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Effect of additional firing process after sintering of monolithic zirconia crown

on marginal and internal fitness

Mi-Sun Shin!, Hyeonjong Lee**
!Central Dental Laboratory, Kyung Hee University Dental Hospital, Seoul, Republic of Korea
’Department of Prosthodontics, School of Dentistry, Pusan National University, Pusan, Republic of Korea

Purpose: To evaluate an effect of additional firing process after sintering of monolithic zirconia crown on marginal and internal fit through three-dimensional analysis.
Materials and methods: Ten monolithic zirconia crowns were fabricated using titanium abutment model. Monolithic zirconia crowns were designed, milled, and sintered as
a control group, and additional firing with coloring was performed as a test group. Three dimensional analysis were performed by using triple-scan protocol, and cross-section
analysis on mesio-distal and disto-lingual section was evaluated to measure marginal and internal fitness. Then, three-dimensional surface difference on between two groups
was evaluated (0=.05). Results: There was statistically significant difference between the control group (32.0 + 24.3 um) and the test group (17.0 £ 10.8 um) in the mesial
axial wall (P < .02) and the control group (60.2 + 24.3 um) and the test group (71.8 £ 21.5 pum) in the distal axial wall (P <.01). There was no statistically significant differ-
ence at the remaining point. Conclusion: There was no statistical significance on the deviation of inner surface of crown according to firing number, and the results of both
group were considered clinically acceptable. (/ Korean Acad Prosthodont 2019;57:321-7)
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Dentiform (Prosthetic Restoration Jaw Model, Nissin Dental
Prod. Inc., Kyoto, Japan)2] 5}t = A| 1t]x] &% x|o}o]
SPE 2Ae Aeke g 9t Aot B Alasisict.
AL 2 mm AMA|SEAL HH-E 6° ZJAHE 9 heavy chamfer
& Rofslo] | mm ARSI RE H7He 527 nhzels)
Gt WA o2 HYE B7HE sh IelA nhEL whao)
7Vs/d& WXIst7] flste] R|thA] @78 %] x|otE Efolets
o g EAstict (Fig. 1).

elolebg X|tjx] 238 2 AT (Identica Hybrid, MEDIT,
Seoul, Korea)E ©]-85}0] A70 & CAD program (exocad Den-
tal CAD, Exocad, Darmstadt, Germany) 2.2 T]X}Q15}03 107]19]
DU E R2F Yo} Aghe-S ARSIt TiRpQle] ARl
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Fig. 1. Master model with titanium block made by using CAD/CAM.
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Ao e 7HE T U EAIR 927] 918 HAd A 0.5
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AF835}0] 5% LY Al(Zenotec selection, Ivoclar Vivadent AG,
Schaan, Liechtenstein) © 2 W& & A ZRAL] X|Alof| w2} A4
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scan HHALS ) R|ox] R &S A7st EX] kLol Xl
7| Aol Hs] SIAE e AW T Sekeo] Y 2 o

& A7ieks Wlol, 2ekeg Adix] Rl 2U How
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o 2% T2 DA T AchA B ol B AejE 2
A8}kl (Fig. 2), At W 2 oHE 29 AJHH(Freedom
HD, DOF, Seoul, Korea)Z ©]835}0] A7H5}I) ojuf B2 9]
W Aol 42 HYS s sisto] Agteel -9
Holl A7H F-E F¥ AZFO](ECO SCAN, High Dental, Co.,
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5T AR BA 2 33(Gom Inspect, GOM GmbH,
Braunschweig, Germany)Z ©]&-3] X|thx] 2] A7 go|g]
Aol 22kgo] xR Bl AR Aelel A2 HolelE 5
7 A]F3A] stereolithography (STL) file2 XAFAIZ1 &, ThA| STL
files E2let A9 tlolgE FFAIZ. o|Z 7| Best-fit
alignment 7|55 ©|-&5}o] X|thx] =odo] THHE Ax]9] =t
2] 270 lolEIE AT} (Fig 3). RE 270 3L 7} wofu}
o} 3k o] ZIARRRo] Sfs AJYEIct.

