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treated and followed up for 6 months in the present study.
The research was approved by the Institutional Ethics
Committee (IEC/IDS/152/2021), and informed consent
was obtained from all patients prior to the commence-
ment of the study. The study was performed from Sep-
tember 2020 to November 2020. Amidst the coronavirus
disease 2019 (COVID-19) pandemic, all precautions were
taken, with the proper sterilization of instruments and
the operation theater area, and further self-protection
of the operator and the patient. Pros and cons regarding
the procedure were explained to the patients. The study
was conducted in accordance with the 1975 Declaration
of Helsinki, modified in 2008.

Inclusion and exclusion criteria

The inclusion criteria comprised patients with an age
range of 18—45 years, having Cairo Type 1 GR defects? in
maxillary teeth (anterior and premolars) without mobil-
ity, who were systemically healthy, did not undergo any
periodontal treatment within the last 6 months, and were
not using any medications that would hamper healing.
Furthermore, the eligible patients were those who visited
the periodontist mainly because they were seeking treat-
ment for their GR. Patients having pockets deeper than
3 mm, any malposition of the teeth that needed to be
treated, any systemic illness, smokers, alcoholics, preg-
nant and lactating females, patients with a platelet count
(PLT) < 2,000,000/mm3, patients with GR Type 2 or 3
of Cairo’s classification, patients with any mobility in the
teeth of concern, and patients with the absence of the ad-
jacent teeth, where CAF could rest, were excluded from
the study.

Clinical parameters

The plaque index (P1),% the gingival index (GI)?%, reces-
sion depth (RD), recession width (RW), and WKT were
assessed at baseline and 6 months postoperatively, using
the CP15 University of North Carolina probe (UNC-15)
(Equinox Instruments Ltd, Lincoln, UK). While measur-
ing, CEJ is taken as the guide, and if CEJ is not visible,
the CEJ of the adjacent tooth is taken into account. Prior
to making the final measurements of the main study, the
examiner evaluated the readings of 5 random patients
who were not included in the study within a gap of 72 h.
If the variation between the values was *1, then the fi-
nal outcome values had an accuracy of 90%, and only the
examiner was allowed to take measurements in the main
study.?” The mean root coverage percentage (MRC%) was
calculated at the 6-month follow-up based on root cover-
age, using the following formula (Equation 1):

)
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where:

MRC% — mean root coverage percentage; and

RD — recession depth.

Pain perception was recorded using a visual analog
scale (VAS; a scoring range of 1 to 10) 24 h after surgery
and on the 71 postoperative day.® These measurements
were taken via the telephone by calling the patient. Due to
the COVID-19 pandemic, recall visits were limited, and
patients could be recalled only in emergency cases.

Pre-surgical procedure

Patients who were willing to undergo surgery were con-
sidered, and the initial phase | therapy, which included
scaling and root planing, was performed. Then, oral hy-
giene instructions (OHI) were provided, soft brushes
were advocated and the modified Stillman's brushing
technique was demonstrated to the patients. Upon re-
evaluation after 6—8 weeks,? if the patient maintained the
lower Pl and GI scores (<1), they were qualified for the
surgical procedure. Before surgery, routine blood investi-
gations and COVID-19 reverse-transcription polymerase
chain reaction (RT-PCR) tests were performed to rule out
abnormalities.

Preparation of T-PRF clots

Just 20 min before surgery, 10 mL of blood was drawn
from the antecubital vein and directly transferred into ster-
ile medical-grade titanium tubes (Supra Alloys, Camarillo,
USA). The blood was subjected to centrifugation in a cen-
trifuge machine (Remi R-8C; India MART, New Delhi,
India) at 3,500 rotations per minute for 15 min.'® Three
layers were formed within the test tubes, with the top layer
being the supernatant serum, the lower layer being the red
blood cell suspension and the T-PRF clots in the middle
layer. The clots were carefully retrieved by using sterile
tweezers and compressed into a thin membrane by plac-
ing them in between sterile gauze pieces so that the exces-
sive serum could be eliminated. The obtained membranes
were placed at the recession sites.

Surgical procedure

The extraoral and intraoral antiseptic procedures
were performed using 0.5 w/v% povidone-iodine and
0.2% chlorhexidine gluconate (CHX; Rexidine®; Indoco
Remedies Ltd., Mumbai, India), respectively. Before per-
forming the surgical procedure, the baseline measure-
ments were made by a blinded experienced periodontal
surgeon (SSG), and the surgical procedure was performed
by a different periodontist (SV). After the achievement
of profound anesthesia (local infiltrations were admin-
istered at the surgical site by using 2% lidocaine hydro-
chloride with adrenaline 1:80,000), RD was measured
where measurements were necessary for the horizontal
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incisions (the distal and mesial line angles of the recession
of the treated tooth/teeth) and the interdental papilla was
spared. These horizontal incisions were then connected
with sulcular incisions. The vertical releasing incisions
(VRIs) were performed on both sides of the treated site
and connected with the horizontal incisions without in-
volving normal tooth/teeth. The incisions were made us-
ing a No. 15 blade. Thus, a trapezoidal flap was reflected
and VRIs were helpful in the advancement of the flap.
A full-thickness mucoperiosteal flap was reflected by us-
ing a periosteal elevator up to the mucogingival junction
(MGJ), and a partial-thickness flap was reflected beyond
MGJ into the alveolar mucosa. The flap was carefully re-
positioned coronally and checked for muscle tension or
strain. If the flap was advanced without any tension, the
root surface was carefully planed to remove any debris
and calculus remnants so that a smooth surface was ob-
tained. Later on, the abovementioned freshly prepared T-
PRF membranes were placed onto the denuded surface.
The flap was repositioned coronally and stabilized with
a sling suture, and VVRIs were approximated with simple
interrupted sutures. A periodontal pack (Coe-Pack™; GC
Asia Dental, Hyderabad, India) was placed to protect the
treated area from any abnormalities of the tongue or mus-
cle tissue and food particles. The patients were recalled
after 14 days for suture removal. The type of suture mate-
rial used in the present study was non-resorbable 4-0 silk
sutures. The type of surgical technique employed in the
present study was described by Zuchelli et al.*°

Post-surgical procedure

After the surgery, the patient was re-educated on strict
oral hygiene principles, and medications were prescribed
— amoxicillin 500 mg thrice daily for 5 days to prevent
postoperative bacteremia, and diclofenac + paracetamol
twice daily on the 1%t day and whenever necessary from
the 2" day onward to the 5" day. A CHX mouthwash
(Rexidine) was prescribed at 24 h of surgery twice daily
for a period of 14 days. The patient was called via the tele-
phone after 1 day (24 h) to assess the VAS score for post-
operative pain. The VAS pain assessment was repeated on
the 7t day, and after 14 days, the patient was recalled for
suture removal. After that, irrigation with betadine and
saline was performed, and the patient was again educated
on oral hygiene principles and told to refrain from brush-
ing the surgical area for an additional 2 weeks. During this
time, a wet cotton pad dipped in a CHX solution was used
to clean the surgical site from soft tissue to the crown
side so that debris did not accumulate. The patient was
given instructions for normal regular brushing with the
use of the modified Bass technique 1 month after surgery.
The patient remained in follow-up and was recalled after
6 months to study the condition and gather the postoper-
ative measurements. Midterm recall visits were reduced
because of the COVID-19 pandemic.

H.S. Bhattacharya et al. T-PRF in recession coverage

The procedures described above, as well as the follow-
up, are illustrated in Fig. 1.

Fig. 1. Baseline (preoperative) recession (A), the incision design (B), the
images of titanium tubes (C,D), the titanium-prepared platelet-rich brin
(T-PRF) membrane (E), the re ection of the ap and the placement of the
T-PRF membrane (F), suturing at the surgical site (G); the placement

of Coe-Pak (H), 15 days post-op (l), and 6 months post-op (J)

Statistical analysis

All the gathered data was transferred to a Microsoft
Excel spreadsheet, and statistical analysis was carried out
with the use of IBM SPSS Statistics for Windows, v. 22.0
(IBM Corp., Armonk, USA). All parameter values were
presented as mean (M) and standard deviation (SD). The
paired t test was performed to find significant differences
in the P1, GI, RD, RW, and WKT values 6 months postop-
eratively with regard to baseline. The mean root coverage
was expressed as percentage (%).

Results

The mean age, gender distribution, the type of reces-
sion, and the number of teeth treated are depicted as
demographic data (Table 1). Regarding PI, there was no
significant difference between the baseline values and
those recorded 6 months postoperatively (p = 0.053),

Table 1. Demographic data of the study group

Demographic characteristics Data

pge bears] 303+1011
Gender M 14 (70.0)
n (%) F 6(30.0)
Cairo's Type 1 GR 34
Number of maxillary anterior/premolar teeth 19/15

M — mean; SD - standard deviation; n — number; GR — gingival recession;
M —male; F — female.
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though a reduction was noticed. However, there was
a statistically significant reduction in the GI values from
baseline to 6 months postoperatively (p = 0.016). There
were highly significant reductions in RD and RW, where-
as significant gain was reported in WKT when the values
were compared at baseline and 6 months postoperatively
(p < 0.001). There was also a significant reduction in the
VAS scores when the values were compared at 24 h of sur-
gery on the 7" postoperative day (p < 0.001). The MRC%
value was 91% (Table 2).

Table 2. Comparison of various parameters at baseline and 6 months post-
op in the study group

Pl 0.75 +0.28 0.64 +0.16 011 0.053
Gl 0.69 +£0.21 0.59 +0.14 0.10 0.016*
RD [mm] 3.05+1.10 0.25 +£0.55 2.80 <0.001*
RW [mm] 3.55 +0.60 0.55+1.19 3.00 <0.001*
WKT [mm] 3.00+121 425 +0.72 125 <0.001*
VASscore  5200.77 1.85+0.67 335 <0.001*
MRC% 91%

Pl - plaque index; Gl — gingival index; RD — recession depth; RW —
recession width; WKT — width of keratinized tissue; MRC% — mean root
coverage percentage; MD — mean difference; * statistically significant.

Discussion

The present study describes the use of T-PRF as a bio-
material in the treatment of GR. There was uneventful
healing in the treated sites, without any complications,
and no patient was lost to the follow-up. The biomaterial
used formed a thicker membrane, which helped in better
entrapment of cells and growth factors, and resulted in
in better healing.3! Titanium-prepared platelet-rich fibrin
was previously used in the treatment of intrabony defects
by Chatterjee et al.®?, Arabaci et al.3!, Mitra et al.%, and
Gummaluri et al.* All researchers achieved a reduction
in pocket depth (PD), gain in the clinical attachment level
(CAL), and improved defect fill and resolution.3:-3* The
current study data was compared with the available litera-
ture on the usage of T-PRF as a biomaterial in the treat-
ment of GR, which is scarce.

In the present study, there were lower Pl scores (non-
significantly) and Gl scores (significantly) at a 6-month fol-
low-up as compared to baseline. The finding regarding PI is
in contrast to the results obtained by Koyuncuoglu et al.
and Uzun et al., > whereas for Gl, they reported compa-
rable observations. In our study, the lower values of Pl
could not reach statistical significance. Sutures were used
to maintain good tensile strength without tension, and the
application of postoperative CHX mouthwash and good
OHI to maintain proper oral hygiene caused lower plagque
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accumulation, which in turn reduced gingival inflamma-
tion. Good compliance and attitude toward treatment
helped achieve successful results.®

In the present study, significant reductions were re-
ported regarding RD and RW, which is in harmony with
recent studies conducted by Koyuncuoglu et al.*' and
Uzun et al.® There was an increase in WKT of 1.25 mm
in the present study, which is almost equal to the results
obtained in the abovementioned studies, where the in-
creases amounted to 1.97 mm?! and 2 mm? at 6 months,
and 2.2 mm at 3 years.'*?® These variations might be due
to smaller sample sizes and the type of surgical technique
employed in their studies. The present study utilized the
trapezoidal technique, whereas the researchers mentioned
above used the tunneling procedure. The increased WKT
and decreased RD and RW might be due to the thicker
membrane that was formed during centrifugation, lead-
ing to a thicker fibrin mesh with a higher and constant
release of growth factors, as greater cellularity leads to
improved parameters.?! Moreover, the conventional CAF
utilized in the present study yielded similar outcomes as
the tunneling techniques (the modified CAF and MCAT
techniques!?) which have been used in the recent era.

There was a 91% MRC recorded in the present
study, which is in accordance with recent studies.
Koyuncuoglu et al.* and Uzun et al.?® reported scores
of 93.10% and 93.29%, respectively, and concluded that
T-PRF produced similar results to SCTG. The pres-
ent study MRC% is in harmony with their SCTG group,
which is considered to be the gold standard. In their re-
cent systematic reviews, Miron et al.® and Moraschini
and Dos Santos Porto Barboza®’ considered L-PRF for the
treatment of GR and concluded that although it was help-
ful in achieving a considerable percentage of relative root
coverage (RRC), it provided no additional benefit in terms
of increasing the width of keratinized mucosa (WKM);
it was recommended that SCTG be used if the baseline
WKM value was reduced. The present study used T-PRF
in CAF and showed similar results to SCTG. Thus, T-PRF
could be a better alternative to L-PRF in the treatment
of GR defects. Apart from this, T-PRF also eliminated the
second surgical site and postoperative pain. Though the
present study had a shorter 6-month follow-up, it was suf-
ficient to assess the outcome of the treatment, as stated by
Jepsen et al.%. This might be due to the relocation of MGJ
to its original position being completed in 6 months.
Also, T-PRF was evaluated in palatal wound healing by
Ustaoglu et al., who achieved good results.®® Therefore,
T-PRF can be an alternative histoconduction material to
SCTG in the treatment of GR.

In regard to esthetics, patient satisfaction and fewer
postoperative complications, like the absence of dentinal
hypersensitivity and swelling, as well as achieving good
root coverage, are very important. The present study met
most of these criteria, and patients were totally satisfied
regarding the outcomes of the treatment.?®
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Limitations

Despite the good outcomes reported, there were some
inevitable limitations to the study. Only maxillary-arch
teeth were considered, the healing index was not consid-
ered, histological sectioning was not performed, a small
sample size was used, the gingival thickness measure-
ments were not taken, and the conventional technique
of CAF was used, where VRIs might hamper the blood
supply and cause scarring. The higher cost of titanium
tubes also reduces their usage in clinical practice. Long-
term split-mouth randomized controlled trials (RCTSs)
with SCTG as a control group compared with the conser-
vative tunneling surgical techniques might help identify
the efficacy of T-PRF in the treatment of GR.

Conclusions

Within the limitations of the present study, T-PRF can
be used as a biomaterial in the treatment of GR, as it elim-
inates silica contamination (L-PRF with silica-coated or
glass test tubes) and the need for a second surgical site
(SCTG procurement), reducing postoperative pain. Tita-
nium tubes can be reused after proper sterilization More-
over, the thicker fibrin structure resulted in better root
coverage and a good WKT. So, in the near future, T-PRF
may be regarded as a better choice among PC prepara-
tions in periodontal treatment.

Ethics approval and consent to participate

The research was approved by the Institutional Ethics
Committee (IEC/IDS/152/2021), and informed consent
was obtained from all patients prior to the commence-
ment of the study. The study was conducted in accordance
with the 1975 Declaration of Helsinki, modified in 2008.
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Abstract

Background. Malocclusion can affect the oral health-related quality of life (OHRQoL). The influence of the
orthodontic treatment need (OTN) and the type of brackets on OHRQOL is not clear.

Objectives. The aim of the present study was to determine the relationships between OTN and the bracket
type and OHRQoL during the first 6 manths of orthodontic treatment (OT) in adult patients.

Material and methods. This cohort study was conducted at the Department of Orthodontics of a private
university. A total of 216 patients aged =18 years participated in the study (106 patients with conventional
brackets and 110 with self-ligating brackets). The OHRQoL was evaluated using the 14-item Oral Health
Impact Profile (OHIP-14) at 5 time points — before OT (T0), and at 24/48 h (T1), 1 month (T2), 3 months
(T3),and 6 months (T4) after the installation of the orthodontic appliance. The OTN was evaluated with the
dental aesthetic index (DAI) by 2 previously calibrated operators. For the statistical analysis, the Y2 test and
the Mann—Whitney U test were used. Additionally, Poisson regression models were performed.

Results. The evidence of an association between OHRQoL and OTN was found only at T3 (p = 0.0095).
No association was found between OHRQoL and the bracket type. However, in the regression models,
OHRQoL was statistically significantly worse at T3 in the group with a greater OTN (IR (incidence rate
ratio) = 1.34; 95% CI (confidence interval): 1.21;1.48) and at T4 in the self-ligation group (IR = 1.23;
95% Cl: 1.12;1.36).

Conclusions. The OHRQoL was affected in the same way at the beginning of OT, regardless of OTN and the
bracket type used. However, a worse OHRQoL was observed at 3 months in subjects with greater OTN and
at 6 months in patients with self-ligating brackets.

Keywords: malocclusion, orthodontic appliances, quality of life, orthodontics, orthodontic brackets
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Introduction

Malocclusion can lead to the discrimination of indi-
viduals based on their facial appearance and to low self-
esteem, which can affect the oral health-related qual-
ity of life (OHRQoL).~® However, orthodontic treatment
(OT) with labial fixed appliances can cause a temporary
decline in OHRQoL.*® Adult patients undergoing treat-
ment with fixed orthodontic appliances are most likely to
experience increased levels of pain for 1-3 days following
the placement of the appliance and subsequent visits for
adjustments.” Chen et al. assessed changes in OHRQoL
during fixed orthodontic appliance therapy in Chinese
patients, and found that the compromised condition in
terms of overall OHRQoL was most severe during the first
week after bracket placement.® Zhang et al. reported sig-
nificant improvement in OHRQoL after 6 months of OT.°

There are some differences between orthodontic treat-
ment in children and adults due to different basic oral
health conditions, therapeutic compliance and oral hy-
giene.1>-*2 Furthermore, adult patients may have compro-
mised occlusion or temporomandibular disorders, which
is why more cautious OT should be set up.13* Addition-
ally, there are difficulties in bracket bonding in adult pa-
tients due to the presence of prosthetic elements or other
conditions in which adhesion could be compromised, like
syndromes with impaired tooth mineralization.*>7

Self-ligating brackets have been advertised to have many
reputed advantages with regard to diminishing discom-
fort and pain levels during initial orthodontic therapy.8
However, there is no evidence suggesting that self-ligating
brackets are more comfortable and lead to less severe pain
than conventional brackets.'® Few studies have compared
the impact of conventional and self-ligating brackets on
OHRQoL during OT, and no statistically significant dif-
ferences were found.?-* However, Zhou et al. observed
that patients with self-ligating brackets experienced less
severe pain and discomfort than those with conventional
brackets.?® Likewise, Othman et al. demonstrated that
passive self-ligating, active self-ligating and conventional
brackets differed in terms of pain and discomfort at the
time of placement.?

Slade and Spencer proposed the Oral Health Impact
Profile (OHIP) as an instrument to measure OHRQoL,*
which is widely used in dentistry and has been validated
in numerous languages.?>=3! The long form of this tool
has 49 items (OHIP-49) and evaluates 7 dimensions (i.e.,
functional limitation, physical pain, psychological dis-
comfort, physical disability, psychological disability, so-
cial disability, and handicap).

Although untreated malocclusion has been shown to
have a negative impact on OHRQoL, malocclusion se-
verity seems to dictate the need for OT.>?® In subjects
with mild malocclusion, OT is elective, and minor occlu-
sal traits may not have as large of a negative impact on
OHRQoL as severe malocclusion. The influence of both

J. Barrera-Chaparro et al. Orthodontic treatment and the quality of life

orthodontic treatment need (OTN) and the bracket type
on OHRQOL is not clear. The present study aimed to
evaluate the relationships between OTN and the bracket
type and OHRQoL during the first 6 months of OT in
adult patients.

