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ABSTRACT

Objectives: To evaluate the in vivo effect of Titanium dioxide (TiO2) nanoparticles and
methacryloyloxyethyl phosphoryl choline (MPC) polymer modifications of glass-ionomer cement,
to inhibit demineralization around orthodontic bands.

Materials and Methods: 60 orthodontic patients with non-carious molars scheduled for banding
were randomly divided into three groups. Grouping was based on (3% MPC, 3% nano-Titanium,
and 3%+3% of both by weight) added to the luting glass-ionomer cement (GIC) Medicem, which
was used for cementation of prefabricated micro-etched orthodontic bands. Demineralization was
recorded by using DiagnoDent pen (KaVo, Biberach, Germany) device. Statistical evaluation was
performed with one way ANOA test.

Results: Bands cemented with conventional GIC showed the highest bacterial scores in
comparison to those cemented with MPC polymer and nano-titanium modified GICs. There was
significant difference between teeth banded with 3% MPC, 3% nano-titanium, and 3% MPC + 3%
nano-titanium modified GICs.

Conclusions: Modification of the banding GIC with MPC polymer and nano-titanium revealed
a positive effect on reducing white spots around orthodontic bands.

KEY WORDS: MPC, Nano-titanium, WSLs, DiagnoDent pen, Orthodontic.

INTRODUCTION leads to the accumulation of biofilm plaque.’ White
.. spot lesions (WSLs) on enamel smooth surfaces are
Dental caries is regarded the most prevalent . o .

caused due to the demineralization which occurs
adjacent to the fixed orthodontic appliances.* Mostly,
these chalky spots of enamel around appliances can
Fixed orthodontic appliances placement make oral  be detected during the follow-up visits, representing

hygiene preservation a difficult mission, which the formation of initial lesions. A high incidence of

infectious disease.' Oral biofilms produce acids that

could demineralize tooth structure causing caries.?
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WSLs has been observed in younger patients with
poor oral hygiene during treatment. Different studies
have been reported the prevalence of these lesions
up to 95% during fixed orthodontic procedures.’
Fluoride therapy, oral health instruction and diet
control were combined shown acceptable results
for prevention of WSLs.¢ This combination requires
patient cooperation which is not reliable.” The
presence of preventive strategies not requiring
patient cooperation can greatly be more helpful in
this respect. 8

Glass-ionomer cement (GIC) is widely used for
cementing orthodontic bands due to the claims of
its anti-cariogenic property by release of fluoride
ions.” Recently, methacryloyloxyethyl phosphoryl
choline (MPC) polymer can be incorporated into
GICs used for banding to act as bacterial-repellent
cement. The studies investigated that MPC is a
methacrylate with a phospholipid polar group in
the side chain ', this side chain contain hydrophilic
heads and hydrophobic tails."" Once submerged in
water, the phospholipids can orient themselves into
a bilayer in which the non-polar tails face the inner
area of the bilayer, and the polar heads face outward
and interact with the water. The protein-repellent
polymer surface would reduce biofilm formation,
protein adsorption and bacterial adhesion.? It has
been incorporated into artificial blood vessels, hip
joints, and microfluidic devices."

Nanotechnology has been used in dentistry to
enhance mechanical and antibacterial properties
of dental materials.!* Titanium dioxide (TiO2)
nanoparticles are mostly used in medical and in the
field of dentistry.'?

Previous studies showed that TiO2 nano-particles
exhibited significant antimicrobial effects.'® Bacteria
are less likely to develop resistance against it, so the
use of TiO2 nanoparticles has a good potential for
preventing white spot formation."’

The introduction of new caries detection de-
vices with the use of traditional instruments, caries
can be effectively identified. The non-invasive and
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quantitative diagnostic laser-based DIAGNOdent
pen (KaVo, Biberach, Germany) was evaluated by
researchers and dentists in vitro ! and in vivo
studies.”®?' This device generates laser light that is
absorbed by tooth structure and reflects as fluores-
cence within the infrared region. This reflected light
energy can be quantified and registered as a numeri-
cal value. Carious tissue emits stronger fluorescence
than sound tissue does; hence, fluorescence from a
carious region is greater than that from sound tissue.
The origin of fluorescence in carious tissue lies in
the porphyrins which produced by oral bacteria.?”