AR 3ol FAZ 135]e} ¥4l o 2 18] Adslo] g4
H oHe =4 =2 73 Gom Inspect software (GOM GmbH,

Braunschweig, Germany)& ©]-835}o] HH 2! Ui M3tz =71
& AlgSe! U 7h=-8 x|ot g Mol A A2k Uido] o]2

Fig. 2. The constant seating force.
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Fig. 3. Scanned three-dimensional surface data. (A) Titanium master die, (B) Monolithic zirconia crown, (C) Superimposed crown on the master die.

Fig. 4. Measurement points for marginal gap (1, 6, a, g) and internal gap (2, 3,4, 5, b, ¢, d, e, f). (A) Mesio-distal section, (B) Bucco-lingual section.

= 5% 722 2 ApolNE Aix] B Zeke vie] o
WM £ A& AEiskal M d(marginal gap), UHIH=
(axial internal gap), W gFHNN 7P 212 Fojof] metd e
ZF=(occlusal internal gap)S A5} (Fig. 4). AA] AS 2
A2 o ol SelE ARl ofsl AlREIRlew, 32 v 5
Stof Fatghs ool SAIXIE shint.

a4 Iol W gl x x|l23 Yot Fhe-2] 3R A<
WES EASlL Az e Lrehiy] 919 33 24 e
2 (Geomagic Control X, 3D systems, Rock Hill, SC, USA)&
olgact. 2 Aglol AH4E BUTE K2Rl 2zteo]
U]}l STL fileS reference® F11, AZE tfx2w9 A8eS
A 705 0] LojFl 10719] STL filed reference filex} 3XF A o
2 ZHA|FIA root mean square (RMS) FS 515 c) 22 vk
oz Z7hHel 24 F PR AL E RMS g 73 o)
- BAEA s

A Mgl dd3x xl2Fol 820 4&F F FUF &
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= 13H(SPSS Statistics 22.0, IBM, Chicago, IL, USA)S ©]-83
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Gt Jehst EAF BAS 93l Kolmogorov-SmirnovE& S
2B FR F BE 0] Batds FAHAL Paired T-test
£ ARSI (0 = 05).

22}

AR X230} kel &4 § FF &4
HA 2 W HFof nlxl= @kl thsto] 3xtd S
Ate thaat 2ok 2 AR 13] Aoste] 9 T
S AREAeZ B A} 4] FHHollA tiRTH(32.0 + 243
pum)d AFT(17.0 + 10.8 pm)7+e] EAE G053k zFo|7F IS
1, YA ZHoA TR (60.2 + 24.3 pm) T AFFE(71.8 £21.5
um)zte] FAF O R {5k xol7t Ut (P < .05)(Table 1,
Fig. 5). YHx] F4 X &M= TAF 2 {25k xto]7F gl
t} (Table 2, Fig. 6).

At BH BEAS B F 8 7F2H 412+ 6.0 um, 424 +
3.0 umZ A" 0 2 §-2]3t x}o]7} Y1ich (Table 3, Fig. 7).
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Mean of marginal and internal gap(M-D)
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Fig. 5. Mean of marginal and internal gap of monolithic zirconia crown:
Mesio-distal section (* Significant at P <.05).
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Fig. 6. Mean of marginal and internal gap of monolithic zirconia crown:
Bucco-lingual section.

