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Received date: 02-01-2024 Abstract: The objective of this in vitro study was to evaluate the effect of incorporated
Accepted date: 20-02-2024 polylysine antibacterial particles (PLS) in two different types of adhesive resin cements on
Published date: 15-12-2024 marginal adaptation of indirect crown restorations fabricated from IPS e.max ZirCAD (LT

block). Material and methods: 32 maxillary first premolar teeth were prepared to receive
indirect crown restorations with the following preparation criteria: occlusal-gingival height
@ @ of 4 mm, 3% axial wall taperness, and a 0.8 mm circumferential chamfer finishing line that
L J was checked with a digital caliper. The prepared teeth were randomly assigned to four main
groups (n=8) according to the type of resin cement used to lute indirect restorations: 1) Rely
C: cemented with RelyXTM U200 cement, 2) RelyPLS: cemented with RelyXTM U200 cement

incorporated by PLS, 3) BrC: cemented with Breeze™ cement and 4) BrPLS: cemented with
BreezeTM cement incorporated Breeze™ cement. The teeth were digitally scanned and crown
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design was performed using Sirona InLab CAD 15.1 software. Each restoration was cemented
to its respective tooth and a 230X magnification power digital microscope was used to
measure the marginal gap in um. The data was then analysed statistically; Independent t-test
and a paired t-test were used. Result: The results showed that the crowns cemented by RelyC
showed significantly lower mean values of the marginal gap compared to BrC (28.969 um,
31.06 um), respectively (p<0.05) and there were no significant differences in marginal
adaptation between the groups cemented with resin cement incorporated with PLS and the
other groups cemented with resin cement not incorporated with PLS for both types of
cements (p>0.05). Furthermore, the results of the paired t-test showed a statistically higher
marginal gap after cementation compared to before cementation in all groups (p<0.05)
Conclusion: Incorporating antibacterial PLS antibacterial particles into resin cements did not

adversely affect marginal adaptation of zirconia crowns. A smaller gap was produced with
RelyX compared to Breeze cement.

Keywords: polylysine, RelyX™ U200, Breeze™, marginal gap, self-adhesive resin
cement.

Introduction

The past decade has proven to be a remarkable period for the advancement of dental materials, marked
by remarkable strides in biocompatibility, aesthetic enhancement, and improved material strength. This
progress has been particularly pronounced with the growing adoption of zirconia materials and the shift
toward metal-free dentistry. A deep understanding of zirconia ceramic chemistry, crystallography, and
custom ceramics has paved the way for cutting-edge dental applications. ®.

The practitioner should be aware of various elements that influence the long-term performance of full-
ceramic restorations long-term performance. To achieve this, prosthetic crowns must have an exact
marginal and internal fit, as well as increased mechanical strength, good interfacial adhesion to the veneer
material, and the correct luting cement @. Marginal fitness is influenced by different variables, including
the type of CAD-CAM system, the luting cement, the geometry of tooth preparation, the curing
procedure, and the technique used to remove excess cement ©. Dental cement is used to ensure the
integrity of the restoration and its retention in the tooth preparation or implant abutment. Resin cement
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has ideal biological, physical, mechanical, and handling qualities for dental cement * 3. The main function
is to seal the gap between the prepared tooth and the restoration, minimise microleakage, and prevent the
restoration from becoming loose and dislodged ©. Compared to self-curing resin cement, dual-curing
resin cement has improved bond strength and hardness . Self-adhesive resin cements were used to
simplify cementation steps, since no additional surface treatment is required for tooth or the restoration
is required ®. Furthermore, dual polymerised resin cements are advisable when the ceramic material is
excessively thick or significantly opaque, preventing adequate transmission of polymerising light ©.

The discrepancy of the restoration margin can lead to a demineralization attack due to exposure of dental
cement to the oral environment © 19. In addition, it may lead to food accumulation and difficulty
optimising good oral hygiene. Due to this difficulty, plaque could more easily form around the restoration
margin and bacteria can reach the tooth-cement interface more easily, changing the equilibrium of the
oral environment and starting secondary caries. However, the position of the subgingival margin or other
host-related variables can increase the risk of secondary caries even when the marginal gap is clinically
acceptable. Some researchers consider a marginal gap value of less than 120 um to be clinically acceptable
(1, while others consider it to be less than100um (2. Furthermore, the appropriate value is still believed
to be between 20 and 75 um (3. Finally, we can say that the most common cause of restoration failure and
its replacement is secondary caries (415,

The interior surface of the restoration plays an important role, making indirect restorations such as
crowns, inlays, onlays, and bridge cementation indispensable (9. Due to the significant role that residual
bacteria under restorations and plaque formation around restoration margins play in the failure of
indirect restorations, there is strong demand for a luting cement that has antibacterial properties.
Unfortunately, the currently available luting cement lacks any antibacterial activity. However, very
limited efforts to incorporate antibacterial properties into luting cement (7).

