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Abstract
Background  This study aims to compare the marginal and internal fit of lithium disilicate endocrowns produced by 
conventional and/or digital impression and fabrication techniques.

Methods  Endocrown preparations were performed on 40 mandibular first molars. The teeth were divided into 
four groups (n = 10) based on the impression and fabrication technique; CON: conventional impression/manuel 
wax patterns/heat-pressed endocrowns, DCD: digital impression/CAD-CAM milled wax patterns/heat-pressed 
endocrowns, D3D: digital impression/3D printed resin patterns/heat-pressed endocrowns, DC: digital impression/
digital design/CAD-CAM milled endocrowns. The marginal and internal fits of the endocrowns were measured by 
using the silicon replica technique and stereomicroscope with 57x magnification. The statistical analysis was carried 
out using the Kruskal-Wallis and paired two-sample t-tests. The significance level was set at p < 0.05.

Results  Marginal fit measurements revealed the following; CON: 111 μm, DCD: 96 μm, D3D: 91 μm, and DC: 93 μm. 
A statistically significant difference was found between the CON group and the other groups in the marginal fit 
measurement. Internal fit measurements revealed the following; CON: 120.75 μm, DCD: 112 μm, D3D: 114.88 μm, and 
DC: 122 μm. There was a statistically significant difference between the CON group and the DCD group in the internal 
fit measurement, while no significant difference observed between the other groups.

Conclusions  It is concluded that all endocrowns had a clinically acceptable marginal and internal fit. The use of 
digitally generated patterns, CAD-CAM milled or 3D printed, in the fabrication of endocrowns can be effective in 
producing restorations with improved marginal and internal adaptation.

Clinical relevance  The use of digital production methods can improve the marginal and internal adaptation of 
endocrown restorations.
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Background
With the developments in adhesive dentistry, endocrown 
restorations have begun to be applied as an alternative to 
post-cores used in the traditional restoration of endodon-
tically treated teeth. Endocrowns were described by Bindl 
and Mormann in 1999 as adhesive endodontic crowns 
for the restoration of endodontically treated posterior 
teeth with coronal hard tissue loss [1]. In the restoration 
of endodontically treated teeth with coronal destruction, 
the application of endocrowns, which are in a monobloc 
structure that combines intraradicular post, core, and 
crown in one piece, is the most up-to-date treatment 
approach [2]. These restorations receive support from the 
pulp chamber and cavity wall. Macromechanical reten-
tion is provided from the pulpal walls, while microme-
chanical retention is provided by adhesive cementation 
[3]. The advantages of endocrowns are as follows: ease of 
production, preservation of intact tooth structure dur-
ing preparation, application to teeth with short, calcified, 
obstructed canals, no risk of perforation and fracture in 
the intracanal of the tooth, and application in patients 
with insufficient occlusal distance [2, 4, 5].

Due to their high aesthetic and mechanical proper-
ties, feldspathic ceramics, resin matrix ceramics, leu-
cite-based ceramics, lithium disilicate, and derivates 
are preferred in the construction of endocrowns [6]. 
Studies have shown that lithium disilicate is one of the 
best restorative material for the fabrication of endo-
crowns, and the use of reinforced ceramics positively 
affects endocrowns performance [5, 7–9]. Heat-press or 
CAD-CAM (Computer Aided Design-Computer Aided 
Manufacturing) techniques are used in the production 
of lithium disilicate glass ceramic endocrowns [10]. The 
CAD-CAM technique is based on milling restorations 
directly from blocks. The heat-press technique is based 
on obtaining wax patterns by laboratory technicians, 
burn-out, and obtaining restorations from ceramic ingots 
with pressure [9]. Subtractive milling with CAD-CAM 
systems or additive manufacturing with rapid prototyp-
ing are other methods for obtaining restoration patterns. 
Millable wax discs are synthetic waxes suitable for use in 
CAD-CAM systems that can be used to create wax pat-
terns for the heat-press fabrication of restorations. The 
advantage of these CAD-CAM wax patterns is that they 
can be manually edited or added after the milling pro-
cess [11, 12]. The use of CAD-CAM wax blocks ensures 
accuracy and dimensional stability in the processing of 
restoration design [13]. The additive method obtains a 
model from 3D data by combining layers [14]. After the 
digital design is completed, the digital model is sliced and 
cross-sections are created by printing layer on another 
layer with raw materials such as powder, solid or liquid 
[15]. It is more advantageous than conventional methods 

in terms of production speed, reliability, and economic 
aspects [14].

