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Abstract

Computer-aided design/computer-aided manufacturing fabrication of implant-
supported frameworks is a standard procedure, and the use of ceramic-veneered
cobalt–chromium alloys is increasing. However, no data are available concerning
the precision of fit of these frameworks and the impact on the fit of the veneering
procedure. The aim of this study was to evaluate the fit of computer numeric-
controlled-milled cobalt–chromium and titanium implant frameworks for edentu-
lous maxillas, provided with six implants. An additional aim was to evaluate the effect
of ceramic veneering on the fit of the cobalt–chromium frameworks. Ten stone casts
simulating an edentulous maxilla provided with six dental implants and abutments
were produced. One computer numeric-controlled-milled cobalt–chromium frame-
work and one titanium framework were fabricated for each stone cast. Each stone cast
and corresponding titanium and cobalt–chromium framework was measured with a
coordinate measuring machine in the three-dimensional (X axis, Y axis, and Z axis)
directions. Both milled titanium and cobalt–chromium frameworks presented a
good fit in the vertical plane (Z axis), 5.3μm for titanium frameworks and
4.6μm for the cobalt–chromium frameworks. The titanium frameworks
showed a statistically significant smaller mean degree of misfit in the horizon-
tal plane, X (5.0μm) and Y (2.8μm) axes as compared with the cobalt–
chromium frameworks presenting a mean deviation of 13.5μm in X axis
and 6.3μm in Y axis (P< 0.001). After ceramic veneering of the cobalt–
chromium frameworks, the horizontal distortion significantly decreased from
13.5 to 9.7μm in X axis (P= 0.007) and from 6.3 to 4.4μm in Y axis
(P= 0.017). The fit of both titanium and cobalt–chromium frameworks was
very good. There were small but significant differences in fit between the
titanium and cobalt–chromium frameworks, but the difference is of no clinical
significance. The ceramic veneering resulted in a minor but significant
improvement of the fit for the cobalt–chromium frameworks.

Introduction

Initially, frameworks for implant-retained bridges were cast
in sections and soldered, or in one-piece castings. The pro-
cess of investing and casting implant frameworks is com-
plicated and technique sensitive, usually resulting in misfit
(Carr and Stewart 1993; de Torres et al. 2007; Karl et al.
2004). To overcome this problem, frameworks have been sec-
tioned and soldered or laser-welded vertically and horizontally.

Horizontally sectioned and laser-welded frameworks in tita-
nium (Ti) and cobalt–chromium (CoCr) using the CrescoTM

method have worked well in clinical situations (Hedkvist
et al. 2004; Hellden et al. 2003). According to Riedy and
colleagues, laser-welded frameworks in Ti had better precision
compared with one-piece cast frameworks (Riedy et al. 1997).
Early attempts to industrialize the manufacturing of

implant frameworks include prefabricated sections that were
laser-welded. However, laser-welded frameworks had more
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fractures and complications compared with cast gold-alloy
(Au) frameworks after 15 years (Ortorp and Jemt 2009). In
the late 1990s, milled Ti-frameworks using computer
numeric-controlled (CNC) milling machines were intro-
duced. According to several studies, CNC-milled Ti
frameworks have a better fit compared with cast frameworks
from different alloys, frameworks produced using the
CrescoTM method, and CNC-milled zirconia (Abduo et al.
2011; Al-Fadda et al. 2007; Hjalmarsson et al. 2010; Katsoulis
et al. 2014; Ortorp et al. 2003; Takahashi and Gunne 2003).
There has been a rapid development of digital technologies
in dentistry (van Noort 2012) and according to a consensus
statement, computer-aided design/computer-aided manu-
facturing (CAD/CAM) technologies have been successfully im-
plemented into implant dentistry (Wismeijer et al. 2014).

Several authors have attempted to define “passive” fit with
the acceptance of a certain degree of vertical misfit, ranging
from 40 to 150μm (Jemt 1991; Klineberg and Murray
1985), although there is yet no consensus. Others have tried
to define “passive” fit as “Fit which is less than perfect, but
the application of any external forces to produce a perfect
fit has a negligible effect on the performance of the prosthe-
sis” (Patterson 1996), or as “To provide passive fit or a
strain-free superstructure, a framework should, theoretically,
induce absolute zero strain on the supporting implant
components and the surrounding bone in the absence of
an applied external load” (Sahin and Cehreli 2001).
Although perfect accuracy is only achievable in theory (Sahin
and Cehreli 2001), what is clinically accepted is still disputed.
It is known that framework strain is affected by the vertical
misfit (Abduo and Lyons 2012; Abduo et al. 2012); thus,
clinically well-fitting prostheses may still have considerable
external preload (Smedberg et al. 1996).

