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Randomized controlled clinical trial of digital and conventional
workﬂows for the fabrication of zirconia-ceramic ﬁxed partial
dentures. Part III: Marginal and internal ﬁt
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The introduction of computeraided design and computeraided manufacturing (CADCAM) systems to dentistry has
led to increased production efﬁciency and the introduction of
new restorative materials, such
as zirconia. Zirconia, because of
its excellent mechanical characteristics, is a suitable alternative to the traditionally used
metal frameworks for posterior
ﬁxed partial dentures (FPDs).1-4
An essential aspect of any
restorative workﬂow is the
marginal and internal ﬁt of the
resulting prosthesis. Poorly
ﬁtting margins are associated
with a risk of caries through
increased plaque accumulation
and microleakage.5,6 Internal
ﬁt can inﬂuence the mechanical stability of the ceramic
restoration, and an increased
internal
discrepancy
can

ABSTRACT
Statement of problem. Trials comparing the overall performances of digital and conventional
workﬂows in restorative dentistry are lacking.
Purpose. The purpose of the third part of this clinical study was to test whether the ﬁt of zirconia
3-unit frameworks for ﬁxed partial dentures fabricated with fully digital workﬂows differed from that
of metal frameworks fabricated with the conventional workﬂow.
Material and methods. In each of 10 participants, 4 ﬁxed-partial-denture frameworks were fabricated
for the same abutment teeth according to a randomly generated sequence. Digital workﬂows were
applied for the fabrication of 3 zirconia frameworks with Lava, iTero, and Cerec inﬁniDent systems. The
conventional workﬂow included a polyether impression, manual waxing, the lost-wax technique, and
the casting of a metal framework. The discrepancies between the frameworks and the abutment teeth
were registered using the replica technique with polyvinyl siloxane. The dimensions of the marginal
discrepancy (Discrepancymarginal) and the internal discrepancy in 4 different regions of interest
(Discrepancyshoulder, Discrepancyaxial, Discrepancycusp, and Discrepancyocclusal) were assessed using a
light microscope. Post hoc t tests with Bonferroni correction were applied to detect differences (a=.05).
Results. Discrepancyshoulder was 96.1 ±61.7 mm for the iTero, 106.9 ±96.0 mm for the Lava, 112.2 ±76.7 mm
for the Cerec inﬁniDent, and 126.5 ±91.0 mm for the conventional workﬂow. The difference between the
iTero and the conventional workﬂow was statistically signiﬁcant (P=.029). Discrepancyocclusal was
153.5 ±66.8 mm for the iTero, 203.3 ±127.9 mm for the Lava, 179.7 ±63.1 mm for the Cerec inﬁniDent, and
148.8 ±66.8 mm for the conventional workﬂow. Discrepancyocclusal was signiﬁcantly lower for the
conventional workﬂow than for the Lava and the Cerec inﬁndent workﬂows (P<.01). The iTero resulted in
signiﬁcantly lower values of Discrepancyocclusal than the Lava and the Cerec inﬁniDent workﬂows (P<.01).
Conclusions. In terms of framework ﬁt in the region of the shoulder, digitally fabricated zirconia
3-unit frameworks presented similar or better ﬁt than the conventionally fabricated metal
frameworks. In the occlusal regions, the conventionally fabricated metal frameworks achieved a
more favorable ﬁt than the CAD-CAM zirconia frameworks. (J Prosthet Dent 2018;-:---)
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Clinical Implications
Digitally fabricated zirconia frameworks for 3-unit
ﬁxed dental prostheses have similar or better
marginal ﬁt than that of conventionally fabricated
metal frameworks. In terms of internal ﬁt in the
occlusal regions, conventionally fabricated metal
frameworks are better than zirconia frameworks
fabricated with a digital workﬂow.

