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 Intraoral scanners are effective for direct digital impression when dental 

restorations are fabricated using computer aided design and computer aided 

manufacturing (CAD-CAM); however, if the abutment tooth cannot be dried completely 

or the prepared margin is placed subgingivally, accurate digital images cannot always be 

guaranteed. The purpose of this in vitro study was to compare the accuracy of the direct 

and indirect digital impression procedures. For this, two in vitro experiments were 
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conducted. In the first experiment, the fit of the resultant zirconia copings were evaluated 

and in the second experiment, scanning accuracy itself was evaluated by using three-

dimensional analysis program to compare the trueness and precision.  

In chapter 2, the fit of zirconia copings fabricated by direct and indirect digital 

impression procedures was evaluated. Forty five resin dies fabricated using a 3D printer 

were divided into three groups: direct scanning (DS, n=15), impression scanning (IMP, 

n=15), and lost-wax and casting (LW, n=15). For the DS group, a resin die was scanned 

using an intraoral scanner, while for the IMP group, impressions made with polyether 

were scanned using a cast scanner. The zirconia copings included in the DS and IMP were 

fabricated according to the same protocol. For the LW group, impressions were made 

following the same protocol as that employed for the IMP group, and then Ni-Cr alloy 

copings were fabricated using the lost-wax and casting technique. The marginal and 

internal discrepancies of the copings were measured by cementing them onto resin dies, 

embedding them in acrylic resin, and sectioning them in the buccolingual direction, 

followed by measurement of the cement layer. The marginal discrepancies (mean ± 

standard deviation) in the DS, IMP, and LW groups were 18.1 ± 9.8, 23.2 ± 17.2, and 32.3 

± 18.6 μm, respectively. The internal discrepancies of the DS, IMP, and LW groups, 

respectively, were 38.0 ± 9.1, 47.0 ± 16.3, and 36.5 ± 15.8 μm on the axial surface, and 

36.7 ± 16.9, 33.4 ± 21.6, and 44.5 ± 31.9 μm on the occlusal surface. No statistically 

significant differences among groups were found regarding marginal or internal 

discrepancies (P>.05). Within the limitations of this study, both the zirconia copings 
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fabricated using CAD-CAM and different digitization methods, and the Ni-Cr copings 

fabricated using lost-wax and casting produced clinically acceptable marginal and 

internal discrepancies. And within each group, there was no significant difference 

between the internal discrepancies in the axial and occlusal areas (P>.05/3). 

In chapter 3, Scanning accuracy of direct and indirect digital impression 

procedures was evaluated. A typodont model of the maxillary arch with one complete 

crown preparation, one inlay preparation, and one three unit fixed dental prosthesis 

preparation was prepared for scanning. A master scan of the model was obtained using an 

industrial optical scanner. In the direct scanning (DS) group, the typodont was mounted 

on a manikin and scanned using an intraoral scanner. In the impression scanning (IMP) 

group, impressions were made with polyether and scanned using the impression scan 

mode of a laboratory cast scanner at 1 hour after impression making began. In the cast 

scanning (CS) group, the impressions were poured with type IV dental stone and scanned 

using the cast scanner. All 30 scans collected for the DS, IMP, and CS groups were 

converted to STL format. A three-dimensional analysis program was used to measure the 

accuracy of the digital models. Trueness was evaluated by superimposing the scan data 

onto the reference data, while precision was evaluated by superimposing pairs of data sets 

obtained from the same scanner for a total of 45 pairs, on the basis of the combination 

equation (n=10C2=45). With these settings, three-dimensional analysis was performed and 

color maps were obtained as qualitative results. Quantitative results were expressed in 

terms of the root mean square differences between data sets. The trueness value was 89.7 
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± 17.0, 54.4 ± 3.6, and 66.3 ± 4.9 m in the DS, IMP, and CS group, respectively, with 

statistically significant differences among the groups (P<.05). The precision was 101.4 ± 

16.5 m in the DS group, 37.4 ± 4.2 m in the IMP group, and 45.0 ± 10.7 m in the CS 

group, with statistically significant differences among the groups (P<.05). The mean 

values of trueness depending on the abutments were also compared, and there were 

statistically significant differences among the groups (P<.05). Within each group, the 

dependence of trueness on abutment was analyzed and a statistically significant 

difference in trueness according to the abutment for the DS and IMP groups (P<.05), 

while no such differences were found in the CS group (P>.05). Within the limitations of 

this study, impression scanning group showed highest accuracy, followed by cast 

scanning and intraoral scanning group. The trueness value of intraoral scanning and 

impression scanning were affected by the location and shape of the abutment. 
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Chapter 1. Introduction 

 

Computer aided design and computer aided manufacturing (CAD-CAM) 

technology now plays a major role in many areas of dentistry (Alghazzawi, 2016). A 

CAD-CAM process consists of three stages, namely (i) data capturing (involving 

digitization), (ii) processing the acquired data and designing the restorations (involving 

CAD), and (iii) producing the restorations (involving CAM). Thus, all CAD-CAM 
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systems require three tools: digitization tools (scanners), design software, and machines 

for producing the restorations (Beuer, et al., 2008).  

Digitization can be achieved via direct or indirect methods, depending on the 

tools used (Guth, et al., 2013). Direct digitization involves acquiring data regarding the 

prepared tooth using intraoral scanners, while indirect digitization involves digitizing 

casts or impressions. Direct digitization is advantageous since it causes less discomfort 

and avoids the gag reflex sometimes encountered during impression making (Ahlholm, 

et al., 2016; Sakornwimon and Leevailoj, 2017; Wismeijer, et al., 2014). Furthermore, 

direct digitization is not affected by dimensional changes of the impression materials, 

nor does it require material disinfection. Moreover, digital impression making using 

intraoral scanners has been demonstrated to be accurate and clinically feasible (An, et 

al., 2014; Nedelcu and Persson, 2014). However, if the tooth is prepared subgingivally, 

the abutment is difficult to be isolated from blood and saliva, and nearby metal 

restorations can reflect and scatter light from the scanner, thus reducing the scanning 

accuracy of the intraoral scanner (Kurz, et al., 2015; Schepke, et al., 2015; Seelbach, et 

al., 2013). Indirect digitization acquires digital data from casts or impressions. In the 

cast scanning method, the impression is poured to fabricate a cast, and the cast is then 

scanned. In the impression scanning method, the digital data are obtained from the 

impression itself, without fabricating a cast. Impression scanning can be conducted 

either mechanically using a small probe or optically using a laser. However, mechanical 

probes may deform the finish lines where the impression material is thin (Quaas, et al., 
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2007), whereas optical impression scanning is limited in its ability to capture undercuts 

(Vogel, et al., 2015). 

The purpose of this in vitro study was to compare the accuracy of the direct and 

indirect digital impression procedures. For this, two in vitro experiments were conducted. 