The importance of passive fit relating to biological and
technical complications is still debated and so far no study
has produced frameworks with a passive fit (Eliasson et al.
2010). Contradicting results have been reported concerning
the impact of misfit on the surrounding bone. A study using
finite element analysis (FEA) as well as one experimental
animal study have shown that the surrounding bone was
negatively affected by prostheses withmisfit and dynamic load
situations (Duyck et al. 2001; Kunavisarut et al. 2002). How-
ever, other animal studies have shown that prostheses with
misfit did not lead to biologic failure but may instead promote
bone remodeling (Duyck et al. 2005; Jemt et al. 2000). In a
clinical study on prostheses with different levels of misfit, no
differences in marginal bone loss were reported (Jemt and
Book 1996).

When considering technical failures, framework misfit has
been claimed to be related to screw loosening and screw
fractures, which according to two systematic reviews are
the second and third most common complications, only ve-
neer fractures being more frequent (Pjetursson et al. 2004;

Pjetursson et al. 2007). According to a FEA study by Sertgoz,
rigid materials should be chosen as superstructure for
implant-retained fixed dental prostheses (FDPs), in order
to reduce the risk of technical complications (Sertgoz
1997). One of the most rigid material combinations available
in implant dentistry today is CoCr with ceramic veneer,
which demonstrated clinical results (biological and technical
complications) comparable with an Au alloy over up to
18 years, according to a study by Teigen and Jokstad (Teigen
and Jokstad 2012). Few porcelain chippings were reported in
studies on ceramic-veneered CoCr tooth-supported FDPs
and single crowns after 5 years (Ortorp et al. 2012; Svanborg
et al. 2013), indicating that the material combination may be
suitable for situations with high occlusal loading.
The fit of metal–ceramic prostheses may be influenced by

the veneering process (Fonseca et al. 2003), although full arch
implant-retained Ti frameworks evaluated using a coordinate
measuringmachine (CMM) before and after ceramic veneering
and cast three-unit CoCr and Ti frameworks evaluated using
the one-screw fit test before and after simulated ceramic firings
were not significantly affected (Ortorp et al. 2003; Tiossi et al.
2008). However, the fit of CNC-milled CoCr frameworks for
implant-supported full arch prostheses in the edentulous jaw
before and after ceramic veneering has not been studied.
The aim of this study was to evaluate the fit of CNC-milled

cobalt–chromium and Ti implant frameworks for edentulous
maxillas, provided with six implants. An additional aimwas to
evaluate the effect of ceramic veneering on the fit of the CoCr
frameworks.
The hypothesis was that the fit of CNC-milled cobalt–

chromium frameworks is similar to the fit of Ti frameworks
and that it is unaffected by ceramic veneering.

Material and Methods

Fabrication of models and acrylic resin pattern

A model of an edentulous maxilla in type 4 stone was fitted
with six implant abutment replicas (Ankylos, BalanceC,
Balance Base Abutment 5.5, Dentsply, Friadent GmbH,
Mannheim, Germany) and duplicated 10 times using duplicat-
ing silicone (Zhermack Duplication Silicone, Elite Double 32
Extra Fast, Zhermack SpA, Badia Polesine, Italy), type IV stone
(Shera Hard Rock, SheraWerkstoff Technologie GmbH&Co.,
Lenförde, Germany) and Ankylos Balance Base retention
copings. One acrylic resin pattern simulating a patient case (de-
signed for ceramic veneering) was made from a tooth-setup
and used for fabrication of frameworks on abutment level.

Fabrication of frameworks

One CNC-milled CoCr (Starloy Soft, Dentsply, DeguDent,
Hanau-Wolfgang, Germany) framework and one Ti
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(commercially pure [CP], grade 4) framework were fabri-
cated for each stone cast (Atlantis ISUS, Dentsply, Hasselt,
Belgium), material composition (Table 1), resulting in 10
CoCr frameworks and 10 Ti frameworks for the 10 stone
casts. The horizontal tolerance of the milling procedure
was 5μm.

Measuring of models and frameworks

The stone casts and frameworks were sent to an independent
measuring laboratory in Sweden (Mylab AB, Gothenburg,
Sweden). The mating surfaces of abutment replicas and
frameworks were measured with a CMM (Zeiss Prismo Vast,
Carl Zeiss Industrielle Messtechnik GmbH, Oberkochen,
Germany). Each stone cast and corresponding Ti and CoCr
framework was measured with a scanning head equipped with
a contact stylus, which could be positioned at any x, y, and z
location within the CMM working space. The position and
angulation of the center point of all abutment replicas and
the corresponding framework fit surfaces were calculated
using the measurements of the mating surfaces. The measur-
ing machine and procedures are similar to those described by
Örtorp et al. (Ortorp et al. 2003). Five repeatedmeasurements
of one stone cast and one framework were conducted to estab-
lish the precision of the CMM measurements. The standard
deviations of the x, y, and z coordinates for the six implant
positions were within ±2μm.

