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ABSTRACT

Aim of the study: the purpose of this study was to evaluate the influence of finish line curvature and scanning methods on the 
marginal gap of CAD/CAM Ceramic crowns. Methodology: Forty-two crowns were fabricated from Vita mark II blocks using 
Cerec in Lab system, and divided into two main groups (21 each) according to the scanning method (direct and indirect scanning). 
Each group was divided into three subgroups (7 each) according to finish line curvature (1mm, 3mm, and 5mm). Optical impres-
sions for direct group were taken for the dies directly using the Cerec scanner, but for indirect group; physical impression was 
taken for the dies then poured in stone which scanned by using the Cerec scanner. The completed crowns were cemented to the 
corresponding dies and the marginal gap was evaluated. The collected data was statistically analyzed using two-way  ANOVA test 
and Post Hoc test and the significance level was set at p ≤ 0.05. There was no statistically significant difference (p ≤ 0.05) between 
subgroups of (1mm) and (3mm) curvature but there was statistically significant difference (p ≤ 0.05) between both subgroups of 
(1mm and 3mm) curvature and subgroup of (5mm) curvature. Conclusion: Finish line curvature more than 3mm has an effect on 
the marginal gap of Vita Mark II crowns.  

INTRODUCTION 

The natural appearance of ceramic restorations 
has made them the treatment of choice for ante-
rior teeth. However, this advantage must be con-
sidered against the possible lack of good marginal 
adaptation, which is essential for the clinical suc-
cess and quality of a ceramic restoration (1). Insuf-
ficient adaptation of restorations may result in an 
increase in plaque accumulation, ultimately leading 
to periodontal disease and secondary caries, which 
can result in pulpal inflammation (2,3). Furthermore, 
exposure of the dental luting agent at the marginal 
gap to the oral environment also leads to a rapid 
increase in cement dissolution, a situation which is 
widely recognized as a major cause of restoration 
failure(4,5). 

 The natural gingival architecture and tooth anat-
omy of the anterior region leads to the greater likeli-
hood of an abutment preparation with a higher de-
gree of finish line curvature in that region than in the 
posterior region. Furthermore, the labial finish lines 
of both incisor and canine teeth are often found to 
be located more apically, a phenomenon attributable 
to gingival recession. These factors contribute to the 
need for greater degrees of curvature for abutment 
teeth in the anterior region (6). 

Several authors have demonstrated that the mar-
ginal discrepancy of ceramic crowns is influenced 
by several factors. While some investigations have 
assessed clinical variables such as tooth prepara-
tion geometry or type of cement, in others, factors 
related to dental laboratory fabrication techniques 
have been evaluated (7,8). Most investigators contin-
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ued to use the criteria established by McLean and 
von Fraunhofer (1971) (9) who, after examining 
more than 1000 crowns, concluded that 120μm was 
the maximum tolerable marginal opening.  Mar-
ginal gaps of 1-161μm have been reported in the 
literature for conventionally fabricated ceramic 
crowns(10,11).  In contrast, marginal gaps of 17-118 
μm have been reported for CAD/CAM-fabricated 
ceramic crowns (12,13). Various investigators have 
also examined the marginal adaptation of CAD/
CAM ceramic FDPs(14,15). It is well known that these 
systems produce higher quality restorations by us-
ing industrially prepared ceramic materials and a 
standardized manufacturing process which reduces 
production time (16,17). 

Fabricating precisely fitting fixed restoration is 
a crucial issue for any dentist and for the longevity 
of the restorations for patients’ satisfaction. An ac-
curate impression of the prepared teeth is a must for 
construction of a definitive cast which will allow for 
fabricating a precise fixed prosthesis. Addition sili-
con vinyl polysiloxane impression materials solved 
the issue of dimensional accuracy, poor taste and 
odor. They also had high modulus of elasticity, ex-
cellent tear strength, superior flowability and lack of 
distortion. The main drawback of the polysiloxane 
impression materials is that they are hydrophobic. 
This can lead to the inability to capture fine details 
if problems with hemostasis and/or moisture control 
occur during impression making (18). 