Polylysine (PLS) has recently been introduced in dentistry as an alternative antibacterial agent. As its
higher compatibility with eukaryotic cells can address the limited biocompatibility of some other
antibacterial agents (9, it is widely used due to its broad antimicrobial spectrum (9. PLS is generally
considered a safe (GRAS) natural polypeptide that is edible, biodegradable, water-soluble, and non-toxic.
I is widely used as a food preservative and to encourage cell adhesion in eukaryotic cell cultures. PLS is
safely broken down in the body to produce lysine, an essential amino acid ?. Furthermore, it was used
in medicine as an interferon inducer, medication delivery vehicle, gene delivery vehicle, and coating
material for bioelectronics ?-In 2017, Lygidakis N. developed a smart compound incorporated with PLS
particles with different concentrations and found that this combination at a concentration of 2% was
capable of preventing Streptococcus mutans at all inoculum densities @». Another study in 2020 studied the
antibacterial effects of e-polylysine against oral Streptococcus mutans and Porphyromonas gingivalis in liquid
medium on biofilm-dentin samples. The results indicated satisfactory antibacterial efficacy against the
two species 3.

As far as is known at the time of writing of this article, no previous studies have incorporated PLS as
antibacterial particles into luting resin cement. Therefore, the present study aims to evaluate the marginal
fitness of the restoration of complete zirconia crown restorations cemented with antibacterial resin
cements modified with PLS particles (before and after cementation). Therefore, the present study aimed
to develop new resin cements with antibacterial properties and to evaluate the marginal fitness of the full
zirconia crown cemented with modified resin cements (pre- and post-cementation). The first null
hypothesis stated that the marginal fitness of the zirconia crowns would not be affected by the addition
of PLS to resin cements, while the second hypothesis stated that the fithess would not be affected by the
type of resin cement.
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Materials and Methods

This present study used two specific types of self-adhering resin-based self-adhesive dental cements,
namely Breeze™ self-adhesive resin dental cement (Pentron Clinical Technologies LLC in the USA) and
3M™ RelyX™ U200 (3M ESPE, Germany) as they possess entirely different chemical compositions (Table
1).

Table 1: Description, composition and manufacturers of the materials used in this study

Materials  Description Composition Manufacture Batch numbers

-Methacrylate monomers
containing phosphoric acid

groups Methacrylate (3M ESPE
monomers '
XTM
Rely Self-adhesive - Monomers Alkaline (basic) Germany) (LOT NO.
U200 . 3M Deutschland
) Dual-cure fillers 8278778)
Automix . . GmbHThe author
-Silanated fillers .
o said:
-Initiator components
Stabilisers -Rheological
additives Pigments
-Mixture of BISGMA,
UDMA, TEGDMA, HEMA, o
. . Pentron Clinical
& 4-MET resins, silane- .
Technologies, LLC
Self-adhesive  oed 68 North Plains BATCH
Breeze™ 2 -Barium borosilicate glasses - NO8060808The
Dual-cure o e Industrial Road .
-Silica with initiators, . author said:
stabilisers and UV absorbers Wallingford, CT
. . o USSA 06492
-Organic and/or inorganic
pigments, opacifiers
ZHENGZHOU
BAINAFO BATCH
Polylysine (C6H12N20)n Bainofa NO20210901The
Bioengineering author said:
LTD-China
Zirconium oxide (ZrO2) 88.0-
95.5, yttrium oxide
o, < O,
Zirconia IPS e.max g:fiii;iil/;e (_I—?fg)/zoi 5.0% Vivadent, Schaan,
ZirCAD LT Y Liechtenstein

aluminium oxide
(A1203) £1.0%, Other oxides
<1.0%

Incorporation of PLS in resin cement

To initiate the PLS incorporation powder (2%), the initial step involved accurate weighing of the powder
by digital balance (AE ADAM AFA-210LC) with a precision of 0.1 mg, as depicted in Figure 1A. Following
this, base and catalyst components were dispensed separately. Subsequently, the premeasured amount of
PLS powder was divided into two equal portions; the first portion was introduced to the base (of either
resin cements) while the second portion was introduced to the catalyst, then each mix was mixed separately
and thoroughly using a Zhermack mixing machine to achieve the intended 2% concentration @ 24, As
illustrated in Figure 1B, the resulting paste was then transferred to a 5ml disposable syringe and placed
vertically on a vibrator to remove trapped air bubbles. Subsequently, each paste was reintroduced into its
original container by expelling the material through a specially designed connector, shown in Figures 1C
and 1D.
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Each barrel was left upright for 5 minutes to allow the paste to settle, as demonstrated in Figures 1E and
1F. Subsequently, the two containers were combined to be ready for use, as described in reference . Itis
worth noting that all mixing procedures were carried out in a dark room to prevent unintentional cement
polymerisation.

