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Abstract

Background. Dental caries is initiated through mineral dissolution by bacterial acids and collagen de-
gradation by endogenous proteolytic enzymes, mainly collagenolytic matrix metalloproteinases (MMPs).

Objectives. The present research aimed to evaluate the relationship between severe early childhood caries
(S-ECC) and salivary MMP-8 and MMP-20 concentrations.

Material and methods. Fifty children aged 36—60 months were assigned to either the caries-free
(control) group or the S-ECC group. Standard clinical examinations were performed, and approx. 1 mL
of expectorated unstimulated whole saliva was collected from all participants. In the S-ECC group, the
sampling was repeated 3 months after restorative treatment. All samples were analyzed for the salivary
concentrations of MMP-8 and MMP-20, using the enzyme-linked immunosorbent assay (ELISA). Statisti-
cal analysis employed the t test, the Mann—Whitney U test, the y” test, Fisher's exact test, and the paired
samples ¢ test. The level of significance was set at 0.05.

Results. At baseline, the subjects in the S-ECC group presented with significantly elevated levels of MMP-8
as compared to the control group. However, the salivary concentration of MMP-20 did not exhibit a signifi-
cant difference between the 2 groups. A significant reduction occurred in the levels of MMP-8 and MMP-20
3 months after restorative treatment in the S-ECC group.

Conclusions. The salivary levels of MMP-8 and MMP-20 were significantly affected by dental restorative
treatment in children. Furthermore, MMP-8 was observed to be a better indicator of the dental caries status
than MMP-20.

Keywords: dental caries, saliva, biomarker, matrix metalloproteinase 8, matrix metalloproteinase 20
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Introduction

Early childhood caries (ECC) is defined as the presence
of one or more decayed (non-cavitated or cavitated le-
sions), missing (due to caries) or filled tooth surfaces in
any primary tooth of a child aged 72 months or younger.
However, any sign of smooth surface caries in children
younger than 3 years is considered severe early childhood
caries (S-ECC). From ages 3 through 5, one or more de-
cayed, missing (due to caries) or filled smooth surfaces in
primary maxillary anterior teeth, or a decayed-missing-
filled teeth (dmft) score of >4 (age 3), =5 (age 4) or 26
(age 5) constitute S-ECC.! Pain is the most immediate
consequence of ECC; it can disrupt the everyday activities
of the child. The dental treatment of children with ECC is
not always feasible due to their lack of cooperation, and
sedation or general anesthesia might be required accord-
ingly.2 This implies the superiority of caries preventive
strategies, which can be improved by determining the
various factors responsible for the pathogenesis of dental
caries.

The saliva makes a major contribution to the patho-
genesis of dental caries, which is partly associated with vari-
ous components of the immune system in its composition.
Saliva sampling is a simple, economical and non-invasive
method for oral health examinations. Therefore, in the
case of oral diseases, the analysis of salivary biomarkers
can be considered an appropriate method for an early dia-
gnosis, as well as for the determination of the prognosis
and the treatment success.>~

Dentin is a biological composite of hydroxyapatite and
organic compounds, with the organic material constitut-
ing 30% of its volume. A total of 90 wt% of dentinal or-
ganic material is composed of type I collagen, whereas the
remaining 10 wt% consists of non-collagenous proteins.
Following the dissolution of dentinal mineral con-
tent during the bacterial acidic attack, the extracellular
matrix (ECM) is degraded by bacterial enzymes and host
enzymes, such as matrix metalloproteinases (MMPs).%7

Matrix metalloproteinases are calcium (Ca)-dependent,
zinc (Zn)-containing endopeptidases isolated from den-
tin, the pulp tissue, odontoblasts, whole saliva, and the
bacterial plaque. When the saliva penetrates the cavities
created by dentinal caries, salivary MMPs might gain di-
rect access to the demineralized dentin.>#-11

Salivary MMP-8 (collagenase 2) can be derived from
the gingival crevicular fluid (GCF) or secreted from the
salivary glands.”!? This enzyme can convert collagen
types I, II and III into one-quarter and three-quarter
fragments.!* Matrix metalloproteinase 20 is produced
during primary dentinogenesis, becomes trapped in
dentin and might be released during the progression
of dental caries. Odontoblasts are the primary cell
source responsible for the secretion of MMP-20 into
the dentinal tubules.!*'® Matrix metalloproteinase 20
is also released by ameloblasts in their secretion phase
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during amelogenesis and plays an essential role in the
initial stages of enamel development by decreasing
the levels of amelogenin.!? According to the available
literature, mild genetic variations in MMP-20 can
alter an individual’s susceptibility to caries,'*1¢ though
laboratory studies have shown that MMP-20 cannot
degrade collagen types I and II. Therefore, dentin-bound
MMP-20 might be involved in the early alteration of the
non-collagenous components of the organic matrix
during the progression of caries.!?

Few studies have shown the relationship between the
salivary levels of MMPs and dental caries. However, the
confirmation of such a relationship by well-designed
clinical studies could make the analysis of these salivary
biomarkers a useful tool for determining the severity
of dental caries and for evaluating the efficacy of caries
preventive measures. Furthermore, if a sufficient num-
ber of clinical studies confirm the relationship between
high concentrations of MMPs and dental caries, the use
of MMP inhibitors might be recommended in children
with S-ECC, in addition to emphasis on proper oral hy-
giene and dietary practices. The present research aimed
to investigate the relationship between the salivary con-
centrations of MMP-8 and MMP-20 and S-ECC.

Material and methods

Participants

A total of 50 children aged 36-60 months were in-
cluded in the study. They were assigned to either the
caries-free (control) group (n = 25) or the S-ECC group
(n = 25). The sample size was calculated to be 25 in
each group based on previous studies, assuming a type-
one error a = 0.05 (Z;_4» = 1.96) and a type-two error
B = 0.10 (power of 90%) (Z,_p = 1.28), and the extraction
of the parameters pl = 55, p2 = 32, 01 = 40, and 02 = 20,
using an appropriate statistical formula.!” The partici-
pants were selected from among the children referred
to the Department of Pediatric Dentistry at Shahid
Beheshti University of Medical Sciences, Tehran, Iran, and
from randomly selected kindergartens. The inclusion
criteria were as follows: the absence of systemic or gingi-
val diseases; no consumption of medications during the
previous 2 months; and the absence of any exfoliating
primary teeth or erupting permanent teeth at the time
of the study.

Each participant was enrolled in the study after their
parent read, understood and completed the informed
consent document. Also, a questionnaire was complet-
ed to examine the parental level of education, and the
type (breast milk or formula milk) and duration of child
nighttime feeding. The research was designed and per-
formed in accordance with the Declaration of Helsinki,



Dent Med Probl. 2023;60(2):201-206

and was independently reviewed and approved by the
Institutional Committee for Ethics in Research at Shahid
Beheshti University of Medical Sciences, Tehran, Iran
(IR.SBMU.RIDS.REC.1395.216).

