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Purpose: To assess the fit and cement gap of fixed partial dentures supported by two implants 
made using conventional and digital workflows.
Materials and methods: Patients requiring fixed partial dentures supported by two implants were 
included in the study. Forty-eight zirconia fixed partial denture bars supported by two implants 
were produced using a conventional (n = 24, group C) and digital (n = 24, group D) workflow. 
All implants (AnyOne, MegaGen, Daegu, Korea) had the same internal connection prosthetic 
platform. Silicone open tray impressions with splinted copings (group C) and digital impressions 
using a Trios 3 intraoral scanner (3Shape, Copenhagen, Denmark) (group D) were taken for each 
patient. The fit and cement gap were assessed by scanning electron microscopy on the verified 
master cast. The distance between reference points on the titanium base and implant analogue 
was measured with and without tightening the prosthetic screw. The difference in distance was 
calculated and represented the misfit (Dmisfit). The cement gap (Dcement) was measured as the 
shortest vertical distance from the inferior edge of the bar to the top edge of the titanium base. 
Results: The median Dmisfit values (interquartile range) differed significantly (P < 0.05) between 
the groups, with 59 (60) µm for group C and 78 (88) µm for group D. Fixed partial dentures fab-
ricated using a digital workflow presented lower Dcement values (35 [26] µm) than in conventional 
group (38.9 [23] µm) (P < 0.05). 
conclusions: Both workflows produced different levels of fit and cement gap when measured on the 
master casts using scanning electron microscopy. A cast-free digital workflow was associated with a 
lower cement gap, but larger misfit was detected when measuring on the verified master cast.  
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introduction

The accuracy of screw-retained implant-supported 
restorations is critical to the success of dental im-
plant treatment. It is closely associated with the 
concept of passivity, which several authors have 
attempted to define1,2. Theoretically, passive fit 

of a screw-retained restoration is achieved when 
opposing surfaces of the implant and the pros-
thetic component are in maximal spatial congru-
ency, without strain in the components after the 
final tightening of all screws3. Data regarding 
technical and biological complications originating 
from non-passive implant-supported prostheses 
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exist but are controversial, but complete passivity 
is virtually impossible to achieve in clinical situa-
tions2,4,5. 

The risk of misfit is predetermined during the 
treatment planning and implant placement stages, 
as an increased number of implants and increased 
angulation and distance between them can nega-
tively affect the fit3. Distortions in restorative pro-
cedures originate with the impression procedure 
and can potentially grow with each step of the 
selected workflow. A conventional workflow in-
volving analogue impressions, plaster casts and 
CAD/CAM to fabricate the framework is usu-
ally employed6. A digital workflow involving an 
intraoral scanner (IOS) can eliminate some steps 
and drawbacks related to the conventional one; 
however, it also can introduce errors during the 
digital impression, CAD/CAM and 3D printing 
procedures. Regardless of the workflow, inaccu-
racies can still stem from sintering, porcelain fir-
ing processes, cementation techniques and the 
manual skills of the operator. The accuracy of the 
workflow can differ with implant- and abutment-
level prosthodontics and is influenced by various 
implant–abutment connection types, materials 
and fabrication methods7-9.

Different techniques for misfit evaluation 
are widely discussed in the literature. Micro-
scopic methods such as light microscopy or scan-
ning electron microscopy (SEM) can be used 
to measure the implant–abutment gap2. Misfit 
can also be assessed through photoelastic stress 
analysis, strain measurements, finite element 
modelling, or by making surface superimpositions 
of the framework and master cast10. In clinical 
conditions, misfit is usually evaluated using tech-
niques including visual inspection, tactile sensa-
tion combined with alternate finger pressure, and 
radiography. The one screw (Sheffield test) and 
screw resistance tests are considered relatively 
more accurate2,3,10.

In a conventional workflow, restorations are 
cemented to the titanium bases on the plaster 
casts; however, multiple connections and dis-
connections of the prosthetic components and 
the type of implant–abutment connection can 
contribute to different degrees of abutment 

malpositioning11. This can lead to minor misfit 
between the restoration and titanium base that 
can be compensated by the increased cement gap 
and compromise retention12. 

Restorations created using digital impressions 
often require 3D printed models for adjustment 
of restoration contours and porcelain layering. 
Based on current clinical experience and the lim-
ited research data available, the accuracy of 3D 
printed models is still insufficient for multiple 
implant-supported restorations13. When using a 
cast-free approach, full-contour restorations can 
be cemented to titanium bases directly, avoiding 
the need for 3D printing of the cast and ensuring 
the best fit between the components14.