reduce retention and increase the incidence of ceramic
fractures.7,8
The accuracy of CAD-CAM fabricated FPDs has been
investigated in clinical and in vitro investigations.9-13 A
systematic review14 assessed the accuracy of zirconia
FPDs and revealed a wide range in the results. However,
a direct comparison between the systems was difﬁcult
because of the heterogeneity of the experimental protocols in the included studies. Evidence from clinical
studies comparing the ﬁt of digitally fabricated zirconia
FPDs to that of conventionally fabricated FPDs with
metal framework is sparse.
The present randomized controlled clinical trial was
designed to compare the overall performance of 3 digital
and 1 conventional workﬂow for the fabrication of toothsupported 3-unit FPDs, from the impression to the delivery of the restoration. A design with intrasubject
comparison was used to reduce the inﬂuence of the
confounding factors on the study outcome. Part I of the
investigation assessed digital and conventional impressions with respect to time effectiveness and the perception of both the participants and operators.15 Part II
analyzed the time effectiveness in the dental technical
workﬂows.16 The purpose of part III was to test whether
digital workﬂows used for the fabrication of zirconia
frameworks for posterior 3-unit FPDs give different results compared with the conventional fabrication of metal
frameworks with respect to marginal and internal ﬁt.
MATERIAL AND METHODS
This study was designed as a blinded, randomized
controlled clinical trial with within-subject comparison of
3 digital and 1 conventional workﬂow for the fabrication
of tooth-supported 3-unit FPDs. The study was performed at the Clinic of Fixed and Removable Prosthodontics and Dental Material Science, Center of Dental
Medicine, University of Zurich, Zurich, Switzerland. The
trial was approved by the local ethical committee (reference: KEK-ZH-Nr. 2011-0103/5; Kantonale Ethikkommission, Zurich, Switzerland). The present study follows
the methods and uses materials of a previous series of
RCTs comparing the digital and conventional workﬂows
for the fabrication of single crowns.16-18
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Ten participants with each in need of a 3-unit toothsupported posterior FPD were included in the study. The
inclusion criteria were reported in part I of this investigation.15 Written informed consent was obtained from all
those participating. For each participant, 3 FPDs were
digitally fabricated, and 1 FPD was conventionally fabricated. The sequence of the FPD assessment was
randomly allocated according to a computer-generated
list. To reduce operator bias, the investigators generated
and evaluated the replicas without being able to distinguish among the digitally fabricated FPDs under
investigation.
The clinical procedures were performed by 3 calibrated clinicians (G.I.B., S.M., I.S.). The clinicians were
experienced with the digital impression systems tested
and ceramic CAD-CAM restorations. The abutment teeth
were prepared according to the guidelines for the fabrication of ceramic CAD-CAM restorations.19 At the subsequent clinical appointment, 3 digital impressions and 1
conventional impression were made for each participant.
The description of the impression procedure is reported
in part I of this investigation.15
Three zirconia frameworks and 1 metal framework
were fabricated for each participant. For the Lava (3M
ESPE) workﬂow, optical impressions were made using
the system-speciﬁc intraoral scanner (Lava Chairside
Oral Scanner; 3M ESPE), and frameworks were designed
using the manufacturer’s software (Lava Chairside Oral
Scanner Laboratory Software v3.0.2; 3M ESPE). Spacer
thickness was set as recommended by the manufacturer
(default setting for spacer: 70 mm). The restorations were
milled from zirconia blocks (Lava Zirconia; 3M ESPE) in a
centralized milling center (Lava Milling Center by Rainer
Rominger).
For the iTero workﬂow, the optical impressions were
made using the iTero scanner (Align Technology Inc),
and the frameworks were designed using the CAD
software (CARES Visual v6.2; Institut Straumann AG).
Spacer thickness was set as recommended by the
manufacturer (default setting for spacer: 70 mm). The
restorations were milled from zirconia blocks (zerion;
Institut Straumann AG) in a centralized milling center
(Institut Straumann AG).
For the Cerec inﬁniDent workﬂow, the optical impressions were made using the Cerec Bluecam (Dentsply
Sirona), and the frameworks were designed using the
Cerec Connect software (v4.0.3; Dentsply Sirona) and the
Cerec inLab 3D software (v4.0.3; Dentsply Sirona).
Spacer thickness was set as recommended by the
manufacturer (default setting for spacer: 60 mm). The
frameworks were milled from zirconia blocks (inCoris ZI;
Dentsply Sirona) in a centralized production center
(inﬁniDent; Dentsply Sirona).
For the conventional workﬂow, impressions were
made using a polyether material (Permadyne; 3M ESPE),
Benic et al
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Figure 1. Embedded silicone layer (replica) sectioned mesiodistallly and
buccolingually for each abutment tooth. b, buccal; d, distal; l, lingual; m,
mesial.