Clinical examinations

The presence of dental caries was evaluated based on
the World Health Organization (WHO) diagnostic crite-
ria.! After being dried with sterile gauze, the teeth were
clinically examined using disposable dental mirrors and
explorers (Shiang Shin Corporation, Taiwan) under suf-
ficient light. Only children with open tooth contacts were
included in the study to ensure the absence of interproxi-
mal caries. Children without dental caries were assigned
to the caries-free group, and those affected by S-ECC
were diagnosed according to the American Academy
of Pediatric Dentistry definition of S-ECC. The definition
includes the presence of one or more decayed, missing
(due to caries) or filled smooth surfaces in primary maxillary
anterior teeth, or a dmft score of >4 at the age of 3 years,
>5 at the age of 4 years or >6 at the age of 5 years.!
The dmft index was recorded for each child, as was the
plaque index (PI), using the simplified oral hygiene index
(OHI-S), which consists of the simplified debris (plaque)
and calculus indices (DI-S and CI-S). The present study
used the index version modified for primary teeth, as de-
fined by Miglani et al.,'® for the evaluation of the buccal
surfaces of second primary molars and central incisors in
the upper right and lower left quadrants.'®1°

Saliva sampling

The children were asked to refrain from eating, drink-
ing, toothbrushing, and using dental floss for 2 h before
sampling, which was carried out between 11:00 a.m.
and 12:00 a.m. to minimize the effects of the circadian
rhythm on the saliva composition. Afterward, approx.
1 mL of unstimulated whole saliva was collected by pas-
sive drooling for 5 min. The samples were collected into
sterile, capped, pre-chilled microtubes and coded. The
microtubes were immediately transferred to the immuno-
logy laboratory in a container with dry ice to preserve
salivary proteins and prevent their hydrolysis. The sa-
liva samples were centrifuged (Eppendorf® microcentri-
fuge 5415; Merck, Darmstadt, Germany) at 3,000 g for
15 min. The supernatant from each sample was care-
fully transferred to a new microtube with a sampler and
stored at —80°C until further use.

After completing the required dental treatment and
the provision of oral hygiene and nutrition instructions
for the patients in the S-ECC group by an experienced
post-graduate student of pediatric dentistry, the partici-
pants were recalled for post-treatment saliva sampling
3 months later.> The salivary samples were collected and
stored under the same conditions as outlined above.
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Investigating the salivary concentrations
of MMP-8 and MMP-20

On the day of the experiment, the microtubes were
retrieved from the freezer and kept at room temperature
to be thawed. The enzyme-linked immunosorbent assay
(ELISA) was performed using human saliva matrix
metalloproteinase 8, 20 ELISA kits (Zellbio, Lonsee,
Germany). The plates containing the samples were then
transferred to an ELISA microplate reader (Anthos
2020; Anthos Mikrosysteme, Friesoythe, Germany) for
spectrophotometric analysis at a wavelength of 450 nm.
All analyses were performed by 2 experienced immuno-
logists blinded to the sample groups. Inter-examiner
reliability was determined using the kappa agreement
coefficient (k = 0.8). Subsequently, the final salivary
concentrations of MMP-8 and MMP-20 were quantified
and recorded in nanograms per milliliter (ng/mL).

Statistical analysis

The data was analyzed using IBM SPSS Statistics for
Windows, v. 21.0 (IBM Corp., Armonk, USA). The ¢ test
compared age, the duration of nighttime feeding, PI, and
the initial MMP-8 and MMP-20 concentrations between
the 2 groups. The Mann—Whitney U test compared the
dmft scores, and the y? test and Fisher’s exact test com-
pared gender distribution, the parental level of education,
and the type of nighttime feeding between the 2 groups.
Finally, the paired samples t test determined the signifi-
cance of the treatment effect on the salivary concentra-
tions of MMP-8 and MMP-20 in the S-ECC group. The
significance level was set at 0.05.

Results

A total of 50 children aged 36—60 months were included
in the study, and assigned to either the caries-free (n = 25)
or S-ECC (n = 25) groups. The mean dmft scores in the
control and S-ECC groups were 0 and 15.2 £7.0, respec-
tively. The Mann—Whitney U test showed a significant
difference between the 2 groups in this regard (p < 0.001).
Furthermore, the independent ¢ test revealed a significant
difference between the groups in terms of PI (p < 0.001),
with the mean values of 0.91 +0.28 and 1.56 +0.32 in the
control and S-ECC groups, respectively (Table 1).

Table 1. Mean plaque index (Pl) values, decayed-missing-filled teeth (dmft)
scores, and initial salivary concentrations of matrix metalloproteinases 8
and 20 (MMP-8 and MMP-20) [ng/mL] in the caries-free and severe early
childhood caries (S-ECC) groups

Caries-free 091 +0.28 0
S-ECC 1.56 +0.32 152 +7.0

0.336 £0.047 4.218 £1.403
0.698 +0.388 3.801 +0.692

Data presented as mean + standard deviation (M £5D).
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The statistical analysis of the data showed no signifi-
cant differences in age, gender distribution, the paren-
tal level of education, and the type of nighttime feed-
ing (breast milk or formula milk) between the 2 groups.
However, there was a significant difference in the mater-
nal education levels (p = 0.010). The results of the inde-
pendent ¢ test regarding the duration of nighttime feed-
ing also showed a significant difference between the
2 groups (p = 0.003), with the mean duration in the S-ECC
group being approx. 6 months longer as compared to the
caries-free group.

As presented in Table 1, the independent ¢ test showed
that the initial mean salivary concentration of MMP-8 in
the S-ECC group was approx. 2 times higher than that in
the caries-free group, which was statistically significant
(p < 0.001). However, there was no significant difference
between the 2 groups in the initial mean salivary concen-
tration of MMP-20 (p = 0.189). According to the results
of the paired samples ¢ test, the salivary concentrations
of MMP-8 (p < 0.001) and MMP-20 (p = 0.024) in the
S-ECC group decreased significantly 3 months after re-
storative treatment (Table 2).

Table 2. Mean pre-treatment and post-treatment (3 months after restorative
treatment) salivary concentrations of MMP-8 and MMP-20 [ng/mL] in the
S-ECC group

pre-treatment 0.698 +0.388
MMP-8 <0.001*
post-treatment 0.331 £0.080

pre-treatment 3.801 £0.692
MMP-20 0.024*
post-treatment 3438 £0.309

Data presented as M £5D. * statistically significant (paired samples t test;
p < 0.05 at 95% confidence interval (C))).

Discussion

Salivary components play an essential role in the in-
cidence and development of dental caries due to their
continuous contact with the teeth.?’ The degradation
of the dentinal organic matrix during the caries process
is initiated by endogenous proteolytic enzymes, mainly
MMPs.%7 Assessing the presence of various MMPs in
the saliva by identifying the association between these
enzymes and the development or progression of dental
caries in children could provide suitable non-invasive
diagnostic and prognostic biomarkers.

The present study investigated the salivary concentra-
tions of MMP-8 and MMP-20 in caries-free and S-ECC-
affected children, and revealed significantly higher initial
salivary concentrations of MMP-8 in the S-ECC group as
compared to the caries-free group. In addition, the sali-
vary concentrations of MMP-8 significantly decreased
following the completion of dental treatment in the
S-ECC group.

