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Abstract
Objectives To evaluate the marginal and internal fit of CAD/
CAM-generated frameworks for 4-unit, fixed dental prosthe-
ses (FDPs) from zirconia (Z) and cobalt-chromium alloy (C)
made with conventional (CI) and digital impressions (DI).
Materials and methods A titaniummodel was digitizedwith an
intraoral scanner (DI, LAVA™ C.O.S.; 3M ESPE; Seefeld,
Germany; n = 12). Additionally, 12 conventional impressions
were taken, and referring plaster casts were digitized by a
laboratory-scanner (CI, LAVA™ Scan ST; 3M ESPE; n = 12).
Frameworks were fabricated (3MESPE) from cobalt-chromium
(DI-C, n = 12; CI-C, n = 12) and zirconia (DI-Z, n = 12; CI-Z,
n = 12) from the same datasets. A replica technique was applied
to measure the accuracy. The Mann–Whitney U statistical test
was applied to detect statistical differences between each mate-
rial and methodology groups in terms of fit.
Results Frameworks from DI-C (median 19.07 μm) showed
significantly better marginal fit than CI-C (median 64.64 μm,
p < 0.001). Frameworks from DI-Z (median 52.50 μm)
showed significantly better marginal fit than CI-Z (median
72.94 μm, p = 0.001). Additionally, frameworks from DI-C
showed a significantly better marginal fit than DI-Z
(p < 0.001).

Conclusions CI and DI led to a clinically acceptable marginal
fit of 4-unit FDPs from cobalt-chromium and zirconia. DI
leads to better marginal fit of the cobalt-chromium frame-
works; however, no effect on zirconia was found.
Clinical relevance The results indicate that DI is suitable for
fabricating 4-unit, cobalt-chromium and zirconia frameworks
with regard to fit requirements.

Keywords CAD/CAM . Intraoral scanner . Fixed dental
prostheses . Zirconia . Cobalt-chromium alloy . Digital
impression .Marginal fit

Introduction

Conventional impression techniques and impression mate-
rials, such as hydrocolloids, polyether, and vinyl polysiloxane,
exhibit adequate stability and precision and, therefore, define
the current standard in general dental practice [1, 2]. However,
some drawbacks are associated with this well-known proce-
dure like the influence of the impregnated debris, tearing of
the impression material, and indistinct preparation margins,
which might affect the quality of conventional impressions
[3]. Consequently, low-quality impressions are inadequate
for the manufacture of precise, well-fitting, indirect restora-
tions. However, the internal and marginal fit influences the
longevity of indirect restorations and is a prerequisite for clin-
ical success [4]. Poor marginal fit of dental restorations in-
creases plaque retention and changes the distribution of the
microflora. This leads to the occurrence of microleakage, sec-
ondary caries, and endodontic inflammation, and can induce
the onset of periodontal diseases [5–7]. It has also been dem-
onstrated that an excessively thick cement space is capable of
initiating cracks in the veneering porcelain in zirconia crowns
[8]. Sizable marginal discrepancies can expose the luting
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material to the oral environment, leading to a more aggressive
rate of cement dissolution, caused by oral fluids and chemo-
mechanical forces [9]. Against this background and with
regards to the current literature, there seems to be a consensus
that marginal openings less than 120 μm are clinically accept-
able [9–11].

It could be shown that the fit of the restoration is dependent
on the quality of the impression method, on the subsequent
workflow and the fabrication method of the indirect restora-
tion, and also on the applied restoration materials [12]. With
the direct digitalisation of the clinical situation using intraoral
scanners, an alternative to conventional impression-taking has
been available for a few years. Several advantages associated
with this new procedure have been described; however, there
is scant data regarding the performance of devices and the
capability of the connected digital workflows, including
computer-aided design (CAD) and computer-aided
manufacturing (CAM) processes [13]. The conventional
workflow, based on conventional impressions, plaster casts,
and indirect digitalisation in the dental lab, which is the cur-
rent standard for CAD/CAM restorations, has to serve as a
reference.