Marginal fit is defined as the distance between the 
finish line and the border of the restoration, while the 
internal fit is the distance between the axial wall of the 
prepared tooth and the inner wall of the resulting resto-
ration [16, 17]. Marginal and internal fit are important 
clinical factors effecting the long-term success of the 
prosthodontic treatments. It has been reported that res-
torations with a high marginal fit are long-lasting, the 
tooth and the surrounding tissues are less damaged [17]. 
Low marginal fit can lead to cement exposure to oral 
fluids, leakage, plaque buildup, secondary caries, peri-
odontal inflammations, and ultimately failure of the pros-
thetic treatment. Inadequate internal fit causes increased 
stress at the tooth and restoration interface and ulti-
mately leads to fracture of the restoration [18–20]. These 
problems, which shortens the life of the restoration, not 
only require additional treatment procedures but also 
result in increased material and labor costs. Cross-sec-
tional microscope, silicone replica technique, scanning 
electron microscope, stereomicroscope, profilometer, 
3-dimensional scanning method, and computerized x-ray 
microtomography are examples of in vitro techniques 
used to measure marginal and internal fit [21]. The sili-
cone replica technique is a technique that can be used to 
examine both marginal and internal fits of restorations. 
In this technique, light-body silicone impression mate-
rial is placed inside the restoration; then the restoration 
is positioned on the master model to simulate the cemen-
tation process. After the material sets, the restoration is 
carefully separated from the master model. The silicone 
material indicates the cement gap or the internal fit of the 
restoration [22].

The impressions taken after the preparation of fixed 
restorations and the restoration production method 
effect the marginal and internal fit and emerge as an 
important factor in the success of the restorations. There 
is a lack of research on the marginal and internal fit of 
endocrowns that have been produced using both tradi-
tional and digital manufacturing methods. This study 
examines the marginal and internal fit of heat-pressed 
and CAD-CAM lithium disilicate endocrowns fabricated 
using different restoration patterns. The hypothesis was 
that there would be no difference in the marginal and 
internal fit between endocrown restorations produced by 
traditional and digital techniques.

Methods
This research was approved by Ethics Committee of 
Zonguldak Bülent Ecevit University Faculty of Medi-
cine (2022/02–11). The sample size was based on a pre-
vious study by Abduljawad et al. [23]. A power analyses 
was conducted and according to that sample size of 10 
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samples per group was sufficient to detect a large effect 
size d = 0.99, with an actual power (1-β error) of 0.8 (80%) 
and a significance level (α error) of 0.05 (5%) type I error 
level.

Forty sound human mandibular 1st molars extracted 
for periodontal reasons were collected after written 
informed consent was obtained from all participants for 
the use of extracted teeth in this study. To ensure stan-
dardization, teeth with similar dimensions were used and 
cavity preparations were made by a experienced single 
operator (D.E.K). The crown portions were decoronated 
2  mm above the cemento-enamel junction parallel to 
the occlusal surface and root canal treatments were per-
formed. Endocrown preparations were done with a spe-
cial bur set (Intensiv set, Montagnola, Switzerland). A 
diamond chamfer bur with a 4⁰ inclination was used to 
shape the inner walls of pulp chamber to widen toward 
the occlusal plane. It was ensured that the cavity wall 
thickness was not less than 2  mm. The internal cavity 
margins were finished in a 90⁰ butt-joint margin style. 
To prevent microleakage, the root canal orifices were 
covered with flowable composite and the bottom of the 
cavity was smoothed with a diamond bur. After these 
procedures, the endocrown preparations were obtained 
with a central retention cavity of 3 mm in depth (Fig. 1). 
All cavity dimensions were checked by using a digi-
tal caliper and graded dental probe. The prepared teeth 

were randomly divided into 4 groups (n = 10). The group 
names and production methods were as following:

