The effect of preparation designs on
the marginal and internal gaps in

Cerec3 partial ceramic crowns

Deog Gyu Seo

The Graduate School
Yonsei University

Department of Dentistry



The effect of preparation designs on
the marginal and internal gaps in

Cerec3 partial ceramic crowns

A Dissertation
Submitted to the Department of Dentistry
and the Graduate School of Yonsei University
in partial fulfillment of the
requirements for the degree of

Doctor of Philosophy of Dental Science

Deog Gyu Seo

Aug 2009



This certifies that the Dissertation of Deog Gyu Seo is approved.

Thesis Supervisor: Byoung-Duck Roh

Chan-Young Lee: Thesis committee Member #1

Kwang-Mahn Kim: Thesis committee Member #2

Hong-Seok Moon: Thesis committee Member #3

Jeong-Won Park: Thesis committee Member #4

The Graduate School
Yonsei University

Aug 2009



Acknowledgements

Looking back, there are many people | wanted to thank to and occasions | was
grateful for during the entire course of completing this thesis. Each of these valuable
friends and my sincere gratitude to them hold a dear place in my heart, and |
furthermore look forward to sharing such gratitude to many others.

First and foremost, | give thanks and glory to God who guides me to the right
path, especially at the time of anguish and troubles. Moreover, | cannot express
enough thanks to my father and mother who always watch over and forever trust their
youngest son with endless love, and also to my father-in-law and mother-in-law who
encourage me with abiding love and pray.

I wish to thank Professor Byoung-Duck Roh who has given neverending advices
and supports and to Professors Chan-Young Lee, Jeong-Won Park, Kwang-Mahn Kim,
Hong-Seok Moon who have offered invaluable comments that have led to successful

screening and completion of this thesis. | would also like to express my appreciation



to Professors Seung-Jong Lee, Sung-Ho Park, Eui-Seong Kim, Il-Young Jung, Su-

Jung Shin, Hyung-Gyu Gong for their encouraging guidance and care.

| am deeply indebted to Min-Ju and Sun-Il who have assisted my experiments

even during their busy residency, to Yoon who has proofread English sentences with

great care, and to my friends who have cheered me up each time | felt down.

Finally, 1 dedicate this thesis to my lovely daughter, Ye-Jin, whose laugh has

strengthen me to go on, and also to my loving wife Young-Ah Yi whose consolation

and warm-heartedness have always been the main source of my driving force.

June, 2009

By Author



Contents

List of figures and tables ..o ii
ADSETACE e v
. INtroduction ... ..o 1
1. Materials & Methods ...........ccoiiiiiii i 6

1. Measuring the average internal gap ...........ccovveriiiiiniieiennnnnnn. 9

2. Measuring the marginal and internal gaps ............ccceevvnnneen. 11

3. Statistical Analysis .........cooiiriiiii 14
1. RESUITS et 15
V. 3] o] 1577 (0] o 21
V. CoNCIUSION ... 35
RETEIBNCES. .. . e 36
ADSEract iN KOTAN ...t e 48



List of Figures

Fig. 1. Different tooth preparations suggested for partial ceramic crown ......... 7
Fig. 2. Schematic drawings of preparations in groups I, Il and 111, representing

bucco-lingual Cross SECHIONS ..........iiiie i e 7
Fig. 3. The designated area for the three dimensional reconstruction of internal
gap on a CT file ..o 10
Fig. 4. Schematic drawing of preparations in groups I, Il and 11, representing
MESIO-AIStal CrOSS SECTIONS ... .viiit ittt e e et e e e e e 12
Fig. 5. Schematic drawing of preparations in groups | and Ill, representing

MESIO-diStal CrosS SECTIONS ........veeiie et e e 12
Fig. 6. Cutting planes, x for the bucco-lingual cross section and y for the mesio-
diStal CroSS SECTION ......vie ittt et e e e 13

Fig. 7. The three dimensional rendering images of the internal gap for each



Fig. 8. A box-plot diagram of the average internal gap of partial ceramic crowns

fromgroups I, T, and T ... e 18

Fig. 9. The two dimensional images from each group for measuring the gap

[0 [1S) = 1 oL 18

Fig. 10. Change of marginal and internal gaps at the reference points in the

bucco-lingual SECLION ....... ..o 20

Fig. 11. Change of marginal and internal gaps at the reference points in the

MESIO-AISTAl SECLION ...eie it e e e e 20

List of Tables

Table 1. Measuring the average of marginal gap ...............ccooeiiiiinennne, 17
Table 2. Measuring and internal gap measurements in the bucco-lingual section

.. 19
Table 3. Measuring and internal gap measurements in the mesio-distal section

.19



ABSTRACT

The effect of preparation designs on the marginal and internal gaps

in Cerec3 partial ceramic crowns

The purpose of this study was to evaluate the marginal and internal gaps in

Cerec3 partial ceramic crowns (PCCs) of three different preparation designs in vitro

using microcomputed tomography (uCT).

