
Introduction 

Inlay treatments are among the preferred treatment options for 
dental caries of the posterior teeth [1]. The inlays are made of gold, 
ceramics, and composite resins. Composite resin inlays have some 
drawbacks, such as color instability and low strength, but they have 

shown improvements over ceramic inlays [2,3].  
Computer-aided design/computer-aided manufacturing 

(CAD/CAM) technology has revolutionized the fabrication of 
dental restorations [4,5]. Composite resin CAD/CAM blocks in-
tended for fabricating composite resin inlays consist of highly 
cured resin matrices embedded with nanoceramic particles polym-
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Background: This study aimed to compare and evaluate the marginal fit of nanocomposite computer-aided design/computer-aided 
manufacturing (CAD/CAM) inlays. Three types of nanocomposite CAD/CAM blocks (HASEM, VITA Enamic, and Lava Ultimate) were 
used as materials. 
Methods: Class II disto-occlusal inlay restorations were prepared on a typodont mandibular right first molar using diamond rotary in-
struments. The inlays were fabricated using CAD/CAM technology and evaluated using the silicone replica technique to measure mar-
ginal gaps at five locations on each inlay. The data were analyzed by two-way analysis of variance and Tukey post hoc tests (α=0.05). 
Results: There were no significant differences in the marginal gaps based on the type of nanocomposite CAD/CAM inlay used 
(p=0.209). However, there was a significant difference in the marginal gaps between the measurement regions. The gingival region 
consistently exhibited a larger marginal gap than the axial and occlusal regions (p<0.001). 
Conclusion: Within the limitations of this in vitro study, the measurement location significantly influenced the marginal fit of class II 
disto-occlusal inlay restorations. However, there were no significant differences in the marginal gaps among the different types of 
CAD/CAM blocks. Furthermore, the overall mean marginal fits of the class II disto-occlusal inlay restorations made with the three 
types of nanocomposite CAD/CAM blocks were within the clinically acceptable range. 
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erized under high-temperature and high-pressure conditions with 
standardized parameters [6]. The nanocomposite CAD/CAM in-
lays are then prepared by milling the blocks. Nanocomposite 
CAD/CAM inlays have superior physical properties and excellent 
color stability compared with indirectly fabricated composite resin 
inlays prepared using traditional methods [7]. 

CAD/CAM technology is used in dentistry to fabricate resto-
rations that are milled from monolithic blocks using a milling ma-
chine. The milling process is influenced by the type of CAD/
CAM system used [8]. In particular, the design of the milling burs 
is closely related to the reproducibility of the internal and external 
shapes of the dental restorations. Although the restoration design 
in the CAD system is based on the occlusal anatomy of the tooth, 
the reproducibility of the restoration shape may be limited by fac-
tors such as the length and diameter of the bur used for milling [9], 
which can affect the internal and marginal fit of the restoration. 

The methods used to measure the marginal fit of dental resto-
rations include direct visual inspection, cross-sectioning, dental 
impression, probing, and computer simulations [10]. The silicone 
replica technique uses additional silicone impression materials to 
replicate the distance between the dental restoration and the pre-
pared tooth, allowing measurement of the distance of the 
cross-sectioned impression materials. This technique has the ad-
vantages of preventing distortion caused by sectioning the dental 
restoration, simplicity, and the ability to arbitrarily increase the 
measurement area for repeated measurements [11]. 

Nanocomposite CAD/CAM inlays are now widely used in clini-
cal practice. However, there is a lack of research on the marginal fit 
of nanocomposite CAD/CAM inlays, and more reliable data are 
required for their successful clinical application. Therefore, this 
study aimed to compare and evaluate the marginal fit of nanocom-
posite CAD/CAM inlays fabricated using the silicone replica tech-
nique with three types of nanocomposite CAD/CAM blocks 
(HASEM Real Fit Hybrid Block [HASEM, Daegu, Korea], VITA 
Enamic [VITA Zahnfabrik, Bad Säckingen, Germany], and Lava 
Ultimate [3M ESPE, St. Paul, MN, USA]) that are widely used 
clinically. The first null hypothesis was that there is a significant dif-
ference in the marginal fit of the inlays made with the three types of 
nanocomposite CAD/CAM blocks. The second null hypothesis 
was that there is no difference in the marginal fit of the nanocom-
posite CAD/CAM inlays, regardless of the measuring points. 