3

Figure 2. Study-speciﬁc cutting device with orthogonally mounted
surgical blades and engaging carrier allowing standardized cutting of
replicas.

Figure 3. Regions of interest. A, Cross-section of replica. B, Discrepancyshoulder. C, Discrepancyaxial. D, Discrepancycusp. E, Discrepancyocclusal. Original
magniﬁcation at ×200.

and stone casts were poured (Type IV, quadro-rock plus;
Picodent). After a single application of a die spacer
(Chromospacer No. 1; Benzer Dental AG), a wax pattern
(Inlay Wax Soft; GC Austria GmbH) of the framework
was made manually. The frameworks were fabricated
using the lost-wax technique and conventional casting
procedure with a noble alloy (Estheticor Special; Cendres+Métaux SA). The fabrication of all FPDs was
executed by 1 calibrated dental technician. A detailed
description of the technical workﬂow used for the fabrication of FPDs was reported in part II of this
investigation.16
At the clinical evaluation appointment, 3 zirconia
frameworks and 1 conventional framework were
assessed. The dental technician was not allowed to
manually adjust the frameworks on the respective cast.
The description of the qualitative assessment of the
framework is reported in part II of this investigation.16
The internal ﬁt of the 3-unit frameworks was registered by means of the replica technique.13,20 The reconstructions were ﬁlled with a light-body polyvinyl
siloxane (Coltene AFFINIS light body; Coltène/Whaledent AG) and placed on the abutment teeth by applying
ﬁnger pressure in the apical direction. After the impression material had polymerized, the framework was
removed together with the polyvinyl siloxane ﬁlm
adhering to the intaglio surface. The thin layer of polyvinyl siloxane was stabilized by injecting heavy-body
Benic et al

polyvinyl siloxane (Memosil; Kulzer GmbH) into the
framework. After setting, the polyvinyl siloxane materials
were removed from the framework. The replica of each
abutment tooth was sectioned mesiodistally and buccolingually into 4 parts. One calibrated investigator (M.Z.)
performed the cutting procedure according to a standardized protocol and by means of a study-speciﬁc device
to ensure the replicas of the same abutment tooth were
sectioned in the same position (Figs. 1, 2).17 The thickness
of the light-body polyvinyl siloxane representing the
discrepancy between the framework and the abutment
tooth was measured using a light microscope at ×200
magniﬁcation (Keyence VHX-2000 digital microscope;
Keyence Deutschland GmbH). One blinded and calibrated investigator (J.N.G.) measured all the specimens.
The internal discrepancy was assessed in 5 different
regions of interest (Fig. 3). Discrepancymarginal was
deﬁned as the distance between the points representing
the preparation ﬁnish line and the restoration margin.
Discrepancyshoulder was deﬁned as the mean value of 4
measurements in the region representing the shoulder
(1 measurement each 100 mm). Discrepancyaxial was
deﬁned as the mean value of 4 measurements in the
region representing the axial wall (1 measurement each
250 mm), and Discrepancycusp was deﬁned as the mean
value of 4 measurements in the region representing the
cusp (1 measurement each 100 mm). The cusp was
thereby characterized as the transition zone between the
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Table 1. Discrepancy values (mm) in 5 different regions of interest (marginal, shoulder, axial, cusp, and occlusal) for each treatment option
(Conventional, Lava, Cerec inﬁniDent, iTero)
Treatment Option

Conventional

Lava
P

Region of Interest

Mean ±SD (Median) 95% CI (Range)

Lava

P

Cerec
Cerec
inﬁniDent iTero Mean ±SD (Median) 95% CI (Range) Conventional inﬁniDent iTero