Cerec3 PCCs of three different preparation designs (n = 20) were fabricated

according to the following: Group I-conventional functional cusp capping/shoulder

preparation, Group Il-horizontal reduction of cusps and Group Ill-complete

reduction of cusps/shoulder preparation. After fixation of PCCs, the uCT scanning

was performed. For obtaining the average internal gap (AlG), the uCT sections were

reconstructed 3-dimensionally, and then the total volume of the internal gap was

divided by the contact surface area. The 2-dimensional (2D) uCT views were used to



investigate the gaps at predetermined key positions in seven bucco-lingual sections

and three mesio-distal cross sections. The gaps were measured using the uCT at each

reference point. Statistical analysis was performed using one-way ANOVA and

Tukey's test.

For the 3D reconstruction technique, the AlGs were as followed: Group | 197.3 +

48.2 um, Group 11 171.2 + 45.1 um, and Group Il 152.7 + 27.1 um. For the 2D uCT

views, the gaps of each group were the smallest on the margins ranging from 35.4 +

32.2t0 128.4 + 69.5 um, and the largest on the horizontal or angle walls ranging from

184.5 + 41.2 to 406.5 + 176.1 um. According to the results, group | showed larger

marginal and internal gaps compared with the other groups.

For the PCCs, the simplified designs (groups Il and 111) demonstrated superior

results compared to the traditional cusp capping design (group ). The marginal gaps

were smaller than the internal gaps in all groups.

Keywords: Cerec3; CAD/CAM; Microcomputed tomography; Marginal gap;



Internal gap; Preparation design; Partial ceramic crown
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[. Introduction

The introduction of computer-aided design computer-aided manufactured
(CAD/CAM) techniques has led to the shaping of high-performance materials.
However, it is not easy to fabricate the shape of a dental restoration (Jedynakiewicz
and Martin, 2001; Tsitrou et al., 2007). The Cerec3 system is one of the CAD/CAM

systems currently in use. Using this system inlays, onlays, veneers, and crowns may



be fabricated at the chair-side during a single-visit procedure (Allen et al., 2004;

Fasbinder, 2006; Jedynakiewicz and Martin, 2001; Mou et al., 2002). Using this

system, procedures may be performed without intermediate appointments, thereby

decreasing cost, time and the chance of contamination during the provisional phase

(Jedynakiewicz and Martin, 2001; Mou et al., 2002; Sadowsky and Sadowsky, 2006).

In addition, the machined ceramic restoration has the advantages of durability and

improved esthetics due to the chameleon effect (Jedynakiewicz and Martin, 2001;

Mou et al., 2002; Otto and De Nisco, 2002; Reiss, 2006; Sadowsky, 2006).

However, many investigators have criticized the marginal accuracy of these

restorations (Hickel et al., 1997; Siervo et al., 1994). Poor marginal fit can lead to

secondary caries, periodontal disease, endodontic inflammation due to microleakage

from the oral cavity, and clinical failures of the fixed restoration (Beuer et al., 2008;

Kokubo et al., 2005). Traditionally, a cementation width of 50 to 120 um has been

considered to be acceptable (Akbar et al., 2006; Hickel et al., 1997; McLean and von

Fraunhofer, 1971; Mou et al., 2002; Nakamura et al., 2005). In recent studies, the



marginal gap of Cerec3 crown has been reported to be in the range of 27 to 162 um

(Akbar et al., 2006; Mou et al., 2002; Nakamura et al., 2003; Tsitrou et al., 2007).

These investigations have mainly concentrated on the marginal gap of the full veneer

crown.

However, as the demand for conservative tooth treatment increases, there is a

greater need for the use of partial ceramic crowns (PCCs)-i.e. more extended ceramic

restoration with replacement of one or more cusps (Bindl and Mormann, 2003;

Federlin et al., 2004; Reiss and Walther, 2000). In these restorations, in addition to the

traditional cusp capping preparation techniques, simplified preparation designs have

been recommended (Federlin et al., 2007; Federlin et al., 2004). Because of the

efficacy of adhesive luting procedures, it has been suggested that the preparation for

partial coverage restoration can be made with less emphasis on retention form

(Federlin et al., 2004; Hansen, 2000; van Dijken et al., 2001). In this case the internal

gap may also directly influence the longevity since the restoration is supported by

adhesive cement of the internal space (Molin et al., 1996; Mou et al., 2002). However,



there have been only a few studies on the marginal and internal gaps of these designs.

