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Abstract
Objectives: This study aimed to assess the effects of applying dentine sealing material 
after abutment scanning on the marginal and internal gaps of zirconia crowns and the 
thickness of different adhesive systems.

Methods: Forty extracted human molars were milled into uniform abutments and  
randomly chosen for scanning and fabricating a zirconia crown using CAD/CAM. 
Specimens were divided into four groups according to the dentine sealing technique: the 
control (C), total-etch (TE), self-etch (SE), and universal (U) adhesive groups. A silicone 
replica was made and longitudinally sectioned with the abutment for measuring adhesive 
thickness and gaps at different points (EF: external finish line, IF: internal finish line, AW: 
axial wall, CT: cusp tip, OI: occlusal incline plane, and CO: center of occlusal surface) 
under a stereomicroscope. Data were analyzed using a two-way ANOVA and multiple 
comparisons test.

Results: Regarding adhesive thickness, adhesive types and measuring points showed  
significant interaction. The TE group had a significantly higher adhesive thickness, espe-
cially in concave areas (IF and CO). The TE group also showed significantly wider gaps 
at the CT, OI, and CO and a significantly narrower gap at the EF, IF, and AW. The AW 
had the narrowest internal gap in all groups. The marginal gap increased in all experiment 
groups compared with the control but remained clinically acceptable (<120 µm).

Conclusions: The marginal gap increased significantly when the adhesive was applied 
after the final impression. High-viscosity adhesive produced a thicker adhesive layer, 
especially at the IF, causing marginal and internal gap increases.
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Introduction
	 Postoperative sensitivity after final cementation is 
one of the most common complications of full coverage 
fixed restorations.(1) As a large area of dentine is exposed 
during the tooth preparation process, failure to cover it 
or a gap present under the crown after cementation may 
cause this problem. In 1992, Pashley et al.,(2) introduced 
a technique involving bonding agent application after 
tooth preparation to establish a fully cured hybrid layer 
for sealing dentinal tubules to reduce post-operative sen-
sitivity and increase bond strength of restoration, known 
as the immediate dentine sealing (IDS) technique.(2,3) This 
technique also has a positive impact on the longevity and 
retention of the fixed restoration.(3-5) Dentine bonding 
agents enhance bond strength at the dentine–resin inter-
face(4), thereby improving adhesion to resin cement(3-5), 
which is commonly used for cementing zirconia crowns 
due to its ability to provide both micromechanical reten-
tion and chemical bonding when used with appropriate 
surface treatments and primers.(6) Furthermore, IDS also 
offers advantages for patient satisfaction by decreasing 
post-operative sensitivity during the provisional period 
and reducing the need for anesthesia during permanent 
cementation in the final visit.(7,8)

	 The ideal time to seal dentine is immediately after 
tooth preparation; however, this approach is not widely 
employed in routine procedures, as the abutment for a 
crown typically already provides sufficient resistance and 
retention form, thus leading to tooth sensitivity during 
provisionalization or after permanent cementation.(9)  
Dentine sealing after impression-taking is sometimes 
delayed since sensitivity occurs in later visits.(3) Further-
more, dentine sealing causes a fully cured adhesive layer 
to form a complete hybrid layer, preventing enormous 
pressure from being exerted on the dental pulp during 
final cementation.(10,11) 
	 Various dentine bonding systems available in the 
market can be used to seal dentine.(12) They vary in 
the composition of the adhesive material, application  
procedures, and indications for use.(12) Many studies  
recommended three-step total-etch and two-step self-etch 
for dentine sealing due to their clinical effectiveness in 
achieving high bond strength.(13) Moreover, universal  
adhesives, a recent development, have versatile multi-
modal and multipurpose uses in clinical practice. Re-
cent studies suggested that using universal adhesives as 