CON: Conventional impression, wax pattern 
obtained by conventional laboratory waxing, and 
endocrowns fabricated by heat-press technique.
DCD: Digital impression, the wax pattern obtained 
by milling from CAD-CAM wax disk, and endo-
crowns fabricated by heat-press technique.
D3D: Digital impression, resin pattern obtained 
by using 3D printer, and endocrowns fabricated by 
heat-press technique.
DC: Digital impression, digital design, and endo-
crowns milled directly from CAD-CAM blocks.

The materials and technical information used in the 
study are presented in Table 1.

Conventional and digital impressions/scans and designs
For the CON group impressions, the base and catalyst 
of the putty-like impression material were combined as 
directed by the manufacturer and then put into a plastic 
mould. The light-bodied consistency impression mate-
rial (DentapressA, Indigodental GmbH, Germany) was 
placed in the preparation area and the mould, then the air 
was squeezed to distribute it evenly over the entire cavity. 
The tooth was then inserted on the plastic mould and the 
endocrown cavity impression was taken in one step. The 
impressions were then cast with a Type IV dental stone 
(Fig. 2). Wax patterns of endocrowns were fabricated by 
using modeling wax (Geo Classic Modeling Wax, Renfert 
GmbH, Company, Hilzingen, Germany) (Fig. 3). Model-
ing was performed in accordance with the anatomy of 

Table 1  Materials used in the study
Material Manufacturer Type Lot Number
GC Initial LiSi 
CAD-CAM Block

GC Corp., Tokyo, 
Japan

Lityum dis-
ilicate glass 
ceramic

2108181

GC Initial, LiSi 
Press Ingot

GC Corp., Tokyo, 
Japan

Lithium dis-
ilicate glass 
ceramic

190418 A

Geo Classic 
Modeling Wax

Renfert GmbH, 
Company, Hilzin-
gen, Germany

Type 2 Mod-
eling wax

PA242732

Zwax CAD-CAM 
Wax Disc

Zwax, Bursa, Turkey CAD-CAM 
wax disk

183734ZWAX

Arma Resin Den-
tal Model Cast

Arma Dental, 
Turkey

DLP based 
resin

20220929Cast01

DentapressA 
Heavy body

DentapressA, In-
digodental GmbH, 
Germany

Base 264658

DentapressA 
Light body

DentapressA, In-
digodental GmbH, 
Germany

Catalyst 264657

Fig. 1  Preparation of endocrown
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the lower 1st molar, and the total crown length did not 
exceed 7 mm.

The digital scans of endocrown preparations of groups 
DCD, D3D, and DC were made directly using an powder-
free intraoral scanner which is based on the triangula-
tion imaging method (Cerec Omnicam, Sirona Dental 
Systems, Bensheim, Germany). The crown length of the 
endocrowns was digitally designed not to exceed 7 mm. 
Wax patterns of DCD group were obtained by milling 

from CAD-CAM wax disc (Zwax CAD-CAM Wax Disc, 
Zwax, Bursa, Turkey) (Fig. 4), the resin patterns of D3D 
group were obtained by using a 3D printed resin (Arma 
Resin, Arma Dental, Turkey) and a DLP based 3D printer 
(Asiga Max, Asiga, Sydney, Australia) (Fig. 5). The DCD, 
D3D and DC group endocrowns were digitally designed 
using the software (InLab Software 3D, and CEREC Soft-
ware 4.6.1 Sirona Dental Systems, Bensheim, Germany).

