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Aim: This study evaluated the precision of a CAD/CAM system 
by measuring marginal, internal and proximal fits in implant-
supported single-crown restorations. Methods: Ten models of 
the upper arch were made in which implants replaced the upper 
left premolars. For fabrication of the zirconia infrastructures, 
titanium bases (TiBase) were coded and scanned using a scan 
body. A second digital impression was made for the fabrication of 
prostheses. Silicone impression material was used to determine 
the internal clearance between the TiBase and infrastructure 
and between the infrastructure and crown, whose thickness 
was measured at three points [P1 (cervical), P2 (middle) and 
P3 (occlusal)] with a stereoscopic microscope at 70x and 100x 
magnification. One-way ANOVA for repeated measures and the 
Student t-test were used for the analysis of internal and marginal 
adaptation. Proximal contacts were analyzed qualitatively. 
Results: There was no significant difference between the teeth 
evaluated (Student’s t-test; p>0.05) or between the corresponding 
points evaluated in either tooth (one-way ANOVA; p>0.05). 
Analysis of the internal clearance between the infrastructure and 
crown demonstrated that all points were significantly different 
compared to the reference standardized at 100 μm (Student’s 
t-test p<0.0001). There was no significant difference between 
P1 and P2, with the thickness at these two points being lower 
than that obtained at P3 (one-way ANOVA, p<0.05). The proximal 
contacts did not coincide with the quality defined by the device. 
Conclusion: The system tested was unable to produce implant-
supported single-crown ceramic restorations with marginal, 
internal and proximal fits matching the digital workflow, with the 
inferior fits requiring adjustment prior to cementation.

Keywords: Ceramics. Computer-aided design. Crowns. Data 
accuracy.
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Introduction

Restorative dentistry relies on dental impressions for the development of adequate 
indirect restoration as they provide an extraoral view of the intraoral situation. The 
marginal adaptation, the interdental or intermaxillary relationship, and the longevity of 
restorations are directly related to the quality and precision of the impressions1.

Conventional intraoral impression using elastomeric material and individual or cus-
tomized trays is considered the gold standard for fabrication of the working model1. 
However, other techniques have been studied in order to provide more accurate, 
faster, and more practical results, either for the development of other types of intraoral 
impressions or for production of the prostheses themselves1-9.

The computer-aided design/computer-aided manufacturing (CAD/CAM) technol-
ogy, a three-dimensional (3D) digital model, is used for the fabrication of resto-
rations1,2,5-9. Recent techniques have tried to absorb all the functionality of conven-
tional impression, while aiming to produce an intraoral digital impression that could 
also result in a virtual 3D model4,10-12. In 2012, Sirona launched the Cerec Omnicam 
oral scanner, which captures 3D intraoral images quickly and accurately without the 
need for zirconia oxide powder for scanning10,13. Advantages of this device include 
a reduction of the working time and better acceptance by the patient. On the other 
hand, there are still limitations to be overcome, such as its high cost and problems 
related to distortion of the digital models and lower precision compared to conven-
tional impression in subgingival areas14. However, studies must still prove the effec-
tiveness related to the final quality of the restorations made from images obtained 
with this equipment.

Some situations make the intraoral scanning process difficult, for example, the pres-
ence of subgingival margins15. This difficulty is related to both digital impression upon 
the teeth and upon the implant. However, the advent of digitally coded healing abut-
ments has made it possible to print the implant even at subgingival levels15,16.

Another type of encoding was recently developed to prevent the hardness of 
full-ceramic restorations from damaging the implant platform since the mechanical 
properties of zirconia differ from those of the metal13,16,17. A titanium base (TiBase, 
Sirona, Germany) with a coded scan body (Scan Body, Sirona, Germany) can promote 
a connection between the implant and zirconia abutment, protecting the integrity of 
the implant13,16,17. TiBase comes in several versions, each of which is compatible with 
the specific diameter of a particular implant system13. Advantages of this system are 
the perfect adaptation to both the implant and zirconia abutment and the possibility of 
cementing the TiBase abutment outside the mouth, which would decrease the inflam-
matory effects caused by residues of the cementing agent13,17.

These technologies are quite new and few studies are available to ensure their indica-
tion. Furthermore, the adaptation of ceramic restorations is one of the most import-
ant criteria used in the clinical evaluation of long-term success18. Therefore, the null 
hypothesis of the present study was that the marginal disadaptation, internal gap and 
proximal contacts of implant-supported single-crown ceramic prostheses made with 
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an intraoral CAD/CAM system (Cerec Omnicam, Sirona, Germany) would not differ 
from the values established in the digital workflow.

