
The aim of this is was evaluate the vertical and horizontal marginal adaptation of 3-unit 
fixed partial denture frameworks fabricated using different techniques and CAD/CAM 
systems. A total of 40 framework specimens were fabricated and divided into four groups 
as follows: lost-wax casting (G1); lost-wax casting with welding (G2); extraoral optical 
scanning of models (3S/DWOS) (G3); intraoral optical scanning (Cerec Bluecam/Sirona) 
(G4). A reference model was used to simulate a fixed partial denture with three elements 
(with a central pontic). The frameworks of G1 and G2 were cast in nickel-chromium 
(NiCr) alloy, whereas those of G3 and G4 were milled in zirconia. In all groups, vertical 
and horizontal marginal adaptation (over-contour and under-contour) was evaluated 
using a three-dimensional optical microscope (Quick Scope, Mitutoyo). The results showed 
higher vertical marginal misfit in G1 than in the other groups (p<0.001). Regarding 
horizontal marginal misfit, higher over-contour values occurred in G3 than in the other 
groups (p<0.001). G3 did not show under-contour at all, whereas the other groups did 
not differ from each other in this regard (p>0.05). Within the limitations of this study, 
it can be concluded that lost-wax casting with welding is a viable alternative to the use 
of CAD/CAM systems to fabricate frameworks of three-unit FPDs, since the techniques 
yielded similar vertical misfit values. Extra-oral CAD/CAM systems showed the highest 
horizontal misfit (over-contour) compared to other groups. 
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Introduction
The marginal misfit of fixed partial dentures (FPDs) 

corresponds to the marginal gap between the edge of the 
prosthetic restoration and the limit of the tooth preparation 
(1). Marginal misfit contributes to cement exposure in the 
oral environment, with the possibility of dissolution, plaque 
accumulation (2), and secondary caries . These effects 
compromise both the longevity of the prosthesis and 
periodontal health (2). Usually, a number of factors lead 
to marginal misfit, and the technique used to manufacture 
the prosthesis is one such factor (3).

The lost-wax casting technique was considered the gold 
standard in dentistry in the 20th century (4). However, 
this technique is highly sensitive due to the possibility of 
distortion degree (approximately 100 μm) (5), caused by 
different factors that can occur during investment, wax 
removal, casting, finishing and polishing for conventional 
casting (6). Some authors have recommended minimizing 
these distortions in FPDs by welding the framework joints. 
This can improve the fit and passivity of prostheses (7). 
Indeed, in a systematic review, Abduo et al. (8) reported 
that welding the frameworks corrects the discrepancies 
yielded by the lost-wax casting technique.

Recently, computer-aided design and manufacturing 

(CAD/CAM) have become increasingly available. The model 
can be obtained through intraoral scanning and extra oral 
image acquisition (9). These techniques have simplified 
manufacturing and contributed to the use of more aesthetic 
materials such as zirconia, as an alternative to metal alloys 
(10). A recently systematic review reported that CAD/
CAM systems, virtual design, and computer-controlled 
milling can result in better fit between the copings and 
the prepared tooth in comparison with conventional 
method (lost-wax casting) (1). However, there is a lack of 
studies that compare CAD/CAM system compared to lost 
wax technique with welding joint in terms of marginal fit 
(vertical and horizontal marginal adaptation). 

Studies have compared CAD/CAM systems with the 
lost-wax technique (11,12), while others have compared 
the lost-wax technique with and without welding (2). 
However, there are absence of studies have compared 
marginal fit (vertical and horizontal marginal adaptation) 
between CAD/CAM systems and the lost-wax technique 
with welded joints. Thus, the aim of the present study was 
to evaluate the vertical and horizontal marginal adaptation 
of three-unit, fixed dental prostheses fabricated using 
different techniques. The null hypothesis was that there 
is no difference in vertical and horizontal marginal misfit 
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between lost-wax casting (with or without welding joint) 
and CAD/CAM systems (3S or Cerec).

Material and Methods
Thirty specimens were obtained and divided into three 

groups (n=10) distributed into G1, G3 and G4. After analysis 
of vertical and horizontal marginal misfit the specimens 
of G1 were submitted to laser welding of frameworks 
obtaining the G2 for vertical and horizontal measurements. 

