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Abstract:  
Aim : To compare the internal and marginal fit of 

hybrid resin 3D printed permanent crowns and 

milled Zirconia crowns.  

Material and Methods : In this In-vitro study 30 

samples of crowns were divided equally into 3 

groups (n=10 per group): Group A (Milled Zirconia 

crown), Group B (BEGO VarseoSmile Crownplus ), 

and Group C (Permaprint Crown). 3D 

superimpositions of were done to determine Internal 

and Marginal RMS values of all the crowns. 

Statistical analysis was performed to compare the 

differences among groups by One-way ANOVA, 

followed by Tukey's post hoc test for pairwise 

comparisons (p <0.05). 

 

Results: For Internal RMS, Group A showed the 

highest mean value (47.38±1.17 μm), followed by 

Group C (36.60±0.50 μm) and Group B (33.82±4.79 

μm). ANOVA revealed highly significant 

differences (F=62.571, p<0.001). Post hoc analysis 

showed Group A had significantly higher values 

than both Groups B and C (p<0.001), while Groups 

B and C showed no significant difference (p=0.095). 

For Marginal RMS, Group C exhibited the highest 

mean (69.89±13.98 μm), followed by Group A 

(65.71±17.59 μm) and Group B (46.23±0.80 μm). 

ANOVA demonstrated significant differences 

(F=9.469, p=0.001). Post hoc analysis revealed 

Group B had significantly lower values compared to 

both Groups A (p=0.006) and C (p=0.001), while 

Groups A and C were comparable (p=0.754). 

 

Conclusions:  In internal RMS, BEGO VarseoSmile 

Crownplus  was best followed by Permaprint Crown 

and then milled Zirconia crown. In marginal gap, 

BEGO VarseoSmile Crownplus was best followed by 

milled Zirconia crown and then Permaprint Crown. 

All the groups show internal and marginal RMS 

values within clinically acceptable range. 

 

Key-words: 3D Printing, 3D printed definitive  

Crowns, Marginal and internal fit. 

 

I. Introduction 
  The evolution of dental crown materials 

has undergone significant advancements over the 

years. From metal to PFM to all ceramic.  Further 

advancements in all-ceramic crowns have been 

notable like Zirconia, Lithium Disilicate, Alumina, 

Porcelain-Fused-to-Zirconia (PFZ), Glass Ceramics 

and Ceramic filled hybrid resin.3 

Ceramic filled hybrid resin crowns 

combine features of both ceramic and resin 

materials. These crowns typically incorporate a 

mixture of ceramic particles and resin materials. . 

The combination aims to leverage the strength and 

aesthetics of ceramics while benefiting from the 

flexibility and durability of resin.3 Resin-based 

materials are classified under ISO 10477 as - filled 

resins typically contain approximately 50-70 wt% 

inorganic fillers, while highly filled resins contain 

more than 70 wt% filler content, contributing to 

improved mechanical properties compared with 

unfilled polymers.8 

 Dental restorations can be fabricated using 

three main approaches: conventional methods, 

subtractive manufacturing (milling) and additive 

manufacturing (3D printing).  3D manufacturing 

processes fall  into two categories - Additive 

manufacturing (AM) and subtractive manufacturing 

(SM). SM, uses a computer-controlled machine to 

mill the dental restoration from a block of material 
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by high speed burs. Additive manufacturing (AM), 

which includes 3D printing, works by layering on 

material and building objects from 3D models until 

the object is finished.16AM almost eliminates 

material waste, eliminates tolerance issues with 

milling parts, allows for complete geometric shape 

customization, and reduced production cost. The 

accuracy of 3D printing is influenced by printer 

technology, printer resolution (XY pixel size and Z-

axis increment), material properties, layer thickness, 

build orientation and post-processing steps such as 

washing and post-curing.17  Optimal control of these 

factors is essential to achieve clinically acceptable 

accuracy. 

 

  The long-term success of dental crowns is 

dependent on a number of factors, the most 

significant of which is marginal adaptation and 

internal fit as a potential cause of clinical failure. 

