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In vitro evaluation of the marginal integrity of CAD/CAM
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ABSTRACT
Statement of problem. The accuracy of interim crowns made with computer-aided design and
computer-aided manufacturing (CAD/CAM) systems has not been well investigated.

Purpose. The purpose of this in vitro study was to evaluate the marginal integrity of interim crowns
made by CAD/CAM compared with that of conventional polymethylmethacrylate (PMMA) crowns.

Material and methods. A dentoform mandibular left second premolar was prepared for a ceramic
crown and scanned for the fabrication of 60 stereolithical resin dies, half of which were scanned to
fabricate 15 Telio CAD-CEREC and 15 Paradigm MZ100-E4D-E4D crowns. Fifteen Caulk and 15 Jet
interim crowns were made on the remaining resin dies. All crowns were cemented with
Tempgrip under a 17.8-N load, thermocycled for 1000 cycles, placed in 0.5% acid fuschin for 24
hours, and embedded in epoxy resin before sectioning from the mid-buccal to mid-lingual
surface. The marginal discrepancy was measured using a traveling microscope, and dye
penetration was measured as a percentage of the overall length under the crown.

Results. The mean vertical marginal discrepancy of the conventionally made interim crowns was
greater than for the CAD/CAM crowns (P=.006), while no difference was found for the horizontal
component (P=.276). The mean vertical marginal discrepancy at the facial surface of the Caulk
crowns was significantly greater than that of the other 3 types of interim crowns (P<.001). At the
facial margin, the mean horizontal component of the Telio crowns was significantly larger than that
of the other 3 types, with no difference at the lingual margins (P=.150). The mean percentage dye
penetration for the Paradigm MZ100-E4D crowns was significantly greater and for Jet crowns
significantly smaller than for the other 3 crowns (P<.001). However, the mean percentage dye
penetration was significantly correlated with the vertical and horizontal marginal discrepancies
of the Jet interim crowns at the facial surface and with the horizontal marginal discrepancies of
the Caulk interim crowns at the lingual surface (P<.01 in each instance).

Conclusions. A significantly smaller vertical marginal discrepancy was found with the interim
crowns fabricated by CAD/CAM as compared with PMMA crowns; however, this difference was not
observed for the horizontal component. The percentage dye penetration was correlated with
vertical and horizontal discrepancies at the facial surface for the Jet interim crowns and with
horizontal discrepancies at the lingual surface for the Caulk interim crowns. (J Prosthet Dent
The early computer-aided
design and computer-aided
manufacture (CAD/CAM) sy-
stem (CEREC; Sirona) allowed
inlays to be delivered in a
single visit, reducing chairside
and laboratory time.1,2 Today,
using CAD/CAM technology,
one can digitally mill crowns,
partial removable dental pros-
thesis frameworks, and maxi-
llofacial prostheses3-5 and
fabricate complete dentures.6,7

Interim restorations provide
esthetics during restorative
procedures, during osseointe-
gration, for partial fixed dental
prostheses, and to prevent
migration of retainer abut-
ments.8 They are fabricated
from different materials,9,10

protect the pulp,11 and allow
the evaluation of function,
esthetics, and phonetics.12-14

Interim crowns must have
color stability15,16 and with-
stand the occlusal loads while
maintaining dimensional and
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Clinical Significance
Interim crowns fabricated by CAD/CAM had a better
marginal fit than those made conventionally with
PMMA, may not need as many appointments, and
may be better for long term use, such as in
complete mouth rehabilitation.
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marginal stability. They can be produced by several
different methods.10, 12-14

Fabrication of an interim crown requires either a
waxing of the restoration on a diagnostic cast or resto-
ration of lost contours intraorally.14 Making diagnostic
casts requires an extra appointment and adds time and
cost for the patient. The clinical goal of an interim resto-
ration is to have a minimal marginal discrepancy, protect
the tooth, and prevent caries and poor gingival health.9,17

An acceptable marginal discrepancy for metal ceramic
restorations should be less than 120 mm.18,19 Interim
crowns should also have similar marginal discrepancies
to maintain a healthy pulp and gingiva.8,9 No statistically
significant differences have been reported between
chamfer and shoulder margin designs for CEREC com-
posite resin crowns, which had mean discrepancies of 70
to 90 mm.20,21 Ehrenberg et al22 reported that the use of
polymethylmethacrylate (PMMA) and bis-acrylic com-
posite resin crowns cemented with TempBond (Kerr
Dental) significantly increased the marginal discrepancy
after thermocycling, but no differences were observed
between the interim materials. Although the marginal
integrity of CEREC interim crowns for dental implants has
been studied,23 no studies have reported on the difference
in the marginal integrity of CEREC interim crowns
compared with other interim restorative materials.