The Lava™ Chairside Oral Scanner (Lava™ C.O.S., 3M
ESPE, Seefeld, Germany) system is one of several intraoral
scanning devices that has shown a good performance in a
previous study [14]. This intraoral scanner is based on the
principle of active wavefront sampling, which generates the
3D information from a single-lens imaging system bymeasur-
ing the depth based on the defocus of the primary optical
system [15]. It has been shown that all-ceramic crowns fabri-
cated by Lava™ C.O.S. demonstrate better marginal fit when
compared to all-ceramic crowns fabricated on conventional
impressions [16]. Furthermore, Almeida et al. [17] described
that the marginal fit of 4-unit, zirconia FPDs, fabricated after
digital impression using the Lava™ C.O.S., was similar to the
FPDs fabricated after conventional impression. Assuming that
the data after direct digitalization are more accurate than data
after indirect digitalization [14], the question arises why more
accurate datasets do not lead to better-fitting zirconia restora-
tions. One explanation could be the sintering process, as zir-
conia restorations are mostly milled in a pre-sintered stage,
which means that the sintering process might influence the
accuracy of fit of the resulting restorations [18]. On the other
hand, milled metal restorations (e.g., cobalt-chromium alloy)
do not need further sintering processes.

To date, no studies have been published concerning the
marginal and internal fit of 4-unit, fixed dental prostheses
(FDP) made of cobalt-chromium alloy (CoCr) and zirconia
generated from conventional and digital impressions using
the Lava™ C.O.S. scanner.

The aim of this in vitro study was to assess the marginal
and internal fit of CAD/CAM-generated frameworks of 4-unit
FDPs from indirect digitalization (Lava™ ScanST, 3MESPE)

after conventional impression and direct digitalization by dig-
ital impression using an intraoral scanning system (Lava™
C.O.S.). Therefore, frameworks from cobalt-chromium alloy
and from zirconia fabricated from the same datasets were
compared to evaluate the influence of different materials and
impression method on the fit of the resulting restoration. The
null hypotheses were that (1) the method of impression (con-
ventional = CI or digital = DI) and (2) the material (CoCr alloy
= C or zirconia = Z) used for manufacturing the restoration
does not influence the marginal fit of CAD/CAM-fabricated
frameworks of 4-unit FDPs.

Materials and methods

In this study, a titanium model (Basic Study Model, Kavo
Dental GmbH, Biberach, Germany) with a prepared premolar
(FDI 14) and molar (FDI 17) representing a 4-unit FDP was
used as the basic model. Anchor teeth presented an occlusal
reduction of 2.0 mm, an axial reduction of 1.5 mm and a 360°
chamfer with a convergence angle of 6° for the abutment teeth
(Fig. 1).

Once the preparations had been powdered with titanium
dioxide particles (Lava™ Powder;, 3 M ESPE,), the model
was scanned with the Lava™ C.O.S. intraoral scanner (3M
ESPE; software version 3.0.2, n = 12). Prior to every scan, the
base model was cleaned, and powdering was repeated.
Scanned data were saved, and complementary scans of the
lower jaw were performed so that the software could perform
occlusion registration. The 12 datasets were electronically
submitted to the authorized laboratory for digital die section-
ing and the detection of margins. From each dataset, two
frameworks were designed using CAD software (Lava™
Design, 3M ESPE), resulting in 12 frameworks from cobalt-
chromium alloy (DI-C) and 12 from zirconia (DI-Z). CAD
settings are given in Table 1.

Twelve conventional impressions with a polyether
(Impregum Penta, 3M ESPE) of the basic model were made
using custom trays. According to the manufacturer, the im-
pression material requires 6 min after starting to mix to be
fully set. Due to the controlled room temperature of this

Fig. 1 Titanium basis model and frameworks (CoCr and zirconia) with
replicas obtained per framework: four cross-sectional specimens (oro-
vestibular and mesio-distal for both premolar and molar)
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in vitro study, the setting time was extended about 2 min to a
total time of 8 min. Twenty-four hours later, the impressions
were poured in a Class IV stone (Fujirock white, GC Europe).
Forty-eight hours after cast fabrication, the 12 plaster casts
were digitized using an optical scanning device (Lava™
Scan ST, 3 M ESPE). Subsequently, the design of the 24
frameworks was performed (Lava™ Design): 12 for the pro-
duction of frameworks from cobalt-chromium alloy (CI-C)
and 12 for the production from zirconia (CI-Z).

The complete CAM process of the 48 frameworks took
place in a fabrication centre (3M ESPE) using a 5-axes milling
machine (Lava™ CNC 500, 3M ESPE). Zirconia frameworks
were sintered in a sintering furnace (Lava™ Furnace 200, 3M
ESPE) at a temperature of 1500 °C to full density.