M. Biria et al. Salivary matrix metalloproteinases and caries

There are few clinical studies on the relationship be-
tween MMP-8 and dental caries. According to a study by
Hedenbjork-Lager et al., a salivary MMP-8 concentration
in adults significantly correlated with the caries rate.® In
another study by Yang et al,, it was concluded that the
salivary levels of MMP-8 in children with dental caries
were higher than in caries-free individuals.?! Rabelo
Buzalaf et al. reported that individuals with higher sali-
vary concentrations of MMPs were more likely to have
dental caries; the authors also showed an inhibitory
effect of salivary MMP-8 on the remineralization of the
demineralized dentin.?? Similarly, in another recent study
by Ashwini et al., dentin degradation and caries progression
were positively correlated with salivary MMP-8 levels.??
The results of the abovementioned studies are consistent
with those of the present study.

The salivary source of MMP-8 is, at least partly, the de-
mineralized decayed dentin.?* Some amount of MMP-8
remains in the demineralized dentin and is expected to be
involved in its degeneration process.?” Therefore, MMP-8
can be released during the process of the complete or
relatively complete degeneration of the demineralized
dentin.® The MMPs derived from GCF and/or the salivary
glands are also involved in the degeneration of the dentinal
matrix undergoing full or relative demineralization.?®
Salivary MMPs can gain direct access to dentin through
caries-induced cavities.!?

While considering the effect of caries treatment on the
concentrations of MMPs, Chibinski et al. observed an in-
creased expression of MMPs 60 days after sealing the ca-
vity with a glass-ionomer sealant, which is associated with
dentin repair rather than the development of caries.?”” The
difference between the results of the above study and the
present research can be attributed to differences in the
treatment procedure, study participants and the experi-
mental method. However, according to another study by
the same research group led by Kuhn, sealing the affected
dentin of primary molars with glass-ionomer cement re-
duced the concentration of MMP-8 in dentin, paving the
way for the initiation of the repair process by reducing the
degenerative effects of this enzyme on the dental tissue.?®
This is consistent with the results of the present research,
suggesting a significant decrease in the concentration
of MMP-8 in the post-treatment phase. This concentra-
tion change is probably due to the reduction of bacterial
load following restorative treatment, which significantly
decreased the production of chemotactic products and
the number of neutrophils in the oral cavity, subsequently
leading to a reduction in the concentrations of neutrophil
derivatives, such as MMP-8.

The results of the present study showed no signifi-
cant difference in the initial salivary concentrations
of MMP-20 between the 2 groups (p = 0.189). However,
the concentrations of MMP-20 were significantly reduced
in the S-ECC group after the completion of restorative
treatment (p = 0.024).
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Matrix metalloproteinase 20 plays an essential role in the
formation of normal enamel, and mutations in this enzyme
are related to amelogenesis imperfecta.!%? There are few
studies on the effect of MMP-20 on dental caries, though
Filho et al. reported that the presence of specific MMP-20
genotypes in children was associated with resistance to den-
tal caries.3® In a recent study by Okamoto et al, MMP-20
was shown to stimulate tertiary dentin formation, facilitating
the wound-healing processes in the dentin—pulp complex.?!
Since MMP-20 is found in enamel, the dentinal matrix and
the dentinal tubule fluid, the post-treatment reduction in the
salivary concentration of this enzyme in the S-ECC group
can be attributed to the removal of these sources.*

The role of endogenous enzymes of salivary and den-
tinal origin in the development of dental caries was shown
in previous studies.33*3* The current study findings are
of great importance, as they propose new ideas for the pre-
vention and treatment of caries. Reducing or preventing
the degradation of the organic matrix enables natural lesion
repair through remineralization. Mazzoni et al. reported
that changes in collagenous and non-collagenous proteins
impaired the physical properties of dentin, as well as its
remineralization ability.” Considering the role of MMPs in
collagen degradation, the secretion of these enzymes from
the dentin—pulp complex leads to a vicious circle and causes
further degeneration of dentinal collagens. Therefore, using
MMP inhibitors can be an effective therapeutic interven-
tion for MMP-dependent oral diseases.” Several industrial
MMP inhibitors have been manufactured, with their inhibi-
tory activity mostly based on their Ca-Zn chelating groups.
Ethylenediaminetetraacetic acid (EDTA) is one of the most
effective substances.® Chlorhexidine can also inhibit MMPs
through the Ca-Zn chelation mechanism.”?14

Considering the limited number of clinical studies on
the relationship between MMPs and dental caries, further
research should be conducted with larger sample sizes
and a more extended follow-up duration.

Conclusions

In conclusion, the results of the present study revealed
that dental restorative treatment in children significantly
affected salivary MMP-8 and MMP-20 levels. Further-
more, MMP-8 was shown to be a better indicator of the
dental caries status than MMP-20.
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Abstract

Background. Periodontal diseases (PDs) are one of the most common chronic diseases affecting overall
oral functions, and their association with adverse pregnancy outcomes (APOs) has been an area of interest
since the late 90s.

Objectives. The present hospital-based case—control study aimed to find any association between
maternal chronic periodontitis (CP) and preterm birth (PTB) and low birth weight (LBW) by comparing the
periodontal parameters in patients with normal birth, PTB and LBW.

Material and methods. The participants of the study were females that had delivered a live baby
(n=1,200). They were classified as either cases or controls. The cases were defined as PTB if the delivery
was before 37 weeks of gestation, and as LBW if the infant weighed <2,500 g. The others were controls.
The intraoral examination, which included recording the periodontal status, was conducted within 3 days
of delivery. Detailed medical history and demographic data were recorded for the determination of the
confounding factors. The multivariable dependence of PTB and LBW on both the categorical and continu-
ous data was analyzed using a multivariate logistic regression analysis. Adjusted odds ratios (AORs) with
2 95% confidence interval ((/) for the risk of PTB and LBW were calculated.

Results. A strong association with PTB was found for a high plaque index (PI) score (AOR = 1.67;
p < 0.001; 95% (1. 1.26—2.07) and a mean pocket probing depth (PPD) >4 mm (AOR: 4.32; p < 0.001;
95% (1 3.09—6.02). A strong association with LBW was found for a high Pl score (A0R = 2.02; p < 0.001;
95% (1 1.43—2.83) and a mean PPD >4 mm (AOR: 8.70; p < 0.001;95% (- 6.01-12.59). A high Pl score
and a mean PPD >4 mm were independent risk factors for PTB and LBW.

Conclusions. The presence of deep pockets and inadequate plaque control in pregnant females increased
the risk of APOs.