Methods 

1. Specimen preparation 
A typodont (standard working model AG-3; frasaco GmbH) 
mandibular right first molar was prepared for a ceramic class II dis-

to-occlusal inlay using diamond rotary instruments (All Ceramic 
Preparation Kit; Shofu Inc., Kyoto, Japan). The occlusal cavity was 
set to a width of 3 mm and depth of 2 mm. The isthmus was pre-
pared with a width of 3 mm and convergence angle of approxi-
mately 6°. The proximal finishing lines of the proximal boxes were 
located 1.0 mm above the cementoenamel junction. The pulpal 
floor was flat, and all internal angles were slightly rounded and 
smooth (Fig. 1). 

This study was conducted according to the experimental design 
outlined in Fig. 2. Specifically, epoxy resin (Struers, Copenhagen, 

Fig. 1. Typodont mandibular right first molar with a class II 
disto-occlusal inlay preparation.

Prepared mandibular first molar (n=1)

Cavity preparation and inlay fabrication

Model scanning, 3D design, milling

Evaluation of marginal fit by silicone replica technique

Statistical analysis by two-way ANOVA

LA group (n=10) HA group (n=10) VI group (n=10)

Fig. 2. Experimental design. 3D, three-dimensional; HA, HASEM 
Real Fit Hybrid Block (HASEM, Daegu, Korea); LA, Lava Ultimate 
(3M ESPE, St. Paul, MN, USA); VI, VITA Enamic (VITA Zahnfabrik, 
Bad Säckingen, Germany); ANOVA, analysis of variance.
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Denmark) was used to embed the prepared teeth. Then, a model 
scanner (Ceramill Map 400; Amann Girrbach, Koblach, Austria) 
was used to take optical impressions of the prepared teeth. The im-
ages were transmitted to CAD software (Ceramill Mind; Amann 
Girrbach) to design the inlay restoration. According to the manu-
facturer’s recommendations, we provided a luting space of 140 μm 
and an adhesive gap of 20 μm. The three groups, HASEM Real Fit 
Hybrid Block (HA), Lava Ultimate (LA), and VITA Enamic (VI), 
utilized tungsten carbide rotary instruments from Amann Girr-
bach, with diameters of 0.6, 1, and 2.5 mm, respectively. A single 
set of rotary instruments was used for each group. Ten nanocom-
posite inlays of the three types were fabricated using a milling ma-
chine (Perfit M 50Pro; Vatech MCIS, Seoul, Korea) as follows: (1) 
HA group: inlay restorations fabricated with HASEM Real Fit Hy-
brid Block; (2) LA group: inlay restorations fabricated with Lava 
Ultimate; and (3) VI group: inlay restorations fabricated using 
VITA Enamic. Table 1 lists the technical profiles of each nanocom-
posite inlay. 

2. Replica technique 
A silicone replica technique was used to evaluate the marginal fit of 
each nanocomposite inlay. Low-consistency polyvinylsiloxane 
(Aquasil Ultra XLV; Dentsply Sirona, Konstanz, Germany) was 
used to simulate inlay cementation. Silicone was applied to each in-
lay and positioned in the tooth cavity. A tension gauge (Correx; 
Haag-Streit AG, Koeniz, Switzerland) was used to apply an occlu-
sal force of 20 N for 30 seconds. After a 5-minute setting time, the 
inlays were separated from the tooth cavity. 

A customized tray filled with high-consistency polyvinylsiloxane 
(Aquasil Ultra Rigid; Dentsply Sirona) was then used to stabilize 
and capture the silicone layers. After a 5-minute setting time, the 
tooth was removed to obtain the silicone replica (Fig. 3). 

