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Abstract 

 

 

Evaluation of fit of metal coping  

fabricated with stereolithography 

 

 

 

The Graduate School 

Department of Dental Science 

Yonsei University 

 

Directed by Professor Hong Seok Moon, DDS, MSD, PhD 

 

 

 

Objectives 

  The purpose of this study was to evaluate the clinical acceptability of the 

marginal and internal gap of Co-Cr metal copings fabricated with 

stereolithography(SLA) 

 

Materials and Methods 

A resin tooth of a maxillary right first premolar was prepared for metal ceramic 

crown with a deep chamfer margin. Titanium master dies were milled after 

scanning of the prepared tooth (n=45). For group I, Co-Cr metal copings were 



 

iv 

 

made from conventional lost-wax technique (LW, n=15). For group II, the master 

dies were scanned and designed with CAD system. Then, metal copings were 

milled with Co-Cr (MC, n=15). For group III (SL, n=15) , the scanning and 

design procedures were same as group II and burn-out resins were fabricated with 

SLA device. Then, Co-Cr alloy was used for casting and finising. The marginal 

and internal discrepancies were measured under an optical microscope(100x) on 

eleven reference points and were statistically analyzed with one-way ANOVA (α

=.05). 

 

Results 

The mean total discrepancies was 63.24 µm (SD:16.58) in the LW group and 

70.18 µm (SD:15.52) in the SL group. The MC group showed the largest total 

mean value (130.33µm/SD:13.77). There was statistically significant difference 

between the MC and the other groups. (p<0.05) The mean marginal gap of the SL 

group was the smallest among 3 groups (Mean:51.57 µm/SD:17.74) and there was 

no statistically significant difference between the LW and SL group. The axial gap 

showed similar to marginal gap. The LW group presented the smallest value in 

terms of occlusal gap and the MC group was the largest. There were statistically 

significant differences among all three groups in occlusal measurement.  

 

Conclusion 

Co-Cr metal copings fabricated with SLA technology showed clinically 

acceptable value on marginal and internal gap and there was no statistically 

significant difference between conventional lost-wax technique and SLA. 

 

 

Key words : stereolithography; rapid prototyping; 3D printing; marginal fit; 

internal fit; metal ceramic crown 
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I. Introduction 

 

The marginal and internal gap is one of the most important factors for success 

of fixed dental prosthesis(FDP). A proper marginal and internal gap minimizes 

plaque accumulation, risk of secondary dental caries and periodontal disease.1-8  

The larger marginal discrepancy exists, the more dissolution of dental cements 

and microleakage occurs.9 Also, the discrepancies between abutment and FDP are 

important for proper function and durability. Foster reported that one of the most 

crucial reasons for failure was inadequate fit after investigating 142 failed 

FDPs.10,11 Many investigators have researched a clinically acceptable value of 

marginal gap. Christensen evaluated marginal fit of cast gold restorations and 
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showed that the range of acceptable marginal gap was from 2 to 51µm. Lofstrom 

and Barakat measured the marginal gap of full cast gold crown by scanning 

electron microscope and reported that the marginal gap with appropriate marginal 

fit ranged from 7 to 65 µm.12,13 McLean and von Fraunhofer studied the marginal 

fit of 1,000 FDPs used over 5 years. They concluded that marginal gap less than 

80 µm was difficult to be perceived and recommended that maximum marginal 

gap in clinical practice was 120 µm .14 

Rapid Prototyping(RP) is defined as the technology that creates 3D products 

directly from three dimensional modeling data by computer aided design 

systems.15 Small RP machines are sometimes called ‘3D printer’ that can be 

installed in an office or house. RP is not a subtractive process like a milling 

method, but additive manufacturing. Subtractive manufacturing is based on a 

milling procedure that has some disadvantages. Only surface can be milled and 

geometric accuracy is not always acceptable.16 On the contrary, additive 

manufacturing has no limit to the shape of definitive product because there is no 

tool interference and it can be possible to make any complicated form even 

internal cavity.16 Less material can be used which is one of the advantages. 