Keywords: adverse pregnancy outcomes, low birth weight, maternal chronic periodontitis, preterm birth
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Introduction

Periodontitis is amongst the most prevalent chronic
diseases globally, affecting approx. 743 million people,
with an 11.2% prevalence of severe periodontitis.! The
majority of this population come from developing coun-
tries. Along with dental caries, periodontal diseases
(PDs) are the most common chronic diseases affecting
overall oral functions and reducing the quality of life;
they have been identified as a global epidemic.? A Global
Burden of Disease (GBD) study revealed an average
increase by 45.6% in the prevalence of chronic oral dis-
eases from 1990 to 2010, which is comparable to other
non-communicable diseases (NCDs), and adds to the
financial burden of the individual.? Periodontitis and
the major NCDs, like heart disease, diabetes, cancer,
and chronic respiratory disease, have common risk fac-
tors and social determinants.! The association between
periodontitis and the abovementioned diseases has been
an area of interest since the early 90s.3* Such an associa-
tion has also been explored in a range of other diseases
and conditions, including adverse pregnancy outcomes
(APOs), chronic kidney disease, rheumatoid arthri-
tis, dementia, metabolic syndrome, and certain forms
of cancer.? Many NCDs affect the body in the 3" and
4t decades of life, but APOs affect newborns. Adverse
pregnancy outcomes are a rising concern due to increas-
ing neonatal and infant mortality rates despite medi-
cal care and treatment modality advancements.> They
include preterm birth (PTB), low birth weight (LBW),
miscarriage, and early pregnancy loss. Preeclampsia and
PTB are major causes of maternal, perinatal and neo-
natal morbidity and mortality.®

Periodontal infection and subsequent inflammation
are not limited to the oral cavity. Bacteria and bacte-
rial antigens are systemically dispersed via the pathway
of the ulcerated sulcular epithelium? and trigger signifi-
cant systemic inflammation. Leukocytes, endothelial
cells and hepatocytes respond to bacteria and virulence
factors by secreting pro-inflammatory immune media-
tors, such as cytokines, chemokines and C-reactive
protein (CRP). Soluble antigens from the periodontal in-
flammatory lesion may enter the bloodstream and react
to form a macromolecular complex with the circulating
antibodies. These immune complexes can be deposited
at various sites in the body and give rise to acute and
chronic inflammatory reactions.”

During the normal course of pregnancy, as gesta-
tion progresses, the amniotic fluid concentrations
of prostaglandin E2 (PGE2) and inflammatory cyto-
kines, such as tumor necrosis factor alpha (TNF-a) and
interleukin (IL)-1p, rise steadily until reaching a critical
threshold level that induces the rupture of the amniotic
sac membranes, uterine contractions, cervical dilation,
and delivery. The process can be modified by external
stimuli, including infection and inflammatory stressors.®

N.V. Bhavsar et al. Maternal chronic periodontitis and PTB and LBW

It has been postulated that the levels of periodontal in-
flammatory mediators slowly increase and affect the
fetomaternal unit.® Also, there is evidence for the presence
of periodontal pathogens in the amniotic fluid and the
placental tissues.!®!! It is an established fact that there
is an increased tendency toward periodontitis during
pregnancy due to the effects of hormones,'? which con-
sequently affects the quality of life of pregnant females.!
A hospital-based survey revealed a 43% prevalence
of periodontitis among pregnant females aged between
19 and 35 years.!*

To our knowledge, no study investigating the associa-
tion between APOs and chronic periodontitis (CP) in
pregnant females has been published so far. Based on
the prevalence of periodontitis in pregnant females and
the evidence reviewed above, the present study was con-
ducted in a single hospital'* to assess the association be-
tween CP in pregnant females and APOs.

Material and methods

The present case—control study was conducted in
the Department of Obstetrics and Gynecology (ObGy)
of the Civil Hospital, Ahmedabad, India. The study
was approved by the Institutional Ethics Committee
at the Government Dental College and Hospital, Civil
Hospital in Ahmedabad (No. IECGDCH/S.10/2017 dated
18/3/2017), the Head of the ObGy Department and the
Medical Superintendent of the Civil Hospital. The data
was collected from 3 wards of the ObGy Department.
The nature and purpose of the study were explained to
all the participating patients, and written consent was
obtained from all. The study is reported according to the
STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) statement.

Study design

The selected period for data collection was between
April 2017 and December 2017. There were a total
of 6 examiners divided into 3 groups of two, with 1 group
assigned to each ward. One examiner reviewed the
medical history of all patients who had delivered a live
baby, while the other examiner conducted an intraoral
examination after obtaining consent and considering
patient comfort. All intraoral examinations were done
within 72 h of delivery.* The 2 appointed examiners per
ward were blinded to the patient’s medical and dental
records, respectively. A total of 1,500 medical records
were examined, with 74 females not consenting to par-
ticipation or a dental checkup and 226 excluded after
reviewing their medical records. The data was col-
lected for the remaining 1,200 patients. The prevalence
of PTB and/or LBW cases for this population was un-
known (Fig. 1).
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Definition of PD:
Secondary outcome

Assessed for eligibility > Definition of cases and controls: >
(N =1,500) Primary outcome (PTB and LBW)

Excluded (n = 300):
* not meeting the inclusion criteria (n = 226)

e declined to participate (n =72)

v

Total number of patients included
(N =1,200)

‘ < ‘ PTB group ‘ | LBW group ‘ > |

v v

Cases Cases
(n=628) (n=279)

Controls
(n=921)

Controls
(n=572)

Fig. 1. Patient selection flowchart
PTB — preterm birth; LBW — low birth weight; PD - periodontal disease.

Inclusion criteria

A total of 1,200 females met the inclusion criteria based
on medical records and case definition. The patients were
aged 18-36 years, had given birth to a live infant and pro-
vided consent for an intraoral examination. Three exam-
iners (NP, DG and RP) examined their medical records,
and noted the demographic data and medical history,
including the patients’ conditions during pregnancy and
delivery, and the medical records of the infants. An ob-
stetrician reviewed all medical data to determine if the
patients met the inclusion or exclusion criteria.

Case definition (primary outcome)

Cases were patients with an infant with (I) PTB or (II)
LBW. Preterm birth is defined as childbirth that takes
place within 259 days of the mother’s last menstrual pe-
riod (LMP) or 37 completed weeks of gestation, and LBW
is an infant birth weight of less than 2,500 g.!> Controls
included patients who had given birth to a live infant
after 259 days since the mother’s LMP or after 37 com-
pleted weeks of gestation, and the infant’s birth weight
was 22,500 g. Gestational age was determined in the
1%t trimester through the obstetric criteria based on the
date of LMP and/or ultrasound.’® The information re-
garding the patient’s name, case number, maternal age,
socioeconomic status (SES) (modified Kuppuswamy
scale),’” chronic hypertension status, diabetes, urinary
tract infection (UTI), parity (number of times a female
patient has given birth to a fetus with a gestational age
of 24 weeks or more, regardless of whether the child was
born alive or stillborn), smoking during pregnancy, drug
and/or alcohol use during pregnancy, past gynecological
history, as well as the infant’s birth weight and gestational
age, was collected from the medical records of all the
patients who had delivered a live infant. Chronic hyper-
tension was defined as systolic blood pressure 2140 mm
Hg or diastolic blood pressure 290 mm Hg, confirmed by
multiple measurements, and detected before conception
or 20 weeks of gestation.'8
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Intraoral examination - disease definition
(secondary outcome)