The vertical distance between the cervical edge of 

the restoration and the preparation's end line is 

called a marginal gap. Recurrent cavities, plaque 

buildup, microleakage, and periodontal disease can 

all result from poor marginal adaptation. A decline 

in retention, a lack of rotational stability, and a loss 

in fracture toughness will result from deterioration 

of the internal fit of the crown. 10 

The fit and adaptability of definitive 

crowns have been assessed using a variety of 

techniques, including laser videography, 

microcomputed tomography, direct view technique, 

cross-sectioning technique, replica technique, triple 

scan protocol, profile projector.19  

The Triple scan protocol is a method of 

scanning the internal and external aspects of the 

prosthesis, the abutment tooth, and the prosthesis 

seated on the abutment in order to obtain three-

dimensional (3D) data and measure the marginal 

and internal fit by overlapping the 3D data on an 

analysis software. It is a non-destructive, non-

radioactive method capable of providing 

reproducible results at any time by scanning the 

data.16,20  

In the literature there was a lack of enough 

evidence comparing marginal and internal fit of the 

permanent crowns created with CAD-CAM Zirconia 

and 3D printed ceramic filled hybrid resin crowns. 

Hence, this In-vitro study was planned to 

evaluate internal and marginal fit of CAD/CAM 

Zirconia and 3D printed hybrid resin permanent 

crowns using triple scan protocol. 

Null Hypothesis was that there will be no 

difference in the marginal and internal accuracy of 

hybrid resin crowns and Zirconia crowns 

manufactured using additive and subtractive 

technology respectively. 

 

II. Material and Methods: 
This in-vitro study was performed at the 

Department of Prosthodontics and Crown & Bridge 

of  Mahatma Gandhi Dental College and Hospital, 

Jaipur. Ethical clearance was obtained from 

institutional ethics committee MGDC Jaipur. Based 

on various studies and also considering study done 

by Peng CC et al 32 the sample size of the study was 

calculated at 95% confidence interval and 80% 

power. The calculated sample size was 18 samples, 

to improve reliability and precision of the results it 

was increased to 30 samples. 

Thirty crowns were fabricated and 

allocated to 3 groups (n=10). Group A was CAD-

CAM milled monolithic zirconia (UPCERA),  

Group B was 3D-printed ceramic-filled hybrid resin 

(BEGO VarseoSmile CrownPlus ; BEGO GmbH & 

Co KG, Bremen, Germany) and Group C was 3D-

printed ceramic-filled hybrid resin (Permaprint; 

DentCare Dental Lab Pvt Ltd, Kerala, India). 

A mandibular right first molar on a 

typodont model (Identical Nissin type typodont jaw 

set) was scanned with an intraoral scanner (Aoral 

Scan 3; Shining 3D) before preparation, for later use 

in designing the external crown contour. The tooth 

was then prepared for a ceramic crown with a 1.0-

mm axial reduction, a 2.0-mm occlusal reduction, a 

1.0-mm rounded shoulder finish line, and a 6-degree 

total occlusal convergence, using diamond rotary 

instruments (Superendo crown preparation kit) 

under water coolant with a high-speed handpiece 

(NSK, Kanuma, Japan). The prepared arch was 

rescanned with the same intraoral scanner to 

generate a standard tessellation language (STL) file. 

The STL file of the prepared arch was 

imported into an LCD-based 3D printer (Photon 

Mono 4; Anycubic) to fabricate a working model 

and a separate die in a photopolymer resin (Standard 

resin; Elegoo), with a layer thickness of 0.08 mm, a 

layer exposure time of 14 seconds, a bottom 

exposure time of 70 seconds, 89 total layers, and 4 

bottom layers. After printing, the model and die 

were rinsed in ethanol according to the 

manufacturer's instructions and postpolymerized 

under ultraviolet (UV) light for 15 minutes. 