A reference model was fabricated to simulate a three-
unit fixed dental prostheses of a mandibular first premolar 
fixed to a first molar with a central pontic (teeth 44 to 
46). The reference model was design with a full crown 
restoration of a 0.6-mm, a 360º chamfer with 3º of total 
occlusal convergence, a height of 5.5, and a diameter of 
7.5 mm for the molar and 4.5 mm for premolar (Fig. 1A). 
Approximately 1.5 mm below the chamfer, the reference 
model presented 24 predetermined points. In this way, 
the measurement points were standardized across all 
specimens (Fig. 1B).

Twenty impressions of the reference model were made 
with Elite HD Putty Soft Normal Setting (Zhermack S.p.A., 
Badia Polesine, Rovigo, Italy) and Elite H-D Light Body 
Normal Setting (Zhermack S.p.A., Badia Polesine). In this 
way, 20 molds were obtained. Each mold was sprayed with 
a surface tension reducer (Surfacer®, Polidental Ind. And 
Com. Ltda) and then filled with gypsum stone type IV (Elite 
Rock Thixotropic, Zhermack SpA, Baida Polesine). These 
models were distributed into G1 (lost-wax technique) and 
G3 (3S extraoral CAD/CAM system).

The frameworks in G1 were made using monoblock 

NiCr casting (without beryllium) (Fit cast-SB Plus, Talmax, 
Curitiba, PR, Brazil). After analysis of the vertical and 
horizontal marginal adaptation for the G1, the samples 
were sectioned using a carborundum disc at the central 
pontic between the first and second premolars. (Ninja Gold 
- ∅ 25 x 0,7 mm, Talmax, Curitiba, PR). The sections were 
then attached using acrylic resin (Duralay® (Reliance Dental 
Mfg. Co., Alsip, IL, USA) for laser welding of frameworks. 
After the framework had been welded, to obtain the G2 
measurements, the vertical and horizontal marginal misfits 
were evaluated again.

The frameworks in G3 were made using scans of each 
gypsum models, a total of 10 scans and these were taken 
using the extraoral CAD/CAM system (3S, Dental Wings). 
The scans were performed by delimiting the margin of 
the tooth preparations. The images obtained allowed the 
researchers to design the infrastructure. The frameworks in 
G4 were made using direct scans of the reference model. 
These scans were obtained using the Cerec AC Bluecam 
virtual system (Sirona, Salzburg, Österreich, Austria) which 
emplys CEREC Optispray contrast powder (Sirona, Salzburg, 
Österreich, Austria), simulating the intra-oral CAD/CAM 
system technique. 

In G3 and G4, the virtual planning data were sent to 
Conexão Sistemas de Próteses industrial center (Conexão 
Sistema de Próteses, São Paulo, SP, Brazil) and the 
frameworks were manufactured by an industrial milling 
machine Conexão CAD/CAM Precision System (Conexão 
Sistema de Próteses). In this way, a monoblock zirconia 
framework was milled (VITA Zahnfabrik H. Rauter GmbH 
& Co. KG, Bad Sackingen, Baden-Wurttermberg, Germany).  

Figure 1. (A) Reference model simulating a 3-unit- FDP; (B) Points to reference the measurements with the framework in position; (C) Framework 
position in the microscopy for analysis; (D) Microscopy image of marginal vertical misfit (x350 magnification); (E) Microscopy image of horizontal 
marginal misfit (over-contour) (x350 magnification); (F) Microscopy image of horizontal marginal misfit (under-contour) (x350 magnification). 
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Sintering was carried out in an oven (HTC Speed, Sirona, 
Salzburg, Osterreich, Austria) at 1500°C for 2 h and 20 min.

Vertical marginal misfit was analyzed at 12 points for 
each crown totaling 960 measurements, while horizontal 
marginal misfit was analyzed at eight points per crown 
along the interface of the reference model/framework 
totaling 640 measurements. The analysis was performed 
using a three-dimensional optical microscope (Quick 
Scope, Mitutoyo, Chicago, IL, USA) with a digital table 
that had a 350× zoom and a precision of 1 μm (Fig. 1C). 
The measurements were determined using QSPAK software 
(Mitutoyo). The values for vertical misfit (Fig. 1D) and 
horizontal marginal misfit (over-contour) (Fig.1E) and 
horizontal marginal misfit (under-contour) (Fig. 1F) were 
obtained in millimeters and converted into micrometers. 

After analysis of the individual groups, the data were 
confirmed in intra-examiner variability. A new analysis 
of some samples was performed by the same operator 
for vertical and horizontal marginal misfit to verify the 
calibration of operator, calculated by the specific correlation 
test (r) and random error analysis (Dahlberg) (p<0.05).