The medical field including dentistry accounted for 13.4% of the overall 

industrial RP market according to 2009 Wohlers Report and it is expected to 

increase more and more annually.17 RP in medicine is based on development of 

imaging technologies and devices such as computer tomography(CT), magnetic 

resonance image(MRI) that can be applied to CAD. RP is used for surgical 

planning, simulation of operation, communication between a medical team and 

patient, fabrication of pre-op and post-op devices. It has been applied to medical 

and dental treatment, including oral and maxillofacial surgery, dental 

implantology, orthopedics, and so forth.18-23 
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There are a number of RP techniques such as selective laser sintering/melting 

(SLS/SLM), fused deposition modeling(FDM) and multijet modeling. SLS/SLM 

have been mainly used and researched for fabrication of metal restoration. The 

application of stereolithography(SLA) technology to make metal restoration 

started to increase gradually in recent years. SLA makes a product or dental model 

by layer-by-layer polymerization and solidification of photosensitive resin with 

ultraviolet laser. SLA device typically consists of a vat filled with photosensitive 

resin liquid, elevator platform, ultra-violet laser with beam focusing optics on top, 

and deflecting mirror system to control laser beam.16 (Fig 1.) The data from 

computer-aided design system represent the final model and the laser beam strikes 

and polymerizes the photosensitive resin from the top of a vat. The elevator 

platform in the vat descends and photosensitive resin liquid is solidified by layer-

by-layer. The advantages of SLA are high geometric accuracy, fine building 

details, smooth surface finish and transparency of the used material. Complex and 

time-consuming postprocessing and difficulty of material disposal are the 

disadvantages of SLA.16,24  

 

 
Fig 1. Schematic diagram of SLA device 
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RP model used in the oral and maxillofacial surgery helps a surgeon with 

surgical planning and simulation of complicated surgery. Also, RP enables the 

surgeon to visualize anatomical structure before surgery and practice new surgical 

methods with duplicated tangible models.16 SLA has been applied to make 3-

dimensional RP models that were established on pre-op or post-op CT data since 

Brix and Lambrecht introduced SLA into oral and maxillofacial surgery in 1987.25 

The accuracy of RP model depends on CT scanning, CAD modeling and 

fabrication of model procedures. Fruhwald et al showed that RP model by SLA 

had highly accurate reproducibility.26 Taft et al analyzed accuracy of SLA skull 

models with a coordinate measurement machine. They concluded that absolute 

magnitude of the error was within the generally accepted tolerance for patient 

treatment although the discrepancies of model increased in correspondance to the 

orthotropic voxel volume of the MDCT scan.27 However, most studies has been 

confined to oral and maxillofacial surgery and more research is needed for the 

field of prosthodontics that requires more accuracy.   

The aim of this study was to evaluate the clinical acceptability of the marginal 

and internal gap of Co-Cr metal copings fabricated with a stereolithographic rapid 

prototyping machine (Digital Wax System®  028D, Vincenza, Italy). The null 

hypothesis tested was that no difference would be found in the marginal and 

internal gap of Co-Cr metal copings with different fabrication methods : (1)Lost-

wax technique  (2) Milling technique  (3) SLA technique  
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II. Materials and Methods 

 

 

1. Fabrication of master dies 

 

A resin tooth of a maxillary right first premolar in a typodont model (Nissin 

Dental Products, Inc., Kyoto, Japan) was used. It was prepared for metal ceramic 

crown with a deep chamfer margin using milling machine (Frasgerat F1, Degussa, 

Essen, Germany). Occlusal convergence angle was 12°degree. The prepared 

resin tooth was scanned and occlusal convergence angle was checked. Then, total 

forty five titanium models were milled (Myplant, Raphabio, Seoul, Korea). A 

2mm diameter hole was located in the middle of occlusal surface of master model 

and filled with autopolymerizing acrylic resin (GC Pattern Resin, GC, Tokyo, 

Japan) (Fig 1.) It enabled the master model to obtain the same cutting position 

when the master model was trimmed. 

 

 
Fig 2. Proximal and occlusal view of the milled titanium master model 
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2. Fabrication of metal coping 

 

 Forty five master dies were divided into three groups. (Table 1.) 

 

 

Table 1. Composition of the experimental groups 

 Metal coping design Methods of fabrication 

Group I (LW) Conventional wax up Casting 

Group II (MC) Model scanning and CAD CNC milling 

Group III (SL) Model scanning and CAD 
Burn-out resin with SLA 

Casting from burn-out resin 

 

 

In the first group (Lost Wax technique, LW , n=15), metal copings were made by 

conventional lost-wax technique. Two layers of die spacer were applied and then 

cement thickness was approximately 40 µm in the area 1mm above the margin. 