An increasing number of studies are report-
ing the accuracy of digital implant impressions15; 
however, most of these are in vitro studies and 
address only the initial step of the digital workflow 
and thus cannot represent the fit of the final res-
toration. Moreover, the results of in vitro studies 
cannot be directly applied clinically. As such, clin-
ical studies using well-defined criteria for fit evalu-
ation and comparing implant-supported FPDs fab-
ricated using conventional and digital workflows 
are greatly needed.

The aims of this study were as follows:
• to compare clinically the fit of screw-retained 

zirconia FPD bars supported by two implants, 
made using conventional and digital work-
flows;

• to evaluate and compare the fit and cement 
gap size of FPD bars in a conventional and 
digital group using SEM measurements on the 
master cast;

• to estimate the association of distance and 
angulation between the implants with the fit of 
FPD bars and cement gap size in both groups.

The null hypotheses were that the fit of the 
FPD bars and the cement gap size do not dif-
fer between conventional and digital workflows 
implemented in a clinical situation, and that the 
angulation and distance between implants are not 
associated with the fit of the FPD bars and the 
cement gap size.
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Materials and methods

Patients requiring FPDs supported by two implants 
in the posterior region of the dental arch were 
included in this clinical study. Patients with lim-
ited mouth opening, temporomandibular disorders 
or extremely non-parallel implants, all of which 
would prevent removal of splinted impression 
copings, were excluded from the study. The clin-
ical study was conducted in accordance with the 
standards outlined in the Declaration of Helsinki 
and was approved by the Vilnius Regional Eth-
ics Committee for Biomedical Research (No 158 
200-16-861-370). All patients gave their informed 
consent to participate. Regardless of diameter, all 
implants (AnyOne, MegaGen, Daegu, Korea) 
shared the same prosthetic platform and had an 
11-degree internal hex conical connection. There 
were 14 FPDs supported by two implants in the 
maxilla and 10 in the mandible. With regard to 
length, there were seven two-unit, eleven three-
unit and six four-unit FPD bars. A total of 48 zir-
conia FPD bars supported by two implants were 
produced using conventional (n = 24, group C) 
and digital (n = 24, group D) workflows. The study 
workflow is presented in Fig 1. Conventional and 
digital impressions were taken at the same visit by 
one operator (VR). Randomisation (https://www.
random.org/) was used to determine the order in 
which the different types of impression would be 
taken.

conventional workflow

For the conventional workflow, open tray impres-
sions were taken using splinted pickup impression 
copings (Individo Lux, VOCO, Cuxhaven, Ger-
many) with vinyl–polysiloxane material (Express, 
3M, St Paul, MN, USA) and custom-made impres-
sion trays (VOCO). The splinting procedure for 
the impression copings and verification of their 
passive fit were carried out as described in the 
literature16. Master casts were poured using type 
IV plaster (FujiRock, GC, Tokyo, Japan) according 
to the manufacturer’s instructions and allowed to 
set at room temperature for 24 hours. The verifi-
cation jig (Pattern Resin, GC) was fabricated on 

the master cast, and the verification procedure 
was accomplished clinically using a Sheffield and 
screw resistance test. After the master cast was 
verified, corresponding scan bodies were secured 
to the implant analogues with a torque of 15 Ncm, 
and scanning was done using a laboratory scan-
ner (D800, 3Shape, Copenhagen, Denmark). 
An experienced dental technician designed the 
screw-retained bar-shaped restorations (Dental 
System, 3Shape). They consisted of two cylinders 
connected with a bar and had a minimal diam-
eter at the gingival level and no contacts to adja-
cent or opposing teeth. This was done to avoid 
any additional interference, except contact at 

Fig 1  Study workflow.
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the implant–abutment connection during evalu-
ation of the fit. The bars were milled from zirconia 
(KATANA Zirconia HT, Kuraray Noritake Dental, 
Osaka, Japan) using a five-axis milling machine 
(VHF S1 Impression, VHF Camfacture, Ammer-
buch, Germany). After milling, they were sintered 
and fitted on the master cast under the microscope 
(Eschenbach Stereomikroskop 33213, Gelenkarm, 
Nuremberg, Germany). Airborne-particle abrasion 
was used on the intaglio surface of the FPDs and 
bonding surfaces of the titanium bases according 
to the manufacturers’ recommendations. Later, 
FPD bars were cemented (Multilink Hybrid, Ivo-
clar Vivadent, Schaan, Liechtenstein) to the ori-
ginal non-hex titanium bases (Ø 4 mm ZrGEN 
abutment, MegaGen), which were first screwed to 
the implant analogues on the master cast. Follow-
ing cementation, the cement access was carefully 
removed, and the abutment surface was polished 
and cleaned with alcohol (Fig 2). Twenty-four 
screw-retained bars were made using a conven-
tional workflow and formed group C.