Tooth preparation and study design:

This research received approval from the Research Ethics Committee of the College of Dentistry,
University of Baghdad, Iraq, with the reference number 502-10/3/2022. The sample size was determined
using G* power. 3.1.9.7 (Programme written by Franz-Faul, University of Kiel, Germany) (26) With study
power = 95%, probability alpha error = 0.05 two-sided, effect size of F is 0.4 (large effect size), two
measurements and four groups, under all these conditions, the sample size is 32 samples (8 samples each
group). Effect size F is small =0.1, medium=0.25, large=0.4.

Thirty-two intact human maxillary first premolar teeth were selected, which were extracted for
orthodontic purposes from patients aged 18-22 years. These teeth exhibited a similar size and shape. Each
tooth was individually embedded in a custom-made cuboid rubber mould measuring 3 cm in height, 1
cm in width, and 1 cm in length. The mould was filled with cold-cured acrylic. To ensure precise
alignment, a dental surveyor was employed to confirm that each tooth was parallel to the horizontal plane
of the mold. The teeth were placed 2 mm cervical to the cementoenamel junction, corresponding to the
level of the supporting alveolar bone, within cold-cure acrylic resin (Premacryl Plus, Spofadental, Jicin,
Czech Republic). The teeth were randomly divided into four groups, each consisting of 8 teeth. These
groups were classified according to the type of resin cement used to attach the restorations. The crown
groups were cemented using the following resin cements: RelyX™ U200 cement (RelyC), RelyX™ U200
cement (RelyPLS), Breeze™ cement (BrC) and PLS-incorporated Breeze™ cement incorporated with PLS
(BrPLS).

Full coverage crown preparation

The teeth were prepared using a high-speed air turbine handpiece (NSK PANA-MAX, Kanuma, Japan).
To ensure parallelism standardisation, a custom dental surveyor (Paraline, Dentaurum, Leipzig,
Germany) was employed to hold the handpeice @). A permanent colour marker was used to draw a Imm
coronal to the cementoenamel junction, representing the intended finishing line.

The teeth were subsequently given a chamfer finishing line as part of the indirect crown restoration
process 1. The tooth preparation process was divided into two main phases: axial reduction and occlusal
reduction. For the axial reduction, each axial wall was shaped with a 3-degree taper angle that matches
the bur's taper being used. This resulted in two opposing walls with a combined 6-degree total
convergence angle. Initial preparation involved the use of a round end tapered diamond fissure bur guide
pin (No. 6856-21, Komet, Germany) to create a 0.5mm depth finish line. Subsequently, the preparation
continued with a round diamond fissure bur (6856-314 016, Komet, Germany) to achieve the desired depth
of 0.8mm. The final refinements in preparation were carried out using a round-end diamond fissure bur
(8856-314 016, Komet, Germany). The reduction in occlusal surface was standardized using a Rugby ball
bur (No. 806-314 039, Olident, Germany), resulting in a prepared axial height. The dimensions of the
completed tooth preparation were verified with a digital caliper with an accuracy equal to a hundredth
of a millimeter (0.01lmm).

Digital workflow and zirconia full crown fabrication

In the digital process for creating a full zirconia crown, we utilised a CEREC Omnicam digital intra-oral
scanner (CEREC-Omnicam, Dentsply-Sirona, Bensheim, Germany) to scan the samples. Crown
restoration design was accomplished using Sirona InLab 15.1 software (Dentsply-Sirona), followed by
milling with the InLab MC X5 milling machine (Dentsply-Sirona) using e.max ZirCAD material.
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Pre-cementation marginal gap measurement

Each crown was placed on its respective tooth under a standard static load of 5 Kg (50 N) using a specially
designed screw-holding device with a load sensor. This load was used to replicate a seating force during
crown cementation to simulate the average bite forces produced by the jaw during measurement. The
marginal gap was determined using the direct view method, assisted by a digital microscope (Dino-Lite
Pro, AnMo Electronics Corp., New Taipei, Taiwan). Images capturing the marginal fit were obtained at a
230X magnification. Four reference points were marked on the surface of each tooth, covering the buccal,
palatal, mesial, and distal aspects. Two of these reference points were precisely positioned at the midpoint
of each surface, while the other two were spaced Imm apart . Subsequently, image processing was
carried out using DinoCapture software version 2.0, developed by AnMo Electronics Corp. Subsequently,
the processed images were subjected to analysis using ImageJ] 1.50i, a software tool developed by the
National Institutes of Health in Bethesda, USA. This analysis was performed to calculate the mean pre-
cementation gap value for each sample (Figure 2).

Cementation of zirconia crown and post-cementation assessment

The cementation procedure began by injecting cement onto the inner surface of the crown using a
disposable mixing tip, ensuring a uniform and thin layer of cement. To maintain consistency, half of each
crown was cement-filled. The crown was initially seated by applying manual pressure to ensure complete
seated. Subsequently, a vertical static force of 5 kilogrammes (approximately 50 Newtons) was exerted for
6 minutes using a custom-made specimen holding device. This process was devised to replicate the biting
force experienced during clinical cementation ®. To replicate the cushioning effect provided by a cotton
roll during clinical cementation, a piece of rubber material was placed at the end of the vertical arm of the
holding device to ensure a uniform load distribution on the occlusal surface of the crown restoration.
Finally, for BrC and BrPLS, each surface of the sample was exposed to 40 seconds of light curing, while
RelyC and RelyPLS received 20 seconds of curing, according to the manufacturer’s instructions. After
cementation, the samples were allowed to sit on a bench for one hour and subsequently stored in distilled
water at 37 © C for 24 hours 9. The marginal gaps were then measured at the same precementation sites.