Analysis of fit

The distortion of frameworks was calculated and the data
analysis regarding fit of the framework mating surfaces was
calculated using the “least square method”, described by
Bühler (Bühler 1981), where the position of the framework
is superimposed in a “best fit” position onto the abutment
replicas according to the center point positions. The three-
dimensional (X axis, Y axis, and Z axis) directions of displace-
ment of the center points were calculated in micrometer in
real and absolute figures. Furthermore, the three-dimensional
distance (3D) between the center points of the frameworks
and the master model replicas was calculated for each indi-
vidual cylinder using the formula (3D=√x2 + y2 + z2). Addi-
tionally, the differences in angulation misfit were analyzed
in X/Z angle and Y/Z angle for all implant positions. Also,
the intersecting distances between the center points of
implants in positions 1 and 6, positions 2 and 5, and

positions 3 and 4 were measured and compared with the
distances from the actual model, before and after ceramic
veneering (Fig. 1).

Ceramic veneering of cobalt–chromium
frameworks

The CoCr frameworks were ground using carbide milling
cutters and sandblasted with Al2O3 (110μm/3–4bar). The
frameworks were thereafter sent to a commercial dental
laboratory for ceramic veneering. The veneering procedure
and firing cycles are described in Table 2 (GC Initial MC,
GC Nordic AB, Älvsjö, Sweden). After veneering, the mating
surfaces on the frameworks were blasted with 50μm glass
beads at 2–3 bar (Magma 50μm, M-Tec Dental AB, Malmö,
Sweden) to remove the oxide. Thereafter, the frameworks
were returned to the independent measuring laboratory for
the same scanning procedure.

Statistical analysis

The SPSS (IBM SPSS v.22.0, Chicago, IL, USA) statistics
software program was used for statistical analysis. The distri-
bution was analyzed using box-plots, and the non-parametric
Mann–Whitney U test was used to analyze the differences
between the Ti and CoCr frameworks, and the Wilcoxon
signed-rank test for related samples was used to analyze the
differences before and after ceramic veneering for the CoCr
frameworks.

Results

Both milled Ti and CoCr frameworks presented a good fit
with a small mean deviation of 5.3μm for Ti frameworks
and 4.6μm for the CoCr in the vertical plane (Z axis), the
difference not being statistically significant (P=0.481).
However, the Ti frameworks had a statistically significant
smaller mean degree of misfit in the horizontal plane, X
(5.0μm) and Y (2.8μm) axes as compared with the CoCr
frameworks presenting a mean deviation of 13.5μm in X axis
and 6.3μm in Y axis (P< 0.001). The overall 3D distortion
was slightly larger for the CoCr frameworks with a mean of
17.8μm as compared with 9.0μm for the Ti frameworks
(P=0.023) (Table 3).
The angular deviation was small for all frameworks with a

mean deviation in X/Z direction and in Y/Z direction of less

Table 1. Alloy composition in percent (%).

Alloy Ti Fe O H C N Co Cr W Si Mn Nb

Titanium Bal >.50 >.40 >.10 >.10 >.05

Starloy soft 7.5 54.1 20.0 16.4 1.5 0.3 0.2
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than 0.07° for CoCr frameworks and less than 0.06° for Ti
frameworks, the difference not being statistically significant
(Table 4).

After ceramic veneering of the CoCr frameworks, the hori-
zontal distortion decreased from 13.5 to 9.7μm in X axis
(P=0.007) and from 6.3 to 4.4μm in Y axis (P=0.017).
The difference in the vertical plane, 4.6μm before and
4.9μm after, was not statistically significant (P=0.184).

The decrease in the 3D distortion from 17.8 to 13.7μm
was statistically significant (P=0.005) (Table 3). The angular
deviation was slightly increased in the X/Z direction,
although the difference was not statistically significant
(Table 4).
The distances between the implant positions 1–6, 2–5, and

3–4 were measured before and after ceramic veneering and
compared with the actual models. Before veneering, the
framework arches were slightly smaller than the model with
a mean difference in distance between implants 1 and 6 of
47μm. This difference was reduced by the veneering proce-
dure to 27μm (P=0.005) (Table 5). Statistically significant
differences in distance before and after veneering were also
recorded for positions 2–5 (P=0.008) but not for positions
3–4 (P=0.527).