Fabrication of endocrowns
Endocrowns of CON, DCD and D3D groups were pro-
duced by the heat-press technique. Wax, CAD-CAM 
wax, and 3D printed patterns of CON, DCD, and D3D 
groups were transferred to the silicone ring system after 
sprueing. The investment material, powder, and liquid, 

Fig. 5  Printed endocrown patterns in the D3D group

 

Fig. 4  Milling of wax endocrown patterns in the DCD group

 

Fig. 3  Wax modeling of samples in the CON group

 

Fig. 2  Stone model
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were mixed with a vacuum mixer for 60  s, poured into 
the silicone ring, and left to set for 60  min. The invest-
ment was removed from the silicone cylinder and placed 
in a preheating furnace (Mikrotek MFX 1005, Mikrotek 
Dental, Ankara, Turkey) at 850 °C for 45 min to burn out 
the patterns. GC Initial LiSi Press (LT, A2) ceramic ingots 
are placed into the investment ring and heat-pressed in 
a press furnace (Programat EP 5010, Ivoclar Vivadent, 
Schaan, Liechtenstein). The endocrowns were dissected 
from the sprue using a separating disk and the remaining 
investment material was removed by sandblasting. The 
specimens were mounted on a special specimen holder 
and blasted with 50 μm aluminium oxide at a distance of 
10 mm for 10  s. Each endocrown was positioned on its 
corresponding specimen to verify fit.

The ‘Production’ tab was activated for the DC group 
with completed digital designs, initiating the process of 
milling the restorations from the blocks. The software 
determined the position of the restorations and the rod 
within the block, as well as the block’s length. Ceramic 
block (GC Initial LiSi Block) was placed in the milling 
device (Sirona, Cerec MC XL, Bensheim, Germany) and 
endocrowns were milled (Fig.  6). The produced endo-
crowns were removed from the milling device, and after 
refining the crowns with a fine-grained diamond bur, 
each endocrown was placed on its corresponding tooth 
to verify the fit.

The endocrowns of all groups were polished using fine-
grit discs (Sof-Lex Spiral, 3  M ESPE, St Paul, USA) at 
15,000 to 20,000 cycles with light pressure, following the 
manufacturer’s instructions. After the endocrowns were 
fabricated, occlusion spray was applied to the inner sur-
faces of the restorations and the fit was checked by plac-
ing them in the cavity. Compatibility of the restoration 
was evaluated by using a binocular loup (HR 2.5x, Heine 
Optotechnik GmbH & Co. KG, Herrsching, Germany) 
and no modification was required.

Marginal and internal fit measurement
The marginal and internal fits were measured using the 
silicone replica technique. A light-bodied silicone mate-
rial (DentapressA, Indigodental GmbH, Germany) was 
placed in each prepared cavity. The endocrown resto-
ration was fitted over the cavity and force was applied 
until the silicone material set. Then, the restoration was 
removed from the cavity, the heavy-bodied impression 
material was placed over the cavity. Once the impres-
sion material was set, it was separated from the tooth 
to obtain silicone replicas. Each replica was divided into 
nine parts, mesio-distally and bucco-lingually, using a 
sharp scalpel (Galena Health Industry and Trading Cor-
poration, Hamburg, Germany). The sections of the sili-
cone replicas were examined with a stereomicroscope 
(Olympus SZ61, Tokyo, Japan) at 57x magnification and 

the images were transferred to the computer using a 
microscope camera (Olympus SC100, Tokyo, Japan) and 
a software program (cellSens Standard, Olympus Cor-
poration, Shinjuku, Tokyo, Japan). Marginal and internal 
fit measurements were made with the software program 
(Digimizer, MedCalc Software Ltd, Ostend, Belgium) on 
the images obtained. A total of 13 points were measured 
at 2 marginal sites and 11 internal sites (2 axio-marginal, 
4 axial, 2 axio-pulpal, and 3 pulpal) (Fig. 7).