The addition of MPC to conventional GIC was
tried by some researchers, there are not reported
in vivo studies. Accordingly, the aims of this in
vivo study was to develop protein-repellent, and
compare the demineralization preventive effect
of conventional GIC and novel multi-functional
orthodontic cements modified by incorporating
MPC polymer and nano-titanium particles around
brackets orthodontic bands cemented by and GIC by
using red laser-light induced fluorescence. Our null
hypothesis assumed that there were no statistically
significant differences by incorporating MPC and
nano-Ti filler into GICs.

MATERIALS AND METHODS

This randomized clinical trial was ethically
approved in the Ethics Committee of Faculty of
Dentistry, Mansoura University.

The sample of this study consisted of 60
orthodontic patients selected from the clinic of
the Orthodontic Department, Faculty of dentistry,
Mansoura University. The informed consents were
obtained from patients older than 18 and from
parents of the younger subjects.

The inclusion criteria were: age ranged from 13
to 20 years, permanent dentition with fully erupted
first molars and premolars without visible defects
on their buccal and lingual surfaces; and regular
tooth-brushing habit.

The patients were examined by two; operative
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and orthodontic; clinicians by visual inspection using
a mirror and an explorer. Then the mesial, middle
and distal thirds of buccal and lingual surfaces of
the teeth were examined using DIAGNOdent pen
(Kavo, Biberach, Germany). When both examiners
confirmed the absence of WSLs, the patient was
included in this study.

This study was designed as a split-mouth
design; so that at one side the orthodontic band was
cemented by one of the tested material and at the
other side the band was cemented by conventional
GIC (Medicem, Promedica Dental Material GmbH,
Domagkstrasse, Neumuenste, Germany).

The patients were randomly divided into three
groups, each group consisted of 20 patients:

Group 1; 3% MPC + 97% conventional GIC
which used as a control.

Group 2; 3% nano-titanium particles + 97%
conventional GIC which used as a control.

Group 3; 3% MPC + 3% nano-titanium particles
+ 94% conventional GIC which used as a control.

Orthodontic bands were placed according to
Renfroe®. All patients received the same oral
hygiene instructions. The upper and the lower bands
on both sides were removed after three-months
and were examined, evaluated and scored by the
operative clinician. After examination the molar
bands were reinserted to complete the orthodontic
treatment.

Atfirst, the laser devise was calibrated against the
device own ceramic standard to ensure an accurate
reading, Then, measurements were obtained 1 mm
away from the center of the gingival and occlusal
thirds of the buccal and the palatal surfaces of the
upper first molar, and 1 mm away from the center
of the gingival and occlusal thirds of the buccal and
the lingual surfaces of the lower first molar. The
four readings of each tooth were added together
and divided by four to obtain the end scores of each
molar individually.
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The teeth with scores 0 —13 were considered as
sound indicating high mineral content and hence
clean healthy tooth structure, on the other hand,
higher readings as 14 —20 were considered with
WSL indicating greater demineralization, and 21—
29 were considered carious with shallow cavitation
(according to DIAGNOdent manual instructions).

DIAGNOdent

Laser fluorescence measurements were taken
with DIAGNOdent pen device using a flat-tip
for smooth surfaces. The measurement time was
standardized to around 9 sec (as recommended by
the manufacturer, the instrument was calibrated
against its own supplied ceramic standard before
every measurement).

Statistical Analysis:

The collected data was analyzed using Statistical
Package for Social Science software computer
program version 23 (SPSS, Inc., Chicago, IL,
USA). These data were presented in mean and
standard deviation. Student’s t-test was used to
compare between two different groups while one
way analysis of variance (ANOVA) followed by
post-hoc tukey test was used for comparing more
than two different groups. P value less than 0.05
was considered statistically significant.

RESULTS

The quantitative DIAGNOdent values and
comparisons between the modified cement and
conventional cement are shown in (Tables 1, 2,
3). Also, the comparison among the different three
modified cements are shown in (Table 4). Statistical
comparisons showed significant differences
between all the modified cements and the control
cement (P < 0.001 for all groups). The results were
plotted in Fig.1. Therefore, the null hypothesis of
no statistically significant differences between
modified cements and conventional cement was

rejected.
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Fig. (1) Comparison of each test group to its control.

