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Purpose. This study aimed to evaluate the effect of shell thickness on the fracture
strength of provisional crowns fabricated by indirect-direct technique. Materi-
als and methods. The study simulated the application of a provisional crown
on a maxillary first molar implant abutment. A titanium metal die was milled
by replicating a ready-made implant abutment. Using CAD software, shells for
provisional crown was designed with varying thicknesses of 0.5 mm, 1.0 mm and
1.5 mm with different internal spaces for relining. These shells were 3D printed
using photosensitive liquid resin and relined with PMMA resin to fabricate provi-
sional crown specimens using indirect-direct technique. Ten specimens per each
group were prepared. Fracture strength was measured by applying compressive
loads vertically to the occlusal center of the specimens at a crosshead speed of 1.0
mm/min using a universal testing machine, and the maximum load value (N) at
fracture was recorded. To compare the fracture strength between experimental
groups, a one-way ANOVA followed by Tukey’s post hoc test was conducted (a=.05).
Results. The fracture strength was observed in the following order: Group 1.5
(1504.5 + 141.30 N), Group 1.0 (1420.2 + 182.05 N), and Group 0.5 (1083.1 +
178.90 N). Group 1.5 was not significantly different from group 1.0, but was sig-
nificantly different from group 0.5, and group 1.0 was also significantly different
from group 0.5. Conclusion. The fracture strength of provisional crowns fabricat-
ed by the indirect-direct techniques were significantly different depending on the
thickness of the shell. The fracture strength of the indirect-direct method was sig-
nificantly lower when the shell thickness was 0.5 mm compared to 1.0 mm and 1.5
mm. This finding indicates that the shell should not be too thin when fabricating
provisional crowns using the indirect-direct technique. (J Korean Acad Prostho-
dont 2024;62:253-61)
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o] Yo PMMA Ald 9] A}7}28H] o) 71S HAFste] 7H-
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7} iPd7 o) n) 2= JgS kst shict.

= 3 ek

NEZL 7RARY R AL Bad o, o =
of we} 0.5 mm (0.5%), 1.0 mm (L.0Z), 1.5 mm (1.57)
o 3714 Fo2 BRI RE AL 2 Felo] Aot

A1chTE2] 2] @lgel 0.5 mm, 1.0 mm, 1.5 mm F712] &S
F75Hd W4 7 (C&B temporary; ODS, Incheon, Ko-
rea)= AHsto] 3D ZRY O R A2bstal 27| thE 3tk
WH-S PMMA 2]7l(Tokuso curefast; Tokuyama Dental
Corp., Tokyo, Japan)S AR&-3l H/dstict. 2 & & 107H
o] JAIH Al S AZtste] & 30709 YA A2 skt
(Table 1).
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AT T =0 SAS sl
9] chamfer finish lineS 7}% 2
o] =eE 714 A hF(GSTA5640TH; Osstem, Busan,
Korea)E lab analogue (GSRLA560; Osstem, Busan,
Korea)oll ¢123}0] &9 7 (Orthodontic resin; Dentsp-
ly/Caulk, Milford, DE, USA)ell Zuji5tR 11, o] S 2] +-& &
A 2714 (3Shape E3; 3Shape, Copenhagen, Denmark)
2 2708}0] Stereolithography (STL) o F&35}o] EJE}
o5 tol& U9 Aldstt (Fig. 1).