dentine sealing materials improved bond strength and  
reduced dentine permeability.(14,15) Some adhesive systems  
produce a relatively thicker adhesive layer than others 
(approximately 60-80 µm on smooth and convex surfaces 
and 200-300 µm on concave surfaces).(4,16) 
	 In the fabrication of indirect restorations, space for 
the cement layer is intentionally prepared.(17) For zirconia 
crowns fabricated using CAD/CAM technology, cement 
space can be set in the software(18) based on the model  
obtained from the impression. When adhesive applied 
after taking the final impression, various dental adhe-
sive systems may yield different thicknesses of adhesive  
layers, potentially interfering with the seating of the resto-
ration and resulting in an unacceptable marginal gap.(19,20) 
	 The recommended clinically acceptable marginal  
gap for long-term success is less than 120 µm.(21-23)  
Excessive marginal discrepancy causes the exposure of 
luting cement to the oral environment, leading to cement 
dissolution, roughness, microleakage, secondary caries, 
pulpal lesions, and periodontal problems.(24) 
	 Nevertheless, if dentine sealing material must be 
applied after taking the final impression, the marginal 
gap should remain within the clinically acceptable range. 
Therefore, this study aimed to investigate the effect of 
applying dentine sealing material after taking the final 
impression on the marginal and internal gaps of zirconia 
crowns and the thickness of three dental adhesives in vitro.

Materials and Methods
	 Specimen preparation
	 The use of human tissue was approved by the Human 
Experimentation Committee (No. 1/2024), Faculty of 
Dentistry, Chiang Mai University. Forty human caries- 
and restoration-free molars were extracted and stored in a 
1% chloramine T trihydrate solution for a week and then 
placed in grade 3 distilled water until use. 
	 The cusps on the occlusal surface of the tooth  
samples were flattened using a carborundum disc on the 
trimmer until no grooves were visible. The tooth was then 
embedded in the center of a silicone mold with the occlu-
sal surface placed downward, as the designed abutment 
was located at the center of the block. The silicone mold 
was fabricated from a high-viscosity polyvinyl siloxane 
(PVS) impression material (Express XT Putty Body; 3M 
ESPE, Neuss, Germany) using the Celtra Duo ZLS block 
(Dentsply Sirona, Hanau-Wolfgang, Germany) as the 
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template. The dimension of the block was 18x14x12 mm.  
A mixture of low-viscosity epoxy resin (Chem Builder 
Co. Ltd., Chonburi, Thailand) was poured into the silicone 
mold to embed the tooth sample. The epoxy resin was left 
to set for 24 hours. The shaft of a used Celtra Duo ZLS 
block was attached to the base of the epoxy resin block 
using epoxy glue (Quick Epoxy Steel; Alteco Chemical 
Pte. Ltd., Tuas Avenue, Singapore) (Figure 1).
	 The tooth specimen was prepared for abutment of the 
zirconia crown using a dental milling machine (CEREC 
Primemill MCXL; Dentsply Sirona, Bensheim, Germany).  
The 3D abutment design created in 3D design software 
(SolidWorks 2023 SP3.0; Dassault Systèmes SolidWorks 
Corp., Waltham, MA, USA) on the computer was modi- 
fied from the work of Fernández-Estevan et al.(25) The 
abutment preparation design comprised a rounded rectan-
gular shape with a height of 4 mm, a convergence angle of 
6°, and a shoulder with a rounded internal line angle finish 
line with a depth of 1 mm (Figure 2). The dimensions of 
the abutment were designed according to the tooth prepa-
ration guidelines recommended by Goodacre et al.,(26) to 
ensure proper resistance and retention form. The specimen 
blocks were milled using a step bur 12S (Dentsply Sirona,  
Bensheim, Germany) and 12S cylinder-pointed bur 
(Dentsply Sirona, Bensheim, Germany). Prior to milling, 
the machine detected and calibrated the block position. If 
the block dimensions were accurate, the software initiated 
the milling process, producing preparations with consis-
tent positioning across specimens. To reduce errors in the 
size of the abutment preparation, the burs were replaced 
after milling 10 specimens (90% usage as displayed in the 
milling software). Only intact specimens were included 
in the study. Any samples exhibiting pulp exposure due 
to anatomical variations were excluded.
	 One abutment was randomly selected to represent 
all prepared abutments for digital impression-taking  
using an intraoral scanner (CEREC Primescan; Dentsp-
ly Sirona, Bensheim, Germany). A zirconia crown was  
designed in computer-aided design/computer-aided manu-
facturing (CAD/CAM) software with parameters set for a  
cement space of 80 µm and a crown thickness of 1 mm at 
the margin and 2 mm at the axial and occlusal surfaces. 
The zirconia crown was milled from a Cercon® ht disc 
(Dentsply Sirona, Hanau-Wolfgang, Germany) using a 
dental milling machine (CEREC InLab MC X5; Dentsply 
Sirona, Bensheim, Germany), then sintered and glazed 

according to the manufacturer’s guidelines (Figure 3).
 

