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Abstract 

Purpose: To evaluate the microleakage of different resin cements after immersion of zirconia-reinforced lithium silicate 

crowns (ZLS) in hydrochloric acid (HCl) solution. 

Materials and Methods: Forty-five extracted non-carious human molars were prepared for porcelain crowns. The teeth 

were randomized into three different groups according to the resin cements tested: RelyX™ UniCem (3M, ESPE), 

Variolink® Esthetic Dual-cure (Ivoclar Vivadent) and Panavia™ 21 (Kuraray America Inc.). Five replicates were used as a 

control for each of the resin cements. ZLS crowns were designed and milled from Celtra® Duo blocks using CEREC 

computer–aided design, computer assisted manufacturing (CAD/CAM) system and then cemented to the prepared teeth 

using the assigned cement according to the manufacturers’ guidelines. The samples were thermal cycled between water 

temperatures of 5℃ and 55℃ for 5,000 cycles with a 15 second dwell-time after each temperature. In order to mimic one 

year of clinical time in a patient’s mouth, the samples of the experiment group were subjected to 91 one-hour cycles in 

HCl (pH 2) followed by one hour in artificial saliva; samples were submersed in artificial saliva for 91 hours. The 

specimens then were submerged in 50% silver nitrate solution for 24 hours followed by a developer solution for eight 

hours. All samples were embedded in clear epoxy resin and sectioned in a buccolingual direction at 0.5 mm. Sections 

were analyzed by a stereomicroscope at a magnification of 10X. Proportion of microleakage was calculated by dividing 

the total length of the dye penetration by the total length of the restoration. Data were analyzed with the Kruskal-Wallis 

test and Mann-Whitney U test with the Bonferroni correction. 

Results: All experimental groups demonstrated higher microleakage scores than the control groups for all types of 

cement. There was no statistically significant difference in median microleakage among the three cements tested (p>.05). 
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Panavia 21 group showed the highest median microleakage score (59.24%) followed by Rely-X UniCem (54.95%) and 

Variolink Esthetic (45.83%). 

Conclusion: Within the limitations of this in-vitro study, all the resin cements tested exhibited microleakage to some 

degree, especially when they were exposed to the hydrochloric acid solution. 

 

Keywords: All ceramic restoration; CAD/CAM crowns; Zirconia-reinforced lithium silicate; Marginal integrity; 

Marginal adaptation; Marginal fit; Thermocycling 

 
 

Abbreviations: ZLS: Zirconia-Reinforced Lithium 
Silicate; HCI: Hydrochloric Acid; GERD: Gastroesophageal 
Reflux.  
 

Introduction 

Ceramic restorations continually increase in 
popularity due to their superior aesthetics and 
biocompatibility as well as their reliability and 
effectiveness as long-term restorative materials [1-4]. 
Their fabrication methods include either conventional 
laboratory techniques or CAD/CAM technology systems, 
which have been introduced to the market during the last 
decade [5-7]. Among the different types of luting agents 
available for all ceramic restorations, resin cements are 
well established as the material of choice, since they 
demonstrate superior characteristics over other luting 
agents such as zinc phosphate, polycarboxylate, and glass 
ionomer cements [8-11]. 

  
Resin cements consist of an organic matrix through 

which phosphoric acid methacrylate reacts with the 
hydroxyapatite of the tooth structure, leading stronger 
and more durable bond between the tooth surface and the 
ceramic [12]. Resin cements demonstrate high bond 
strength as well as high tensile and compressive strength. 
Furthermore, they have low solubility and high flexural 
properties, which are both essential in preventing the 
debonding process. Therefore, these cements could 
maintain an acceptable margin reducing the amount of 
leakage, caries, and restoration failure [13-16]. 

 
Marginal microleakage is the penetration of bacteria, 

liquids, molecules, or ions between the restorative 
material and the abutment tooth. It is one of the most 
serious complications associated with all ceramic 
restorations [17]. It can lead to secondary caries, marginal 
staining, pulpal hypersensitivity, and ultimately, failure 
and need for replacement of the restoration [18-20]. 
Factors contributing to microleakage include the 

difference between the coefficient of thermal expansion of 
the dental restorative material and the restored tooth, 
shrinkage of the luting agent, and inadequate marginal 
adaptation [21]. Although no restoration can reach the 
ideal marginal adaptation, all ceramic restorations have 
been clinically accepted within certain degree of marginal 
adaptation and as a consequence potential microleakage. 
Studies indicate that the clinically acceptable amount of 
marginal gap for ceramic restorations ranges from 20-150 
µm [22,23]. 

