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Abstract: The aim of the study is to evaluate and compare the marginal fit and internal
Received: 15 June 2024 adaptation of endocrowns with various preparation depths 3 mm, 5 mm, and 7 mm
fabricated using conventional and optical impression. 3 mandibular molar root canal
ACCEpted: 25 ‘]UIy 2024 models were taken and endodontically treated. Each of them was prepared with different
Published: 15 AUg 2024 intracoronal depths 3 mm, 5 mm, and 7 mm to receive endocrowns. Conventional putty
wash impression was taken for each tooth and die was poured. They were subjected to
doi:10.48047/AFJBS.6.14.2024.6511-6518 intra oral scanning and virtual models were produced. The crowns were designed in
Dental CAD software and milled using zirconia blanks with a cement space of 70 um. Fit
checker was placed between the milled crowns and their corresponding models. Silicone
replica technique was used to visualize the fit checker. The sections were scanned and
widths of each wall were measured using a digital microscope. Within the limitations of
the study we may conclude that in the presence of a standardized digital intraoral scanner
a digital impression that is more accurate than a conventional wash impression can be
made up to an intracoronal depth of 7 mm. Intracoronal preparation depth do not seem
to affect the marginal fit or internal adaptation of an endocrown whether the impressions

are made digitally or using traditional silicone wash impression method.
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1. Introduction
There are many longitudinal studies stating a high incidence in the need for root canal treatment in the posterior teeth
[13-80%]. [1-3] After an endodontic treatment of a severely destroyed tooth, they were traditionally restored by post
and core. They adequately stabilised the weak tooth but at the risk of root fracture. An alternative method to effectively
restore severely damaged endodontically treated teeth with good resistance to fracture and lack of micro leakage was
needed. With the advent of adhesive dentistry endocrowns were first proposed by Pissus in the year 1995.[4]They
attained popularity after its detailed description by Bindle and Mormann in 1999.[5]

Endocrowns nicknamed as monoblock restorations are a single unit of both core and crown that anchors into the pulp
chamber or even the root canal.[5] Endocrowns follow the principle of minimally invasive preparation with both micro
and macro mechanical retention. The macro mechanical retention is obtained from the extension of crown into the axial
opposing walls of the pulp.The micromechanical and chemical retention is attained from the adhesive cementation. [6,7]
Deeper the pulp cavity and deeper the intracoronal extension, the greater is the surface area for adhesion and
transmission of masticatory forces. [8]

Endocrowns are ideal restorative option for endodontically treated short clinical crowns, severely destroyed teeth with
two or three walls, increased interocclusal space needing at least 5 mm of occlusal crown thickness, teeth not suitable
for post placement [anatomical variations like curved canals, calcified canals etc.]. [9-11] Compared to posts,
reinterventions are easier and also shown to allow lesser microbial infiltration owing to its design. [5] Endocrowns are
also better options aesthetically as it is made of high strength ceramics. As most are CAD-CAM processed there is lesser
chance of error and are superior in strength too. [12]

Marginal fit and internal adaptation are two most important features of an indirect restoration, as a lack of intimate
adaptation can lead to erosion of underlying cement due to exposure to oral environment leading to caries and also
periodontal problems. [8] For resin cement, a space of about 50-100 microns is considered optimum. A well fitted crown
obviously withstands at least twice the load that one with greater cement space. May et al found that when the film
thickness increases to 450 microns there is significant loss of fracture resistance due to polymerisation shrinkage. [12,13]
Discrepancies in marginal fit can also affect bonding and aesthetics. Internal discrepancies can also lead to crack
initiation and propagation. [8] The mechanism behind being an increased interfacial space may create polymerization
shrinkage of resin cement and interfacial stresses resulting in decreased strength

Optical impressions are strong alternatives to the conventional wash impressions. Published data revealed the trueness
of a single tooth digital impression valued between 6.9 — 27.9 microns and precision value 4.6 - 13.3 microns. [14] Even
though a number of dentists have started to use optical scanners to make impressions, the majority of them still use
conventional impressions. This is because of lack of clinical research suggesting optical impressions as better alternative
to conventional impressions. Especially in cases like restoring an endodontically treated tooth, the impression has to be
dimensionally accurate and should record minute details.