Material and methods

This prospective cohort study included a sample of 216
adult patients — 110 patients in the self-ligation group
(mean age: 31.75 £11.63 years; 60 females and 50 males)
and 106 patients in the conventional group (mean age:
29.26 +9.62 years; 61 females and 45 males) (Table 1) who
were selected by consecutive sampling and were treated at
the Department of Orthodontics of the UniCIEO Univer-
sity, Bogota, Colombia, from December 27, 2016, to May
29, 2019. The study protocol was approved by the ethics
committee of the University (No. 007/46 as of November
16, 2016). All patients gave informed written consent for
participating in the study. The research was conducted
in full accordance with the World Medical Association
(WMA) Declaration of Helsinki.

The sample size was calculated based on the data from
a pilot study that included 60 patients (35 with self-ligat-
ing and 25 with conventional brackets). Epidat 4.2 (Xullo
2016, Conselleria de Sanidade, Xunta de Galicia, Espafia;
Organizacion Panamericana da Satude (OPS-OMS), Uni-
versidade CES, Colombia) was used for the calculation,
considering a confidence interval (Cl) of 95% and a power
of 90%. At least 91 subjects were required for each group
to detect a mean difference in the 14-item Oral Health
Impact Profile (OHIP-14) total score of 2 points (£3.76
and *4.45 for the self-ligating and conventional brack-
ets, respectively). The inclusion criteria were subjects
who were 18 years old or older, and did not have extrac-
tions, surgical interventions or mini-screw insertion at
the beginning of the treatment or within 1 month before
the survey was administered. Patients with craniofacial
anomalies, caries, systemic diseases, uncontrolled peri-
odontal disease, OT, cognitive disorders, and those who
did not understand the Spanish language were excluded.

The outcome measure was OHRQoL, which was
measured with a previously validated Spanish version
of OHIP-14.%5 To ensure the transcultural compatibility
of OHIP-14, an expert committee (4 orthodontists and 4
orthodontic patients) assessed its face validity (whether
the instrument appears to be measuring the variables it
claims to measure) and content validity (whether the scale
components cover all the attributes to be measured). The
OHIP-14 scale was a Likert-type scale with the following
scores: 4 — very often; 3 —fairly often; 2 — occasionally; 1 —
hardly ever; and 0 — never. The total score was calculated
as the sum of the item scores, generating scores from 0 to
56, with a higher score indicating a more negative impact
and a lower OHRQoL .*?
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Table 1. Distribution of the variables in the study groups at baseline

Bracket type
Variable conventional self-ligating p-value
(n = 106) (n=110)

289

Age

M £5D 29.26 +£9.62 31.75 11,63
Gender M 45 (47.37) 50 (52.63)
n (%) F 61 (50.41) 60 (49.59)
DAl (total score)

M +3D 28.39 +8.62 28184937
OTN lesser 31 (44.93) 38 (55.07)
n (%) greater 75 (51.02) 72 (48.98)

p-value
lesser greater

0.1045* 29.27 £9.97 3322 +11.86 0.0293*
63 (66.32) 32(33.68)

0.6570" 0.6270"
84 (69.42) 37(30.58)

0.8308*

0.4040"

M — mean; SD - standard deviation; n — number; M — male; F — female; DAI — dental aesthetic index; OTN — orthodontic treatment need; * statistically

significant (p < 0.05); T ¥ test; * Mann-Whitney U test.

The scale was administered by 3 examiners (KLP, MQ
and MdPV) at 5 time points: before OT (TO0), and at 24/48
h (T1), 1 month (T2), 3 months (T3), and 6 months (T4)
after the installation of the orthodontic appliance. To en-
sure the reliability of the information, the examiners were
trained to administer the surveys. The first survey was
conducted through personal interviews, and the remain-
ing surveys were completed through telephone interviews
by the same researchers.

The predictor variables were OTN and the bracket
type. The self-ligating bracket group had a 0.022 x 0.027-
inch slot (50 patients with SmartClip™ (3M Unitek,
Monrovia, USA) and 60 patients with Carriere® SLX
(Ortho Organizers, Carlsbad, USA)), and the conventional
bracket group had a 0.022 x 0.028-inch slot and the MBT
prescription (Gemini brackets; 3M Unitek). Although the
patients were treated by different operators, the operators
followed a pre-established clinical protocol with the same
treatment philosophy. Additionally, data on the age and
gender of the patients were collected from the surveys.

The OTN was evaluated with the dental aesthetic index
(DAI) and measured in dental casts by 2 examiners (MQ
and MdPV) who were previously trained by an expert op-
erator on the index in accordance with the World Health
Organization (WHQO) manual methods.®® The DAI mea-
sures 10 occlusal traits (the number of visible missing
teeth, incisor crowding, the interdental incisor space, the
width of the midline diastema, maxillary tooth irregulari-
ty, mandibular tooth irregularity, incisor overjet, mandib-
ular overjet, anterior open bite, and the buccal segment
relationship), each of which is multiplied by a predeter-
mined statistical weight, and a constant of 13 points is
added to obtain the total score of DAI.3* Jenny and Cons
established the cut-off points for the following categories
to assess malocclusion severity and OTN: no abnormali-
ties or minor malocclusion (13—25); definite malocclusion
(26—30); severe malocclusion (31-35); and very severe or
handicapping malocclusion (>36).3° In the present study,
this variable was dichotomized based on the cut-off score
to demarcate the need for orthodontic services that have

been previously defined.® Subjects with DAI higher than
30 were considered to have a greater OTN, and subjects
with DAI between 13 and 30 were considered to have
alesser OTN.

The reliability of the DAl measurements was deter-
mined in 20 cast models randomly selected from the sam-
ple and measured on 2 occasions with a 1-week interval.
Intra- and interobserver agreement was evaluated with
the Bland—Altman plot. Additionally, the method error
was estimated with the paired t test (the systematic error)
and Dahlberg’s formula (the random error).¥’

Statistical analysis

All analyses were performed with Stata software, v.14
(StataCorp, College Station, USA). To evaluate the asso-
ciations between categorical variables, the ¥? test was ap-
plied. Nonparametric tests were used because of the non-
normal distribution of the data. The Mann—Whitney U
test was used to evaluate the association between OTN,
the bracket type and OHRQoL across the time intervals.
Additionally, 5 multiple logistic Poisson regression analy-
ses with the variables OTN and the bracket type included
in the model were performed to evaluate their associa-
tions with OHRQoL. The significance level was estab-
lished at p < 0.05.

The random errors were within acceptable limits, and
there were no statistically significant systematic errors
(p > 0.1). The Bland—Altman plots indicated high intrao-
bserver agreement, with an average error between —0.38
and 0.48 points in the total DAI (95% CI: —0.48—0.70).

Results

The response rate to the questionnaires was 100%. At
baseline, there were no statistically significant differences
in age, gender, the total DAI, and OTN between the brack-
et type groups (p > 0.05). Likewise, there were no signifi-
cant associations between OTN and gender (Table 1).
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Theassociations between OTN and the bracket type and
OHRQoL (OHIP-14 total score) at different time points
are reported in Table 2. The only statistically significant
association was found between OTN and OHRQoL at T3
(p =0.0095), showing a worse OHRQoL in the group with
greater OTN (8.80) than in the group with lesser OTN
(6.54) (Fig. 1A,1B).

The relative changes in OHRQoL at different time
points were compared according to the bracket type
(Table 3), but there were no statistically significant dif-

ferences for any of the time intervals. The mean relative T1-T0 585 +8.10 6.37 +8.70 04921
changes with 95% Cls in OHRQoL across the time inter- T9-T0 293+7.98 241+783 03598
vals are_descrlbed in Table 4. Greater differences were ob- —— 043472 0.50 48,10 0.9365
served in the T1-TO (24—48 h after bracket placement)
and T2—TO0 (1 month after bracket placement) time in- 1410 010833 1222964 03546
tervals in the OHIP-14 total scores, and especially for the Te-Tl —292+705  -3354612 00889
dimensions of physical pain and physical disability. T3-T2 —2504530  -1834524 0.3596
The Poisson regression models (one for each time T4-T3 -0.33 £6.85 064 +8.17 06775

point), which included the OHIP-14 total score as the
outcome variable and OTN and the bracket type as the
predictor variables, showed that 3 months after appliance
placement (T3), having a greater OTN increased the in-
cidence rate ratio (IRR) of having a worse OHRQoL by

1.34 times (95% ClI. 1.21;1.48). Additionally, patients with
self-ligating brackets at 6 months after appliance place-
ment (T4) were more likely to have a worse OHRQoL
than those who used conventional brackets (IRR = 1.23;
95% CI: 1.12;1.36) (Table 5).

Table 3. Relative changes in the oral health-related quality of life (OHRQoL)
atdi erent time points according to the bracket type

Bracket type

OHIP-14 total score
across time intervals

Data presented as M +SD. Time points: TO — before orthodontic treatment (OT);
T1 - at 24/48 h after the installation of the orthodontic appliance;

T2 —at 1 month after the installation of the orthodontic appliance;

T3 —at 3 months after the installation of the orthodontic appliance;
and T4 — at 6 months after the installation of the orthodontic appliance.
Mann-Whitney U test.

Table 2. Associations between the orthodontic treatment need (OTN ) and the bracket type and the oral health-related quality of life (OHRQoL) (OHIP-14
total score) across the time intervals

OHIP-14 Bracket type
total score
T0 6.87 £7.12 6.50 £5.70 0.9076 6.53 £7.01 6.96 +6.39 0.3754
‘ T1 12.70 £7.98 1323 £7.70 0.4073 1239 £8.11 13.34 £7.65 0.2089 ‘
‘ T2 9.17 £6.54 994 +6.21 0.2882 9.46 +6.32 9.38 +6.58 0.8924 ‘
‘ T3 6.54 +4.95 8.80 £6.40 0.0095** 6.96 £5.55 754 £555 0.3244 ‘
‘ T4 7.40 £6.89 745 +6.79 0.8809 6.62 £6.21 8,69 £7.34 0.1564 ‘

Data presented as M +SD. Time points: TO — before orthodontic treatment (OT); T1 — at 24/48 h after the installation of the orthodontic appliance;
T2 - at 1 month after the installation of the orthodontic appliance; T3 — at 3 months after the installation of the orthodontic appliance; and
T4 - at 6 months after the installation of the orthodontic appliance. ** statistically significant (p < 0.01); Mann—-Whitney U test.

= p =0.4073 p=0.2089

OHIP-14
10
L
OHIP-14

p =0.0095

p =0.8809

© . p=09076
T T T T T T T T T T

TO T T2 T3 T4 TO T T2 T3 T4

conventional
mean value

lesser OTN greater OTN
mean value B °

self-ligating

A [ ]
Fig. 1. Oral health-related quality of life (OHRQoL) across the time intervals according to the orthodontic treatment need (OTN) (A) and according to the bracket type (B)

Time points: TO — before orthodontic treatment (OT); T1 — at 24/48 h after the installation of the orthodontic appliance; T2 — at 1 month after the installation
of the orthodontic appliance; T3 — at 3 months after the installation of the orthodontic appliance; and T4 — at 6 months after the installation of the
orthodontic appliance. OHIP-14 — 14-item Oral Health Impact Profile.
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Table 4. Mean relative changes with 95% con dence interval (Cls) in the oral health-related quality of life (OHRQoL) across the time intervals

T1-T0 T2-T0 T3-T0

OHIP-14 6.12 267 051
total score (4.99;7.24) (1.61,372) (-0.52;1.54)
Functional 093 0.65 0.50
limitation (0.72,1.14) (0.45,0.85) (0.31,0.68)
Physical pain 294 205 128
ysicalp (259:3.29) (1.74:2.35) (0.98:1.58)
Psychological -049 -0.99 -141
discomfort (-0.80-0.18) (~1.32-0.66) (-1.70-1.11)
T 261 187 128
Physical disability 5 59 g9 (L572.17) (0.99:1.56)
Psychological -0.09 -0.59 -091
disability (-0.33,0.15) (-0.81,-0.38) (-1.12,-070)
I 022 -0.09 -002
Social disability (0.31:0.40) (-0.24:0.04) (-0170.12)
Handica 0.00 -018 -018
P (-0.160.15) (-0.31-0.06) (-0.31-0.06)

T4-T0 T2-T1 T3-T2 T4-T3

067 -345 216 016
(-054:1.88) (~4.33-2.56) (-2.86-145) (-0.85,1.17)
053 -0.28 -015 -003
(0.31,0.75) (-0.48-0.08) (-0.33-003) (-0.18,0.25)
127 -089 -0.77 -0.10
(0.94;1.60) (-1.18-060) (-1.01,-052) (-0.26,0.02)
-127 -050 -041 014
(-1.58-0.96) (-0.73-027) (-0.61,-0.22) (-0.11,0.38)
093 -0.74 -060 -034
(0.64:1.22) (-1.02-0.44) (-0.83-0.36) (-0.60-0.08)
-0.76 -050 -031 015
(-0.99-053) (-0.70-031) (-0.47-0.16) (-0.03,0.32)
004 -031 007 006
(-0.14,0.23) (-0.46,-0.16) (-0.05,0.19) (-0.10,0.23)
-002 -018 0,00 0.16
(-0.18,0.13) (-0.30,-0.06) (-0.08,0.08) (0.26,0.30)

Data presented as M (95% Cl).

Table 5. Multivariate adjusted models using the Poisson regression with
the incidence rate ratio (IRR) for the association of the oral health-related
quality of life (OHRQoL) at di erent time points with the orthodontic
treatment need (OTN) and the bracket type

o s510)

lesser 1
OTN 0.286
OHIP-14 greater 0.94 (0.84;1.05)
0 bracket conventional 1 0197
type  selfligating 107 (0.961.19) '
lesser 1
OTN 0.366
OHIP-14 greater 1.04 (0.96;1.12)
T bracket conventional 1 0050
type  selfligating 107 (0.10:1.16) '
lesser 1
OTN 0.085
OHIP-14 greater 1.08 (0.99;1.19)
T2 bracket conventional 1 02
type  selfligating 0.9 (0.90:1.08) '
lesser 1
OTN <0.0001****
OHIP-14 greater 134(1.21,148)
3 bracket conventional 1 0206
type self-ligating ~ 1.07 (0.10;1.18) '
lesser 1
OTN 0.891
OHIP-14 greater 0.99 (0.89;1.10)
T4 bracket conventional 1 -
type  selfligating  1.23(1.12;1.36) '

*rkk statistically significant (p < 0.0001).

Discussion

In the present study, we found no significant differ-
ences between conventional and self-ligating brackets
in terms of their impact on a patient's OHRQoL. How-
ever, the mean OHIP-14 overall scores were higher in

the self-ligating bracket group than in the conventional
bracket group at T1-TO, T3—TO0, T4-TO0, T3—T2, and
T4-T3. Similar results were found by Lai et al.? In con-
trast, Zhou et al. observed that self-ligating brackets
were associated with less severe pain and discomfort
at any time point as compared to conventional brack-
ets, but the differences between groups were not sig-
nificant.?° Likewise, Othman et al. found no significant
differences between the types of brackets; however,
the passive self-ligating and active self-ligating bracket
groups showed more immediate and delayed effects in
the bonding phase, respectively, and the conventional
bracket group was affected in both assessments.?> Many
authors have studied the association between OT and
the quality of life during different stages of OT.5892038-40
In orthodontics, the first stage of treatment is alignment
and leveling, which usually takes 4—6 months, depend-
ing on the amount of crowding, and continues until the
stainless-steel archwires are in place. Such archwires
are more rigid and help to complete the torque expres-
sion. Changing archwires may affect the quality of life
through causing more discomfort in the patient. Also,
after this stage, the teeth and the smile normally look
better, which may influence the OHIP-14 score due to
the OHIP-14 scale measuring not only pain and discom-
fort, but also psychological and social disability.

In the present study, when evaluating the association
between OHRQoL and OTN, we found significant de-
clines in OHRQoL at T3 in patients who had a greater
OTN (p = 0.0095). This result may be explained by the
idea that most of the necessary alignment and leveling
may have resolved 3 months after bracket installation
in individuals with mild to moderate malocclusion. In
contrast, it may take longer to resolve crowding or other
occlusal traits in individuals with severe malocclusion,
and the use of more biomechanics tools or adjustments
may lead to a worse OHRQoL. Zheng et al. observed
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that changes in OHRQoL followed different patterns
among patients with different types of malocclusion.*
The OHRQoL of Class I malocclusion patients could be
significantly improved just after alignment and leveling
with OT. Class Il patients showed benefits at all stages
and Class Il patients showed apparent improvement
during the space closure stage.**

With regard to the relative changes across the time in-
tervals in our study, for almost all the time comparisons
with the baseline (T1-TO0, T2—T0, T3—-T0, and T4-T0),
the functional limitation, physical pain and physical dis-
ability dimensions showed worse scores at 24—48 h af-
ter bracket placement (T1); then, the scores gradually
improved and nearly reached the baseline values at 6
months after bracket placement (T4). At T4, the OHIP-
14 overall and dimension scores were very low, which
suggests that at 6 months after bracket placement, the
level of OHRQoL of patients tends to be restored to that
before OT. Similar results have been reported by many
authors,®?°-22 and as in this study, the functional limi-
tation, physical pain and physical disability dimensions
showed worse scores at 24—48 h after bracket placement
(T1-TO0). Nevertheless, the social disability and handi-
cap dimensions did not show significant differences
over time. Similar results were found in other stud-
ies,4820-2241 which concluded that the main problems
during OT were difficulty in chewing foods, tooth pain
and sensitivity, the misunderstanding of some words,
appearance being affected, and smiling. Social skills (the
social disability dimension), financial loss or the inability
to function (the handicap dimension) were not affected
during OT.

However, one of the main differences between our
research and other studies®?? is that we included the
study variable OTN as a predictor variable in addition
to the bracket type, and studied the interaction between
these variables and OHRQoL. According to the regres-
sion model, in which the bracket type was included, at 3
months after appliance placement (T3), the group with
a greater OTN showed an increase in the IRR of having
a higher OHIP-14 score (IRR = 1.34; 95% CI: 1.21;1.48).
This finding suggests that at 3 months after bracket
placement, subjects with more severe malocclusion had
a greater chance of perceiving a poorer OHRQoL than
those with less severe malocclusion. Furthermore, at 6
months after appliance placement (T4), a deterioration
in the OHIP-14 overall score is expected in patients
with self-ligating brackets as compared to those with
conventional brackets (IRR = 1.23; 95% CI: 1.12;1.36).
This observation may be explained by the standard
arch sequence at this time, as rectangular stainless-steel
wires are being inserted, which can cause more discom-
fort and/or pain in patients with self-ligation brackets.
Mansor et al. found the highest prevalence and severity
of the immediate impact on the OHIP overall score in
the conventional bracket group at 6 weeks after bracket
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placement when rectangular wires were inserted, show-
ing a poorer OHRQoL at that time.*

Limitations and clinical implications

One limitation of this study was that the appliances
used in the self-ligating group comprised those of dif-
ferent brands, including active and passive self-ligation
brackets. However, many authors have not found differ-
ences between these two appliances in terms of clinical*?
or perceived comfort.?? Also, the short time interval
between the observations for the measurement error
in DAI could explain the high intraobserver agreement.
As to the clinical implications of our findings, patients
should be informed that self-ligating brackets are not
different from conventional brackets in terms of the re-
sulting OHRQoL, that they are going to suffer a decline
in OHRQoL in the first months of OT, which differs ac-
cording to patients’ OTN at 3 months and according to
the bracket type at 6 months after appliance installation,
and that after 6 months they will feel the same as they
did before OT.

Conclusions

No differences were found between the types of brack-
ets during the first 6 months of OT. According to the
multinomial regression, OTN and the bracket type led
to important changes during OT at 3 months and 6
months, respectively, worsening the patients’ OHRQoL
at each of the corresponding time intervals. Significant
changes in the OHRQoL of the subjects occurred over
time after bracket placement — OHRQoL decreased con-
siderably at 24—48 h, and subsequently improved to the
baseline value at 6 months after orthodontic appliance
insertion.

Ethics approval and consent to participate

The study protocol was approved by the ethics com-
mittee of the University (No. 007/46 as of November 16,
2016). All patients gave informed written consent for par-
ticipating in the study. The research was conducted in full
accordance with the World Medical Association (WMA)
Declaration of Helsinki.

Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on
reasonable request
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Abstract

Background. Polymethyl methacrylate (PMMA) is not an ideal material in all aspects, as it has poor
mechanical and antimicrobial properties. The enhancement of the mechanical and physical features
of PMMA-based material is highly required.