Figure 1: Steps the preparation of modified resin cement
protocol: (A) weighing of the PLS powder, (B) transfer of the
cement paste (base or catalase) and mixing with the PLS powder,
(B) mixing of resin cement (base or catalase) using the mixing
machine (C)transfer the modified resin cement to the original
Breeze resin cement (D) transfer the modified resin cement to the c D

original barrel of RelyC resin cement barrel upright 5 min to F E

allow the paste to settle for RelyC (F) BrC.

Statistical data analysis

Statistical analysis involved the application of both independent t-tests (for comparison between different
cement groups) and paired t-tests (for comparisons before and after cementation). Before these analyses, the
normality of the data was assessed using the Shapiro-Wilk test, revealing that all groups exhibited a
normal distribution (p > 0.05). IBM SPSS version 26.0 software (IBM Corp., Chicago, IL, USA) was used
for these analyses and statistical significance was determined at a significance level of 0.05.
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Figure 2.: Marginal gap measurement (A); Points of measurement. (B): Digital microscope attached to the computer

Results

The Shapiro-Wilk test was used to determine the normality of the data distribution before and after
cementation. This test showed that the data were normally distributed (p>0.05). The mean, standard
deviation, minimum, and maximum values of the vertical marginal gap (in um) of the groups, before and
after cementation, are shown in Table (2). The lowest mean values of the marginal gap (20.45 pm, 19.86
um) were recorded for RelyC and RelyPLS resin cement, while BrC and BrPLS resin cement recorded the
highest mean values (21.45 pm, 21.65 um) respectively, and the same scenario was observed for the
marginal gaps.

It is evident, as shown in Table (2) and based on the results of the student’s t test, that the incorporation
of PLS in either cement did not have a statistically significant impact on the marginal adaptation of
zirconia crowns. This is true for both cements and both before and after crown cementation
measurements. Additionally, it is clear that after crown cementation, the marginal gaps increased
significantly for all cement groups; this was confirmed by the results of the paired t-test. When comparing
the two types of cement, the t-test revealed that the cemented crowns with the control RelyX cement
produced a lower gap value compared to the Breeze control Breeze cement, although no significant
differences were found between both cements incorporated cements.

Table 2: Descriptive and statistical tests of the marginal gaps in um among groups.

Pre Post

Grou Conc. Pai P
P Min. Max. Mean +SD Min. Max. Mean #SD aired
t-test value

RelyC 17200 22990 20.454 2.147 27.060 31.510 28.969 1.683 7.527 0.000

R:Ilzlc RelyPLS 19.000 20.800 19.868 0.657 26.800 32.356 29973 1.862 14.198 0.000
P value 0.472 0.277
BrC 20.600 22.800 21.450 0.836 27.220 33.000 31.069 1.803 14.323 0.000
Brg BrPLS 19.200 23.260 21.653 1.353 29.110 35.380 32.279 2452 12.149 0.000
an
BtPLS t- test 0.360 1.125
P value 0.724 0.280
Comparisons between Two cements
Control st 1223 © 021 trest 2408 L 0030
cements value value
PLS P P
incorporated t-test 3.357 0.061 t-test  2.118 0.053
value value
cements
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Discussion

A PLS concentration of 2% was chosen for this study based on the results of previous out-mentioned
studies @». In this study, 2% PLS was incorporated into resin cements, with the aim of providing the
highest antibacterial action of resin cements without affecting other properties of the luting cement 4.

Estimation of the vertical marginal gap is considered the most frequent method used to measure the
precision of the fitness of the restoration ©V. To determine the mean marginal value as reported in earlier
studies, the mean marginal gaps of each sample (3, 32) were calculated. In this investigation, this was
done rather than dividing the findings to appreciate the design as a whole. The direct view technique is
used, since it is a popular and conservative method that requires less time and has fewer chances of errors
compared to other indirect methods 2.

The standardisation of the crown fabrication process (tooth preparation, scanning, design, and milling,
along with the use of IPS e.max ZirCAD LT blocks ) contributed to the statistically insignificant differences
observed in the marginal gap before cementation. In this study, the marginal spacer was set ‘to zero’ using
a CAD/CAM system, while the radial and occlusal spacers were set to 100" um starting Imm above the
margin. The marginal gap values in this study are less than 40 pm, as previously mentioned, the clinically
acceptable marginal gap data value of less than 120 um is clinically acceptable (9, while others consider
that it should be less than100pum (2. Furthermore, the appropriate value is still believed to be between 20
and 75 um (9. although significant differences were found between the groups in this study. All data on
the marginal gap were within clinically acceptable limits.