The intraoral examination was conducted by 3 qualified
examiners, with one appointed to each ward (KSV, NB
and SS). Inter and intra-examiner calibration was done
before the commencement of the study under the super-
vision of another researcher (NVB). The examiners were
unaware of the patient’s medical status, and the infant’s
birth weight and gestational age. The intraoral examina-
tion included recording the plaque index (PI) (Silness
and Loe), the gingival index (GI) (Loe and Silness), the
pocket probing depth (PPD), and clinical attachment
loss (CAL) around all present teeth, excluding third
molars. The PPD and CAL were measured at 6 sites of the
tooth (midbuccal, buccomesial, buccodistal, midlingual,
mesiolingual, and distolingual). The patients were clas-
sified as having CP according to the Centers for Disease
Control and Prevention and the American Academy
of Periodontology (CDC-AAP) definition of periodon-
titis: no periodontitis — no evidence of mild, moderate
or severe periodontitis; mild periodontitis — 22 inter-
proximal sites with CAL > 3 mm (not at the same tooth)
and >2 interproximal sites with PPD > 4 mm (not at the
same tooth), or 1 interproximal site with PPD > 5 mmy;
moderate periodontitis — >2 interproximal sites with
CAL > 4 mm (not at the same tooth) or >2 interproximal
sites with PPD > 5 mm (not at the same tooth); and severe
periodontitis — >2 interproximal sites with CAL > 6 mm
(not at the same tooth) and at least 1 interproximal site
with PPD > 5 mm.'*?° On average, 20 patients were exam-
ined in each ward, using sterile instruments. The CP15
University of North Carolina probe (UNC-15) (Equinox
Instruments Ltd, Lincoln, UK) was used to record GI,
PPD and CAL. A data operator simultaneously entered
the medical records and the intraoral examination data
into a data sheet, matching the case numbers.

Exclusion criteria

Patients were excluded from the study if they had
undergone in vitro fertilization, had had multiple gestations,
spontaneous abortion in the current gestation, elective
and/or induced preterm delivery because of maternal
and/or fetal conditions, had any medical condition re-
quiring antibiotic prophylaxis for dental treatment, ges-
tational diabetes, human immunodeficiency virus (HIV)
infection, UTI, heart disease, renal disease, hypertensive
disorders of pregnancy occurring after 20 weeks of gesta-
tion, any dental treatment during the period of gestation,
or did not consent to an intraoral examination.

Statistical analysis

After collecting the data, they were compiled, coded
and entered into a Microsoft Excel 2019 spreadsheet.



210

N.V. Bhavsar et al. Maternal chronic periodontitis and PTB and LBW

The descriptive analysis was presented as mean (M) and
standard deviation (SD) or as proportions. The propor-
tions between the groups were compared with the y? test.
The data distribution was tested using the Kolmogorov—
Smirnov test. Based on the normal distribution of the
data, Student’s ¢ test and the Mann—Whitney U test were
applied to assess differences between the group means.
A logistic regression analysis was performed, with PTB
and LBW as dependent variables with regard to both
the categorical (age, SES, hypertension, diabetes, UTI,
previous PTB, PPD < 4 mm or PPD > 4 mm, and CAL:
no periodontitis or having periodontitis) and continuous
data (PI and GI). A backward stepwise method was used to
select independent variables, with an entry at p = 0.05 and
a removal at p = 0.10. Adjusted odds ratios (AORs) with
a 95% confidence interval (CI) for the risk of PTB and LBW
were calculated. All analyses employed IBM SPSS Statistics
for Windows, v. 22.0 (IBM Corp., Armonk, USA). A p-value
less than 0.05 was considered statistically significant.

Results

There were 628 PTB cases and 279 LBW cases amongst
1,200 live births (Tables 1 and 2, respectively, Fig. 2). The
prevalence of PTB was 52.3%, and for LBW it was 23.3%.

= PTB group LBW group

controls cases

Fig. 2. Distribution of controls and cases in the sample (N = 1,200)

There were 258 cases which were both PTB and LBW
(Table 1). The mean patient age was 25.09 +3.19 years.
A total of 618 patients had a previous history of PTB
— 46.0% in the PTB group and 18.0% in the LBW group
(Tables 1 and 2, respectively). The average gestational age
was 36.64 +1.47 weeks (37.75 +0.54 weeks in the control
group and 35.64 +1.32 weeks in PTB case group) (Table 1).
The average infant birth weight was 2,715.07 +366.06 g,
with 2,860.80 +263.33 g for controls and 2,234.01 +214.11 g
for LBW cases (Table 2).

Table 1. Demographic characteristics of the control and case groups according to gestational age (N = 1,200)

. Controls PTB cases
Variables (n=572) (n=628) Total p-value
18-25 317 (44.4) 397 (55.6) 714
Age 26-30 226 (52.7) 203 (47.3) 429 0.020%
[years] >30 29 (50.9) 28 (49.1) 57
M £SD 2536 £3.26 2485 £3.11 2509 £3.19 0.006%0
upper (1) 5(71.4) 2(28.6) 7
upper middle (I1) 44 (44.0) 56 (56.0) 100
SES middle (/1) 298 (54.1) 253 (45.9) 551 <0.001**a
upper lower (IV) 220 (41.3) 313 (58.7) 533
lower (V) 5(55.6) 4 (44 .4) 9
no 518 (46.6) 594 (53.4) 1,112
Hypertension 0.010%*
yes 54 (61.4) 34 (38.6) 88
no 549 (47.6) 604 (52.4) 1,153
Diabetes 0.970¢
yes 23 (48.9) 24 (51.1) 47
no 451 (44.3) 566 (55.7) 1,017
UTl <0.007**c
yes 121 (66.1) 62 (33.9) 183
controls 551 (96.33) 370 (58.92) 921(76.75)
LBW <0.001**
cases 21 (3.67) 258 (41.08) 279 (23.25)
no 238 (40.9) 344 (59.1) 582
Previous history of PTB <0.0071**¢
yes 334 (54.0) 284 (46.0) 618
Gestational age
[weeks] 37.75 £0.54 3564 £1.32 36.64 £1.47 <0.001**0
M +SD

Data presented as number (percentage) (n (%)) or as mean =+ standard deviation (M +SD). SES - socioeconomic status; UTI - urinary tract infection;
* statistically significant (p < 0.05); ** highly statistically significant (p < 0.001); 2 x° test; ® Student’s t test; © ° test with the continuity correction.
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Table 2. Demographic characteristics of the control and case groups according to the infant birth weight (N = 1,200)

Controls

LBW cases

Variables (n=921) (n=279) Total p-value
18-25 522 (73.1) 192 (26.9) 714
Age 26-30 352 (82.1) 77 (17.9) 429 0.001%*
[years] >30 47 (82.5) 10(17.5) 57
M +SD 25.28 £3.21 24.49 £3.08 25.09 £3.19 <0.001%*0
upper (1) 5(71.4) 2(286) 7
upper middle (If) 86 (86.0) 14 (14.0) 100
SES middle (llf) 460 (83.5) 91 (16.5) 551 <0.0071**@
upper lower (IV) 363 (68.1) 170 31.9) 533
lower (V) 7(77.8) 2(222) 9
no 848 (76.3) 264 (23.7) 1,112
Hypertension 0.190¢
yes 73(83.0) 5(17.0) 88
no 883 (76.6) 270 (234) 1,153
Diabetes 0.970¢
yes 38(80.9) 9(19.0) 47
no 757 (74.0) 260 (25.0) 1,017
UTI 0.620¢
yes 164 (89.0) 9(10.0) 183
no 414 (71.0) 168 (28.0) 582
Previous history of PTB <0.0071**<
yes 507 (82.0) 111 (18.0) 618
Infant weight
(]! 2,860.80 +263.33 223401 £214.11 2,715.07 £366.06 <0.001%*0
M £SD

Data presented as n (%) or as M +SD. * statistically significant (p < 0.05); ** highly statistically significant (p < 0.001); 2 x? test; ® Student’s t test; < ? test with the

continuity correction.