Digital workflow

In group D, intraoral scanning was performed using 
the original scan bodies torqued to the implants 
at 15 Ncm and a Trios 3 IOS (3Shape, version 
1.3.4.2). A standardised scanning technique cap-
turing fewer than 1000 images per arch was used. 

Scanning in the maxilla started from the occlusal 
surface, and then the buccal and palatal surfaces 
were captured. In the mandible, the occlusal sur-
face was scanned, followed by the lingual and buc-
cal surfaces. The data were sent to the lab and used 
for the CAD design of the zirconia bars. The bar 
shape used for the restoration in the Dental System 
software and the milling and sintering parameters 
were the same as those used for group C. After 
fabrication, the good fit of the titanium base to the 
zirconia bar was confirmed by a dental technician 
using a microscope. The technician then cemented 
the zirconia bars to titanium bases using a cast-free 
approach, following the same protocol for surface 
preparation and cement application as in group C. 
A total of 24 bars were produced using this work-
flow and formed group D.

Measurements

All zirconia bars in groups C and D were evalu-
ated subjectively for fit (resistance-free insertion, 
absence of balance, Sheffield test) on the mas-
ter cast, and intraorally by one blinded operator 
(VR). No major misfit was detected clinically in 
either group. After this, all bars were subjected 
to SEM analysis (TM-1000, Hitachi High-Tech-
nologies, Tokyo, Japan) in random order. Before 
measurements were taken, the master casts were 
trimmed to ensure that the implant analogue was 
parallel to the measurement table of the SEM 
machine. Measurements were performed by a 
blinded investigator (AG). The screw of the mesial 
implant was tightened to 35 Ncm and consid-
ered as passive, while that of the distal implant 
was not tightened at all. The distance from the 
top margin of the titanium base to that of the 
mesial implant analogue (Dpassive) was measured 
three times with the implant analogue in four dif-
ferent locations (mesiobuccal [MB], distobuccal 
[DB], mesiolingual [ML] and distolingual [DL]) 
at 150× magnification (Fig 3). To standardise 
the measurement locations, scratch marks were 
made on the implant analogues using a sharp 
scalpel. The bar was then removed from the cast 
and replaced, and the screw on the distal implant 
abutment was tightened to 15 Ncm. The distance 

Fig 2  Screw-retained zirconia restoration supported by two 
implants after cementation to titanium bases.
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(Dnon-passive) on the mesial implant analogue was 
measured in the same way. The same sequence 
of measurements was completed on the distal 
implant analogue. A total of 576 measurements 
were taken using 48 FPD bars. Due to inaccu-
racies in the SEM images (cement remnants or 
scratching on the surface causing difficulties in 
selecting the reference points), three measure-
ments were excluded from further analysis. The 
difference in distance between the passive and 
non-passive situation (Dmisfit) was calculated for 
each measurement site according to the following 
formula: Dmisfit = Dnon-passive − Dpassive.

Like the difference between Dmisfit in each FPD 
bar in groups C and D, ΔDmisfit was calculated and 
used later to assess its possible associations with 
interimplant distance and angulation using the fol-
lowing formula: ΔDmisfit = Dmisfit (group C) − Dmisfit 
(group D). Root mean square (RMS) values for 
Dmisfit and ΔDmisfit were used for further analysis.

The cement gap in groups C and D was evalu-
ated by measuring the shortest vertical distance 
from the inferior edge of the zirconia bar to the 
top edge of the titanium base (Dcement) (Fig 4). 
Dcement was evaluated at the same MB, DB, ML 
and DL locations at 1000× magnification. Three 
measurements were taken at each location. A total 
of 576 measurements were taken of the cement 
gap (three measurements were excluded for the 
aforementioned reasons).