In the first experiment, the fit of the resultant zirconia copings were evaluated and in the 

second experiment, scanning accuracy itself was evaluated by using three-dimensional 

analysis program to compare the trueness and precision.  
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Chapter 2. Fit of zirconia copings fabricated by direct and indirect 

digital impression procedures 

 
  

2.1. Introduction  

The marginal and internal fit of ceramic crowns are closely related to the 

accuracy and function of the restorations. Poor marginal fit results in plaque retention and 

marginal leakage, leading to periodontal disease, bone loss, and secondary dental caries 

(Kashani, et al., 1981; Sorensen, 1989). The internal fit of a ceramic crown affects the 

fracture strength of the crown (May, et al., 2012; Tuntiprawon and Wilson, 1995). 

Therefore, the marginal and internal discrepancies should be measured when comparing 

the accuracy of different CAD-CAM systems. When dentists evaluate marginal 

discrepancies of the proximal surface with the naked eye, an explorer, or radiographic 

images, discrepancies within the range of 34 to 119 m are considered clinically 

acceptable (Christensen, 1966). In the clinical environment, a marginal discrepancy of 

less than 120 m is considered acceptable (McLean and von Fraunhofer, 1971).  

Several in vitro and in vivo studies compared the accuracy of copings or crowns 

fabricated using the digitized data obtained from intraoral scanning and cast scanning 

following the application of conventional impression procedures. Studies on the marginal 

fit of single unit copings or crowns fabricated using CAD-CAM have reported measured 

marginal discrepancies as small as 10 m and as large as 110.3 ± 7.2 m, with most being 
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below 80 m (Beuer, et al., 2008a; Boitelle, et al., 2014; Colpani, et al., 2013; 

Hmaidouch, et al., 2011; Kokubo, et al., 2005; Komine, et al., 2007; Matta, et al., 2012; 

Ortega, et al., 2015; Rungruanganunt, et al., 2010; Son, et al., 2012; Souza, et al., 2012; 

Syrek, et al., 2010; Yildiz, et al., 2013). Similarly, the internal discrepancy was between 

23.5 ± 7.7 μm (Bindl and Mormann, 2007) and 154.1 ± 10.4 μm (Son, et al., 2012) on the 

axial surface and between 45.2 ± 15.5 μm (Colpani, et al., 2013) and 219.12 ± 87.24 μm 

(Souza, et al., 2012) on the occlusal surface. The internal discrepancy is typically larger 

on the occlusal surface than on the axial surface (Colpani, et al., 2013; Ortega, et al., 2015; 

Son, et al., 2012; Souza, et al., 2012; Yildiz, et al., 2013). However, few studies have 

compared the accuracy of the crowns or copings fabricated via techniques involving 

impression scanning and those involving intraoral scanning or conventional impression.  

To examine the marginal adaptation of ceramic crowns, the direct view 

technique, the cross section technique, and the replica technique have been the most 

commonly used methods (Nawafleh, et al., 2013). The direct view technique has the 

advantage of being less time consuming but may affect the accuracy of the measurements 

by using high power microscopy (Schonberger, et al., 2017). In addition, this method 

cannot measure the internal adaptation of restorations. On the other hand, replica 

technique and the the cross section technique can be used to measure both marginal and 

internal discrepancy. The replica technique has the advantage of obtaining multiple 

sections without sacrificing the specimen, but the technique makes it difficult to 

distinguish the margin from the finish line, and the thin film of silicone can be torn 
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(Nawafleh, et al., 2013; Schonberger, et al., 2017). The cross section technique provides 

just one cross section but can distinguish the margin from the finish line and directly 

measure the thickness of the cement (Nawafleh, et al., 2013).  

The purpose of this in vitro study was to compare the marginal and internal fits 

of zirconia copings fabricated using direct and indirect digitization. Direct digitization 

was conducted using an intraoral scanner, while indirect digitization of the impression 

was performed using a laboratory cast scanner. To assess marginal and internal 

discrepancies, cement thickness was directly measured using the cross section technique. 

The null hypothesis was that no differences in the marginal and internal discrepancies 

would be noted among the different procedures. The second null hypothesis was that, in 

each group, there would be no significant difference in the measured discrepancies 

according to measurement location. 
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2.2. Materials and methods 

An overview of the experimental design is shown in Figure 2.1.  

 

2.2.1 Abutment preparation 

A maxillary left second premolar from the typodont model (PRO2002-UL-UP-

FEM-28, Nissin Dental Products, Kyoto, Japan) was prepared. A high speed handpiece 

was used to produce a 2 mm occlusal reduction, a 12 degree occlusal convergence angle, 

and a 0.5 mm deep chamfer margin. The axial wall of the prepared tooth was finished 

using a milling machine (Frasgerat F1, Degussa, Essen, Germany).  

 

2.2.2 Resin die fabrication using CAD and 3D printing 

The finished prepared tooth was scanned using an intraoral scanner (Trios, 

3Shape A/S, Copenhagen, Denmark), and a compatible software (3Shape CAD software, 

3Shape A/S) was used to round the line angles and to smoothen the surfaces (Figure 

2.2A). To ensure that the prepared tooth was adequate, the fabrication of a zirconia 

coping was simulated in the software. The virtual zirconia coping had a cement space of 

20 µm at 1.0 mm from the margin, followed by a transition zone of about 0.2 mm and a 

cement space of 40 µm at 1.2 mm from the margin. As shown in Figure 2.2B, the virtual 

coping was confirmed to have an even cement space in the defined region. Uneven 

cement space indicates the need for further alterations to the prepared tooth. After 

confirming the abutment form, the digital file containing data regarding the abutment was 
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extracted in the standard tessellation language (STL) format. The STL file was used to 

fabricate resin dies (Figure 2.3) using an inkjet based 3D printer (PolyJetR, Stratasys, 

Eden Prairie, MN, USA) with a 3D printing resin material (Objet VeroDent MED670, 

Stratasys). The inkjet based 3D printer jets layers of liquid photopolymer as thin as 16 μm 

(Cazón, et al., 2014). As the 3D printed resin die reproduced the original size and form of 

the root part of the typodont tooth, the die was stable when inserted into the typodont.  

 

 

Figure 2.1. Overview of experimental design  

 

https://www.google.com/search?sa=X&hl=ko&biw=1529&bih=877&q=%EC%9D%B4%EB%8D%98+%ED%94%84%EB%A0%88%EB%A6%AC+itt+technical+institute-eden+prairie&stick=H4sIAAAAAAAAAOPgE-LQz9U3KDeoMlfiArGSc8rNslO0lLKTrfRz8pMTSzLz8-AMq9K8zLLUouLMkszUYgDyK0kmPAAAAA&ved=0ahUKEwjg7Lvf3IHYAhVHlpQKHTE1CzYQmxMIgAEoATAU
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Figure 2.2. Resin die designed using computer assisted design A, Design of resin die. B, 

Virtual coping design confirmed to give even cement space all over the surface. 
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Figure 2.3. Resin die fabricated using 3D printing technology A, Occlusal view. B, 

Buccal view. 
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2.2.3 Fabrication of the copings 

The copings were classified into three groups, according to the method 

employed: direct scanning (DS), impression scanning (IMP), and lost-wax and casting 

(LW) (n=15 for each group). Zirconia copings were fabricated and included in the DS and 

IMP groups, while Ni-Cr alloy copings were fabricated and included in the LW group.  