MATERIALS AND METHODS  
In the upper arch of a dental model, the left upper premolars were replaced with 
implant analogs with an external hexagon connection and regular platform of 4.1 mm. 
Transfer copings were screwed into the analogs and additional retentions were made 
with acrylic resin in order to avoid rotation during molding (Figure 1).

A copy of the upper arch was obtained using polyvinyl siloxane (Elite HD+, Zhermack, 
Italy) by the impression molding technique for transfer of implants with an open tray. 
The analogs of the implants were installed in the mold obtained, which was further 
filled with self-cured acrylic resin, thus obtaining the master model (Figure 2). The 
analogs were stabilized following the orientation of the alveolus at the gingival level 
using sticky wax. These procedures were repeated, producing 10 similar replicas of 
the upper arch.

Figure 1. Transfers with additional retention – open-tray technique.

Figure 2. A: Silicone mold with installed analogs. B: Master model.

A B
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Zirconia abutments

In each replica of the upper arch, a titanium base (TiBase, Sirona, Germany) was 
screwed on top of the analog. A coding scan body (Scan Body, Sirona, Germany) was 
then adapted. The 10 replicas were scanned with a Cerec Omnicam oral scanner 
(Sirona, Germany) (Figure 3). 

Abutments were milled (inLab MC XL, Sirona, Germany) from monolithic zirconia 
blocks (inCoris ZI meso, Sirona, Germany) and sintered (inFire HTC speed, Sirona, 
Germany) for 135 minutes, resulting in 10 abutments for each left upper premolar.

Ceramic restorations

The abutments were positioned on the TiBase and a second scan of the 10 replicas 
was done using the same equipment. The scanned images resulted in 10 feldspathic 
ceramic crowns (Cerec Blocs, Sirona, Germany) for each tooth evaluated, following 
the design determined. The marginal adaptation and internal gap were standardized 
at 100 µm based on references cited in the literature that consider this value to be 
clinically acceptable19-22.

Evaluation of proximal contacts 

Carbon strips (12, 21 and 40 µm thick) were used for the evaluation of proximal con-
tacts. For each replica, the evaluation was performed between the canine and first 
upper left premolar. Considering that digital planning established a programmed dis-
tance of the proximal contact of 25 μm, its quality was considered adequate when the 
21-μm carbon strip was able to register the contact without crushing or tearing. For 
this analysis, the carbon strip was placed on the distal proximal surface of the canine 
and the crown of the premolar was then adapted. The carbon strip was moved hor-
izontally to register the contact pressure. The other thicknesses were used to verify 
pressures lower or higher than the defined standard.

The proximal contact was classified as weak, close to the standard or strong as 
follows: weak - without carbon marking; close to the standard - there was marking 

Figure 3. A: Working model with installed TiBase. B: Working model with scan bodies installed in the TiBase.

A B
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without the carbon strip tearing or crushing, and strong in the case of tearing and/or 
crushing of the carbon strip. After this analysis, the contact points and interference 
areas were removed. 

Evaluation of marginal disadaptation and internal gap (TiBase x abutment 
and abutment x crown)

For evaluation of marginal adaptation and internal gap between the abutment and 
TiBase, light-viscosity polyvinyl siloxane was injected into the abutment, which was 
then positioned on the respective TiBase previously lubricated with water-soluble gel. 
The abutment, impression material and TiBase assembly was placed in a guide plane 
and a 5-kg load was applied for 5 minutes over the abutment. After curing, the abut-
ment with the polyvinyl siloxane film was separated from the TiBase (Figure 4).

With the polyvinyl siloxane at regular viscosity (Elite HD+, Zhermack, Italy), the inner 
part of the film-abutment assembly was filled and then positioned in the center of 
a quadrangular mold, marked with tooth information and surfaces (Figure 5A). The 
abutment was subsequently separated from the impression material so that the 
whole piece was filled. Central markings were made on the labial, palatal, mesial and 
distal surfaces with a permanent pen that served as a cutting guide. Using a micro-
tome blade, the set was divided into 4 parts (Figure 5B). The blade was replaced after 
cutting each piece. 