YA A2 93l 2] 3+-& CAD software (3 Shape den-
tal designer, 3Shape Dental Systems, Copenhagen,
Denmark) Aol 4] AuFAQl a8k el (w -2 o) 57
FA 2.0 mm, FHZF-AHFE FA 2.0 mm), A|HE Z
2t 30 ume] Ao} A1t 21 HAlstitt (Fig. 24).
CAD Z==T8(Rhinoceros Rhino 3D; Washington DC,
USA) 7oAl Tzl et Al1oit2] Al He] &g /4

A, W B3 FolE S8l Wie 2gste] wgH 9 S
A

Table 1. Information about fabrication method and thickness of
shells used in this study

Thickness of
3D printed layer (mm)

Fabrication
Method

Group

Indirect-direct 1.0 1.0 10
1.5 1.5 10

Fig. 1. Titanium jig used in this study.
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ettt (Fig. 2B, Fig. 3). 37HA] F7A19] A g LC
3DZE (Phrozen Sonic Mighty 8K Resin 3D Printer;
Phrozen Tech Co. Ltd., Hsinchu, Taiwan)2 3743t/d
A} 217 (C&B temporary; ODS, Incheon, Korea)S 2%
7hasto] Alstinh. Al E¥zes EES] sEHy

YYs=S 5131, 5 FAE 100 um o2 AAsigict &
Z
4

)

__’%_
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o] k¥l Al o] Bd K9] fit checker (Fit Checker; GC
Corporation, Tokyo, Japan)& =251l F< Tholof A]4
Sto] E A|Ho| g4 thoof] sHA Al A el = A el
SHoiT.

g B34S sl 24 tholol petroleum gel (Vaseline;
Covidien Dental Product)& #23t FH 2 A =25t
PMMA #|%(Tokuso curefast, Tokuyama Dental Corp.,
Tokyo, Japan)e A £AMS] Z|AJof| whe} Eekste] Al Ui
ol 2192 B Feo] AR 2% 4 thoo] 2AAH
Al AAIA 2=
ShQiThe 2he) of %

74 stoll A AAlEo]

Qlo] 4 &7t o= =3 1Ay

1
2 2| HejA2 ghob 3 10842 En)

o] 5] AR 22 et 538

¢}

A4 24E flol Alee Eeo) &3 34 glo] et
£ A0 &3] A3tA 7)1, THs Al 7] (Instron model
4484 Universal Testing Machine; Instron Co., Ner-
wood, MA, USA) /gollA] o] 6.42 mm 2|7 Q1 7 /o] &
£ X215 29 1 mmo| £=2 AlHe] wet F4lof 90° 2
E2 2 7teto] JAlHe mhdo] dofd uff 42 stEgte
7|53t AH (Fig. 4).

EA A2 IBM SPSS Statistics 28 (SPSS Inc., Chica-
go, IL, USA)Z & 1805 0]-8-50] Shapiro-Wilk® A H4<
AASISIE (P> .05). ] 7 Afolo] mhe MAES v w
571 918l L Hix] E4tEA (one-way ANOVA)C.2 57| 2]

2513, AFE A 02 Tukey testE A A5} (@ =.05).
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3D LRIES 0|83} UF-AWHOE Nfe HiY YBRE ZH2 QN
2lAlzte] THEZ ol chet U(shell) S| H2

3shape?|

Fig. 2. Specimen design on CAD. (A) Maxillary first molar fixed temporary prosthesis, (B) Longitudinal section of the shells along
the vertical axis.

Fig. 3. Distal and lingual view of

experiment design of tested groups

on CAD software. (A) Group 0.5, ( 1.01mm 1.5 mm
Group 1.0, (C) Group 1.5. 0.5mm

Fig. 4. Experiment design of tested
groups. (A) Specimen set up with
provisional prosthesis and spherical
jig prior to fracture strength test,

(B) Schematic diagram of fracture
strength test.

l Loading direction

Spherical jig

Provisional crown specimen

Titanium jig
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Groups

Fig. 5. Fracture strength values of tested group (unit: N).
***: Significant difference, P <.001.

Table 2. Fracture strength values (mean % SD) of tested groups
(unit: N)

Group \ Mean * SD F value P value
1.5° 10 1504.5 £ 141.30
1.0 10 1420.2 £182.05  17.525 (;2%1)
0.5° 10 1083.1 £178.90

SD: standard deviation. Different letters indicate significantly different
results (P <.001).
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