Statistical analysis
The analysis was conducted using SPSS V23 (IBM Corp. 
IBM SPSS statistics for Windows, Armonk, NY, USA). 
Normality was assessed using the Kolmogorov-Smirnov 
test. The Kruskal-Wallis test was employed to assess dif-
ferences among groups for parameters that were not 
normally distributed, while Dunn’s test was utilized for 
making multiple comparisons. The paired two-sample 
t-test was employed for comparing normally distributed 
values within each group, while the Wilcoxon test was 
utilized for values that did not adhere to the normal dis-
tribution. The significance level was set at p < 0.05.

Fig. 7  Measured points

 

Fig. 6  Milled endocrowns
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Results
Table 2; Fig. 8 present the marginal, axio-marginal, axial, 
axio-pulpal, and pulpal fit values of the groups. A signifi-
cant statistical variance was observed among the groups 
concerning fit values across all sites (p < 0.001). The CON 
group had the highest marginal and axio-pulpal fit values, 
the D3D group had the highest axio-marginal and axial 
fit values, the DC group had the highest pulpal fit values. 
The results showed that the lowest marginal and pulpal 
fit values were found in D3D, axio-marginal fit values in 
DCD, and axial and axio-pulpal fit values in DC group.

Table  3 illustrates the marginal and internal fit mea-
surements for each group. A statistically significant dif-
ference was found in terms of marginal and internal fit 
evaluation within each group (p < 0.001). A significant 
difference in the marginal discrepancy was revealed 

between the CON and the other groups, with the mar-
ginal discrepancy of CON (111  μm) being significantly 
higher than that of DCD, D3D and DC (p < 0.001). Signif-
icant statistical variances were noted among the groups 
concerning internal fit values (p < 0.001). The DC group 
had the highest internal fit value (122  μm), while the 
DCD had the lowest (112 μm), and in pairwise compari-
sons of the groups, a significant difference was obtained 
between CON and DCD groups (p < 0.001).

Measurements of bucco-lingual directions are pre-
sented in Table  4 and the mesio-distal directions in 
Table  5. In the bucco-lingual directions, marginal fit 
values of the CON group was significantly higher when 
compared to the other groups (p < 0.001). For internal fit 
values, a statistically significant difference was observed 
between the CON and DCD groups (p = 0.003). In the 

Table 2  Mean, standard deviation (SD), median, minimum and maximum marginal, axio-marginal, axial, axio-pulpal, and pulpal gap 
values of the groups

CON
Mean ± SD
Median (Min-Max)

DCD
Mean ± SD
Median (Min-Max)

D3D
Mean ± SD
Median (Min-Max)

DC
Mean ± SD
Median (Min-Max)

P

Marginal 133.99 ± 75.94
111 (52–387)b

94.52 ± 19.51
96 (52–166)a

95.64 ± 32.72
91 (43–230)a

98.72 ± 32.08
93 (49–268)a

< 0.001

Axio-Marginal 122.39 ± 50.17
109 (56–349)a

96.69 ± 18.75
95 (52–162)b

110.77 ± 25.62
111 (54–176)a

113.24 ± 29.56
109.5 (51–219)a

< 0.001

Axial 81.7 ± 52.59
70 (28–462)a

84.51 ± 22.07
84 (35–223)b

89.16 ± 30.87
87 (33–194)b

74.27 ± 33.97
67.5 (31–300)a

< 0.001

Axio-Pulpal 234.34 ± 72.25
215.5 (100–454)b

177.69 ± 44.69
172.5 (75–269)a

202.22 ± 43.77
206,5 (86–292)c

168.44 ± 42.67
171.5 (61–291)a

< 0.001

Pulpal 176.95 ± 68.45
166.5 (58–372)a

134.74 ± 45.3
130 (45–265)b

125.69 ± 49.21
122 (42–275)b

174.57 ± 40.34
177 (67–292)a

< 0.001

*Kruskal-Wallis test, a-c: No difference between groups with the same letters

Fig. 8  Median gap values of groups measured from five different areas
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mesio-distal directions, the CON group showed signifi-
cantly higher marginal fit values then the D3D (p = 0.025) 
and DC groups (p = 0.005), while no difference was 
observed between the DCD group (p > 0.05). No signifi-
cant difference was observed for internal fit between the 
groups (p > 0.05).