Data from the measurements were organized in Excel 
(Microsoft Office Excel, Redmond, WA, United States) and 
entered SigmaPlot software (SigmaPlot, San Jose, CA, USA). 
After normality was confirmed by Shapiro-Wilk test two-
way ANOVA (Factors: Manufacturing technique, Tooth) with 
a post-hoc Tukey’s test was used to indicate the differences 
between the groups. The significance level was set at 5%. 

Results
The specific correlation test (r) showed an agreement 

of r=0.98 for the vertical marginal misfit, in the systematic 
error no difference observed between the samples in the 
analyzed periods (paired t-test =1.177; p=0.242), the 
random error test (Dahlberg) ± 10 μm. Regarding horizontal 
marginal misfit, the specific correlation test (r) showed 
an agreement of 0.91 with no difference between the 
readings (paired t=0.234, p=0.816), the random error test 
(Dahlberg) ± 20 μm.

In the vertical marginal analysis, highest vertical misfit 
was observed for G1, being significantly different to other 
groups (p<0.001). However, no significant difference was 
observed among G2, G3 and G4 (p>0.05) (Fig.2)

In the analysis of positive horizontal marginal misfit 
(over-contour), a significant difference was observed 
among all groups (p<0.001). The highest value of over-
contour misfit was observed in G3, which differed 
significantly from the other groups (p<0.001). Furthermore, 
a significant difference was observed between G2 (mean: 
0.108) and G4 (mean: 0.0805; p=0.027). However, there was 
no difference between G2 and G1 (p=0.196), or between 
and G1 and G4 (p=0.824; α=1.0) (Fig. 3). In the analysis of 

negative horizontal misfit (under-contour), no data were 
reported from G3. Among the other groups, no significant 
difference occurred (p=0.244) (Fig. 4).

Discussion
The null hypothesis was rejected since difference were 

observed in the vertical and horizontal (over-contour) 
misfit. Regarding vertical misfit, the lost-wax cast (G1) 
showed the highest vertical marginal discrepancy among 

Figure 2. Analysis of marginal vertical misfit (A,a: p< 0.05/ a,a: p≥0.05).

Figure 3. Negative horizontal misfit (over-contour) (A,b;A,B;B,b: 
p<0.05 / B,B: p≥0.05).

Figure 4. Negative horizontal misfit (under-contour) (a,a: p≥0.05)
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all groups. These results corroborated those of previous 
studies (1,9,12). The mean vertical marginal misfit value 
in the lost-wax casting group (G1) was 322 μm. This was 
considered clinically unacceptable, whereas the mean 
vertical misfit in G2 (95.1 μm), G3 (98.6 μm), and G4 (114 
μm) were lower and within the clinical limit of 120 μm 
established in the literature (1). Thus, lost wax casting with 
welding (G2) showed vertical misfit similar to CAD/CAM 
system (G3 e G4) perhaps because the welding technique 
reduces the effects of expansion and metal coating (2) 
thus reducing distortion and leading to a more precise 
adaptation procedure (13). Therefore, even though it retains 
the possibility of human error (14) this technique provides 
better vertical marginal adaptation than lost-wax casting 
without welding (15). 

On the other hand, CAD/CAM systems require fewer 
framework fabrication steps than lost-wax casting, thus 
minimizing errors (12). In a systematic review, Boitelle et al. 
(1) showed that CAD/CAM systems yield better adaptation 
than the lost-wax technique without welding, supporting 
the findings of the present study. However, when the 
extraoral (Group 3) and intraoral (Group 4) CAD/CAM 
system groups were compared, there was no difference 
between them in terms of vertical marginal adaptation. 
Similar results were found in other studies (16,17).

Regarding horizontal misfit, G3 (extra-oral CAD/CAM 
system) presents significantly horizontal over-contour 
misfit compared to other groups, with no reported under-
contour horizontal misfit. The results of this technique 
(extra-oral CAD/CAM system) can be influenced by adding 
more clinical steps with the use of different materials 
(18) to obtain the model, and this may contribute to 
dimensional changes and to affect the fit of framework. 
In this study, although G1 and G2 presented a different 
technique for obtaining the framework, the groups used 
the same materials (impression material and gypsum) to 
obtain the model. However, the lost-wax casting (unlike 
the digital technique) allows for manual control of any 
over-contour of the framework. In addition, another 
possibility is related to different framework material, since 
the metal alloy contraction after the casting could reduce 
the overextension of the framework (19). 