To analyze the marginal and internal fit of the frameworks,
the replica-technique was applied (Figs. 1 and 2) [19, 20]. No
manual adjustments were performed on the frameworks. The
retainers were filled with light body silicon (Virtual Light
Body, Ivoclar Vivadent, Schaan, Liechtenstein, LOT:
NL4015) and were placed onto the abutment teeth of the tita-
nium model with finger pressure. After the light body silicon
had set, the frameworks were removed with the thin silicon
remaining on the abutment teeth. Subsequently, a heavy-body
material (Virtual Putty, Ivoclar Vivadent, LOT: 4109) was
circumferentially put onto the thin silicon. After setting the
heavy-body material, the replica specimen was removed from
the titanium base model. The replicas were segmented with a
razor blade at the centre of the premolar and then at the centre
of the molar in oro-vestibular and mesio-distal directions.

The replicas were examined at ×50 magnification (ocular
×10/23, lens ×5/0.13) under a reflected light microscope
(Axioscope 2, Zeiss, Oberkochen, Germany). A picture of

every cross-sectional specimen was taken with a digital cam-
era (D90, Nikon, Tokyo, Japan) attached to the microscope.
Eight to ten digital images were made of each cross section,
which were further merged by image processing software
(Adobe Photoshop CS, Adobe Systems Inc., San Jose, CA,
USA), so that one single image for one cross-section could be
obtained (Fig. 2a). Then, the completed colour image was
converted into greyscale (Fig. 2b).

Quantification of the marginal and internal fit of the frame-
works was conducted with imaging data software (Optimas
6.5, Media Cybernetics, Silver Spring, MD, USA). The im-
ages were imported, and a series of points was marked at the
outer boundary between light and heavy body silicone and at
the inner boundary between light body silicone and abutment
tooth. The length of the perpendicular measurements repre-
sented the internal and marginal gap. In every plane, about
5000 perpendiculars were measured (Fig. 2c–e). For each
framework, the following four measurement locations were
analyzed: (1) marginal opening (MO), (2) chamfer area
(CA), (3) axial wall (AW) and (4) occlusal area (OC)
(Fig. 3). In total, 1536 measurements were performed on the
48 frameworks.

Descriptive statistics (mean, standard deviation, minimum,
median, maximum, and the 95 % confidence interval) were
computed. Kolmogorov-Smirnov and Shapiro-Wilk tests
were applied to test data in normal distribution within the
groups. To detect statistical influence of the type of impression
and the restorative material, the Mann–Whitney U test was
applied at all four measurement locations. For data analysis,
the Statistical Package for the Social Sciences Version 20
(SPSS Inc., Chicago, US) was used. The level of significance
was set at 5 % (p < 0.05).

Table 1 CAD settings
for manufacturing the
CoCr and zirconia
frameworks

Cobalt-chromium alloy Zirconia

Chemical composition 50–70 % cobalt, 20–40 % chrome,
4–10 % tungsten

Yttria stabilized zirconia ceramic (Y-TZP)

Elastic modulus 230 GPa 210 GPa

CAD settings Cement spacer 30 μm, varnish 60 μm
starting 1.5 mm above the margin,
radius correction 110 %, substructure
thickness 0.4 mm

Cement spacer 30 μm, varnish 60 μm
starting 1.5 mm above the margin,
radius correction 110 %, substructure
thickness 0.6 mm

Fig. 2 Measurement of the space between the abutment teeth and the
frameworks. a Single image of the replica after being merged together by
the software from eight single pictures. b Greyscale image of the original
image as the basis for analysis. c Marked points on the inner and outer

surface of the low viscosity silicone. d Perpendicular lines are dropped (in
red) to measure the gap between inner and outer surface representing the
inner and marginal gap (μm). e Image after measuring gap width

Clin Oral Invest (2016) 20:283–289 285



Results

Kolmogorov-Smirnov and Shapiro-Wilk tests revealed that
the values were not normally distributed. Therefore, mini-
mum, median and maximum together with mean, standard
deviation and 95 % confidence interval are given in Table 2.
Boxplots for the single tested groups are depicted in Figs. 4
and 5.

Impact of impression method

Within one framework material, different impression methods
resulted in different distances between the manufactured
frameworks and the titanium model. For frameworks of

CoCr-alloy, DI-C showed significantly lower values than CI-
C at all measurement locations: MO (p < 0.001), CA
(p < 0.001), AW (p < 0.001) and OC (p < 0.001). For zirconia
frameworks, DI-Z also showed significantly lower distances
than CI-Z at all measurement locations: MO (p = 0.001), CA
(p < 0.001), AW (p = 0.001) and OC (p < 0.001).