Many clinical long term research report favorable results for Cerec inlays, however,

few studies have focused on partial crown designs (Bindl and Mormann, 2003;

Hayashi et al., 2003; Martin and Jedynakiewicz, 1999; Molin and Karlsson, 2000;

Otto and De Nisco, 2002; Otto and Schneider, 2008; Reiss, 2006; Reiss and Walther,

2000; Sjogren et al., 2004). With regard to the crown designs, there have been reports

on direct (USPHS(Akbar et al., 2006), optical microscopy(Kokubo et al., 2005),

SEM(AKkbar et al., 2006; Federlin et al., 2005)) and indirect (dye penetration(Federlin

et al.,, 2007; Federlin et al., 2004)) methods of investigating the marginal gaps. In

addition, to date, the methods used for studying the internal gaps have been

measurements of specific sections using luting cement (Bindl and Mormann, 2005;

Kokubo et al., 2005), or calculations using the volume and density of silicone

materials (Nakamura et al., 2003; Nakamura et al., 2005). More recently, with

significant improvements in both the software and hardware of microcomputed

tomography (uCT), the three dimensional (3D) structure of small objects can be



obtained with high spatial resolution (Plotino et al., 2006; Sun and Lin-Gibson, 2008).

The uCT may be used to generate 3D rendering of a structure and investigate the

marginal and internal gaps within the range of a few micrometers at multiple sites and

directions, in high resolution by rapid, reproducible and non-destructive methods

(Kakaboura et al., 2007; Parkinson and Sasov, 2008; Plotino et al., 2006; Sun and

Lin-Gibson, 2008).

The purpose of this study was to investigate the effects of different PCC

preparation designs on the marginal and internal gaps in Cerec3. In present study,

uCT was used to assess the followings: i) the average internad gap (AIG; tota

volume of gap/total contact surface area) by investigating the 3D reconstruction,ii )

the marginal and internal gaps by the average values of multiple cross sections in the

bucco-lingual view and mesio-distal view. The null hypothesis was that no

statistically significant differences in the AIG, marginal gaps and internal gaps exist

among the three different preparation designs.



[l. Materials & Methods

Sixty human first and second molars without any caries or anatomical defects

were kept in normal saline. These teeth, which were relatively comparable in size,

were randomly allocated into three groups of 20 specimens each. Three different

preparation designs were applied to each group: Group I-conventional functional cusp

capping/shoulder margin, Group Il-horizontal reduction of cusps and Group IlI-

complete reduction of cusps/shoulder margin (Fig. 1-2.). One investigator prepared

the teeth. All teeth were prepared according the protocol shown in Fig. 2. The margins

were finished with 1.5 mm shoulder preparation using a TF-S 22 (Mani, Japan)

tapered flat end diamond bur.



Fig. 1. Different tooth preparations suggested for partial ceramic crown: (A) Group I-

conventional functional cusp capping/shoulder margin, (B) Group ll-horizontal flat

reduction of cusps, (C) Group Il1-complete reduction of cusps/ shoulder margin.

Fig. 2. Schematic drawings of preparations in groups I, Il and 111, representing bucco-

lingual cross sections. Reference points in groups Il and I11 were designated based on

reference points in group 1.



After completion of all preparations, the surfaces were evenly covered with

antireflection powder (Vita Cerec Powder, Patterson Dental Company, St. Paul, MN.

USA) to facilitate the scanning process. An optical impression was then taken using

the intraoral camera of the Cerec3 system (Sirona Dental Systems, Benshei,

Germany). After checking the clarity of the scan, the data was stored using the

computer software (CEREC 3D, V3.05, Sirona Dental Systems, Benshei, Germany).

The same computer software was used to design each PCC. The luting space and

adhesive gap were set at 30 um. After designing each crown the information was sent

to the milling unit, which utilized two step and cylinder pointed diamond burs. The

PCCs were fabricated using ProCAD milling blocks (lot number J03292, B3,

E300/112, Ivoclar Vivadent, Liechtenstein). The fabricated PCCs were evaluated for

seating on the respective teeth, and utility wax was wrapped around each tooth for

fixation. The hardware device used in this study was a desktop uCT scanner (SkyScan

1172, SkyScan, Aartselaar, Belgium). The settings for scanning of the samples were

determined by a pilot study. The scanning was performed at 65 kVp, 153 puA and the



exposure time of 474 ms per frame using a 0.5 mm aluminum filter. The rotation step

(degree) was set at 0.700, and a 360 ° rotation scanning procedure was preformed.