Wax patterns were made on master dies and they were invested with phosphate-

bonded investment (CERAMVEST HI-SPEED, Protechno, Girona, Spain) 

according to manufacturer’s instruction. Then, cobalt-chromium alloy (Starby C, 

Dentsply, Germany ; Co 59.4, Cr 24.5, W 10.0, M 1.0, Nb 2.0, Fe 0.1, V 2.0, Si 

1.0) was used for casting and finishing procedures. The entire procedure was done 

by a skilled dental technician.  

In the second group (Milled Co-Cr, MC, n=15), master models were scanned 

by model scanner (D700, 3Shape A/S, Copenhagen, Denmark) and metal copings 

were designed by CAD system (Dental Designer 2013® , 3Shape A/S, Copenhagen, 
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Denmark) The cement gap in the area of chamfer margin line (1mm) was 10 µm 

and axial and occlusal cement gap was 40 µm. Metal copings were 0.7mm in 

thickness following master die contour. Final design was saved as STL file and 

then transmitted to the milling machine (Datron D5, Datron, Mühltal, Germany). 

The final copings were milled with Co-Cr alloy. 

The scanning and CAD procedure of the third group (Stereolithography, SLA, 

n=15) was same as that of the second group. The same offset value and contour 

were applied. STL files were sent to the SLA machine (Digital Wax System®  

028D, Vincenza, Italy). The SLA device was a desktop size system and slice 

thickness (thickness of one layer) ranged from 0.01 to 0.10 mm. In the present 

study, slice thickness was 0.05mm (50 µm). Burn-out resin was built up with SLA. 

Then, it was invested and Co-Cr alloy was used for casting and finishing 

procedures. 

 

 

3. Measurement of the marginal and internal gap 

 

Cross-sectioning method was used for measurement of the marginal and internal 

gap. Metal copings were steam cleaned and dried before cementation. Each 

coping was cemented on its respective master die with self-adhesive resin cement 

(RelyX Unicem, 3M ESPE, St.Paul, MN, USA) according to manufacturer’s 

instruction. After cement application, metal copings were seated on the master 

dies and had a pressure of 50N during cementation. (Fig 3.) 
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Fig 3. The cemented metal coping on master die  

 

 The cemented metal copings were embedded in fiber reinforced plastic 

(POLYCOAT TC-141, Aekyung Chemical, Seoul, Korea) made of unsaturated 

polyester resin with a circular mold. (Fig 4.) All master models in the mold were 

in the standardized position. Master models were grossly trimmed using a model 

trimmer (Single wheel model trimmer, Wehmer Corporation, Lombard, IL, USA) 

and the final cross-sectional surface was obtained with grinder-polisher 

(ECOMET®  III, Buehler® , Lake Bluff, IL, USA) and silicone carbide sandpaper. 

(Fig 5.) Chamfer margin (1mm), axial wall height (4mm), width of auto-

polymerizing resin hole (2mm) were references to get a consistent cross-section.  

 

 

 

Fig 4. Master model embedded in fiber reinforced plastic  
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Fig 5. Trimmed master model after cross-section  

   

 

An optical microscope (Axio Imager. A1m, Zeiss, Oberkochen, Germany) was 

used for analysis. Digital photos of the gap between metal copings and master dies 

were taken under a magnification of 100x, (Fig. 6) and it was analyzed in a 

measuring program (i-Solution, IMT i-Solution Inc., Canada). Marginal 

discrepancies were measured using the method suggested by Sorenson.28 Eleven 

reference points were measured by one observer.29 (Fig. 7)  

 

    

Fig 6. Optical microscopic image under a magnification of 100x 
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Fig 7. Eleven reference points for measurement 

(1,11 : marginal gap / 2-4, 8-10 : axial gap / 5-7 : occlusal gap) 

 

 

4. Statistical analysis 

 

 All measured values were calculated as means and standard deviations(SD) for 

three groups. The data were statistically analyzed to determine a significance of 

differences among groups using one-way analysis of variance (ANOVA). 

Bonferroni correction was used to post hoc test. The level of statistical 

significance was set at p<0.05. All statistical analyses were perfomed using SAS 

9.1 (SAS Inc., Cary, North Carolina, USA). 
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III. Results 

 

The mean and SDs of the cement film thickness for the three production 

methods are given in Table 2. The mean total film thickness was 63.24 µm (SD : 

16.58) in the LW group and 70.18 µm (SD : 15.52) in the SL group. Total mean 

value of the MC group was 130.33 µm (SD : 13.77) and it was the largest 

discrepancies between the groups. There was statistically significant difference 

between MC and the other groups. (p<0.05) 

 

Table 2. Mean and SDs of total measurement points of the three production method.  