The films between the abutment and crown were obtained s described above. The 
images were obtained with a stereoscopic microscope (Opton, Anatomic, China) at 
100x magnification for the TiBase and pillar replica and at 70x magnification for the 
pillar and crown replica. Corel Draw x6 (Corel Corporation, Canada) was used to mea-
sure the film thickness corresponding to the marginal misalignment and internal gap 
of the interfaces. A ruler was used to allow standardization of the measurements.

Figure 4. Placement of the abutment-silicone set on the TiBase.
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On each surface (labial, palatal, mesial and distal), 3 measurements were performed 
at different sites throughout the film (P1: cervical, P2: middle, and P3: occlusal); thus, 
12 measurements were taken per film (Figure 6). 

Statistical analysis

First, exploratory analysis of the data was performed to verify the homogeneity of 
variances and to determine if the experimental errors had a normal distribution. Two 
calibrated researchers performed the analyses. Inferential statistical analysis was 
done using the SAS 9.1 and Bioestat 5.3 programs, with the level of significance set at 
5%. The Student t-test for one sample was used for the comparison of the marginal 
and internal measurements in relation to the standard provided by the manufacturer. 
Repeated measures analysis of variance (one-way ANOVA) was applied to compare 

Figure 5. A: Square mold and abutment-film set. B: Quadrangular mold cut into 4 parts.

A B

Figure 6. Measurement points (P1, P2 and P3) in TiBase (A) and crown (B).
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the three points (marginal and internal) evaluated in each tooth. Finally, the Student 
t-test was used to compare marginal and internal measurements between the two 
premolars evaluated. Contact points were analyzed only qualitatively.

RESULTS

Internal and marginal adaptation

Tables 1 and 2 show the comparison of the mean and standard deviation of the mar-
ginal disadaptation and internal gap values between the ceramic infrastructure and 
TiBase and between the single crown and ceramic infrastructure. 

No statistically significant difference was noted in the adaptation of the ceramic infra-
structure and TiBase at the points evaluated in either premolar (Student’s t-test; P1: 
p=0.67, P2: p=0.76, P3: p=0.85). In addition, no differences were found between the 
points evaluated in either premolar (one-way repeated measures ANOVA; first upper 
left premolar: p=0.61, second upper left premolar: p=0.59). The standard was not 
tested because of the absence of a spacing reference.

Evaluation of the adaptation between the single crown and ceramic infrastructure 
showed that all marginal and internal points differed significantly from the standard 
of the instrument (Student’s t-test for one sample; p<0.0001). Significant differences 
between the upper left premolars were not observed at any of the points evaluated 
(Student’s t-test; P1: p=0.10, P2: p=0.28, P3: p=0.48). When the points were compared 
to each other, the values obtained at P1 and P2 were statistically similar and were 
lower than those obtained at P3 in both premolars (one-way repeated measures 
ANOVA; first upper left premolar: p=0.0006, second upper left premolar: p=0.0003).

Table 1. Mean and standard deviation of marginal disadaptation and internal gap between the ceramic 
infrastructures and TiBase. 

Tooth 24 Tooth 25 Standard

P1 71.4 µm (18.4) Aa 76.3 µm (23.6) Aa

-P2 55 µm (36.8) Aa 59.3 µm (41.1) Aa

P3 55.6 µm (44.4) Aa 51.9 µm (84.1) Aa 

Means followed by different letters differ significantly (p<0.05). Lower case letters compare teeth at each 
point. Capital letters compare the points in each tooth. 

Table 2. Mean and standard deviation of marginal disadaptation and internal gap between single-unit 
prosthesis and ceramic infrastructure.

Tooth 24 Tooth 25 Standard

P1 169 µm (48.5)Ba* 228 µm (92.1)Ba*

100 µmP2 274 µm (151.4)Ba* 219 µm (57.4)Ba*

P3 541.5 µm (180.2)Aa* 646.75 µm (392.6)Aa*

Means followed by different letters differ significantly (p <0.05). Lower case letters compare teeth at each 
point. Capital letters compare the points in each tooth. Asterisks indicate a significant difference compared to 
the standard of the device.
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Analysis of proximal contact

The quality of the proximal contacts between the canine and first left upper premolar 
was established in 25 µm. The quality of the proximal contacts varied considerably. 
The contact was classified as weak in three teeth, as weak or close to the standard 
value in three other, as close to the standard value or strong in two, and as strong in 
the other two.

DISCUSSION 
The CAD/CAM system is an important advancement in restorative dentistry and a 
good alternative to conventional methods9,23. The fabrication of prostheses with this 
system tends to eliminate many manual interventions and provides accurate, repro-
ducible and favorable results5,6,9,24,25. 