 

1) Direct scanning (DS) group 

For the DS group, the resin dies were inserted into the typodont and scanned 

using an intraoral scanner (Trios, 3Shape). The zirconia copings were designed based on 

the digitized data. The cement space was 20 m in the marginal area and 40 m in the 

internal areas. The overall form of the zirconia coping followed the design library 

supplied by the manufacturer. The designed copings were obtained from zirconia blocks 

(Cercon ht, DeguDent GmbH, Hanau, Germany) milled using a milling machine (Trione 

Z, Dio, Busan, Korea) and then sintered.  

 

2) Impression scanning (IMP) group  

For the IMP group, the resin die was placed on the typodont after a sheet of 

baseplate wax (Pinnacle modeling wax 64102005S1, Dentsply, York, PA, USA) had been 

placed on the typodont to produce an even space for the impression material, and 15 

custom trays were fabricated from tray resin (Fastray, Bosworth Company, Skokie, IL, 

USA). Four 22 mm2 windows were cut in the baseplate sheet for the tray stops. Five 
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round venting holes (2 mm in diameter) were made to improve the retention of the 

impression material. All the gingival embrasures of the typodont teeth were then blocked 

out with utility wax, and a gingival displacement cord (Gingi-Pak, Belport Company, 

Camarillo, CA, USA) was placed around the resin die to obtain a good impression in the 

areas of the gingival margin. After applying the adhesive to the tray, the impression was 

made using polyether material (Monophase, 3M ESPE, Maplewood, MN, USA), and then 

disinfected by spraying and letting the disinfection agent act for 10 minutes (CaviCide, 

Metrex, Orange, CA, USA) to simulate clinical situations. The polymerized impression 

was scanned using the impression scan mode of the cast scanner (D700, 3Shape) at 1 

hour after impression making began. The D700 cast scanner has high accuracy of 20 μm, 

and its resolution is 1.3 megapixels. Once the scan data were obtained, zirconia copings 

were obtained using the same design software and the same parameters, followed by the 

same milling procedure as those used for the DS group. 

 

3) Lost-wax and casting (LW) group 

In the LW group, 15 resin trays were fabricated in the same way as in the IMP 

group. Impressions were made, disinfected by spraying for 10 minutes, and poured with 

Type IV dental stone (Hera Moldastone CN, Heraeus Kulzer GmbH, Hanau, Germany) 1 

hour after impression making began. Fifteen stone casts and 15 definitive dies were 

prepared. A cement space was produced by applying 2 layers of die spacer (Nice Fit, 

Shofu Inc., Kyoto, Japan) in all areas of the abutments, except the marginal areas adjacent 

https://www.google.com/search?sa=X&hl=ko&biw=1529&bih=877&q=%EB%A9%94%EC%9D%B4%ED%94%8C%EC%9A%B0%EB%93%9C+regency+beauty+institute+-+maplewood&stick=H4sIAAAAAAAAAOPgE-LQz9U3KE_LLlbi1U_XNzRMqkwxMsvOsNRSyk620s_JT04syczPgzOsSvMyy1KLijNLMlOLATaIPx0_AAAA&ved=0ahUKEwiE27WR3YHYAhXGkZQKHR2NDrsQmxMIgQEoATAT
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to the finishing line. Fifteen Ni-Cr alloy (Verabond, AlbaDent, Fairfield, CA, USA) 

copings were fabricated with the lost-wax and casting technique.  

 

2.2.4 Cementation and cross section
 

In total, 45 resin dies and corresponding copings were produced. Each resin die 

and coping was luted with resin cement (RelyX Unicem, 3M ESPE, St. Paul, MN, USA). 

A static loading device was used to apply a 50N centric and axial load for 5 minutes. The 

specimens were embedded in transparent acrylic resin and then sectioned in the 

buccolingual direction using a low speed rotary diamond wheel. The cross sectional 

surfaces of the specimens were polished.   

 

2.2.5 Measurement of marginal and internal discrepancy 

The cement gap was measured on an image obtained using scanning electron 

microscopy at ×30 magnification. The measurements were made using dedicated software 

(Image J, National Institutes of Health, Rockville, MD, USA). Measurements were 

performed at different locations defined in terms of 11 measurement points, as follows 

(Figure 2.4): 

1) Marginal area (points a and k in Figure 2.4): perpendicular distance from the 

internal surface at the margin of the coping to the resin die (Figure 2.5) 

2) Axial area  
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- Chamfer area (points b and j in Figure 2.4): perpendicular distance from the 

internal surface of the coping and the resin die at 800 micron occlusal from the 

marginal areas 

- Mid-axial area (points c and i in Figure 2.4): perpendicular distance from the 

internal surface of the coping to the resin die at the mid-axial wall 

- Axial transition area (points d and h in Figure 2.4): perpendicular distance from 

the internal surface of the coping to the resin die at the point of tangency of the 

tangential line to the axial wall 

3) Occlusal area 

- Occlusal transition area (points e and g in Figure 2.4): perpendicular distance 

from the internal surface of the coping to the resin die at the point of tangency of 

the tangential line of the occlusal wall 

- Occlusal center area (point f in Figure 2.4): perpendicular distance from the 

internal surface of the coping to the resin die in the middle of the occlusal area 
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Figure 2.4. Marginal and internal discrepancies were measured at several locations in 

each coping. Points a and k represent the marginal area; Points b and j represent the 

chamfer area (800 m occlusal to the marginal areas); Points c and i represent the mid-

axial area; Points d and h represent the axial transition area; Points e and g represent the 

occlusal transition area; Point f, represents the center of the occlusal area. Dotted lines are 

tangential to the axial and occlusal surfaces. 
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Figure 2.5. Casting misfit terminology (Holmes, et al., 1989). Marginal gap (b), according 

to Holmes et al. was measured as marginal discrepancy.  

 

2.2.6 Statistical analysis 

The minimum sample size for ensuring a statistical power of 80% was calculated 

using dedicated software (G-power, Heinrich-Heine-University, Düsseldorf, Germany). 

The data were analyzed using dedicated software (IBM SPSS Statistics 23.0, IBM Corp, 

Armonk, NY, USA) and expressed as mean ± standard deviation. The Kolmogorov-

Smirnov and Shapiro-Wilk tests indicated that the data did not conform to a normal 

distribution, and therefore the nonparametric Kruskal-Wallis test (P=.05) and Mann-
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Whitney U test with Bonferroni correction (corrected α=.05/3) were applied. The 

nonparametric Friedman test was also performed to compare the groups according to 

measurement location (P=.05). Post-hoc comparisons were performed using the 

Wilcoxon signed rank test and corrected for multiple testing using the Bonferroni method 

(corrected α=.05/3). 
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2.3. Results 

The scanning electron microscopy images of the cross sections of the fabricated 

copings included in groups DS, IMP, and LW are provided in Figures 2.6, 2.7, and 2.8, 

respectively, while the marginal and internal discrepancies (measured in µm) are listed in 

Table 2.1.  
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Figure 2.6. Scanning electron microscopy images of cross sections of zirconia copings 

fabricated on the basis of scanning data obtained via direct digitization (original 

magnification ×30). A, Occlusal area. B, Cervical and marginal area. 