The x-ray beam was irradiated perpendicularly to the todthlong axis. Using the

zoom function, the crown portion, 10 mm in height, was focused and scanned. The

images were 1024x512 pixels and had a resolution of 15.91 um. After completion of

the scans, the 600-800 slices were reconstructed using the manufacturés complete

imaging software.

1. Measuring the average internal gap

The raw files were converted into bmp files using NRecon software (Skyscan,

Aartselaar, Belgium), and CTAn (Skyscan, Aartselaar, Belgium) was used for

designing bmp CT files and reconstructing 3D images. The area of the internal gap,

between the PCC and tooth, was designated on 600-800 bmp files (Fig. 3). The

internal gap was reconstructed 3-dimensionally based on the designated areas. The



total volume of the internal gap and the surface in contact with the tooth were

obtained using Rapidform2006 (INUS, Seoul, Korea) which can be used in viewing

3D images and measuring their values. The average internal gap was calculated by

dividing the total volume of the internal gap by the contact surface.

Fig. 3. The designated area for the three dimensional reconstruction of internal gap on

a CT file.
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2. Measuring the marginal and internal gaps

For each design, the reference points were set at the margin, axial, angle and

horizontal areas. The points were labeled in the bucco-lingual and mesio-distal

orientation, as shown in Fig. 2, 4-5. From the cross-sections through the center of the

tooth (x axis in Fig. 6), additional cross-sections were obtained bilaterally at 1mm

intervals for a total of seven bucco-lingual sections. Seven bucco-lingual sides were

obtained by cross sections through 2, 3, 4, 5, 6, 7, and 8 of the mesio-distal reference

points (Fig. 4). In the mesio-distal side (y axis in Fig. 6), three sections were obtained

with D, E and M of the bucco-lingual reference points (Fig. 2) in the same manner. In

group |, they were obtained from D, | and M. To maintain a consistent position during

these measurements, the pixel level in the X and Y axes were recorded using

DataViewer (Skyscan, Aartselaar, Belgium) software. The determined gap sizes were

the average values of the bucco-lingual and mesio-distal multisections for each

reference point.
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Mesial

Fig. 4. Schematic drawing of preparations in groups I, Il and Ill, representing mesio-

distal cross sections.

Mesial

Fig. 5. Schematic drawing of preparations in groups I and Ill, representing mesio-

distal cross sections.
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Fig. 6. Cutting planes, x for the bucco-lingual cross section and y for the mesio-distal

cross section.
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3. Statistical analysis

Statistical analysis of the results was performed using a one-way analysis of

variance (ANOVA) to identify significant differences in the AIG among the three

groups. For each reference point, a one-way ANOVA was performed to assess the

differences among the groups. In addition, a one-way ANOVA was conducted within

each group for comparison of the reference points. These analyses were performed

separately for the bucco-lingual and mesio-distal sections. A confidence level of 95%

was used, and Tukeys test was performed. All statistical analyses were carried ou t

using SAS ver.9.1.2 (SAS institute, U.S.A.).

-14 -



[1l. Result

The images of the internal gap for each group were reconstructed three

dimensionally (Fig. 7). The mean values and standard deviations of the AIG for all

groups are listed in Table 1 and shown graphically in Fig. 8. Group | (197.3 + 48.2

um) and groups Il (171.2 + 45.1 pm) and 111 (152.7 + 27.1 um) showed statistically

significant differences (p < 0.05). However, there was no significant difference

between group Il and 111 (p > 0.05).

Fig. 9 shows the 2D cross sections of each group at the X, Y and Z axes from

which the gaps from each reference point were measured. The mean gaps which were

obtained from the multiple sections and results of ANOVA, at each measuring point

are listed in Tables 2 and 3. The mean marginal gap value from the multiple sections

of each reference point (A, N, 1, 9), ranged from 80.7 to 113.2 um for group I, 45.5 to

128.4 um for group 11, and 35.4 to 78.4 um for group I11. The mean internal gap value

from the multiple sections of each reference point (B-M, 2-8), ranged from 116.8 to

-15-



406.5 pum for group 1, 72.5 to 320.2 um for group 11, and 119.5 to 305.1 um for group

I11. The gaps of each group were the smallest at the margins, and the largest on the

horizontal or angle walls. Statistical comparison of the mean marginal and internal

gaps among the three groups demonstrated significant differences in the bucco-lingual

and mesio-distal views (p < 0.05). For each group, there were significant differences

in the mean values at the margins (A, N), axial walls (B, G, K) and, the angles and

horizontal walls (C, D, E, F, H, I, J, L, M) in the bucco-lingual views (p < 0.05). In

addition, for the mesio-distal views, there were significant differences within each

group at the margins (1, 9) and internal reference points (2-8) (p < 0.05). Fig. 10 and

11 illustrates the change in the gaps at each reference point in the bucco-lingual and

mesio-distal views from Tables 2 and 3.