Objectives. The present study aimed to estimate the effect of adding different types of nanoparticle (NP)
materials on the mechanical and physical features of heat-cured acrylic resin denture base material.

Material and methods. A total of 120 samples were divided into 4 groups: the control group; the
5 wt% Zr0, NPs group; the 5 wt%TiO, NPs group; and the 5 wt% Ag NPs group. Each one was subdivided
into 3 groups according to the test performed: the microhardness test; the abrasive wear test; and the color
stability test. Then, the results of these tests were evaluated.

Results. The maximum mean value for the microhardness test was observed in the group treated with the
addition of 5 wt% Ag NPs, followed by the 5 wt% Zr0, NPs group, and finally the 5 wt% Ti0, NPs group.
The lowest mean microhardness value was recorded for the control group. The maximum mean value for
the abrasive wear test was attributed to the control group and the lowest mean value was related to the
5 wt% Ag NPs group. The maximum color change was noted in the 5 wt% Ag NPs group, followed by the
5 wt% Zr0, NPs and 5 wt% Ti0, NPs groups. The lowest mean value for the color change was found in the
control group.

Conclusions. There was an increase in hardness and wear resistance in the group treated by adding
5 wt% Ag NPs, and the control group had the best color stability, followed by the 5 wt% Ti0, NPs group.
However, a detrimental effect on color stability was observed when 5 wt% Ag NPs was added.

Keywords: nanoparticles, hardness, wear, Zr0,, reinforcement of an acrylic denture base
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Introduction

Polymethyl methacrylate (PMMA)-based acrylic has
been characterized as the most highly favored denture
base material.! It was introduced in 1937 by W. Wright?
because of its desirable properties, such as durability, low
toxicity, satisfactory esthetics, good stability in oral con-
ditions, low weight, and a low cost.® Yet, PMMA is not
an ideal material in all aspects, as it has poor surface me-
chanical properties and limited antimicrobial activity.*
The enhancement of the physical as well as mechanical
qualities of PMMA-based material is highly required.®
A recently developed procedure can improve the me-
chanical and physical properties of the polymer by incor-
porating different nanoparticles (NPs) into PMMA to act
as a kind of reinforcing material .6

Nanoparticles have often been used in different forms,
such as aluminum oxide (Al,O3), zirconium dioxide
(Zr0Oy), titanium dioxide (TiO,), silicon dioxide (SiO,),
zinc oxide (ZnO), and silver (Ag).” The properties of
a polymer nanocomposite are determined by the type,
concentration, size, and shape of NPs, as well as their
interaction with the polymer matrix.®

ZrO, NPs are broadly used to improve and reinforce
the physical and mechanical properties of PMMA.® In ad-
dition to its excellent biocompatibility, the PMMA/ZrO,
nanocomposite is esthetically acceptable, since ZrQO, is
white and less likely to alter its color than other metal
oxide NPs.® ZrO, NPs have good wear and corrosion re-
sistance,’ thermal stability, high fracture strength, high
hardness, and high mechanical resistance.

TiO, NPs are increasingly used due to their superior
mechanical properties and other features, such as non-
toxicity, white color, a low cost, biocompatibility, chemical
inactivity, a high refractive index, an antimicrobial effect,
corrosion resistance, and high microhardness.*? Accord-
ing to Alwan and Alameer, adding 3 wt% TiO, NPs result-
ed in an increase in the surface hardness, impact strength
and transverse strength values of a heat-cured acrylic
resin.® Ahmed et al. studied the effect of TiO, NPs (1 wt%
and 5 wt%) on the impact strength, flexural strength and
microhardness of 2 heat-polymerized acrylic resins.*
In their study, the values of flexural strength declined,
whereas the values of microhardness increased through
adding TiO, NPs.'* Aziz revealed that impact strength
and color stability were improved by the incorporation of
3 wt% TiO, NPs; yet, there was no change recorded for
thermal conductivity.®

The reason behind considering Ag NPs is that they
are characterized by distinctive chemical, biological and
physical properties, including chemical stability, non-
linear optical behavior, and high electrical and thermal
conductivity.'® Ag NPs show antimicrobial activity against
many microorganisms, such as Streptococcus mutants,
Candida albicans and Staphylococcus aureus.t” The rein-
forcement of PMMA properties, especially the physical
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and mechanical ones, e.g., compressive strength and
thermal conductivity, is attributed to the addition of Ag
NPs.1718 Mahross and Ebrahim investigated the effect of
adding different concentrations of Ag NPs (1 wt%, 2 wt%
and 5 wt%) to a heat-cured acrylic resin.!® The authors
found that the incorporation of Ag NPs into the acrylic
denture base material improved its color stability, with
the greatest effect observed with the 5 wt% concentra-
tion, followed by 2 wt% and 1 wt%.1®* However, different
problems may occur with regard to the wear of dentures
due to the nature of the material itself and continuous use
for a long period in a moist environment. Aging fractures,
pigment adhesion and color changes are examples of the
problems expected.?°

Due to the features of NPs, impregnating acrylic resins
with them may enhance the physical and mechanical
properties of the materials. Therefore, the present in vitro
study aimed to evaluate the influence of adding ZrO,,
TiO, and Ag NPs on the microhardness, abrasive wear
resistance and color stability of a heat-cured acrylic resin
denture base. The null hypothesis was that ZrO,, TiO,,
and Ag NPs would not improve the microhardness, abra-
sive wear resistance and color stability of the heat-cured
acrylic resin.

Material and methods

Sample grouping

The materials used in the study and their composition
are shown in Table 1. Three types of nanopowders were
used at 5 wt%: ZrOy; TiO,; and Ag. They were added to the

Table 1. Composition of the materials used for the control and experimental
groups

heat-cured denture base acrylic resin
(methyl methacrylate polymer in a powder form);
methyl methacrylate monomer in a liquid form;
Cd-free

Group 1
(control)

heat-cured denture base acrylic resin
(methyl methacrylate polymer in a powder form);
methyl methacrylate monomer in a liquid form;
Cd-free;
5 wt% ZrO,

heat-cured denture base acrylic resin
(methyl methacrylate polymer in a powder form);
methyl methacrylate monomer in a liquid form;
Cd-free;
5 wt% TiO;,

Group 2

Group 3

heat-cured denture base acrylic resin
(methyl methacrylate polymer in a powder form);
methyl methacrylate monomer in a liquid form;
Cd-free;
5 wt% Ag

Group 4

Cd — cadmium; ZrO, — zirconium dioxide; TiO, — titanium dioxide; Ag — silver.
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heat-cured acrylic resin (Superacryl™ Plus; SpofaDental,
Jicin, Czech Republic) to form 120 samples divided into
4 groups. Group 1 was represented by pure PMMA with-
out any additive (the control group; n = 30). The other
3 experimental groups were as follows: group 2 was treated
with 5 wt% ZrO, (purity: 99.9%, nanopowder particle
size: 50 nm, MW (molecular weight) = 123.22 g/mol,
CAS number 1314-23-4; US Research Nanomaterials,
Inc., Houston, USA; n = 30); group 3 was treated with
5wit% TiO, (purity: 99.9%, nanopowder particlesize: 50 nm,
morphology: near-spherical; US Research Nanomaterials,
Inc.; n=30); and group 4 was treated with 5wt% Ag (purity:
99.99%, nanopowder particle size: 50 nm, morphology:
spherical; US Research Nanomaterials, Inc.; n = 30). Each
group was divided into 3 subgroups according to the test
performed: the microhardness test; the abrasive wear test;
and finally the color stability test.

Sample preparation

According to the 1SO 20795-1:2008 standard, the sam-
ples were made from metal patterns to get the desired
shapes and dimensions. For the microhardness test, the
dimensions were 25 mm length x 10 mm width x 3 mm
thickness £0.2 mm.4 For the abrasive wear test, the sam-
ple dimensions were 30 mm length x 10 mm diameter,
cylindrical in shape; the dimensions were selected with
regard to the abrasive wear test machine used in material
engineering science (University of Technology, Baghdad,
Iraq). As for the color stability test, 35 mm length x 15 mm
width x 0.5 mm thickness dimensions were used according
to the American Dental Association (ADA) guidelines.?
To create the molds, the metal patterns were covered
with a separating medium (SpofaDental) and left to dry.
They were then embedded into two-part flasks (Hanau
Engineering Co., Buffalo, USA), with a dental stone type IV
(Zhermack, Badia Polesine, Italy) in the lower part of the
flask, mixed according to the manufacturer’s instructions.
Only a half of the thickness of the metal pattern was putin
the dental stone. After the stone completely set, another
layer of the separating medium was applied and allowed
to dry. Then, the upper part of the flask was used and an-
other portion of dental stone was poured until the mate-
rial extruded from the flask slot. After that, the flask was
put aside for dental stone crystallization. Then, the flask
was opened carefully and the metal pattern was removed
from the mold.

Addition of nano llers

The ZrO, nanofillers (5 wt%) were added to the resin
monomer, and then mixed through the extreme sonica-
tion of the fillers. The NPs were suspended in the liquid
monomer and well dispersed in the liquid with the use of
a sonication probe at 120 V and 60 kHz (Soniprep 150;
MSE (UK) Ltd., London, UK), and then separated into
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individual nanocrystals for 3 min.*> To prevent the par-
ticle aggregation and segregation as much as possible,
the liquid monomer of methyl methacrylate (MMA) with
ZrO, NPs was blended with the acrylic powder instantly.
All the proportions and the manipulations of the acrylic
resin were in accordance with the manufacturer’s instruc-
tions. The recommended mixing ratio was 10 mL of liquid
monomer and 22 g of powder polymer, which represent-
ed a 3:1 volume ratio. The mixture was left aside until it
reached the dough stage. According to the ISO 9001 stan-
dard, an electronic balance (the management system cer-
tified up to an accuracy of 0.0000 g; Denver Instrument,
Gottingen, Germany) was used for measuring the weight
of the material. For TiO, and Ag NPs, the same procedure
was followed, whereas the usual procedure was applied
for the control group — according to the manufacturer’s
instructions, but without any additions.

Packing and curing

The mold was painted with a separating medium and the
mixture in the dough stage was inserted into the mold to be
cured. The metal flask in a conventional brass clamp was
placed in a water bath (Talleres Mestraitua, MESTRAP,
Txorierri Etorbidea, Biscay, Spain) for curing at 74°C for
90 min, and then the temperature was raised to the boiling
point for half an hour under the ADA specification.? After
that, the metal flask was allowed to cool down at room
temperature for half an hour. The complete cooling of the
metal flask was followed by deflasking, and finally the
specimens were removed. Finishing and polishing were
performed for all samples to prepare them for testing.

Testing procedure

Microhardness test

The Vickers microhardness for both the control and
experimental groups was measured according to the
ISO 868:2003 standard. The Shore durometer with
scale D was used as the preferable measuring device
for plastic materials, whether semi-rigid or hard ones.??
The microhardness testing machine (DIN ISO 7619,
DIN EN 1SO 868, DIN 53505, ASTM D 2240; Elcometer,
Aalen, Germany) allowed the determination of surface
microhardness. The test load was adjusted to a load
of 25 g for 10 s, as required.® All tests were performed
at room temperature.

The following formula was used (Equation 1):

VHN - L @

42
where:

VHN — Vickers microhardness [kg/m?];
L — load [kg]; and

d — length of the diagonals [mm].
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Abrasive wear test

Each sample, before being subjected to the abrasive wear
test, was weighed using the electronic balance (Denver
Instrument); the measurement was recorded and considered
as W1. The abrasive wear test was carried out by repeating
sliding contact (900 rpm), with a sliding distance of 6.5 cm
for each cycle. It was related to the test machine settings.
The wear testing procedure was performed for each speci-
men under the applied load of 5 N, and the number of cy-
cles that each specimen was subjected to was 2,000.2* The
time each specimen was held stationary in the apparatus
with the help of screws was 142 s. Continuous rinsing with
demineralized water (73°C) was used during the wear test
so that the abraded particles could be removed from the
sample surface and the wet environment of the oral cavity
could be simulated.? After completing the wear test, the
specimen was removed from the testing device, cleaned
of all debris and left to dry. It was then weighed using the
electronic balance to find the difference in weight before
and after the 2,000 cycles. The measurement was consi-
dered to be W2. Each specimen was then placed again in the
testing device for another 5,000 cycles; the same procedure
as described for 2,000 cycles was followed, with the time
for each sample changed to 322 s. After completing the
wear test, the sample was removed, cleaned from all debris
and left to dry. It was weighed again with the electronic
balance to get the difference in weight before and after the
5,000 cycles. The measurement was regarded as W3. The
obtained results were analyzed using the one-way analysis
of variance (ANOVA).

Color stability test

The color stability evaluation was done for the control
and experimental groups with the use of a double-beam
ultraviolet-visible spectrophotometer (T80+ UV/VIS
Spectrometer; PG Instruments Ltd., Alma Park, UK). The
color measurement was performed with the use of curves
of spectral reflectance to obtain diffuse reflectance data
at every 5 nm in the range of 400—700 nm. The integrat-
ing sphere attachment was used for the measurement.
The attachment was installed in the spectrophotometer
according to the manufacturer’s instructions; the supplied
white calibration standard was used in the reference port
for the calibration of zero, 100% reflectance, and to obtain
data. A special holder was used to hold the sample in
the attachment.’® The results were recorded using the
Computer Color Matching (CCM) system to be tabulated
for the statistical analysis.

Results

According to ANOVA, the microhardness values
showed a highly significant difference (p < 0.01) for the
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specimen groups containing 5 wt% ZrO,, TiO, and Ag
NPs (Table 2, Fig. 1). Among the 4 test groups, the high-
est mean microhardness value was found in the PMMA
group containing 5 wt% Ag NPs (82.05 +3.60 kg/m?),
whereas the control group represented the lowest mean
microhardness value (73.65 +£3.04 kg/m?).

With regard to the abrasive wear test with 2,000 cycles,
the mean (M), standard deviation (SD), standard error
(SE), minimum (min), and maximum (max) values, as well
as p-values are summarized in Table 3. There were highly
significant differences between all test groups in the mean
wear values (p < 0.01). The highest mean wear value was
related to the control group (0.00150 +£0.00047 g), while
the lowest mean wear value was observed in the group
with Ag NPs (0.00051 +0.00023 g), as illustrated in the
box and whisker plot (Fig. 2).

As presented in Table 4 and Fig. 3, there were highly
significant differences in the mean wear values after
5,000 cycles between all test groups (p < 0.01). The high-
est mean wear value was observed in the control group
(0.00400 +0.00124 g), while the lowest for the Ag NPs
group (0.00194 +0.00030 g).

According to the descriptive data regarding color sta-
bility, the PMMA specimens without the addition of NPs
had a lower mean value of color change (1.687 +0.144)
as compared to the other 3 groups — the TiO, NPs group
(1.917 £0.159), the ZrO, NPs group (1.946 +0.022) and
the Ag NPs group, which showed the highest mean color
change (2.344 £0.013) (Table 5, Fig. 4).

Table 2. Mean values [kg/m?] obtained in the microhardness test for all
test groups (N = 40)

Control 10 7365%304 0961 700 790
5wt% ZrO,NPs 10 8055+312 0987 750 845
5wt%TiO,NPs 10 7955+309 0976 750 840
5 wt% Ag NPs 10 8205+360 1139 775 880

0.000**

M — mean; SD — standard deviation; SE — standard error; min — minimum;
max — maximum; NPs — nanoparticles; ** highly statistically significant
(p<0.01).

84
82
80
78
76
74
72
70

68

control ZrO, 5 wt% TiO, 5 wt% Ag 5 wt%

mean microhardness test value [kg/m?]

study groups

Fig. 1. Distribution of the mean values [kg/m?] obtained in the microhardness
test for all test groups (N = 40)
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Table 3. Mean values [g] obtained in the abrasive wear test (2,000 cycles —W2)
for all test groups (N = 40)

Range p-value
4y
e H- ANOVA

Control 3008(}0527 0.00015 0.0011 0.0023
5wt% ZrO, NPs 10 foogg:fg 0.00016 0.0004 0.0019
" 0.000**
5wt% TiO, NPs 10 fooé)()l(?473 0.00014 0.0002 0.0019
5wi%AgNPs 10 f@oé’é’gzlg 000007 00003 00009
** highly statistically significant (p < 0.01).
_.0.0016
2
o 0.0014
3
2 0.0012
[}
£ 0.0010
©
£ 0.0008
S
@ 0.0006
2 0.0004
c
$ 0.0002
£
control ZrO, 5 wt% TiO, 5 wt% Ag 5 wt%
study groups

Fig. 2. Distribution of the mean values [g] obtained in the abrasive wear
test (2,000 cycles —W?2) for all test groups (N = 40)

Table 4. Mean values [g] obtained in the abrasive wear test (5,000 cycles —W3)
for all test groups (N = 40)

Range p-value
Groups n M £SD SE m ANOVA
Control 10 3003310204 0.00039 0.0025 0.0063
5wt% ZrO, NPs 10 foo(?ozfs% 0.00049 0.0016 0.0068
- 0.002%
5wt% TiO, NPs 10 foogggélo 0.00025 0.0026 0.0055
5 wt% Ag NPs 10 30080109;0 0.00009 0.0015 0.0024
** highly statistically significant (p < 0.01).
T 0.0045
g 0.0040
S 0.0035
& 0.0030
& 0.0025
> 0.0020
2
@ 0.0015
£ 0.0010
§ 0.0005
E 0
control ZrO, 5 wt% TiO, 5 wt% Ag 5 wt%
study groups

Fig. 3. Distribution of the mean values [g] obtained in the abrasive wear
test (5,000 cycles —W3) for all test groups (N = 40)

Table 5. Mean values obtained in the color stability test for all test groups
(N=40)

p-value

Groups ANOVA

Control 10 16870144 0083 1590 1853
‘ 5wt% ZrO, NPs 10 1946 +0.022 0.013 1923 1966
‘ 5wt%TiO,NPs 10 19170159 0.092 1812 2100
5wt% Ag NPs 10 2344+0013 0007 2331 2356 ‘

0.001**

** highly statistically significant (p < 0.01).

N
)

/

n
=)

- -
o o

mean color stability test value
e
o

control ZrO, 5 wt% TiO, 5 wt% Ag 5 wt%

study groups

Fig. 4. Distribution of the mean values obtained in the color stability test
for all test groups (N = 40)

Discussion

There is a sort of agreement between the findings of the
present study regarding ZrO, NPs and those of Ahmed
and Ebrahim, who studied the influence of ZrO, NPs
at various concentrations (1.5 wt%, 3 wt%, 5 wt%, and
7 wt%) on the fracture toughness, hardness and flexural
strength of a heat-polymerized acrylic resin.?® They ob-
served that the values of hardness had risen in all groups
in comparison with control.?® Besides, the present study
is in agreement with the observations made by Hu et al.,
who evaluated the hardness of PMMA enriched with
ZrO, NPs at various concentrations (0.5 wt%, 1 wt%,
2 wt%, 3 wt%, 4 wt%, 5 wt%, and 15 wt%) with the use of
different tests, e.g., the pendulum hardness and indenta-
tion tests.?” They found that the ratio of ZrO, to PMMA
was directly proportional to the hardness values, with the
highest records being that for 15 wt%.?” Also, the current
study agrees with that of Hameed and Rahman, who used
modified zirconia (Zr) at 3 concentrations (3 wt%, 5 wt%
and 7 wt%).2® They found that the cross-linking density
was a dominant factor responsible for the increase in
nanocomposite hardness at a low NPs concentration level
represented by the addition of 3 wt% ZrO,. On the other
hand, the increases in the hardness of the nanocomposite
at the 5 wt% and 7 wt% concentrations were highly sig-
nificant, which could be related to the random distri-
bution of ZrO, NPs in the acrylic matrix.2® Moreover,
Zidan et al., who evaluated hardness, fracture toughness,
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impact strength, and flexural strength of an acrylic resin,
also found that surface hardness continuously increased
with increases in the Zr content.?® However, the findings
of other studies contradict the results of the present re-
search. Ihab and Moudhaffar found that the increase in
the hardness of nano-ZrO,/PMMA was non-significant.3°
Ayad et al. revealed that the impact strength, hardness,
as well as water solubility of high-impact acrylic resins
did not change significantly after reinforcement with the
Zr powder for any of the concentrations used (5 wt% and
15 wt%), yet hardness significantly increased in compari-
son with that of TiO,—free PMMA.1°