Figure 1: Embedding the tooth in epoxy resin procedure (A) The 
occlusal surface of the tooth was flattened; (B) A silicone mold 
was fabricated using putty PVS. The flattened tooth was positioned 
at the center of the mold base, since the designed abutment was  
centrally located, and epoxy resin was then poured into the mold; 
(C) The epoxy resin was left to set for 24 hours, then removed it 
from the mold; (D) The epoxy block was attached to the shaft of a 
used ceramic block.

Figure 2: The abutment was designed on a computer using Solid-
Works software. (A) Dimensions of the abutment in the proximal 
view; (B) Dimensions of the abutment in the occlusal view; (C) A 
3D design of the abutment was created; (D) The abutment was milled 
from a 3D design using a milling machine.

Figure 3: Specimen preparation procedure. (A) The occlusal sur-
face of the tooth was flattened and embedded in epoxy resin, then 
attached to the shaft; (B) The machine calibrated the block position 
before milling, and the tooth block was milled into an abutment for 
a zirconia crown; (C) The abutment was scanned and designed for a 
zirconia crown; (D) The crown was fabricated by a milling machine.

	 Dentine sealing procedure
	 Forty abutments were randomly and equally allocated  
into four groups as follows:
	 •	 Group 1: No dentine sealing (Control; C) No 
dentine sealing material was applied on the prepared abut-
ment surface.
	 •	 Group 2: Total-etch adhesive (TE) The prepared 
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surface was etched with 37.5% phosphoric acid for 15 
seconds followed by rinsing with water for 20 seconds and 
gentle air-drying for 5 seconds. The primer (OptiBond FL 
Prime; Kerr Corporation, Orange, CA, USA) was applied 
with a light rubbing action for 15 seconds and dried with 
mild airflow for 5 seconds. The dental adhesive (OptiBond 
FL Adhesive; Kerr Corporation, Orange, CA, USA) was 
applied on the primed surface, avoiding the external finish 
line, followed by gentle air-blowing for 5 seconds, and 
then polymerized with a curing light for 20 seconds on 
each surface. 
	 •	 Group 3: Self-etch adhesive (SE) The Primer 
(Clearfil™ SE Bond, Primer; Kuraray Noritake Dental  
Inc., Okayama, Japan) was applied on the prepared  
surface with a rubbing action for 20 seconds and dried 
with mild airflow, followed by dental adhesive application 
(Clearfil™ SE Bond, Bond; Kuraray Noritake Dental Inc., 
Okayama, Japan), avoiding the external finish line, gentle 
air-blowing for 5 seconds, and then polymerized with a 
curing light for 20 seconds on each surface.
	 •	 Group 4: Universal adhesive (U) The adhe-
sive (3M™ Single Bond Universal adhesive; 3M ESPE,  
Neuss, Germany) was applied on the prepared surface 
with a rubbing action for 20 seconds, avoiding the external 
finish line, followed by gentle air-blowing for 5 seconds, 
and then polymerizied with a curing light for 20 seconds 
on each surface.
	 For Groups 2, 3, and 4, the air-blocking technique 
was performed after curing the adhesives by applying 
glycerin jelly (K-Y Lubricating Jelly Sterile; Doppel 
Farmaceutici SRL, Cortemaggiore, Italy) over the total 
preparation surface and light-curing for an additional 10 
seconds to prevent oxygen-inhibited layer (OIL) forma-
tion, then rinsing and air-blowing with a triple syringe.
	 Adhesive thickness and marginal and internal gaps 
measurement
	 To measure the marginal and internal gaps for  
cement, the silicone replica was filled in this space and 
seated on the abutment. The thickness of the silicone 
replica represented the space for cement. To produce the 
replica, low-viscosity PVS (Express XT Light Body; 3M 
ESPE, Neuss, Germany) base and catalyst were mixed in 
a 1:1 ratio, filled into the zirconia crown, and seated onto 
the abutment under a 50 N load with a universal testing 
machine (Instron Corp., Canton, MA, USA) for 5 minutes. 
After the material was completely set, the crown was  