Discussion

The aim of this study was to evaluate the fit of CNC-milled
CoCr and Ti implant frameworks for edentulous maxillas,
provided with six implants, and to evaluate the fit of CoCr

Table 2. Ceramic veneering of the CoCr frameworks. Firing cycles and

materials. Furnace Ivoclar Programat P90.

n Program Material End temp (°C)

1 Oxidation N/A 950

1 Bonding GC Initial Metalbond 980

2 Opaque GC Initial MC Paste Opaque 960

2 Dentin GC Initial MC Dentin

GC Initial MC Enamel

905

1 Glaze N/A 870

n = number of firing cycles.

Table 3. Mean distortion (SD) in micrometers of the center point of the frameworks presented with the master model as reference using least square

method, in absolute figures.

Framework n /x/ SD /y/ SD /z/ SD 3D SD

Ti frameworks 10 5.0 (1.5) 2.8 (0.6) 5.2 (2.4) 9.0 (1.5)

CoCr frameworks 10 13.5 (7.4) 6.3 (3.4) 4.6 (2.8) 17.8 (7.7)

CoCr frameworks veneered 10 9.7 (6.9) 4.4 (4.0) 4.9 (3.1) 13.7 (7.9)

n = number of frameworks.

Figure 1. Master model with implant positions 1–6 and coordinate measuring machine measurement directions.
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frameworks before and after ceramic veneering using a CMM
equipment. Different techniques have been used to measure
misfit of implant frameworks. With the CMM, not only the
vertical misfit was evaluated but also the horizontal and angu-
lar misfit. However, one disadvantage was that the software
might have superimposed the frameworks on the mating sur-
faces with a negative value resulting in a vertical misfit slightly
less than the real one. Thus, the results should only be com-
pared with other studies using the samemeasuring technique.
The use of measuring microscopes for measuring vertical dis-
crepancies will inevitably result in a larger registered misfit.

In the present study, the comparison of the two materials,
Ti and CoCr, revealed small differences in fit. However, the
distortion in the horizontal plane and 3D was statistically
significantly smaller for the Ti frameworks, while the vertical
distortion was comparable. The reason for this difference
could be an effect of wear of milling tools, more pronounced
in the CoCr group as a result of a toughermaterial tomill. The
fit of the CoCr frameworks was affected by the veneering
procedure in the horizontal plane (X and Y axes) but not in
the vertical plane. The veneering procedure resulted in a slight
decrease in the arch curvature, which reduced the distortion
in the horizontal plane and in 3D. These differences were
statistically significant.

The intersecting distance between the implant positions
showed that the frameworks only were affected to a small
extent by the veneering process. The distance between the
terminal implants, positions 1 and 6, changed the most,
which is reasonable. The hypothesis that the fit of CNC-
milled CoCr frameworks was similar to the fit of Ti

frameworks while being unaffected by ceramic veneering
was therefore rejected.
Usually, studies on implant frameworks are conducted on

implants placed in the mandible, where the curvature of the
frameworks is less pronounced. In the study by Örtorp
et al., the distance between the terminal implants was
30.9mm (Ortorp et al. 2003). In studies on frameworks for
the maxilla, the arch is larger as in the present study, and the
frameworks showed a distance between the distal implants
(positions 1–6) of 40.5mm. A similar distance was reported
by Katsoulis et al. (Katsoulis et al. 2015), investigating frame-
works fabricated for the maxilla with a distance of 40mm
between the terminal implants. Theoretically, the veneering
process might therefore affect frameworks for the maxilla
more than frameworks for the mandible. However, this has
not been confirmed.
The effect of ceramic veneering of Ti (CP grade 2) frame-

works on the fit of implant-retained FDPs has been studied
by Örtorp et al. (Ortorp et al. 2003), who used a CMM to
analyze the fit, reporting no significant change in fit by the
veneering process. These results were confirmed by Katsoulis
et al. (CP grade 4) (Katsoulis et al. 2015), measuring the
vertical fit using the one-screw fit test and a scanning
electron microscope. Tiossi et al. (Tiossi et al. 2008), com-
paring Ti (CP grade 1) and CoCr in three-unit implant-
retained FDPs before and after simulated porcelain firings
and using the one-screw fit test and an optical microscope
to measure vertical misfit, reported no significant differences.
This is in accordance with the results for vertical misfit for
the CoCr frameworks in the present study. Fonseca et al.
(Fonseca et al. 2003) studied marginal fit of tooth-retained
single crowns after simulated porcelain firings, using a
travelling microscope, and all three materials (CP Ti grade
2, Ti6Al4V alloy, and PdAg alloy) were negatively affected
by the firing procedures, with significant increases in
marginal discrepancies. The reason for this difference in
recorded distortion after heat cycles could be the thin cervi-
cal margins on tooth-supported crowns as compared with
the thick framework dimension in implant FDPs.
The clinical relevance of misfit in implant-retained FDP is