-16 -



Group | — Group Il - Group Il B |

Fig. 7. The three dimensional rendering images of the internal gap for each group.

Table 1 - Measuring the average of internal gap (um, mean + S.D.)
Group | Group 11 Group Il

e A"eraé’:p"f Intenal 973 4g0a  1712+451b  152.7427.1b

The same letters indicate mean values with no statistically significant differences
(p>0.05).
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200 * K|

* %,

200~

Average of internal gap(um)

1

I I I
Group | Group |l Grouplll

Preparation designs

100

Fig. 8. A box-plot diagram of the average internal gap of partial ceramic crowns from

groups I, 11, and 111. Tukey 's test: **p < 0.05.

GROUP | GROUP II I GROUP Il

161

Fig. 9. The two dimensional images from each group for measuring the gap distance.
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Table 2 - Marginal and internal gap measurements in the bucco-lingual section (um,

mean £ S.D.)

Points Group | Group Il Group 111
A 96.8+44.7a 455+37.8b 78.4+389a
B 116.8+43.1a 72.9+40.0b 119.5+515a
C 2549+416a 212.2+53.1b 305.1+54.3¢
D 356.3+57.7a 272.5+59.4 b 299.1+38.8b
E 391.6+137.3a 275.5+48.8Db 299.4+43.0b
F 3449+795a 288.1+85.7a
G 253.5+795a 301.7+192.1b
H 252.1+79.1a 320.2+205.7b
I 401.2+92.4
J 252.1+109.3a 217.8+443Db
K 207.0+119.3a 178.7£56.0 b
L 257.9+82.1a 265.1+50.9b
M 233.4+94.8 ab 258.0+61.1a 1845+41.2h
N 113.2+1029a 128.4+69.5a 54.4+40.4D

Mean 252.3+98.2 217.5+99.5 200.2+93.4

The same letters indicate mean values with no statistically significant differences

among the three groups (p>0.05).

Table 3 - Marginal and internal gap measurements in the mesio-distal section (um,

mean + S.D.)
Points Group | Group Il Group 111
1 102.1+43.8a 725+ 745ab 354+£32.2h
2 364.1+164.5a 268.8+81.1b 2325+53.0b
3 321.0+76.1a 281.6+71.8ab 249.7£529Db
4 339.6+55.1a 283.7+65.6 b 257.9£420h
5 339.4+486a 281.8+45.0b 257.6 404D
6 330.8+64.2a 280.7+51.1b 263.2+324D
7 306.7 £ 66.7 a 265.8+43.3ab 250.5+49.0b
8 406.5+176.1a 246.1+539b 252.3+825h
9 80.7+54.3a 67.6+47.0a 50.5+46.5a
Mean 287.9+115.1 227.6+90.1 205.5+92.6

The same letters indicate mean values with no statistically significant differences
among the three groups (p>0.05).
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Fig. 10. Change of marginal and internal gaps at the reference points in the bucco-

lingual section.
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Fig. 11. Change of marginal and internal gaps at the reference points in the mesio-

distal section.
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V. Discussion

The uCT method, which was used to evaluate the marginal and internal gaps

between the tooth and the PCC in this study, provides an advantage over other

methods. The three dimensionally reconstructed image obtained through

nondestructive methods allows quantitative analysis and investigation of the internal

space, which cannot be visualized (Sun and Lin-Gibson, 2008). In addition, such

images allow measurement in any angle or position, and reference values in X, Y, and

Z axes can be consistently maintained (Kakaboura et al., 2007). Moreover, the 2D and

3D measurements and analysis may be performed simultaneously, and additional and

repeated testing is also possible. Previously, the use of the uCT has been limited by

low resolution and a long scanning time. However, recent technological

improvements have increased the resolution to nanometers (Parkinson and Sasov,

2008), and the use of this technology in research is expanding. In this study

skyscan1172 was used at a resolution of 15.91 um. The scanning time was about 10

-21 -



minutes per tooth and this equipment allows a resolution of up to 2 um.

For uCT, the accuracy and precision are dependent on the experimental design

and subsequent image analysis. The selection of appropriate segmentation values is

critical in the image analysis. An optical threshold value must be used (Sun and Lin-

Gibson, 2008), and we obtained this value according to a pilot study. The uCT cannot

be applied in situations where insufficient or inappropriate radiographic contrast exist

(Kakaboura et al., 2007; Sun and Lin-Gibson, 2008). Accurate image analyses require

sufficient contrast between the cavity and the restoration (Sun and Lin-Gibson, 2008).