Marginal

117.7 ±129.4 (87.5)

114.4-121.0
(13.0-394.0)

>.1

>.1

>.1

106.4 ±103.7 (75.0)

103.6-109.2
(23.0-482.0)

>.1

>.1

>.1

Shoulder

126.5 ±91 (105.5)

124.3-128.7
(27.8-331.8)

>.1

>.1

.029†

106.9 ±96 (73.0)

104.5-109.3
(28.0-464.5)

>.1

>.1

>.1

Axial

106.8 ±47.4 (99.3)

105.6-108.0
(35.8-300.5)

>.1

>.1

>.1

105.8 ±37.6 (101.0)

104.9-106.7
(37.0-225.8)

>.1

>.1

>.1

Cusp

137.1 ±69 (119.8)

135.3-138.9
(27.5-325.0)

<.001†

>.1

>.1

175.7 ±82.2 (153.8)

173.6-177.8
(66.0-526.8)

<.001†

<.005†

>.1

148.8 ±66.8 (140.3)

147.1-150.5
(31.5-354.3)

<.001†

.006†

>.1

203.3 ±127.9 (162.0)

200.1-206.5
(98.0-752.3)

<.001†

>.1

.016†

Occlusal

CI, conﬁdence interval. SD, standard deviation. †Statistically signiﬁcant difference (P<.05) between the treatments (post hoc paired t test with Bonferroni correction).

axial and occlusal surfaces. Discrepancyocclusal was
deﬁned as the mean value of 4 measurements in the
region representing the occlusal surface (1 measurement
each 250 mm). The specimens representing the mesial,
buccal, distal, and lingual aspects of the abutment teeth
were consecutively analyzed.
Statistical software (R21 and IBM SPSS Statistics
v22.0; IBM Corp) were used for statistical analysis. The
data distributions were reported with means, standard
deviations, ranges, and 95% conﬁdence intervals. The R
package lme422 was used to perform a linear mixed effects analysis of the relationship of internal gap (dependent variable in mm) with the ﬁxed effect factors
treatment options (Conventional, Lava, Cerec inﬁniDent,
and iTero), the regions of interest (marginal, shoulder,
axial, cusp, and occlusal), the abutment teeth (mesial and
distal), and the measurement locations (mesial, buccal,
distal, and lingual). To control for repeated measures, the
intercept for participants was included as a random effects factor. P values were obtained by likelihood ratio
tests of the full model with the effect in question against
the model without the effect in question.
If ﬁxed factors or their interactions were statistically
signiﬁcant, the post hoc paired t test with Bonferroni
correction was performed (a=.05). In the case of signiﬁcant interactions, the post hoc testing was performed for
the included subgroups separately (Table 1). Visual inspection of residual plots did not reveal any obvious
deviations from homoscedasticity. However, because visual inspection of residuals showed deviations from
normality, a log transformation of the dependent variable
(internal gap in mm) was performed to approximate
normal distribution for the linear mixed effect size model
and the post hoc testing.
RESULTS
The internal gap measured 116.6 ±66.8 mm for the iTero,
127.5 ±86.1 mm for the conventional, 131.8 ±77.1 mm for
THE JOURNAL OF PROSTHETIC DENTISTRY