It is important to note that measuring crown marginal gaps before cementation is not practical because
the cementation process significantly influences the outcome 3. When the cement crown was placed on
the prepared tooth and pressure was applied, there was no space for excess cement to escape through the
cervical margin. Resin cement increased viscosity too rapidly to flow toward the cervical area and extrude
from the margins of the crown, this will create the problematic discharge of excess cement and hydraulic
pressure that will push the cement upward, this will result in a large amount of luting cement to
accumulate on the occlusal surface of the prepared tooth that could interfere with proper crown
restoration after the cementation procedure @334,

Therefore, the result showed significant differences between precementation and postcementation for all
groups. This finding is consistent with studies by Abdullah and Ibraheem, 2017¢% Al-Hawwaz and
Ibraheem, 201839, Abdulla and Majeed, 202063 who found that the cementation process caused an
increase in the discrepancy of the vertical marginal gap, the hydraulic pressure that forms during
cementation may be the cause, pushing the cement higher ¢7.

Compared to Breeze, RelyC exhibited a lower post-cementation marginal gap. This result could be
attributed to the lower viscosity of RelyC, a characteristic believed to be influenced by factors such as the
amount of filler, the type of filler particles, the composition of the resin matrix, and polymerization degree
©8). The percentage by volume is 52%, while in RelyC it is 43%. Therefore, this may lead to the film
thickness of RelyC being lower than that of BrC . From this result, the first null hypothesis was rejected.

The results of the study showed that the addition of antibacterial particles with PLS did not significantly
increase the marginal gap after being incorporated into both cements; this negligible effect may be
attributed to the fact that the PLS added to bo both cements was small enough to cause a dramatic effect
on film thickness, coincided with the results of Mansi et al.,2023 which found that 2%PLS did not effect
on the film thickness of resin cement. Therefore, the null hypothesis was accepted since the addition of
PLS did not affect the marginal fitness of the marginal fitness of the zirconia crown @4. The filler has a role
in the properties of resin cements, increasing the filler load may affect different properties(film thickness,
setting time, water sorption, and solubility) @4.

In this study, the introduction of a newly modified resin cement formulation with antibacterial PLS filler
with exceptional, no effect on marginal adaptation can open the scope to clinical application since they
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have the advantage of providing antibacterial properties of cements especially when the restoration
margin subgingivally with limits cleaning and can be considered as a potential risk factor for secondary
caries, An antibacterial cement can improve the long-term success of the crown cement by inhibiting
secondary caries - However, it is important to acknowledge certain limitations in the methodology
employed in this study. First, the application of cement to crowns during the cementation process was
not standardised due to the challenge of standardising pressure with varying cement viscosities. Second,
this study primarily provides insights into the vertical marginal discrepancies achievable under
controlled in vitro conditions with zirconia crowns. Furthermore, crowns were not subjected to artificial
ageing processes such as thermocycling and cyclic loading, which could offer more information on the
clinical performance of the restorations. It is essential to note that these in vitro measurements may not
necessarily reflect the clinical environment. Consequently, more research is needed to investigate the
implications of such marginal discrepancies for the longevity of dental restorations.

Conclusion

In the present study, the mean values of the marginal gap of the crowns in all groups (before and
after cementation) were within the clinically acceptable limit. In the scope of this investigation, it was
observed that modification of the resin cement with the addition of antimicrobial PLS particles did not
produce a substantial influence on the extent of the the marginal gap of zirconia crowns more than the
marginal gap of the zirconia crown cemented with self-adhesive resin cement was less than the groups
cemented with Breeze self-adhesive resin cements. In light of these in vitro results, it is conceivable to
propose that PLS modified cements may be promising for use in the future due to their antibacterial sw.

Conflict of interest

The authors have no conflicts of interest to declare.

Author Contributions

Conceptualisation, ZM and AM.; methodology, ZM investigation AM writing—original draft
preparation, ZM, and A.M; writing—review and editing, AS: All authors have read and agreed to the
published version of the manuscript.

Acknowledgements and funding

No grants or financial support was received from any government or private sector for this study

Informed consent
Informed consent was obtained from all individuals or their guardians included in this study.