Advances in computerization, optics, minia-
turization, laser technologies, and introduction of 
CAD/CAM concepts have enabled the capture of 
dental impressions. Three-dimensional (3D) digi-
tizing scanners have been used in dentistry for more 
than 20 years and has improved to obtain virtual 
impression that undergone a paradigm shift. Most 
commercially available CAD/CAM systems cap-
ture data from models in laboratory, using optical 
digitizers of various types. As well, some systems 
offer the possibility to scan the impression direct-

ly without cast fabrication (19). They are sensitive 
to any motion; these high precision digitizers use 
technologies that prevent them from being used in-
traoral. In the dentist office, a conventional impres-
sion is taken using impression material and sent to 
a dental lab where it is scanned or poured in stone. 
In the dental lab, a bench top optical digitizer allows 
scanning of impressions, full casts, dies, wax-ups, 
frameworks, or implant abutments automatically. It 
also offers a solution for storage of casts and ortho-
dontics treatment planning and analysis. Scanning 
time is highly dependable on the image resolution, 
number of CCD (camera) used in the device, and 
the technology used in a specific system. It may take 
between 1 to 5 minutes, depending on the device, to 
scan a model of a three unit (FPD) (19). Therefore, the 
hypothesis in this study was the finish line curvature 
as well as the scanning methods will influence the 
marginal gap of CAD/CAM ceramic crowns. 

MATERIALS AND METHODS

In the present study, a total of 42 acrylic right 
maxillary central incisors (Columbia Dentoform 
Corp. New Youk) was used. They divided into two 
main groups (I & II) according to scanning meth-
ods. Group I: Twenty-one samples were scanned 
directly from the jaw model after preparation (Di-
rect method). Group II: Twenty-one samples were 
scanned from poured gypsum casts (Indirect meth-
od). Each group was dividing into 3 subgroups ac-
cording to finish line curvature (1mm, 3mm, and 
5mm).  

All acrylic teeth were prepared using milling 
surveyor (BEGO. PARASKOP, Germany) at the 
level of 1mm above the mid-point of the mesial 
cervical margin. The vertical arm of the device was 
moved down 1mm, 3mm, and 5mm according to a 
built-in graduation ruler to prepare a mark on the 
finish line of the facial and palatal surfaces. Then 
preparation was completed by one operator using 
high speed handpiece (SUPER torque 660B; KaVo 
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Dental Products, Lake Zurich, Ill). Six-degrees taper 
diamond rotary cutting instrument (NTI Diamond 
Instrument Z847KR 016) was used to create 12 to-
tal convergence angle1-mm deep chamfer margin, 
2-mm incisal reduction, 1.5-mm axial reduction (20), 
as illustrated in Figure (1). Each prepared tooth was 
inserted in the same position in the model cast and 
tightened with a screw before impression taking. 

For direct group; the cast models were sprayed 
by Cerec® Optispray (Sirona Dental System 
GMBH, Germany) then optical impressions were 
repeated for the 21 prepared teeth. But for indi-
rect group; 21 impressions were made (Express ™ 
STD Poly vinyl siloxane, 3M ESPE-Germany) for 
the samples, manipulation was done according to 
manufacturer’s instruction, then poured with dental 
stone (Shera premium, Shera co-Germany) and sub-
sequently scanned with Cerec scanner.  All crowns 
were fabricated from Vita Mark II (Vita-Germany) 
blocks using Cerec in Lab system (Sirona Dental 
Systems GmbH, D-64625 Bensheim, Germany) ac-
cording to the manufacture instruction. Automatic 
margin detection was done for the virtual die, inser-
tion axis was determined, and restoration parame-
ters were set. The milled crowns were then checked 
on their corresponding dies and given a serial num-
ber according to each group. With the aid of a spe-
cially designed cementing device (of 4.0Kg weight) 

(21), the milled crowns were cemented by Automix 
TOTALCEM (Itena, Paris, France) self-adhesive 
resin cement to their corresponding prepared acrylic 
teeth. The cemented crowns were subjected to mea-
sure the vertical marginal gap distance which rep-
resented by the vertical distance between the edge 
of the restoration and the finish line of the acrylic 
tooth. The marginal gap has been measured by ste-
reomicroscope (Leica EZ4 ND Germany) using a 
fixed magnification of 35X and integrated digital 
camera with SD card slot. Then the obtained data 
were collected and tabulated using Microsoft Ex-
cel 2010. The mean vertical marginal gap for each 
specimen was calculated and then subjected to sta-
tistical analysis.  

RESULTS

Quantitative data were described using range 
minimum (Min) and maximum (Max), mean, 
standard deviation (±SD) and median. Significance 
of the obtained results was judged at the 5% level. 
Two way (ANOVA) was assessed to showing the 
effect of each factor and the interaction between the 
groups. F-testfor normally quantitative variables, to 
compare between more than two groups. Data were 
fed to the computer and analyzed using IBM1 SPSS 
software package version 20.0 for windows. 