the Cerec inﬁniDent, and 140.0 ±102.5 mm for the Lava
workﬂow. A signiﬁcant effect of the treatment option
(P<.001) was shown. The Cerec inﬁniDent (P<.01) and
the Lava (P<.01) workﬂows produced signiﬁcantly higher
values than the iTero workﬂow.
A signiﬁcant interaction of treatment option and
region of interest (P<.001), as well as of treatment option
and abutment tooth, was encountered (P<.001). Because
of the signiﬁcant interaction, pairwise comparison of
different treatment options for each region of interest and
for each abutment tooth was performed separately using
paired t tests. No other signiﬁcant interactions were
encountered.
Discrepancymarginal measured 91.4 ±95.2 mm for the
iTero, 106.4 ±103.7 mm for the Lava, 108.3 ±93.8 mm for
the Cerec inﬁniDent, and 117.7 ±129.4 mm for the conventional workﬂow (Table 1). The differences between
the treatment options were not statistically signiﬁcant
(P>.05).
Discrepancyshoulder was 96.1 ±61.7 mm for the iTero,
106.9 ±96.0 mm for the Lava, 112.2 ±76.7 mm for the
Cerec inﬁniDent, and 126.5 ±91.0 mm for the conventional workﬂow (Table 1). The difference between the
iTero and the conventional workﬂow was statistically
signiﬁcant (P=.029).
Regarding Discrepancyaxial, no signiﬁcant differences
were found among the treatment options (P>.05). Discrepancyaxial was 93.1 ±28.5 mm for the iTero, 105.8 ±37.7
mm for the Lava, 114.7 ±57.1 mm for the Cerec inﬁniDent,
and 106.8 ±47.4 mm for the conventional workﬂow
(Table 1).
Discrepancycusp was 149.1 ±50.8 mm for the iTero,
175.7 ±82.2 mm for the Lava, 142.4 ±68.7 mm for the Cerec
inﬁniDent, and 137.1 ±69.0 mm for the conventional
workﬂow (Table 1). The conventional and the Cerec
inﬁniDent workﬂows produced signiﬁcantly lower values
of Discrepancycusp than the Lava workﬂow (P<.01).
Discrepancyocclusal measured 153.5 ±66.8 mm for the
iTero, 203.3 ±127.9 mm for the Lava, 179.7 ±63.1 mm for
Benic et al
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Table 1. (Continued) Discrepancy values (mm) in 5 different regions of interest (marginal, shoulder, axial, cusp, and occlusal) for each treatment option
(Conventional, Lava, Cerec inﬁniDent, iTero)
Cerec inﬁniDent

iTero
P

P

Mean ±SD (Median)

95% CI (Range)

Conventional

Lava

iTero

Mean ±SD (Median)

95% CI (Range)

Conventional

Lava

Cerec
inﬁniDent

108.3 ±93.8 (72.5)

105.7-110.9 (18.0-491.00)

>.1

>.1

>.1

91.4 ±95.2 (65.0)

88.9-93.9 (16-425.5)

>.1

>.1

>.1

112.2 ±76.7 (87.8)

110.3-114.1 (30.0-409.0)

>.1

>.1

>.1

96.1 ±61.7 (80.5)

94.6-97.6 (26.5-416.5)

.029†

>.1

>.1

114.7 ±57.1 (99.0)

113.3-116.1 (36.8-264.3)

>.1

>.1

>.1

93.1 ±28.5 (94.8)

92.4-93.8 (34.8-183.3)

>.1

>.1

>.1

142.4 ±68.7 (131.4)

140.7-144.1 (47.5-349.0)

>.1

<.005†

>.1

149.1 ±50.8 (140.6)

147.8-150.4 (74-295.8)

>.1

>.1

>.1

179.7 ±63.1 (169.4)

178.1-181.3 (67.5-389.5)

.006†

>.1

<.005†

153.5 ±66.8 (149.9)

152.3-154.7 (34.8-296.5)

