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Objectives: This study aimed to compare the marginal fit of temporary restorations 
fabricated by the conventional chairside method, 3D printing, and milling. 

Materials and Methods: In this in vitro, experimental study, 14 temporary 
restorations were conventionally fabricated over an implant abutment and analog 
that had been mounted in a phantom model at the site of canine tooth, using auto-
polymerizing acrylic resin and putty index. In digital manufacturing, the original 
model was scanned, and the final restoration was designed. Fourteen temporary 
restorations were milled out of polymethyl methacrylate (PMMA) blocks, and 14 
others were printed by a 3D printer. Temporary crowns were placed on the 
abutment, and images were obtained from specific areas under a stereomicroscope 
at x100 magnification to measure the amount of marginal gap. Data were analyzed 
using one-way ANOVA and Tukey’s test (α=0.05). 

Results: The mean marginal gap values for the temporary crowns in the 3D printing, 
milling, and chairside groups were 91.40, 75.28 and 51.23 µm, respectively. The 
crowns that were conventionally fabricated chairside exhibited the lowest marginal 
gap, and the difference in this respect was significant among the three groups 
(P<0.05). 

Conclusion: Temporary crowns fabricated by the chairside method showed 
significantly smaller marginal gap; however, the marginal gap of all three groups was 
within the clinically acceptable range. 
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INTRODUCTION 
Temporary restorations are fabricated to 
protect the pulp and periodontium of the 
prepared teeth, and also to restore esthetics 
and function [1,2]. In order to achieve these 
goals, temporary crowns should have optimal 
contour and precise marginal fit [1,3]. 

Marginal fit of temporary restorations highly 
depends on their fabrication technique [1,4]. 
Temporary crowns can be fabricated directly 
or indirectly [5,6]. In the direct method, the 
temporary restoration is fabricated directly on 
the prepared tooth using a previously made 
index. However, in the indirect method, the 
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restoration is fabricated on a dental cast and is 
then transferred into the oral cavity [5]. 
Although the direct method is faster, it has 
some drawbacks. For instance, the residual 
monomer has the potential to irritate the 
adjacent tissue and cause allergic stomatitis 
and lichenoid reactions [7,8]. Polymerization 
shrinkage of acrylic resin is another drawback 
of the direct method, which would result in 
marginal, interproximal, and occlusal discrep-
ancy [9,10]. Many of these drawbacks can be 
overcome by indirect fabrication of temporary 
restorations [5]. 
The computer-aided design/computer-aided 
manufacturing (CAD/CAM) technique has been 
recently employed for the fabrication of 
temporary restorations [11]. The majority of 
CAD/CAM systems use a milling machine. In this 
method, the temporary crown is milled out of 
resin blocks using burs specifically designed for 
this purpose [12]. Due to the polymerization of 
these resin blocks with high degree of 
conversion, the restorations fabricated by this 
technology often have higher strength and 
precision than the directly fabricated restora-
tions [13-15]. However, the range of movement 
and the size of burs can cause some limitations 
in this technique [12,16].  
The additive manufacturing, also known as the 
3D printing, can be used to produce 3D objects 
by laying down successive layers of material. 
In this method, less material is used than the 
milling technique. Also, this technology can 
produce more complex structures compared 
with the milling technique [12,17,18].  The 3D 
printing technology can be divided into 
several groups, depending on the material 
used. The types commonly used in dentistry 
include stereo lithography, photopolymer 
jetting (Poly Jet), and fused deposition 
modeling [12,15,18]. Digital light processing 
enables the fabrication of high-resolution 
restorations [19].  
The use of 3D printers for the fabrication of 
temporary restorations has been previously 
studied, and only a small number of these 
studies have assessed the marginal fit of 
restorations fabricated as such [20-22]. 
Marginal adaptation of temporary crowns 

fabricated by different methods has not been 
well investigated so far. Therefore, this study 
aimed to compare the marginal gap of 
temporary restorations fabricated by the 
conventional chairside method, milling, and 
3D printing. The null hypothesis was that no 
difference would be found in the marginal fit 
of temporary restorations fabricated by the 
abovementioned three techniques.  
 