The printed working model was scanned 

with the intraoral scanner, and the resulting STL file 

was imported into a dental CAD program (exocad 

DentalCAD; exocad GmbH, Darmstadt, Germany) 

for crown design. The preparation margin was 

marked, undercuts were assessed, and the path of 

insertion was selected; a uniform cement space of 

70 μm was applied beginning 1 mm from the finish 

line. The scan of the unprepared tooth was 

superimposed to guide the external anatomical 
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contour of the restoration. A single crown design 

was finalized and exported as an STL file that was 

used to fabricate all specimens in all 3 groups, so 

that crown geometry did not vary among groups. 

For group A, presintered zirconia blanks 

(UPCERA, Shenzhen, China) were milled with a 5-

axis milling unit (5X-400; Arum Dental, Seoul, 

Republic of Korea) and then sintered at 1530°C to 

produce monolithic zirconia crowns, which were 

finished, polished, and glazed. 

For group B, the crown STL file was 

processed with an LCD-based 3D printer (L4K; 

Shining 3D) to fabricate specimens in a ceramic-

filled resin (VarseoSmile Crown plus; BEGO), with 

a layer thickness of 50 μm, a layer exposure time of 

9 seconds, a bottom exposure time of 60 seconds, 

133 total layers, 5 bottom layers, a build angle of 90 

degrees, and supports placed on the occlusal surface. 

After printing, specimens were rinsed in 90% 

ethanol and washed for an additional 10 minutes in 

90% ethanol (Wash & Cure; Anycubic), air-dried, 

and postpolymerized under UV light for 30 minutes 

(Wash & Cure; Anycubic). Supports were removed, 

and specimens were finished, polished, and glazed 

with light-cured photosensitive glaze. 

For group C, the same crown STL file was 

processed with a digital light processing (DLP) 3D 

printer (UV Max; Asiga, Sydney, Australia) to 

fabricate specimens in a hybrid resin (Permaprint; 

DentCare), with a build angle of 45 degrees and 

supports placed on the occlusal surface. Specimens 

were rinsed in 90% ethanol, had supports removed, 

were washed for an additional 10 minutes in 90% 

ethanol, air-dried, and postpolymerized for 30 

minutes in a combined UV light and nitrogen curing 

unit (Cure; Asiga). Specimens were then finished, 

polished, glazed, and cured. 

Marginal and internal fit were evaluated 

with the triple-scan protocol. Specimens were stored 

in a light-protected, dry container and scanned by a 

single calibrated operator within 2 days of 

fabrication, with the intraoral scanner recalibrated 

before each group and a 5-minute pause observed 

between groups to minimize operator fatigue; all 

scanning was performed in the same room under 

controlled temperature and humidity conditions used 

for the earlier model scan. Each crown was first 

seated on a separate die to visually verify complete, 

interference free seating and was then seated on the 

printed working model and scanned to generate an 

STL file of the crown in its seated position (AD-

STL). Each crown was subsequently scanned 

separately, held by an glue stick applied to the 

occlusal cusp tip, to capture its external, marginal, 

and intaglio surfaces and generate a crown-only 

STL file (C-STL). 

The 3 STL data sets for each specimen — 

the prepared die (D-STL), the crown seated on the 

model (AD-STL), and the crown alone (C-STL) 

were imported into 3D metrology software 

(Geomagic Control X software). The AD-STL was 

superimposed on the D-STL with a best-fit 

alignment referenced to 3 points (the occlusal, 

mesial, and distal fossae) to create a merged file. 

The C-STL was then superimposed on the merged 

file with the same 3-point registration to align the 

crown intaglio surface with the die, after which the 

AD-STL was discarded. The software calculated the 

root mean square (RMS) deviation between the 

crown intaglio surface and the die surface separately 

for the marginal and internal regions and generated 

corresponding color-difference maps. All 

measurements were performed by a single examiner. 

 Statistical analysis was done with 

Statistical Package for Social Sciences software 

(IBM SPSS Statistic for window, version 21.0. 

Armonk, NY: IBM Corp.) at 95% CI and 80% 

power to the study. Kolmogorov-Smirnov and 

Shapiro Wilk test was done to check for normal 

distribution of the data. Descriptive statistics was 

performed in terms of Mean, Std Deviation, 

Frequency and percentage. One-way ANOVA 

followed by Tukey’s post hoc test was applied to 

compare the parameters between groups. 