debated, where some studies claim that misfit is detrimental
to the surrounding bone, whereas others claim that it is
favorable and stimulates bone remodeling (Duyck et al.
2001; Duyck et al. 2005; Jemt and Book 1996; Jemt et al.
2000; Kunavisarut et al. 2002). Concerning the technical
relevance of misfit, several studies argue that FDP misfit is
related to screw complications (Al-Turki et al. 2002; Kallus
and Bessing 1993; Worthington et al. 1987; Zarb and Schmitt
1990). Thus, it is clear that a good framework fit should be
strived for.
With the introduction of CAD/CAM techniques in fabrica-

tion of implant frameworks, the fit of prostheses has
improved. Although passive fit of implant frameworks has

Table 4. Mean deviation (SD) in angulation in decimal degrees of the mat-

ing surfaces of the frameworks using least square method, in absolute

figures.

Framework n X/Z angle Y/Z angle

Mean SD Mean SD

Ti frameworks 10 .044 .030 .058 .020

CoCr frameworks 10 .061 .022 .067 .026

CoCr frameworks veneered 10 .074 .038 .068 .039

n = number of frameworks.

Table 5. Mean deviation in distance in millimeters between the center

points of the frameworks.

Center point positions

Framework n 1–6 2–5 3–4

Model 10 40.548 30.898 11.781

CoCr frameworks 10 �0.047 �0.023 �0.002

CoCr frameworks veneered 10 �0.027 �0.017 �0.001

n = number of frameworks.
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not been reached yet, the improvement especially in the
vertical fit may result in a decrease of screw loosening events.
FEA studies have shown that increased stiffness in frameworks
with misfit increases the risk of mechanical failures (Abduo
and Judge 2014). However, one can only speculate whether
the difference in stiffness of material, CoCr as compared with
Au and Ti, may have an impact on the risk of screw loosening
for frameworks withminormisfit. According to an FEA study,
the stress in the retaining screw decreased for stiffer frame-
work materials with a vertical misfit of 10 and 50μm (Bacchi
et al. 2013). Earlier clinical studies have reported an increase
of screw loosening in frameworks with a misfit larger than
150μm. In the present study, frameworks had a mean vertical
misfit of less than 10μm. The present CAD/CAM technique
used for framework fabrication produces frameworks with a
fit superior to cast frameworks and may therefore contribute
to further reduction in technical complications for implant-
supported FDPs.

From an esthetic point of view, metal ceramic prostheses
are more tooth-like than frameworks veneered with acrylics,
especially after some years in the oral cavity. On the other
hand, ceramic chipping is one of the major drawbacks with
metal ceramic dental prostheses. Recent laboratory studies
indicate that the bond between CoCr and the ceramic veneer
is strong (Akova et al. 2008; Joias et al. 2008; Lombardo et al.
2010), and some clinical studies support this by reporting a
low incidence of ceramic chipping on tooth-supported FDPs
fabricated from CoCr alloy (Ortorp et al. 2012; Svanborg
et al. 2013; Teigen and Jokstad 2012).

The CMM that was used for fit measurements is considered
highly accurate for the purpose of measuring fit for implant-
retained FDPs, with the possibility of measuring not only
the vertical but also the angular and the horizontal distortion
(Abduo et al. 2010; Jemt and Hjalmarsson 2012). However, all
measurements are made in a laboratory, and the appliance
cannot be used for measuring fit in the patient. In the future,
a 3D analysis of fit of the framework in the clinic might be
performed with an intraoral scanner provided with a quality
control software. In a recent publication, Jokstad and Shokati
used an intraoral scanner combined with a laboratory scanner
and software to assess clinical misfit of implant-retained FDPs
(Jokstad and Shokati 2015).

During the ceramic veneering, the mating surfaces of the
frameworks are exposed and subsequently oxidized when
heated. The oxide layer that accumulates needs to be removed
using glass bead blasting. This procedure may be a source of
vertical misfit if not carried out correctly. In the present study,
the difference in fit after ceramic veneering and subsequent
glass bead blasting was minimal. The effect of the blasting
procedure was therefore not considered a confounder.

The fit of both Ti and CoCr frameworks was good, and the
ceramic veneering procedure resulted in an improvement of
the fit for the CoCr frameworks as a result of less distortion

mainly in the X axis. The slight decrease in arch curvature
after veneering resulted in less horizontal misfit, which also
reduced the 3D misfit from 17.8 to 13.7μm. In the present
study, the best-fit method was used in the evaluation of fit.
The same method was used on frameworks after an average
of 19 years of clinical use, reporting an overall misfit of the
frameworks of 150μm (range 95–232μm) and stating that
the effect misfit had on the long-term clinical outcome was
minor (Jokstad and Shokati 2015).