Tables 3 and 4 describe the periodontal status of pa-
tients in the PTB and LBW groups, respectively. The dif-
ference in PI was highly significant, with the score being
higher for the PTB (p < 0.001) and LBW (p < 0.001) groups
as compared to controls. The same trend was observed
for the GI scores. The mean PPD was 4.79 +1.28 mm in
the PTB group and 4.54 +1.06 mm in the LBW group,

Table 3. Periodontal parameters of the control and case groups according
to gestational age (N = 1,200)

with both values being significantly different when com-
pared with controls (p < 0.001). The prevalence of CP was
53.2% in the sample, with 423 cases among the 628 PTB
patients and 251 cases among the 279 LBW patients.
When compared, the difference between controls and
cases was highly significant (p < 0.001).The periodontal
parameters for the control and case groups according to
gestational age and the infant birth weight are graphi-
cally presented in Fig. 3,4 and Fig. 5,6, respectively.

Table 4. Periodontal parameters of the control and case groups according

Controls

PTB cases

to the infant birth weight (N = 1,200)

Variables n=572) | (n=628) Total p-value
Pl 147 £0.57 1784056 1644059 <0.001**
Gl 177 £185 1834036 1814131 <0.001**
<4 499 (59.62) 338(40.38) 837 (100)
PPD <0.001**b
>4 73(20.11) 290(79.89) 363 (100)
(mm]
M +£SD 2894098 479+128 3234071 <0.001**
no
periodontitis 357 (63.52) 205 (36.48) 562 (100)
cp mild  138(51.30) 131(4870) 269(100) qQp7*+b
moderate 37 (26.62) 102 (73.38) 139 (100)
severe 40(17.39) 190 (82.61) 230 (100)
Data presented as n (%) or as M £5D. PI - plaque index; Gl — gingival index;

PPD - pocket probing depth; CP — chronic periodontitis; ** highly statistically
significant (p < 0.001); 2 Mann-Whitney U test; © x* test with the continuity
correction.

: Controls | LBW cases
Variables n=921) | (h=279) Total p-value
Pl 1524057 1994048 1644059 <0.001**
Gl 177 £148 1.92+025 181£1.31 <0.0071**
<4 760 (90.80) 77(9.20) 837 (100)
PPD <0.001%*0
>4 161 (44.35) 202 (55.65) 363 (100)
[mm]
M +£SD 3.00+1.04 454+106 3234071 <0.001**
no 534(9502) 28(498) 562 (100)
periodontitis ' '
cp mild  221(82.16) 48(17.84) 269(100) 0 7**b
moderate 86 (61.87) 53(38.13) 139 (100)
severe 80(34.78) 150 (65.22) 230 (100)

Data presented as n (%) or as M £5D. ** highly statistically significant

(p < 0001);°

Mann-Whitney U test; ® x? test with the continuity correction.
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Fig. 3. Distribution of the periodontal parameters in the control and case
groups according to gestational age
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1.47
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Fig. 4. Periodontal parameters in the control and case groups according to
gestational age
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Fig. 5. Distribution of the periodontal parameters in the control and case
groups according to the infant birth weight
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wcases (n=279)

Pl Gl PPD [mm]

Fig. 6. Periodontal parameters in the control and case groups according to
the infant birth weight

Table 5. Logistic regression analysis with preterm birth (PTB) as an outcome variable

Variables Crude OR p-value
- - 0.380
@%er] 26-30 079 0.150
>30 0.89 0.710
= = 0.100
upper middle (Il) 6.57 0.050*
SES middle (IIl) 423 0.130
upper lower (IV) 497 0.090
lower (V) 224 0.490
Hypertension (yes) 0.64 0.070
Diabetes (yes) 092 0.790
UTl (yes) 045 <0.001**
Previous history of PTB (yes) 0.66 0.010*
PI 1.76 <0.001**
Gl 0.92 0.250
PPD (=4 mm) 446 0.030*
CP (yes) 4.23 <0.0071**
Constant 0.12 0.030*

95% CI AOR p-value 95% CI
0.59-1.09 - - -
047-1.67 - - -
0.99-43.49 - - -
0.67-26.93 - - -
0.78-31.64 - - -
0.22-22.86 - - -
0.39-1.04 0.63 0.050% 0.39-1.02
0.48-1.74 - - -
0.31-0.65 0.46 <0.001** 0.32-0.66
0.49-0.89 0.59 <0.001** 0.46-0.76
1.35-2.30 1.61 <0.001** 1.26-2.07
0.79-1.06 - - -
1.13-17.57 4.32 <0.001** 3.09-6.02
2.99-5.98 - - -

- 0.52 0.001* -

OR - odds ratio; C/ - confidence interval; AOR — adjusted odds ratio; * statistically significant (p < 0.05); ** highly statistically significant (p < 0.001).
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Table 6. Logistic regression analysis with a low birth weight (LBW) as an outcome variable

Crude 08 95% 95%Ci

0.020* 0.010*

é/gei . 26-30 056 0010* 037-085 055 0.004* 036-083
>30 053 0.150 0.22-1.27 0.52 0.130 0.22-1.23

- - 0430 - - - -

upper middle (1) 0.66 0.710 0.08-5.79 - - -

SES middle (Il) 0.86 0.880 0.11-6.88 = = =

upper lower (V) 1.12 0.920 0.14-8.95 - -

lower (V) 0.61 0.710 0.04-8.69 = =

Hypertension (yes) 0.93 0.830 0.48-1.81 - - -

Diabetes (yes) 0.86 0.740 0.36-2.07 - - -
UTI (yes) 038 0.001* 0.22-0.66 0.37 <0.001** 021-0.65
Previous history of PTB (yes) 0.68 0.050* 0.46-0.99 0.68 0.050* 0.47-1.00
PI 2.09 <0.001** 1.47-2.99 202 <0.001** 1.43-2.83

Gl 0.94 0.540 0.78-1.14 = = =

PPD (=4 mm) 4.16 0.060 0.96-18.09 8.70 <0.001** 6.01-12.59
CP (yes) 7.84 <0.001** 533-11.53 = =
Constant 0.06 0.010* - 0.06 <0.001** -

* statistically significant (p < 0.05); ** highly statistically significant (p < 0.001).