Table 1. Marginal and internal gap discrepancy of monolithic zirconia crown: Mesio-distal section (Unit: pim)

Reference points
Group N
1 2 3 4 5 6
Control 10 784 +14.9 32.0+243" 46.5+12.0 5224162 60.2+24.3" 103.6+32.6
Test 10 933182 17.0+10.8° 449+104 502+15.6 71.8+21.5° 96.0+23.1
Different letter represents statistically significant differences within each column (P <.05).
Table 2. Marginal and internal gap discrepancy of monolithic zirconia crown: Bucco-lingual section (Unit: pm)
Reference points
Group N
a b D e F g
Control 10 88.2+24.7 645+21.8 71.7+19.7 103.3+18.2 81.7+164 3794212 89.0+24.9
Test 10 743+29.5 51.7+25.7 722+12.1 103.0+10.2 93.5+12.7 46.4+258 75.0+29.7
Table 3. RMS + SD value comparison of control and test group (Unit: tm)
Group N RMS +SD P value
Control 412+6.0
10 .608
Test 424+3.0
A

Fig. 7. Three-dimensional inner surface comparison of monolithic zirconia
crown.
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Fig. 8. Monolithic zirconia crown superimposed on the master die. (A, B)
control group, (C, D) test group.

CHEtR|atEESISIX| 574 45, 20194 10



Ik, 2 A% 717o] F745ha £H2 AYE (7o) Fasitha
STk B Aol AGRM 2AE MM HE 7]
22 el A1 K129 877F F7HSHAM Ramohs § H B E7} 2 (P < 05). ¢4

57Kk FAOI e Bol W TRIRol7A A2y
oFg 0183 A2k9l Aol Z7H5T Yrh

WA AL ol HEE SRR Y30 39T IFS
URE 1R 84 F SR PAEE WA AYEE AW
EE §oI5t olx} Aok $4E o] A1 4 glom] RAE
W s AREARY 3w §FE 03 4 gk

McLean¥} von Fraunhofer”-& ¥¢3d 7F=0] 100 - 120 pmoi|A]
UE o= 51§ 7He et el B 51931, Molin 5 o2
AFEolM AREATES 717 o] &) W 7H2 50 - 100
umo 2 ¥ 1El9ich 5hx]e CAD/CAM
EAjRe] 497} 3551 e W, 27 F Al2Fuole] A
S Qe TSP O] RN AT HRE
0. 2AEke S0l U Mol ofuldh ghg njxle]
ol that 174 o) 233k Aol
AREAIO] 27 F £71He) 24 oA Wl U

W Hghol oje §erg vIXIEAIE Yohir] 95k} CAD)
CAME o]gslo] Bl 7z X2 jo} A2He & AElR £

b=
YA FAR 13] Adsto] PAHE dHE AEEFoZ FA%EH
Az}, TASHL A FHN SAFSZ {23t x| & YE
Wil YHA] 57 Kol M= BAR SR Folgt Alo]& YEH
R| Ut & AFol F7HE sl AHE-3F triple-scan A2 K]
tix]et A2k Atole] F7he 3RMER o 2 74 Jhsotal theF
SHeFo 2 sigof Algtglo] zho| 7Hs5h 4=335}7| 7HHG}
th= Aol it ey BAbskE 22 3H Agdol whet &
709] FEHdo] gatd 4 ke A o] £/t Holst 5°
3} Matta 5-'°& AZ#0]9] Qb= AA| F2J5HA] Yrhal 5F
on oo Y Axgo]] @Ab= NHSHA] kil F75IITt
o] FRHoM = ko] AA] B3doll HAEs| AR|E FEiE
2705kal Agk-o] W QHE ARt o] A2ke-& K|th
A BRdoll Fd3t flo 2 HAgh ffx]of| fIX|AI717] IshA 1%
& FR|E olgsto] APAIZ & AFHE ZISYsRATE. T35 K|oh
A B39 fApQl gpda} 7 ©A|e] Ak mesh LS FHAI
7171 95l Best-fit alignment 7152 ©]-&5}o] X|Tjx] 2o =
HE 9X19] Azt A7 dlolelE AUt Bt s Sk
Azpgol] dEHE e} 2He & 35Tt ohR|TE X|2 Lo}
o] 97} 22 margin-¢} E}olelE A|hR| BP9 IFEA] X3t
marginF-5 A7HGH= APFol|Ae] extel HAR S £ X|H A
e} A S QALR QI HAR O] Ayt o A HAY T &
ATt