There are a lot of studies investigating the impact
of the addition of TiO, NPs on the qualities of PMMA.
For example, it was found that the fracture toughness,
hardness and flexural strength of PMMA could be
improved by adding TiO, NPs; an increase in the amount
of TiO, NPs added to PMMA was related to increases
in the above-mentioned parameters3 Owing to the
strong adhesion between TiO, NPs and PMMA, the
polymer chain movements are hindered by the dispersion
of TiO, NPs within the matrix, and thus a better modulus
can be attributed to the TiO, NPs/PMMA composite
material.®2 In contrast, according to some other studies,
there are no signs of improving the flexural strength
of PMMA through the addition of TiO, NPs. This might
be related to the clustering of the particles within the
resin, resulting in its weakness.®® Ahmed et al. studied
the influence of 2 concentrations of TiO, (1 wt% and
5 wt%) on the impact strength, microhardness and
flexural strength of 2 kinds of acrylic resin (a high-impact
acrylic resin and a normal heat-cured acrylic resin).*
The results showed that the microhardness values for the
conventional resin material were significantly increased by
adding 5 wt% TiO,.2* Therefore, the results of the current
study are supported by those of Ahmed et al.,'* and also
Xia et al., who reported that there were 2 factors behind
the increases in surface hardness — a silane coupling agent
and the proper filler content — which have the capability
of increasing the bonding between the resin matrix and the
filler.3* Itis in agreement with the research by Hashemetal.,
who observed increases in the hardness values reaching
20%, 30%, and 34% with 1 wt%, 2 wt% and 3 wt% NPs,
respectively, as compared to pure PMMA . This was
fully justified by the increased stiffness of the material due
to the presence of rigid particles within the matrix, and
additionally to a reduction in the matrix mobility.®> On the
other hand, the above results disagree with other findings
concerning the addition of TiO, to PMMA. Some authors
stated that the mechanical features of PMMA and the
flexural strength values could be adversely affected by the
incorporation of increasing concentrations of TiO, NPs.36

There have been debatable results reported on how Ag
NPs can influence the mechanical features of denture base
resins.®” According to Casemiro et al., the mechanical
qualities of denture base resins may be negatively affected
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depending on the percentage of added Ag.2® There has
been a lot of argument about the most appropriate con-
centrations for the addition of a variety of nano-metals to
the acrylic resin to get its optimal properties. Zidan et al.
explained that the best quantity to improve the distribu-
tion of the particles and, at the same time, reduce amalga-
mation was 5 wt%.?° In addition, the authors emphasized
the fact that tight linking to the resin particles would be
promoted by smaller NP sizes, and thus the degradation
of NPs could be avoided.?®

The current study evaluated the effect of 5 wt% TiO,,
ZrO, and Ag NPs on the abrasive wear resistance proper-
ties of PMMA. The wear of PMMA after 2,000 cycles was
assessed (W2). As shown in Table 3, differences between
the groups in the abrasive wear test values were highly sig-
nificant (p < 0.01). Reduced wear was noted with NPs in
comparison with NP-free PMMA resins, as illustrated in
the results. Polymethyl methacrylate has a lot of positive
mechanical properties, such as discontinuity deformation,
rigidity, hardness, and easy processing, in addition to its
esthetic and biological features. On the contrary, there are
a lot of drawbacks regarding PMMA, such as oral mucosa
irritation, aging, poor resistance to wear and tear, color in-
stability, staining or discoloration, and volume shrinkage
after polymerization.?® Manufacturers have tried more
than once to enhance the quality of acrylic resin artificial
teeth by adding different substances to the material to
improve wear resistance, which would lead to an increase
in the longevity of dental prosthetics.®® Mohammed and
Mudhaffar designed and evaluated the addition of modi-
fied ZrO, NPs in various percentages (2 wt%, 3 wt% and
5 wt%) to heat-cured acrylic resin PMMA material.*°
There were highly significant increases in abrasive wear
resistance, fatigue strength and tensile strength with
3 wt% and 5 wt% of nanofillers as compared to pure
PMMA material.*° A reduction in abrasive wear can be
explained mainly by the physical properties of ZrO,; they
allow the retaining of a highly smooth surface during the
entire wear test, thus changing the wear mechanism from
severe abrasion to mild sliding wear. To prevent the severe
wear of the material caused by abrasive denture cleansers,
food or general functional forces, denture base material
must have sufficient abrasive wear resistance.** Abrasive
wear is reduced by a greater hardness of the denture.
As for hardness, the results of the above-mentioned research
coincide with what was obtained in the current study
— high hardness and a reduction in abrasive wear. Similarly,
Ahmed et al. revealed that the addition of 5 wt% TiO,
NPs increased microhardness, and consequently resulted
in higher wear resistance.'* Moreover, the results of the
current study are in agreement with Vojdani et al., who
also found that a higher wear resistance of resin material
results from an increase in microhardness.*? It is also in
line with Zhang, who studied the influence of TiO, NPs at
4 concentrations (1 wt%, 3 wt%, 5 wt%, and 7 wt%) on the
tribological behavior of PMMA *® The results indicated
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that adding TiO, NPs increased wear resistance. Further-
more, surfaces in the NP-added groups were concluded
to be smoother.®® Improvement in wear resistance can
be achieved through the enhanced mechanical proper-
ties, i.e., hardness. In the above-mentioned study, all NP
groups had greater abrasive wear resistance than the con-
trol group, and the statistical analysis based on the least
significant difference (LSD) test showed a significant dif-
ference when comparing the control group with the ZrO,
group and a non-significant difference when compar-
ing the control group with the TiO, group. The statisti-
cal analysis demonstrated that the difference was highly
significant when comparing the control and the Ag NPs
groups, but a non-significant difference was noticed be-
tween the ZrO, NPs and TiO, NPs groups. On the other
hand, a significant difference was observed between the
ZrO, NPs and Ag NPs groups, and a highly significant dif-
ference between the TiO, NPs and Ag NPs groups.*® The
results mentioned above can be explained with regard to
the microhardness values obtained in the current study. It
appears that the hardness of the material is the exponent
of the wear resistance of the prosthesis.*

It is worth mentioning that ideally, mechanical proper-
ties should be improved by consolidating filler materials
without having any side effects on esthetics.’> ZrO, NPs
are considered to be less likely to alter esthetics in com-
parison with other metal oxide NPs, as they are white.?
According to the National Institute of Standards and
Technology, the color change (AE) can be clinically ac-
ceptable when it is less than 2 units, which is very low.*
So, the results of the present study are in agreement with
those of Ihab et al., who studied the effect of the addition
of Zr on the color qualities of PMMA 4 They did not no-
tice any remarkable changes in color. As ZrO, is white and
biocompatible, it does not adversely affect the esthetic ap-
pearance of the denture base.*® A variety of studies have
shown that the best color protection results are achieved
with TiO, NPs as compared to other studied NPs. The
present results confirm the findings of Andreotti et al.,
who found that TiO, NPs helped in maintaining color
stability.?® Aziz also found that TiO, NPs improved color
stability.® Ahmed et al. reported that a change in the color
of acrylic occurred when the TiO, NPs concentration
exceeded 5 wt%.'* A great deal of attention has been dedi-
cated to the addition of an Ag compound to the acrylic
resin as a measure against odor and bacterial prolifera-
tion in the oral cavity, but the results were unfortunately
fruitless regarding the color change.*® Hamedi-Rad et al.
studied the influence of adding 5 wt% Ag NPs to PMMA
on changes in the tensile strength, compressive strength
and thermal conductivity values of PMMA.Y7 They found
a rise in the values of compressive strength and thermal
conductivity, but a decline in the tensile strength values.
Besides, they demonstrated a brownish discoloration of
the prosthesis based on adding 5 wt% Ag NPs.Y” This goes
with the results of the present study. Also, it agrees with
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the research by Mahroos and Ebrahim, who found that
incorporating 5 wt% Ag NPs brought the highest mean
color change.® In their study, Oei et al. also reported the
poor color stability of the Ag NPs/PMMA composite.*’

Conclusions

According to the methodology applied in this in vitro
study and based on the obtained results, taking into ac-
count the study limitations, it was concluded that hard-
ness improved in all NP groups and the Ag NPs group
presented the best value in the microhardness test for
heat-cured PMMA. Also, abrasive wear resistance in-
creased in all NP groups, with the best value in the abra-
sive wear test noted for the Ag NPs group. The TiO, NPs
group had the best color stability, whereas the Ag NPs
group had the lowest mean color stability.
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Abstract

Background. Ceramic fracture is a common problem in metal-ceramic restorations (MCRs). The advent
of computer-aided design and computer-aided manufacturing (CAD-CAM) technology eliminated the
lost-wax technique, which was responsible for many of the problems associated with framework fabrica-
tion. However, the role of the CAD-CAM technology in decreasing porcelain fracture is not yet known.

Objectives. The aim of the present in vitro study was to compare the fracture strength of porcelain in MCRs
with metal frameworks fabricated with the use of the lost-wax and CAD-CAM techniques.

Material and methods. Twenty metal dies were prepared with a deep chamfer finish line, with a depth
of 1.2 mmand the occlusal taper of the walls of 8°, a 2-millimeter occlusal reduction of the functional cusp,
a 1.5-millimeter occlusal reduction of the nonfunctional cusp, and the functional cusp bevel. Ten frame-
works were fabricated using the CAD-CAM system and 10 with the lost-wax technique. After porcelain
veneering, the specimens underwent thermocycling and cyclic loading to simulate the aging process. The
load test was then performed. The fracture strength of porcelain was compared between the 2 groups, and
the mode of failure was also determined using a stereomicroscope.

Results. Two specimens were excluded from the CAD-CAM group. Thus, 18 specimens were statisti-
cally analyzed. The results revealed no significant difference in fracture strength between the 2 groups
(p>0.05). The mode of failure was mixed in all specimens from bath groups.

Conclusions. Our results indicated that the fracture strength of porcelain and the mode of failure did not
depend on the metal framework fabrication technique (lost-wax or CAD-CAM).

Keywords: CAD-CAM, fracture strength, Co-Cr, lost-wax, metal-ceramic
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Introduction

Metal-ceramic restorations (MCRs) are still widely used
due to their optimal physical properties and a lower cost
as compared to all-ceramic restorations.*~® Also, MCRs re-
portedly have a higher 5-year survival rate than all-ceramic
restorations.* Evidence shows that dental caries, followed
by porcelain fracture and chipping are the main causes
of failure of MCRs.>® Several strategies have been sug-
gested to prevent porcelain fracture or chipping in MCRs.
Modifying the framework design is one of such strategies.’

Cobalt-chromium (Co-Cr) alloys are among the most
commonly used alloys for the fabrication of MCRs, with
successful clinical application since 1930.2 Cobalt provides
hardness, while Cr enhances the physical properties of the
alloy and prevents its corrosion. Molybdenum (Mo), which
is also present in this alloy, optimizes other particles, creates
space during the solidification process and increases the
strength of the alloy. It is also responsible for resistance to
corrosion. Tungsten (W) has effects similar to those of Mo
on the properties of the Co-Cr alloy and is sometimes used
as an alternative to Mo.% Such alloys are superior to others,
e.g., nickel-chromium (Ni-Cr) ones, and have been recom-
mended for the fabrication of dental prosthetic restorations.’
Frameworks for MCRs can be fabricated with the lost-wax
technique, the computer-aided design and computer-aided
manufacturing (CAD-CAM) technology, or the laser sinter-
ing technique. Among these, the lost-wax technique is most
commonly used.!® This method was first introduced by
Dr. B.F. Philbrook in 1897 and gained popularity in 1906.1
However, problems that may occur during the investment
casting and cooling processes in the lost-wax technique are
often responsible for the failure of MCRs, since they can
compromise the strength of the bond between porcelain
and the metal framework.21® Appropriate metal—porcelain
bond strength is imperative for porcelain strength.* The
advent of the CAD-CAM technology eliminated many
problems associated with the use of the lost-wax fabrication
technique.”*>® The CAD-CAM technology enables the
fabrication of restorations with high precision, irrespective
of the length of the restoration.®®

There are different methods of assessing fracture
strength, one of which is the load test. During this test,
a load is applied vertically to the sample until fracture oc-
curs, and the mode of fracture is subsequently assessed. It
can be adhesive, cohesive or mixed. Fracture is considered
adhesive when it occurs at the metal—porcelain interface,
and it is considered cohesive when it occurs within metal
or porcelain. If both adhesive and cohesive types of frac-
ture are detected in the sample, the mode of failure is con-
sidered mixed.!8:20-23

Previous studies evaluated the effect of different meth-
ods of fabrication of Co-Cr frameworks on bond strength,
yielding controversial results.?>->* Considering the gap
of information, the purpose of the present study was to
compare the fracture strength of porcelain in MCRs with
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Co-Cr frameworks fabricated with the use of the lost-wax
technique and the CAD-CAM technology.

. N o A

Fig. 1. Cobalt-chromium (Co-Cr) die fabrication

A —maxillary second premolar acrylic tooth; B — putty index prior to the
preparation; C — checking the preparation with the use of the index;

D — curving the wax block with the use of the computer-aided design and
computer-aided manufacturing (CAD-CAM) technology; E — wax pattern
of the prepared tooth; F — casting the die; G — modifying the preparation
with the use of a surveyor and a dental bur with 4° tapering; H — Co-Cr die.
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Material and methods

In this in vitro experimental study, 20 MCRs were fabri-
cated. Ten metal frameworks were fabricated with the lost-
wax technique, while another 8 were fabricated using the
CAD-CAM technology (2 specimens were excluded).”2%.2526
For this purpose, maxillary second premolar acrylic teeth
received deep chamfer preparation at the cervical region
all-around, with a depth of 1.2 mm, the occlusal taper of the
walls of 8°, a 2-millimeter occlusal reduction of the func-
tional cusp, a 1.5-millimeter occlusal reduction of the non-
functional cusp, and the functional cusp bevel.?* Acrylic
teeth were then scanned with a Ceramill Map 400 scanner
(Amann Girrbach, Pforzheim, Germany) and the infor-
mation was sent to a Ceramill Motion 2 milling machine
(Amann Girrbach). Based on this information, wax blocks
(Yamahachi Dental, Gamagori, Japan) were carved and
sprued. The metal die was invested with phosphate-bonded
investment (Z4 Universal Investment; N&V Belgium, Sint-
Niklaas, Belgium) and cast using a Ducatron Quattro casting
machine (Ugin Dentaire, Seyssinet-Pariset, France) and the
Co-Cr alloy (Magnum Ceramic Co; Mesa Italia, Travagliato,
Italy).>2"28 The die was then prepared with a tapered bur
on a surveyor (Fig. 1). The prepared metal die was scanned
and the scan data was transferred to the CAD software in
a Ceramic Mind CAD workstation (Amann Girrbach). After
assessing the finish line and ensuring that there were no
undercuts, the framework was designed with an equal thick-
ness of 0.5 mm, and a die spacer of 50 p at a 1-millimeter
distance from the finish line (Fig. 2)."?3

Fabrication of specimens
with the lost-wax technique

A CAD-CAM machine was used to increase accuracy,
and also for the standardization of specimens. The data
regarding the framework design was transferred from the
Ceramill Mind CAD workstation to the communicating
milling machine (Ceramill Motion 2) and 10 wax patterns
were carved out of the wax disks (Fig. 3A,B).”?* Next, the
specimens were sprued and invested using phosphate-
bonded investment (Z4 Universal Investment).

Fig. 2. Die spacer of 50 p at a 1-millimeter distance from the nish line (A)
and the fabrication of a framework with a thickness of 0.5 mm (B)
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Fig. 3. Framework fabrication with the lost-wax technique (AB) and the
CAD-CAM technique (C,D)

Fabrication of specimens
with the CAD-CAM technique

The data regarding the framework design was trans-
ferred from the Ceramill Mind CAD workstation to the
communicating milling machine (Ceramill Motion 2).
Next, 8 specimens were dry-milled by using Co-Cr
blocks (Ceramill Sintron blanks; Amann Girrbach)
(Fig. 3C,D).7202¢ The specimens were then sintered
in a Ceramill Argovent 2 sintering compartment (the
Ceramill Argotherm 2 system; Amman Girrbach), in
an atmosphere of argon gas at 1,280°C for 6 h. The
specimens were all homogenous and had no distortions.
For surface treatment prior to veneering, according to the
manufacturer’s instructions, the specimens in the lost-wax
group were sandblasted with 150-micrometer aluminum
oxide particles, while the specimens in the CAD-CAM
group were sandblasted with 50-micrometer aluminum
oxide particles for 20 s at an angle of 45° and a distance
of 10 mm, under pressure of 3 bars (Basic eco micro-
blaster; Renfert, Hilzingen, Germany). All specimens were
subsequently cleaned with 80% ethanol in an ultrasonic
bath for 5 min, and then placed in a furnace for oxida-
tion and degaussing (Programat P310; Ivoclar Vivadent,
Schaan, Liechtenstein).”?223 The thickness of all speci-
mens was measured with a digital caliper with an accuracy
to 0.01 mm. Table 1 shows the information regarding the
alloys used in the lost-wax and CAD-CAM techniques.

Porcelain veneering

To standardize the shape and amount of porcelain in all
specimens, a full-contour crown was designed using the
Ceramill Mind software and carved out of a wax block.
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Table 1. Chemical and mechanical properties of the alloys used for the fabrication of frameworks with the lost-wax and CAD-CAM techniques

Magnum Ceramic Co

Properties

Ceramill Sintron
Si, Fe, Mn

T I T T I T S

Yield strength

[MPa] 570
Modulus of elasticity

[MPa] 194
Elongation at fracture 10
[%]

Vickers hardness

(HV 10) &3
CTE (25-500°C) -6
[°cY 141 x 10
Density

[o/em] 88

450

200

30

270

145 x 106

79

CTE - coefficient of thermal expansion; Co — cobalt; Cr — chromium; Mo — molybdenum; W — tungsten; Si — silicon; Fe — iron; Mn — manganese.

A putty index (Speedex; Coltene/Whaledent, Altstatten,
Switzerland) was made based on the wax model. Two lay-
ers of paste (InLine Opaquer A3; Ivoclar Vivadent) were
applied to all specimens, and then the porcelain body
(InLine Dentin A3; Ivoclar Vivadent) was applied using
the silicon index (Fig. 4). Lastly, the specimens were
glazed (Fig. 5). One technician performed all the baking
procedures according to the manufacturer’s instructions
(lvoclar Vivadent).

Simulation of oral conditions

All specimens underwent thermocycling and cyclic
loading to simulate normal oral conditions. The specimens

Fig. 4. Porcelain veneering procedure

A—fabrication of a full-contour wax model; B — preparation of a silicone index;
C — Co-Cr metal framework; D — placement of a layer of paste on the metal
framework; E — placement of the porcelain body, using the silicone index.

Fig. 5. Specimens after glazing
A —lost-wax group; B — CAD-CAM group.

were placed in a thermocycler (SD Mechatronik,
Feldkirchen-Westerham, Germany) and subjected to
3,000 thermal cycles at 5-55°C. Each cycle lasted 60 s,
and included 20 s of dwell time and 20 s of transfer
time.?® For cyclic loading, a chewing simulator (CS-4;
SD Mechatronik) was used (Fig. 6A). Using deionized
water, 100,000 cycles were applied with a load of 100 N
and a frequency of 1 Hz, corresponding to 2—3 months
of clinical service.30:3!

Load test

The acrylic die stand was first replaced with the Co-Cr
alloy to resist forces. The specimen was then cemented
on the metal die with the Temp-Bond™ cement (Kerr,
Brea, USA). Next, a load was applied to the specimen
by means of a round-end stainless steel bar with a dia-
meter of 5 mm at a crosshead speed of 1 mm/min along
the tooth longitudinal axis in a universal testing machine
(Santam Co., Tehran, Iran) with a capacity of 200 kgf. The
load was applied vertically until the fracture of the speci-
men occurred (Fig. 6B).28 The load causing fracture was
recorded for each specimen and the mode of failure was
determined under a stereomicroscope (SMZ800; Nikon,
Tokyo, Japan).
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Fig. 6. Simulation of oral conditions and a load test

A - cyclic loading in a CS-4 chewing simulator; B — placement of the specimen
in a universal testing machine.