removed from the abutment, with the replica still attached 
to it. The high-viscosity PVS (Express XT Putty Body; 
3M ESPE, Neuss, Germany) was mixed and loaded into 
an acrylic mold, and then applied on the abutment speci-
men to stabilize the thin film of the silicone replica. The 
abutment with the silicone replica was cut longitudinally 
in the buccolingual direction through the middle of the 
block using a low-speed cutting machine (Isomet®1000; 
Buehler, Lake Bluff, IL, USA). One half of the section 
was randomly selected to measure the thickness of the 
adhesive and silicone replica under a stereomicroscope 
equipped with a digital camera at 56X magnification 
(SZX7 & SZ-ILST LED illuminator stand & E-330 & 
Olympus, Tokyo, Japan); (Figure 4).
	 Seven digital images were captured from different  
areas of the abutment of each specimen for measuring 
the adhesive thickness (clear to dark brown color in  
micrographs) and gaps, including the marginal and inter-
nal gaps (purple color). Eleven points were selected for 
measurement: two points at the external finish line (EF), 
two points at the internal finish line (IF), two points at the 
center of the axial wall (AW), two points at the cusp tip 
(CT), two points at the occlusal incline plane (OI), and 
one point at the center of occlusal surface (CO); (Figure 
5). Two values from the EF, IF, AW, CT, and OI of each 
specimen were averaged to represent the value for that 
point. ImageJ software (version 1.54 g, National Institutes 
of Health, Bethesda, MD, USA) was used to measure 
the adhesive thickness and gaps compared to a standard 
calibration slide. All measurements were performed by a 
single operator.
	 The data of adhesive thickness and gaps on the abut-
ment from six measuring points and three adhesive types 
were statistically compared using a two-way ANOVA 
and Tukey’s HSD multiple comparisons test with SPSS 
for MacOS, version 29 (SPSS Inc., Chicago, IL, USA). A 
p-value less than 0.05 was considered significant.

Results
	 Adhesive thickness
	 In general, the adhesive tended to accumulate in  
concave areas such as the internal finish line (IF) and 
the center of occlusal surface (CO), causing these two 
points to have a significantly greater thickness than the flat  
surfaces of AW, CT, and OI; (Figure 6). No adhesive thick-
ness was found at the external finish line (EF) because no 
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and U groups showed thicker adhesive than the AW, CT, 
and OI points.

Figure 4: Adhesive thickness and gap measurement. (A) A silicone 
replica was made by loading light-body PVS into the crown; (B) The 
crown was seated under a 50 N load; (C) The crown was removed; 
(D) The putty PVS in an acrylic tray was placed to stabilize the 
silicone replica; (E) The specimen was sectioned in the buccolin-
gual direction to measure the adhesive thickness and gaps under a 
stereomicroscope.

Figure 5: (A) Eleven measurement positions from seven images 
(rectangular frames) taken under a stereomicroscope (56X); external 
finish line: EF, internal finish line: IF, center of axial wall: AW, cusp 
tip: CT, occlusal incline plane: OI, and center of occlusal surface: CO; 
(B and C) Measurement of adhesive thickness and gaps, including 
the marginal and internal gaps.