MATERIALS AND METHODS 

In this in vitro, experimental study, the sample 
size was calculated to be 14 in each of the three 
groups according to a previous study by Mai et 
al, [2] assuming alpha=0.05, beta=0.1, and 
power of 90%.  
For the fabrication of the original model, an 
implant fixture analog (SIC lab implant 3.4 
mm; SIC invent AG, Basel, Switzerland) was 
mounted in a phantom model (Dental 
Typodont model 200; Plutusdental Supply 
Inc., Orlando, FA, USA) of the maxilla at the site 
of maxillary right canine. An abutment was 
then placed over it. This abutment served as a 
bridge abutment to assess the effect of 
presence of the adjacent tooth on the accuracy 
of abutment scanning and fabrication of 
temporary restoration in interproximal areas. 
The adjacent lateral incisor was present and 
the first premolar was missing.  
For the fabrication of temporary restorations 
by the conventional putty (Coltene Iberia 
S.L. Madrid, Spain) index method, before 
replacing the canine with an analog and 
abutment, a putty index was made from the 
canine tooth. A total of 14 temporary 
restorations were fabricated on the respective 
abutment using polymethyl methacrylate 
(PMMA; GC Tempron, GC America Inc., USA). In 
order to minimize the polymerization shrink-
age, the temporary restoration remained on the 
abutment and was not removed until the final 
setting was accomplished. 
For digital fabrication of temporary restora-
tions, the original model was scanned by 
3Shape Trios scanner (3Shape Trios; 3Shape, 
Denmark), and the restoration was finally 
designed by the Exocad 2016 software 
(Exocad GmbH, Darmstadt, Germany) (Fig. 1). 
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Fig. 1. Temporary restoration design using Exocad  

 
All restorations had the same size, thickness, and 
design. To match the size with the first group, the 
sample was first scanned for the fabrication of a 
pre-op model, and the remaining samples were 
designed according to this model. The designed 
files were transferred to a digital light 
processing printer (Prodent Labx, Product 
Bonyan Mecatronic, Tabriz, Iran), and the 
samples were printed using UV resin (Freeprint 
Temp UV, Detax, Germany) at 385nm wave-
length, with 4s of curing for each layer, and post 
curing for 300 s at 30mw/cm2.   
For the last group, the designed files were 
milled out of PMMA blocks (Yamahachi Dental 
MFG. Co., Aichi Pref, Japan), using a milling 
machine (rainbow TM mill, Dentium, South 
Korea). In order to assess the marginal fit of the 
crowns, the abutment and fixture were 
removed from the model and mounted in 
acrylic resin. Their midbuccal, midpalatal, 
midmesial and middistal surfaces were then 
marked by a notch on the finish line of the 
abutment. Each crown was seated on the 
abutment, and the amount of marginal gap was 
measured under a stereomicroscope (SZX16, 
Olympus, Tokyo, Japan) at ×100 magnification 
at the marked areas in the buccal, lingual, 

mesial and distal surfaces. A C-clamp was used 
to prevent the movement of the crowns during 
imaging.  
A Neubauer chamber with the same 
magnification was used under the microscope 
for software scaling and calibration. Finally, the 
gap at the two sides of the notch was quantified 
with MIP4 Student software (Nahamin 
Pardazan Asia, Mashhad, Iran), and mean value 
was reported as the marginal gap (vertical 
discrepancy) of the samples in micrometers 
(µm) (Fig. 2). 
Data were analyzed using SPSS version 16 
(SPSS Inc., IL, USA). The amount of marginal gap 
was compared among the 3 groups of 
fabrication of temporary restorations using 
one-way ANOVA followed by the Tukey’s test 
for pairwise comparisons (α=0.05).  

Fig. 2. Stereomicroscopic images showing the 
marginal gap at ×100 magnification 

 
RESULTS 
Table 1 shows the mean, standard deviation, 
and standard error of the marginal gap in the 
three groups in micrometers (µm). ANOVA 
showed a significant difference in marginal 
gap among the three methods of fabrication of 
temporary crowns (P<0.05).  
 
Table 1. Mean and standard deviation (SD) of the 
marginal gap (µm) in the three groups (n=14) 

Method  Mean SD 

Milling  75.28 22.14 

3D printing 91.4 36.07 

Chairside method 51.23 21.7 
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The Tukey’s post hoc test indicated significant 
differences between the chairside method and 
3D printing (P<0.001). 
There were no significant differences between 
the milling and 3D printing (P=0.278), and 
milling and chairside methods (P=0.065).  
 
