 mm) is similar to size 1 ZrCr (outer surface 6.62 +
0.03, inner surface 5.44 + 0.06). And Korean children's average M-D
diameter lateral incisors (male 5.50 + 0.28 mm, female 5.44 + 0.31
mm) is similar to size 2 ZrCr (outer surface 5.45 + 0.01, inner surface
4.25 + 0.00).

The difference between M-D size of central/lateral incisors and inner sur-
face of ZrCr is approximately 1.2-1.3 mm. For Crown fitting, 1.5-2.0 mm
proximal cutting seems to be reasonable.
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