References

1.  Zarone F, Di Mauro MI, Ausiello P, Ruggiero G, Sorrentino R. Current status on lithium disilicate and zirconia: a narrative
review. BMC Oral Health. 2019;19:1-14.. https://doi.org/10.1186/s12903-019-0838-x

2. Ali SNA-H. In vitro comparison of marginal and internal fit between stainless steel crowns and esthetic crowns of primary
molars using different luting cements. Dental Res J. 2019;16(6):366. https://doi.org/10.4103/1735-3327.270783

3. Ibraheem AF, Abdulkareem A. Comparison of the marginal fitness of the ceramic crowns fabricated with different
CAD/CAM systems (An in vitro study). ] Bagh Coll Dent. 2016;28(4):28-33. https://doi.org/10.12816/0033207

57


https://doi.org/10.1186/s12903-019-0838-x
https://doi.org/10.4103/1735-3327.270783
https://doi.org/10.12816/0033207

J. Bagh. Coll. Dent. Vol. 36, No.4. 2024 Mansi et al.

4. Pegoraro TA, da Silva NR, Carvalho RM. Cements for use in esthetic dentistry. Dental Clin North Am. 2007;51(2):453-71.
https://doi.org/10.1016/j.cden.2007.02.003

5. Perroni AP, Bergoli CD, Dos Santos MBF, Moraes RR, Boscato N. Spectrophotometric analysis of clinical factors related to
the  color of ceramic  restorations: A  pilot study. ]  Prosthet Dent.  2017;118(5):611-6.
https://doi.org/10.1016/j.prosdent.2016.12.010

6.  Edelhoff D, Ozcan M. To what extent does the longevity of fixed dental prostheses depend on the function of the cement?
Working Group 4 materials: cementation. Clin Oral Implants Res. 2007;18:193-204. https://doi.org/10.1111/5.1600-
0501.2007.01442.x

7. Ferracane JL, Stansbury ], Burke FJT. Self - adhesive resin cements-chemistry, properties and clinical considerations. ] Oral
Rehabil. 2011;38(4):295-314. https://doi.org/10.1111/j.1365-2842.2010.02148.x

8.  YangL, ChenB, Meng H, Zhang H, He F, Xie H, et al. Bond durability when applying phosphate ester monomer-containing
primers vs. self-adhesive resin cements to zirconia: Evaluation after different aging conditions. ] Prosthodont Res.
2020;64(2):193-201. https://doi.org/10.1016/j.jpor.2019.06.008

9.  Rosenstiel SF, Land MF, Crispin BJ. Dental luting agents: A review of the current literature. ] Prosthet Dent. 1998;80(3):280-
301. https://doi.org/10.1016/5S0022-3913(98)70128-3

10. Abdul-Karem L, Al Noor T. Synthesis, spectral and bacterial studies of mixed ligand complexes of schiff base derived from
Methyldopa and Anthranilic acid with some metal ions. Ibn Al Haitham ] Pure Appl Sci. 2017:240-52.

11. Karatasli, O., Kursoglu, P., Capa, N. Kazazoglu, E. Comparison of the marginal fit of different coping materials and designs
produced by computer aided manufacturing systems. Dent Mater ].2011;30, 97-102. https://doi.org/10.4012/dmj.2010-063

12. Ushiwata O, de Moraes JV. Method for marginal measurements of restorations: Accessory device for toolmakers
microscope. ] Prosthet Dent. 2000;83, 362-366. https://doi.org/10.1016/50022-3913(00)70141-7

13. Heboyan A. Marginal and internal fit of fixed prosthodontic constructions: A literature review. Int. J. Dent. Res. Rev.2019;
2, 19. https://doi.org/10.28933/ijdrr-2019-06-1105

14. Abdulazeez MI, Majeed MA. Fracture strength of monolithic zirconia crowns with modified vertical preparation: a
comparative in vitro study. Euro ] Dent. 2021;16(01):209-14. https://doi.org/10.1055/s-0041-1735427

15. Ali AH, Koller G, Foschi F, Andiappan M, Bruce KD, Banerjee A, et al. Self-limiting versus conventional caries removal: a
randomized clinical trial. ] dent res. 2018 Oct;97(11):1207-13.. https://doi.org/10.1177/0022034518769255

16. Ling L, Ma Y, Chen Y, Malyala R. Physical, Mechanical, and Adhesive Properties of Novel Self-Adhesive Resin Cement.
Int J Dent. 2022. https://doi.org/10.1155/2022/4475394

17. Hu G, Zhang XY, Zhao JX, Zhou CJ, Wu JL. Development of novel self-adhesive resin cement with antibacterial and self-
healing properties. Hua xi kou Qiang yi xue za zhi= Huaxi Kougiang Yixue Zazhi= West China Journal of Stomatology.
2020 ;38(3):256-62.

18. Al-Noor TH, Mohapatra RK, Azam M, Karem LKA, Mohapatra PK, Ibrahim AA, et al. Mixed-ligand complexes of
ampicillin derived Schiff base ligand and Nicotinamide: Synthesis, physico-chemical studies, DFT calculation, antibacterial
study and molecular docking analysis. ] Mol Struct. 2021;1229. https://doi.org/10.1016/j.molstruc.2020.129832

19. Shima S, Sakai H. Polylysine produced by Streptomyces. Agric Biol Chem. 1977;41(9):1807-9.
https://doi.org/10.1271/bbb1961.41.1807