 

III. Results: 
For internal RMS, Group A (milled 

zirconia) presented the highest mean value (47.38 

±1.17 um), followed by Group C (Permaprint, 36.60 

±0.50 um) and Group B (BEGO VarseoSmile 

CrownPlus, 33.82 ±4.79 um) (Table 1). One-way 

ANOVA revealed a statistically significant 

difference among the 3 groups (F=62.571, P<.001) 

(Table 2). Tukey post hoc comparisons showed that 

Group A had significantly greater internal RMS than 

Group B (mean difference=13.56 um, P<.001) and 

Group C (mean difference=10.78 um, P<.001); the 

difference between Group B and Group C was not 

significant (P=.095) (Table 3). 

For marginal RMS, Group C presented the 

highest mean value (69.89 ±13.98 um), followed by 

Group A (65.71 ±17.59 um) and Group B (46.23 

±0.80 um) (Table 4). One-way ANOVA 

demonstrated a significant difference among the 

groups (F=9.469, P=.001) (Table 5). Tukey post hoc 

analysis showed that Group B had significantly 

lower marginal RMS than Group A (mean 

difference=19.48 um, P=.006) and Group C (mean 

difference=23.66 um, P=.001); no significant 

difference was found between Group A and Group 

C (P=.754) (Table 6). 
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Color maps generated for qualitative 

assessment corroborated the quantitative findings 

(Figure 3). Internal maps for all 3 groups showed a 

predominantly green base color over the axial walls, 

with focal yellow-orange zones over the cuspal and 

occlusal surfaces; Group A demonstrated the most 

dispersed distribution of warm-colored zones, 

consistent with its higher internal RMS. For 

marginal fit, Group B maps displayed the most 

consistent green to yellow-green coloration along 

the finish line, whereas Group C exhibited the most 

prominent yellow-orange coloration 

circumferentially, consistent with its higher 

marginal RMS. 

All mean marginal and internal RMS 

values for the 3 groups were within the clinically 

acceptable threshold of ≤120 um. 

 

IV. Discussion: 
This in-vitro study compared the marginal 

and internal fit of 3 CAD-CAM crown fabrication 

systems: milled monolithic zirconia (Group A) and 

2 masked liquid crystal display (MLCD)-printed 

ceramic-filled hybrid resins, BEGO VarseoSmile 

Crown Plus (Group B) and Permaprint (Group C). 

Each material was fabricated according to its 

manufacturer's recommended protocol so that the 

findings would reflect real-world clinical and 

laboratory performance rather than experimentally 

optimized conditions. Fit accuracy was quantified as 

RMS deviation with the triple-scan protocol,38 

which allows 3D evaluation of both marginal and 

internal surfaces without physical sectioning or 

replica techniques, unlike 2D methods such as the 

vertical marginal gap or silicone replica techniques. 

Geomagic Control X, used for this analysis, has 

been validated in similar fit-accuracy studies.22,25 

All specimens were designed from a single 

standardized CAD file with a 70 um cement space, 

eliminating design-level variability so that 

differences between groups reflected the intrinsic 

performance of each fabrication system. Because 

Groups B and C were each printed at their 

manufacturer-recommended orientation (90 degrees 

and 45 degrees, respectively) rather than a 

standardized orientation, differences between the 2 

printed systems are attributable to the combined 

effect of material composition, build orientation, 

and post-processing parameters rather than to any 

single controlled variable, a limitation inherent to 

comparing commercial systems under real-world 

conditions. 