In this study, the interfacial space was analyzed. However, if a material with similar

density to dentin or ceramic was used, it would be difficult to analyze the gap.

For this reason, the study design did not employ any treatment between the

dentin and the ceramic to maximize the differences in the density of the dentin,

ceramic, and the gap. Consequently, it was more efficient in analyzing the gap. This

also excludes the influence of the cement thickness, which depends on the kind of

cement, and the variable setting pressure. Fixation using utility wax allowed

-22 -



investigation of the original interface of the restoration through passive fitness. The

result of this method was not different from the pilot study in which cyanoacrylate

was used. Conventional sectioning techniques have the drawbacks such as movement,

artifacts and fracture of the material, while the uCT is more effective for evaluating

the marginal and internal gaps of non-bonded restorations.

Through improvements of the Cerec machine, marginal fit has become more

acceptable. Internal fit is now the main concern since the 3D optical impression taking

of the prepared tooth and the milling accuracy of Cerec may not always be reliable

(Hickel et al., 1997; Mou et al., 2002). The AIG results obtained using the 3D

reconstruction of uCT rejected the null hypothesis. The traditional cusp capping

method (group 1) and the new simple designs (groups Il and 111) showed statistically

significant differences. However, there was no significant difference between the two

new designs. As shown in Fig. 8, group | showed a greater AIG and standard

deviation compared to groups Il and Ill. It was shown that simple designs lead to

closely fitting restorations in PCC fabricated by the Cerec3 system. It has been

-23-



reported that the average internal gap, which is calculated by the weight and density

of the silicone material, is 116-162um for Cerec3 crowns (Nakamura et al., 2003).

Our results were larger since it is presumed that PCC designs are more complicated

than those of crowns. Although group | requires more effort to prepare, the hardware

milling system, using two diamond burs, and the software program seem to be

relatively less accurate. Previous studies have been limited by the fact that the internal

gap may be evaluated only through certain cross sections (Bindl and Mormann, 2005;

Kokubo et al., 2005), and there have been no studies on the internal gap for PCC

designs. Therefore, the fact that the total internal gap can be obtained with uCT has

significance. The average gap per area obtained through such methods better

represents the entire restoration rather than a random portion of it. However, since this

is not easy and additional effort is required, there rarely have been such studies. One

study reported that the internal gap was obtained using the weight and density of

silicone material (Nakamura et al., 2003). However, the results from such methods

may be influenced by the variation in finger pressure, flow of the material and the
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base/catalyst ratio (Kokubo et al., 2005; Nakamura et al., 2003; Nakamura et al.,

2005). In this study, using the 3D rendering without additional experiments the shape

of the total internal gap was obtained. Both 3D and 2D analysis showed similar results.

However, the 3D AIG had relatively smaller values compared to the mean gaps of the

2D reference points. This was probably due to the fact that the 2D reference points

included more areas where there were large gaps. In addition, this method is limited

by the fact that the x-rays are represented by pixels of diverse density (Kakaboura et

al., 2007; Parkinson and Sasov, 2008; Sun and Lin-Gibson, 2008). As a result, the

ceramic, gap and the dentin are represented as pixels of various density, therefore the

observer may misinterpret the darker gray pixels as gaps upon 2D analysis, thereby

increasing the values for the gap size.

The 2D analysis represented in Tables 2 and 3 showed statistically significant

difference for each reference point among groups and rejected the null hypothesis.

Mostly, group Il and 111 had significantly superior results than group I. Rapid changes

of the gaps at the reference points in each group are shown in Fig. 10 and 11. These

-25-



results demonstrate that for the Cerec3, the margin and the axial walls are the areas

where the fabrication is affected the least by preparation designs. The marginal gap

was the smallest, but, the internal adaptation was relatively inaccurate in all groups.

For a good long term prognosis, the clinically acceptable marginal gap limit is

considered to be in the range of 120 um to 200 um (Bjorn et al., 1970; McLean and

von Fraunhofer, 1971). It was reported that marginal gap of conventionally fabricated

all-ceramic crowns is within range of 1-161 um (Davis, 1988; Schaerer et al., 1988;

Sulaiman et al., 1997), Cerec3 crowns were reported to be between 27 and 162 um

(Akbar et al., 2006; Mou et al., 2002; Nakamura et al., 2003; Tsitrou et al., 2007).