Discussion
This study was designed to evaluate the marginal and 
internal fit of endocrowns fabricated using different 
impression, pattern production, and fabrication tech-
niques by obtaining silicone replicas. This technique 
is a fast and reliable method for evaluating thin surface 

intervals, easy to apply and evaluate, and cheap. It has 
been preferred in many studies in the literature evaluat-
ing marginal and internal compliance [24–26]. The sili-
cone replica technique, which is noninvasive and ensures 
the restoration is not damaged during measurement, was 
used in this study to measure marginal and internal fits.

Numerous studies indicate that the marginal fit value 
deemed clinically acceptable ranges from 50 to 120 μm, 
while internal fit values typically fall between 200 and 
300 μm [24–31]. The marginal fit values obtained in this 
study were between 91 μm and 111 μm and the internal 
fits were between 112 μm and 122 μm in all groups and 
were found to be within clinically acceptable limits.

The findings of this study led to the rejection of the ini-
tial hypothesis since notable distinctions were observed 
in both marginal and internal adaptation among the 
groups under investigation. A statistically highest mar-
ginal fit value was obtained in full-conventionally fabri-
cated endocrowns. In terms of internal fit a statistically 
difference was obtained between the fabrication meth-
ods. It was noted that internal fit values of heat-pressed 
endocrowns were lower than CAD-CAM endocrowns.

When reviewing existing studies in the literature, it was 
observed that the choice between conventional and digi-
tal impression methods effects the marginal and internal 
fit of restorations [32–34]. Memari et al. [32] concluded 
that restorations made with digital impressions had lower 
marginal fit values compared to those made with con-
ventional impressions, indicating that digital impressions 
yield a higher marginal fit. Falahcha et al. [33] compared 
the marginal fit of endocrowns produced by digital and 
conventional impressions. As a result, they reported 
that endocrows produced by digital scanning and con-
ventional impression techniques have similar marginal 
fit (70  μm, and 74  μm respectively). Abduljawad et al. 
[23] produced endocrowns with conventional impres-
sion/heat-press technique; conventional impression/

Table 3  Mean, standard deviation (SD), median, minimum and 
maximum marginal and internal gap values of each group

Marginal Gap Internal Gap P*
Mean ± SD Median 

(Min-Max)
Mean ± SD Me-

dian 
(Min-
Max)

CON 133.99 ± 75.94 111 (52–387)b 129.06 ± 57.92 120.75 
(36–
422)b

< 0.001

DCD 94.52 ± 19.51 96 (52–166)a 110.09 ± 26.8 112 
(35–
165)a

< 0.001

D3D 95.64 ± 32.72 91 (43–230)a 114.98 ± 32.95 114.88 
(41-
195.5)ab

< 0.001

DC 98.72 ± 32.08 93 (49–268)a 116.04 ± 38.78 122 
(31–
300)ab

< 0.001

P** < 0.001 0.002
*Wilcoxon test, **Kruskal Wallis test, a-b: There is no difference between groups 
with the same letters in columns

Table 4  Mean, standard deviation (SD), median, minimum and 
maximum marginal and internal gap values of each group in 
bucco-lingual direction

Marginal Gap Internal 
Gap

P*

Mean ± SD Median 
(Min-Max)

Mean ± SD Median 
(Min-
Max)