In the present study, Group B showed the 

lowest mean marginal RMS (46.23 ±0.80 um), 

followed by Group A (65.71 ±17.59 um) and Group 

C (69.89 ±13.98 um); all values were within the 

clinically acceptable threshold of ≤120 um reported 

by Holmes et al36 and McLean and von 

Fraunhofer.37 The superior marginal fit of Group B 

over Group C, despite both using MLCD 

photopolymerization, likely reflects their differing 

recommended build orientations: the 90-degree 

orientation for Group B positions the finish line so 

that print layers resolve the circumferential margin 

more precisely, whereas the 45-degree orientation 

for Group C produces oblique layer intersection at 

the finish line, which may increase staircase-effect 

deviation at this interface.39 This finding parallels 

Olander et al,23 who reported that additively 

manufactured hybrid resin crowns achieved better 

marginal fit than milled crowns, and is consistent 

with Ozden et al,25 who found that deviation from 

manufacturer-recommended curing parameters 

increased RMS deviation in MSLA-printed 

restorations. The marginal RMS recorded for Group 

A agrees with Refaie et al10 (approximately 60±20 

um) and Hassan et al22 (57.5±7.0 um) for milled 

zirconia evaluated with an identical triple-scan 

protocol; the comparatively higher standard 

deviation observed for Group A in the present study 

may reflect variability introduced during sintering 

shrinkage compensation, a source of dimensional 

unpredictability also noted by Abualsaud et al29 and 

in a systematic review by Alghauli et al.27 

For internal fit, Group B again performed 

best (33.82 ±4.79 um), followed by Group C (36.60 

±0.50 um) and Group A (47.38 ±1.17 um). Group 

C's internal RMS approached that of Group B 

despite its higher marginal deviation, with an 

unusually low standard deviation (±0.50 um) 

indicating high reproducibility of the internal 

surface for this system. This suggests that the larger, 

more contiguous internal axial and occlusal surfaces 

are reproduced comparably well by both MLCD 

systems, whereas the narrow, geometrically 

demanding marginal region remains more sensitive 

to differences in the manufacturer-recommended 

parameters between the 2 printed systems. This 

distinction supports evaluating marginal and internal 

fit as separate outcomes, since a system may 

perform well on one measure while differing on the 

other. 

The low internal RMS variability for 

Group C may relate to the full-layer, simultaneous 

photopolymerization inherent to MLCD printing, 

which produces uniform layer exposure across the 

build platform. Kakinuma et al30 identified the 

margin and fossa regions as the primary sites of 

deviation in additively manufactured resin 

restorations; the present findings suggest that fossa-

region accuracy was well controlled for this system. 

Firestone et al26 similarly found no significant 
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difference in internal fit between 3D printed and 

milled crowns, consistent with the present results. 

The higher internal RMS for Group A 

relative to its marginal RMS parallels Hassan et al,22 

who reported internal gaps for milled zirconia 

(86.6±7.6 um) substantially greater than 

corresponding marginal values, and is consistent 

with a systematic review by Alghauli et al,27 who 

attributed this pattern to milling-tool geometry 

constraints in concave axial and occlusal fossa 

regions. 

All 3 fabrication systems produced 

marginal and internal fit within clinically acceptable 

limits when specimens were made according to 

manufacturer instructions, supporting the clinical 

viability of both milled zirconia and 3D printed 

ceramic-filled hybrid resin crowns. The superior and 

more consistent marginal fit of Group B compared 

with Group C, despite both representing MLCD 

technology, indicates that product-specific 

parameters such as recommended build orientation 

can meaningfully affect marginal outcomes, making 

the choice among specific commercial systems 

clinically relevant even within the same printing 

technology. 

This study had several limitations. Testing 

was performed on a single standardized typodont 

preparation, and results may not generalize to other 

tooth positions or preparation geometries. Because 

each printed system was evaluated under its own 

manufacturer-recommended protocol, differences 

between Groups B and C reflect the combined effect 

of multiple variables rather than any single factor. 

No aging protocol (thermocycling or cyclic loading) 

was performed, so the long-term dimensional 

stability of 3D printed hybrid resin crowns under 

function remains to be investigated. 

 

V. Conclusion: 
Within the limitations of this in vitro 

investigation, significant differences in internal and 

marginal adaptation were observed among the 

evaluated definitive crown materials. The additively 

manufactured BEGO VarseoSmile Crown Plus 

crowns demonstrated superior overall adaptation 

compared with CAD-CAM milled zirconia crowns, 

whereas Permaprint exhibited comparable internal 

adaptation but greater marginal deviation. 