Like the difference in Dcement values between 
groups C and D, ΔDcement was calculated to assess 
its possible associations with interimplant dis-
tance and angulation using the following formula: 
ΔDcement = Dcement (group C) − Dcement (group D). 
RMS values for Dcement and ΔDcement were used for 
further analysis.

The effect of interimplant distance and angu-
lation on the fit of the bars and cement gap was 
estimated. For this reason, distances between 
and angulation of implants were calculated using 
standard tessellation language (STL) files pro-
duced from digital impressions (group D) and 
scanned master casts (group C). STL files and 
CAD casts of scan bodies were imported and reg-
istered using a modified iterative closest point 
algorithm in reverse engineering software (Rapid-
form 2006, INUS Technology, Seoul, Korea). The 
distance between and angulation of scan bodies 
were measured for groups C and D. The centre 
point of the scan body was chosen as the intersec-
tion between a selected centre axis and top plane 
of the scan body. The distance between the centre 
points of the two scan bodies was measured. The 
angulation of the scan bodies was measured as 
the angle between two vectors representing the 
axes of the scan bodies in 3D space (Fig 5). The 
mean linear and angular parameters were calcu-
lated using the following formula: (D800 data + 
Trios3 data)/2. The distance and angulation data 

Fig 3  Measurement of distance from titanium base to im-
plant analogue (Dmisfit) at a standardised location marked 
with a scratch (×150 magnification).

Fig 4  Measurement of Dcement using SEM (×1000 magnifi-
cation).
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were correlated to the Dmisfit, Dcement, ΔDmisfit and 
Δ Dcement data sets. 

Statistical analysis was completed with R soft-
ware (version 2.3-2, R Foundation for Statistical 
Computing, Vienna, Austria). A Shapiro-Wilk nor-
mality test was used to analyse the distribution of 
the data. Since the data were not normally distrib-
uted, non-parametric tests were used. A Wilcoxon 
signed-rank test for paired data and Friedman rank 
sum test were applied to compare the medians of 
the distances in the groups and subgroups for both 
workflows. A Spearman correlation test was used 
to estimate associations between Dmisfit, ΔDmisfit, 

Dcement and ΔDcement parameters and angulation 
of and distance between implants. G*Power (ver-
sion 3.1.9.2, Dusseldorf University, Dusseldorf, 
Germany) was used to calculate the statistical 
power. Statistical significance was set at P < 0.05.

Results

The median, interquartile range (IQR) and min-
imum and maximum values for both groups 
are presented in Figs 6 and 7. According to the 
results of the Wilcoxon signed-rank test, Dmisfit 

Figs 5a-b  Measurement of (a) interimplant distance and (b) interimplant angulation between scan bodies using reverse en-
gineering software.

a b

Fig 7  Median, IQR and minimum and maximum values for 
Dcement.

table 1  Medians and IQR of Dmisfit and Dcement in zirconia FPDs supported by two implants in groups C and D

Values Group c Group D P value (Wilcoxon signed-rank test)

Dmisfit [IQR], µm 59.00 [60.00] 78.00 [88.00] 0.00

Dcement [IQR], µm 38.90 [23.20] 34.90 [25.70] 0.00

Point 1: −16.18672, 9.35462, 19.36383
Point 2: −21.56288, 7.07844, 8.56439
Distance: 12.27648 mm
Displacement: −5.37617, −2.27618, −10.79944

Large angle: 173.63387 degrees
Small angle: 6.36613 degrees
Vector 1: 0.01221, −0.99371, 0.11130
Vector 2: 0.12274, −0.98538, 0.11812

Fig 6  Median, IQR and minimum and maximum values for 
Dmisfit.
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was higher in group D than in group C (P < 0.05) 
(Table 1). Dmisfit measurements were found to be 
significantly different between groups C and D 
when analysing MB, ML, DB and DL measurement 
sites separately (P < 0.05) (Table 2). The cement 
gap (Dcement) was larger in group C (P < 0.05). 
According to the Friedman rank sum test, the Dce-

ment measurements in the MB, ML, DB and DL sites 
were not significantly different between groups C 
and D (P = 0.79) (Table 3). 

Comparisons of the ΔDmisfit values between the 
specimens from the maxilla and mandible showed 
that the differences were not significant (P = 0.58). 