The clinical success and longevity of indirect restorations are closely related to mar-
ginal adaptation and internal gap. For this reason, the definition of clinically accept-
able values of minimum and, especially, maximum disadaptation has been of sci-
entific interest. Clinically acceptable values of internal gap vary considerably in the 
literature. Reported values range from 50 to 100 μm18-20, and less than 100 μm27,28 or 
120 μm22, with the last being the most cited in the literature. The authors obtained this 
value in a 5-year clinical study, in which more than 1,000 indirect restorations were 
fabricated and evaluated22.

In the present study, replicas were used to determine the values of marginal dis-
adaptation and internal gap and the null hypothesis tested was partially accepted. 
A similar methodology was also employed in previous studies16,23-25,29. Rahme et al.30 
reported that the uniformity of the results found between the internal gap replica and 
the cement thickness after cementation supports the use of this type of analysis. 
However, it should be emphasized that disadaptation in indirect restorations usually 
varies widely between different evaluators or between values found by the same eval-
uator31,32. This fact agrees with the study of Trifkovic et al.33 whose results indicate 
that the choice of technique for measuring the accuracy of ceramic crowns influences 
the final results of investigation. Therefore, it is fundamental that rigorous evaluation 
conditions are created, such as a properly calibrated examiner, and that the measure-
ments are carried out by the same researcher. 

In the present study, the standardized design was defined as 100 μm, which is con-
sidered clinically acceptable. However, analysis of the adaptation between crown and 
infrastructure showed mean values higher than the standar and those obtained in the 
works cited above19-22,27,28. Some hypotheses to explain this fact are that the disadap-
tation is related to the process of obtaining images by digital impression, digital plan-
ning for marginal adaptation and internal gap, and degradation of the milling cutters 
used during the machining process. 

Regarding digital impression, Ender et al.1 aimed to compare the ability of a reference 
scanner to achieve high precision and accuracy between conventional and digital 
complete-arch impressions. Digital impressions were significantly less accurate, with 
a precision of 32.4 ± 9.6 μm and accuracy of 58.6 ± 15.8 μm (p<0.001). Deviations of 
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the digital models were visible throughout the dental arch. The authors concluded 
that digital impression is less accurate and provides images with a different pattern of 
deviation compared to conventional impression images. 

Additionally, a phenomenon called “cloud points” reported by Ardekani et al.23 and Col-
pani et al.26 can occur during the digital impression process, generating areas with 
internal imperfections and resulting in adaptive interference in marginal and occlu-
sal areas. Small, angled regions can generate “cloud points” since the smaller the 
scanned area, the greater the chance of errors in fine detail reproduction14,26. Another 
phenomenon reported in the literature related to disadaptation are the so-called over-
shooters, which simulate virtual peaks near the incisal and occlusal edges34. As there 
is no elevation of geometry in reality, an increase in internal disadaptation may be 
generated. These phenomena were initially described for Cerec intraoral cameras but 
apply to all CAD/CAM systems9,34. These facts may explain the differences between 
P1 and P2 compared to P3 in premolars. Differences in disadaptation in the same 
regions were also found in the in vivo study by Brawek et al.29. The authors considered 
these differences to be of great importance since large variations in the cement line 
may cause weakening of the restoration. Another reason that may explain this diver-
gence between points in the present study would be the fact that P3 (occlusal region) 
coincides with the pre-existing orifice in the zirconia block for the through screw. 

Regarding digital planning, most studies have used standards below 50 μm23-25,29,33, 
different from the present study that standardized the internal gap at 100 μm. 
Although all of these studies reported higher disadaptation values than the standard, 
the values were considered clinically acceptable because disadaptation was less than 
120 μm23-25,29,33. Brawek et al.29, who compared the accuracy of crowns made with two 
CAD/CAM systems (Lava COS and Cerec AC), used a gap between -40 and 30 μm for 
digital planning. The measurement of the points differed significantly from the values 
of the digital planning and between the two CAD/CAM systems evaluated (p≤0.05). 
However, according to the authors, the relevance of the difference is debatable 
because both mean values and their corresponding confidence intervals are below 
the commonly acceptable threshold. In another study, Ardekani et al.23 compared 
zirconia abutments fabricated with a CAD/CAM system (Tizian CAD/CAM system) 
and by a traditional method, evaluating their marginal and internal adaptation. Digital 
planning established margins of 0 μm and an internal gap of 45 μm. The maximum 
and minimum values found with the CAD/CAM system were 118.81 and 44.87 μm, 
respectively. Furthermore, the authors suggested a reduction in internal gap to min-
imize discrepancies and to obtain values reported as clinically acceptable in the lit-
erature.  The authors concluded that this CAD/CAM system can compete well with 
conventional systems, and can achieve good marginal adaptation in vitro. 