An example of CAD/CAM interim restorative material
is Telio CAD-CEREC (Ivoclar Vivadent AG), which was
initially developed as an alternative to ceramic and metal
restorations.24,25 This composite resin is a cross-linked
PMMA block, and unlike conventional PMMA mate-
rials, has more homogeneity and strength.26 It does not
undergo polymerization shrinkage27 or have an inhibitor
layer, in that it is polymerized under standardized pa-
rameters at high temperature and pressure to ensure
constant quality before milling, and it can be used for
fabricating interim crowns and partial fixed dental
prostheses.28 Currently, Telio CAD-CEREC can only be
milled by the CEREC system.25

Paradigm MZ100-E4D (3M ESPE) blocks are an
alternative for ceramic restorations, are less abrasive,
and are relatively strong and wear resistant. They can
be used in areas where ceramics are contraindicated, for
example, when opposing resin denture teeth.29 The
E4D IntraOral Digitizer (Planmeca, E4D Technologies)
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uses a confocal sensor30 and includes a laser source
coupled to a fiber optic cable, a coupler, and a detector.
No studies comparing Caulk Temporary Crown and
Bridge Resin (Dentsply Caulk) with other PMMA
materials were found; however, Jet (Lang Dental), a
PMMA, has been compared with SNAP (Parkell Inc),
a polyethylmethacrylate (PEMA). The Jet crowns had a
smaller marginal discrepancy and better adaptation.31

Ogawa et al32 showed that the marginal adaptation
significantly improved when the PMMA material was
polymerized in water at 20�C to 30�C when compared
with 20�C in air. Only a few studies have compared the
accuracy of the CAD/CAM systems and conventionally
made interim crowns.17,33 The purpose of this study
was, after aging by thermocycling, to evaluate the
marginal integrity of interim crowns of Telio CAD-
CEREC and Paradigm MZ100-E4D made by CAD/
CAM compared with 2 other conventionally fabricated
PMMA interim crowns.17,31 The first null hypothesis
tested was that no difference would be found in the
vertical and/or horizontal marginal fit of the interim
materials fabricated by CAD/CAM or conventionally.
The second null hypothesis tested was that no corre-
lation would be found between the size of the vertical
and/or horizontal marginal discrepancy and the pene-
tration of dye after thermocycling.

MATERIAL AND METHODS

A polyvinyl siloxane putty (Aquasil; Dentsply Caulk)
was used to make an impression of an unprepared
mandibular dentoform (Columbia) arch. A dentoform
left second mandibular premolar tooth was prepared for
a ceramic crown with 1-mm axial and 2-mm occlusal
reduction with a deep supragingival chamfer margin
and a convergence angle of 6 degrees. The CEREC
manual34 recommends either a deep chamfer or a
modified shoulder margin. A 1-mm circumferential
deep chamfer margin was selected for this study
because it had been reported previously20,21 that this
margin did not affect the accuracy of the CAD/CAM
system or the dimensional accuracy of crown mar-
gins.35,36 The dentoform model was sprayed with a ti-
tanium dioxide powder (VITA CEREC powder with
CEREC Propellant; VITA North America) to facilitate
scanning with the scanner (Lava COS; 3M ESPE). The
arch, the prepared tooth, the antagonist arch, and the
interarch relationship were scanned from the buccal
direction, and 60 stereolithic resin dies were fabricated.
Die spacers allow more accurate seating of crowns37-40

with the ideal cement space reported to be in the
range of about 20 to 40 mm for a cast crown.37,41 Pilot
studies determined that the default settings for both the
Telio CAD-CEREC and Paradigm MZ100-E4D crowns
were too small to allow the crowns to be seated fully on
Kelvin Khng et al



Figure 1. A, Cross section of Telio CAD-CEREC interim crown (×2 magnification): crown (A), cement layer (B), resin die (C), and lingual (D) and facial
(E) margins with minimal marginal discrepancy. Dye penetration can be seen in cement layer particularly under occlusal surface of crown. B, View
(original magnification ×4) of facial margins of Telio CAD-CEREC interim crown after sectioning. Marginal discrepancy has vertical component (Y)
and horizontal (X) component. Also seen is layer of interim cement (A) that had leached away near cavosurface margins of interim crown (B). Crown
was seated on resin die (C) embedded in epoxy (D) to prevent dislodgment of interim crown from die during sectioning.
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the printed stereolithic dies and so were increased to 60
and 120 mm, respectively.

The CEREC 3 was used to scan 15 resin dies to
fabricate the 15 Telio CAD-CEREC interim crowns with
an internal space of 60 mm. Similar interim Paradigm
MZ100-E4D crowns were fabricated using the E4D
scanner and its milling system. Fifteen separate scans
were completed on the 15 sets of resin dies to mill 15
Paradigm MZ100-E4D interim crowns with an internal
spacer width of 120 mm. A thin layer of petroleum jelly
(Vaseline; Unilever) was applied on the remaining ster-
eolithic casts. Autopolymerizing resin interim crowns
were fabricated in 2 representative resins Caulk Tempo-
rary Crown and Bridge Resin (Dentsply Caulk); Jet (Lang
Dental) were fabricated by mixing the resin according to
the manufacturer’s specification and loading the resin
into a polyvinyl siloxane (Aquasil; Dentsply Caulk) ma-
trix, which was placed over the die when the resin was in
its doughy stage. After 10 minutes the crowns were
trimmed with acrylic resin trimming burs using ×3
magnification loupes. Fifteen of each type were made on
their respective resin dies. All interim crowns were
cemented onto their dies with an interim luting agent
(Tempgrip; Dentsply Caulk) under a 17.8 N load to
simulate the force generated when constant finger
pressure is applied on an interim crown intraorally.42,43