 
Gastroesophageal reflux (GERD) occurs when an 

individual has no control over the passage of gastric 
contents. This common medical condition can alter the 
physiologic pH value in the oral cavity and adversely 
affect the tooth structure and dental restorations [24]. In 
that case, the frequent presence of hydrochloric acid, 
which has been reported to have a pH below 2.0 and is 
present in the gastric fluid, will lower the pH value below 
the critical pH 5.5 of dental enamel and create a constant 
acidic environment that can damage the hard and soft 
tissue [25-27]. Furthermore, GERD patients may present 
with an impaired salivary flow and reduced buffering 
capacity, complications that might amplify the effect of 
acid in the oral cavity [28-31]. As a dental consequence 
tooth erosion may occur, which is an irreversible loss of 
tooth structure predominantly found in the palatal and 
lingual surfaces of maxillary teeth [32-34]. 

 
While this patient population is in need for medical 

treatment, they may also require interdisciplinary dental 
treatment for the oral manifestations, which commonly 
involves onlays, veneers or full coverage crowns [35,36]. 
Although hydrochloric acid has a destructive effect on 
natural teeth, prolonged exposure to acid may also affect 
the longevity of ceramic restorations by causing ceramic 
breakdown or microleakage [37,38]. 

 
No evidence has been identified regarding the effect of 

hydrochloric acid on the microleakage of resin cements 
under ceramic restorations. Several resin-based dental 
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cements are available in the market and some of them are 
most commonly used as RelyX UniCem, Panavia and 
Variolink II; however, the extent of microleakage might be 
unpredictable and dependent on the types of cement used 
[8]. Therefore, the aim of the present in vitro study was to 
evaluate the effect of HCl on microleakage of RelyX 
UniCem, Panavia 21 and Variolink Esthetic resin cements 
after immersion of zirconia-reinforced lithium silicate 
crowns (ZLS) in HCl solution. The first null hypothesis 
was that a significant difference in microleakage among 
the three types of resin cements Panavia 21, RelyX 
Unicem and Variolink Esthetic would be found when 
utilized on ZLS crowns after immersion in HCl solution. 
The second null hypothsesis was that the exposed ZLS to 
HCl solution would exhibit higher microleakage score 
than the non-exposed group. 
 

Materials and Methods 

Forty-five extracted intact human molars were 
obtained from the oral and maxillofacial surgery clinics 
and the Gavel Research Lab at Tufts University School of 
Dental Medicine (TUSDM). Extracted teeth were collected 
in a de-identified manner. Teeth were stored in an 
aqueous solution of 0.5% sodium hypochlorite (Bleach, 
Olinchloralkali, Cleveland, TN) at room temperature until 
the beginning of the study. For retention, a notch was 
created into the roots of all the teeth before they were 
vertically fixed in place with the cemento-enamel junction 
higher than the top of a mounting template by 1 mm. To 
secure the teeth in place, orthodontic acrylic resin (Caulk 
Orthodontic Resin, DentsplyCaulk, Milford, DE) was used 
to fill the mounting templates. After teeth mounting, the 
occlusal surfaces of all the specimens were trimmed to a 
flat surface 4 mm above the surface of acrylic resin using 
a model trimmer (Whip Mix, Louisville, KY). Tooth 
preparation of a full-coverage crown was performed 
using a high-speed handpiece (Midwest Dentsply, Des 
Plaines, IL) that was connected to a surveyor (Degussa F1; 
DeguDent, Hanau, Germany) and water coolant system. 