Faucher®} Nicholls'"& Tr}2] 0] HAR A 2L O

ft

CHsHR D sts|K| 57 45, 2019 102

o] B2 7153 & 9F 1,500°CE 4451 Fth. CAD pro-
gram ©. 2 TIAFQ1 A] TIAFR1Q] MR EQ] Al U 71 &
HE 2SR &7] S8 HAA 44 0.5 mmof A HEH 40 pme]
cement spaceS ARNFRUCE SHAITE A4 & djE2 7o HHE
AHEH 24 93 FF FHo|M YW 7HFo] T2 K9l
Hloll Zag A0 2 Yet ol 1 7919] X|tix]¢] o7t

2 B0 vlaf 71 Ao2 Kol |27 Uo}e] GuAA 47}
Hilo] @& F7] vl @ 500 TS vF Ao R Ats
ot T3k AT THe AHEH o5l A AF

=
Fule 7Pt Yot 0% njRo] B

WA Azl dFS vzt 519t Balkaya 5''& =4 4
Agt ol e v glazingZgoll M= HA =9t
Lol &= PIXIA] el shglth 2 dFtoAs gl R
RE2FYol Fhe2 44 & F7HARI &/4go] Azhe U
S 2 3RHA E4S Fof B
Wk a2y Wi -] Ao diside SEEQ iAo
Zad Ao g AlgHoh
| Hol|= 11 20]|A] staining 3+ & glazingS 5= FHO| A4
& AR & AFol| A& glazing} stainingS SHH &
g)5to] PAFA Q1 £=91 830°Co| A A4S AI3Y5H3ITT. oleF 2
o] &/d9] Slget 1129 ZroAE GAT AR A2 F Yo} Az}
9] Yo ojw|gk JaFe vlxl=Alol disiAe F7HAQ A+
7hEas 2108 Ag M, G2 X2 Yo} ko] o
FE o7 Hol AFGEIX|T F7I7He] Q3 ATl digh Hlo]E7}

o™
2E5 Aol FORE ASH Gt WA AOR AR
e,
z28
oM A7E Bl BUTE A2} Aekeo 47 F &
71891 4 TPl Uimel nlxls ke doh At thew
e ARe Ak
EEREENE EERERERR 2 EEER LR
7} gk, ThE BE R9loA fofat wbol7} gigict.
2. GUTE 2o} Aeke 27 F F7hAQ 240]
Zee Wl 9 U AgEo] 2 Qe wAlK gt o
E o2 518 7hs e Hslel At

325



014 oS

TIOU7E K230 32120] A § 57} A% 20 19t Lt Sipkof ol 3

ORCID

Mi-Sun Shin https://orcid.org/0000-0001-7961-7553
Hyeonjong Lee https://orcid.org/0000-0002-1669-2975

References

326

. Suarez MJ, Lozano JF, Paz Salido M, Martinez F. Three-year

clinical evaluation of In-Ceram Zirconia posterior FPDs. Int J
Prosthodont 2004;17:35-8.

. Conrad HJ, Seong WJ, Pesun 1J. Current ceramic materials

and systems with clinical recommendations: a systematic re-
view. J Prosthet Dent 2007;98:389-404.

. Lebon N, Tapie L, Duret F, Attal JP. Understanding dental

CAD/CAM for restorations-dental milling machines from a
mechanical engineering viewpoint. Part B: labside milling
machines. Int J Comput Dent 2016;19:115-34.

. Sturdevant JR, Bayne SC, Heymann HO. Margin gap size of

ceramic inlays using second-generation CAD/CAM equip-
ment. J Esthet Dent 1999;11:206-14.

. Gardner FM. Margins of complete crowns-literature review. J

Prosthet Dent 1982;48:396-400.