Although dwell times and number of cycles have var-
ied, thermocycling has caused significant changes in
marginal leakage.44-47 Thermocycling (Willytec Therm-
coycler) was carried out for 100 cycles between 5�C and
55�C (±2�C) with a 30-second dwell time to simulate a
clinically relevant, 10-week intraoral duration.48 After
thermocycling, the dies were placed in 0.5% acid fuschin
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for 24 hours to evaluate microleakage.45 The interim
crowns were embedded in clear epoxy resin (Pelco; Ted
Pella) to prevent dislodging before sectioning with a
diamond disk (Buehler Diamond Wafering Blade; Bueh-
ler USA) in the mid-buccal to mid-lingual direction.49-51

The percentage of dye penetration was calculated by
measuring the distance of dye penetration at ×2 magni-
fication with software (Image Pro Plus v5.1; Media Cy-
bernetics) divided by the overall length under the crown
and multiplied by 100 (Fig. 1A). The marginal discrep-
ancy was measured with a polarized light traveling mi-
croscope (Olympus BX50; Olympus Optical Co Ltd) at ×4
magnification, and the images were collected with a
dedicated PC using Image Pro Plus software. Measure-
ments were made at the facial and lingual margins by
measuring the vertical and horizontal marginal discrep-
ancy as shown in Fig. 1B. The vertical marginal discrep-
ancy was determined by measuring the void from the
base of the interim crown to the surface of the die along
the long axis of the tooth. The horizontal marginal
discrepancy was measured from the base of the vertical
edge of the crown to the edge of the die as shown in
Fig. 1B.

Descriptive statistics were computed. One-way
ANOVA with the post hoc Tukey-Kramer test was
used to determine any statistically significant difference
in the mean vertical or horizontal marginal discrepancies
among the 4 interim crowns at either the facial or lingual
margins and to detect the difference in mean percentage
of dye penetration among the 4 types of crowns. A
Pearson correlation test was conducted to evaluate
whether a relationship existed between percentage of
dye penetration and vertical or horizontal marginal
THE JOURNAL OF PROSTHETIC DENTISTRY



Table 1. Vertical component of marginal discrepancy of interim crowns

Crown Type N
Facial (mm),
mean (SD)

Lingual (mm),
mean (SD)

Telio CAD-CEREC 15 0.18 (0.07)B* 0.09 (0.04)A*

Paradigm MZ100-E4D 14 0.13 (0.06)B* 0.09 (0.04)A*

Caulk 15 0.29 (0.14)A* 0.13 (0.07)A*

Jet 15 0.15 (0.06)B* 0.11 (0.06)A*

Combined vertical
of CAD/CAM

29 0.12 (0.04)A**

Combined vertical of
polymethylmethacrylate

30 0.17 (0.08)B**

*Means with same superscript letter not significantly different using post hoc Tukey-Kramer
test (P>.05).
**Means with same superscript letter not significantly different using two-sample test
(P>.05).

Table 2.Horizontal component of marginal discrepancy of interim
crowns

Crown Type N
Facial (mm),
mean (SD)

Lingual (mm),
mean (SD)

Telio CAD-CEREC 15 0.18 (0.05)A* 0.03 (0.05)B*

Paradigm MZ100-E4D 14 0.10 (0.05)B* 0.02 (0.03)B*

Caulk 15 0.10 (0.08)B* 0.16 (0.18)A*

Jet 15 0.02 (0.04)C* 0.13 (0.09)A*

Combined horizontal of
CAD/CAM

29 0.08 (0.04)A**

Combined horizontal of
polymethyl methacrylate

30 0.10 (0.09)A**

*Means with same superscript letter not significantly different using post hoc Tukey-Kramer
test (P>.05).
**Means with same superscript letter not significantly different using the two-sample test
(P>.05).
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discrepancy for the facial and lingual surfaces. When
CAD/CAM crowns were compared with the conventional
interim crowns, a 2-sample Student t test was used to
determine whether a difference existed in the mean
vertical and horizontal marginal discrepancy between
CAD/CAM interim crowns and the conventionally made
interim crowns at the facial and lingual surfaces (a=.05).
Software (SAS for Windows v9.4; SAS Institute Inc) was
used for the data analysis.

A sample size of 60 crowns (n=15) was selected for
this study, based on previous published studies.32,51,52

Previous in vitro studies17,32,53 of interim crowns found
statistically significant differences among various types of
crowns,29,49,50 even with fewer than 15 crowns per group.
Intraobserver reliability was evaluated by using a random
number table to select 16 interim crowns (4 from each
group) to remeasure 1 month after the initial measure-
ment. The intraclass correlation coefficient of 0.86
(P<.001) indicated a strong agreement between the 2
measurements made by the same observer.