 
A diamond bur (847-16; Henry Schein, Melville, NY) 

was prepared at a six-degree angle from the vertical axis 
of the tooth to achieve a total convergence angle of 12 
degrees. A custom jig (Lab-Putty, Coltene, Switzerland) 
was used to secure the mounted teeth vertically and to 
hold them immovably in the surveyor base. The axial 
surface was cut to 4.0 mm height and the depth of the 
axial surfaces was reduced by 1.5 mm to create a shoulder 
finish line. A fresh diamond bur (KD7W6 Brasseler, 
Savannah, GA) was used to smooth each sample. After the 
teeth preparations were completed, CEREC Optispray 

(Dentsply Sirona, Long Island, NY) was sprayed on each 
prepared tooth before scanning. An optical impression 
was taken for each prepared tooth using the CAD/CAM 
machine (CEREC, Blue-cam, Bensheim, Germany). Each 
copping was designed to have a wall thickness of 2.0 mm 
in the contact area, 1.5 mm at the central fossa and 2.5 
mm at the cusp tip with 100-μm cement thickness 
(Figures 1 & 2). The crowns were milled from zirconia-
reinforced lithium silicate porcelain blocks (Celtra Duo, 
Dentsply international, Milford, DE) using the in-Lab MC 
XL milling unit (CEREC, Bensheim, Germany). 
 

 

 

Figure 1: Scanned model with the finish line in the 
CAD/CAM machine. 

 
 

 

Figure 2: Design of crown in the CAD/CAM machine. 
 
 

Prior to crown cementation, two trained calibrated 
prosthodontists evaluated the marginal adaptation using 
Modified United States Public Health Service criteria 
(USPHS/CDA) found in USPHS – Marginal Adaptation 
(Table 1) [39]. After milling was completed, every 
specimen was assigned a number using a Sharpie 
permanent marker. Specimens were divided randomly 
into three experimental groups (n=10 per group) and 
three control groups (n=5 per group) (Figure 3).  
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Figure 3: Experimental and control groups of the study. 
 

 
Crowns were cemented to their corresponding 

prepared teeth using three types of resin cement. The 
internal surface of each crown was acid etched with a 5% 
solution of hydrofluoric acid (IvoclarVivadent, Schaan, 
Liechtenstein) for 20 seconds. A silane coupling agent 
(The Micro Dose, Premier, Plymouth Meeting, PA) was 
applied to the internal surface of each restoration for 60 
seconds to increase the bond strength of cements then 
dried with a gentle air. The enamel surface of each 
prepared tooth was treated with a 37% solution of 
phosphoric acid for 15 seconds, rinsed with water and 
dried. Cement was dispensed from each tube, applied to 
the internal surface of the crowns and then crown was 
positioned on the respective tooth with finger pressure. 
Specimens were set in a loading machine (Instron, Model 
5566; Canton, Mass) with a seating power of 50N for five 
minutes in order to set under room temperature. Every 
specimen was light cured for 20 seconds on each surface. 
Excess cement was removed from all margins using a 
dental explorer No.23. Cemented copings were stored in 
tap water at 37℃ for 24h, then thermocycled (Model: 
1156, VWR, Germany) between water temperatures of 5˚C 
and 55˚C for 5,000 cycles with a 15 second dwell time at 
each temperature. Exposed surfaces of the teeth were 
coated with a layer of nail varnish to seal the open 
dentinal tubules. Samples in the experimental group were 
subjected to 91 cycles in hydrochloric acid 5% (Dr. Clark 
digestive power, Chula Vista, CA) at pH 2 for one hour, 
and then in artificial saliva (pH=6.7) for another one hour. 
The amount of time has been calculated according to the 
assumption that 91 hours equates to one year intraorally 
[40]. Control samples were immersed in artificial saliva 
for 91 hours. All the samples were embedded in clear 
epoxy resin (EpoKwick Resin, Buehler, Lake Bluff, IL), 
then sectioned in a buccolingual direction utilizing a 0.5 
mm thickness and an eight-inch diameter diamond wheel 
(Isomet 1000, Buehler Ltd, Evanston, IL) (Figure 4). Both 

sections were analyzed, and all margins were evaluated 
under a stereomicroscope (SZX16, Olympus, Pennsylvania) 
at a magnification of 10X. The specimens were scored by 
the percentage of color infiltration along the dentinal 
walls. The proportion of microleakage was calculated by 
dividing the total length of the dye penetration by the 
total length of the restoration (Figures 5 & 6). 
 

R – Excellent / Ideal 
Explorer does not catch; continuous 

adaptation and indistinguishable 
margins. 

S - Acceptable 
Explorer detects but cannot 

penetrate marginal area. 
T – Acceptable w/ 

modifications 
Explorer detectable and penetrates 

marginal area. 

V – Unacceptable 
Explorer detectable, gross marginal 

discrepancies upon explorer 
examination. 

Table 1: Modified United States Public Health Service 
criteria (USPHS/CDA) USPHS–Marginal Adaptation. 
 