B 

A 
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Figure 2.7. Scanning electron microscopy images of cross sections of zirconia copings 

fabricated on the basis of indirect digitization involving scanning of the impressions 

(original magnification ×30). A, Occlusal area. B, Cervical and marginal area.  

A 

B 
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Figure 2.8. Scanning electron microscopy images of cross sections of Ni-Cr copings 

fabricated on the basis of lost-wax and casting (original magnification ×30). A, Occlusal 

area. B, Cervical and marginal area.  

B 

A 
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Table 2.1. Mean, standard deviation, median, and quartile values of marginal and internal 

discrepancies at measured location (μm) (n=45) 

Location Group Mean ± SD Median 

Quartile 

0.25/0.75 
P 

Marginal 

(a,k) 

DS 

IMP 

LW 

18.1 ± 9.8 

23.2 ± 17.2 

32.3 ± 18.6 

19.0 

25.0 

24.5 

11.8/25.0 

10.5/36.0 

21.0/47.0 

.142 

Axial 

(b,c,d,h,i,j) 

DS 

IMP 

LW 

38.0 ± 9.1 

47.0 ± 16.3 

36.5 ± 15.8 

38.3 

46.7 

38.5 

33.3/45.5 

36.9/55.6 

24.0/44.4 

.145 

Occlusal 

(e,f,g) 

DS 

IMP 

LW 

36.7 ± 16.9 

33.4 ± 21.6 

44.5 ± 31.9 

37.3 

26.3 

32.3 

29.6/40.0 

30.6/47.3 

28.9/48.7 

.555 

DS, direct scanning; IMP, impression scanning; LW, lost-wax and casting. P-values are 

obtained using the Kruskal-Wallis test. 
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Table 2.2. P-valuesa for comparisons of measured locations in each group (n=45) 

 DS IMP LW 

Marginal versus Axial <.001 <.001 .088 

Axial versus Occlusal .730 .125 .733 

Marginal versus Occlusal <.001 .191 .211 

DS, direct scanning; IMP, impression scanning; LW, lost-wax and casting. aPost-hoc 

comparisons were performed using the Wilcoxon signed rank test and corrected for 

multiple testing using Bonferroni method (α=.05/3). 
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2.4. Discussion  

This study compared the marginal and internal fits of zirconia copings fabricated 

on the basis of data obtained using an intraoral scanner and a cast scanner, as well as of 

Ni-Cr alloy copings fabricated using the lost-wax and casting technique. The marginal 

discrepancy, internal discrepancy on the axial surface, and internal discrepancy on the 

occlusal surface did not differ significantly among the DS, IMP, and LW groups. The 

marginal discrepancy was 18.1 ± 9.8 m in the DS group, 23.2 ± 17.2 m in the IMP 

group, and 32.3 ± 18.6 m in the LW group. The values noted for all three groups were 

clinically acceptable (Christensen, 1966; McLean and von Fraunhofer, 1971). In the 

present study, the internal discrepancy at the axial area was 38.0 ± 9.1 m in the DS 

group, 47.0 ± 16.3 m in the IMP group, and 36.5 ± 15.8 m in the LW group; the 

corresponding discrepancies in the occlusal area were 36.7 ± 16.9, 33.4 ± 21.6, and 44.5 

± 31.9 m, respectively. In the DS group, the internal discrepancy was significantly lower 

in the marginal areas than in the axial or occlusal areas. In the IMP group, the marginal 

areas had significantly lower internal discrepancy than that of the axial areas. These 

findings may be related to the specific settings of the giving cement gap (20 μm in the 

margin area and 40 μm in the internal area) used when designing the zirconia copings. 

The corresponding measured values were close to 20 μm and 40 μm, respectively. On the 

other hand, the LW group showed no significant difference in values measured at 

different locations. Moreover, the internal discrepancies within each group did not differ 

significantly between the axial and occlusal areas, which is not consistent with the 
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findings of the previous studies that reported that the internal discrepancy was larger in 

the occlusal areas than in the axial areas (Colpani, et al., 2013; Ortega, et al., 2015; Son, 

et al., 2012; Souza, et al., 2012; Yildiz, et al., 2013). The reason why the internal 

discrepancy at the occlusal surface may be larger is related to the contraction of zirconia 

copings during sintering (Yildiz, et al., 2013). However, the research conditions differed 

among the published studies, which makes it difficult to compare the findings directly. A 

study on the accuracy of CAD-CAM systems found that, even when applying the same 

research technique and measuring method, the shape of the prepared tooth, design 

parameters, and CAD-CAM method (direct versus indirect digitization) can affect the 

results (Keshvad, et al., 2011).  

In this study, the same die fabrication method was used in all groups. The tooth 

used in this research was the maxillary left second premolar, which was prepared using a 

milling machine. The milled resin tooth was scanned, and its prepared shape was 

modified so remove undercuts and round line angles. The modified design was extracted 

as an STL file, and the resin die was produced via 3D printing using PolyJet technology, 

which is easy to use, prints 16 µm wide photopolymer layers, and can be employed to 

rapidly manufacture product with a roughness of 1–17.8 µm and 0.5–18.7 µm, depending 

on the direction of measurement (Cazón, et al., 2014). In this experiment, the cross 

sections of the copings had a roughness of 2–3 µm, with some specimens exhibiting the 

staircase effect (surface roughness of 16–20 µm) in the occlusal area and the axio-

occlusal transit area. The inner surfaces of the zirconia copings were smooth as a result of 
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the offset of the drill diameter or drill compensation effect during the milling process of 

the zirconia block. In adopting the 3D printing technology for accurate and efficient 

research, both the extent of errors and the time consumed in each method should be 

considered; the more precise the method, the longer it takes to produce adequate 

specimens. 

In the design of the copings for the DS and IMP groups, the marginal cement space 

was set at 20 m, and the internal cement space was set at 40 m, both of which were 

slightly larger than the film thickness of the cementing material used in this study (15–20 µm) 

(Kious, et al., 2009). The restorations were well seated and showed a high degree of fit 

because the abutment preparation form was appropriate and because a constant centric load 

was delivered during the cementation procedure. Achieving a restoration that has clinically 

acceptable marginal and internal fit is difficult if the preparation is not adequate (Keshvad, et 

al., 2011). To provide the cement space in LW group, two layers of die spacer were applied 

on the working die. According to the manufacturer, the film thickness of one layer of spacer 

is 10 µm. However, the thickness of the die spacer applied on the actual abutments is known 

to be larger than the thickness reported by the manufacturer or that measured on a flat 

surface (Kious, et al., 2009; Rieger, et al., 1987). Moreover, the film thickness differs 

depending on the measurement site (Campagni, et al., 1982). Therefore, while the cement 

space was designed at 20 µm, the results for the DS, IMP, and LW groups should be 

interpreted in the light of the specific experimental conditions of this study. 