Statistical analysis

The normality of the data was assessed using the
Shapiro—Wilk test, and the homogeneity of the data was
evaluated using Levene’s test. The data was analyzed
using IBM SPSS Statistics for Windows, v. 24.0 (IBM Corp.,
Armonk, USA), and the t tests were applied at the signifi-
cance level of 0.05.

Results

Two specimens were excluded from the CAD-CAM
group due to fracture during the study, and 10 speci-
mens in the lost-wax group and 8 specimens in the
CAD-CAM group remained in the study. As shown in
Table 2, the mean fracture strength was 2,271 +420 N in
the lost-wax group and 2,379 531 N in the CAD-CAM
group. This difference was not significant (p > 0.05). The
mode of failure was mixed in all specimens from both
groups (Fig. 7).

Fig. 7. Fracture surfaces after the load test and the mixed mode of failure
AB - CAD-CAM group; C,D — lost-wax group.
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Table 2. Fracture strength of porcelain in metal-ceramic restorations
(MCRs) fabricated with the lost-wax and CAD-CAM technigues, and the
mode of failure of the specimens in the 2 groups

Parameter HeE LRl efteRe e O
n=10 n=8

ace strength [N] 2271 +420 2379 4531
Coefficient of variation 18 22
_ adhesive 0 0
Il(\]Aode of failure cohesive 0 0
mixed 10 8

M — mean; SD - standard deviation.

Discussion

The present study assessed the effect of the lost-wax
and CAD-CAM framework fabrication techniques on
the fracture strength of porcelain in MCRs. The results
showed that the technique of framework fabrication had
no significant effect on the fracture strength or the mode
of failure of porcelain.

Porcelain chipping/fracture imposes extra costs on pa-
tients, and its repair is time-consuming. Both of these
factors are clinically important.?® Thus, adequate metal—
ceramic bond strength, metal support for the ceramic
material, and/or thickness of the ceramic material are
prerequisites in MCRs. Metal—ceramic bond strength de-
pends on many factors, and one of the most influential
ones is the metal framework fabrication technique.!>2

The composition of the Co-Cr alloy, the porcelain com-
position, and the difference in the coefficient of ther-
mal expansion (CTE) of the porcelain and the metal
are other factors affecting the fracture strength of por-
celain.”?%3233 |n this study, the CTE of porcelain was
12.9 £0.5 x 10%/°C, the CTE of the Magnum Ceramic Co
alloy was 14.1 x 10-%/°C and that of the Ceramill Sintron
alloy was 14.5 x 10-%/°C; they were all similar. In 2007,
Kellerhoff and Fischer measured the fracture strength and
thermal shock resistance of MCRs with gold-titanium
(Au-Ti) frameworks fabricated with the use of the casting
and milling methods.'> Their results were in contrast to
our findings, indicating that the fracture strength of the
milling group was significantly lower than that of the
casting group. This can be due to the different structure
of Au-Ti alloy, since during milling, a soft smear of the
Au phase is created on the surface, which serves as a bar-
rier against the diffusion of Ti and prevents the formation
of a chemical bond to the ceramic.®®

No significant difference was noted in the fracture
strength of porcelain between the lost-wax and CAD-
CAM groups in this study, which may be due to the
fact that the specimens had similar oxidation patterns
after air abrasion and heat treatment, resulting in simi-
lar chemical and mechanical bonding mechanisms.
This finding is in agreement with the results of previous
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studies.2021233233 Previous studies, however, evaluated
rectangular or cylindrical specimens, and most of them
did not perform thermocycling and/or cyclic loading.
In this study, the specimens had the anatomical form
of natural teeth, and underwent both thermocycling and
cyclic loading to better simulate the clinical setting.3* The
adopted thermocycling protocol in this study simulated
2.5 years of clinical service,? while the cyclic loading pro-
tocol simulated 2—3 months of clinical service.®! Also,
water has been suggested to play a role in the propagation
of small cracks. Thus, we used deionized water instead
of artificial saliva, since it has no significant effect on the
coefficient of friction between natural teeth.”* Since
MCRs have complex geometries, and the effect of the ma-
terial properties on fracture strength has not been well
elucidated, in vitro studies should preferably simulate
the clinical setting as much as possible.’®> Two previous
studies used specimens with natural tooth anatomy, per-
formed thermocycling and cyclic loading, and reported
results similar to our findings.”?* Another study evalu-
ated the properties of the metal—ceramic bond in restora-
tions with Co-Cr frameworks fabricated by means of the
casting, milling and selective laser melting (SLM) tech-
niques.?? They found that metal—ceramic bond strength
in the casting group was lower than that in the milling
and SLM groups. The variability in the results is likely due
to not using specimens with tooth-like anatomy, and not
performing thermocycling and cyclic loading.??

The mode of failure in this study was mixed for all speci-
mens in both groups. However, cohesive failure within
the ceramic was dominant in most mixed fractures.
Some previous studies reported that the metal frame-
work fabrication technique had no significant effect on
the mode of failure.*>%2 Similar to our study, Suleiman
and von Steyern did not report any adhesive failure and
most fractures were mixed; however, in contrast to our
findings, some fractures were purely cohesive in their
study.” These results may indicate the insignificant effect
of debonding forces on the mode of failure.

In the load test, only a vertical load is applied to speci-
mens. Thus, it only simulates vertical load application in
the oral environment and misses the loads applied from
other directions. Accordingly, the findings of this in vitro
study, like many others, cannot be acceptably generalized
to the clinical setting. Future clinical trials and prospec-
tive in vivo studies are required to more validly elucidate
this topic.

Conclusions

Our results indicated that the fracture strength of por-
celain and its mode of failure are independent of the metal
framework fabrication technique (lost-wax or CAD-
CAM). Therefore, both metal framework fabrication
techniques can be recommended in clinical practice.
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Abstract

Background. The information regarding the cytotoxicity of ceramic and resin-matrix ceramic materials
subjected to over-the-counter bleaching agents is limited in the literature,

Objectives. The aim of the present study was to investigate the cytotoxic effects of lithium disilicate
ceramic (LDC), resin nano-ceramic (RNC) and nano-hybrid composite (NHC) computer-aiced design/
computer-aided manufacturing (CAD-CAM) block materials subjected to a home bleaching agent and
artificial saliva.

Material and methods. A total of 432 specimens were prepared from 3 different CAD-CAM materials.
Each material group was divided into 4 groups according to the storage medium (phosphate-buffered
saline (PBS) or artificial saliva), and whether the specimens were subjected to a bleaching agent or not. For
the bleached groups, hydrogen peroxide (10%) was applied to the specimens for 30 min/day for 15 days,
and the specimens were immersed in PBS or saliva after bleaching. The viability of epithelial cells was
detected using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay at the end
of the 51, 10" and 15% day of the study. The data was statistically analyzed.

Results. Regardless of the storage medium and the time period, all restorative materials decreased the vi-
ability of cells. The highest cytotoxicity levels were determined on the 15™ day of the study. The application
of ableaching agent increased the cytotoxicity of the LDC specimens stored in artificial saliva. The RNC ma-
terial stored in PBS demonstrated significantly higher cell viability than the LDC and NHC groups. The LDC
and RNC specimens stored in artificial saliva did not show any significant difference in cytotoxicity. When
the materials were subjected to bleaching, NHC demonstrated the highest cytotoxicity during all periods.
No significant difference was found between the LDC and RNC specimens subjected to both artificial saliva
and bleaching in terms of cytotoxicity.

Conclusions. The type of restorative material, the immersion medium, the application of a bleach-
ing agent, and the application period affected the cytotoxicity of the materials. Over-the-counter home
bleaching agents may induce cellular cytotoxicity due to the existing restorations, and patients should be
informed about this potential biological response.

Keywords: cytotoxicity, lithium disilicate, home bleaching, resin nano-ceramic, nano-hybrid composite
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Introduction

In the last decade, the dental industry has focused on
the development of new materials with improved op-
tical properties due to the increased demands and ex-
pectations of patients regarding esthetic appearance.
Computer-aided design/computer-aided manufactur-
ing (CAD-CAM) systems provide the standardized and
controlled milling of different types of restorative mate-
rials. Ceramics, resin composites, resin-matrix ceramics,
and polymethyl methacrylate (PMMA) are indirect
restorative materials available as pre-processed blocks.
Precisely fitting restorations can be fabricated via the
CAD-CAM technology, using these homogenous and
defect-free blocks.! Among the aforementioned mate-
rials, resin-matrix ceramics are relatively new; they have
become popular in the last few years. Ceramics show im-
proved optical characteristics, higher biocompatibility,
stain resistance, and durability in comparison with resin
composites. However, resin composites provide lower
abrasion on the antagonist enamel or restorative mate-
rial, a lower modulus of elasticity, and better polish and
repair properties than ceramics. Moreover, the lower
brittleness and chipping fracture incidence of resin com-
posites are advantageous when the material is subjected
to milling. Therefore, resin-matrix ceramics, which are
aimed to combine the beneficial properties of ceramics
and composites, are preferred for chairside CAD-CAM
restorations.? Lava™ Ultimate is the first material intro-
duced as a resin nano-ceramic (RNC) containing silica
(Si) and zirconia (Zr) nanoparticles (80 wt%) embedded
in a highly cross-linked polymer matrix (20 wt%) com-
posed of bisphenol A glycidyl methacrylate (BisGMA),
urethane dimethacrylate (UDMA), ethoxylated bis-
phenol A dimethacrylate (BisSEMA), and triethylene glycol
dimethacrylate (TEGDMA).3

In previous studies, the mechanical and optical behav-
ior of resin-matrix ceramics was investigated for a better
understanding of their clinical performance, and these
materials were compared to ceramics and conventional
resin composites.>~” The mechanical strength of resin-
matrix ceramic blocks was reported to be superior to
conventional composites,® while the flexural proper-
ties were found to be comparable to glass ceramic, but
inferior to lithium disilicate ceramic (LDC) blocks.®
Therefore, the properties of resin-matrix materials were
considered to be between those of ceramics and conven-
tional resin composites.1?

At-home and in-office tooth bleaching are widely
used procedures to improve the esthetic appearance by
eliminating the discoloration of teeth.!! Higher concen-
trations of hydrogen peroxide are used during in-office
bleaching under the observation of the clinician, while
at-home bleaching is performed by the patient with
lower concentrations of carbamide peroxide or hydrogen
peroxide.!213 During these procedures, not only the
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surfaces of the teeth, but also the existing restorations
are subjected to bleaching agents.**%6 In this sense, the
effects of these bleaching agents on the optical proper-
ties and surface characteristics of ceramics and resin
composites were investigated in several studies,>'° and
the influence of the bleaching procedures was concluded
to be material-dependent.?® One of the previous stu-
dies reported that the bleaching procedures with high-
concentration agents increased the surface roughness
of RNC materials.?* Such surface alterations may result
from water absorption or the loss of inorganic filler
particles, caused by the diffusion of the free radicals
released from peroxides into the resin matrix.?? It has
been documented that bleaching increases the release
of monomers from resin composites,?*?* which may
also change the surface topography. Since these mono-
mers are reported to be cytotoxic,?® and as they can be
released into the saliva after bleaching and contact oral
tissues, the behavior of restorative materials that are
subjected to bleaching should be known. Therefore,
the present study aimed to investigate the cytotoxicity
effects of a home bleaching agent (10% hydrogen
peroxide) applied to LDC, RNC and nano-hybrid compo-
site (NHC) CAD-CAM blocks in contact with epithelial
cells. The null hypotheses of the study were as follows:
(1) storage in artificial saliva and (2) the application
of a bleaching agent would not affect the viability of the
cells in contact with the restorative materials; (3) there
would be no significant differences in the cytotoxicity
levels of the restorative materials; (4) the duration of the
storage of the restorative materials in artificial saliva and
(5) the duration of bleaching agent application would
not affect the cytotoxicity of the tested materials.

Material and methods

The study design and test procedures are presented as
a flowchart in Fig. 1 and are schematically illustrated in
Fig. 2.

Specimen preparation

Specimens of LDC, RNC and NHC of the same shade
(A2) were evaluated. The composition and manufac-
turers of the CAD-CAM restorative materials are pre-
sented in Table 1. Thirty-six specimens of a rectangular
shape and a thickness of 1.2 mm were obtained from
each material (a total number of 108 specimens), us-
ing CAD-CAM blocks and a low-speed diamond saw
(IsoMet™; Buehler, Lake Bluff, USA) with water cooling.
By using a diamond disk (Sunshine Diamond; Dr. Hopf
GmbH & Co. KG, Langenhagen, Germany), each speci-
men was sectioned into 4 equal parts with dimensions
of 6 mm x 7 mm x 1.2 mm. Thus, a total of 432 speci-
mens were prepared. The LDC specimens underwent
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Fig. 1. Flowchart of the study
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LDC - lithium disilicate ceramic; RNC — resin nano-ceramic; NHC — nano-hybrid composite; PBS — phosphate-buffered saline; HP — hydrogen peroxide;
MTT — 3-(4,5-dimethylthiazol-2-yl)-2 5-diphenyltetrazolium bromide.
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Table 1. Materials evaluated in the study
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IPS e max CAD lithium disilicate glass ceramic

Lava™ Ultimate resin nano-ceramic

Tetric® CAD nano-hybrid composite

lithium disilicate-reinforced glass ceramic Ivoclar Vivadent,
of the Li,0—K,0-P,0s—MgO material system, ZnO, ZrO,, Al,03 Schaan, Liechteinstein
20 wt% composite resin material (BisGMA, UDMA, BisEMA, TEGDMA) 3M ESPE,

with 80 wt% Si and Zr nanoparticles and Zr/Si nanoclusters

composite resin material (BisGMA, BisEMA, TEGDMA, UDMA)
with 71.1 wt% Ba glass and Si fillers

Seefeld, Germany

Ivoclar Vivadent,
Schaan, Liechteinstein

BisGMA — bisphenol A glycidyl methacrylate; UDMA — urethane dimethacrylate; BisEMA — ethoxylated bisphenol A dimethacrylate; TEGDMA — triethylene

glycol dimethacrylate.

crystallization firing (Programat EP5000; Ivoclar
Vivadent, Schaan, Liechtenstein) according to the manu-
facturer’s instructions. All the surfaces of the specimens
were ground and polished using under water irrigation
with wet silicon carbide papers, following a sequence
of 500, 1,200, 2,000, and 4,000 grit to achieve a thickness
of 1 mm. The dimensions of the specimens were con-
trolled with a digital caliper (N48AA; Maplin, Rotherham,
UK). The specimens were divided into 4 equal groups for
each material according to the applied test protocol, as
displayed in Table 2. Each group of specimens was fur-
ther divided into 3 equal subgroups according to the test
period (the 5™, 10" and 15" day; n = 4). The specimens
in groups 1—6 were not subjected to bleaching, and were
stored in either phosphate-buffered saline (PBS) (groups
1-3) or artificial saliva (1.5 mM CaCl,, 0.9 mM KH,PQ,,
130 mM KCI, 1 mM NaNs;, and 20 mmol/L HEPES)
(groups 4—6) during the testing procedures (Table 2).

Application of a bleaching agent

The whole process was carried out in a cell culture
cabin (Class Il) in a sterile environment and all speci-
mens were autoclaved with a conventional glassware
protocol at 121°C for 20 min for sterilization prior to the
bleaching procedures. An over-the-counter and prefilled

Table 2. Test groups according to the restorative material and the test
medium

Applied protocol

1 PBS + LDC
PBS + RNC
PBS + NHC
artificial saliva + LDC
artificial saliva + RNC
artificial saliva + NHC
PBS + LDC + bleaching agent
PBS + RNC + bleaching agent

© 00 N oo g B~ w N

PBS + NHC + bleaching agent

[N
o

artificial saliva + LDC + bleaching agent

[
=

artificial saliva + RNC + bleaching agent

[N
N

artificial saliva + NHC + bleaching agent

tray-type home bleaching system (Opalescence Go;
Ultradent Products Inc., South Jordan, USA) containing
10% hydrogen peroxide was used in this study. A syringe
was used to apply an equal amount of the agent on one
surface of the specimens and a sterile Heidemann spatu-
la was used to spread the agent uniformly on the surface.
According to the protocol recommended by the manu-
facturer, the application period was 30 min per day. After
the bleaching procedure was terminated, the specimens
were cleaned and rinsed with PBS. Afterward, the speci-
mens were either put into PBS (groups 7-9) or artificial
saliva (groups 10—12) (Table 2). This procedure was re-
peated for 15 days. At the end of each time period (the
5t 10™ and 15™ day), the specimens in their related pe-
riod subgroups were put into the prepared complete cell
culture medium and incubated for another 24 h. Then,
the cell culture medium was collected and used for the
cytotoxicity study.

There were also control groups consisting of cells that
were not in contact with any restorative material, stor-
age medium or bleaching agent; these cells were incu-
bated during the test period. The 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
(Acros Organics, Morris Plains, USA) was performed in
the control groups at the end of the 51, 10t and 15™ day.

Cultivation of HEK293 cells

Previously cryopreserved HEK293 human embryonic
kidney epithelial cells were thawed in a 37°C water bath
and transferred into Falcon® tubes for centrifugation
at 1,000 rpm for 5 min. After the centrifugation
step, the cells were transferred to 75 cm? flasks with
a medium consisting of Dulbecco’s Modified Eagle
Medium/F12 (DMEM/F12) (Gibco™, Visp, Switzerland),
supplemented with 10% fetal bovine serum (FBS) (Gibco),
2 mM glutamine, 100 U/mL penicillin, and 100 pg/mL
streptomycin (Gibco). The cells were incubated at 37°C
in a humidified atmosphere of 5% CO, and subcultured
every 2 days. After reaching 80% confluence, the
cells were trypsinized with trypsin-EDTA (Capricorn
Scientific, Ebsdorfergrund, Germany) for 10 min at 37°C
and 5% CO, before being used in the cytotoxicity assay.
The cells from passage 3 were used in the study.
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In vitro cytotoxicity assay

Cytotoxicity was determined by performing the MTT
assay to investigate the activity of mitochondrial enzymes
in viable cells. Viable cells can successfully cleave MTT
and form formazan crystals with the help of a cellular
enzyme succinate dehydrogenase (SDH). The formed
formazan crystals are later dissolved by dimethyl sulfoxide
(DMSO) to terminate the MTT assay. For this purpose,
the cells were trypsinized and seeded into 96-well plates
at a density of 2 x 10° cells/well, and incubated for 24 h
at 37°C and 5% CO,. Then, the culture medium was re-
placed with the medium subjected to a 24-hour incuba-
tion period with specimens that were treated differently
(Table 2). The cells were incubated with the replaced
culture medium for another 24 h before the termination
of the study. After 24 h, the MTT solution (1 mg/mL) was
added to the cells and they were incubated for 4 h. The
images of the cells were taken at the end of the study by
using an inverted microscope (Olympus, Tokyo, Japan).
The crystals formed by viable cells were dissolved by the
addition of 50 pL of DMSO to each well during the post-
incubation period. All the different groups were studied
in quadruplicate. An ultraviolet-visible (UV-Vis) spectro-
photometer (wavelength A = 570, Multiskan® Spectrum;
Thermo Scientific, Waltham, USA) was used to measure
the optical density of the dissolved material. The cellular
cytotoxicity rate [%] was determined with the following
formula (Equation 1):

(absorbance of individual group) —
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Statistical analysis

The data was analyzed with the standard error of the
mean (SEM) method, and the statistical significance
of differences was examined using the one-way analysis
of variance (ANOVA) and Tukey's post-hoc tests for multi-
ple intragroup comparisons. Comparisons of groups at
different time intervals (on the 5™, 10™ and 15™ day) were
performed via conducting the multiple ANOVA with the
use of GraphPad Prism, v. 5.0 (https.//www.graphpad.com),
and IBM SPSS Statistics for Windows, v. 20.0 (IBM Corp.,
Armonk, USA). The p-values of less than 0.05 were stated
as statistically significant.