 

 

Figure 4: Sectioned sample. 
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Figure 5: Extent of dye penetration in a sectioned 
tooth under stereomicroscope. 

 
 

 

Figure 6: Total length of restoration in a sectioned 
tooth under stereomicroscope. 

 

 

Statistical Analysis 

Kruskal-Wallis test was performed to compare the 
microleakage score between groups. A Mann-Whitney U 
test and Bonferroni correction were used for post-hoc 
tests. Normality was assessed graphically and with a 
Kolmogorov-Smirnov test. The software SPSS version 24 
was used for the statistical analysis. The software nQuery 
version 7.0 was used for the power calculation with a type 
I error rate of 5% and an effect size of 1.86. A sample size 
of n=10 per experimental cement and n=5 per control 
cement was found to have 98% power to detect a 
difference in microleakage among the different resin 
cements. Descriptive statistics were calculated. Difference 
in median percentage microleakage was compared with 
Kruskal-Wallis test and the Mann-Whitney U test with the 

Bonferroni correction for post-hoc comparisons. P-values 
less than 0.05 were considered statistically significant 
except in situations where the Bonteffori correction was 
applied. The software SPSS version 24 (IBM Corp, Armonk, 
NY) was used in the analysis.  
 

Results 

The study sample was divided into two groups; the 
experimental group included 30 molars (n=10 per cement 
group), and the control group which is composed of 15 
molars (n=5 per cement group). After the procedure of 
teeth sectioning, two halves were obtained from each of 
the 45 specimens and an average of both sides was taken. 
Pairwise comparisons revealed statistically significant 
differences between Variolink esthetic in control group 
and experiment group (p=.008), RelyX Unicem in control 
and experimental group (p=.001) as well as Panavia 21 in 
control and experimental group (p=.001). Among the 
experimental groups: Panavia 21 showed the highest 
median microleakage score of 59.24% (IQR=25.88), 
followed by RelyX UniCem and then Variolink Esthetic 
which had microleakage scores of 54.95% (IQR=8.48) and 
45.83% (IQR=36.11) respectively. Among the control 
groups: the median microleakage score for Variolink 
Esthetic was the highest among the control group at 32.82% 
(IQR=18.41). The median microleakage score for RelyX 
UniCem was the lowest at 21.81% (IQR=15.82) and the 
microleakage score for Panavia 21 was 25.49% (IQR= 
10.50). Median microleakage scores and interquartile 
ranges are presented in Table 2 and boxplot of 
microleakage scores in all the groups in Figure 7. 

 
 

 

Figure 7: Boxplot of microleakage scores in all the 
groups. 
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Resin Cement Median IQR 

Experimental 
Groups 

RelyX Unicem 54.95A 8.48 
Panavia 21 59.24A 25.88 

Variolink Esthetic 45.83AB 36.11 

Control Groups 
RelyX Unicem 21.81C 15.82 

Panavia 21 25.49C 10.5 
Variolink Esthetic 32.82BC 18.41 

Table 2: Median microleakage scores and interquartile 
ranges of all cement groups. 
 

Discussion 

Resin cements are widely used due to their enhanced 
physical properties and their promising marginal seal 
[41]. It is well-known that the type of cement that was 
used for bonding, in this study has a strong impact on the 
microleakage value [42,43]. The objective of the current 
study was to evaluate the effect of hydrochloric acid on 
the microleakage of three different resin cements; RelyX 
UniCem, Panavia 21 and Variolink Esthetic after the 
immersion of zirconia-reinforced lithium silicate (ZLS) 
crowns (Celtra Duo) in hydrochloric acid solution. 

 
The current study is the first to evaluate the effect of 

HCl on microleakage of resin cements used in 
cementation of all ceramic crowns, specifically ZLS. 
Evidence on this matter is very important to the dentist in 
order to select the most appropriate resin cement for 
those patients with GERD. Since the present study was 
performed in-vitro, it was not possible to demonstrate 
accurately the actual situation of the in-vivo effect of acid 
exposure. However, the most applicable method was used 
to simulate the oral cavity pH buffering process in 
patients’ mouth by subjecting the samples to 91 one-hour 
cycles in HCl (pH 2) followed by one hour in artificial 
saliva which represents one year of clinical exposure. This 
time interval was calculated and reported by Harryparsad, 
et al. and was formulated according to the theory that the 
GERD patient has an average of three purges per day, each 
of them lasting approximately five minutes [40,44,45]. 