The LW group included Ni-Cr copings. Copings made of base metal alloys 
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including Ni-Cr are known to have clinically acceptable marginal discrepancy but larger 

marginal discrepancy than that noted for copings made of noble metal alloys (Duncan, 

1982; Tjan, et al., 1991). Therefore, lower discrepancies would have been noted in the 

LW group if the copings had been made of noble metal alloys. 

To measure cement thickness directly, the cross section technique was employed, 

which is a two-dimensional measurement method that does not reflect overall crown 

adaptation. Using a three-dimensional method would have allowed measurements at 

numerous points (Boitelle, et al., 2017). Of the methods available for assessing marginal 

and internal fit, micro computed tomography can produce μm-resolution images 

repeatedly, without damaging the specimen (Pelekanos, et al., 2009; Seo, et al., 2009). 

The triple scan method also can be used, whereby the outer and inner surfaces of the dies 

and restorations are scanned to evaluate the fit within the three-dimensional space 

(Pelekanos, et al., 2009).  

The experimental conditions employed in the present study differed from the 

actual clinical environment. Specifically, for the DS group, the typodont was placed on 

the table, and complete-arch scanning was performed using an intraoral scanner. In the 

clinical environment, the patient moves, and scanning is further impaired by humidity and 

saliva. Clinical research studies reported wide variation in the intraoral scanning results 

obtained in the posterior area, with cast scanning showing higher accuracy, suggesting 

that patient-related factors affect the accuracy of intraoral scanning (Flugge, et al., 2013). 

An experimental setup that is more similar to the actual clinical situation could be 
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produced by mounting the typodont on a manikin, using a molar tooth, and increasing the 

humidity. In the present study, the copings were fabricated only to evaluate the adaptation. 

However, in clinical situations, anatomic contour crowns are fabricated, and the proximal 

and occlusal contacts also require consideration. To investigate the clinical usefulness of 

intraoral scanning and impression scanning, further studies should focus on abutment 

teeth with a subgingival finish line and various lengths of clinical crowns. 
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2.5. Conclusion 

Within the limitations of this in vitro study, the following conclusions were drawn:  

1. Zirconia copings fabricated using CAD-CAM on the basis of data obtained via 

intraoral scanning and impression scanning, as well as Ni-Cr copings fabricated using 

lost-wax and casting showed clinically acceptable marginal and internal discrepancies.  

2. No significant differences in the marginal or internal discrepancies were found among 

the intraoral scanning, impression scanning, and lost-wax and casting groups and the 

first null hypothesis was accepted (P>.05). 

3. Within each group, there was no significant difference between the internal 

discrepancies in the axial and occlusal areas and the second null hypothesis was 

accepted (P>.05/3). 
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Chapter 3. Scanning accuracy of direct and indirect digital impression 

procedures 

 

3.1. Introduction  

Although the accuracy of the digital impression can be evaluated in terms of the 

fit of the prosthesis fabricated based on the impression data, another method can be 

applied to evaluate the accuracy of the scanning itself. The ISO standard no. 5725-1 states 

that scanning accuracy can be assessed in terms of two variables, namely trueness and 

precision (Figure 3.1) (International Organization for Standardization, 1994). Trueness 

represents the mean deviation of a group of measurements from a given reference (Ender 

and Mehl, 2015; Guth, et al., 2013), while precision represents the mean deviation 

between repeated measurements. Studies performed to compare the accuracy of intraoral 

scanners for individual abutment (Carbajal Mejia, et al., 2017; Nedelcu and Persson, 

2014), quadrant (Ender, et al., 2016), and compete arch scans (Ender and Mehl, 2015; 

Jeong, et al., 2016; Renne, et al., 2017) used reference scanners (Ender and Mehl, 2015; 

Nedelcu and Persson, 2014; Renne, et al., 2017) or cast scanners (Ender, et al., 2016; 

Jeong, et al., 2016) as controls. Other studies compared the accuracy of intraoral scanners 

with that of cast scanners and used reference scanners as controls (Atieh, et al., 2017; 

Carbajal Mejia, et al., 2017; Ender and Mehl, 2013; Flugge, et al., 2013).  For full arch 

scans in vitro, Ender et al. reported that, when using a reference scanner as control, higher 
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local deviations were noted for the digital impression method than for the conventional 

impression method (Ender and Mehl, 2015). Ender et al. also reported that, for quadrant 

scans, digital impression was clinically satisfactory and was sufficient for fabricating 

adequate restorations (Ender, et al., 2016). (Ender, et al., 2016)(Ender, et al., 2016)Lee et 

al. reported that, when scanning a single abutment using an intraoral scanner, the trueness 

and precision values were 12.5–17.5 μm (Lee, et al., 2017). For complete arch scanning, 

Ender et al. reported deviations of up to 170 μm in the posterior area, and the trueness and 

precision of the digital impression were lower than those of cast scanning with 

conventional impression and cast pouring (Ender and Mehl, 2013).  

The purpose of the present study was to compare the direct and indirect digital 

impression techniques in terms of scanning accuracy for a typodont prepared for a 

specific restoration. To evaluate scanning accuracy, full arch scan data were obtained via 

direct and indirect digital impression techniques and the trueness and precision were 

evaluated in each of three groups. The first null hypothesis was that no differences in the 

trueness and precision would be found among the different techniques. The second null 

hypothesis was that, within each group, no differences in trueness would be found 

according to abutment tooth. 
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Figure 3.1. Illustration showing the concepts of trueness and precision A, Trueness 

represents mean deviation of a group of measurements from an original structure of a 

reference. B, Precision represents mean deviation between repeated measurements. 
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3.2. Materials and methods 

3.2.1 Abutment preparation and blockout of interproximal spaces 

A typodont model (ANKA-4 V CER, Frasaco Company, Tettning, Germany) of 

the maxillary arch with one complete crown preparation, one inlay preparation, and one 

three unit fixed dental prosthesis preparation was prepared for scanning (Figure 3.2). The 

abutment preparation for the crown and three unit fixed partial prosthesis was performed 

to achieve a 2 mm occlusal reduction, 12 degree occlusal convergence angle, and 0.5 mm 

deep chamfer margin on the maxillary right second premolar (#15), maxillary left second 

premolar (#25) and maxillary left second molar (#27). As a result, the clinical crown 

length of the abutment teeth was 6.5 mm at premolars and 6 mm at molars. Inlay 

preparation was performed to produce a DO inlay cavity on the maxillary right second 

molar (#17). After the abutment preparations were completed, all gingival embrasures of 

the typodont teeth were blocked out using the composite resin. 