ΔDmisfit was also not significantly different when 
comparing the two-, three- and four-unit FPDs 
(P = 0.47). Values for ΔDcement were significantly 
different when comparing FPDs in the maxilla 
and mandible (P < 0.05); however, no difference 
was detected for ΔDcement when comparing two-, 
three- and four-unit FPDs (P = 0.05) (Table 4). 

A weak negative correlation was found 
between Dmisfit and interimplant distance in group 
C (Table 5). In both groups, Dcement did not cor-
relate significantly with interimplant distance or 
angulation.

table 2  Comparison of Dmisfit measurements in groups C and D

Measurement 
 location

Group c Group D P value (Wilcoxon 
signed-rank test)

P value (Friedman 
rank sum test)Median [iQR], µm Median [iQR], µm

MB 51.50 [55.25] 65.00 [67.50] 0.00 0.01

ML 62.00 [58.50] 96.00 [93.00] 0.00

DB 67.00 [61.75] 78.00 [73.75] 0.00

DL 68.00 [72.00] 71.00 [101.25] 0.01

table 3  Comparison of Dcement measurements in groups C and D

Measurement 
 location

Group c Group D P value (Wilcoxon 
signed-rank test)

P value (Friedman 
rank sum test)Median [iQR], µm Median [iQR], µm

MB 36.40 [20.70] 40.05 [29.48] 0.51 0.79

ML 40.00 [23.50] 35.30 [26.80] 0.00

DB 41.85 [21.50] 35.8 [23.68] 0.00

DL 35.65 [26.28] 31.75 [22.50] 0.00

table 4  Comparison of ΔDmisfit and ΔDcement between different subgroups: maxilla vs mandible and two-unit vs three-unit vs 
four-unit FPDs

Subgroup ΔDmisfit ΔDcement

Median [iQR], 
µm

P value 
( Wilcoxon 
signed rank 
test)

P value 
( Friedman 
rank sum test)

Median 
[iQR], µm

P value 
( Wilcoxon 
signed rank 
test)

P value 
( Friedman 
rank sum 
test)

Maxilla (n = 14) 44.00 [64.00] 0.58 NR 18.00 [17.60] 0.00 NR

Mandible (n = 10) 42.50 [66.00] 13.70 [19.60]

Two-unit (n = 7) 36.50 [47.25] NR 0.47 14.70 [21.09] NR 0.05

Three-unit 
(n = 11)

53.00 [72.00] 17.60 [17.70]

Four-unit (n = 6) 42.50 [81.00] 14.65 [19.27]
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Discussion

Limited research is available on the accuracy out-
comes with implant-supported prostheses fabri-
cated using a digital workflow; however, in these 
studies, the fit was evaluated using mainly subjec-
tive and not standardised criteria17. In the present 
study, the fit and cement gap were assessed and 
compared for conventionally and digitally fabri-
cated FPD bars supported by two implants using 
SEM measurements, and the fit of the FPD bars in 
both groups was appraised clinically.

The impression procedure is of critical impor-
tance when considering the overall accuracy of 
the workflow. Use of IOSs is becoming widespread 
in clinical practice, and it is claimed that they can 
achieve acceptable impression accuracy levels, 
with deviations smaller than 0.4 degrees for angu-
lation18,19 and less than 100 µm for linear meas-
urements20-22. These results have mainly been 
reported in experimental studies, however, and 
thus cannot be directly extrapolated to the clinical 
field23. Many intraoral factors, such as movement 
of the patient and the soft tissues and tongue, can 
significantly affect the accuracy of digital impres-
sions24. To address these factors in the present 
study, digital impressions were taken under clinical 
conditions.

Linear deviations between splinted conven-
tional implant impressions and digital impressions 
have been found to vary from 11 µm in laboratory 
studies19 to 130 µm in clinical studies25. One study 
reported better accuracy with digital impressions 
than with conventional ones26. Thus, it is hypo-
thetically possible that the fit of FPDs produced 

using a digital workflow could be better than that 
achieved with conventionally fabricated FPDs27. 
However, there is still a lack of evidence to support 
the selection of digital impressions for multiple-
unit implant prosthodontics. As such, conventional 
impressions are still considered the standard tech-
nique, especially for more complex cases. Unlike 
in laboratory studies, no true reference is available 
in clinical studies when comparing the accuracy of 
different impression techniques. During the pre-
sent investigation, well verified master casts pro-
duced from splinted conventional implant impres-
sions were considered as the reference. 