. Jacobs MS, Windeler AS. An investigation of dental luting

cement solubility as a function of the marginal gap. J Prosthet
Dent 1991;65:436-42.

. Abduo J, Lyons K, Swain M. Fit of zirconia fixed partial den-

ture: a systematic review. J Oral Rehabil 2010;37:866-76.

. Vojdani M, Safari A, Mohaghegh M, Pardis S, Mahdavi F.

The effect of porcelain firing and type of finish line on the

10.

11.

12.

13.

14.

15.

16.

17.

marginal fit of zirconia copings. J Dent (Shiraz) 2015;16:113-
20.

. Kim JH, Kim KB. Influence of high temperature of the porce-

lain firing process on the marginal fit of zirconia core. J Dent
Hyg Sci 2013;13:135-41.

Balkaya MC, Cinar A, Pamuk S. Influence of firing cycles on
the margin distortion of 3 all-ceramic crown systems. J Pros-
thet Dent 2005;93:346-55.

Holmes JR, Bayne SC, Holland GA, Sulik WD. Consider-
ations in measurement of marginal fit. J Prosthet Dent 1989;
62:405-8.

Moon BH, Yang JH, Lee SH, Chung HY. A study on the
marginal fit of all ceramic using CCD camera. J Korean Acad
Prosthodont 1998;36:273-92.

McLean JW, von Fraunhofer JA. The estimation of cement
film thickness by an in vivo technique. Br Dent J 1971;131:
107-11.

Molin MK, Karlsson SL, Kristiansen MS. Influence of film
thickness on joint bend strength of a ceramic/resin composite
joint. Dent Mater 1996;12:245-9.

Holst S, Karl M, Wichmann M, Matta RE. A new triple-scan
protocol for 3D fit assessment of dental restorations. Quintes-
sence Int 2011;42:651-7.

Matta RE, Schmitt J, Wichmann M, Holst S. Circumferential
fit assessment of CAD/CAM single crowns-a pilot investiga-
tion on a new virtual analytical protocol. Quintessence Int
2012;43:801-9.

Faucher RR, Nicholls JI. Distortion related to margin design
in porcelain-fused-to-metal restorations. J Prosthet Dent
1980;43:149-55.

CHetR 2t Eets|x| 573 45, 2019 10



ORIGINAL ARTICLE

s
Zetct. AlEE Gl E Rl2FYor Agkeg 44 g
t}. Z} o] A] triple-scan protocol & 085} FAdx} =
WE AIS5EYIT) (o = .05).
0 £10.8 pm)2] FAA -5k xFo|7} QUL (P <

AT} (P < 01). Loix] SRR HAE B

il
[}

ol
-

B

rl

jutad

i

1%

2

>

fu)

PA

M

»

[\

=

H_

[\]

&

w

=

2

1)

>

ool ke
do B

=
N

H,
[\ )
o
(OS]
=
)
-]
i
el
M
=
)
H_
N
i
=
2
T
1o
ol
X
i)
o
fl

my
riu
au)
me,
-
PA
Ra)
[

gl
i
9
u
i)
Ho
<2
R
1o
[
it
i
P
)
i
r o
[
ox
rlo
)
rlj
1
(g
ofl
2
rlu
o2
ook
flo
=)
ﬁ‘
Ra)
52
3%
Rl
i
oz
)
o
fru

318 7Hs 3k 8slol Agich.

e}

* AR o] HE ©2019 x|zt s

50612 75 F4A] B3-S 392 20 Bebujeh Al ELshel Alzhe Aok @0] 2& Aeoole]n AR Felol ARRITALE]Je] 40 iR 2ol w}
055 360 5130: e-mail, prostho.hjlee@pusan.ac.kr o]83}Al 4= 9l LT

Y+ 20199 5¢ 39/ A FE4Y: 20199 69 274 / A EY: 20194 69

289

Listx|otEEsks|R| 578 45, 20194 10 327