adhesive was applied. Among the three adhesive systems, 
the TE group showed significantly greater adhesive thick-
ness than the SE and U groups for all measurement points. 
However, there was no significant difference in adhesive 
thickness between the SE and U groups. The details of the 
thicknesses of the three adhesive systems at six measuring 
points are presented in Table 1. The statistical analysis 
suggested a significant interaction of adhesive types (TE, 
SE, and U) and measuring points (EF, IF, AW, CT, OI, and 
CO) regarding adhesive thickness (p<0.001). 
	 The thickest adhesive was found at the internal finish 
line (IF) of the TE group, while the thinnest was present at 
the cusp tip (CT) of the U group. The second thickest point 
of the TE group was at the center of occlusal surface (CO), 
while the remaining points, including AW, CT, and OI, 
showed thinner adhesive with no significant differences 
among them. Similarly, the CO and IF points of the SE 

Figure 6: Examples of stereomicroscope micrographs (magnification 
56x) of adhesive thicknesses (solid lines) and gaps (dashed lines) 
measured in each position of the C group (A, E, I, M, Q, and U), TE 
group (B, F, J, N, R, and V), SE group (C, G, K, O, S, and W) and 
U group (D, H, L, P, T, and X).
Abbreviations: PS: putty PVS, LS: light-body PVS, B: bonding, T: 
tooth, EF: external finish line, IF: internal finish line, AW: center 
of axial wall, CT: cusp tip, OI: occlusal incline plane, CO: center 
of occlusal surface.

	 Marginal gap and internal gap
	 The marginal gap at the external finish line (EF) 
of the TE group was significantly wider than that of the 
SE and U groups, followed by the control group, with 
no significant difference between the SE and U groups. 
At the IF and AW points, the gaps of the TE group were 
significantly thinner than those of the SE and U groups, 
and the control group yielded the widest gaps, with no 
significant difference between the SE and U groups. At 
the cusp tip (CT) and the occlusal incline plane (OI), the 
TE group showed significantly larger gaps than the other 
groups, while no significant difference at the center of 
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Table 1: Mean adhesive thickness and standard deviations (µm) of the experimental groups at different points.

Points
Mean ± standard deviation of adhesive thickness (µm)

Total-etch (TE) Self-etch (SE) Universal (U)
IF 105.26±14.26b,C 39.54±9.06a,B 37.41±7.65a,B

AW 29.62±3.27b,A 22.22±3.08a,A 20.24±3.87a,A

CT 20.90±3.37b,A 17.98±1.87a,A 17.46±2.23a,A

OI 23.76±2.33b,A 19.42±2.74a,A 17.75±3.35a,A

CO 77.09±13.43b,B 42.32±10.65a,B 35.25±11.39a,B

a,b,cWithin a row, different superscript letters indicate statistically significant differences among the points (p<0.05) based on Tukey’s HSD.
A,B,C,DWithin a column, different superscript letters indicate statistically significant differences among the groups (p<0.05) based on Tukey’s 
HSD.

occlusal surface (CO) for all groups.
	 The two-way ANOVA showed a significant interac-
tion between adhesive types (C, TE, SE, and U groups) 
and measuring points (EF, IF, AW, CT, OI, and CO points) 
regarding the gaps (p<0.001). The mean and standard 
deviation of the gaps are shown in Table 2. The multiple 
comparisons test suggested that the application of dentine 
sealing materials in this experiment significantly increased 
the gaps at some points compared to the control. For the 
control, the gaps were thinnest at the external finish line 
(EF) and widest at the center of occlusal surface (CO). 
The results of the SE and U groups were quite similar to 
those of the control group, while the TE group at the EF, 
IF, and AW points had significantly narrower gaps than at 
the CT, OI, and CO points. 

Discussion
	 This study found that applying dentine adhesives 
after impression-taking significantly increased the mar-
ginal gap at the EF point, particularly in the total-etch 
(TE) group. While the maximum marginal gap exceeded 

50 µm and could be detected with a dental explorer(27), 
it remained within the clinically acceptable threshold of 
120 µm.(23) Despite this increase, the gaps are unlikely to 
compromise clinical outcomes, though long-term effects 
on restoration longevity should be further investigated.(28)