Tables 5 and 6 show the results of the logistic regres-
sion analysis with regard to risk factors and PTB and
LBW, respectively. After the stepwise elimination of in-
significant predictors, the factors which had a signifi-
cant effect on PTB were as follows: a previous history
of PTB (AOR = 0.59; p < 0.001; 95% CI: 0.46-0.76);
hypertension (AOR = 0.63; p = 0.050; 95% CI: 0.39-1.02);
UTI (yes) (AOR = 0.46; p < 0.001; 95% CI: 0.32-0.66);
PI (AOR = 1.61; p < 0.001; 95% CI: 1.26-2.07); and PPD
(24 mm) (AOR = 4.32; p < 0.001; 95% CI: 3.09-6.02)
(Table 5). After the stepwise elimination of insignificant
predictors, the factors with a significant effect on LBW
were as follows: age of 26—30 years (AOR = 0.55; p = 0.004;
95% CI: 0.36—0.83); a previous history of PTB (AOR = 0.68;
p = 0.050; 95% CI: 0.47-1.00); UTI (yes) (AOR = 0.37;
p < 0.001; 95% CI: 0.21-0.65); PI (AOR = 2.02; p < 0.001;
95% CI: 1.43-2.83); and PPD (24 mm) (AOR = 8.70;
» <0.001; 95% CI: 6.01-12.59) (Table 6).

Discussion

The purpose of the present study was to find an as-
sociation between CP and PTB and LBW in pregnant
females admitted to the ObGy Department of the Civil
Hospital, Ahmedabad, India. Preterm birth is a major
cause of child mortality, and it is associated with emo-
tional and economic burden.®> According to the national,
regional and global estimates of the PTB rates in 2010,
with time trends since 1990 for selected countries,?!
India is among the 10 countries of the world with the
highest number of the estimated PTB cases, which

accounts for 60% of all PTBs globally. There are 3.6 million
PTBs in India annually, 303,600 babies do not survive,
and most deaths are due to prematurity.?? According to
the results of another hospital-based case—control study
conducted in Ahmedabad, India, there was a 30% preva-
lence of LBW, and 644 out of 1,317 LBW babies were
preterm born.? In a community-based study designed
to identify possible risk factors for PTB in selected dis-
tricts of Gujarat, India, the proportion of preterm babies
out of a total of 2,009 deliveries was 8.9%.2* The preva-
lence of PTB (52.3%) and LBW (23.3%) was found to be
high in our sample. Despite excluding the confounding
factors for PTB and LBW,, the high prevalence warrants
more in-depth research to find other factors affecting
gestation time and the birth weight.

The demographic data of the present study shows that
the majority of the included patients belonged to SES III
and IV. The modified Kuppuswamy scale is commonly
used to measure SES in urban and peri-urban commu-
nities, and is based on the educational level, occupation
and monthly income of the head of the family.!” The 2017
update of the scale was used for this sample, as the data
collection period was between April 2017 and December
2017. According to this scale, SES III and IV refer to the
middle and upper lower classes. Of the 628 PTB patients,
90.13% were from SES III (253; 40.29%) and IV (313;
49.84%), and of the 279 LBW participants, 93.55% were
from SES III (91; 32.62%) and IV (170; 60.93%). The Civil
Hospital in Ahmedabad is a government multispecialty
hospital that provides free treatment to patients below the
poverty line and offers affordable treatment charges for
patients from all SES classes, which can explain the higher
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number of patients from SES III and IV. Adverse socio-
economic factors are associated with an increased risk
of PTB!2> and LBW.2¢ For the present sample, the logistic
regression analysis assessing risk factors for PTB showed
high ORs for SES III (OR = 4.23; 95% CI: 0.67-26.93) and
SES IV (OR = 4.97; 95% CI: 0.78-31.62), though the re-
sult was not significant. Moreover, SES as a risk factor did
not affect PTB or LBW in this sample, perhaps due to the
public health measures taken by the government to im-
prove female reproductive health. The initiated integrated
programs have made medical care accessible to females,
especially those with a low SES,?”28 which has helped con-
siderably to reduce maternal malnutrition and improved
public awareness in recent years. When considering the
results for SES II, it was found to affect PTB (OR = 6.57;
p = 0.050; 95% CI: 0.99-43.49). Since the sample size in
SES II was 100 and included 56 PTB patients, and the dif-
ference was significant, it warrants further research with
regard to SES II affecting PTB.

Another factor that was found to affect the incidence
of PTB and LBW was maternal age. The incidence in-
creases in the extremes of female reproductive life, i.e.,
less than 18 and more than 36 years of age.! In the pre-
sent sample, more patients were aged less than 30 years,
which can be attributed to the social and cultural practices
followed by the rural and semi-urban population resid-
ing in the areas around Ahmedabad. The patients in the
26-30 age group were less likely to have a baby with LBW
(AOR = 0.55; p = 0.004; 95% CI: 0.36—0.83) as compared
to other age groups.

Out of 1,200 patients, 618 had a history of PTB, with
284 in the PTB group and 111 in the LBW group. The pa-
tients with a history of PTB had a reduced chance of hav-
ing PTB (AOR = 0.59; p < 0.001; 95% CI: 0.46—-0.76) and
LBW (AOR = 0.68; p = 0.050; 95% CI: 0.47—-1.00). However,
other studies found previous PTB to be a significant risk
factor for PTB and LBW,,162%30 since they obtained higher
ORs than the current study. According to Meis et al., pre-
vious PTB is a significant predictor of PTB.3! There were
258 (41.08%) cases of LBW in the PTB group. The com-
posite term PTLBW is no longer used in the obstetrics
literature, as it may incorporate diversified underlying
etiologies.3? Therefore, this factor was not included in the
regression analysis.

Chronic hypertension significantly affects APOs, as
confirmed by a meta-analysis of 55 studies that included
795,221 pregnancies, spanning 4 decades.?® Urinary tract
infection during pregnancy is a frequent finding and is
an independent risk factor for APOs.3* During pregnancy,
immunological changes help to promote tolerance to the
fetus and protect the mother against infection. However,
females are more susceptible to infection and the effects
of the toxins produced by microorganisms.>* According
to a study published in 2008, asymptomatic bacteriuria
is one of the most common causes of preterm labor.?
A possible explanation for this finding could be that UTI
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may increase the release of inflammatory chemokines
and cytokines, which can stimulate uterine contractions,
cause the premature rupture of membranes and induce
PTB.* In the present sample, there were 88 patients with
hypertension, though the presence of hypertension re-
duced the risk of PTB (AOR = 0.63; p = 0.050; 95% CI:
0.39-1.02). Furthermore, UTI reduced the risk of PTB
(AOR = 0.46; p < 0.001; 95% CI: 0.32-0.66) and LBW
(AOR = 0.37; p < 0.001; 95% CI: 0.21-0.65). These results
warrant an in-depth study of the effects of these factors
on pregnant females.

The overall prevalence of CP in the sample was 53.17%
—67.36% in the PTB group and 89.96% in the LBW group.
The first clinical study on the association between APOs
and the periodontal status in humans was a case—control
study conducted by Offenbacher et al. in 1996.* Since then,
numerous studies have evaluated the association between
maternal periodontal infection and APOs, and many sys-
tematic reviews and meta-analyses have also evaluated
and discussed the link in detail.%'>3¢37 In a study conduct-
ed in the same hospital, the prevalence of CP in patients
aged between 19 and 35 years was 43%, and 41.1% had
poor oral hygiene.!* These discrepancies can be explained
by the definition of CP. The study by Gupta et al.'* used
Russell’s periodontal index to categorize periodontitis,
whereas the present study classified CP using the criteria
described in the ‘Material and methods’ section, with only
CAL used to define and classify CP severity.