Nevertheless, all restorations demonstrated RMS 

deviation values within the clinically acceptable 

range, indicating that both subtractive and additive 

manufacturing techniques are capable of producing 

definitive crowns with clinically acceptable 

adaptation. 
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Descriptives 

Internal RMS (μm)   

 N Mean Std. Deviation Minimum Maximum 

Group A 10 47.3800 1.17360 46.10 48.80 

Group B 10 33.8200 4.79231 28.40 39.90 

Group C 10 36.6000 .50332 35.90 37.20 

Total 30 39.2667 6.55851 28.40 48.80 

Table 1: Descriptive Statistics of Internal RMS (μm) among the Study Groups 

 

 

ANOVA 

Internal RMS (μm)   

 Mean Square F P value 

Between Groups 513.017 62.571 <0.001* 

Within Groups 8.199   

Table 2: ANOVA for Comparison of Internal RMS (μm) among the Study 

 

Multiple Comparisons 

Dependent Variable:   Internal RMS (μm)   

Tukey HSD   

(I) Groups (J) Groups 

Mean Difference 

(I-J) Std. Error P value 

95% Confidence Interval 

Lower Bound Upper Bound 

Group A` Group B 13.56000* 1.28054 <0.001* 10.3850 16.7350 

Group C 10.78000* 1.28054 <0.001* 7.6050 13.9550 

Group B Group A -13.56000* 1.28054 <0.001* -16.7350 -10.3850 

Group C -2.78000 1.28054 .095 -5.9550 .3950 

Group C Group A -10.78000* 1.28054 <0.001* -13.9550 -7.6050 

Group B 2.78000 1.28054 .095 -.3950 5.9550 

*. The mean difference is significant at the 0.05 level. 

 

Table 3: Tukey Post Hoc Test for Pairwise Comparison of Internal RMS (μm) 

 

 

Descriptives 

Marginal RMS (μm)   

 N Mean Std. Deviation Minimum Maximum 

Group A 10 65.7100 17.58550 46.50 87.40 

Group B 10 46.2300 .79589 45.30 47.30 

Group C 10 69.8900 13.97565 54.00 86.20 

Total 30 60.6100 16.33269 45.30 87.40 

 

Table 4: Descriptive statistics of marginal RMS (μm) among the study groups 
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ANOVA 

Marginal RMS (μm)   

 Mean Square F P value 

Between Groups 1594.564 9.469 .001 

Within Groups 168.401   

 

Table 5: ANOVA for comparison of marginal RMS (μm) among the study 

 

Multiple Comparisons 

Dependent Variable:   Marginal RMS (μm)   

Tukey HSD   

(I) Groups (J) Groups 

Mean Difference 

(I-J) Std. Error P value 

95% Confidence Interval 

Lower Bound Upper Bound 

Group A Group B 19.48000* 5.80346 .006* 5.0908 33.8692 

Group C -4.18000 5.80346 .754 -18.5692 10.2092 

Group B Group A -19.48000* 5.80346 .006* -33.8692 -5.0908 

Group C -23.66000* 5.80346 .001* -38.0492 -9.2708 

Group C Group A 4.18000 5.80346 .754 -10.2092 18.5692 

Group B 23.66000* 5.80346 .001* 9.2708 38.0492 

*. The mean difference is significant at the 0.05 level. 

Table 6: Tukey Post Hoc test for pairwise comparison of marginal RMS (μm) 
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Fig. 1: A, 5-Axis milling machine.  B, CAD-CAM Milled Zirconia crown. C and D, 3D printing of BEGO 

VarseoSmile Crown plus. E, 3D printed Permaprint crown. 
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Fig. 2: 3D superimpositions in Geomagic software. A, AD-STL. B, D-STL. C,   Best fit alignment of AD-STL 

over D-STL to create merged STL. D, C-STL. E,  Superimposition of C-STL over merged STL. F,  Best fit 

alignment of C-STL over D-STL for measurement of RMS values. 
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C 

 
 

 

Fig. 3: Color Maps for Internal and Marginal RMS in (μm). 

 