20. Kangwankai K, Sani S, Panpisut P, Xia W, Ashley P, Petridis H, et al. Monomer conversion, dimensional stability, strength,
modulus, surface apatite precipitation and wear of novel, reactive calcium phosphate and polylysine-containing dental
composites. PloS one. 2017;12(11):e0187757. https://doi.org/10.1371/journal.pone.0187757

21. Shih L, Shen MH, Van YT. Microbial synthesis of poly (e-lysine) and its various applications. Bioresour Technol. 2006
1;97(9):1148-59. https://doi.org/10.1016/j.biortech.2004.08.012

22. Lygidakis NN, Allan E, Xia W, Ashley PF, Young AM. Early polylysine release from dental composites and its effects on
planktonic Streptococcus mutans growth. J Funct Biomater. 2020 ;11(3):53. https://doi.org/10.3390/jfb11030053

58


https://doi.org/10.1016/j.cden.2007.02.003
https://doi.org/10.1016/j.prosdent.2016.12.010
https://doi.org/10.1111/j.1600-0501.2007.01442.x
https://doi.org/10.1111/j.1600-0501.2007.01442.x
https://doi.org/10.1111/j.1365-2842.2010.02148.x
https://doi.org/10.1016/j.jpor.2019.06.008
https://doi.org/10.1016/S0022-3913(98)70128-3
https://doi.org/10.4012/dmj.2010-063
https://doi.org/10.1016/S0022-3913(00)70141-7
https://doi.org/10.28933/ijdrr-2019-06-1105
https://doi.org/10.1055/s-0041-1735427
https://doi.org/10.1177/0022034518769255
https://doi.org/10.1155/2022/4475394
https://doi.org/10.1016/j.molstruc.2020.129832
https://doi.org/10.1271/bbb1961.41.1807
https://doi.org/10.1371/journal.pone.0187757
https://doi.org/10.1016/j.biortech.2004.08.012
https://doi.org/10.3390/jfb11030053

J. Bagh. Coll. Dent. Vol. 36, No.4. 2024 Mansi et al.

23. Dima$, Lee YY, Watanabe I, Chang W], Pan YH, Teng NC. Antibacterial effect of the natural polymer e-polylysine against
oral pathogens associated with  periodontitis and caries. Polymers. 2020 May 27;12(6):1218.
https://doi.org/10.3390/polym12061218

24. Mansi ZM, Al-Shamma AM. Characterization of Polylysine Enriched Self-Adhesive Resin Cements. Int J Dent. 2023
(special issue). https://doi.org/10.1155/2023/8839934

25. Khan MA. Development of antibacterial and remineralizing composite bone cements: UCL (University College London);
2015.

26. Faul, F., Erdfelder, E., Buchner, A., Lang, A.-G. Statistical power analyses using G*Power 3.1: Tests for correlation and
regression analyses. Behav Res Methods. 2009; 41, 1149-1160. https://doi.org/10.3758/BRM.41.4.1149

27. Hmedat SJA, Ibraheem AF. An in vitro evaluation of fit of the crowns fabricated by zirconium oxide-based ceramic
CAD/CAM systems, before and after porcelain firing cycles and after glaze cycles. ] Bagh Coll Dent. 2013;25(1):43-8.
https://doi.org/10.12816/0014962

28. Khaledi A-A, Farzin M, Akhlaghian M, Pardis S, Mir N. Evaluation of the marginal fit of metal copings fabricated by using
3 different CAD-CAM techniques: Milling, stereolithography, and 3D wax printer. ] Prosthet Dent. 2020;124(1):81-6.
https://doi.org/10.1016/j.prosdent.2019.09.002

29. Anunmana C, Charoenchitt M, Asvanund C. Gap comparison between single crown and three-unit bridge zirconia
substructures. ] Adv Prosthodont. 2014;6(4):253-8. https://doi.org/10.4047/jap.2014.6.4.253

30. Shahrbaf S, Van Noort R, Mirzakouchaki B, Ghassemieh E, Martin N. Fracture strength of machined ceramic crowns as a
function of tooth preparation design and the elastic modulus of the cement. Dent Mater. 2014;30(2):234-41.
https://doi.org/10.1016/j.dental.2013.11.010

31. Wolfart S, Wegner SM, Al-Halabi A, Kern M. Clinical evaluation of marginal fit of a new experimental all-ceramic system
before and after cementation. Int ] Prosthodont. 2003;16.(6)

32. Hasan SA, Abdul-Ameer ZM-H. Effect of three different preparation designs on the marginal adaptation of indirect
overlay restoration fabricated from lithium disilicate ceramic material: An in-vitro comparative study. Saudi Dent ]J.

2023;35(4):372-7. https://doi.org/10.1016/j.sdentj.2023.03.013

33. Abdulla HA, Majeed MA. Assessment of bioactive resin-modified glass ionomer restorative as anew CAD/CAM material.
Part I: Marginal fitness study. Indian ] Forensic Med Toxicol. 2020;14(1):865-70.