There is little evidence to suggest if optical impressions can effectively reproduce deep cavities such as those extending
into the pulp chamber or even the radicular space. There is limited data as to whether the internal extension of the
endocrown affects its marginal fit and internal adaptation. Also further research is needed to see if this adaptation is

better with conventional impressions or with optical impressions.

2. Materials and Methods
The proposal of the study was approved by the institutional ethical board. The sample size calculation and power
analysis was done using G*power software [ver 3.1.9; Heinrich-Heine-Universitét]. A total sample size of 30 crowns

with 5 crowns under each group fulfilled a power of 80%.
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3 root canal preparation mandibular tooth models were taken. Each tooth was restored with endocrown of different
internal depths 3mm, 5mm and 7 mm respectively. The impressions and the corresponding crowns were categorised as
6 groups - C3, C5, C7, O3, O5, O7 where C refers to conventional impression and O, optical impression and 3, 5 and 7
being the intra coronal depths. Each group contains 5 samples. The teeth were root canal treated using lateral
compaction method and the gutta percha removed from the pulp chamber.

Tooth preparation

5 mm occlusal reduction was done to accommodate an adequate thickness of endocrown using course grit wheel shaped
diamond. The depth orientation grooves were made and the diamond was directed along the long axis of the tooth
parallel to the occlusal plane. [11] This ensures a flat surface determining the position of the cervical sidewalk. This
cervical sidewalk should be supragingival [Fig 1]. [9-15] Also enamel wall thickness only less than 2 mm should be
removed. A fine particle sized diamond was then used around the entire surface to remove micro irregularities and
produce a flat polished surface. [9,16]The axial reduction involved eliminating undercuts in the access cavity.
Cylindrical conical green diamond bur within occlusal convergence of 7 degrees was used to make the coronal pulp
chamber endodontic access cavity continuous. [9] With the bur oriented along the long axis of the tooth the preparation
was carried out without any excessive pressure and without touching the pulpal floor. [ 15]

A cavity depth of 3 mm for C3 and O3, 5mm for C5 and O5, 7mm for C7 and O7 done with a cylindrical pivot of 5mm.
A ferrule of 1 mm thickness was made using end cutting diamond [Fig 1].

Other attributes of the preparation include a maximum of 7 degree convergence of external walls, supragingival butt
joint shoulder finish line of 1-1.2 mm thickness [not more, to preserve enamel for adhesion] and the pulpal floor
perpendicular to the axial walls. Bindle advised a total of at least 5mm occlusal diameter and a stump height of at least
3 mm. The preparation followed the same. The occlusal reduction was such that the occlusal porcelain was atleast 5Smm
thick. [9,16] The models were then mounted on acrylic resin.

Crown fabrication

Conventional single step wash impression was taken using addition silicone [putty and light body consistency [Aquasil;
Dentsply] for C3, C5 and C7 [Fig 2]. Type IV Die stone [Pearlstone;Asian chemicals] was used to pour cast.

Digital impression was acquired using intraoral scanner [Primescan; Dentsply Sirona] for O3, O5 and O7 [Fig 3]. The
crown was digitally designed in a dental digital software [Dental CAD 3.0 Galway; Exocad] [Fig 4].Crowns were milled
from 98*14 ST White zirconia blanks [Zahndent; Zhejiang biotechnology Co ltd] using CADCAM milling machine [MC
X5; Dentsply Sirona] and grouped accordingly.