DISCUSSION 

This study compared the marginal gap of 
temporary restorations fabricated by the 
conventional chairside method with putty 
index, digital light processing 3D printing, and 
milling. The results revealed significant 
differences in marginal gap in the buccal, 
mesial and distal surfaces among the three 
groups.  
Studies on the efficacy of 3D printing for the 
fabrication of temporary restorations are 
limited. Eftekhar Ashtiani et al. [23] assessed 
the dimensional accuracy of intra-coronal 
restorations fabricated by the digital and 
conventional methods, and showed that the 
conventional resin pattern method was more 
accurate than 3D printing, which was in 
agreement with our results. Some factors can 
affect the marginal fit of restorations 
fabricated by 3D printing such as type of 
printer, type of resin, resin and device 
calibration in terms of environmental 
moisture and temperature, and complexity of 
restoration shape [11,24]. Also, restoration 
preparation design, accuracy of scanning, type 
of software program, restoration materials, 
and reproducibility of milling can affect the 
accuracy of temporary restorations. However, 
it should be noted that the dimensional 
accuracy of all restorations in their study and 
ours was within the clinically acceptable 
range. The clinically acceptable marginal gap 
of restorations is reportedly 20 to 150 µm [25-
27]. Thus, all these techniques can be 
successfully used in the clinical setting. Mai et 
al. [2] assessed the marginal fit of interim 
crowns fabricated by 3D printing, milling, and 
selective-pressure impression techniques and 
reported that 3D printing increased the 
marginal fit of interim crowns, especially in 
the occlusal surface. Lee et al. [28] assessed 
the internal fit of crowns fabricated by 3D 
printing and CAD/CAM milling machine, and 

reported that the internal fit and marginal 
adaptation of interim restorations fabricated 
by the 3D printing method were higher 
compared with restorations fabricated by the 
CAD/CAM milling machine. Peng et al. [22] 
assessed the internal fit and marginal integrity 
of temporary crowns made by different 
manufacturing methods and showed that 
digitally fabricated temporary crowns had 
better internal fit and smaller marginal 
discrepancy. In the study by Mai et al, [2] 
maximum distortion of crowns occurred in the 
conventional impression group. They 
explained that polymerization shrinkage of 
auto-polymerizing resin was responsible for 
such a high level of distortion. In this study, we 
did not remove the putty index and Tempron 
until the completion of polymerization in 
order to reduce polymerization shrinkage. 
Marginal discrepancy is one problem 
associated with the fabrication of temporary 
restorations by the putty index method, which 
occurs as the result of polymerization 
shrinkage [29,30]. This problem is more 
significant in use of PMMA restoration 
material, and is relatively less common in use 
of acrylic-based composite resins. The 
volumetric polymerization shrinkage of 
acrylic resin is around 6%; it decreases the 
retention and leads to deformation of 
restoration [31]. In fabrication of temporary 
restorations using the CAD/CAM technology, 
the restorations are milled out of pre-
polymerized blocks. Thus, polymerization 
shrinkage does not occur.  
In the milling manufacturing technique, 
restorations are fabricated by the subtractive 
manufacturing technique using the cutting 
burs. Thus, the size of bur and its range of 
cutting movements can limit the process of 
fabrication [18]. This technique enables mass 
production of different forms of restorations 
by milling pre-polymerized blocks of different 
materials with variable geometries. Rayyan et 
al. [32] discussed that the CAD/CAM 
temporary restorations made from acrylic 
resin had more accurate margins than 
restorations made from resin. However, in 
case of presence of sharp edges and harder 
surfaces, fabrication of restorations by the 
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milling method would be difficult and may 
cause some problems. In such conditions, the 
shape of restorations should be altered to 
facilitate the milling process. Liu et al. [33] 
showed that sharp edges, bulges, and 
depressions cannot be easily fabricated by 3D 
printing. Also, in restoration milling by the 
CAD/CAM system, the errors related to the 
diameter of bur should also be taken into 
account [34]. 
All three fabrication techniques tested in this 
study yielded restorations with clinically 
acceptable marginal fit. In this study, the 
methodology adopted for measurement of 
marginal gap was similar to that of Eftekhar 

Ashtiani et al [23]. No consensus has been 
reached on a standard method for 
measurement of marginal gap. Thus, studies 
on this topic have reported variable results 
due to differences in methodologies [35,36]. 
It should be noted that in vitro studies on 
marginal fit of temporary restorations often 
over-estimate the marginal fit of restorations 
compared with the clinical setting [37]. 
Factors present in the oral environment such 
as the saliva, gingival crevicular fluid, blood, 
patient movement, and space shortage often 
contribute to inaccuracy and marginal misfit 
of restorations. These factors also affect 
prosthetic restorations fabricated by the use 
of intraoral scanners and CAD/CAM 
technology. However, digital systems can 
magnify the scanned teeth on the display 
monitor and allow for re-scanning of faulty 
areas to minimize errors in digital 
impressions. Considering the current findings, 
clinical trials are required to further confirm 
the results of this study. On the other hand, 
other factors such as the mechanical and 
esthetic properties and cost-effectiveness of 
3D printing fabrication technique should be 
evaluated in the clinical setting. Future studies 
on a larger sample size are required to assess 
other types of 3D printers and scanners and 
their effect on marginal fit of temporary 
restorations.  
 
CONCLUSION 
Within the limitations of this in vitro study, the 
results showed that the marginal fit of 

restorations fabricated by all three methods 
was within the acceptable range. The putty 
index technique yielded the highest and the 3D 
printing yielded the lowest marginal fit.  
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