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Evaluation of internal fit of interim crown 
fabricated with CAD/CAM milling and 3D 
printing system
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PURPOSE. This study is to evaluate the internal fit of the crown manufactured by CAD/CAM milling method and 
3D printing method. MATERIALS AND METHODS. The master model was fabricated with stainless steel by using 
CNC machine and the work model was created from the vinyl-polysiloxane impression. After scanning the 
working model, the design software is used to design the crown. The saved STL file is used on the CAD/CAM 
milling method and two types of 3D printing method to produce 10 interim crowns per group. Internal 
discrepancy measurement uses the silicon replica method and the measured data are analyzed with One-way 
ANOVA to verify the statistic significance. RESULTS. The discrepancy means (standard deviation) of the 3 groups 
are 171.6 (97.4) μm for the crown manufactured by the milling system and 149.1 (65.9) and 91.1 (36.4) μm, 
respectively, for the crowns manufactured with the two types of 3D printing system. There was a statistically 
significant difference and the 3D printing system group showed more outstanding value than the milling system 
group. CONCLUSION. The marginal and internal fit of the interim restoration has more outstanding 3D printing 
method than the CAD/CAM milling method. Therefore, the 3D printing method is considered as applicable for 
not only the interim restoration production, but also in the dental prosthesis production with a higher level of 
completion. [ J Adv Prosthodont 2017;9:265-70]
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INTRODUCTION

The interim restoration is an important part of  the fixed 

prosthesis treatment, which is used from the time of  tooth 
preparation to the time of  final cementation.1-4 In addition, 
it also has a role in protection of  abutment teeth, dental 
pulp, and gingiva in case of  unexpected situation such as 
delay in final prostheses fabrication and extension of  the 
patient’s visiting interval.5-7

The fixed interim prosthesis is manufactured in the den-
tal lab or dental office in direct and indirect method.8,9 It 
may be manufactured manually, but the manual work’s 
dependence on the worker’s skill and several processing 
steps may serve as a weakness. On the other hand, as CAD/
CAM system is recently available for prosthesis production, 
the processing error may be reduced.10 The CAD/CAM 
production results in consistently high quality prosthesis by 
using various materials, satisfying the demands of  patients.11 
The prosthesis production method that uses the CAD/
CAM system may be divided into the subtractive manufac-
turing and additive manufacturing. The CAD/CAM milling 
is the method to obtain the designed shape by grinding the 
materials of  block or disc. This method may result in the 
waste of  materials and strict maintenance, and has disadvan-
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tage of  poor micro reproducibility in concaved region 
depending on the diameter of  the cutting device.12 In addi-
tion, there is a research result that the marginal and internal 
fit, the most important evaluation element of  the prosthesis, 
is not great when subtractive manufacturing is applied.13 
The additive manufacturing system is the method to manu-
facture the product by consecutively piling up the powder 
and liquid type of  materials.14,15 In the recent dental restora-
tion processing field, to supplement the weakness of  the 
CAD/CAM milling system (subtractive manufacturing), the 
3-D printing system (additive manufacturing) was emerged; 
this system has the strength to manufacture the precise 
prosthesis with minimal materials.13

In the current dentistry, the 3D printer is spreading fast 
and various resins are used to manufacture coping for PFM 
(porcelain fused to metal), interim crown, RPD (removable 
partial denture) frame, orthodontic model, and surgical 
guide for implant. As such, there is a steady increase of  
prosthesis production by using the 3D printing system. 
Therefore, it requires more research and evaluation on the 
prosthesis manufactured by the 3D printing method. 
However, the studies on the internal fit of  the prosthesis 
made with the CAD/CAM milling method to the present 
time are the main studies, and there is insufficient internal 
fit study on the 3D printing technology. Therefore, in this 
study, the internal and marginal fit of  the crown manufac-
tured with the CAD/CAM milling technology and 3D 
printing technology is evaluated with regard to the clinical 
importance. The null hypothesis is that there is no differ-
ence in the fit of  the interim crown that is manufactured for 
each system.

MATERIALS AND METHODS

The upper 1st molar of  the standard dental model (AG-3 
ZPVK 16; Frasaco, Tettnang, Germany) was scanned by the 

model scanner (Identica Hybrid, Medit, Seoul, Korea). The 
3D data of  the upper 1st molar were formed with the virtual 
abutment tooth by using the haptic device (Geomagic 
Touch, 3D Systems, Cary, NC, USA) and CAD program 
(Power mill, Delcam Plc., Birmingham, UK). The tooth 
preparation was done with 1.5 mm of  occlusal surface 
reduction, 1 mm of  axial wall reduction, 1.2 mm chamfer of  
margin and 6 degree of  vertical angle. The virtual abutment 
data were converted into the appropriate type to use in the 
CAM program (Power mill, Delcam Plc., Birmingham, UK) 
and the master model was fabricated with stainless steel by 
using CNC machine (Fig. 1A). The 10 vinyl-polysiloxane 
(Deguform Plus, DeguDent GmbH, Hanau-Wolfgang, 
Germany) impressions for the work model production were 
formed in the master model. Type IV dental stone (Fujirock 
EP, GC, Leuven, Belgium) was mixed with the ratio of  20.0 
mL/100 g to pour into the impression and, after hardening 
for one hour, it was removed from the impression. A total 
of  10 working models were manufactured (Fig. 1B).