>.1

.016†

<.005†

the Cerec inﬁniDent, and 148.8 ±66.8 mm for the conventional workﬂow (Table 1). Discrepancyocclusal was
signiﬁcantly lower for the conventional workﬂow than for
the Lava and the Cerec inﬁnDent workﬂows (P<.01). The
iTero resulted in signiﬁcantly lower values of Discrepancyocclusal than the Lava and the Cerec inﬁniDent
workﬂows (P<.01).
The internal gap measured 106.6 ±.70.1 mm (mesial
tooth) and 126.0 ±62.2 mm (distal tooth) for the iTero;
119.8 ±75.0 mm (mesial tooth) and 143.2 ±77.4 (distal
tooth) for the Cerec inﬁniDent; 129.5 ±102.2 mm (mesial
tooth) and 125.4 ±.66.2 mm (distal tooth) for the conventional; and 148.2 ±124.2 (mesial tooth) and 131.8
±74.0mm (distal tooth) for the Lava workﬂow. The differences between the mesial and distal tooth were statistically signiﬁcant in the Cerec inﬁniDent (P<.001) and
in the iTero workﬂows.
DISCUSSION
The digitally fabricated zirconia 3-unit FPD frameworks
had a similar or better ﬁt in the shoulder region than the
conventionally fabricated metal frameworks. The metal
frameworks showed the highest average values of
discrepancy in the shoulder region, followed by Cerec
inﬁniDent, Lava, and iTero. In the occlusal regions, the
conventionally fabricated metal FPD frameworks achieved a more favorable ﬁt than the CAD-CAM zirconia
frameworks.
Several in vitro and clinical studies have assessed the
accuracy of FPDs.9-13 An in vitro study compared the
accuracy of CAD-CAM zirconia 3-unit FPDs made by
means of Lava, Procera, and Cerec workﬂows with that
of conventional metal-ceramic FPDs.9 The conventional
metal-ceramic FPDs had the highest average values of
marginal discrepancy, followed by the Lava, the Cerec,
and the Procera zirconia FPDs. It was concluded that the
marginal discrepancies for zirconia restorations were
signiﬁcantly smaller than those for the metal-ceramic
Benic et al

FPDs. Another in vitro trial compared the marginal ﬁt
of zirconia 3-unit FPDs made using Everest and Lava
CAD-CAM systems with that of metal-ceramic FPDs.11
The Everest group produced the lowest values of the
mean marginal gap, followed by the Lava group and by
the metal-ceramic group. The Everest group demonstrated signiﬁcantly smaller marginal discrepancy values
than the Lava or the metal-ceramic groups. The marginal
discrepancy did not signiﬁcantly differ between the Lava
and the metal-ceramic groups. A recent in vitro study
evaluated the marginal ﬁt of digitally fabricated zirconia
FPD frameworks and conventionally fabricated metal
frameworks.10 The FPDs fabricated with CAD-CAM
workﬂows showed less discrepancy than the frameworks obtained with the conventional workﬂow. The
lowest mean values of discrepancy were found for the
iTero group, followed by the 3S and the Cerec groups.
The results of these investigations are consistent with the
ﬁndings of the present trial.
A previous randomized controlled clinical trial
assessed the accuracy of 16 conventional metal-ceramic
3-unit FPDs with that of 16 CAM zirconia FPDs.13 The
test zirconia frameworks were fabricated by means of
wax-up, scanning, and milling with the Cercon system.
The accuracy values reported for the metal FPDs corresponded well with the values found for the metal
frameworks in the present study. The zirconia CAM
frameworks produced had signiﬁcantly lower accuracy
than the conventional metal frameworks. The lower accuracy of the zirconia FPDs might be explained by the
semidigital fabrication option and the type of milling
unit. Other studies found lower accuracy for restorations
fabricated through a CAM workﬂow than for those
produced by using a CAD-CAM workﬂow.23,24
The fact that digitally fabricated zirconia FPDs produced similar or better marginal accuracy than the conventional frameworks is clinically relevant. Based on
these ﬁndings, zirconia FPDs fabricated by using fully
digital workﬂows should perform similarly or better than
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conventional metal FPDs regarding resistance to marginal microleakage and caries. Because of the high
intrinsic stability of zirconia, the poor occlusal ﬁt of the
CAD-CAM zirconia FPDs is probably not clinically relevant. The clinical implications of the results from the
present investigation have not been sufﬁciently assessed.
Future studies should assess the long-term clinical performance of CAD-CAM FPDs.
CONCLUSIONS
Within the limitations of the present clinical study on
tooth-supported posterior 3-unit ﬁxed dental prostheses,
the following conclusions were drawn:
1. In terms of accuracy in the region of the shoulder,
digitally fabricated zirconia frameworks presented
similar or better ﬁt than the conventionally fabricated metal frameworks.
2. In the occlusal regions, the conventionally fabricated
metal frameworks achieved a more favorable ﬁt
than the CAD-CAM zirconia frameworks.
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