Effect of finish line curvature and impression 
technique on the vertical marginal gap: 

According to Post Hoc Test (Tukey), regarding 
the finish line curvature used in direct impression 
technique, there was statistically significant 
difference (p≤ 0.05) between subgroup (1) curvature 
of 1mm (20.38 ± 2.32) and subgroup (3) curvature 
of 5mm (29.35 ± 2.14). Also, there was statistically 
significant difference (p ≤ 0.05) between subgroup 
(2) curvature of 3mm (22.36 ± 2.60) and subgroup 
(3), meanwhile there is no statistically significant 
difference (p ≤ 0.05) between subgroup (1) and 
subgroup (2). 

Regarding the finish line curvature used in 
indirect impression technique, there was statistically 
significant difference (p ≤ 0.05) between subgroup 
(1) curvature of 1mm (35.85 ± 1.93) and subgroup 
(3) curvature of 5mm (42.19 ± 5.33). Also, there was 
statistically significant difference (p ≤ 0.05) between 
subgroup (2) curvature of 3mm (37.87 ± 3.03) and 
subgroup (3), meanwhile there was no statistically 
significant difference (p ≤ 0.05) between subgroup 
(1) and subgroup (2). 

According to Post Hoc Test (Tukey), regarding 
the scanning methods, there was statistically 
significant difference between three subgroups 
(1mm/ 3mm/5mm) in direct technique (20.38 ± 
2.32) (22.36 ± 2.60) (29.35 ± 2.14) respectively and 
three subgroups in indirect technique (35.85 ± 1.93) 
(37.87 ± 3.03) (42.19 ± 5.33) respectively as shown 
in table (1) and graphically drawn (Figure 2). 
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TABLE 1: Comparison between total vertical mar-
ginal gap results (Mean±SD) as function of curva-
ture of finish line and scanning methods. 

Mean of the 
sample 

Min. – Max. Mean ± SD. 

Group I 17.68 – 23.91 20.38d ± 2.32 

Group II 17.94 – 25.89 22.36d ± 2.60 

Group III 26.59 – 32.10 29.35c ± 2.14 

Group I 33.70 – 38.56 35.85b ± 1.93 

Group II 30.85 – 41.76 37.87b ± 3.03 

Group III 34.21 – 49.15 42.19a ± 5.33 

F 49.700*

P <0.001*

F,p: F and p values for ANOVA test, Significant be-
tween groups was done using Post Hoc Test (Tukey)  
*: Statistically significant at p ≤ 0.05  

DISCUSSION

The natural appearance of ceramic restora-
tions has made them the treatment of choice for 
anterior teeth. However, the possible lack of good 
marginal adaptation is considered to be one of the 
major shortages of such an esthetic restoration.  
This Insufficient adaptation may result in not only 

an increase in plaque accumulation, ultimately 
leading to periodontal disease, but also secondary 
caries, which may lead to pulpal inflammation (2,3). 
Furthermore, exposure of the dental luting agent at 
the marginal gap to the oral environment also leads 
to a rapid increase in cement dissolution, a situation 
which is widely recognized as a major cause of fail-
ure for such restorations (4,5). 

The natural gingival architecture and tooth pro-
file of the anterior region often require some precau-
tions and specifications such as execution of finish 
line preparation in abutment teeth with a higher de-
gree curvature in that region more than we do in the 
posterior region (6). 

Interestingly, the advances made in computer 
science and technology, CAD/CAM systems have 
been used widely for construction of ceramic res-
torations. CAD/CAM systems are available in 3 
different production approaches depending on their 
location: direct (scan intraorally rather than take im-
pression), indirect (impression, cast and scan) and 
centralized milling center (data scan, sent and resto-
ration milled) (19). 

The present study evaluated the influence of 
finish line curvature and impression techniques 
on the vertical marginal gap width of the ceramic 
restorations. 

FIG (1) Diagram showing Labial (left) and distal views (right) 
of 5mm

Fig. (2) Diagrammatic chart representing the measurements of 
the marginal gap in µm of the studied groups according 
to finish line curvature and scanning methods.  
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In the present study 42 acrylic teeth (totally up-
per right central incisors) were assembled accord-
ing to power test. Acrylic teeth were selected in this 
study for better standardization and because of the 
variability in the natural teeth. All teeth were pre-
pared by the aid of milling surveyor using diamond 
stone with taper angle of 6 and tip diameter of 1mm 
in order to make a 12 total convergence angles of 
each opposing two surfaces. Then a manual finish-
ing for preparation was done by one operator to ad-
just the curvature of the finish line. Deep chamfer 
finish line was employed in all teeth because it is 
thought to be more compatible biologically and me-
chanically with the ceramic materials that was sub-
sequently used to cover prepared teeth (22,23). 