 Mean (µm) SD (µm) 

Group I (LW) 
a
 63.24 16.58 

Group II (MC) 
b
 130.33 13.77 

Group III (SL) 
a
 70.18 15.52 

 a,b The groups with different superscript letters are statistically different(p<0.05) 

 

 

Table 3 and Figure 8 shows the mean and SDs of marginal discrepancies in all 

groups. Mean marginal gap value was larger in the LW group than in the SL group, 

but there was no statistically significant difference. The MC group had the largest 

mean value. Statistically significant differences were found between the MC 

group and the other groups. The discrepancies of axial wall (reference point : 2-4, 

8-10) presented similar to those of margin. Statistically significant differences 

were found between the MC and the other groups, but the difference of values was 

smaller than marginal discrepancies. (Table 4. and Fig. 9) 
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Table 3. Mean and SDs of marginal discrepancies.  

 Mean (µm) SD (µm) 

Group I (LW) 
a
 65.5 26.31 

Group II (MC) 
b
 179.57 37.00 

Group III (SL) 
a
 51.57 17.74 

 a,b The groups with different superscript letters are statistically different(p<0.05) 

 

 

 

 

Fig 8. Box plot diagram of the marginal gap of the three groups  
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Table 4. Mean and SDs of axial discrepancies.  

 Mean (µm) SD (µm) 

Group I (LW) 
a
 45.77 12.62 

Group II (MC) 
b
 61.74 9.53 

Group III (SL) 
a
 40.51 11.37 

 a,b The groups with different superscript letters are statistically different(p<0.05) 

 

 

 

Fig 9. Box plot diagram of the axial gap of the three groups  

 

 

As shown in Table 5 and Figure 10, the mean value of occlusal discrepancies 

(reference point : 5-7) in the LW group was smallest. The value was generally 
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larger than those of marginal and axial gap. There were statistically significant 

differences among all three groups. 

 

Table 5. Mean and SDs of occlusal discrepancies.  

 Mean (µm) SD (µm) 

Group I (LW) 
a
 96.67 35.70 

Group II (MC) 
c
 234.67 28.02 

Group III (SL) 
b
 149.93 37.33 

 a,b,c The groups with different superscript letters are statistically different(p<0.05) 

 

 

 

 

Fig 10. Box plot diagram of the occlusal gap of the three groups  
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IV. Discussion 

 

The purpose of this study was to evaluate the marginal and internal fit of Co-Cr 

metal copings with SLA technology and compare with conventional lost wax 

technique and milling method. The results revealed that no statistically significant 

difference were found between the SL and LW group except the occlusal surface 

and there was statistically significant difference between the SL and MC group in 

all regions. The null hypothesis that no significant difference would be found with 

respect to the marginal and internal gap among the three fabrication methods used 

in this study was partially rejected. 

Various methods are used for observing the gap such as cross-sectioning 

technique, direct-view technique, silicone replica technique, profile projector and 

micro-CT. Nawafleh et al reviewed the articles about methods used to investigate 

marginal adaptation of crown and FDP from 1970 to 2010.30 They reported that 

direct-view technique is the most frequently used(47.5%), followed by cross-

sectioning method(23.5%) and silicone replica technique(20.2%). Direct-view 

technique uses a microscope to observe the gap between master dies and crowns. 

The advantages are relatively low cost and less time consuming process. It also 

reduces the error due to no additional steps. However, it is difficult to decide the 

points that should be measured and recognize over-extended margin. In addition 

to that, repositioning of crown is likely to make an error and repeated use causes 

damage to master dies.28,30 Cross-sectioning method has disadvantages such as 

damage to FDP and master dies due to cross-sectioning, necessity of additional 

steps and measurement of just one surface. The advantages are reproducibility of 

measurement points and more accurate measurement.28,30 Cross-sectioning 

method needs cementation which might have crucial effect on vertical marginal 
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discrepancies. During cementation, hydrodynamic intracoronal pressure is applied 

to teeth and it affects complete seating of crown.31-33 Therefore, when the 

discrepancy is measured without cementation, marginal fit cannot be accurately 

evaluated.28 In clinical practice, applied force during cementation has a tendency 

to be larger than 50N that is generally used in experimental situations. However, 

the difference seems to have insignificant effect on the result.34 In the present 

study, metal copings were cemented on master dies with a pressure of 50N. Then, 

they were cross-sectioned and eleven reference points were observed under an 

optical microscope. 