Impact of restorative material

For FDPs after digital impression, DI-C showed significantly
lower values than DI-Z atMO (p < 0.001), CA (p < 0.001) and
AW (p = 0.037), while no significant differences were found
for OC (p = 0.868). Concerning the conventional impression,
CI-C showed only significant lower values than CI-Z at CA
(p = 0.016). For MO (p = 0.199), AW (p = 0.234) and OC
(p = 0.569), no significant differences could be found.

Discussion

With respect to the requirements of marginal fit, the gap
widths of all groups showed clinically satisfactory results
[9–11]. Nevertheless, frameworks milled from CoCr after DI
showed a better marginal fit than frameworks fabricated from
CoCr after CI and frameworks from zirconia after DI.
Therefore, both null hypotheses have to be rejected.

In the present study, the marginal and internal fits were
investigated using the cross-sectioning replica-technique with
silicone impression materials. Based on the benefit of com-
paring different frameworks on the same basic model with this

Fig. 3 Four measurement locations (MOmarginal opening, CA chamfer
area, AW axial wall, OC occlusal area)

Table 2 Mean values (MEAN), standard deviation (SD), minimum (MIN), median (MED) and maximum (MAX) together with the 95 % confidence
interval (CI)

Material Impression method Measurement
area

MEAN (μm) SD (μm) MIN (μm) MED (μm) MAX (μm) 95 % CI (μm)

Cobalt-chromium Conventional impression MO 81.10 66.17 15.15 64.64 374.83 67.60/94.60

CA 68.12 34.90 21.59 58.13 210.89 61.00/75.25

AW 56.67 30.42 17.92 50.18 17.92 50.45/62.90

OC 169.79 120.70 50.19 131.09 63.61 145.30/194.30

Digital impression MO 32.05 34.89 3.82 19.07 186.86 24.50/39.20

CA 39.86 21.66 16.57 33.51 133.18 35.40/44.30

AW 43.71 21.22 16.27 38.99 111.01 39.40/48.50

OC 96.65 45.98 39.73 81.96 247.07 87.00/106.00

Zirconia Conventional impression MO 86.51 60.26 15.67 72.94 335.95 74.20/98.70

CA 80.90 40.57 19.84 68.82 205.31 72.60/89.20

AW 60.77 27.65 17.64 51.04 149.34 55.10/66.30

OC 149.89 83.52 51.45 125.22 436.18 132.90/166.90

Digital impression MO 62.85 41.57 10.50 52.50 214.01 54.40/71.35

CA 57.45 27.46 22.23 48.33 134.38 51.80/63.50

AW 47.35 17.73 22.64 43.33 125.43 43.70/50.80

OC 99.46 54.05 37.46 86.06 359.37 88.45/110.50
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non-destructive and non-invasive method, and because this
method can be applied both in vivo and in vitro, the authors
selected this technique for the present study [16, 19, 20].
Additionally, the measurement method used captured approx-
imately 6000 values (perpendiculars) per cross-sectional spec-
imen, which provided a reliable dataset for acquiring repre-
sentative values for each measurement location [4]. Also, for
the equal treatment of all tested groups, manual adjustments of

the frameworks were abandoned to avoid bias of the results by
human influence and to guarantee comparability of the differ-
ent workflows.

Frameworks from CoCr and zirconia showed better mar-
ginal and internal fit after digital impressions compared to
frameworks after conventional impressions. Further on,
frameworks from group DI-C showed a better marginal fit
than ones from group DI-Z, despite being fabricated on the

Fig. 4 Boxplots of the measured
values of frameworks from CoCr
after both impression methods at
different measurement locations.
Median; box upper and lower
quartiles (50 % of values);
whiskers variability outside the
upper and lower quartiles; outliers
are depicted as individual points

Fig. 5 Boxplots of the measured
values of frameworks from
zirconia after both impression
methods at different measurement
locations. Median; box upper and
lower quartiles (50 % of values);
whiskers: variability outside the
upper and lower quartiles; outliers
are depicted as individual points
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same datasets. The different fabrication mode of CoCr and
zirconia and the tool path of the milling machines might ex-
plain these differences. After milling, the semi-sintered zirco-
nia blanks applied in the present study had to be sintered to
achieve final density and maximum strength of the material.
This sintering process is characterized by a sintering shrinkage
of about 20–30 %, which has to be compensated for in the
milling procedure. The extent of the shrinkage exerts an extra
challenge to the software that has to accurately calculate the
milling of a 20–30 % enlarged framework that will shrink
precisely to the required dimension during sintering [21].
This procedure might negatively influence the final dimension
of the restoration [22]. On the other hand, CoCr blanks are
milled in their original size without a sintering process.