The marginal gap results of this study were consistent with the results of previous

studies, and the gaps were clinically acceptable. In this study, the marginal gap of

PCC was measured without luting cement. It has been reported that the marginal gap

increased by 13 to 22um when the crown was luted with cement (Beschnidt and Strub,

1999; Wolfart et al., 2003). Nonetheless, even with the additional gap due to

cementation, the results of this study seem to achieve a clinically acceptable marginal
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gap.

The results of this study suggest that the uCT has enough resolution to measure

the internal gaps. The above results showed that there were differences in the internal

gaps of the different preparation designs, when using the Cerec 3 system. It has been

reported that the internal gap of conventional all ceramic crown is 123-154 um (Grey

et al., 1993) and CAD/CAM crowns fabricated by Cerec3 or Procera are 85-247 um

(Bindl and Mormann, 2005; Kokubo et al., 2005; Mou et al., 2002). However, the

mean internal gaps of 2D analysis were considerably larger in the present study. This

finding may be attributed to more complex PCC designs and different reference points

when compared with all ceramic crowns. In addition, the fact that the gaps were

measured from only one cross section in previous studies may also be the cause of

such difference (Bindl and Mormann, 2005; Kokubo et al., 2005). At each of the

reference points, internal gaps of group Il and Il were significantly smaller than

group |, but the internal gaps of group Il and 111 showed wide variation at a range of

73-320 um. The gaps of the horizontal and angle reference points were larger towards
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the center, and those of the axial and margin reference points were smaller. In vivo,

the distal shadow problem still remains and may influence the internal fit of Cerec3

especially on the distal surface (Mou et al., 2002). However, it had no effect on this in

vitro study. Nevertheless, although Cerec3 has improved impression and milling

accuracy, they may cause the large internal gaps on PCCs of relatively complex

designs. The internal gaps at horizontal or angle walls were the largest. These areas

showed wider differences of the gap sizes among three groups, and they seemed to be

more affected by the preparation designs. Interfacial gaps of 200 to 300 um can be

considered acceptable (Hickel et al., 1997; Mou et al., 2002). From the results of our

experiment, the internal gaps were not acceptable. Indeed, some reference points of

the horizontal and angle walls (C, D, E, F, H, I in Fig. 2) had internal gaps of 300-400

um, which means that even with an accurate preparation design, the restoration may

be too thin in those areas. This may cause additional problems. Longevity may be

affected due to polymerization shrinkage during the setting of resin cement

(Kakaboura et al., 2007). Because the cement thickness is increased, retention may be
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decreased (Wiskott et al., 1999). Since the restoration is supported by adhesive

cement of the internal space (Molin et al., 1996; Mou et al., 2002), ceramic

restoration may fracture in areas where it is too thin (Federlin et al., 2007; Nakamura

et al., 2003; Tuntiprawon and Wilson, 1995; Wiskott et al., 1999). Therefore this

needs to be considered clinically during tooth preparation, and improvement of

accuracy is needed in the Cerec3 system.

In the Cerec3 system, marginal and internal gaps can be affected by the

following parameters: the occlusal convergence angle, occlusal-cervical height of the

prepared tooth, the computer’s luting space setting and different margin designs (Mou

et al., 2002; Nakamura et al., 2003; Nakamura et al., 2005). In a recent study,

Nakamura et al. investigated the effects of the occlusal convergence angle and luting

space on marginal and internal gaps (Nakamura et al., 2003). It was reported that

when the luting space was 30um, the marginal and internal gaps could attain optimal

fit without the influence of occlusal convergence (Nakamura et al., 2003). In an

experiment by Mou et al, the internal gaps were not influenced by the convergence
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angle when the occlusal height was less than 6mm (Mou et al., 2002). Based on these

results, the adhesive gap and luting space in this study were set at 30pum, and the

convergence angle was maintained at 14%, the taper of TF-S 22 (Mani, Japan)

diamond bur. Occlusal height was kept under 6mm in all groups, and because this

study was performed in vitro, the distal shadow effect caused by optical impression

based on the active triangulation principle could be eliminated. However, previous

studies present data from crown designs; therefore, additional research with various

changes in parameter settings for PCC designs will have significant meaning. In

recent studies, the marginal gaps of Cerec3 crowns showed no statistically significant

differences among bevel, chamfer and shoulder margins, although it showed relative

lower value for the shoulder margin group (Akbar et al., 2006; Tsitrou et al., 2007).

Based on the data from these reports, and in order to provide a similar environment as

the horizontal flat design of the new simple design groups, the shoulder margin design

was chosen. Minimal finishing and rounding was conducted for accuracy and

similarity of the designs within each group.
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In spite of the large marginal gap, favorable results have been reported on long

term clinical studies of ceramic inlays and onlays (Bindl and Mormann, 2003).