RESULTS

Of the 60 specimens examined, 1 specimen from the
Paradigm MZ100-E4D group dislodged during thermo-
cycling and was removed from the study. A statistically
significant difference was found between the CAD/CAM
interim crowns and the conventionally made interim
crowns for the mean vertical component of the facial and
lingual marginal discrepancies (P=.006) but not for the
horizontal component (P=.276) (Tables 1, 2). The com-
bined vertical components of the conventionally made
interim crowns had a significantly greater mean marginal
discrepancy than that observed for the CAD/CAM
crowns (0.17 mm versus 0.12 mm).

A statistically significant difference was found among
the 4 types of crowns when the mean vertical compo-
nent of the marginal discrepancy was measured at the
facial (F[3,55]=9.62; P<.001 1-way ANOVA) (Table 1).
The post hoc Tukey-Kramer test indicated that the mean
THE JOURNAL OF PROSTHETIC DENTISTRY
vertical component of the marginal discrepancy at the
facial surface for the crowns made from Caulk resin
was statistically significantly greater than the other 3
types of crowns, (P<.05) while no difference was found
among the 3 types of crowns (P>.05) in each instance.

A statistically significant difference was found among
the 4 types of interim crowns for the mean horizontal
component of the marginal discrepancy at the facial
surface (F[3,55]=17.14; P<.001; 1-way ANOVA) (Table 2).
The mean horizontal component of the marginal
discrepancy at the facial surface for Telio CAD-CEREC
crowns was significantly larger than that of the other 3
types of crown. No statistically significant difference was
found between the crowns made with Paradigm MZ100-
E4D and Caulk. However, those made with Jet had a
statistically significant smaller horizontal discrepancy at
the facial surface than the other 3 (P<.05).

Furthermore, no statistically significant difference was
found among the 4 types of interim crowns when the
mean vertical component of marginal discrepancy at the
lingual surface (F[3,55]=1.85; P=.150; 1-way ANOVA)
was evaluated. Although the crowns made from Caulk
had the largest discrepancies, and CEREC the smallest
discrepancies no statistically significant differences were
found among the 4 types of interim crowns (P>.05) for all
instances as listed in Table 1.

A statistically significant difference was found
among the interim crowns for the mean horizontal
component of the marginal discrepancy at the lingual
surface (F[3,55]=6.58; P<.001; 1-way ANOVA) (Table 2).
This difference for Caulk and Jet was significantly
greater than that observed for Telio CAD-CEREC and
Paradigm MZ100-E4D. No statistically significant dif-
ference was found between Caulk and Jet or between
Telio CAD-CEREC and Paradigm MZ100-E4D, as listed
in Table 2.

To evaluate the effect of aging on the seal of the
crowns by the cement, the crowns were thermocycled
and placed in 0.5% acid fuchsin dye. The difference in the
percentage depth of penetration of the dye among the
Kelvin Khng et al



Table 3.Depths of penetration of acid fuschin after thermocycling as
percentage of crown for different types of crowns

Crown Type N
Depth of Dye Penetration (%),

mean (SD)

Paradigm MZ100-E4D 14 72.38 (15.86)A

Telio CAD-CEREC 15 32.71 (9.42)B

Caulk 15 31.54 (16.42)B

Jet 15 18.95 (13.44)C

Means with same superscript letter not significantly different using post hoc Tukey-Kramer
test (P>.05).

Table 4. Correlation between dye penetration and facial and lingual
vertical discrepancies

Group

Facial Vertical
Discrepancies

Lingual Vertical
Discrepancies

Correlation
Coefficient* P

Correlation
Coefficient P

Paradigm MZ100-E4D -0.17 .56 -0.05 .84

Telio CAD-CEREC -0.10 .73 -0.24 .40

Caulk 0.03 .91 -0.24 .40

Jet 0.64 <.01** -0.37 .18

*Pearson correlation coefficient given to describe strength of relationship between
2 variables.
**Significant relationship between two variables at P<.05 using Pearson correlation test.

Table 5. Correlation between dye penetration and facial and lingual
horizontal discrepancies

Group

Facial Width
Discrepancies

Lingual Width
Discrepancies

Correlation
Coefficient* P

Correlation
Coefficient P

Paradigm MZ100-E4D -0.24 .39 -0.01 .96

Telio CAD-CEREC -0.18 .54 0.04 .89

Caulk 0.07 .80 0.67 <.01**

Jet 0.74 <.01** 0.13 .65

*Pearson correlation coefficient given to describe strength of relationship between
2 variables.
**Significant relationship between 2 variables using Pearson correlation test.
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4 types of crown is listed in Table 3. A 1-way ANOVA
revealed a statistically significant difference between the
crowns for the depth of dye penetration (F[3,55]=39.06;
P<.001). Dye penetration for Paradigm MZ100-E4D
crowns was significantly greater than that observed for
the other 3 crown groups. No significant differences were
found between Telio CAD-CEREC and Caulk. However,
for Jet crowns, it was statistically significantly smaller
than for the other 3 crowns (Table 3).