Impression taking is just the first step in the 
workflow; thus, the accuracy of the final prosthesis 
will be influenced by the distortions that are gener-
ated during CAD/CAM and other subsequent fab-
rication steps. Distortions pertinent to the specific 
workflow can lead to incomplete seating of the 
prosthetic component. The design of the bar elimi-
nated possible interference with proximal contacts 
and soft tissues, and the clinician’s perception was 
therefore not affected by these factors. 

Analysis of the SEM measurements showed 
that the median value for Dmisfit in group D (78 µm) 
was significantly different to that for the C group 
(59 µm). To avoid the influence of confounding 
factors, CAD design, milling, sintering and other 
parameters and procedures were standardised. All 
clinical procedures were completed by one inves-
tigator (VG) and lab procedures by another (AG). 

As misfit of 150 µm is widely reported as a clin-
ical threshold1, the 19-µm difference in median 
values of Dmisfit between groups C and D could 
be considered to have limited clinical significance. 
However, this clinical threshold was exceeded 
when examining the maximum values in groups C 
and D (181 µm and 250 µm, respectively). Again, 
it must be noted that measurements were taken 
on a verified master cast that can deviate, even 
minimally, from the intraoral situation. As such, 
these results cannot be directly associated with 
the intraoral fit. Study designs that would be capa-
ble of obtaining reference data representing the 
intraoral situation are needed. 

Significant differences were found between the 
Dmisfit values for the different groups and locations. 

table 5  Spearman correlation coefficients between Dmisfit (C), Dmisfit (D), ΔDmisfit 
and ΔDcement and mean interimplant distance and angulation

Variable interimplant distance interimplant angulation

Dmisfit (group C) −0.199 −0.040 (NS)

Dmisfit (group D) −0.094 (NS) 0.051 (NS)

Dcement (group C) 0.117 (NS) 0.097 (NS)

Dcement (group D) 0.115 (NS) 0.222 (NS)

ΔDmisfit −0.034 (NS) 0.151 (NS)

ΔDcement −0.0136 (NS) −0.036 (NS)

NS, not significant.



 Rutkūnas et al  Fit evaluation of implant restorations

Int J Oral Implantol 2021;14(1):1–12 9

Dmisfit values up to 34 µm higher were recorded 
in group D considering the different locations. An 
increase in marginal discrepancy could lead to less 
passive restoration and less precise fit between 
the titanium base and the implant. An increase in 
bacterial contamination due to implant–abutment 
misfit can cause inflammatory complications28 
and have detrimental effects on implant and mar-
ginal bone stability29. The ability of the clinician to 
detect these misfits clinically remains questionable. 

With a conventional workflow, milled restor-
ations are usually cemented to titanium bases by 
finger pressure using the master cast. Although 
this is the standard procedure, the cementation 
of multiple-unit cases with angulated implants 
can be more challenging and can lead to less re-
liable cementation. Cementation on the master 
cast makes it possible to adjust restoration con-
tours, as well as proximal and occlusal contacts; 
however, discrepancies caused by factors such as 
time-dependent cast distortion and repositioning 
accuracy of prosthetic components may lead to 
incomplete seating of the restoration on the tita-
nium base and a less uniform cement gap.

3D printed models are still regarded as less 
accurate than conventional ones and can introduce 
significant deviations into the workflow13,30,31. If 
full-contour restorations are planned, a cast-free, 
fully digital workflow can be selected. In this case, 
the restorations are cemented to titanium bases 
without the 3D printed model. For this reason, 
a cast-free approach was chosen in the present 
study. The original non-hex titanium bases were 
cemented with resin cement according to the man-
ufacturer’s instructions, using a technique widely 
discussed in the literature12,32.

Zirconia abutments bonded to titanium bases 
show similar mechanical stability compared with 
customised titanium abutments33. The size of the 
cement gap is essential for retention of the FPD on 
custom abutments or titanium bases. Mehl et al34 
reported that the resulting cement space should 
be tested before the workflow is established, and 
a cement space of around 60 µm is preferred over 
a space of 100 µm. Though Dcement was measured 
only on the marginal edge of the titanium base, it 
did not exceed 100 µm in either group (41.68 µm 

in group C and 36.45 µm in group D). However, 
the maximum Dcement values in both groups were 
slightly over 80 µm. The higher number of outli-
ers in group C implies that the cementation tech-
nique on the master cast was less predictable in 
this regard. Seating of the restoration on the tita-
nium bases is more difficult when there are high 
angulations between implants. Furthermore, it 
was difficult to standardise the pressure applied by 
the dental technician during cementation of the 
zirconia bars in both groups. These aspects could 
potentially affect the cement gap. 