3. Marginal fit evaluation 
One researcher measured the marginal fit of each group of nano-
composite inlays using a stereomicroscope (SMZ1500; Nikon 
Corp., Tokyo, Japan). A marginal fit evaluation according to Qian 
et al. [1] was performed at five locations on each inlay: one on the 

Table 1. Technical profile and manufacturer of the evaluated materials 

Variable HASEM Real Fit Hybrid Block Lava Ultimate VITA Enamic
Type Composite resin Composite resin Polymer-infiltrated ceramic network

Nanoceramic Nanoceramic
Matrix Bis-GMA Bis-GMA UDMA

TEGDMA UDMA TEGDMA
Bis-EMA
TEGDMA

Filler Silicon oxide Silica (20 nm) Feldspar ceramic enriched with aluminium oxide
Aluminium oxide Zirconia (4–11 nm)

Zirconia-silica cluster (0.6–10 µm)
Filler % by weight 0.82 0.8 0.86
Manufacturer HASEM, Daegu, Korea 3M/ESPE, St. Paul, MN, USA VITA Zahnfabrik, Bad Säckingen, Germany

Bis-GMA, bisphenol A glycidyl methacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate; Bis-EMA, bisphenol A poly-
ethylene glycol diether dimethacrylate.

Fig. 3. Stereomicroscopic view of silicone replica section with 
internal discrepancy (×40).

Fig. 4. Locations of marginal gap measurements. Red points, 
occlusal locations; green points, axial locations; blue point, 
gingival locations.
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gingival area, two on the axial surface (one distal-buccal and one 
distal-lingual), and two on the occlusal surface of the disto-occlusal 
inlay (one occlusal-buccal and one occlusal-lingual) (Fig. 4). 

The results were analyzed using two-way analysis of variance 
(ANOVA; two variables of group and measurement region) and 
post hoc analysis (Tukey test; α = 0.05) after checking for normal 
distribution (Shapiro-Wilk test) and equal variances (Levene test). 
Statistical analyses were performed using IBM SPSS ver. 28.0 
(IBM Corp., Armonk, NY, USA). 

Results 

The Shapiro-Wilk test indicated that the datasets followed a nor-
mal distribution, as all groups had a p-value greater than 0.05. Fur-
thermore, Levene test confirmed that the assumption of equal vari-
ances was satisfied for the marginal gap (MG) values (p = 0.991). 
When group factors were considered, the MG values were not sta-
tistically significant (p = 0.209) (Table 2). However, the measure-
ment region exhibited statistical significance for the MG values 
(p < 0.001) (Table 2). Two-way ANOVA revealed no significant 
interaction between the two variables. The data were stratified and 
analyzed using one-way ANOVA to explore differences in values. 
Tukey post hoc analysis demonstrated that the gingival regions con-
sistently exhibited significantly larger MG values than the axial and 
occlusal regions (p < 0.05) (Table 3). 

Discussion 

The marginal fit of a prosthesis plays a crucial role in ensuring its 

long-term effectiveness and durability. This study compared the 
marginal fits of nanocomposite CAD/CAM inlays. The inlays 
were fabricated using three types of nanocomposite CAD/CAM 
blocks. Marginal fit evaluation and statistical analyses were per-
formed on the five points of each inlay mentioned above. The first 
null hypothesis was accepted because no significant differences 
were found among the marginal fits of the three types of nanocom-
posite CAD/CAM blocks. The second null hypothesis was reject-
ed because there was a significant difference in gingival location 
among all groups. 

To evaluate the accuracy of prostheses, various marginal gap 
measurement methods such as direct measurement, three-dimen-
sional laser scanning, cross-sectioning, profilometry, weight tech-
nique, replica, and microcomputed tomography have been report-
ed [4]. The replica technique is a widely documented and com-
monly employed approach in studies that focus on evaluating the 
marginal gap of restorations [12]. In the current study, the margin-
al gap of the inlay was measured using the silicone replica measure-
ment method, which is a commonly used marginal gap measure-
ment method that is nondestructive and highly accurate [12-14]. 
In this study, efforts were made to ensure consistent load applica-
tion during inlay placement on the master preparation, and replicas 
with defects were excluded from the analysis. 

Marginal fit is a major concern in nanocomposite CAD/CAM 
inlay restorations [15]. Based on a study by Boitelle et al. [16], a 
gap between 75 and 160 μm has been reported as acceptable for 
marginal adaptation. In the current study, the interfacial gaps of 
three groups (occlusal, axial, and gingival) were all close to the clin-
ically acceptable range of 75 to 160 μm. In addition, Stappert et al. 