Results

Regardless of the storage medium and the time period,
all test groups showed significantly higher cytotoxicity
than the control group (p < 0.05) except for RNC im-
mersed in PBS (p > 0.05), which showed the lowest cyto-
toxicity level among all test groups for all time intervals.
The lowest cell viability was detected in the NHC groups
subjected to PBS/artificial saliva and the bleaching agent
for 15 days (Fig. 3).

Within the LDC groups, no significant differences were
found among the PBS, artificial saliva and PBS + bleaching
groups (p > 0.05), while the artificial saliva + bleaching
group demonstrated significantly lower cell viability for
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all periods (p < 0.05). When the periods were compared,
no significant differences were detected between the
5t and 10" day; however, cell viability at the end of the
15" day was significantly lower than that of the other
periods (p < 0.05) for all LDC groups except for the PBS
group, where the period parameter did not affect cell
viability (Table 3).

The RNC specimens stored in PBS showed significantly
lower cytotoxicity as compared to the other RNC groups
(p < 0.05), which showed similar cell viability for all peri-
ods (p > 0.05). When the periods were compared for the
RNC material, significant differences were detected be-
tween the 5™ and 15™ day for all test groups except for the
PBS group (Table 3).

For the NHC material, the PBS group demonstrated re-
markably higher cell viability than the other test groups
for all periods (p < 0.05), whereas there were no signifi-
cant differences among the other groups (p > 0.05). Period
comparisons revealed that cell viability at the end of the
5t and 10" day was not statistically different (p > 0.05),
while the 15" day data showed significantly lower cell vi-
ability for all test groups (p < 0.05) (Table 3).

The restorative materials were compared with regard
to each storage medium and the presence or absence
of bleaching to investigate the cytotoxicity of materials
subjected to the same protocol. The RNC material stored

Table 3. Viability [%] of the HEK293 cells at di erent time periods

- control 100 0 Aa
PBS 88.31+1.23 A+b,
artificial saliva 79.54 £3.30 A+b,
LDC
. Ab,
PBS + bleaching 79.33£1.71 ¥
e . . Ac,
artificial saliva + bleaching 74.78 £2.92 t
PBS 9334 +158 A"?t'd'
artificial saliva 87.04 +3.83 A+d'
RNC d
PBS + bleaching 8852 +1.05 A'i !
. . ) Ad,
artificial saliva + bleaching 81.90 +1.99 +
PBS 8501 +204 Ae
e . Af,
artificial saliva 69.21 +0.61 ¥
NHC
PBS + bleaching 69.63 +1.16 A;‘
s . . Af,
artificial saliva + bleaching 56.42 +3.58 )
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in PBS showed significantly higher cell viability than the
LDC and NHC materials for all periods (p < 0.05). No sig-
nificant differences were found between LDC and RNC
stored in artificial saliva (p > 0.05); however, significantly
lower cell viability percentages were obtained for the NHC
material regardless of the period (p < 0.05). When the ma-
terials were subjected to a bleaching agent and stored in
PBS, the cytotoxicity induced by NHC was significantly
the highest (p < 0.05), while significantly the lowest values
were obtained for RNC (p < 0.05). On the other hand, the
LDC and RNC specimens bleached and stored in artificial
saliva did not show statistically significant differences in
terms of cell viability (p > 0.05). However, NHC demon-
strated significantly lower cell viability for all periods
(p <0.05) (Table 3).

Discussion

According to the statistical analysis of the data, all the
restorative materials subjected to artificial saliva revealed
lower cell viability in comparison with the control group,
and thus the 1%t null hypothesis of the study was rejected.
The 2" null hypothesis of the study was partially accepted,
since only the LDC specimens subjected to bleaching and
stored in artificial saliva demonstrated significantly lower

100 £0 Aa 100 £0 Aa
8423 £380 Ao 8223 £501 AD
7327 +370 A'Tb' 68.01+2.39 B,Tb,
7501 +0.45 A'Tb' 67.74 +4.39 BITLd,
71.98 513 Af 66.49 +2.98 B,CT,d,
8997 +173 A 9025 +386 A
7813234 A*ET"d' 7643535 B
77204123 A*id' 7422 +356 Be
7674 £192 AR 7074 +159 Be
8051 £3.26 As 6309 7.6 B
59.23 +2.42 A;’ 4329 +341 B,ig,
59.65 +4.45 A#f’ 40.49 +6.23 B;#g,
51.15 +4.60 A;’ 38.74 +6.08 Bf'

Sig. — statistical significance; the same capital letters in the same row and the same lowercase letters in the same column show no statistically significant
difference (p > 0.05); the same symbols (T, $, #) within the same test group (with regard to the applied protocol) show no statistically significant difference

between the restorative materials (p > 0.05).
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cell viability than the control group and the specimens
from the other LDC groups. The 3™ null hypothesis was
rejected, since significant differences in cytotoxicity were
detected between the restorative materials, depending
on the storage medium and the application of a bleach-
ing agent. Immersing the bleached and non-bleached re-
storative materials in artificial saliva for different periods
of time affected cell viability; therefore, the 4" and 5™ null
hypotheses were also rejected.

At-home bleaching systems can be categorized as pro-
fessionally supervised and over-the-counter whitening
products.?® The former ones include dentist supervision
and provide more controlled application with the use
of customized whitening trays.?” Over-the-counter sys-
tems do not require dentist supervision and are preferred
by patients?® due to a shorter application time.?® The trays
used for over-the-counter systems are not customized,
and thus the tray cannot fully adapt to the dental arch
and provide adequate sealing. This may cause the over-
flow of the bleaching agent into the oral cavity and its
contact with tissues.?® Therefore, the impact of this type
of bleaching kits on the biological responses of intraoral
tissues should be evaluated.

Besides assessing the mechanical and optical properties
of restorative materials, the in vitro determination of their
cytotoxicity is a very crucial step in investigating the oc-
currence of hazards and any cellular problems they may
cause.®® The cytotoxicity of these materials might be en-
hanced when they are subjected to bleaching agents and
contact the saliva. The saliva was reported to be responsi-
ble for the biodegradation of resin-based materials.3! For
this purpose, the present study was conducted to assess
the cytotoxicity of different restorative materials subject-
ed to both a 10% hydrogen peroxide bleaching agent and
artificial saliva. Cell viability was detected by investigating
the mitochondrial activity (the MTT assay) after 5, 10 and
15 days of bleaching agent application. Although the manu-
facturers of bleaching agents recommend the use of the
products for 5—10 days, in previous studies evaluating
the clinical outcomes of bleaching, the agent was applied
for up to 15 days.?°32% Therefore, in the present study,
15 days of usage was also simulated, considering the
possible over-treatment.

All the evaluated restorative materials were also im-
mersed in PBS to assess and compare the biocompatibility
of the materials without bleaching agent application.
Besides, PBS was aimed to serve as a control to artificial
saliva. The RNC specimens showed significantly the high-
est cell viability among the tested materials for all periods,
followed by LDC and NHC (Table 3, Fig. 3). This finding
is in accordance with the results of a recent study, which
reported that the same RNC material exhibited higher
HEK293 epithelial cell viability than LDC at the end of the
7th day.34

Although ceramics are known as inert and biocompat-
ible materials with no cytotoxic effects,® the suppressed
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cellular activity caused by LDC was reported in previ-
ous studies.®®%" This cytotoxic response has been related
to mass release from the material. The presence of zinc
(Zn) in LDC may influence cytotoxicity, since this ele-
ment is considered a cellular-viability suppressor.3 Pre-
vious studies also reported that the cytotoxicity of LDC
decreased with time,3%3:3 which was possibly due to the
fact that the surface of the material adapted to the or-
ganic environment at the end of a two-weeks period.3
Distinctively, in the present study, cell viability did not
decrease in the LDC group immersed in PBS at the end
of the test period, but it was also the case in the RNC
group. However, the bleaching procedure caused a sig-
nificant decrease in cell viability, possibly due to the
alteration which occurred on the LDC surface treated
with the bleaching agent.

Ceramics may leach and etch simultaneously when ex-
posed to the saliva, and different ions may be released,*
which results in biological responses, depending on the
element type. Resin-based materials are also affected by
contact with the saliva in terms of monomer release, since
the saliva enhances the decomposition of monomers from
the surface of the material. The exposure of resin-based
materials to artificial saliva for 2 weeks demonstrated
a further increase in the release of the decomposed
monomers, and thereby increased the cytotoxic effect
on epithelial cells.** Therefore, the restorative materials
tested in this study were subjected to artificial saliva for
the assessment of the influence of the saliva on cell vi-
ability with or without bleaching agent application. For all
the evaluated restorative materials, significant differences
were found in cell viability between the 5™ and 15™ day
in the artificial saliva-only groups, and these viability
values were significantly lower as compared to the con-
trol group. These results may be attributed to the release
of elements or monomers from the restorative materials,
which could be cytotoxic to epithelial cells. The artificial
saliva used in the present study included sodium azide
(NaNs), which has been shown to reduce cell viability in
high concentrations.*?> Despite the fact that a non-toxic
concentration was used in this study (1 mM), the cyto-
toxic behavior of artificial saliva may be attributed to the
content of this compound.

Although alot of research has been conducted regarding
the cytotoxicity of restorative materials, a limited number
of those studies referred to the impact of bleaching agents
in this respect. It is recommended to replace the exist-
ing restorations or re-polish their surfaces after bleaching
to prevent discoloration or plague accumulation, which
may occur due to the surface alterations caused by the
bleaching procedure.®® Since over-the-counter bleaching
products are not applied under the supervision of the cli-
nician, their effects on the physical, optical and biological
properties of restorative materials are of great concern.
Therefore, this type of bleaching agents was preferred in
the present study.
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The specimens exposed to hydrogen peroxide for 30 min
were immersed in either PBS or artificial saliva for the
rest of the day after removing the bleaching agent from
their surfaces. Regardless of the storage medium, all the
bleached restorative materials significantly decreased cell
viability as compared to the control group. However, when
the cytotoxicity of the bleached and non-bleached mate-
rials immersed in artificial saliva was evaluated, significantly
lower cell viability was detected in the LDC group, which
indicates that the cytotoxicity behavior of RNC and NHC
did not depend on the application of the bleaching agent.
The lowest cell viability observed in the NHC groups can
be related to the release of monomers from the material,
induced by bleaching agent application and/or immersion
in artificial saliva. The NHC material tested in the present
study is composed of some monomers, of which BisGMA,
UDMA? and TEGDMA?®# have been reported to have
cytotoxic effects on certain cell types.?®> Volk et al. indicated
that TEGDMA in combination with hydrogen peroxide
significantly decreased the viability of human oral cells,
even in low concentrations.*® Therefore, the significant de-
crease in the viability of cells exposed to the bleached NHC
may be attributed to the cytotoxic effects of the monomers
released from the material.

The RNC material exhibited biocompatible behavior,
with higher epithelial cell viability values, which is in
accordance with recent studies.?4¢ Although RNC in-
cludes monomers such as BisGMA, UDMA, BisEMA,
and TEGDMA, similar to NHC, the highly cross-linked
polymer content of the material is 20%, which is lower
than in the case of NHC, and RNC includes Zr particles.
Moreover, the fabrication of RNC blocks is carried out
under well-controlled temperatures and pressures, which
enhances the final polymerization through eliminat-
ing shrinkage® and ensures that the UDMA monomer
is bonded to the ceramic network with high strength.#’
Thus, although both RNC and NHC have resin content,
the materials display different cytotoxicity behavior,
which can be explained by differences in the microstruc-
tures and manufacturing processes of the materials.

Limitations

In the present study, the surfaces of the specimens were
polished to obtain a standardized surface and to elimi-
nate any irregularities. However, invisible porosities or
cracks might exist or may have occurred due to bleach-
ing agent application, and these irregularities could cause
the storage of hydrogen peroxide, even after the cleaning
procedure, which might have affected cell viability. Never-
theless, it should be taken into consideration that such
surface irregularities can also be found on the surfaces
of restorations.

In the present study, to better simulate the oral condi-
tions, the assays were conducted using extracts from the
culture medium and not by direct contact. A colorimetric
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MTT assay was performed to evaluate the viability of hu-
man embryonic kidney epithelial cells. Since the cyto-
toxicity was evaluated with the use of only the MTT
assay, this may be regarded as a limitation, and other cyto-
toxicity tests involving gingival epithelial cells should be
carried out for a better evaluation in future studies.

The determination of the release of monomers or ele-
ments, as well as scanning the surfaces of the materials
after applying the test protocols can reflect the effect of the
bleaching procedures on the materials in a more interpre-
tive way, and can be the subject of further investigations.

Another limitation was the surface finishing of the LDC
material, as LDC surfaces are glazed before clinical use;
this may have affected the behavior of LDC. However, all
the materials were subjected only to polishing in order to
supply a standard protocol.

Conclusions

Within the limitations of the study, it can be concluded
that over-the-counter home bleaching agents decrease
cell viability when in contact with the LDC material. Cell
viability was time-dependent, and significantly decreased
at the end of the 15™ day for all the bleached and non-
bleached materials. Storage media and bleaching agents
may affect the cytotoxicity behavior of restorative mate-
rials. Patients should be informed about these potential
biological responses to over-the-counter whitening pro-
ducts and shorter periods of use should be recommended
to minimize the cytotoxic effects.
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Abstract

Background. During mastication, molars are subjected to heavy stress. However, a full explanation of the
effects of physiological loads on tooth structures is lacking.

Objectives. The study aimed to determine stress in molars and identify the mechanism of enamel dam-
age in the grooves of the teeth during computer-simulated mastication.

Material and methods. The study was carried out using the finite element method (FEM). A three-
dimensional (3D) model of the first mandibular molar and of the crown of the opposing maxillary tooth
was created. A food bite was introduced between the antagonistic teeth. The mastication cycle of the bolus
was computer-simulated. The equivalent stress in the enamel and dentin of the mandibular molar was
calculated according to the modified von Mises (mvM) criterion.

Results. During the simulated chewing activity, the highest equivalent mvM stress and tensile stress
concentrated on the molar enamel around the central groove and the foramen cecum. The value of the
equivalent mvM stress was close to the tensile strength of the enamel. According to the mvM criterion, the
enamel in these areas was exposed to destruction, which coincided with the occurrence of class | caries.

Conclusions. During mastication, significant tensile and mvM stress concentrates on the mandibular mo-
lar enamel around the central groove and the foramen cecum. High stress in these areas may cause prism
microfractures and facilitate the bacterial penetration of the enamel.

Keywords: finite element analysis, modified von Mises failure criterion, enamel damage, biomechanical
causes of caries, simulation of mastication
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Introduction

The enamel is the hardest, mineralized, cell-free form
of tissue in the human body. Hydroxyapatite (HA) — calcium
fluoridated carbonated apatite crystals — constitutes
96% of the enamel. It is organized in 20-nanometer
nanospheres. They form HA crystal nanoparticles.
These nanoparticles are long, ribbon-like structures with
a hexagonal cross-section, and are approx. 50—70 nm
wide, 20—25 nm thick and more than twice as long.* The
crystals are joined by glycoproteins (2 nm wide) to form
enamel prisms, which are mostly arranged perpendicular
to the dentin—enamel junction (DEJ). The tissue thickness
ranges from 0.01 mm in the cervical region to 2—2.5 mm
at the peaks of the molar cusps.? The occlusal surfaces
of the teeth are anatomically diverse and the cusps are
separated by a system of grooves. The depth of the cen-
tral groove depends on its shape (it can be I-shaped,
U-shaped, V-shaped, or inverted Y (IY)-shaped) and
ranges from 0.53 mm to 1.15 mm.2

The enamel has unique mechanical properties. It is rigid,
with an elastic modulus of 84.1 GPa, though the value varies
(70 GPa at DEJ and 115 GPa near the occlusal surfaces).*®
It is also very hard and has a Vickers microhardness
of 4 GPa, which is lower at DEJ (3 GPa) and higher near
the occlusal surfaces (6 GPa). Meanwhile, its compressive
strength is high (363.0 MPa)” and its tensile strength is very
low (10.0—11.4 MPa) (Table 1).2 The stiffness, hardness and
compressive strength of the enamel make it resistant to me-
chanical stimuli within the oral cavity. However, its highly
mineralized composition means it is a glass-like biomate-
rial, prone to breakage (brittleness: 300—900 pm™; fracture
toughness (Kc): 0.67—0.95 MPa-m/2) 210 The effects of the
chewing forces on tooth tissues, as well as stress distribu-
tion in the enamel and dentin under occlusal loads, are yet
to be fully understood.

The effects of the forces acting on the teeth can be in-
vestigated using finite element analysis (FEA). Research in
this area has mainly concerned different restorative ma-
terials and various shapes of fillings or prosthetic appli-
ances, and has rarely focused on healthy teeth.!? Also,
most authors study the von Mises or principal stress in
the teeth.)*-3 Here, the modified von Mises (mvM) cri-
terion was used to consider the difference between the
compressive and tensile strength of the enamel and den-
tin. The calculated mvM stress values reflected the actual
stress in tooth tissues.

The load used in modeling massively impacts stress dis-
tribution. In most finite element method (FEM) studies,
static forces are applied directly to the occlusal sur-
faces.!12 However, the current study used a computer mo-
del based on the natural interarch relationship. Dynamic
three-dimensional (3D) simulations of the bolus mastica-
tion cycle were performed using contact elements on the
occlusal surfaces, and the molar tooth was loaded with
variable chewing forces transmitted by the food bolus to
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the enamel. Due to this innovative approach, stress in mo-
lar structures was investigated under realistic conditions.

The present study aimed to determine stress in molars
and identify the mechanism of enamel damage in the
grooves of the teeth during computer-simulated mastica-
tion.

Material and methods

Creating tooth models
for nite element analysis

The impressions of the maxillary and mandibular teeth
were taken from a patient with normal occlusion, using
the Express™ polyvinyl siloxane material (3M Espe Dental
Products, St. Paul, USA). Based on the impressions, plaster
models were cast using class IV Giroform® stone (Amann
Girrbach GmbH, Pforzheim, Germany). The scans of the
plaster models of the right mandibular first molar and
of the opposing maxillary first molar were made using the
Ceramill MAP 300 scanner (Amann Girrbach AG, Kolbach,
Austria), and then they were processed using the Ceramill
Mind software (Amann Girrbach AG). The presentation
timestamp (PTS) files containing the coordinates of the
tooth surface points were loaded into the Ansys computer
program, v. 14 (Ansys, Inc., Canonsburg, USA) for FEA.*4
In the same patient, cone-beam computed tomography
(CBCT) of the right mandibular first molar tooth was
performed by means of the CS 9300 system (Carestream
Dental, Atlanta, USA). The CT scans were used to obtain the
points along DEJ and within the chamber of the molar. The
selected points were then connected with curves in frontal
planes every 0.1 mm, using a preprocessor. Based on these
lines, a solid model of the intact molar was created, taking
into account the enamel, dentin and tooth chamber. The
shape and dimensions of the tooth model corresponded to
an average first molar.!® The scan of the surface of the right
maxillary first molar made it possible to generate a model
of a fragment of the tooth crown (Fig. 1).

Fig. 1. Models of molars during the simulation of mastication

A —initial closing phase of the mastication cycle (the right mandibular first
molar and a fragment of the crown of the opposing tooth in a lateral position,
with a morsel between the teeth); B — final closing phase of the mastication
cycle (the right mandibular first molar and a fragment of the crown of the
opposing tooth in central occlusion, with a morsel between the teeth).
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Table 1. Properties of the materials used in the models
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Ultimate compressive strength Ultimate tensile strength
Modulus of elasticity Poisson’s ratio [MPa] [MPa]
Enamel

84.1GPa 033 363.0 100-114
‘ Dentin 18.6 GPa 031 297.0 99.8
‘ Food bolus 21.6 MPa 0.30 - - ‘
The maxillary crown model was fixed on its upper sur- Model loading

face in the nodes, and the opposing tooth model was set
in lateral occlusion and vertically spaced apart by 1 mm.
A 1-millimeter-thick morsel of food was then inserted be-
tween the opposing teeth, creating a 3D computer model
of the opposing molars in the initial closing phase of the
mastication cycle (Fig. 1A).