CON 133.83 ± 70.38 113.5 
(52–373)b

130.64 ± 63.63 118.38 
(32–
462)b

< 0.001

DCD 91.91 ± 17.81 94 (52–123)a 106.11 ± 26.81 106 (35-
172.5)a

< 0.001

D3D 92.75 ± 36.78 88.5 
(43–222)a

114.79 ± 32.01 114 (39–
194)ab

< 0.001

DC 99.83 ± 36.08 92.5 
(54–268)a

111.73 ± 34.37 120.75 
(39-
215.25)ab

< 0.001

P** < 0.001 0.006
*Wilcoxon Test, **Kruskal Wallis test, a-b: There is no difference between groups 
with the same letters in columns

Table 5  Mean, standard deviation (SD), median, minimum and 
maximum marginal and internal gap values of each group in 
mesio-distal direction

Marginal Gap Internal Gap p*
Mean ± SD Median 

(Min-Max)
Mean ± SD Median 

(Min-Max)
CON 134.15 ± 81.56 107 

(56–387)b
129.97 ± 50.8 126.63 

(46–296)a
< 0.001

DCD 97.13 ± 20.85 100 
(53–166)ab

115.1 ± 25.48 116.5 
(46–168)a

< 0.001

D3D 98.54 ± 28.02 95 
(57–230)a

116.07 ± 34.14 116.63 
(33-192.75)a

< 0.001

DC 97.61 ± 27.7 93 
(49–217)a

120.6 ± 39.53 125 
(44–249)a

< 0.001

p** 0.004 0.088
*Wilcoxon Test, **Kruskal Wallis Test, a-b: There is no difference between 
groups with the same letters in columns
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model scanning with intraoral scanner/CAD-CAM; 
conventional impression/model scanning with labora-
tory scanner/CAD-CAM; digital scanning/CAD-CAM 
technique to compare the marginal and internal fit. They 
reported that endocrowns produced by digital methods 
(120 ± 27 μm) showed a lower marginal fit than those pro-
duced by conventional methods (150 ± 35 μm) and when 
compared to conventionally fabricated endocrowns, digi-
tally fabricated endocrowns demonstrated superior mar-
ginal and internal adaptation.

Endocrown restorations can be fabricated using the 
heat-press technique or CAD-CAM technology [34, 35]. 
The heat-press technique is based on obtaining restora-
tion patterns, burn-out the patterns and forming ceramic 
ingots under pressure [36]. When using this method, the 
patterns can be prepared manually by waxing, milling 
using CAD-CAM or printing via 3D printers.

El Ghoul et al. [37] compared the marginal and internal 
adaptation of lithium disilicate endocrowns (with a 4 mm 
deep retension cavity) obtained by CAD-CAM and heat-
press techniques. Patterns were milled from a wax disc 
in order to press the lithium disilacate endocrowns. As a 
result of this study, they reported that the marginal and 
internal conformity of both manufacturing techniques 
were within clinically acceptable limits, but the endo-
crowns produced with CAD-CAM system had better 
marginal and internal conformity.

Homsy et al. [38] compared the marginal and internal 
fit of inlay restorations fabricated using conventional 
wax, milled wax or 3D printed patterns. They reported 
that digital scan/CAD-CAM wax patterns showed bet-
ter marginal and internal fit compared to conventional 
impression/fabrication or 3D resin pattern production. 
Fit values were similar for both 3D printed resin patterns 
and conventionally produced wax patterns.

Gudugunta et al. [39] compared the marginal fit of 
onlay restorations produced with the CAD/CAM sys-
tem and the heat-pressure method in their study. As a 
result of this study, they reported that restorations with 
lower marginal gaps were obtained in production with 
the CAD/CAM system compared to the heat-pressure 
method.

Anadioti et al. [40] obtained impressions with conven-
tional and digital methods and produced lithium disili-
cate crowns by heat-pressure technique and CAD/CAM 
milling. They examined the marginal fit of these crowns 
and reported that the crowns produced with conven-
tional impression and heat-pressure technique showed 
lower marginal gap values.