A Pearson correlation coefficient was calculated to
examine the relationship of the percentage of penetra-
tion of acid fuchsin dye and the marginal discrepancy
and is listed in Tables 4, 5. No significant correlations
were found between the percentage of dye penetration
and the vertical component of the facial or lingual
marginal discrepancies (P>.05), except for Jet interim
crowns. The Pearson correlation coefficient of 0.64
indicated a moderate positive relationship between the
2 variables as listed in Table 4. The correlation between
the percentage of dye penetration and the horizontal
component of the marginal discrepancy is listed in
Table 5. However, no significant correlations were
found between the percentage of dye penetration and
the facial or lingual horizontal component of the mar-
ginal discrepancies (P>.05), except for the lingual
margin of Caulk (P<.01) and the facial margin of Jet
(P<.01). The Pearson correlation coefficient of 0.67 and
0.74 indicated a moderate positive relationship between
the 2 variables.

DISCUSSION

The first hypothesis tested was whether a difference
existed in the vertical and/or horizontal marginal fit be-
tween the interim crowns made by the CAD/CAM sys-
tems compared with those made conventionally with
PMMA. The vertical discrepancy (Fig. 1B) is clinically
important because it exposes the luting cement and
potentially the tooth structure to the oral environment.
The horizontal discrepancy (Fig. 1B) is also clinically
significant because it results in a step defect between the
crown and the tooth, which influences the ability of the
patient to clean the margin and prevent increased plaque
accumulation.8,11,12 Therefore, because a statistically
significant difference was found in marginal discrepancy
Kelvin Khng et al
between the crowns made by the CAD/CAM systems
and those made by the conventional methodology, the
first null hypothesis was rejected.

The average vertical marginal discrepancy found in
this study ranged from 110 mm for Paradigm MZ100-E4D
to 210 mm for Caulk resin. In the horizontal direction,
the measurements were less, and the range was from
60 mm for Paradigm MZ100-E4D to 130 mm for Caulk
(Tables 1, 2). These numbers were higher than those
reported by Akbar et al21 (65.9 ±38.7 mm); however, his
group evaluated the chamfer and shoulder margins of
Paradigm MZ100-E4D crowns without thermocycling.
In this study, the marginal discrepancies were smaller
than those reported by Ehrenberg et al22 (152.1 ±69.6
mm) or Ehrenberg and Weiner31 (460.4 ±155.1 mm), but
they stressed their specimens by serially loading them
before thermocycling. The methodologies used in these
2 studies22,31 varied in the cementation technique, in
how the specimens were serially loaded, and in the
way the marginal discrepancies were measured, which
ranged from a replication technique to the use of an
electron microscope.

The need to increase the default space for the CAD/
CAM crowns may be due to the increased roughness of
the stereolithic dies compared with that of a stone die.
The effect of the degree of axial wall convergence,
margin, and luting space has not previously been dis-
cussed nor could we find any discussion of the influence
of the surfaces of the printed stereolithic dies on the fit
of crowns. Although the ideal cement space is in the
THE JOURNAL OF PROSTHETIC DENTISTRY
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range of about 20 to 40 mm for a cast crown,37,41 the
settings we used were 60 mm for the CEREC crowns
and 120 mm for the E4D crowns, and these settings
may have influenced our results.

The second hypothesis tested whether a relationship
existed between the marginal discrepancy and the
penetration of the dye after thermocycling. Thermocy-
cling increases the marginal discrepancy size of interim
crowns,44 and simultaneous occlusal loading and ther-
mocycling increases marginal discrepancy sizes even
more.31 The present study did not use occlusal loading
but all specimens had dye penetration between the die
and the cement. Paradigm MZ100-E4D interim crowns
had significantly greater dye penetration (72.38%), Jet,
the least (18.95%), and Telio CAD-CEREC and Caulk
interim crowns were similar (Table 3). Greater dye
penetration with Paradigm MZ100-E4D could be
because the internal cement space had to be increased
to 120 mm to seat the crowns. A positive but moderate
relationship was found between dye penetration and
the horizontal and vertical marginal discrepancy on the
facial aspect of Jet interim crowns and the horizontal
marginal discrepancy on the lingual aspect of Caulk
interim crowns. The second null hypothesis testing the
correlation between discrepancy size and dye penetra-
tion was also rejected.

A margin of 1 mm was initially chosen. When viewed
under a microscope after sectioning, a chamfer margin of
0.7 mm was measured at the lingual margin. Although
during crown preparation the width of the rotary in-
strument was used as a gauge, it was not sufficiently
accurate. This error could have been prevented by eval-
uating the margins of the preparations under a micro-
scope54 before duplication. Evaluation of the crown
sections showed that not all the crowns were fully seated
vertically. The simulated clinical seating methods used
in this study may account for the tilting of the crowns
toward the lingual surface.