Yucel et al.18 also tested the marginal adaptation and internal gap of crowns made 
by different methods. Crowns made by the CAD/CAM system were planned with 
0 μm internal gap, that according to this study, would allow a incompatibility between 
40 and 50 μm in the Cerec 3 system. The maximum and minimum values found by 
these authors were 40.9 and 24.3 μm, respectively. In a later study, Nejatidanesh et al.9 
found a marginal gap of 32.02 to 74.99μm. 
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D’’Arcy et al.24 found results similar to those observed in the present study regarding 
both the different perceived gaps between the points evaluated in the same tooth and 
the fact that these gaps were larger than those reported in the literature as desirable 
standard. The mean (± standard deviation) thickness of the internal marginal gap was 
149 ± 26 μm in the control group (range 115 to 231 μm). The mean thickness of the 
occlusal gaps of the crowns was 290 ± 125 μm (range 164 to 624 μm). The authors 
emphasized that crowns with good adaptation can be produced with the Cerec 3 sys-
tem when the internal gap is adjusted to 30 μm24.

The differences between the standardized values and those found in the measure-
ment of internal crown gap agree with the in vitro study of Moldovan et al.35, in which 
the spacer configuration was applied to the internal gap of -100 μm for crowns fabri-
cated with a Cerec system (Inlab software versions 3.x) in order to obtain an internal 
fit between 60 and 70 μm.

The wear of the milling instrument can be a source of error during the fabrication of 
ceramic restorations and changing these instruments at regular intervals is therefore 
highly recommended5-9,15. In the study by Budak et al.33, each crown was machined 
with a set of new milling cutters in order to minimize the influence of tool wear on the 
accuracy of dental restorations. However, in clinical situations in which the service 
of a third-party prosthesis laboratory is used, it is difficult for the dental surgeon to 
control the wear of these cutters. For this reason, despite its possible influence on the 
adaptation result, this fact was not considered in the present study.

Another finding of this investigation was that the marginal adaptation and internal 
gap between the ceramic infrastructure and TiBase were within the clinically accept-
able range. The TiBase abutments are made from monolithic zirconia blocks that 
already come with the prefabricated dowel hole. The zirconia blocks are milled to a 
large size to compensate for the sintering shrinkage estimated at 25%. The success 
of this compensation depends on the homogeneity of the pre-sintered zirconia and 
the software’s ability to calculate the shrinkage of the material during the digital 
design of the prosthesis5-9,23,26.

Another important feature of TiBase is the possibility of extraoral cementation with 
a resin cement. Although there is no specification to standardize the maximum film 
thickness for resin cements, ISO 9917 recommends 25 μm as the maximum value 
to obtain an adequate adaptation of indirect restorations. Minimum cementing lines 
favor the longevity of the procedures, minimizing the polymerization contraction 
stress of the resinous materials and reducing interference of the wet oral environment 
with their properties9,36. In the present work, the disadaptation obtained would require 
the use of materials with higher thread thickness.

Regarding the proximal contact between the implant-supported crowns and the 
tooth, the present study found divergence between the values obtained and the 
standardized values (25 μm). It is believed that correct adjustment of the proximal 
contact helps to seat the restoration directly and minimizes loosening and/or frac-
ture of the components, besides allowing better access for hygiene control37. Res-
torations with strong interproximal contacts are associated with increased tensile 
stresses between implants37. 
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The techniques and methods investigated had some limitations that indirectly influ-
enced the results. These limitation indicate the need for further studies to deepen 
some aspects, for example, to compare different impression techniques and to 
associate them with cementation. Considering these limitation, it can be concluded 
that the CAD/CAM system with intraoral digital impression (Cerec Omnicam; Sirona, 
Germany) was unable to produce single ceramic implant prostheses with marginal, 
internal and proximal fits that corresponded to the digital planning. However, further 
studies should be conducted since the data indicate success of the CAD/CAM system 
even when minimal adjustments to the prosthetic part are required.
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