Conclusions

The fit of both Ti and CoCr frameworks was very good. There
were small but significant differences in fit between the Ti and
CoCr frameworks, but the difference is of no clinical
significance. The ceramic veneering resulted in a minor but
significant improvement of the fit of the CoCr frameworks.

Acknowledgments

This research was supported in part by grants from theHjalmar
Svenssons Foundation, Wilhelm and Martina Lundgren
Foundation, and Public Dental Service, RegionÖrebro County.
Dentsply, Atlantis ISUS financed the production of the implant
frameworks. The authors would like to thank DP/TIC Dental
Laboratory in Gothenburg, Sweden, for the veneering of the
frameworks and also Mylab, Gothenburg, Sweden, for the
CMM measurements.

Conflict of interest

Mr. Svanborg has nothing to disclose.
Dr. Eliasson has nothing to disclose.
Dr. Stenport has nothing to disclose.

References

Abduo, J., Judge, R., 2014. Implications of implant framework

misfit: a systematic review of biomechanical sequelae. Int. J. Oral

Maxillofac. Implants 29(3), 608–21.

Abduo, J., Lyons, K., 2012. Effect of vertical misfit on strain within

screw-retained implant titanium and zirconia frameworks. J

Posthodont Res 56(2), 102–9.

Abduo, J., Bennani, V., Waddell, N., Lyons, K., Swain, M., 2010.

Assessing the fit of implant fixed prostheses: a critical review. Int.

J. Oral Maxillofac. Implants 25(3), 506–15.

Abduo, J., Lyons, K., Bennani, V., Waddell, N., Swain, M., 2011.

Fit of screw-retained fixed implant frameworks fabricated by

different methods: a systematic review. Int. J. Prosthodont.

24(3), 207.

Abduo, J., Lyons, K., Waddell, N., Bennani, V., Swain, M., 2012. A

comparison of fit of CNC-milled titanium and zirconia frame-

works to implants. Clin. Implant Dent. Relat. Res. 14(1), e20–e9.

P. Svanborg et al.Fit of Veneered CoCr Implant Frameworks

©2015 The Authors. Clinical and Experimental Dental Research published by John Wiley & Sons Ltd.54



Akova, T., Ucar, Y., Tukay, A., Balkaya, M.C., Brantley, W.A., 2008.

Comparison of the bond strength of laser-sintered and cast base

metal dental alloys to porcelain. Dent. Mater. 24(10), 1400–4.

Al-Fadda, S.A., Zarb, G.A., Finer, Y., 2007. A comparison of the

accuracy of fit of 2 methods for fabricating implant-

prosthodontic frameworks. Int. J. Prosthodont. 20(2), 125–31.

Al-Turki, L.E.E., Chai, J., Lautenschlager, E., Hutten, M., 2002.

Changes in prosthetic screw stability because ofmisfit of implant-

supported prostheses. Int. J. Prosthodont. 15(1), 38–42.

Bacchi, A., Consani, R., Mesquita, M., Dos Santos, M., 2013.

Effect of framework material and vertical misfit on stress dis-

tribution in implant-supported partial prosthesis under load

application: 3-D finite element analysis. Acta Odontol. Scand.

71(5), 1243–9.

Bühler, W., 1981. The Method of Least Squares. Springer, Gauss, pp.

138–41.

Carr, A.B., Stewart, R.B., 1993. Full-arch implant framework casting

accuracy: preliminary in vitro observation for in vivo testing.

J. Prosthodont. 2(1), 2–8.

Duyck, J., Ronold, H.J., Van Oosterwyck, H., Naert, I., Vander

Sloten, J., Ellingsen, J.E., 2001. The influence of static and

dynamic loading on marginal bone reactions around

osseointegrated implants: an animal experimental study. Clin.

Oral Implants Res. 12(3), 207–218.

Duyck, J., Vrielinck, L., Lambrichts, I., Abe, Y., Schepers, S., Politis,

C. et al., 2005. Biologic response of immediately versus delayed

loaded implants supporting ill-fitting prostheses: an animal

study. Clin. Implant Dent. Relat. Res. 7(3), 150–8.

Eliasson, A., Wennerberg, A., Johansson, A., Ortorp, A., Jemt, T.,

2010. The precision of fit of milled titanium implant frameworks

(I-Bridge(R)) in the edentulous jaw. Clin. Implant Dent. Relat.

Res. 12(2), 81–90.

Fonseca, J.C., Henriques, G.E., Sobrinho, L.C., de Goes, M.F., 2003.