Fit checker

Silicone replica technique proposed by Bachmann in 1992 was used for the study.’” White PVS material [Fit checker II;
GC] was placed between the crowns and model or die and allowed to set under a hydraulic pressure [Fig 5]. Acrylic
colours were added to the fit checker for distinguishing easily. The crown was then removed without distorting the fit
checker and a layer of addition silicone - light body consistency was injected. The silicone was then removed along with
the fit checker. The die surface of the fit checker was then covered with hard wax [modelling wax; Cavex set up hard;
Cavex]. This formed a sandwich with fit checker in the middle covered by light body and wax in the top and the bottom.
These were then cross-sectioned in the middle to reveal the buccal, occlusal, pulpal and lingual sides of the fit checker.
Measurements

Scanning was done using handheld Celestron digital microscope pro, Model: 44308-DS 5MP and the images were
captured. The measurements were done using Dewinter material plus 4.5 calibrated by Erma scale with a least count
value of 0.01 microns. The thickness of the fit checker was analysed at the buccal margin, the buccal external wall, the

occlusal portion, buccal internal wall, the pulpal floor, lingual internal wall, lingual external wall and the lingual margin

[Fig 6].
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Statistics

Statistics was done using SPSS Statistics [IBM Corp. Released 2020. IBM SPSS Statistics for Windows,
Version 27.0. Azrmonk, NY: IBM Cozxp]. The comparison between conventional impression and digital
impression for different preparation depths was done using one-way ANOVA. The comparison between different
preparation depths for digital and conventional impression was done using one-way ANOVA and verified with Tukey
HSD post hoc test.

3. Results

4. Discussion

In our current study tooth models were used instead of natural teeth for the purpose of
standardisation. Eventhough the properties of the models are not similar to natural teeth
theyensure a lesser margin of error during preparation and digital scanning. Ferrule
wasincorporated in the tooth preparation as it was stated to be a promising rehabilitative
technique for severely damaged teeth by Einhorn et al. [17] Also zirconia was used as the
material for fabrication of the endocrowns. Several comparative studies have proven that
zirconia can be a reliable restorative material for endodontically treated teeth owing to their
fracture strength, dimensional change, aesthetics and adaptation to the teeth. [18,19] The
silicone replica technique was chosen for marginal fit and internal adaptation assessment as it
can be performed intraorally, it is non radiological, economical and highly reliable compared
to other methods such as cross sectional methods, triple scan technique, micro computed
tomography, optical coherence tomography.[20] The study was done using high quality digital
intraoral scanner, digital design software and milling machine to eliminate manual errors.

A detailed descriptive statistics was done to understand the variations of cement space for each
wall in all the groups taken into consideration.The greatest space was present pulpal floor area
and occlusal area. In C3 the greatest space was 518 microns between pulpal floor and crown,
364 microns between pulpal floor and crown in O3, 674 microns between occlusal surface and
crown in C5, 499 microns between pulpal floor and crown in 05,368 microns between buccal
margin and crown in C7 and 566 microns between occlusal wall and crown in O7. It can be
noted that the external wall gapsare lesser than the marginal gaps in both conventional and
digital techniques. On observations of the results it is found that the lingual marginal gaps are
lesser than the buccal marginal gaps in both dies and models. In digital impression technique
the buccal internal and external wall gaps seem to increase from 3mm preparation design to 7
mm preparation design. But in traditional impression technique the 7mm preparation design
has lesser gaps in the buccal areas. The lingual external and internal wall gap values ascend
from 3mm to 7mm preparation depths in both conventional and optical techniques. These
differences may be due to the overshoot and rounded edges phenomenathat occur during
scanning of angled areas especially with a greater depth, such as in axio occlusal line angles or
internal angles connecting the pulpal floor in a tooth could contribute to the internal adaptation
discrepancy.?2 This discrepancy could affect the crown seating and thus cause marginal gaps.
Pinto et al also found a significant 19.6% discrepancy in digital impression for a post space

when compared to a conventional impression. [20]
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An average cement space of 241 microns was found to be present between the crowns and dieon
observing all three groups 3mm, 5mm and 7 mm. It was found to be 222 microns in case of
space between crowns and digital models similarly. Among comparison of the cement spaces
for each preparation depth 3 mm group seems to have better adaptability eventhough not
statistically significant.A greater thickness of fit checkerwas more often found between the
pulpal floor and the crown followed by occlusal wall and buccal margin. In our study an
average gap thickness of 326 microns in the margins, 120 microns in the external walls, 346
microns in the occlusal area, 322 microns in the pulpal floor and 197 microns in the internal
axial walls was found. El Ghoul et al discovered an average cement space of 114 microns in the
marginal region, 60 microns in the axial areas, 179 microns in pulpal floor and 110 microns in
the internal walls while comparing internal adaptation of CADCAM endocrowns fabricated
with different materials. [20]