	 The adhesive layer was found to be thickest in con-
cave regions (IF and CO), likely due to gravitational 
pooling during application.(29) This aligns with previous 
findings(4,16,30) showing that the adhesive tended to be 
thicker in the concave areas of the preparation. On the 
other hand, the adhesive thickness was not significantly 
different on flat surfaces (AW and OI) and convex surfaces 
(CT) across all adhesive groups. Among the adhesives, the 
TE group using Optibond FL showed the highest viscosity, 
attributable to its 48% filler content.(31) In contrast, SE and 
U adhesives (10-11% filler)(32,33) formed thinner layers. 
Since the detailed compositions of the adhesives were not 
published by the manufacturers, it was difficult to compare 
the viscosity of these adhesives. The different types of 
monomers and solvents contained in each adhesive system 
might also affect the viscosity.(34) The different viscosity 

Table 2: Means and standard deviations of gaps, including the marginal and internal gaps (µm), of the control and experimental groups at 
different points.

Points
Mean ± standard deviation of gaps (µm)

Control (C) Total-etch (TE) Self-etch (SE) Universal (U)
EF 17.94±1.76a,A 61.69±7.89c,A 27.45±3.92b,A 23.82±3.60b,A

IF 138.62±9.27c,C 45.17±13.38a,A 97.63±14.76b,C 101.50±10.26b,C

AW 91.08±2.97c,B 53.18±8.45a,A 65.02±8.00b,B 66.71±10.07b,B

CT 148.15±12.58a,CD 196.30±28.22b,B 133.42±13.31a,D 130.16±16.56a,D

OI 158.08±19.17a,D 186.63±21.92b,B 143.79±25.67a,DE 149.33±22.22a,DE

CO 195.89±15.85a,E 185.65±47.62a,B 164.74±36.70a,E 157.03±35.47a,E

a,b,cWithin a row, different superscript letters indicate statistically significant differences among the points (p<0.05) based on Tukey’s HSD.
A,B,CWithin a column, different superscript letters indicate statistically significant differences among the groups (p<0.05) based on Tukey’s HSD.
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of the adhesives also affected their pooling, even when 
air-thinning was applied.(30) 
	 Many factors affect the marginal fit of fixed resto-
rations, including the finish line configuration and cement 
space. Regarding the finish line configuration, zirconia 
restorations require proper material thickness, with a  
recommended tooth reduction of 1 mm at the finish  
line.(35) A shoulder with a rounded internal line angle, 
which was the horizontal finish line chosen in this study, 
ensured sufficient thickness without causing over-contour 
of the restoration and provided better occlusal seating than 
a vertical finish line, feather edge, or shoulder-less prepa-
rations.(36,37) However, the horizontal finish line produced 
a wider marginal gap than a vertical finish line, even with 
the crown seated properly.(36) The narrower gaps at IF and 
AW could also affect crown seating since they reduced 
the venting of cement, resulting in a wider internal gap in 
the occlusal areas (CT, IO, and CO), especially in the TE 
group, where the crown would not be perfectly seated.  
When cement cannot escape from the inside, thicker  
cement can be found in the occlusal area, which affects 
the marginal gap.(38) In this case, the crown could have a 
hyper-occlusion and increased marginal gap after try-in, 
which can usually be seen in the clinic.
	 The cement space set in the software, including 
the radial spacer and occlusal spacer, would be filled 
with permanent cement during crown insertion. Many  
studies(39-41) have recommended a range of cement space 
in CAD/CAM from 30 to 200 µm to achieve a good  
marginal fit. In this study, the cement space for the zirconia 
crown was set at 80 µm, according to the manufacturer’s 
recommendations.(42) It should not be too wide to prevent 
the excessive thickness of resin cement, which might 
cause polymerization shrinkage and a large number of 
voids, compromising the shear bond strength of the res-
toration.(43-46) However, insufficient cement space hinders 
the escape of cement, leading to poor crown seating.(47) 
	 Ideally, the sum of the internal gap and adhesive 
thickness should be equal to the cement space set in the 
software. In the control group, even no adhesive was  
applied, the gaps were found to be wider than the set cement 
space in all areas. Furthermore, regarding the internal gap, 
the AW showed the narrowest gap in the control and all  
adhesive groups but was comparable to the IF in the TE 
group, while the occlusal area showed the widest gap 
in all groups. This difference was consistent with other 

studies.(47-49)