Table 2. Results of two-way analysis of variance 

Marginal fit Type III sum of squares df Mean square F-value p-value Partial η2

Nanocomposite CAD/CAM block 1,250.227 2 625.113 1.598 0.209 0.038
Measurement region 18,857.156 2 9,428.578 24.096 <0.001* 0.373
Nanocomposite CAD/CAM block × measurement region 545.018 4 136.255 0.348 0.845 0.017

df, degrees of freedom; CAD/CAM, computer-aided design/computer-aided manufacturing.
R2 =0.395 (adjusted R2 =0.335).
*p<0.05, statistically significant.

Table 3. Marginal gaps in three groups of nanocomposite CAD/CAM blocks (n=10) 

Group
Marginal gap (μm)

p-value
Gingival Axial Occlusal

HA 104.72±22.09a) 75.54±18.65b) 70.22±16.49b) 0.001
LA 109.55±19.61a) 83.05±16.91b) 80.49±22.81b) 0.005
VI 113.39±19.69a) 77.12±21.91b) 84.66±18.82b) 0.001

Values are presented as mean±standard deviation.
CAD/CAM, computer-aided design/computer-aided manufacturing; HA, HASEM Real Fit Hybrid Block (HASEM, Daegu, Korea); LA, Lava Ultimate (3M 
ESPE, St. Paul, MN, USA); VI, VITA Enamic (VITA Zahnfabrik, Bad Säckingen, Germany).
a,b)The same lowercase superscript letters within each column indicate statistically similar means (Tukey test, p>0.05).
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[17] reported that clinically acceptable marginal gap values ranged 
from 25 to 120 μm. All the groups in our study satisfied this criteri-
on, as presented in Table 3. The means of the LA group were 
109.55 ± 19.61 μm (gingival), 83.05 ± 16.91 μm (axial), and 
80.49 ± 22.81 μm (occlusal), and the means of the VI group were 
113.39 ± 19.69 μm (gingival), 77.12 ± 21.91 μm (axial), and 
84.66 ± 18.82 μm (occlusal). Compared with the values reported 
by Qian et al. [1], both groups showed larger mean values in the 
gingival region and smaller mean values in the axial and occlusal re-
gions. 

This study demonstrates that the type of nanocomposite CAD/
CAM inlay does not significantly affect the marginal fit of the inlay 
prosthesis. However, the measurement points of the marginal gap 
in the inlay prosthesis significantly affected the accuracy of the 
marginal fit. This result is consistent with the experimental results 
of Homsy et al. [4]. Park et al. [18] reported that the measurement 
point factor affects the marginal fit of inlays fabricated using nano-
composite CAD/CAM blocks. Goujat et al. [19] reported that the 
measurement point was important for marginal fit. 

This study showed that the marginal gap in the gingival region 
was significantly larger than that in the axial and occlusal regions. 
This finding suggests that various factors, such as accurate intraoral 
scans and preparation, can affect the accuracy of prostheses when 
using CAD/CAM equipment [20-22]. Therefore, dental clini-
cians should tilt the head of the intraoral scanner in several direc-
tions to overcome image errors in the adjacent teeth and obtain an 
accurate image of the gingival margin. It has been reported that 
scan accuracy statistically decreases if the angle between the per-
pendicular of the scanned surface and the scanning direction is 
greater than 60° [23]. In addition, uncertain preparation of the gin-
gival region of the inlay cavity may be a reason for the large margin-
al gap [24]. This finding is consistent with the results reported by 
Zarrati and Mahboub [25]. Sener-Yamaner et al. [26] also report-
ed that the gingival gap was larger than the marginal region of the 
axial and occlusal regions. Qian et al. [1] reported that the margin-
al gap in the gingival region of a nanocomposite CAD/CAM inlay 
could be due to the lack of precision of the drill forming the gingi-
val region and inaccurate oral scanning. In addition, a large gap in 
the gingival margin may be attributed to factors such as deforma-
tion and polymer shrinkage of the impression material, which can 
occur in all systems during the manufacturing process. Additional-
ly, errors in the internal value settings made in the software during 
prosthesis design and limitations in the milling machine hardware 
can be considered drawbacks of CAD/CAM technology. There-
fore, meticulous attention is required during the fabrication of den-
tal prostheses using CAD/CAM technology. 

A limitation of this study is that the number of measurements 

used to determine the accuracy of the marginal fit was less than the 
minimum number of measurements found in other studies [27]. 
Therefore, it is necessary to increase the accuracy and precision of 
the experimental results by increasing the number of measurement 
points and specimens. 
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