Model materials

The values for the modulus of elasticity and Poisson’s
ratio were entered for the enamel* and dentin.'® The food
bolus had the properties of a nut, and its elastic modulus
was 21.6 MPa.l” The tensile strength values were added
for the enamel (10.0-11.4 MPa)? and dentin (99.8 MPa),'8
as well as the compressive strength values (363.0 MPa’
and 297.0 MPa,'° respectively). The materials used in the
models were elastic, homogeneous and isotropic, but had
different compressive and tensile strength (Table 1).

Dividing the models into nite elements

For calculations, each tooth model was divided
into 10-node structural elements (Solid 187). In total,
61,801 elements joined by 84,215 nodes were used. Pairs
of contact elements, Targe 170 and Conta 174, were used
on the occlusal surfaces of the teeth and the bolus. The
coefficient of friction on the contact surfaces was assumed
to be 0.2.2°
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Fig. 2. Pressure exerted on the occlusal surface of the mandibular molar at
the end of the closing phase of the mastication cycle

MN — minimum; MX — maximum.

A computer simulation of the closing phase of the mas-
tication cycle was performed. The mandibular molar was
moved vertically upward, and simultaneously medially and
mesially toward the maxillary tooth until maximum inter-
cuspation was achieved. The nodes on the lower surface
of the mandibular crown were then displaced, with the
vertical displacements chosen so that the maximum reac-
tion force toward the Y-axis in each model was 100 N.2*
The buccal cusps of the lower tooth glided down the bolus
and along the occlusal surface of the upper tooth, thereby
crushing the bolus (Fig. 1B).? In this way, the natural load
on the molar during mastication was computer-simulated.

Calculations

The contact simulation performed with the use of FEM
is a non-linear analysis. During the masticatory simula-
tion, the pressure exerted on the occlusal surface of the
mandibular first molar was investigated and the stress
components in the tooth were calculated. The enamel and
dentin have different compressive and tensile strength.
Therefore, the mvM criterion was used to evaluate the
enamel and dentine strain in complex stress states.?®
According to this criterion, the material will fail when
the value of the equivalent mvM stress exceeds the tensile
strength of the material.

Results

The highest, unevenly distributed pressure was exerted
on the occlusal surface of the mandibular molar by the
crushed bolus during the final closing phase of the mas-
tication cycle. A maximum pressure of 14.7 MPa was ex-
erted on the tops and slopes of the working cusps (Fig. 2).
The buccal and lingual cusps were pushed apart during
loading, and the equivalent mvM stress reached around
the central groove in the enamel of the intact tooth
was 9.75 MPa (Fig. 3), which is very close to the tensile
strength of the enamel.2 Meanwhile, the tensile stress in
the grooves was 6.34 MPa (Fig. 4). The equivalent mvM
stress of 4.86 MPa occurred around the foramen cecum
(Fig. 3). In the dentin, a maximum mvM stress of 21 MPa
concentrated at the tooth cervix on the buccal side (Fig. 5).
However, this stress value was 5 times lower than the ten-
sile strength of the dentine (99.8 MPa).1
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Fig. 3. Distribution and values of the equivalent stress according to the
modi ed von Mises (mvM) criterion in the enamel of the mandibular molar
at the end of the closing phase of the mastication cycle
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Fig. 4. Distribution and values of the tensile SZ (in the B-L direction) stress
in the mandibular molar at the end of the closing phase of the mastication
cycle
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Fig. 5. Distribution and values of the equivalent stress according to the
modi ed von Mises (mvM) criterion in the dentin of the mandibular molar
at the end of the closing phase of the mastication cycle
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Discussion

The present study demonstrated that the cusps of the
molar are subjected to bending and are pushed away from
each other during normal mastication, which confirms the
findings of other experimental studies.?* In the enamel,
the highest tensile stress and the greatest strain occurred
around the central groove of the tooth. Meanwhile, the
highest value of the equivalent mvM stress was also ob-
served around the central groove of the molar, and it was
close to the tensile strength of the enamel. The enamel has
different compressive and tensile strength, and is charac-
terized by a low tensile strength (10.0-11.4 MPa) due to
the perpendicularly oriented enamel prisms.® According
to the mvM criterion, the enamel in this area was exposed
to destruction. Indeed, the enamel in the tooth grooves
may fail when it is subjected to cyclic forces greater than
100 N. The maximum bite force in the molar region in
dentate patients varies between 402.07 N and 686.46 N,
and for natural mastication, it varies between 68.64 N and
147.10 N.®

The FEM studies by Benazzi et al.*?6 and Magne and
Belser?” confirm our results. Magne and Belser demon-
strated that the pressure exerted on the non-working
cusps was particularly dangerous and caused high tensile
stress in the teeth.?” Benazzi et al. found that the greatest
tensile stress occurred in the grooves during maximum
intercuspation.?® According to Wan et al., the horizontal
component of the masticatory forces opens the spaces
between the central grooves.?® Particularly sharp angles
and narrow curves within the fissure system generate
concentrated stress. At the bottom of the fissures, espe-
cially the I-shaped, VV-shaped and 1Y-shaped ones, enamel
cracks initiate and propagate into the enamel to a depth
of 1.04—1.25 mm 28

The mechanism of enamel failure during loading was
presented by Xia et al.! Enamel crystals respond to the
mastication forces at nanoscales in 3 distinct ways: pluck-
ing; plastic deformation; and fragmentation. The pluck-
ing of HA nanoparticles occurs when the forces exceed
the strength of the protein. In particular, the tensile stress
acting perpendicularly to the prisms is dangerous.! The
present study showed that mastication contributed to
an unfavorable distribution of tensile stress in the central
groove of the enamel, which can predispose to collagen
breakdown and the microfractures of the enamel prisms.
The continuous repetition of the process can reduce the
integrity of the enamel. To date, it has not been demon-
strated that physiological loads on molars contribute to
the creation of significant tensile stress in the anatomi-
cal cavities of the enamel, which may lead to the micro-
fractures of the enamel prisms in these places.

According to Ricucci et al., bacterial biofilms colonize
cracks in the enamel consistently.2° Moreover, it was demon-
strated by Walker et al. that the cracked enamel was
permeable to dyes and cariogenic bacteria.’® As such,
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cracks open the way for bacterial invasion and are one
of the causes of tooth decay. Furthermore, cyclic mecha-
nical loads increase the penetration of bacteria into nar-
row tooth gaps.3%3! In the absence of occlusive pressure,
the degree of bacterial penetration into the dental gaps
is approx. 30 um (67%). However, this increases to 100%
during the cyclic loading of the tooth.® The current study
showed the perfect convergence of the location of the
maximum equivalent mvM stress in the enamel generated
during mastication with the occurrence of class | caries in
the fissures and the foramen cecum.

Dental caries is a major oral disease and the most com-
mon dental disorder of multifactorial etiology. The modern
concept of caries etiology describes an imbalance between
the microbial load and lifestyle, the protective role of sali-
va, and the enamel resistance. The development of caries is
accompanied by key components, such as bacterial plaque,
carbohydrates and dental susceptibility.®> The main mass
of the biofilm adhering to the surfaces of the teeth consists
of spatially organized bacteria surrounded by an extra-
cellular matrix. The consumption of carbohydrates increases
the number of carious bacteria and the cariogenicity of the
plague through acidic fermentation products.®® The cari-
ous process begins with changes in the enamel, and the
susceptibility of the enamel depends on the degree of hard
tissue mineralization and the anatomical structure of the
tooth.3* Bacteria do not colonize all tooth surfaces equally,
and caries is most common on the occlusal surfaces of mo-
lar teeth.% Indeed, narrow fissures on the occlusal surface,
such as grooves and anatomical depressions, are particu-
larly prone to biofilm retention. Bacterial colonies were
noted in the prismatic structures of the enamel and the in-
terprismatic substance, even within an intact groove-fossa
system.3” Unfortunately, these areas are resistant to natural
abrasion, hygiene methods and the protective properties
of saliva.

This paper presents the mechanism of enamel destruc-
tion in the molar grooves as a result of masticatory me-
chanical loads. Furthermore, areas in the molar enamel
where significant tensile stress occurred corresponded to
areas that were affected by class | caries. Two mechanisms
may contribute to the formation of class I caries in molars,
i.e., the destruction of the enamel prisms in the grooves due
to tensile stress that exceeds the enamel strength, and the
penetration of bacteria deep into the grooves during cyclic
loading. Mechanical damage to the enamel prisms can act
as a gateway to bacterial infection and biofilm retention,
and tooth biomechanics can be considered one of the fac-
tors that contribute to the initiation of dental caries.

Research and treatment in modern dentistry are in-
creasingly based on numerical methods, as they are more
accurate and provide more possibilities than the conven-
tional methods. Indeed, computerized kinematic face-
bows are preferred over mechanical facebows,® intraoral
scanners have an advantage over traditional impressions,*
the computer-aided design (CAD) and computer-aided
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manufacturing (CAM) of prosthetic restorations are now
commonly used, and models can be 3D-printed instead
of being plaster-cast.*® The use of FEM in this study made
it possible to visualize the distribution of stress in tooth
tissues during the simulation of mastication.

Conclusions

Taking into account the limitations of the method, the
following conclusions can be drawn:

— during mastication, significant tensile and mvM stress
concentrates on the mandibular molar enamel around
the central groove and the foramen cecum;

— high stress in these areas may cause prism microfractures
and facilitate the bacterial penetration of the enamel,
it coincides with the occurrence of class | caries.
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Abstract

The aim of the study was to evaluate the methodological quality and the risk of bias of systematic reviews
with regard to the literature on therapies for sleep bruxism (SB) in dentistry, applying the AMSTAR 2
(A MeaSurement Tool to Assess systematic Reviews) qualitative guide, as well as the effectiveness
of various kinds of treatment of SB. Initially, a total of 1,499 articles were obtained from 4 databases and
2 wehsites. Relevant articles were obtained from the PubMed, Scopus, Cochrane, and Embase databases
as well as from Google Scholar and OpenGrey. Six systematic reviews that met the eligibility criteria
were included. The methodological quality of all systematic reviews, assessed with the AMSTAR 2 tool,
was critically low. Regarding treatment effectiveness, 5 systematic reviews reported on pharmacological
management (botulinum toxin type A (BTX-A), clonazepam and clonidine), 2 reported on oral appliances
(OAs) (stabilizing splints and mandibular advancement devices (MADs)) and 1 study addressed the effects
of biofeedback (BF). The results of the therapies were diverse and confusing. The available research is
not conclusive, and does not show clear evidence or a consensus on the part of researchers on the most
effective treatment for the management of SB. More research of better methodological quality is needed
in this area.

Keywords: treatment, sleep bruxism, teeth grinding, rhythmic masticatory muscle activity
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Introduction

For decades, the term ‘bruxism’ has generated con-
troversy in the academic and professional environment
of dentistry due to the various definitions attributed to it
and its alleged association with etiological factors that are
currently considered to have no scientific relevance.

Various conceptualizations have been postulated for
the definition of bruxism. Lobbezzo et al. in the 2013
international consensus defines sleep bruxism (SB) as
“repetitive jaw-muscle activity characterized by clenching
or grinding of the teeth and/or bracing or thrusting of the
mandible”! the International Classification of Sleep Dis-
orders — Third Edition (ICSD-3) classifies it as a sleep-
related movement disorder,? and Lobbezoo et al. in the
2018 international consensus updated the above defini-
tion of bruxism with other findings: (i) suggested sepa-
rate definitions for SB and awake bruxism, the same be-
ing the chewing muscle activity that occurs during sleep
(characterized as rhythmic or non-rhythmic) and during
wakefulness (characterized by repetitive or sustained
tooth contact and/or jaw effort or thrust); (ii) stated that
bruxism should not be considered as a disorder, but as
a behavior that may be a risk factor (and/or a protective
factor) for certain clinical consequences in healthy indi-
viduals; and (iii) grouped the techniques for the diagnosis
of bruxism into non-instrumental (self-reports) and in-
strumental (electromyography and polysomnography).?
Regarding the etiology of bruxism, in the past, it was as-
sociated with occlusal discrepancies, but nowadays, it is
no longer considered as such,* since several studies men-
tion that SB is centrally regulated.>® Despite these changes,
the hypothesis of occlusal discrepancies has not been
completely abandoned, which has led to confusion among
clinicians in terms of making an accurate diagnosis, and
therefore applying effective treatment — botulinum toxin
type A (BTX-A),52 oral appliances (OAs),® biofeedback
(BF),1°* physical therapy,'>!3 or pharmacotherapy.'* Still,
the efficacy of some of the abovementioned therapies for
the management of bruxism has not been scientifically
proven. There should be more randomized controlled
clinical studies; in some cases, the authors even suggest
conducting studies with larger samples and longer treat-
ment periods to obtain results that would be reliable for
clinical application. For this reason, as researchers, we feel
the need to try to establish which therapies are really valid
for the management of SB.

We have not found general studies that would evaluate
the methodological quality of systematic reviews on this
topic; therefore, this study will surely become a reference
for future research. The aim of the present study was to
evaluate the methodological quality of the literature and
the risk of bias in the systematic reviews addressing thera-
pies for SB by applying the AMSTAR 2 (A MeaSurement
Tool to Assess systematic Reviews) qualitative guide®® as
well as to assess the effectiveness of the therapies in terms
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of their clinical application. The research question was
as follows: What is the methodological quality of studies
analyzing the treatment of sleep bruxism and what is the
effectiveness of various kinds of treatment?

Material and methods

Protocol and registration

This study was carried out in accordance with the
PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) 2020 Statement,'® and
a general protocol based on the INPLASY (International
Platform of Registered Systematic Review and Meta-
analysis Protocols) guide for the registration of systematic
review protocols (2021)Y” was also executed. The record
is publicly available under number 2021100080 and
doi:10.37766/inplay2021.10.0080.

Eligibility criteria

The included studies were systematic reviews, with or
without a meta-analysis, that evaluated the different kinds
of treatment used in adult patients (aged 18 years or above)
diagnosed with bruxism through polysomnography,
electromyography and self-reports. No time or language
restrictions were applied.

The exclusion criteria embraced literature reviews, in-
tervention studies, observational studies, in vitro labo-
ratory research, randomized controlled clinical studies,
abstracts, comments, case reports, protocols, personal
opinions, expert opinions, letters, and posters. If a par-
ticular article of interest was not available, the author was
contacted via e-mail; if after 3 attempts within an interval
of 30 days there was no response, the study was excluded.
In addition, studies in which methodology was not ad-
dressed, or studies using unspecified or non-validated
diagnostic methods (self-reports) were also excluded.

Search strategy

An electronic search was conducted in February 2022
in 4 databases (PubMed, Scopus, Cochrane, and Embase).
The gray literature was also searched through Google
Scholar and OpenGrey. The retrieved articles were ex-
ported to a web application (Mendeley) and duplicate
articles were eliminated. The search strategy used for
each source of information is provided in Table 1. Study
selection was carried out in 2 phases: phase 1 consisted
of reading the title and the abstract; and phase 2 consisted
of reading the full text (Fig. 1).

The aforementioned procedures were performed by
2 reviewers independently, and in case of disagreement,
a third reviewer was consulted.
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Table 1. Search strategy used for each of the sources of information

Source
Search strategy

PubMed

Scopus

Cochrane

Embase

Google Scholar

OpenGrey

“treatment” OR “effectiveness”) in Title Abstract Keyword
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(“bruxism™ [MeSH Terms] OR “sleep bruxism™ [MeSH Terms]) AND ((“systematic review™ [Publication Type] OR “systematic review as
topic™ [MeSH Terms] OR “systematic review™ [All Fields]) OR ((“review™ [Publication Type] OR “literature review as topic™ [MeSH Terms] OR
“review™ [All Fields]) AND (“publications™ [MeSH Terms] OR “literature™ [MeSH Terms])) OR (“literature review as topic™ [MeSH Terms]))

(TITLE-ABS-KEY (“bruxism sleep”) OR TITLE-ABS-KEY (“bruxism”) AND TITLE-ABS-KEY (“systematic review”))

(“systematic review” OR “systematic reviews” OR “systematic literature review” OR “systematic literature reviews” OR “meta analysis” OR
“meta synthesis” OR “systematic” OR “review” OR “reviews”) AND (“bruxism” OR “sleep bruxism” OR “bruxist”) AND (“therapy” OR “adult” OR

(‘bruxism’/exp OR ‘bruxism’ OR ‘sleep bruxism’/exp OR ‘sleep bruxism’ OR ‘awake bruxism’) AND (‘systematic review'/exp OR ‘systematic
review' OR ‘integrative review'/exp OR ‘integrative review’ OR ‘meta-analysis’/exp OR ‘meta analysis’' OR ‘overview' OR 'review'/exp OR

‘review’ OR ‘systematic literature review' OR ‘rapid review'/exp OR ‘rapid review’)

“treatment bruxism” AND “systematic review”

“treatment” AND “bruxism”

Identification of studies via databases and registers

Identification of new studies via other sources

Reports not retrieved
(n=0)

Fig. 1. Study selection owchart

o studies with unspecified

Reports excluded:

or non-validated
diagnostic methods (n=1)

Data collection process and data elements

Once duplicate studies were eliminated, 2 reviewers in-

Records identified from: Records removed Records identified from:
S | | e databases (n = 1,498) |—» before screening: ® websites (n=1)
= @ registers (n = 0) @ duplicate records (n = 69) @ organizations (n=0)
& ® records marked as @ citation searching (n = 0)
= ineligible by
) automation tools (n = 0)
= @ records removed for
other reasons (n = 0)
Records screened Reports excluded
(n=1429 | (n =1,354)
v \
Reports sought ; Reports sought
= for retrieval -3 Reports n(:tzretrleved for retrieval -
£ (n=15) (=2 (n=1)
o
§ Reports excluded:
é o studies with children
or adolescents
Reports assessed Iats patrticipan_ts ("(= 12)20) Reports assessed
for eligibilit —»- | © literature reviews (n = for eligibili
(n =g73) y @ studies in which methodology (n S 1) ty >
was not addressed (n = 21)
o studies with unspecified
l or non-validated diagnostic
methods (n = 14)
§ New studies
S | | included in the review | <€
E (n=6)

Evaluation of methodological quality,
guality of evidence and meta-bias

dependently compiled the data in a table. Any disagree-
ment was resolved by a third reviewer. After the selec-
tion of articles, the following information was extracted:
author; year of publication; journal and its impact factor;
population; interventions and comparators; design of the
primary studies; and diagnostic methods for SB (Table 2).

The evaluation of the methodological quality of the 6 in-
cluded systematic reviews was performed by 2 reviewers in-
dependently by means of the AMSTAR 2 qualitative guide.’®

The 6 systematic reviews were evaluated accord-
ing to the PRISMA 2020 Statement,*® which consists
of 27 items.
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Table 2. Summary of the overall descriptive characteristics of the included systematic reviews

. : . : Diagnostic methods
Population Interventions (I) and comparators (C) Primary study design

Author, year, country,
journal with its IF

Agren et al®
2020, Sweden bruxism BTX-A(l) RCT, prospective instrumental
J Oral Rehabil patients placebo (C) or retrospective studies approaches
IF=3.837
Fernandez-Nuriez et al.® BTX-A () .
) . instrumental
A Sl S p RCT and non-instrumental
Med Oral Patol Oral Cir Bucal patients occlusal splints, medications aoproaches
IF = 2555 or cognitive-behavioral therapy (C) P
Manfredini et al.1® SB diagnosis ()
2015, ltaly bruxism the comparison was based on the description RCT and uncontrolled instrumental
J Oral Rehabil patients of the condition and features before—after studies approaches
IF = 3837 of the passive or active control group
Jokubauskas et al.%
2018, Lithuania bruxism occlusal splints and MADs (1) RCT, instrumental
J Oral Rehabil patients nociceptive trigeminal inhibitory splint, BF (C) before—after crossover approaches
IF=3837
Long etal® instrumental
2012, China bruxism BTX-A (I) RCT and non-randomized :
. ) ; . and non-instrumental
Int DentJ patients placebo or other interventional procedures (C) studies
_ approaches
IF=2512
De laTorre Canales et al.* instrumental
2017, Brazil bruxism BTX-A (I) RCT, prospective and non-instrumental
Clin Oral Investig patients other treatment (C) and before—after
IF = 3623 approaches

IF —impact factor; BTX-A — botulinum toxin type A; SB — sleep bruxism; MADs — mandibular advancement devices; BF — biofeedback; RCT — randomized

controlled trial.