	 The difference in the internal gap in the AW and 
occlusal area could result from errors in the optical scan-
ning process and the shrinkage of the pre-sintered zirconia 
block. During the processing of the 3D model after scan-
ning, the sharp angle on the abutment was transformed 
into smoother and more continuous surfaces while the 
software generated the point cloud. This is one of the inter-
nal inaccuracies of the technique.(18) The machined zirco-
nia block typically shrinks by approximately 25% during 
the sintering process.(50) However, the 3D model from 
the software estimation may not be sufficient to cover  
the actual shrinkage.(47) Increasing the cement space, 
particularly at the AW of the abutment (radial spacer in 
the software), might help solve this issue without further 
increasing the cement thickness at the occlusal region.
	 The sum of the measured adhesive thickness and 
the thickness of the silicone replica represented the total 
distance between the crown restoration and tooth surface 
or the sum of the adhesive and gap. Difference dental  
adhesives caused an increase in the sum of the adhesive 
and gap, as the TE group showed a greater sum of adhe-
sive and gap than the SE, U, and C groups. The thickness 
of the adhesive in the TE group might have hindered the 
flow of cement more than other adhesives in the exper-
iment, increasing the probability of incomplete crown 
seating, as evidenced by the larger marginal gap.(38) Spohr 
et al.,(16) also found that the sum of adhesive and gap in the  
occlusal region of crown preparation of the group in which 
adhesive was applied was greater than that of the group 
without adhesive. 
	 Based on this study’s results, dentine sealing after  
taking a digital impression with an intraoral scanner  
significantly increased the marginal gap within the limit 
of clinical acceptance (< 120 µm), together with signifi-
cantly increased internal gaps. Especially in the TE group, 
the adhesive had high viscosity and less ability to flow 
and spread on the surface due to strong intermolecular  
forces;(51) thus, it tended to accumulate more in the con-
cave areas, which enhanced molecular cohesion, than 
in the convex areas. In the case of the application of a 
high-viscosity adhesive, increasing the air-blowing or 
preheating process(52) might be helpful for thinning and 
spreading the adhesive by increasing molecular motion 
and enhancing fluidity.(53) However, it is challenging to 
control the thickness of the dental adhesive applied to 
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a scanned abutment. Therefore, although the marginal  
gaps observed in this study remain within clinically  
acceptable, the author does not recommend this approach. 
Furthermore, it may also affect occlusion due to incom-
plete seating of the crown.(54) If it must be performed, 
high-viscosity adhesives should be avoided.
	 Dentine sealing can be performed at various clini-
cal stages: immediately after tooth preparation, after the 
provisional cementation of a temporary restoration, or 
after digital impression-taking but before the temporary 
restoration, as done in this experiment. The technique in 
which the dental adhesive is applied to freshly cut dentine 
before impression-taking or before fabricating a tempo-
rary restoration is called IDS, whereas in the delayed 
dentine sealing (DDS) technique, the dentine is sealed 
after it has been contaminated by the impression material 
or temporary restoration. IDS offers the advantages of 
stronger bond strength(3), while DDS helps to reduce 
tooth sensitivity.(55) However, the technique used in this 
experiment might not fully fit the criteria for IDS or DDS.
The use of the silicone replica method in this study aimed 
to preserve the crown; as a result, permanent cementation 
of the crown was not needed, and sectioning the specimen 
was not necessary.(56-59) Although adhesive application 
was carefully controlled in this in vitro study, clinical con-
ditions may differ. Challenges such as limited visibility, 
subgingival margins, or adhesive overextension beyond 
the finish line can lead to uneven application, which may 
affect crown seating and marginal adaptation.

Conclusions 
	 The application of dentine sealing material after abut-
ment scanning influenced the marginal and internal gaps 
of the zirconia crown. The marginal gap of all dentine seal-
ing groups increased significantly but remained clinically 
acceptable. The internal gaps of the occlusal region were 
wider than those of the other areas. The high-viscosity 
bonding adhesive produced the thickest adhesive layer, 
especially at the internal finish line (IF), which caused 
the widest marginal gap, especially in the total-etch (TE) 
group. 
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