After scanning the working model, the scan data were 
retrieved with the design software. After setting the margin, 
the	cement	space	1	mm	from	upper	side	for	60	μm	is	grant-
ed. The same crowns were selected from the library to design 
10 crowns and save them in the STL (Stereolithography) file 
(Fig. 2). 

Fig. 1.  (A) Master model (metal abutment), (B) Working 
model (stone abutment).

A B

Fig. 2.  Interim crown design. (A) Multi die scan, (B) Margin set-up, (C) Cement space set-up, (D) Tooth placement, (E) 
Margin modification, (F) Merge and save restoration.

A B C

D E F
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The 10 STL files saved are used on the CAD/CAM mill-
ing method (Fig. 3) and two types of  3D printing method 
(Fig. 4 and Fig. 5) to produce a total of  30 interim crowns. 
Table 1 displays the resin material used for the crown manu-
facturing in this study. One type of  milling for resin block 
and two types of  resin for printing were used. 

The internal fit evaluation used the silicon replica meth-
od and was processed in the following sequence. The crown 
inside was filled up with the light body silicone (Aquasil 
Ultra XLV; Dentsply Detrey GmbH, Konstanz, Germany) 
and, after adapting the crown on the master model (metal 
abutment), the pressure of  50 N was applied. When the 
polymerization of  the light body silicon was completed and 
the crown was removed, the light body sil icon film 

remained in the abutment. The medium body silicone 
(Aquasil Ultra Monophase; Dentsply Detrey GmbH, 
Konstanz, Germany) was used to form the stable layer to 
support the light body silicon.

Fig. 3.  (A) 3D Milling system (Zirkonzahn), (B) Manufactured crown.

A B

Fig. 4.  (A) 3D printing system (Stratasys), (B) Manufactured crown.

A B

Fig. 5.  (A) 3D printing system (Dentis), (B) Manufactured crown.

A B

Table 1.  Resin material used in the study

Classification Product Manufacturer

Milling block Vipi block VIPI, Brazil

Printing resin (S*) VeroGlaze MED620 Stratasys, USA

Printing resin (D*) ZMD-1000B Dentis, Korea

* S, Stratasys; D, Dentis

Evaluation of internal fit of interim crown fabricated with CAD/CAM milling and 3D printing system
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The marginal and internal discrepancy was measured in 
4 points of  each piece after cutting the completed silicon 
replica in the mesio-distal and bucco-lingual directions (Fig. 
6). The measurement was administered at magnification of  
× 300 by using the image microscope system (EZVM-
452M, SomeTech, Seoul, Korea). With the photos, the 
image measurement software (IT plus 5.0, Some Tech, Seoul, 
Korea) was used to measure the marginal and internal fit.

The discrepancy value of  the interim crown was pre-
sented as the mean and standard deviation by using the sta-
tistics software (IBM SPSS Version 20 for win, SPSS Inc., 
Chicago, IL, USA). The normality verification of  the data 
was administered, and as a result, the data was confirming 
the normality (P > .05). In order to find out the difference 
of  these 3 groups, the One-way ANOVA analysis was 
administered, and in order to analyze the difference of  
groups, the Tukey HSD (Honestly Significance Difference) 
test was implemented. The statistics significance was deter-
mined based on the significant level of  0.05.

RESULTS

The discrepancy of  the interim restoration as classified for 
the CAD/CAM milling group and 3-D printing group was 
measured at the designated location. The smallest area with 
the measurement value in the CAD/CAM milling group 
was	M2	(53.9	±	23.2	μm)	and	the	largest	area	was	M4	(266.3	
±	36.0	μm).	The	smallest	area	of 	the	measurement	value	in	
the	 3-D	printing	 group	was	M1	 (64.3	±	30.1	μm)	 and	 the	
largest	 point	was	M4	 (172.4	±	 43.3	 μm).	The	 discrepancy	
mean (standard deviation in parenthesis) of  those 3 groups 
were	 171.6	 (97.4)	 μm	 for	CAD/CAM	milling	 group,	 and	
149.1	 (65.9)	 and	 91.1	 (36.4)	 μm	 for	 3D	printing	 group	 S	
(Stratasys) and D (Dentis), respectively (Table 2). The dis-
crepancy value of  the three groups showed statistically sig-
nificant difference and the 3D printing group showed lower 
value than the CAD/CAM milling group (P < .05). In order 
to find out the statistically significant difference between the 
measured areas, One-way ANOVA analysis was implement-
ed and the statistically significant difference was shown in 
the measurement point among the manufacturing method 
(Fig. 7).