Sectioning the tooth only in a buccolingual direction
allowed measurement of the margin at 2 sites, which
may not represent the total fit of the crown. Serial
sections would achieve a more accurate assessment. A
magnification of ×4 was adequate to view the marginal
discrepancies accurately. The computer software used
accurately identified and measured the marginal dis-
crepancies, with an intraexaminer error correlation co-
efficient of 0.86.

Another question investigated was whether a differ-
ence could be found among the interim crowns made
from different materials. The greatest discrepancy in the
vertical component of the marginal discrepancy was
found with Caulk interim crowns, while Jet crowns did
not differ from the CAD/CAM crowns. A study by
Ehrenberg et al22 compared Jet, which is a PMMA, and
SNAP, which is a PEMA. The Jet crowns had a smaller
THE JOURNAL OF PROSTHETIC DENTISTRY
marginal discrepancy and better adaptation, which may
explain why Jet was more accurate then Caulk.

The larger marginal discrepancy in the vertical
component at the facial surface of the Caulk interim
crowns could have been due to shrinkage when the
crowns were polymerized in air. Ogawa et al32 showed
that the marginal adaptation significantly improved
when the interim PMMA material was polymerized in
water at 20�C to 30�C. In this study, marginal discrep-
ancy differences were found between the materials when
they were measured separately at the facial and lingual
surface and when measured in the vertical and horizontal
directions. Although there was no clear pattern, Caulk
seemed to have the largest marginal discrepancy at all
sites except on the horizontal component of the facial
surface. Paradigm MZ100-E4D was found to have the
smallest marginal discrepancy except in the horizontal
component at the facial surface. Because few studies have
evaluated both the horizontal and vertical component of
the marginal discrepancies, comparing our findings with
other studies is difficult.

CONCLUSION

Within the limits of this study, the following conclusions
can be drawn:

1. The vertical component of the marginal fit of the
PMMA conventionally made crowns was signifi-
cantly greater than that of the CAD/CAM interim
crowns.

2. The depth of dye penetration after thermocycling
was greater in crowns made from Paradigm
MZ100-E4D and was significantly less in crowns
made with Jet.

3. The interim crowns made from Caulk had the
largest mean marginal discrepancy at the facial and
lingual surface. Also, crowns made with Paradigm
MZ100-E4D had the smallest mean marginal
discrepancy, both at the facial and lingual surface.

4. The vertical component of the mean marginal
discrepancy was significantly larger at the facial
surface for all crowns, and the horizontal compo-
nent of the marginal discrepancy for Caulk and Jet
interim crowns was significantly larger at the lingual
surface.

5. A significant relationship exists between the size
of the vertical and/or horizontal component of
the marginal discrepancies of the interim crowns
and dye penetration after thermocycling.
REFERENCES

1. Mormann WH. The origin of the Cerec method: a personal review of the first
5 years. Int J Comput Dent 2004;7:11-24.

2. Mormann WH, Brandestini M, Lutz F, Barbakow F. Chairside computer-
aided direct ceramic inlays. Quintessence Int 1989;20:329-39.
Kelvin Khng et al

http://refhub.elsevier.com/S0022-3913(15)00569-7/sref1
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref1
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref2
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref2


May 2016 623
3. Ortorp A, Jemt T. Clinical experiences of computer numeric control-milled
titanium frameworks supported by implants in the edentulous jaw: a 5-year
prospective study. Clin Implant Dent Relat Res 2004;6:199-209.

4. Tinschert J, Natt G, Hassenpflug S, Spiekermann H. Status of current
CAD/CAM technology in dental medicine. Int J Comput Dent 2004;7:25-45.

5. Eggbeer D, Bibb R, Williams R. The computer-aided design and rapid pro-
totyping fabrication of removable partial denture frameworks. Proc Inst Mech
Eng H 2005;219:195-202.

6. Sanna AM, Molly L, van Steenberghe D. Immediately loaded CAD-CAM
manufactured fixed complete dentures using flapless implant placement pro-
cedures: a cohort study of consecutive patients. J Prosthet Dent 2007;97:331-9.

7. Kanazawa M, Inokoshi M, Minakuchi S, Ohbayashi N. Trial of a CAD/CAM
system for fabricating complete dentures. Dent Mater J 2011;30:93-6.

8. Hochwald DA. Surgical template impression during stage I surgery for
fabrication of a provisional restoration to be placed at stage II surgery.
J Prosthet Dent 1991;66:796-8.

9. Gegauff AG, Holloway JA. Interim fixed restorations. In: Rosenstiel SF,
Land MF, Fujimoto J, editors. Contemporary fixed prosthodontics, 5th ed. St
Louis: Mosby/Elsevier; 2016. p. 401-39.

10. Gratton DG, Aquilino SA. Interim restorations. Dent Clin North Am 2004;48:
487-97.

11. Hernandez EP, Oshida Y, Platt JA, Andres CJ, Barco MT, Brown DT. Me-
chanical properties of four methylmethacrylate-based resins for provisional
fixed restorations. Biomed Mater Eng 2004;14:107-22.