Furthermore, CAD/CAM systems generally use zirconia 
in the pre-sintered stage (20), causing a dimensional 
alteration of up to 20% in the frameworks (21). However, 
the low values of over-contour observed in the G4 can be 
justified by the greater precision system since all steps are 
digital (intraoral) allowing favorable results even with the 
dimensional alteration of the zirconia (22). In addition, it is 
important to emphasize that the over-contour misfit should 
be avoided whenever possible because it is considered the 
worse situation due to the greater potential for plaque 

accumulation (23).
The frameworks in G2 were modified from those in G1, 

and there was no difference between the groups in terms of 
either over-contour or under-contour horizontal marginal 
adaptation, indicating that welding does not interfere with 
the horizontal adaptation of the frameworks. In G2, there 
was significantly higher mean over-contour horizontal 
marginal misfit than in G4. These data corroborate previous 
studies (24,25) and may be related to the precision of the 
intraoral CAD/CAM system, which presents more acceptable 
results of shadow, contour, marginal adaptation, and 
occlusion of copings. Furthermore, the use of contrast 
powder improves scanning accuracy and consequently 
coping adaptation (1,18).

In the present study, we tried to eliminate bias 
by following the procedures recommended by the 
manufacturers. That is, the FPD frameworks were fabricated 
in accordance with each CAD/CAM system or lost-wax 
casting technique (with or without welding). Thus, this 
work sought through the groups to represent different 
clinical situations that are routinely encountered. However, 
even though it mirrored the behavior of the daily clinic, 
some limitations must be cited such as the different 
methods of obtaining frameworks (lost-wax casting; 
extraoral and intraoral CAD/CAM system), and different 
materials (Zirconia and NiCr), which could influence the 
results obtained. In addition, this in vitro study does not 
replicate gingival bleeding, saliva, or limited access to the 
preparations. Further studies are recommended to evaluate 
the misfit of frameworks based on the standardization of 
these variables.

Thus, despite the limitations of this in vitro study, we 
concluded that lost wax casting with welding is a viable 
alternative to CAD/CAM systems to fabricate frameworks of 
three-unit FPDs, since the techniques yielded similar vertical 
misfit values. Extra-oral CAD/CAM system showed highest 
horizontal misfit (over-contour) compared to other groups.
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Resumo
O objetivo deste estudo foi avaliar a adaptação marginal vertical 
e horizontal de infraestruturas de prótese fixas de três elementos 
confeccionadas por diferentes técnicas e diferentes sistemas CAD/CAM. 
Um total de 40 infraestruturas foram confeccionadas e divididas em quatro 
grupos:  fundição por cera perdida (G1); fundição por cera perdida com 
ponto de solda (G2); escaneamento óptico extraoral para escaneamento 
do modelo (3S/DWOS); escaneamento óptico intraoral (Cerec Bluecam/
Sirona) (G4). Uma matriz metálica foi utilizada para simular uma prótese 
fixa de três elementos (com pôntico central). As infraestruturas do G1 e 
G2 foram fundidas em liga metálica de níquel-cromo (NiCr), enquanto 
que as infraestruturas de G3 e G4 foram fresadas em zircônia. Todos os 
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grupos foram analisados quanto à adaptação marginal vertical e horizontal 
(sobrecontorno e subcontorno) em microscópio óptico tridimensional 
(Quick Scope, Mitutoyo). Os resultados apresentaram maiores valores de 
desadaptação marginal vertical no G1 comparados aos outros grupos 
(p<0,001). Em relação a desadaptação marginal horizontal, maiores valores 
de sobrecontorno foram observado no G3 em comparação com os demais 
grupos (p<0,001). Não foi observado valores de subcontorno para o G3, 
enquanto que os demais grupos não apresentaram diferença significante 
para o subcontorno (p> 0,05). Dentro das limitações do presente estudo, 
pode-se concluir que a técnica convencional após ponto de solda é uma 
alternativa viável para confecção de infraestruturas de próteses fixas de 
três elementos comparado ao uso de sistemas CAD/CAM, uma vez que as 
técnicas apresentaram valores de adaptação marginal vertical similares. 
Os sistemas CAD/CAM extraoral apresentou o maior desajuste horizontal 
(sobrecontorno) em comparação com outros grupos.
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