Studies on accuracy of crown made by SLA are scarce. Most studies reported 

accuracy of selective laser sintering/melting technology (SLS/SLM) with Co-Cr 

alloy. Quante et al measured the marginal and internal gap of metal ceramic crown 

made by SLM technique.34 The mean marginal discrepancies ranged from 76 to 

99 µm with Co-Cr alloy and 67-73 µm with Au-Pt. The internal gaps ranged from 

252 to 249 µm with Co-Cr and 284 to 392 µm with Au-Pt. They concluded that 

crowns fabricated with laser melting technology had clinical fit within an 

acceptable range. Ucar et al compared the internal fit of laser-sintered Co-Cr alloy 

crowns with that of the conventionally cast Co-Cr and Ni-Cr alloy and concluded 

that there was no significant difference among the three groups evaluated.35 Also, 

Ortorp et al reported that direct laser metal sintering had lower discrepancies in 

comparison with conventional lost-wax technique, milled wax with lost-wax 

method and milled Co-Cr.29 Kim et al used two- and three-dimensional analysis to 

show that the gap of metal ceramic crowns made using the SLS technology was in 

the clinically acceptable range.10 They tested that the marginal fit of three-unit 

FDPs fabricated direct metal laser sintering system and concluded that the 

marginal fit of laser sintering group was inferior to that of the LW group and 
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slightly larger than clinically acceptable value.36 In this study, Co-Cr alloy single 

crown copings made by SLA technology were evaluated in terms of the marginal 

and internal gap. The mean value of marginal gap of the SL group was 51.57 µm 

(SD : 17.74). The value was not statistically significant with the LW group. It was 

even smaller than that of the LW group (Mean : 65.5 µm / SD : 26.31). Also, it 

was within 120 µm that was the value suggested by McLean and von 

Fraunhofer.14 The discrepancies of axial wall were similar to those of marginal 

gap. The smallest gap was observed in the SL group and there was no statistically 

significant difference with the LW group. In all groups, occlusal gap was larger 

than marginal and axial gap. In the SL group, the value of occlusal gap was 

141.93 µm. It was larger than that of the LW group but smaller than that of the 

MC group. All groups has statistical significant differences in occlusal gap. In 

summary, we observed that metal copings made by SLA technology showed 

similar accuracy compared with conventional lost wax technique and SLS/SLM. 

The occlusal gap in all groups showed higher value than marginal and axial gap 

as it was mentioned previously and earlier studies showed similar results.34,37-40 

Especially, in the MC group using milling method, the marginal and internal gap  

including axial and occlusal gap were largest among three groups. There was 

statistically significant difference between the MC and the other groups. However, 

milling method has been widely used and numerous studies reported its accuracy. 

Reich et al tested the marginal and internal fit of CAD/CAM fabricated all-

ceramic FDPs.38 They concluded that the accuracy of CAD/CAM was acceptable 

for clinical use. Abduo et al evaluated the fit of CNC-milled titanium and zirconia 

implant framework and demonstrated that CNC milling had high accuracy for 

producing titanium and zirconia frameworks.41 Paniz et al also reported that the 

marginal fit of CNC-milled framework using grade 4 commercially pure titanium 
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and Co-Cr presented reduced center point deviation compared to cast 

frameworks.42 Only a few studies reported similar results to this study. Ortorp et 

al evaluated marginal and internal discrepancies generated from four different 

fabrication methods and reported that milled Co-Cr group showed the largest 

discrepancies.29 The marginal discrepancies ranged from 117 to 260 µm and 

internal gap was divided into axial and occlusal reference points. The mean value 

was 23-100 µm in the axial points and 256-304 µm in the occlusal points. In the 

present study, the results agreed with this study. In this study, the master model 

was not completely rounded and poor accuracy in the MC group might be due to 

drill compensation.29 In general, milling bur is hard to be adjacent to sharp inner 

edge and then drill compensation occurs during CAD process. It might be 

increased because of tool wear during milling process, especially when hard raw 

material such as Co-Cr is used. On the contrary, RP including SLA technology 

need no drill compensation because they are basically additive manufacturing, 

even though they have same CAD process. 

SLA has several advantages in comparison with conventional method. Dental 

prostheses can be fabricated in shorter time using SLA technology than 

conventional method. Another advantage is that CAD data can be stored and 

reused.  

SLA and SLS technology differ in the types of materials used as well as 

fabrication process. SLS technology often uses powder to make metal crown, but 

SLA polymerizes photo-sensitive resin liquid and fabricate resin product. 