Centring of the titanium abutment in the zirco-
nia coping during cementation is vital for retention 
of the restorations. To achieve an even distribution 
of cement, a proper fit of the restoration on the 
master cast with titanium bases attached to the 
implant analogues must first be achieved. In the 
present study, no statistically significant differences 
in Dcement were found between the measurements 
at different locations (P = 0.79) in both groups. It 
can therefore be claimed that cement distribution 
between the bar and titanium base was even at 
the margins circumferentially. However, the pre-
sent study did not evaluate the cement thickness 
on the axial walls of the titanium bases. 

Better seating of the restoration on a titanium 
base was found in group D since the base could 
adopt a position of maximum congruency to the 
zirconia framework without any restrictions; how-
ever, this had a negative impact on the fit as Dmis-

fit was 19 µm higher in group D. Future studies 
should examine whether an increase in the cement 
gap or misfit would have a more significant effect 
on the long-term prognosis of implant-supported 
FPDs. Other studies have shown that reliability 
of cementation was also affected by the type 
of cement, surface preparation, thermocycling, 
fatigue simulation and prosthesis material32,34.  

  The fit of a restoration can be influenced by 
the clinical situation, with distance, angulation and 
depth of the implant placement considered im-
portant factors. The length of the prosthesis and 
its curvature along the jaw can also affect the final 
fit3,10. In the present study, two-, three- and four-
unit restorations were all placed in the posterior 
region. However, neither ΔDmisfit (P = 0.47) nor 
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ΔDcement (P = 0.05) showed statistically significant 
differences between the different lengths of the 
restorations. ΔDmisfit of the maxillary and man-
dibular restorations was also not statistically sig-
nificant (P = 0.58), which implies that the verti-
cal fit of the restorations was not influenced by 
the length or location of the FPDs supported by 
two implants. However, a significant difference 
in ΔDcement (4 µm) was recorded in the maxilla 
and mandible. This difference might have resulted 
from the tendency towards higher implant angula-
tion in the premolar region. However, the clinical 
significance of this is questionable. Only one sig-
nificant correlation between the measured vari-
ables and interimplant distance or angulation was 
found: a weak negative correlation between Dmisfit 
and interimplant distance. A larger sample size is 
required to further clarify these correlations. 

The limitations of the present study that may 
have affected the results must be discussed. It is 
highly possible that the results would not have 
been the same if a different IOS and conventional 
impression and master cast fabrication technique 
and different CAD/CAM settings and zirconia 
materials had been used. Moreover, standard-
ised zirconia bars were used for evaluation rather 
than completed restorations in the present study. 
The amount of ceramic layering, different layer-
ing temperatures and final clinical proximal and 
occlusal contact adjustment could thus affect the 
results in clinical practice35.

The present results are specific to the implant–
abutment connection used in this study. Use of 
hex or non-hex components could affect the fit of 
the implant-supported FPD. Different outcomes 
should also be expected with multi-unit abutment-
level prosthetic procedures. It was demonstrated 
that an external abutment connection could better 
prevent vertical displacement during screw tight-
ening; thus, larger vertical displacement occurs 
with internal types of implant–abutment connec-
tion36. Moreover, non-original prosthetic compo-
nents can be associated with lower internal ac-
curacy37 and influence the fit of the prosthesis. 

An attempt was made to evaluate the clinical 
fit of the FPD bars in groups C and D in a consist-
ent way. However, detecting misfit by applying 

alternate finger pressure and using the Sheffield 
test are regarded as subjective procedures and lack 
reliability.

conclusions

Within the limitations of this study, it can be con-
cluded that the fit and cement gap of zirconia FPD 
bars supported by two implants made using con-
ventional and digital workflows differed signifi-
cantly, with the conventional workflow resulting 
in a better fit and the digital workflow producing 
a smaller cement gap. Nevertheless, the reported 
differences were minor, and of limited clinical 
significance. A cast-free digital workflow can be 
regarded as a clinically viable treatment modality. 
The fit and cement gap were not associated with 
the length of the implant-supported FPD bar or 
the angulation between implants. Further studies 
are required to establish objective clinical criteria 
to detect the misfit of screw-retained implant-
supported FPDs.
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