The inferential statistics involved a series of steps to avoid any inaccuracy in the variables
analysed. The homogeneity of variances was checked using Leven’s test to ensure that the
variables are equally distributed and the ratio statistics was also done. The final inference using
one way ANOVA indicated that the models made from digital or optical impressions are as
accurate as the conventional impression irrespective of the intracoronal preparation
depths.Hence digital impressions can be used for teeth receiving endocrowns upto a pulpal
depth of 7mm.

Ideally the marginal and internal gaps must be less than 100 microns, however in our study the
resulting cement space was more than the standard parameter. This could be related to the
quality of acquisition and processing of data in the digital workflow and the limited ability of
milling instruments to reproduce finer details. [21,22] For conventional impression stock tray
full arch impressions were not used and rather a single step wash impression for single crown
was taken. This may have led to uneven pressure. Also there is a possibility of anisotropic
shrinkage of zirconia after the sintering procedure. [23] Also the errors may be attributed to the
dimensional changes of the impression material and the die. [24] Several invitro analyses have
also compared the digital impression and conventional impression for the fabrication of all
ceramic crowns and found that the crowns from intraoral scans have better marginal fit and
internal adaptation than from silicone impressions.[25,26] It has been reported that digitally
designed crowns were better fitted that those with conventional impressions for fabrication of
and zirconia copings and cobalt chromium single crowns too. [27,28] However in 2021 a study
on different methods of fabrication of monolithic zirconia endocrowns found no significant
difference between digital and conventional impression techniques. [29]

The one way ANOVA followed by post hoc test suggests that there is no statistically significant
difference between the different intracoronal preparation depths. Darwish in 2017 in a study to
compare the fabrication materials, axial divergence and preparation depths of endocrowns
found that there was no significant difference on evaluation of two depths namely 3mm and
5mm. [26] But in 2022 the effect of intracoronal depths 2, 3.5 and 5 mm on the scanning accuracy
of industrial scanner and intraoral scanners was assessed and it was concluded that deeper the
cavity lesser the accuracy of scanned impression. [23] This statement was also in accordance
with Gaintanzoupolou et al and Shin et al who evaluated the marginal fit and internal

adaptation of intracoronal preparation depths 2mm, 3mm and 4 mm. [8,30] A study on
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appraising the marginal fit and internal adaptation of endocrown with no intraradicular
extension and with 3 mm extension also found lesser accuracy of fit for the intraradicular
extension group. [31] The quality of the scanner and the technique used for fit checking could
have played a role in the results of the studies.

Limitations of the study would include a lack of intraoral environment where scanning and
impression making could be less precise due to the presence of limited space, saliva and
anatomical variations present in the tooth. Also cementation of the crown with a luting agent
was not attempted. Distortion of fit checker on separation of crown from tooth is also a notable

disadvantage.

5. Conclusions
The marginal fit and internal adaptation of endocrowns made from digital impression is
statistically insignificant when compared to endocrowns made from conventional putty wash
impression. Within the limitations of the study we may conclude that either a conventional
wash impression or in the presence of a standardised digital intraoral scanner, a digital
impression can be made up to an intracoronal depth of 7 mm. As for the different intracoronal
preparation depths 3mm, 5mm and 7 mm there were no significant difference in marginal fit
and internal adaptation for both digital and conventional impressions. Thusintracoronal
preparation depth do not seem to affect the marginal fit or internal adaptation of an endocrown
whether the impressions are made digitally or using traditional silicone wash impression
method. Further investigations is needed on the type of scanners that can maintain the accuracy

and if a deeper preparation can be captured digitally.
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