TABLE (1) Comparison of MPC modified to

conventional GIC.
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Also, there were significant differences among
the different three modified cements in inter group
comparison. One way ANOVA followed by post-
hoc tukey test which determined the significance
between groups (1 and 2) and (2 and 3). The groups
(1 and 3) did not show significant difference. Group
1 showed the lowest DIAGNOdent values and
group 2 showed the highest DIAGNOdent values as
plotted in Fig.2.

TABLE (4) Comparison among the three test GIC
modified groups.

G1

G2

G3

score

6.20+2.20

11.30+3.68*

7.40+4.06°

Control

Gl

Score

21.90+5.20

6.20+2.20

<0.001*

Data expressed as mean +SD

TABLE (2)

Comparison of NT modified to

conventional GIC.

Control

G2

Score

21.90+5.2

11.30+3.68

<0.001%*

Data expressed as mean +SD

TABLE (3) Comparison of MPC + NT modified to

conventional GIC.

Control

G3

Score

21.90+5.20

7.40+4.06

<0.001*

Data expressed as mean +SD

Data expressed as mean +SD
a: significance vs to Group 1 (p <0.05)
b: significance vs Group 2 (p <0.05)

diagno readings
=

Group 1 Group 2 Group 3

Fig. (2) Comparison among the three test groups.

DISCUSSION

This study evaluated the effects of novel
modified multifunctional glass ionomer cements
inhibition of enamel demineralization
under orthodontic bands, which assessed by the

on the

laser fluorescence of enamel lesions with proto-
porphyrins. DIAGNOdent was used to determine
the extent of enamel demineralization. This laser
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device allows for a quantitative method based on
the emission of light from a diode laser and the
measurement of the reflected fluorescence from the
carious tissues.”!

Mostly, the studies indicated that 50-70%
of teeth restorations were replaced due to failed
restorations with secondary caries at the tooth-
restoration margins.>** Clinical practice showed
that orthodontic banding increases susceptibility of
enamel decalcification with its welded attachment
as it provides a shelter for plaque accumulation.?
Therefore, it is highly desirable to develop protein-
repellent adhesive cements and restorative materials
to minimize bacterial attachment and biofilm growth
at this weak link. Bacterial adhesion is the first step
of biofilm formation, and bacterial adhesion follows
protein adsorption onto the enamel, orthodontic
appliances, and restorations surfaces.’

3% MPC
for protein-repellent capability, 3% nano-Ti for

Various bioactive components:
antibacterial action were incorporated to act as
antibacterial defense wall. Recently, MPC polymer
and nano-Ti has been widely suggested to prevent
the dramatic effect of cariogenic bacteria. In the
current study, MPC and nano-Ti were selected as
an antibacterial agent, and were easily added to
conventional GIC to be used for bands cementation.
The results showed that MPC-containing dental
cement revealed highest anti-cariogenic effect as
MPC polymer is hydrophilic.”” It was reported that
hydrophilic surfaces are more resistant to protein
adsorption than hydrophobic surfaces.”® This was
confirmed by Zhang N et al when they tried to
develop a bioactive orthodontic cement to prevent
white spot lesions, and to determine the effects of
cement compositions on biofilm growth.”

TiO2 nano-particles are available in varying
dimensions and crystalline structures and are
recommended as suitable for adding into various
dental materials. The results of the present study
revealed that 3% TiO, nano-particles could reduce
caries incidence. This finding was in accordance
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with previous observations.?! Regarding to the
comparison among the modified groups, it showed
that significant difference between MPC and
TiO,. This is may be the difference between them
in their anti-bacterial effect. This is confirmed by
the significant difference between TiO, and double
modification of cement. This double modification
of cement did not showed in the third group the
highest effect. This is may be due incompatibility
between them or incomplete dissolving of MPC
polymer in saliva by this combination and this may
also have decreased the protein-repellent efficacy.
The ratios which was used in our study may need to
be modified for better effects. The durability of the
protein-repellent capability is an important issue,
further studies are needed to incorporate MPC into
dental composites to possess the benefit of protein-
repellent and combat secondary caries.

CONCLUSIONS

e MPC-containing dental materials may be
promising to reduce the bacterial adhesion and
biofilm formation at orthodontic appliances and

the tooth-restoration margins.

e It could be applicable to a wide range of
dental bonding agents, cements, sealants and
composites.

* Additional studies are required for evaluating
the physical properties of this modified GIC,
and long term evaluation to their valuable
effects.
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