Fig. 6.  Divided surface (A) and measured position (B) of the silicone replica.

A B

Table 2.  Mean and standard deviation of discrepancy for each group in the measurement area (Unit: μm)

Measurement point
Milling 3D printing (S) 3D printing (D)

P value
Mean ± SD Mean ± SD Mean ± SD

M1 119.1 ± 54.8a* 115.6 ± 68.4a 64.3 ± 30.1b < .001

M2 53.9 ± 23.2a 137.4 ± 57.7b 93.8 ± 36.6c < .001

M3 247.0 ± 42.1a 171.0 ± 74.5b 98.7 ± 30.2c < .001

M4 266.3 ± 36.0a 172.4 ± 43.3b 107.5 ± 34.5c < .001 

S, Stratasys; D, Dentis
* Values with the same letter are not statistically different based on Tukey’s test at P < .05.
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DISCUSSION

The dental CAD/CAM milling method resulted in unneces-
sary exhaustion of  materials and it would have significant 
loss of  time in the production process. Furthermore, exist-
ing studies have reported that the marginal and internal fit, 
the most important evaluation elements, were not excellent 
when such fabrication method was applied. With the 
increase of  interests in the 3D printing technology to sup-
plement such weaknesses and with the increasing penetra-
tion rate of  the 3D printer, the use of  3D printing is 
increasing as well.

This study is to evaluate the internal fit of  the interim 
crown manufactured with the CAD/CAM technology. The 
marginal discrepancy between the restoration and abutment 
can lead to failure of  the temporary crown and it may cause 
periodontitis, plague increase, secondary dental caries, or 
dental pulp lesion.16,17 

 There are several fit measurement method of  the dental 
prosthesis; Sorensen18 reported 4 types of  personally view-
ing method, cut and viewing the cross-section method, 
method to evaluate after the impression taking, and visual 
observation by the probe. In addition, according to the 
report of  Grenade et al.,19 the core is used with the cement 
on the abutment model to bond and the cemented part is 
cut to measure the cross-section. According to Molin and 
Karlsson,20 the silicon replica method is reported to prevent 
the deformation as the core is not required to cut off. In 
this study, the silicon replica method was used and it was 
cut for mesio-distal and bucco-lingual to designate 4 mea-
sured areas to measure with the digital microscope. The 

clinically permitted range of  the restoration margin has 
been presented by many researchers. Ostlund21 reported 
that	 50	μm	would	be	 clinically	outstanding,	but	McLean	 et 
al.22	 presented	 120	μm	 as	 the	 typical	 clinically	 permitted	
range. In addition, Boening et al.23 reported that it may exist 
within	the	clinically	permitted	scope	up	to	100	-	200	μm.	In	
this study, as a result of  measuring the fit of  interim crown 
manufactured by the CAD/CAM milling and 3D printing 
technology, the marginal part of  all groups showed the dis-
crepancy value of  120 µm or less. In the result shown in the 
measurement part for each system, the discrepancy value in 
the M2 area having the relatively even surface was shown to 
be the smallest in the CAD/CAM milling method and the 
discrepancy values in the M1, M3, and M4 area with the 
curved surface showed small values in the 3D printing 
method. It is attributed to having the uneven surface of  the 
occlusal surface compared to other area along with the limi-
tation in the accurate reproduction for the diameter of  the 
cutting device used in the CAM equipment. In addition, Liu 
et al.24 reported that the sharp edge, protruded part and 
undercut part of  the CAD/CAM milling method would be 
more difficult to reproduce in the 3D printing method. 

Overall mean (standard deviation) on the discrepancy of  
the interim crown as shown in the study was 171.6 (97.4) 
μm	for	CAD/CAM	milling	group	and	120.1	 (51.2)	μm	for	
the 3D printing group. In general, the 3D printing method 
has shown more outstanding fit than the CAD/CAM mill-
ing processing method. In this study, a number of  efforts 
have been made to heighten the reliability of  the experi-
ment result. The control group, the CAM equipment of  the 
CAD/CAM milling system, has been selected to have the 
equipment most frequently used in clinical situation and the 
experimental group in the 3D printer has extremely out-
standing surface illumination to be selected with the SLA 
method and multi jet modeling method that have high pre-
cision. However, this study has a few limits. There was a few 
numbers of  specimens, various printers were not used, and 
the same method of  equipment was not used. 

Therefore, there will be a need to secure a greater num-
ber of  specimens and additional equipment in the future 
study, and furthermore, there is a need to make continuous 
studies on the fit of  the fixed bridge manufactured by the 
3D printing method.

CONCLUSION

In conclusion, the marginal and internal fit of  the interim 
restoration is more outstanding in 3D printing method than 
in the CAD/CAM milling method. Therefore, the 3D print-
ing method is considered to be applicable to the dental 
prosthesis production with high level of  completion in 
addition to the interim restoration production.
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Fig. 7.  Mean and standard deviation of discrepancy 
following the measurement point from each group (Unit: 
μm).
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