Regarding the fit of restorations on their abutments, further
enhancements might be clinically achieved by adjusting the
design- and milling parameters, optimizing the sintering pro-
cess, and, finally, through manual adaptation by the dental
profess ional . Future sof tware-appl ica t ions wi th
superimposition-algorithmsmight help to identify the interfer-
ing areas to be reduced in a standardized manner.

Almeida et al. [17] compared the marginal fit of 4-unit,
zirconia frameworks produced on the basis of digital impres-
sions (Lava™ C.O.S., 3M ESPE) against the fit after conven-
tional impressions, plaster cast and scanning with a
laboratory-based optical scanning device (Lava™ Scan ST,
3MESPE). This resulted in no significant differences between
the investigated systems (Lava™ C.O.S. mean, 63.96 μm;
Lava™ Scan ST mean, 65.33 μm). In the present study, zir-
conia FDPs after DI presented comparable results (mean,
62.85 μm; median, 52.50 μm), whereas for the zirconia
FDPs after conventional impressions, wider marginal gaps
(mean, 86.51 μm; median, 72.94 μm) could be observed.
This might be explained by the complex, error-prone and
person-dependent process of conventional impression taking,
even under in vitro conditions.

Another study investigated the marginal fit of 3-unit, CoCr
frameworks produced on the basis of digital impressions by an
intraoral scanner (iTero, Align Technology, Carlstadt, US) and
conventional impressions with an optical scanning device
(Straumann CARES Scanner, Straumann, Basel ,
Switzerland). In that case, no significant differences were seen
between the investigated systems (iTero mean, 142 μm;
Straumann CARES mean, 147 μm) [23]. Keul et al. [12] in-
vestigated the marginal opening of 4-unit CoCr and zirconia
frameworks also using the iTero and Straumann CARES sys-
tem: CoCr frameworks from digital impressions showed sig-
nificantly lower mean values for marginal fit than ones from
conventional impressions (digital impression mean,
56.90 μm; conventional impression mean, 90.64 μm;
p < 0.001). On the other hand, zirconia frameworks showed
no statistically significant difference between digital impres-
sions and conventional impressions (digital impression mean,

127.23 μm; conventional impression mean, 141.08 μm;
p = 0.481) [12]. This tendency in the results seems to be
comparable to the results of the present study, although differ-
ent scanning devices and production workflows have been
applied. This supports the assumption that the applied scan-
ning system, the choice of material and the fine-tuning of the
interfaces of the fabrication workflow is decisive for the qual-
ity and fit of the final restoration.

This trend goes in line with the study results of van deMeer
et al. [24], who compared the accuracy of the three intraoral
scanners CEREC bluecam (Sirona Dental System GmbH,
Bensheim, Germany), iTero (Cadent) and Lava™ C.O.S.
(3M ESPE) [22]. The results indicated that the Lava™
C.O.S. resulted in the smallest and most consistent deviations.
Also, the available data indicate that there might be a higher
level of reproducibility of digital impressions using the
Lava™ C.O.S. than with the iTero.

This in vitro study enabled a comparison of the technical
potential of direct and indirect digitalization, including their
respective workflows. Nevertheless, the results of the present
study might not reflect the reality of in vivo conditions, as
more influential factors might have an impact on the scanning
accuracy. Therefore, further clinical studies are necessary to
determine the effect of the digital and conventional impression
in vivo under various clinical conditions. Furthermore, it has
to be mentioned, that the evaluated intraoral scanning system
is no longer produced, as it was replaced by a system using a
similar technology from the same distributor. However, the
investigated system is still widely utilized in clinical service,
and it can be assumed that the successor system performs
equally well or even better. Nevertheless, this has to be proven
in further studies.

Conclusions

Within the limitations of this study the following conclusions
can be drawn:

1. Frameworks of cobalt-chromium alloy and zirconia fab-
ricated from digital and conventional impressions showed
a clinically acceptable marginal fit.

2. Frameworksmilled from cobalt-chromium alloy after dig-
ital impressions showed a significantly better marginal fit
than after conventional impressions.

3. The marginal fit from cobalt-chromium alloy frameworks
after digital impressions showed significantly lower mean
values than zirconia frameworks after digital impressions.

Conflict of interest The authors declare that they have no conflict of
interest.
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