  

Figure 3.2. The typodont prepared for the experiment 
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Figure 3.3. Scanning using the reference scanner 

3.2.2 Reference scanning 

A master reference scanning of the model was obtained using an industrial 

optical scanner (ATOS Triple Scan, GOM mbH, Braunschweig, Germany) known to 

provide jaw size scans with 3 μm accuracy and within 2 μm repeatability (Dold P, 2014). 

 

 3.2.3 Direct scanning (DS) group 

For the DS group, the typodont was mounted on a manikin and scanned using an 

intraoral scanner (CS3600, Carestream Dental, Rochester, NY, USA). A total of ten 

scannings were performed by the same clinician. 

http://www.carestreamdental.com/cs3600
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3.2.4 Impression scanning (IMP) group 

For the IMP group, after a sheet of baseplate wax (Pinnacle modeling wax 

64102005S1, Dentsply, York, PA, USA) had been placed on the typodont to produce an 

even space for the impression material, the resin die was placed on the typodont and 10 

custom trays were fabricated from tray resin (Fastray, Bosworth Company, Skokie, IL, 

USA). Four 22 mm2 windows were cut into the baseplate sheet for tray stops. Five 

round venting holes (2 mm in diameter) were made to improve the retention of the 

impression material. After applying the adhesive to the tray, the impression was made 

using polyether material (Monophase, 3M ESPE, Maplewood, MN, USA) and disinfected 

by spraying and letting the disinfection agent act for 10 minutes (CaviCide, Metrex, 

Orange, CA, USA). The polymerized impression was scanned using the impression scan 

mode of a laboratory scanner (Identica blue, Medit, Seoul, Korea) at 1 hour after 

impression making began. Data were obtained for 10 impression scans.  

 

3.2.5 Cast scanning (CS) group 

In the CS group, impressions were made and disinfected by spraying and letting 

the disinfection agent act for 10 minutes; then the impressions were poured with type 

IV dental stone (Hera Moldastone CN, Heraeus Kulzer GmbH, Hanau, Germany) 

within 72 hours. The fabricated cast was scanned using a laboratory scanner (Identica 

blue, Medit).  

 

https://www.google.com/search?sa=X&hl=ko&biw=1529&bih=877&q=%EB%A9%94%EC%9D%B4%ED%94%8C%EC%9A%B0%EB%93%9C+regency+beauty+institute+-+maplewood&stick=H4sIAAAAAAAAAOPgE-LQz9U3KE_LLlbi1U_XNzRMqkwxMsvOsNRSyk620s_JT04syczPgzOsSvMyy1KLijNLMlOLATaIPx0_AAAA&ved=0ahUKEwix7Ovz24HYAhWMJpQKHfRlBEUQmxMIgQEoATAT
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3.2.6 Three-dimensional analysis 

All 30 scans pertaining to the DS, IMP, and CS groups were converted to STL 

format. A three-dimensional analysis program (Geomagic Control, Geomagic, 

Morrisville, NC, USA) was used to measure the accuracy of the digital models. Trueness 

was evaluated by superimposing the scan data onto the reference data, while precision 

was evaluated by superimposing pairs of data sets obtained from the same scanner, for a 

total of 45 pairs, on the basis of the combination equation (n=10C2=45). The maximum 

and minimum critical values were set to ±500 m. With these settings, Three-dimensional 

analysis was performed, and color maps were obtained as qualitative results, while 

quantitative results were expressed in terms of the root mean square (RMS) difference 

between datasets.  

The data obtained in the analysis included the standard deviations, mean 

positive/negative values (±AVG), and RMS values calculated using the following 

equation: 

 

                  
 

√ 
 √∑(         )

 
 

   

 

 

 

where      value noted for measurement point i in the reference scan,      is the value 

noted for measurement point i in the evaluated scan, and n is the total number of points 

measured in each analysis.  
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To perform within group comparisons of trueness according to the abutment 

tooth, the superimposed full arch image was cropped around each tooth, and the RMS 

was evaluated for each cropped area.  

 

 3.2.7 Statistical analysis 

The collected data were analyzed using dedicated software (IBM SPSS Statistics 

23.0, IBM Corp, Armonk, NY, USA). The Kolmogorov-Smirnov and Shapiro-Wilk tests 

for normality and the Levene test for equality of variances were performed. The trueness 

and precision values for full arch scans had normal distribution with equal variance, and 

one-way ANOVA analysis was performed (P=.05). To compare the trueness between 

groups for each abutment, one-way ANOVA was also performed (P=.05). To compare 

the trueness difference by abutment position within each group, the nonparametric 

Kruskal-Wallis test (P=.05) and Mann-Whitney U test with Bonferroni correction were 

applied (corrected α=.05/6). 

 

  



38 

 

3.3. Results 

The three-dimensional deviation color map of trueness for each group is shown in 

Figure 3.4, while the measured trueness values (in µm) are included in Table 3.1. The 

trueness was 89.7 ± 17.0 m in the DS group, 54.4 ± 3.6 m in the IMP group, and 66.3 ± 

4.9 m in the CS group. The one-way ANOVA test revealed statistically significant 

differences among the groups (P<.05). With regard to precision, the color maps of each 

group are shown in Figure 3.5, and the measured precision values are given in Table 3.2. The 

precision was 101.4 ± 16.5 m in the DS group, 37.4 ± 4.2 m in the IMP group, and 45.0 ± 

10.7 m in the CS group. The one-way ANOVA test revealed statistically significant 

differences among the groups (P<.05). After measuring trueness for full arch scans, the 

superimposed images were cropped to reflect only the individual abutment, and the RMS of 

the cropped area was calculated (see Figure 3.6 for a representative example of cropping). 

Two abutments of the three unit fixed dental prosthesis were also cropped separately. The 

trueness values according to abutment are listed in Table 3.3. One-way ANOVA revealed 

statistically significant differences among the groups (P<.05). In Table 3.4, the trueness 

values according to abutment are shown separately for each group. The acquired data were 

analyzed using the nonparametric Kruskal-Wallis test, and post-hoc comparisons were 

performed using the Mann-Whitney U test with Bonferroni correction (Table 3.5). On 

Kruskal-Wallis analysis, a statistically significant difference in trueness according to the 

abutment tooth was noted for the DS and IMP groups, whereas no such difference was noted 

for the CS group. In the Mann-Whitney U test, the RMS value for tooth #15 was 
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significantly lower than those of teeth #17 and #27 in the DS group, and significantly higher 

than that of tooth #25 in the IMP group.  
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Figure 3.4. Trueness evaluated on a three-dimensional deviation color map between test 

scans and reference scans. A, direct scanning. B, impression scanning. C, cast scanning. 
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Table 3.1. Mean values of trueness (μm) (n=10) 

Variable Group Mean ± SD P 

RMS 

DS 

IMP 

CS 

89.7 ± 17.0 

54.4 ± 3.6 

66.3 ± 4.9 

<.001 

SD 

DS 

IMP 

CS 

86.1 ± 13.8 

52.9 ± 3.4 

62.4 ± 4.6 

<.001 

+AVG 

DS 

IMP 

CS 

75.1 ± 16.8 

43.2 ± 2.4 

53.6 ± 5.0 

<.001 

-AVG 

DS 

IMP 

CS 

60.0 ± 10.3 

22.4 ± 1.9 

31.2 ± 5.6 

<.001 

RMS, root mean square; SD, standard deviation; +AVG, mean positive values; -AVG, 

mean negative values; DS, direct scanning; IMP, impression scanning; CS, cast scanning. 