34. Ghadeer FK, Alwan LE, Al-Azzawi AK. Crystallization firing effect on the marginal discrepancy of the IPS. emax CAD
crowns using  two different CAD/CAM systems. J  Bagh  Coll  Dent. 2023;35(1):49-57.
https://doi.org/10.26477/jbcd.v35i1.3316

35. Abdullah LS, ibraheem AF. The effect of finishing line designs and occlusal surface reduction schemes on vertical marginal
fit of full contour CAD/CAM zirconia crown restorations (a comparative in vitro study). Int ] Dent Oral Health. 2017;4, 1-
6. https://doi.org/10.16966/2378-7090.247

36. Al-Hawwaz ZM, Ibraheem AF. Marginal and internal fitness of full contour CAD/CAM fabricated zirconia crowns using
different digital intra-oral scanners (an in vitro study). JPAM. 2018;12, 839-844. https://doi.org/10.22207/JPAM.12.2.46

37. Borges GA, Faria JS, Agarwal P, Spohr AM, Correr-Sobrinho L, Miranzi BA. In vitro marginal fit of three all-ceramic crown
systems before and after cementation. Oper Dent. 2012;37(6):641-9. https://doi.org/10.2341/11-012-L

38. White SN, Yu Z. Film thickness of new adhesive Iluting agents. ] Prosthet Dent. 1992;67(6):782-5.
https://doi.org/10.1016/0022-3913(92)90582-U

39. Aratjo RP, Gonzalez AHM, di Hipolito V, Valduga CJ, dos Santos DI, Graeff CF. Inorganic characterizations and filler
particles morphology of self-adhesive cements. Int ] Adhes Adhes. 2016;68:62-9.
https://doi.org/10.1016/j.ijadhadh.2016.02.003

40. AlSahafi R, Balhaddad AA, Mitwalli H, Ibrahim MS, Melo MAS, Oates TW, et al. Novel crown cement containing
antibacterial monomer and calcium phosphate nanoparticles. Nanomater. 2020;10(10):2001.
https://doi.org/10.3390/nano10102001

59


https://doi.org/10.3390/polym12061218
https://doi.org/10.1155/2023/8839934
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.12816/0014962
https://doi.org/10.1016/j.prosdent.2019.09.002
https://doi.org/10.4047/jap.2014.6.4.253
https://doi.org/10.1016/j.dental.2013.11.010
https://doi.org/10.1016/j.sdentj.2023.03.013
https://doi.org/10.26477/jbcd.v35i1.3316
https://doi.org/10.16966/2378-7090.247
https://doi.org/10.22207/JPAM.12.2.46
https://doi.org/10.2341/11-012-L
https://doi.org/10.1016/0022-3913(92)90582-U
https://doi.org/10.1016/j.ijadhadh.2016.02.003
https://doi.org/10.3390/nano10102001

J. Bagh. Coll. Dent. Vol. 36, No.4. 2024 Mansi et al.

Balaal) Cpend A oall iy oy Aaea Gualll 4003 L) cililand aladiuly 5 pdbuall 8 LigS )30 Glast clase i) odialgl) i) oyl

LSl
e grea ) e pladill dua g Jana dlil 18 ¢ (ouda dgana Qi)
coaldicall

O e 51 palgl il e aalll 2513 ol ) i) e cpilite (e 55 (o Aaadall Ly Sl Babiaad) Cpnlid sl iy Ja 580 A 50 8 4 el a5l e gl
pad gosaal) ) gl el pumnall Gul) Sy 3 pdlal) e Ul Clasa i dal e Rysladl (3531 sl suall (e B 32 pniand 25 1kl s 2 sal, 380l ye LigS )50
dee @i a5 G gualadly laill apenal o5 b juaall z3lall arand Gl ) Cilapks 30 5 a1 Jla il Sl alaaindy Lgie SSU 65 3l 5 (e 0.8 (apaal) Gapladill il ASLaws
RelyPLS-RelyXU200 ahiius ol (e e sana Goal o3 (8 = 22all) pnash ) Sl sana g () Ler alad) lal) s aa a1 g s o3 LS 3l 33ke g sl
e s Saally Antialel) 5 gnil) (WLl 230 i i (ad ) eae pladiud o s (alall ) e ane i JS Cuii o3 Breeze™ (BrPLS) Ul 4iLaYU Breeze (BrC) cuiaul s
Sl 4 5l Ty il 5T Jitusall L) alasid o3 (0,05 < §) il dny 5 O il a5 58 Rpmgalall Allad) ol @lld 5 5yl HUEAT ) 5al Libaan] il (st o

3 (358 2 SY 4l il & elal LSBIPLS 5 BrCb 43 )asRelyPLS 5 RelyC  alaaiuly 43l grelaall 4niolgll o saill (i pale (S duabiiia Lo il Caaa )
il 3 ol (s gine 50 Al Gl GaeeD sl alaaTuly oail U Ciiand) Jise 2 WY, Sl o) e (g 5in3Y S5 S sl e (s siat S paladl (p 4giliast al¥s
elgl

60