Stress-relieving and porcelain firing cycle influence on marginal

fit of commercially pure titanium and titanium–aluminum–

vanadium copings. Dent. Mater. 19(7), 686–91.

Hedkvist, L., Mattsson, T., Hellden, L.B., 2004. Clinical perfor-

mance of a method for the fabrication of implant-supported

precisely fitting titanium frameworks: a retrospective 5- to 8-year

clinical follow-up study. Clin. Implant Dent. Relat. Res. 6(3),

174–80.

Hellden, L., Ericson, G., Elliot, A., Fornell, J., Holmgren, K.,

Nilner, K. et al., 2003. A prospective 5-year multicenter study of

the Cresco implantology concept. Int. J. Prosthodont. 16(5),

554–62.

Hjalmarsson, L., Ortorp, A., Smedberg, J.I., Jemt, T., 2010. Precision

of fit to implants: a comparison of Cresco and Procera (R)

implant bridge frameworks. Clin. Implant Dent. Relat. Res.

12(4), 271–80.

Jemt, T., 1991. Failures and complications in 391 consecutively

inserted fixed prostheses supported by Branemark implants in

edentulous jaws: a study of treatment from the time of prosthesis

placement to the first annual checkup. Int. J. Oral Maxillofac.

Implants 6(3), 270–6.

Jemt, T., Book, K., 1996. Prosthesis misfit and marginal bone loss in

edentulous implant patients. Int. J. Oral Maxillofac. Implants

11(5), 620–5.

Jemt, T., Hjalmarsson, L., 2012. In vitro measurements of precision

of fit of implant-supported frameworks. A comparison between

‘virtual’ and ‘physical’ assessments of fit using two different

techniques of measurements. Clin Implant Dent Relat Res. 14

Suppl 1, e175–82.

Jemt, T., Lekholm, U., Johansson, C.B., 2000. Bone response to

implant-supported frameworks with differing degrees of misfit

preload: in vivo study in rabbits. Clin. Implant Dent. Relat. Res.

2(3), 129–37.

Joias, R.M., Tango, R.N., Junho de Araujo, J.E., Junho de Araujo, M.

A., Ferreira Anzaloni Saavedra Gde, S., Paes-Junior, T.J., Kimpara,

E.T., 2008. Shear bond strength of a ceramic to Co–Cr alloys.

J. Prosthet. Dent 99(1), 54–9.

Jokstad, A., Shokati, B., 2015. New 3D technologies applied to assess

the long-term clinical effects of misfit of the full jaw fixed pros-

thesis on dental implants. Clin. Oral Implants Res 26(10), 29–34.

Kallus, T., Bessing, C., 1993. Loose gold screws frequently occur

in full-arch fixed prostheses supported by osseointegrated

implants after 5 years. Int. J. Oral Maxillofac. Implants 9(2),

169–78.

Karl, M., Winter, W., Taylor, T.D., Heckmann, S.M., 2004. In vitro

study on passive fit in implant-supported 5-unit fixed partial

dentures. Int. J. Oral Maxillofac. Implants 19(1), 30–7.

Katsoulis, J., Mericske-Stern, R., Rotkina, L., Zbaren, C., Enkling,

N., Blatz, M.B., 2014. Precision of fit of implant-supported

screw-retained 10-unit computer-aided-designed and computer-

aided-manufactured frameworks made from zirconium dioxide

and titanium: an in vitro study. Clin. Oral Implants Res. 25(2),

165–74.

Katsoulis, J., Mericske-Stern, R., Enkling, N., Katsoulis, K., Blatz, M.

B., 2015. In vitro precision of fit of computer-aided designed and

computer-aided manufactured titanium screw-retained fixed

dental prostheses before and after ceramic veneering. Clin. Oral

Implants Res. 26(1), 44–9.

Klineberg, I., Murray, G., 1985. Design of superstructures for

osseointegrated fixtures. Swed. Dent. J. Suppl. 28, 63–9.

Kunavisarut, C., Lang, L.A., Stoner, B.R., Felton, D.A., 2002. Finite

element analysis on dental implant-supported prostheses without

passive fit. J. Prosthodont. 11(1), 30–40.

Lombardo, G., Nishioka, R., Souza, R., Michida, S., Kojima, A.,

Mesquita, A. et al., 2010. Influence of surface treatment on the

shear bond strength of ceramics fused to cobalt–chromium.

J. Prosthodont. 19(2), 103–11.

van Noort, R., 2012. The future of dental devices is digital. Dent.

Mater. 28(1), 3–12.

Ortorp, A., Jemt, T., 2009. Early laser-welded titanium frameworks

supported by implants in the edentulous mandible: a 15-year

comparative follow-up study. Clin. Implant Dent. Relat. Res.