Therefore, SLA needs additional steps to make final metal crown such as 

investment and casting procedures. These additional steps can be advantageous. 

SLA facilitates fabrication of dental prostheses with complicated design such as 

framework of removable partial denture. The product based on liquid resin has 
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uniform and smooth surface. Also, both base and noble metal can be chosen 

according to clinical situation. The SLA system in this study uses newly 

developed laser to polymerize resin liquid and has 0.01-0.1mm slice thickness. In 

addition, the system yields highly accurate product with consistent and smooth 

surface. It has wide clinical application such as temporary resin crown, dental 

model, cast crown and complicated framework using burn-out resin.  

RP including SLA is relatively more recent technique than conventional lost 

wax technique and it includes totally different procedures such as model scan and 

CAD. For example, cement gap of CAD and conventional method do not 

completely coincide even if the laboratory work is done by one skilled technician. 

These differences make the comparison of two techniques difficult and it is the 

limitation of this study. Regardless of these differences, both groups showed 

clinically acceptable marginal and internal discrepancies and there were no 

statistically significant differences between them. 

Within the limitation of this study, the marginal and internal gap of Co-Cr 

copings with SLA techniques were in the clinically acceptable range and no 

statistically significant differences were found with conventional lost-wax 

technique except for occlusal measurement. Further studies are needed to evaluate 

accuracy of more complicated dental prostheses such as long span FDP and 

framework of removable partial denture. 
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V. Conclusion 

 

Within the limitation of this study, the following was concluded. 

 

1. The marginal discrepancies of Co-Cr coping fabricated with SLA technology 

were within the clinically acceptable range. 

 

2. The marginal and internal gap of SLA Co-Cr crowns were similar to that of  

conventional cast crowns. 
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국문요약 

 

Stereolithography 를 이용하여 제작한  

금속 하부구조의 적합도 평가 

 

 

보철물의 적절한 변연 및 내면 적합도는 보철물의 장기적인 성공에 필수적인 

조건 중 하나이다. 최근 신속조형기술(rapid prototyping)의 일종인 

Stereolithography(SLA)를 이용한 보철물 제작이 이루어지고 있으나 적합도에 

관한 연구가 부족한 실정이다. 따라서 이 논문에서는 SLA, 전통적인 lost-wax 

technique 및 milling 방식으로 제작한 도재소부전장관 금속 하부구조의 변연 

및 내면 적합도를 비교하고 임상적으로 유용한지에 대해 알아보고자 한다. 

 실험 방법은 다음과 같다. 상악 우측 제 1 소구치의 레진 치아 모형을 

도재소부전장관 형태로 치아 삭제 후 스캔하여 동일한 형태의 티타늄 주모형 

45 개를 제작하였다. 이를 세가지 군으로 분류하여 각 군당 15 개씩 주모형을 

포함시켰으며, 사용 금속은 코발트-크롬 합금을 이용하였다. 1 군은 전통적인 

금속 보철물 제작방식인 lost-wax technique 을 이용하여 도재소부전장관 

금속 하부 구조를 제작하였다. 2 군은 주모형 스캔 및 CAD 프로그램을 

이용하여 금속 하부구조를 설계하고 코발트-크롬 합금으로 milling 

시행하였다. 3 군은 2 군과 동일한 과정으로 설계 후 SLA 방식으로 burn-out 

resin 축성 후 매몰, 주조과정을 거쳐 보철물 완성하였다. 제작한 보철물은 

레진 시멘트 이용하여 주모형과 접착하고 fiber reinforced plastic 에 매몰 

후 삭제하여 일정한 단면을 얻었다. 얻어진 단면은 광학 현미경과 계측 

프로그램 이용하여 변연 및 내면 간극을 측정하였으며, 결과는 0.05 유의 

수준에서 ANOVA test로 통계 처리하였다. 
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 실험 결과 SLA 를 이용한 3 군은 lost-wax technique 을 이용한 1 군과 

교합면측을 제외한 변연 및 축벽측 적합도에 있어 통계적으로 유의한 차이를 

보이지 않았으며, milling 방식을 이용한 2 군에 비하여 변연과 내면 

적합도에서 유의하게 더 좋은 결과를 보였다.(p<0.05) 본 실험의 한계 내에서 

SLA 를 이용하여 제작한 코발트-크롬 금속 하부 구조물은 전통적인 lost-wax 

technique 과 유사한 변연 및 내면 간극을 보이며, 임상적으로 유용한 

적합도를 지닌다고 결론 내릴 수 있다. 
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