P-values are obtained using one-way ANOVA. 
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Figure 3.5. Precision evaluated on a three-dimensional deviation color map within each 

test group. A, direct scanning. B, impression scanning. C, cast scanning.  
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Table 3.2. Mean values of precision (μm) (n=45) 

Variable Group Mean ± SD P 

RMS 

DS 

IMP 

CS 

101.4 ± 16.5 

37.4 ± 4.2 

45.0 ± 10.7 

<.001 

SD 

DS 

IMP 

CS 

97.8 ± 10.9 

36.8 ± 4.1 

44.0 ± 9.7 

<.001 

+AVG 

DS 

IMP 

CS 

82.7 ± 17.6 

22.4 ± 4.6 

30.2 ± 10.5 

<.001 

-AVG 

DS 

IMP 

CS 

73.3 ± 12.0 

20.8 ± 4.1 

28.0 ± 9.6 

<.001 

RMS, root mean square; SD, standard deviation; +AVG, mean positive values; -AVG, 

mean negative values; DS, direct scanning; IMP, impression scanning; CS, cast scanning. 

P-values are obtained using one-way ANOVA. 
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Figure 3.6. Example of measurement according to each abutment tooth 
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Table 3.3. Mean values of trueness according to the abutment (μm) (n=10) 

Location Group Mean ± SD P 

#15 

DS 

IMP 

CS 

70.6 ± 13.6 

45.1 ± 4.6 

56.0 ± 6.0 

<.001 

#17 

DS 

IMP 

CS 

97.8 ± 19.6 

41.1 ± 2.8 

54.9 ± 8.2 

<.001 

#25 

DS 

IMP 

CS 

91.1 ± 35.2 

35.9 ± 6.1 

51.2 ± 9.1 

<.001 

#27 

DS 

IMP 

CS 

138.2 ± 38.2 

37.2 ± 6.7 

67.4 ± 12.9 

<.001 

DS, direct scanning; IMP, impression scanning; CS, cast scanning. P-values are obtained 

using one-way ANOVA. 
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Table 3.4. Mean, standard deviation, median, and quartile values of trueness according to 

abutment within each test group (μm) (n=10) 

Group Location Mean ± SD Median 
Quartile 

0.25/0.75 

P 

DS 

#15 70.6 ± 13.6 66.5 59.2/82.6 

<.001 

#17 97.8 ± 19.6 95.0 88.3/114.5 

#25 91.1 ± 35.2 77.4 70.9/108.5 

#27 138.2 ± 38.2 144.8 108.0/154.4 

IMP 

#15 45.1 ± 4.6 45.6 41.7/47.0 

.002 

#17 41.1 ± 2.8 41.5 40.4/42.7 

#25 35.9 ± 6.1 36.8 34.5/38.9 

#27 37.2 ± 6.7 37.9 33.6/42.0 

CS 

#15 56.0 ± 6.0 56.7 54.5/59.9 

.299 

#17 54.9 ± 8.2 54.3 51.7/56.3 

#25 51.2 ± 9.1 53.3 47.6/54.7 

#27 58.0 ± 10.8 56.1 52.4/60.3 

DS, direct scanning; IMP, impression scanning; CS, cast scanning. P-values are obtained 

using the Kruskal-Wallis test. 
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Table 3.5. P-valuesa according to measurement locations within each group (n=10) 

 DS IMP CS 

#15 versus 17 .003 .035 .393 

#15 versus 25 .143 .001 .089 

#15 versus 27 <.001 .009 .971 

#17 versus 25 .436 .019 .353 

#17 versus 27 .015 .143     .436 

#25 versus 27 .011 .631 .190 

DS, direct scanning; IMP, impression scanning; CS, cast scanning. aPost-hoc comparisons 

performed using the Mann-Whitney U test corrected for multiple testing using the 

Bonferroni method (α=.05/6). 
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3.4. Discussion  

When comparing the scanning accuracy among the DS group, IMP group, and 

CS group, it was found that the highest RMS deviations of trueness and precision for the 

DS group and the CS group, followed by the IMP group. When comparing the trueness 

according to abutment within each group, the same tendency was observed. 

The DS group showed higher deviation for measurements in the posterior part 

and, notably, the RMS value of teeth #17 and #27 was higher than that of tooth #15. This 

observation is consistent with previous findings that measurements obtained via intraoral 

scanning have higher deviation in the posterior region (Ender and Mehl, 2013, 2015). 

This kind of deviation can be explained by error propagation when scanning the anterior 

teeth with low resolution and stitching the single images together (Ender and Mehl, 2015). 

For tooth #25, the mean and median values were greater than those of tooth #15 and 

lower than those of the posterior teeth #17 and #27, but there was no statistical 

significance to these differences. This observation is considered to be related to the 

limited number of measurements (10 times) in this experiment. 

 In the IMP group, the RMS value was higher for tooth #15 than for tooth #25, 

while no such differences were noted in the CS or IMP group. In contrast to the IMP 

group, the CS group did not exhibit differences related to abutment tooth position or 

shape. This observation is probably related to the fact that both the digitization and 

alignment influenced the measurements. Indeed, a previous study reported that the shape 
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of the tooth influenced the accuracy of the impression scan (Persson, et al., 2009). When 

comparing teeth #15 and #25, the presence or absence of adjacent teeth may have affected 

the accuracy of the scan. 

Several studies compared the accuracy of cast scans and impression scans, and 

there were conflicting results, some suggesting that the two approaches have similar 

accuracy, while others suggested that impression scans are more accurate (DeLong, et al., 

2003; Ender, et al., 2016; Persson, et al., 2009). Ender et al. reported that, when 

performing complete arch scans of participants with complete dentition, there was no 

significant difference in precision between impression scanning and cast scanning (Ender, 

et al., 2016).  Persson et al. performed crown preparations on canines, premolars, and 

molars on the full dentate typodont model and measured deviations from the reference 

CAD model based on data from impression scanning; while cast scanning accuracy did 

not depend on the shape of the tooth, the accuracy of impression scanning was affected 

by the shape of the tooth (Persson, et al., 2009). 

There are some limitations to the present study. First, in terms of experimental 

design, there was no control of the abutment form (crowns or inlays) or tooth location. 

When comparing the trueness according to abutment, it was difficult to distinguish the 

influence of the position of the abutment tooth from that of the form of the abutment 

tooth. Further studies with more controlled experimental conditions are warranted. 