11(4), 311–22.

Ortorp, A., Jemt, T., Back, T., Jalevik, T., 2003. Comparisons of

precision of fit between cast and CNC-milled titanium implant

P. Svanborg et al. Fit of Veneered CoCr Implant Frameworks

©2015 The Authors. Clinical and Experimental Dental Research published by John Wiley & Sons Ltd. 55



frameworks for the edentulous mandible. Int. J. Prosthodont.

16(2), 194–200.

Ortorp, A., Ascher, A., Svanborg, P., 2012. A 5-year retrospective

study of cobalt–chromium-based single crowns inserted in a

private practice. Int. J. Prosthodont. 25(5), 480–3.

Patterson, E., 1996. Passive fit: meaning, significance and assessment

in relation to implant-supported prostheses, in: Naert, I. (Ed.),

Passive Fit of Implant-Supported Superstructures: Fiction or Reality.

Leuven University Press, Belgium, p. 17–28.

Pjetursson, B.E., Tan, K., Lang, N.P., Bragger, U., Egger, M.,

Zwahlen, M., 2004. A systematic review of the survival and

complication rates of fixed partial dentures (FPDs) after an ob-

servation period of at least 5 years. Clin. Oral Implants Res. 15(6),

625–42.

Pjetursson, B.E., Bragger, U., Lang, N.P., Zwahlen, M., 2007. Com-

parison of survival and complication rates of tooth-supported fixed

dental prostheses (FDPs) and implant-supported FDPs and single

crowns (SCs). Clin. Oral Implants Res. 18, 97–113.

Riedy, S.J., Lang, B.R., Lang, B.E., 1997. Fit of implant frame-

works fabricated by different techniques. J. Prosthet. Dent.

78(6), 596–604.

Sahin, S., Cehreli, M.C., 2001. The significance of passive frame-

work fit in implant prosthodontics: current status. Implant Dent.

10(2), 85–92.

Sertgoz, A., 1997. Finite element analysis study of the effect of

superstructure material on stress distribution in an implant-

supported fixed prosthesis. Int. J. Prosthodont. 10(1), 19–27.

Smedberg, J.I., Nilner, K., Rangert, B., Svensson, S.A., Glantz, S.A.,

1996. On the influence of superstructure connection on implant

preload: a methodological and clinical study. Clin. Oral Implants

Res. 7(1), 55–63.

Svanborg, P., Langstrom, L., Lundh, R.M., Bjerkstig, G., Ortorp, A.,

2013. A 5-year retrospective study of cobalt–chromium-based

fixed dental prostheses. Int. J. Prosthodont. 26(4), 343–9.

Takahashi, T., Gunne, J., 2003. Fit of implant frameworks: an

in vitro comparison between two fabrication techniques.

J. Prosthet. Dent. 89(3), 256–60.

Teigen, K., Jokstad, A., 2012. Dental implant suprastructures using

cobalt–chromium alloy compared with gold alloy framework

veneered with ceramic or acrylic resin: a retrospective cohort

study up to 18 years. Clin. Oral Implants Res. 23(7), 853–60.

Tiossi, R., Rodrigues, R.C., de Mattos, M.G., Ribeiro, R.F., 2008.

Comparative analysis of the fit of 3-unit implant-supported

frameworks cast in nickel-chromium and cobalt–chromium al-

loys and commercially pure titanium after casting, laser welding,

and simulated porcelain firings. Int. J. Prosthodont. 21(2), 121–3.

de Torres, E.M., Rodrigues, R.C., de Mattos, M.G., Ribeiro, R.F.,

2007. The effect of commercially pure titanium and alternative

dental alloys on the marginal fit of one-piece cast implant

frameworks. J. Dent. 35(10), 800–5.

Wismeijer, D., Bragger, U., Evans, C., Kapos, T., Kelly, R., Millen, C.

et al., 2014. Consensus statements and recommended clinical

procedures regarding restorative materials and techniques for im-

plant dentistry. Int. J. OralMaxillofac. Implants 29(Suppl), 137–40.

Worthington, P., Bolender, C., Taylor, T., 1987. The Swedish system

of osseointegrated implants: problems and complications en-

countered during a 4-year trial period. Int. J. Oral Maxillofac.

Implants 2(2), 77.

Zarb, G., Schmitt, A., 1990. The longitudinal clinical effectiveness of

osseointegrated dental implants: the Toronto study. Part III:

problems and complications encountered. J. Prosthet. Dent.

64(2), 185–94.

P. Svanborg et al.Fit of Veneered CoCr Implant Frameworks

©2015 The Authors. Clinical and Experimental Dental Research published by John Wiley & Sons Ltd.56