Selecting of both direct and indirect scanning 
methods because of many dentists all over the world 
are still using both methods until now. Using addi-
tion silicon impression material because of its high 
accuracy, elastic recovery, and stability rather than 
other types of impression materials (18). The vertical 
marginal gaps between teeth finish line and restora-
tions in all samples were measured using stereomi-
croscope. This device was used due to simplicity, 
availability, not sacrificing the samples and it has 
used in so many other studies and has proved cred-
ibility (10,24). 

Four potential measuring sites were selected 
along the marginal finish line on each axial sur-
face (25). A total of sixteen readings for each indi-
vidual crown were obtained. The mean reading of 
the whole sample has been calculated. Vita block 
Mark II was used because the restorations were all 
anterior crowns that is one of the indications of uses 
of such brand. The choice of inEos Blue scanner 
was in order to decrease the variables in scanning 
models and because of the technology of inEos in-
novation was built on Sirona’s intraoral Bluecam 
technology (26). 

The hypothesis of this study was the vertical 
marginal gap between the teeth and restorations 
will be affected by degree of finish line curvature 

and impression technique was accepted by the re-
sults of this study. The results of this study showed 
that (subgroup 1, direct method) showed the least 
vertical marginal gap (20.38±2.32µm), followed by 
(subgroup 2: direct method) (22.36±2.6µm), then 
(subgroup 3, direct method) (29.36±2.14µm), then 
(subgroup, 1 indirect method) (35.85±1.93µm), 
(subgroup 2: indirect method) (37.87±3.03µm) and 
widest vertical marginal gap was seen in (subgroup 
3:  indirect method) (42.19±5.33µm).

The quantitative evaluation of the marginal adap-
tation is not yet standardized and can be misleading 

(27). According to Guess et al (28). 100µm is the clini-
cally acceptable marginal gap for ceramics. Anoth-
er previous study reported that 100 - 200µm is the 
clinically acceptable range for long-term preserved 
dental prostheses (29). All results were within the 
clinically acceptable range of marginal gap which 
is set to 120µm by McLean and von Fraunhofer (9). 

Regarding the scanning method, the results 
of the present study showed that direct technique 
showed less marginal gap than indirect technique. 
This may be due the smaller number of clinical and 
laboratory steps in direct technique, and the elimi-
nation of human factors. The use of a smaller num-
ber of materials may also lead to less marginal gap 
because this limit the shrinkage of the impression 
materials and the expansion of the dental stone, in 
addition to other variables in the indirect methods 
such as mixing ratios, mixing time, temperature, 
and storage of the materials. This was in agreement 
with  Syrek et al(30), Boeddinghaus et al. (31) and Lee 
and Gallucci(32) and disagreement with Yang et al.(33) 
and Basaki et al.(34)

Regarding the finish line curvature, the results 
showed no significant difference between subgroups 
1 and subgroup 2 in both groups. While there were 
significant differences between both (subgroup 1 
and 2) and subgroup 3.  A number of factors which 
could give rise to the discrepancies in the greater de-
gree of abutment finish line curvature subgroup (3). 
This could be attributed to the greater the degree of 
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the finish line curvature, the greater the length of 
the finish line, the greater the precision needed to 
trace that finish line in impression and restoration 
fabrication.  

Furthermore, the different margin levels relat-
ing to the greater degree crown finish line curvature 
required much greater accuracy of the longer line 
of the crown margin than the equal margin level of 
crown margin. Also, the greater the length of the 
margin may prevent the complete escaping of the 
excess cement which could affect the seating and 
the marginal fit of restoration. This was in agree-
ment with a finding of Chu and Cha (6) and Bindl 
and Mormann (29).

CONCLUSION

Within the limitation of this study, the following 
conclusions can be drawn: 

1-	 Direct scanning reveals less vertical marginal 
gap than indirect one. 

2-	 5 mm finish line curvature recorded the highest 
vertical marginal gap. 

3-	 The misfit of all restorations was within the 
clinically accepted range. 

CLINICAL RECOMMENDATION

According to the current study, both direct and 
indirect scanning methods could be used safely re-
gardless of the finish line curvature.  
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