12. Federick DR. The provisional fixed partial denture. J Prosthet Dent 1975;34:
520-6.

13. Krug RS. Temporary resin crowns and bridges. Dent Clin North Am 1975;19:
313-20.

14. Amet EM, Phinney TL. Fixed provisional restorations for extended prostho-
dontic treatment. J Oral Implantol 1995;21:201-6.

15. Lee YK, Yu B, Lim HN, Lim JI. Difference in the color stability of direct and
indirect resin composites. J Appl Oral Sci 2011;19:154-60.

16. Rayyan MM, Aboushelib M, Sayed NM, Ibrahim A, Jimbo R. Comparison of
interim restorations fabricated by CAD/CAM with those fabricated manually.
J Prosthet Dent 2015;114:414-9.

17. Yao J, Li J, Wang Y, Huang H. Comparison of the flexural strength and
marginal accuracy of traditional and CAD/CAM interim materials before and
after thermal cycling. J Prosthet Dent 2014;112:649-57.

18. Christensen GJ. Clinical and research advancements in cast-gold restora-
tions. J Prosthet Dent 1971;25:62-8.

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

20. Tsitrou EA, Northeast SE, van Noort R. Evaluation of the marginal fit of
three margin designs of resin composite crowns using CAD/CAM. J Dent
2007;35:68-73.

21. Akbar JH, Petrie CS, Walker MP, Williams K, Eick JD. Marginal adaptation of
Cerec 3 CAD/CAM composite crowns using two different finish line prepa-
ration designs. J Prosthodont 2006;15:155-63.

22. Ehrenberg D, Weiner GI, Weiner S. Long-term effects of storage and thermal
cycling on the marginal adaptation of provisional resin crowns: a pilot study.
J Prosthet Dent 2006;95:230-6.

23. Gougaloff R, Stalley FC. Immediate placement and provisionalization of a
dental implant utilizing the CEREC 3 CAD/CAM Protocol: a clinical case
report. J Calif Dent Assoc 2010;38:170-3. 176-7.

24. Perry RD, Magnuson B. Provisional materials: key components of interim
fixed restorations. Compend Contin Educ Dent 2012;33:59-60. 62.

25. Ivoclar Vivadent Telio CAD, Scientific documentation, Ivoclar Vivadent AG,
Research and development, Liechtenstein, April 2010.

26. Edelhoff D, Beuer F, Schweiger J, Brixo O, Stimmelmayr M, Guth JF. CAD/
CAM-generated high-density polymer restorations for the pretreatment of
complex cases: a case report. Quint Int 2012;43:457-67.

27. Balkenhol M, Knapp M, Ferger P, Heun U, Wostmann B. Correlation be-
tween polymerization shrinkage and marginal fit of temporary crowns.
Dent Mater 2008;24:1575-84.

28. Penate L, Basilio J, Roig M, Mercade M. Comparative study of interim ma-
terials for direct fixed dental prostheses and their fabrication with CAD/CAM
technique. J Prosthet Dent 2015;114:248-53.

29. Stawarczyk B, Ozcan M, Trottmann A, Schmutz F, Roos M, Hammerle C.
Two-body wear rate of CAD/CAM resin blocks and their enamel antagonists.
J Prosthet Dent 2013;109:325-32.
Kelvin Khng et al
30. Quadling H, Quadling M, Blair A. United States Patent 0,060,900 A1,
2010.

31. Ehrenberg DS, Weiner S. Changes in marginal gap size of provisional resin
crowns after occlusal loading and thermal cycling. J Prosthet Dent 2000;84:
139-48.

32. Ogawa T, Aizawa S, Tanaka M, Matsuya S, Hasegawa A, Koyano K. Effect
of water temperature on the fit of provisional crown margins during poly-
merization. J Prosthet Dent 1999;82:658-61.

33. Alt V, Hannig M, Wostmann B, Balkenhol M. Fracture strength of temporary
fixed partial dentures: CAD/CAM versus directly fabricated restorations.
Dent Mater 2011;27:339-47.

34. Ivoclar Vivadent E-max Clinical Manual. 2008.
35. Syu JZ, Byrne G, Laub LW, Land MF. Influence of finish-line geometry on

the fit of crowns. Int J Prosthodont 1993;6:25-30.
36. Byrne G. Influence of finish-line form on crown cementation. Int J Pros-

thodont 1992;5:137-44.
37. Fusayama T, Ide K, Hosada H. Relief of resistance of cement of full cast

crowns. J Prosthet Dent 1964;14:95.
38. Eames WB, O’Neal SJ, Monteiro J, Miller C, Roan JD Jr, Cohen KS.

Techniques to improve the seating of castings. J Am Dent Assoc 1978;96:
432-7.