According to reports by Kramer and Frankenberger, the 4, 6 and 8 year survival rates

of IPS Empress ceramic inlays and onlays were 96, 93 and 92-90% (Frankenberger et

al., 2000; Kramer et al., 2006; Krdmer and Frankenberger, 2005; Krédmer et al., 2008).

In a 10 and 18 year long term clinical study by Reiss et al., the survival rates of

Cerecl inlays were reported to be 90 and 84% (Reiss, 2006; Reiss and Walther, 2000).

Moreover Otto et al. reported 90 and 89% survival rates for Cerecl inlays and onlays

in a 10 and 17 year study (Otto and De Nisco, 2002; Otto and Schneider, 2008). The

main reason for failure of these restorations was ceramic fracture (Frankenberger et

al., 2000; Kramer et al., 2006; Kramer and Frankenberger, 2005; Kramer et al., 2008;

Martin and Jedynakiewicz, 1999; Molin and Karlsson, 2000; Otto and De Nisco,

2002; Otto and Schneider, 2008; Reiss, 2006; Reiss and Walther, 2000; Sjdgren et al.,

2004). If small internal gaps can be restored, and made more even, stress distribution

will occur more evenly in long term occlusal loading, making it more resistant to
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fatigue fracture. If dual cured resin composites are applied, rather than chemically

cured resin composites to large internal gaps, long term success rates may decline

(Sjégren et al., 2004) and decrease of retention may be the result of increased

adhesive thickness (Wiskott et al., 1999). Long term clinical success also depends on

well controlled adhesive procedures (Frankenberger et al., 2007; Krédmer and

Frankenberger, 2005; Kramer et al., 2008; Otto and Schneider, 2008; Reiss, 2006).

Many dentists prefer simplified procedures and as a result, recently one step luting

agents are increasing. However, luting the restoration using these simplified

procedures may cause failure in retention or fracture. Therefore, in spite successful

long term clinical reports, continuous research on various factors for improved results

are needed. Previous studies have focused on inlays, therefore, controlled prospective

clinical research on partial crown designs will have significant meaning (Hayashi et

al., 2003; Krémer et al., 2006; Martin and Jedynakiewicz, 1999; Molin and Karlsson,

2000; Reiss, 2006; Reiss and Walther, 2000; Sjogren et al., 2004). Research

comparing in vitro and in vivo studies, such as Frankenberger’s study (Frankenberger
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et al., 2007), provides to be a good example. In the clinical studies, it is difficult to

evaluate internal gap, however, internal gap can be measured by using a non-

destructive uCT method on the impression model before adhesive procedures.

Through this method, it will be useful to perform prospective clinical evaluation with

already identified internal gaps.

In this study, the average values for multiple sections in the bucco-lingual and

mesio-distal views were used for the analysis. This was due to the fact that there were

statistically significant differences between the sections of the same reference point. If

a single section had been used, it would only reflect a randomly selected section. This

could change the experimental results, especially in studies where the results are in

the range of um. As shown in Fig. 10 and 11, as one moves internally from the

external margin, the gap distance changes continuously. This also shows that previous

studies focusing on the marginal fit of only certain sections have been insufficient in

evaluating the restoration fitness. Therefore, in order to minimize the error of using a

single section, maximize the advantages of the uCT and to accurately reflect the
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specimen studied the average values from multiple sections were used. For these

reasons, the uCT can be recommended as a new useful method of evaluating the

marginal and internal gaps. Despite some of the limitations, the results of this study

suggest that the uCT has enough resolution to measure the marginal and internal gap.

The results showed that in the PCC preparation, using the Cerec3 system, the

preparation design and internal gap size need to be considered. Since the restoration

was not cemented during the study, additional experiments regarding gap changes

after cementation and polymerization shrinkage during setting are possible. In

addition, since the nondestructive uCT method was used, fracture resistance and

leakage testing after cementation, and SEM or microscopic studies after sectioning are

possible. Such additional experiments may provide new insights into CAD/CAM

preparation designs, and maximize the efficiency of study methods using the puCT.
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V. Conclusion

Within the limits of this study, PCCs fabricated using the Cerec3 system showed

significant differences in the mean marginal and internal gaps depending on the

preparation designs. Simple designs provided superior results when compared to

traditional cusp capping design. In all groups, the marginal gaps were smaller than the

internal gaps. The gaps of each group were the smallest at the margins, and the largest

on the horizontal or angle walls. The uCT used in this study was very efficient for

measuring the marginal and internal gaps. Further studies of internal gaps are needed.
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