Second, only one scanner was used in each group. Comparisons between direct digital 

impression and indirect digital impression methods would be more reliable if a variety of 
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intraoral and laboratory scanners were used. Third, the experimental conditions differed 

from the actual clinical environment, where the patient moves and the scanning is 

impaired by humidity and saliva (Atieh, et al., 2017). 
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3.5. Conclusion 

Within the limitations of this in vitro study, the following conclusions were drawn:  

1. The precision and trueness value of each group were significantly different, and the 

first null hypothesis was rejected. Impression scanning group showed highest accuracy, 

followed by cast scanning and intraoral scanning group (P<.05).  

2. The second null hypothesis is accepted for the cast scanning group (P>.05). and 

rejected for intraoral and impression scanning group (P<.05). Within each group, the 

trueness value of intraoral and impression scanning were affected by the location and 

shape of the abutment.  
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Abstract (in Korean) 

 

직접 및 간접 디지털 인상채득 방식의 정확도 비교 

 

연세대학교 대학원 치의학과 

이 보 라 

(지도교수: 문 홍 석) 

 

CAD-CAM을 이용하여 수복물을 제작하고자 할 때 구강스캐너는 

지대치로부터 직접 디지털 영상을 얻을 수 있어 효율적이다. 그러나 지대치가 

타액이나 혈액으로부터 완전히 건조되기 어려운 경우나 치은 연하 계면을 

가지는 경우 구강스캐너를 통한 디지털 인상의 정확도는 낮아진다. 이 연구의 

목적은 직접 인상채득과 간접인상채득을 비교하기 위함으로, 두가지 실험이 

수행되었다. 첫번째 실험에서는 CAD-CAM 과정의 결과물로서 지르코니아 

코핑의 적합도를 비교하였고, 두번째 실험에서는 스캔 과정 자체의 정확도를 

비교하기 위해서 삼차원 분석 프로그램을 이용하여 trueness와 precision을 

비교하였다.  
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2장에서는 CAD-CAM 과정의 결과물로서 얻어진 코핑의 적합도를 

평가하였다. 3D 프린팅 기술을 이용하여 45개의 레진 다이를 제작하였고, 

구강스캔군, 인상체스캔군, 왁스소환주조군의 3개의 군으로 분류하였다. 

구강스캔군에서는 구강스캐너로 레진다이를 스캔하였고, 인상체스캔군에서는 

폴리이써로 인상채득 후에 모형스캐너로 인상체를 스캔하였다. 이어서 

구강스캔군과 인상체스캔군에서 같은 디자인 및 제작 방식을 적용하여 

지르코니아 코핑을 제작하였다. 왁스소환주조군에서는 인상체스캔군과 같은 

방식으로 폴리이써로 인상을 채득한 다음 초경석고로 작업모형을 제작하고, 

왁스소환주조 방식으로 Ni-Cr 합금의 코핑을 제작하였다. 각각의 제작된 

코핑을 레진 다이에 합착하고, 투명한 아크릴릭 레진에 매몰한 다음 협설 

방향으로 시편을 절단하여 얻어진 단면에서 합착재 간극을 측정하여 코핑의 

계면 및 내면 간극을 측정하였다. 구강스캔군, 인상체스캔군, 

왁스소환주조군에서의 계면간극 (평균 ± 표준편차)은 각각 18.1 ± 9.8, 23.2 

± 17.2, 32.3 ± 18.6 μm이었다. 또한 구강스캔군, 인상체스캔군, 

왁스소환주조군에서의 내면간극 (평균 ± 표준편차)은 축면 부위에서 각각 

38.0 ± 9.1, 47.0 ± 16.3, 36.5 ± 15.8 μm이었고, 교합면 부위에서 36.7 ± 

16.9, 33.4 ± 21.6, 44.5 ± 31.9 μm이었다. 계면 및 내면간극 값은 각 군간에 

통계적 유의차가 없었다 (P>.05). 이 연구의 제한점 내에서 구강스캔과 

인상체스캔방식으로 스캔 후 CAD-CAM으로 제작된 지르코니아 코핑과 
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왁스소환주조 방식으로 제작한 Ni-Cr 코핑은 임상적으로 허용할 계면 및 

내면 간극을 보였고, 각 군 간에 통계적 유의차는 없었다. 그리고 각 군 

내에서 교합면과 축면에서의 내면 간극에는 통계적 유의차가 없었다. 

(P>.05/3). 

3장에서는 스캔 과정 자체의 정확도를 평가하였다. 상악 덴티폼 상에서 

하나의 단일 치아관, 하나의 인레이, 하나의 3단위 계속가공의치를 위한 

지대치를 형성하였다. 기준스캔은 산업용 광학스캐너를 이용하여 시행하였다. 

구강스캔군 (n=10)에서는 덴티폼을 마네킹에 장착한 후 구강스캐너를 

이용하여 스캔을 시행하였다. 인상체스캔군 (n=10)에서는 폴리이써를 

이용하여 인상을 채득하고, 모형스캐너를 이용하여 인상체를 스캔하였다. 

모형스캔군 (n=10)에서는 폴리이써를 이용하여 인상을 채득한다음 

초경석고로 모형을 제작하고, 모형스캐너로 모형을 스캔하였다. 각 군에서 

얻어진 스캔 데이터는 STL 형태로 변환되어 삼차원 분석 프로그램으로 

분석을 시행하였다. Trueness 값은 각 스캔데이터를 기준스캔데이터와 

정합하여 측정하였고, precision 값은 같은 군 내에서 두 개의 스캔데이터를 

추출하고 서로를 정합하여 측정하였다. 분석 과정에서 스캔 데이터간 색상 

지도와 편차 값이 구해졌다. 구강스캔군, 인상체스캔군, 모형스캔군의 

precision 값은 각각 101.4 ± 16.5, 37.4 ± 4.2, 45.0 ± 10.7 m이었고, 군 

간에 통계적 유의차가 있었다 (P<.05). trueness 값은 구강스캔군, 
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인상체스캔군, 모형스캔군에서 89.7 ± 17.0, 54.4 ± 3.6, 66.3 ± 4.9 m 으로 

측정되었으며, 각 군 간에 통계적 유의차가 있었다 (P<.05). 지대치 별 

trueness 값이 군 간에 유의차가 있는지를 비교해 보았을 때도 통계적 

유의차가 있었다 (P<.05). 군 내에서 지대치에 따라서 trueness 차이가 

있는지를 평가해 보았을 때, 구강스캔군과 인상체스캔군에서는 지대치에 따른 

차이가 있었고 (P<.05), 모형스캔군에서는 부위에 따른 차이가 없었다(P>.05). 

본 실험의 한계 내에서 인상체스캔군이 가장 높은 정확도를 보였고, 

모형스캔군, 구강스캔군 순으로 정확도가 낮았다. 구강스캔군과 

인상체스캔군의 경우 지대치의 위치 및 형태에 의해 trueness 값이 영향을 

받았다.  
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