39. Grajower R, Zuberi Y, Lewinstein I. Improving the fit of crowns with die
spacers. J Prosthet Dent 1989;61:55-63.

40. Olivera AB, Saito T. The effect of die spacer on retention and fitting of
complete cast crowns. J Prosthodont 2006;15:243-9.

41. Eliasson ST, Lund MR. Improving marginal fit through finishing procedures.
J Indiana State Dent Assoc 1974;53:13-7.

42. Rosenstiel SF, Gegauff AG. Improving the cementation of complete cast
crowns: a comparison of static and dynamic seating methods. J Am Dent
Assoc 1988;117:845-8.

43. Black S, Amoore JN. Measurement of forces applied during the clinical
cementation of dental crowns. Physiol Meas 1993;14:387-92.

44. Schmid-Schwap M, Graf A, Preinerstorfer A, Watts DC, Piehslinger E,
Schedle A. Microleakage after thermocycling of cemented crownsea meta-
analysis. Dent Mater 2011;27:855-69.

45. Kidd EA. Microleakage: a review. J Dent 1976;4:199-206.
46. Yoshida K, Sawase T, Watanabe I, Atsuta M. Shear bond strengths of four

resin cements to cobalt-chromium alloy. Am J Dent 1995;8:285-8.
47. Diaz-Arnold AM, Mertz JM, Aquilino SA, Ryther JS, Keller JC. A comparison

of the tensile strength of four prosthodontic adhesives. J Prosthodont 1993;2:
215-9.

48. Brown WS, Jacobs HR, Thompson RE. Thermal fatigue in teeth. J Dent Res
1972;51:461-7.

49. Ettinger RL, Kambhu PP, Asmussen CM, Damiano PC. An in vitro evaluation
of the integrity of stainless steel crown margins cemented with different
luting agents. Spec Care Dentist 1998;18:78-83.

50. Baldissara P, Comin G, Martone F, Scotti R. Comparative study of the
marginal microleakage of six cements in fixed provisional crowns. J Prosthet
Dent 1998;80:417-22.

51. Trajtenberg CP, Caram SJ, Kiat-amnuay S. Microleakage of all-ceramic
crowns using self-etching resin luting agents. Oper Dent 2008;33:392-9.

52. Lepe X, Bales DJ, Johnson GH. Retention of provisional crowns fabricated
from two materials with the use of four temporary cements. J Prosthet Dent
1999;81:469-75.

53. Ramkumar V, Sangeetha A, Kumar V. Effect of water temperature on the
fit of provisional crown margins during polymerization: An in vitro study.
J Pharm Bioallied Sci 2012;4:S376-83.

54. L’Estrange PR, Karlsson SL, Odman P, Stegersjo G, Engstrom B. Clinical
evaluation of restoration margins by an endoscopic microscope. Aust Dent J
1991;36:415-20.

Corresponding author:
Dr Ronald L Ettinger
Department of Prosthodontics & Dows Institute for Dental Research
College of Dentistry, University of Iowa
Iowa City, IA 52242
Email: ronald-ettinger@uiowa.edu

Copyright © 2016 by the Editorial Council for The Journal of Prosthetic Dentistry.
THE JOURNAL OF PROSTHETIC DENTISTRY

http://refhub.elsevier.com/S0022-3913(15)00569-7/sref3
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref3
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref3
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref4
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref4
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref5
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref5
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref5
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref6
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref6
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref6
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref7
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref7
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref11
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref11
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref11
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref8
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref8
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref8
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref9
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref9
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref10
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref10
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref10
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref12
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref12
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref13
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref13
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref14
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref14
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref15
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref15
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref16
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref16
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref16
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref17
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref17
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref17
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref18
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref18
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref19
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref19
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref20
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref20
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref20
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref21
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref21
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref21
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref22
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref22
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref22
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref23
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref23
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref23
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref24
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref24
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref26
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref26
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref26
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref27
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref27
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref27
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref28
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref28
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref28
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref29
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref29
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref29
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref31
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref31
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref31
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref32
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref32
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref32
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref33
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref33
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref33
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref35
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref35
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref36
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref36
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref37
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref37
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref38
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref38
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref38
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref39
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref39
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref40
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref40
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref41
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref41
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref42
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref42
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref42
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref43
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref43
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref44
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref44
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref44
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref45
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref46
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref46
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref47
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref47
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref47
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref48
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref48
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref49
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref49
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref49
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref50
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref50
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref50
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref51
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref51
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref52
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref52
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref52
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref53
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref53
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref53
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref54
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref54
http://refhub.elsevier.com/S0022-3913(15)00569-7/sref54
mailto:ronald-ettinger@uiowa.edu

	In vitro evaluation of the marginal integrity of CAD/CAM interim crowns
	Material and Methods
	Results
	Discussion
	Conclusion
	References