 
The results of the present study revealed that all 

experimental groups demonstrated higher microleakage 
scores than the control groups for all types of cement. 
Therefore, the hydrochloric acid solution increased the 
microleakage value in all types of cement used. There was 
no statistically significant difference among the 
experimental groups. However, Panavia 21 revealed the 
highest median microleakage value among all the groups 
with 59.24% while Variolink Esthetic showed the lowest 
with 45.83%.  

 

Similar results were reported in a study conducted by 
Cal, et al. who compared RelyX Unicem, Variolink II and 
some other resin cements in class V restorations. That 
study reported no statistically significant difference 
between Variolink II and RelyX Unicem cements at the 
gingival margin, which is in concordance with the current 
study. However, Variolink II showed the lowest 
microleakage value among the groups at the occlusal 
margin. That study did not evaluate the effect of HCl 
solution [46]. 

 
Similarly, with the experimental groups, in our study, 

there were no statistically significant differences among 
the resin cements in the control groups. However, Panavia 
21 and RelyX Unicem showed the lowest microleakage 
scores in the control groups with 25.49% and 21.81% 
respectively. Under a stereomicroscope most of the 
samples in the experimental groups revealed extensive 
dye penetration, which was extended to the axial walls of 
both sides of the tooth. Conversely, samples of the control 
groups displayed lighter dye penetration only around the 
margins, which agreed with the results. 

 
Although, Uludag, et al. exhibited a significant 

difference between Variolink II and Panavia 21, they also 
found that Panavia 21 had a higher microleakage value 
than Variolink II for both dentin and enamel margins [47]. 
This result was not in concordance with the study 
presented by Naumova, et al. which reported that the 
Panavia F 2.0 demonstrated the lowest microleakage 
score in comparison with RelyX Unicem and other types 
of resin cements [48]. Panavia F 2.0 and Panavia 21 are 
resin cements with the same composition; they only differ 
in the mode of curing and the fluoride release. 

 
In the present study, RelyX Unicem revealed the 

lowest microleakage score in the control group. However, 
interestingly Variolink Esthetic exhibited the lowest 
microleakage score in the experimental group. This 
observation has some similarity with another in-vitro 
study conducted by Piwowarczyk, et al. who examined the 
microleakage of RelyX Unicem and Panavia F after four 
weeks of storing the specimen in distilled water. That 
study revealed a significant difference between the 
cements, and Panavia F presented a higher microleakage 
score than RelyX Unicem, a result that is in concordance 
with this current study [49]. Literature supports the fact 
that CAD/CAM restorations have a larger marginal gap 
than crowns fabricated by the conventional method 
[50,51]. This gap might have contributed to the amount of 
microleakage we found in the present study. Thus, resin 
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cement would have a greater influence in reducing the 
amount of microleakage in CAD/CAM restorations. 

 
There are some differences between the results of the 

present study and previously published studies. These 
differences might be attributed to the different ceramic 
materials, cementing agents and test conditions. The 
present study has some potential limitations. First, 
different results might be obtained in a clinical setting. As 
this is an in-vitro study, it may not simulate the real 
conditions in the oral cavity of GERD patients. Second, the 
current study was limited to commonly used resin 
cements, as well as to a single type of restoration, 
zirconia-reinforced lithium silicate crowns (ZLS). Further 
research may focus on investigating other types of 
ceramic materials, including different cements. Future 
prospective in-vivo studies and long follow-up times are 
also suggested in order to simulate the actual oral 
conditions in patients with GERD. The first null 
hypothesis was rejected as no statistically significant 
difference was found among the three experimental 
groups tested. The results of this study supported the 
second null hypothesis, according to which all the 
experimental groups exposed to the HCl exhibited a 
higher microleakage value than the non-exposed groups. 
 

Conclusion 

Within the limitations of this in-vitro study, the results 
indicate that none of the resin cements investigated in the 
study produced microleakage-free restorations. 
Microleakage value increased when specimens were 
exposed to the HCl solution. Therefore, acid exposure 
increases resin-based cement degradation. Dentists may 
consider that when treating patients with 
gastroesophageal reflux since the longevity of the 
restorations might be affected if the symptoms persist. 
Restorations for those patients may require long-term 
maintenance. 
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