Data synthesis

The main results of the included systematic reviews were
summarized, and only the primary studies that evaluated
a decrease in the electromyographic activity with the use
of instrumental tools were analyzed according to each treat-
ment applied, discarding those whose diagnostic method
was non-instrumental. A visual indication system (traffic
light) was used, where green represented treatment with
the best results, red represented treatment with the worst
results, and yellow indicated that there were no differences
between the compared groups (Table 3).

Results

Review and selection
of the primary studies

The search in the electronic databases identified
1,498 studies published between 2012 and 2022; after
duplicates were eliminated, 1,431 remained. In addition,
1 article was found in the gray literature. In phase 1, the
title and the abstract were reviewed, and 140 articles were
selected; in phase 2, the texts were read in full, obtaining
18 articles, of which 6 systematic reviews were included for
the qualitative synthesis. A total of 12 primary studies were
identified within the systematic reviews. All systematic

reviews were rated as critically low according to the
AMSTAR 2 tool.’®> More information on the evaluation
of methodological quality can be found in Table 4.

Report on main ndings

Of the 6 systematic reviews, 5 reported on the pharma-
cological management of bruxism. Four of them addressed
the application of botulinum toxin type A (BTX-A), either
into the temporalis or masseter muscle, unilaterally or bi-
laterally, with doses ranging from 8 IU to 80 IU. The in-
formation available on this topic is not conclusive, and al-
though the results of some studies support the effectiveness
of BTX-A in reducing the intensity of episodes of bruxism,
there is not enough evidence to recommend this drug for
the treatment of bruxism. One systematic review compared
the effectiveness of clonazepam and clonidine with respect
to placebo, showing a reduction in the episodes of bruxism;
however, the follow-up period was limited.

Two systematic reviews reported on the effectiveness
of OAs; comparison groups treated with stabilization
splints and mandibular advancement devices (MADSs)
were included, and intermittent vs. continuous use and
design were analyzed. The results of these investigations
suggest that stabilization splints for intermittent use are
the most recommended. Regarding MADs, both studies
agree that they can significantly reduce bruxism and im-
prove sleep quality, but can also cause muscle pain and
temporomandibular disorders (TMDs).
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Table 3. Results regarding the e  cacy of therapies for sleep bruxism (SB) represented graphically by color, with green and red representing the best and the
worst treatment, respectively, and yellow indicating that there were no di erences between the compared groups

Intervention | Control
Primary study Treatment group group | Reported results
(((©)] (Ce)

Systematic
review

Diagnostic
method

Agren et al 28 Lee SJ, McCall WD Jr, Kim YK, Chung SC, Chung JW.
Fernandez-Nriez et al® Effect of botulinum toxin injection on nocturnal p <0.001*
Manfredini et al.*® bruxism: A randomized controlled trial. for IG as compared EMG
Long et al.? Am J Phys Med Rehabil. 2010;89(1):16-23. to placebo (CG)
De laTorre Canales et al* d0i:10.1097/PHM.0b013e3181bc0c78
Ondo WG, Simmons JH, Shahid MH, Hashem V,
Hunter C, Jankovic J. Onabotulinum toxin-A injections p =0.090
Agren et al1® for sleep bruxism: A double-blind, placebo-controlled BTX-A for both IG EMG
study. Neurology. 2018;90(7):e559-e564. and placebo (CG)
doi:10.1212/WNL.0000000000004951
Shim YJ, Lee MK, Kato T, Park HU, Heo K, Kim ST.
Manfredini et al1® Effects_of botulinur’r_1 toxin on jaw motor events duripg p <0.001*
De laTorre Canalés etal? sleep in sleep bruxism patients: A polysomnographic for both IG EMG
' evaluation. J Clin Sleep Med. 2014;10(3):291-298. and placebo (CG)
doi:10.5664/jcsm.3532
Sato M, lizuka T, Watanabe A, et al. Electromyogram p < 0,050*
biofeedback training for daytime clenching and its BE for IG as clom d EMG
- : pare
effect on sleep bruxism. J Oral Rehabil. to placebo (CG)
2015;42(2):83-89. d0i:10.1111/joor.12233
Valiente Loépez M, van Selms MK, van der Zaag J, sleep hygiene p > 0.050
Hamburger HL, Lobbezoo F. Do sleep hygiene instructions for both IG
measures and progressive muscle relaxation influence  and Jacobson’s and information PSG
sleep bruxism? Report of a randomised controlled trial. relaxation on the condition
JOral Rehabil. 2015:42(4):259-265. doi:10.1111/joor.12252  techniques of SB (CG)
Saletu A, Parapatics S, Anderer P, Matejka M, Saletu B.
Controlled clinical, polysomnographic and psychometric p = 0010*
studies on differences between sleep bruxers and ;
clonazepam for IG as compared PSG
controls and acute effects of clonazepam as compared to placebo (CG)
with placebo. Eur Arch Psychiatry Clin Neurosci.
Manfredini et al.® 2010;260(2):163-174. doi:10.1007/s00406-009-0034-0
Carra MC, Macaluso GM, Rompré PH, et al. = 0020*
Clonidine has a paradoxical effect on cyclic arousal . p=00
. : clonidine for IG as compared PSG
and sleep bruxism during NREM sleep. Sleep. to placebo (CG)
2010;33(12):1711-1716. d0i:10.1093/sleep/33.12.1711
Madani AS, Abdollahian E, Khiavi HA, et al.
The efficacy of gabapentin versus stabilization hard p < 0.050*
splint in management of sleep bruxism. stabilization for both IG PSG
J Prosthodont. 2013;22(2):126-131. splint and gabapentin (CG)
doi:10.1111/j.1532-849X.2012.00914.x
Matsumoto H, Tsukiyama Y, Kuwatsuru R, Koyano K. stabilization p < 0.050*
The effect of intermittent use of occlusal splint splint for for intermittent use
devices on sleep bruxism: A 4-week observation with . (CG) as compared EMG
. - ) continuous :
a portable electromyographic recording device. J Oral Use to continuous use
Rehabil. 2015;42(4):251-258. doi:10.1111/joor.12251 (1)
p > 0.050
Dalewski B, Chrusciel-Nogalska M, Fraczak B. Occlusal for both IG
splint versus modified nociceptive trigeminal mandibular and modified
inhibition splint in bruxism therapy: A randomized, occlusal nociceptive EMG
controlled trial using surface electromyography. Aust splints trigeminal
DentJ. 2015;60(4):445-454. doi:10.1111/ad}.12259 inhibitory splint
(CG)
2 ) . - . . . p > 0.050
Jokubauskas et al. Singh PK, Alvi HA, Singh BP, et al. Evaluation of various reinforced for both IG and
treatment modalities in sleep bruxism. J Prosthet Dent. adjustable occlusal splints PSG
2015;114(3):426-431. doi:10.1016/j.prosdent.2015.02.025 MADs (C0)
Gu WP Yang J, Zhang FM, Yin XM, Wei XL, Wang C. maxillary p =0.001*
Efficacy of biofeedback therapy via a mini wireless . for IG as compared
. - . occlusal splint .
device on sleep bruxism contrasted with occlusal and vibratory to maxillary occlusal PSG
splint: A pilot study. J Biomed Res. 2015;29(2):160-168. feedback splint without
doi:10.7555/JBR.28.20130145 vibration (CG)

EMG - electromyography; PSG — polysomnography; * statistically significant.
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Table 4. AMSTAR 2 (A MeaSurement Tool to Assess systematic Reviews) — critical appraisal tool for systematic reviews that include randomized or non-

randomized studies of healthcare interventions, or both

Systematic
.

EIE]
S B B
;grlr;éndez-Naﬁez etal® ... % % % . criltci:\:,elly
glloalnSfredini etall® ... % % % criltci)(\:lslly
JZ%IiLébauskas etal? % % . % criltci)(\:,slly
o iEE EEE - W
2D§1I? Torre Canales et al 2 ... . ~ .. . crilt(i)?;lilly

Overall

Answers marked as colors: green — yes; yellow — partial yes; red — no; green-gray — no meta-analysis (X).

Questions:

Q1: Did the research questions and the inclusion criteria for the review comprise the components of PICO?
Q2: Did the report of the review contain an explicit statement that the review methods had been established prior to conducting the review, and did the

report justify any significant deviations from the protocol?*

Q3: Did the review authors explain their selection of the study designs for inclusion in the review?

Q4: Did the review authors use a comprehensive literature search strategy?*

Q5: Did the review authors perform study selection in duplicate?
Q6: Did the review authors perform data extraction in duplicate?

Q7: Did the review authors provide a list of the excluded studies and justify the exclusions?*

Q8: Did the review authors describe the included studies in adequate detail?

Q9: Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in the review?*

Q10: Did the review authors report on the sources of funding for the studies included in the review?

Q11: If meta-analysis was performed, did the review authors use appropriate methods for the statistical combination of the results?

Q12: If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis or

other evidence synthesis?

Q13: Did the review authors account for RoB in the primary studies when interpreting/discussing the results of the review?*
Q14: Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?
Q15: If they performed quantitative synthesis, did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss its

likely impact on the results of the review?*

Q16: Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review?

Rating overall confidence in the results of the review:

High: No or one non-critical weakness — the systematic review provides an accurate and comprehensive summary of the results of the available studies that

address the question of interest.

Moderate: More than one non-critical weakness** — the systematic review has more than one weakness, but no critical flaws; it may provide an accurate

summary of the results of the available studies that were included in the review.

Low: One critical flaw with or without non-critical weaknesses — the systematic review has a critical flaw and may not provide an accurate and
comprehensive summary of the available studies that address the question of interest.
Critically low: More than one critical flaw with or without non-critical weaknesses — the review has more than one critical flaw and should not be relied on to

provide an accurate and comprehensive summary of the available studies.

* domains considered critical for AMSTAR I, ** multiple non-critical weaknesses may diminish confidence in the review and it may be appropriate to move

the overall appraisal down from moderate to low confidence.

Only 1 systematic review addressed the effects of BF.
The findings of this study suggest a significant decrease in
sleep bruxism events.

Discussion

Bruxism is a topic of interest in dentistry, so there is
a need to provide scientifically proven information re-
garding its management. Several investigations have been
carried out to confirm the safety and efficacy of various
kinds of treatment aimed at solving bruxism. Systematic
reviews are conducted to identify, evaluate and summa-
rize research findings, and therefore they can provide reli-
able information and help guide clinical decision making.

However, systematic reviews are not always carried out
meticulously, and the risk of implicit bias can mislead
readers and induce malpractice, as evidenced in our re-
search, where the 6 included systematic reviews that met
the eligibility criteria, when evaluated with the AMSTAR 2
tool,’® showed a low methodological quality; the critical
points were not met in most of the investigations and the
lack of homogeneity in terms of study design prevented us
from performing any meta-analysis of the data.

Two of the included systematic reviews analyzed OAs,
and reported diverse and confusing results, mainly due to
the types of splints used, heterogeneous control groups
and different observation periods. Manfredini et al. men-
tion that almost all types of OAs for intermittent use are
somehow effective in reducing the episodes of bruxism.%®
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However, Jokubauskas et al. indicate that although many
studies support the efficacy of OA treatment for SB, the
evidence is insufficient and the main role of OAs is pro-
tection against dental wear.?° Therefore, both authors sup-
port the idea of conducting future research with longer
follow-up periods. Mainieri et al. reported that treatment
with MAD:s resulted in a reduction in the activity of the
chewing muscles, the signs and symptoms of SB, and oc-
clusal strength as well as improvement in sleep quality,
but 24% of their patients had to interrupt treatment due
to TMDs, muscle pain and/or discomfort.?* In contrast,
Saueressig et al. reported positive effects of MADs in the
therapy of SB, without any signs or symptoms of TMDs.?

Another treatment for bruxism is the application of botu-
linum toxin, which has been referred to in a large number
of studies. For example, Fernandez-Nufiez et al. concluded
that its effectiveness was superior to any conventional
treatment for SB, largely minimizing its symptoms.®
However, Long et al. revealed that botulinum toxin had
the same efficacy as a nocturnal oral splint.%® De la Torre
Canales et al. state that such disagreement is largely due
to the lack of clinical protocols, the non-standardized dos-
age and different dilutions of the preparations among the
different commercial brands used in each study.?* Regard-
ing adverse effects, Lee et al.?®> and Zhang et al.?® in their
reviews reported the absence of adverse effects both at the
time of treatment and after botulinum toxin injection, and if
they were observed, they occurred in patients who received
a dose higher than the established safe dose (<100 I1U) or
who had a preexisting medical condition.?®

Studies that analyzed the effects of centrally acting
drugs show very good results in the treatment of SB. It
refers, among others, to clonazepam, used not only as
an anticonvulsant, since its mechanism of action is also
relaxation and sedation at the muscular level, mood sta-
bilization, and relieving insomnia/anxiety.?” In the study
by Saletu et al., 21 patients diagnosed with BS received
1 mg of clonazepam per day, which showed efficacy in
the polysomnographic study, with a statistically signifi-
cant reduction of BS as compared to placebo.* However,
several authors mention that it is necessary to be cautious
with this type of medication, since after a period of use
of 2—4 weeks, it could cause dependence.?8?° Clonidine
has an antihypertensive effect by acting as a selective
agonist of the a2 receptor, which influences the
sympathetic—parasympathetic balance as well as the sleep
structure and motor activities during sleep.® It is also
used to treat migraine, chronic pain, psychiatric disorders,
and SB.?” Polysomnographic records have shown that
clonidine is effective in reducing SB significantly.3!

Recently, a group of researchers have evaluated the ef-
fect of 100 mg opipramol (a single dose), which shows
positive effects in reducing SB. This information could be
useful for researchers who delve into this topic of great in-
terest, taking into consideration a larger population with
a control group and long-term follow-up periods.?

341

It has also been suggested that bruxism is a risk factor
for developing TMDs, since an increase in the activity
of the masticatory muscles could cause joint overload and
myofascial pain. However, almost all studies that point
to such an association used non-validated methods to
diagnose bruxism, which indicates a possible diagnostic
bias that could have increased the level of significance
of the discussed association.®3-3> Studies such as those by
Smardz et al.%¢ and Wieckiewicz et al.®” showed through
their results that the relationship between SB and TMDs
was not statistically significant, clearly indicating that SB
is not related to TMDs, nor does it increase the risk of the
appearance of any specific diagnosis of TMDs. These
studies support the importance of using scientifically
proven methods for making an accurate diagnosis, and
thus choosing the optimal treatment.

Regarding BF, it is a subject that is still under debate,
as there are studies, such as those by Lobbezoo et al.®®
and Jokubauskas et al.,** which show positive effects, i.e.,
a reduction in the episodes of bruxism in the short term;
however, the authors suggest more well-designed longitu-
dinal studies with larger samples.

In general, with our study, we were able to demon-
strate that, due to the lack of scientific evidence of good
methodological quality, there is still controversy and
confusion about SB. A lot of misinformation has been
provided about its pathophysiology in countless ar-
ticles; dentists commonly relate it to peripheral factors
— dental, occlusal and skeletal, believing that occlusal
corrections decrease or stop this sleep activity.3®4° Yet,
Manfredini et al. in their research questioned occlusal
disharmony or premature contacts as an etiological fac-
tor, concluding that the contribution of occlusion was
not statistically significant in patients with and without
bruxism.* Similarly, in a study by Ommerborn etal., a re-
view of the functional and occlusal role was made, and
no relationship was found with regard to the occlusal pa-
rameters, or skeletal or orofacial anatomy, that could ex-
plain bruxism events; on the contrary, the authors found
that the role of psychology, neurotransmitters and micro-
arousals as central factors prevailed.** Obviously, as in
any pathology, whether an associated disorder occurs
or not depends on the adaptive capacity of the person,
e.g., coping with pain or stress, and genetic predisposi-
tion.*! Therefore, SB is no longer considered to be sim-
ply related to dental occlusion factors, but it is known
to have a central origin, which involves biological fac-
tors (e.g., neurochemical factors, such as dopamine and
other neurotransmitters, genetics and sleep disorders),
physiological factors (e.g., brain activity, muscle activity,
and cardiac and respiratory functions, etc.)and psycho-
logical factors (e.g., stress sensitivity, personality traits
and anxiety).>*?=%" This has resulted in a major transfor-
mation in our understanding of BS.

Therefore, it is important to know how SB is gener-
ated and to be aware of the different stages of sleep that



342

a person normally goes through. Sleep ideally should last
7-8 h, starting with wakefulness, continuing with non-
REM (rapid eye movement) sleep (N1, N2, N3) until the
depth of sleep or REM sleep increases, and this cycle is
repeated several times during the night. However, there
are moments in which the individual goes to wakefulness,
and these brief periods are known as micro-arousals.
The term ‘micro-arousal’ refers to a response or a sud-
den change in sleep during which the individual reaches
a lighter sleep, and then there is an interruption of sleep
for at least 3 s, characterized by an increase in brain, auto-
nomic, cardiac, and muscular activity, without a com-
plete return to consciousness.*® Taking micro-arousals as
a reference, associated pathologies can be identified, such
as obstructive sleep apnea (OSA), which consists in the
interruption of sleep due to the lack of air in an attempt
to breathe again.*®%° Several studies have considered the
possible association between SB and OSA, as SB may be
a motor reflex of the central nervous system in response
to a sleep arousal and OSA leads to sleep arousals.553
Another pathology associated with bruxism is gastro-
esophageal reflux (GER), which occurs when gastric acid
passes from the stomach into the esophagus, and once it
exceeds the adaptive capacity of the epithelium, it gener-
ates symptoms or histological damage.?* Li et al. showed
a strong association between bruxism and symptomatic
GER, and recommended that the GER status be taken
into consideration as a fundamental part of the diagnosis
of bruxism.%

Previous studies identified that also hypoxia,® in-
creased body mass index (BMI),> hypertension,*5758
excessive daytime sleepiness® and snoring® acted as in-
dependent risk factors for SB; in this study we did not in-
vestigate these issues, and another type of study could be
conducted in the future to clarify them.

Taking into account all the background described above,
researchers saw the need to update information about SB,
and it is in the 2018 consensus where SB is defined as the
activity of the masticatory muscles during sleep (chara-
cterized as rhythmic or non-rhythmic) and where it is
considered as a behavior.? According to its clinical conse-
guences, it was classified as: (i) a risk factor if it presents
one or more negative consequences for oral health, such
as severe masticatory muscle pain or joint pain, increas-
ing the likelihood of developing a disease, without neces-
sarily inducing it; (ii) a protective factor if it provides one
or more positive health outcomes, as in the case of OSA,
where the upper airway can be prevented from collapsing
or its patency can be restored during sleep, or in the case
of GER, where increased salivation reduces the risk of
harmful chemical tooth wear; or (iii) it is neither a risk fac-
tor or a protective factor, i.e., it is only considered a motor
activity of multifactorial etiology, with no consequences
at the level of oral health; it is extremely important not to
overdiagnose it as a pathology, since its intensity or fre-
guency does not mean pathogenicity.52-64
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Conclusions

Taking the limitations of the present study into con-
sideration, the following conclusions can be drawn: the
methodological quality of the studies included in this re-
search, after being analyzed with AMSTAR 2, proved criti-
cally low; the authors recommend future research studies
of better methodological quality so that the results can
be applied in clinical practice. The use of centrally acting
drugs, such as clonazepam and clonidine, demonstrated
efficacy in reducing the episodes of SB; however, caution
is recommended in their administration because of ad-
verse effects. Treatment with botulinum toxin, OAs and
BF did not demonstrate short-term efficacy; therefore,
prospective studies with a longer duration are recom-
mended. The difficulty involved in treating SB is that it
does not always need to be controlled, as in most cases,
it should not be considered a pathology according to the
current literature. It can be a risk factor or a protective
factor; therefore, treatment should not be focused on SB
as such, but on investigating the pathologies, comorbidi-
ties or associated factors that lead to its onset.
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