Elsayed et al. [41] investigated the marginal compat-
ibility of pressed and CAD-CAM lithium disilicate glass 
ceramic endocrowns. Restorations were fabricated using 
CAD-CAM wax patterns in the heat-press technique. As 
a result, they reported that heat-press fabrication showed 

lower marginal fits compared to direct CAD-CAM mill-
ing. While full digital fabrication of endocrowns gave 
more compatible marginal fit results compared to con-
ventional heat-press fabrication, no statistical difference 
was observed between DCD and DC in terms of marginal 
fit in our study.

In current study, the marginal fit value of endocrowns 
produced with 3D printed resin patterns (91  μm) was 
lower than those produced with conventional technique 
(111 μm), and the internal fits were found to be lower in 
endocrowns fabricated with 3D printed resin patterns 
(114.88 μm) compared to those with conventional tech-
nique (120.75 μm). In the literature there are contricting 
results with the present study [25, 42]. Eftekhar Ashtiani 
et al. [26] evaluated the marginal adaptation of heat-
pressed onlay restorations manufactured by conventional 
impression/fabrication, conventional impression/3D 
printed resin pattern, and digital impression/3D printed 
resin pattern. The results showed that in terms of mar-
ginal fit, the onlays produced by the conventional method 
showed a lower marginal fit value compared to the 3D 
printer. Jamshidi et al. [42] compared the marginal adap-
tation of endocrowns produced by 3D printer and con-
ventional wax technique. As a result of their study, it is 
reported that 3D printed endocrowns showed lower mar-
ginal conformity compared to the conventional method. 
It is thought that the reason for the better marginal fit 
of the 3D printed endocrowns compared to the con-
ventional technique may be the incorrect positioning of 
the marginal line in the conventional technique, manual 
waxing, and possible errors in the die spacer placement 
and casting process may have affected the marginal fit.

In this study, the internal fit of endocrowns obtained 
by milling CAD-CAM wax (112 μm) was lower than that 
of conventional endocrowns (120.75  μm). Mansour et 
al. [43] investigated the effect of CAD-CAM wax mill-
ing and conventional wax technique on the internal fit of 
metal frameworks. As a result of this study, it is reported 
that a lower marginal fit with the conventional technique 
was obtained (103.89  μm) compared to the CAD-CAM 
wax disc milling method (104.10 μm), but there was no 
statistical difference between the two techniques and reli-
able results could be obtained with both techniques. The 
reasons for these differences may be due to the different 
types of restorations obtained, the digital scanner used 
and the software design. In order to minimise technician 
error in manual waxing, wax patterns can be obtained 
from wax discs by CAD-CAM. The CAD-CAM wax 
modelling procedure aims to prevent errors in the cast-
ing process by reducing the production steps.

The highest internal fit values were seen in the axio-
pulpal region of full conventionally fabricated endo-
crowns. The lowest internal fit values were obtained at 
the axial walls of full digitally fabricated endocrowns. 
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In the conventional method, the impression stages are 
important factors affecting the accuracy of the cast, 
increasing the possibility of error [44, 45]. With the digi-
tal impression method, the data required to produce 
the restoration can be transferred directly to the CAD-
CAM device. Direct transfer of the data obtained during 
impression-taking and modelling reduces the number of 
steps in the process and provides more accurate results 
[46]. A study also showed that endocrowns with higher 
internal fit have higher fracture resistance [47].

The limitations of this study are that it is an in vitro 
study, the in vivo simulation conditions such as pH 
changes, saliva and bacterial presence do not reflect the 
intraoral environment and the restorations could not be 
aged. Further studies of endocrowns fabricated by differ-
ent techniques are needed to support the results of this 
study.

Conclusions
Based on the constraints of the research, it was deter-
mined that:

(1)	 All of the endocrown production techniques used in 
the study showed clinically acceptable marginal and 
internal adaptation.

(2)	 Increased marginal compliance can be achieved by 
using 3D printing technology in the production of 
endocrown patterns.

(3)	 Endocrowns produced with the digital technique 
can achieve higher marginal and internal adaptation 
compared to the conventional technique.
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