The differences in the P and GI scores between the con-
trol and the PTB and LBW groups were highly significant,
with higher scores among cases. The mean PPD in the
PTB group (4.79 +1.28 mm) was significantly higher than
in controls. Of 363 cases, 290 had a mean PPD >4 mm.
The mean PPD in the LBW group (4.54 £1.06 mm) was
significantly higher than in controls. Out of 363 cases,
202 had a mean PPD 24 mm. When CP severity was com-
pared between controls and PTB and LBW cases, a higher
number of PTB cases had moderate and severe CP, and
more LBW cases had severe CP, with the differences be-
ing statistically significant.

Approximately 30-40% of preterm delivery cases are
thought to be due to different infections.!® The possible
mechanisms by which periodontal infection affect APOs
include the translocation of periodontal pathogens to the
feto-placental unit (metastatic infection),” and the ef-
fects of inflammatory mediators, such as IL-1, IL-6, IL-8,
TNF-«, and PGE2, on the feto-placental unit (metastatic
inflammation).”3® According to a systematic review,
patients with APOs had higher levels of inflammatory
mediators in GCE* In addition, a cross-sectional study
including 120 females (60 normal births and 60 PTBs)
concluded that those with PTB demonstrated worse
periodontal parameters and significantly increased GCF
levels of IL-6 and PGE2 as compared to normal births.® In
the present study, inflammatory markers were not evalu-
ated with regard to PTB, LBW and normal births.
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The human placenta is known to have its own spe-
cific microbiome, yet many studies have also found evi-
dence for the presence of periodontal pathogens, such as
Porphyromonas gingivalis, in it.*®4° Furthermore, there is
a tendency toward pregnancy gingivitis during pregnancy,
as gingival tissues are sensitive to hormonal changes
and the slightest increase in plaque accumulation can
cause an exaggerated response. However, gingivitis dur-
ing pregnancy is not clinically or histologically different
from gingivitis in non-pregnant persons. Gonzilez-
Jaranay et al. found an increase in the PI (O’Leary) and
GI (Ainamo and Bay) scores during pregnancy in females
who reached a full term, as well as a slight increase after
delivery.*! Radnai et al. also demonstrated higher mean
PI scores in the study group (0.79) than in the control
group (0.67), though the difference was not significant
(p = 0.141).22

For the present study, PPD >4 mm was considered one
of the parameters of a gingival response to plaque ac-
cumulation. According to Lindhe et al., the optimal re-
sponse to periodontal surgery was observed in pockets
deeper than 4 mm; also during the maintenance phase,
high plaque scores were noticed in patients with residual
pockets greater than 4 mm.*? Therefore, 4 mm was con-
sidered to be the critical PPD value. Patients with a mean
PPD >4 mm had at least a few pockets deeper than 4 mm.
This may have led to more plaque accumulation, which
is a critical factor for eliciting a systemic inflammatory
response. A reasonable biological model explaining the
relationship between periodontitis and other diseases is
that periodontitis causes inflammatory burden through
bacteremia, which elicits a systemic inflammatory re-
sponse or cross-reactivity, resulting in an autoimmune
reaction. If the surface area of the pocket is calculat-
ed, @ minimum area of 50 cm? allows the penetration
of bacterial products into host tissues.*> Hence, it can
be interpreted as the larger the amount of the inflamed
periodontal tissue (i.e., the deeper the periodontal pock-
ets), the greater the chance of periodontitis eliciting
a systemic response. As such, the periodontal inflamed
surface area (PISA) may be considered the main con-
tributor to any systemic inflammatory burden posed by
periodontitis.** In the present sample, the high PI scores
in the PTB (AOR = 1.61; p < 0.001; 95% CI: 1.26-2.07)
and LBW (AOR = 2.02; p < 0.001; 95% CI: 1.43-2.83)
groups, as well as PPD > 4 mm in the PTB (AOR = 4.32;
p < 0.001; 95% CI: 3.09-6.02) and LBW (AOR = 8.70;
p < 0.001; 95% CI: 6.01-12.59) groups, significantly in-
creased the risk of PTB and LBW, and were significant
predictors of PTB and LBW after the stepwise elimina-
tion of insignificant predictors.

In the current sample, the presence of CP significantly
increased the risk of PTB (OR = 4.23; p < 0.001; 95% CI
2.99-5.98) and LBW (OR = 7.84; p < 0.001; 95% CI
5.33-11.53), though it was eliminated as an indepen-
dent risk factor after adjustment. An explanation for this
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observation is that CAL may not be the most appropriate
clinical assessment measure when the goal is to assess
periodontitis as a cause of the systemic inflammatory
responses associated with systemic diseases or condi-
tions.% Indeed, CAL results from the chronic inflamma-
tory infection and host response caused by the plaque
microorganisms harbored in deep pockets. Hence, the
observations of this sample divert attention toward the
systemic effects of a local inflammatory response in-
stead of the disease as a singular entity.

Lépez et al. found a significant association between
PD and PTB (RR (risk ratio) = 3.5; p = 0.006; 95% CI:
1.30-9.10), and PD to be the only risk factor for LBW
(RR = 3.5; p = 0.028; 95% CI: 1.06—11.4).%° Radnai et al.
studied the association between early periodontitis and
PTB, and found that patients with periodontitis had
a 5.46 times greater chance of preterm delivery or LBW
than periodontally healthy females.? Siqueira et al.
showed arisk association between CP and PTB, LBW and
intrauterine growth restriction (IUGR).!* Khader et al.
assessed the association between PD severity and PTB
and LBW among females in Northern Jordan, and found
that the ORs associated with a 1-millimeter increase in
the mean PPD and CAL were 2.04 (95% CI: 1.59-2.61)
and 2.21 (95% CI: 1.66-3.00), respectively.?” Gesase et al.
found that PD was significantly associated with LBW
(AOR = 2.41; 95% CI: 1.34—4.33) and PTB (OR = 2.32;
95% CI: 1.33-4.27)."® On the other hand, many studies
included in a recent systematic review and meta-analysis
reported that periodontitis was not a risk factor for PTB
or LBW.* However, they concluded that PD signifi-
cantly increased the risk of APOs.* Nonetheless, large
prospective, blinded cohort studies with standardized
PD diagnostic criteria and the adequate control of the
confounding factors are still required to confirm the re-
lationship between PD and AOPs.

A systematic review and meta-analysis by Manrique-
Corredor et al. showed that 60% of the assessed stu-
dies observed a positive association between maternal
periodontitis and PTB.>® They also found heterogene-
ity in the definition of CP. Researchers have compared
the different definitions used to diagnose CP, slightly
underestimating the extent of the disease and obtain-
ing higher ORs, though ORs decreased when the cri-
teria became stricter. Clinical attachment loss, one
of the parameters for classifying periodontitis severity
and extent, is the measure of the total disease and not
of the current disease activity.*? Given that the present
study found a high PI score and a mean PPD 24 mm
to be independent risk factors, even a shallow pocket
is a source of microorganisms and would account for
the total inflammatory burden.** However, it can be
evaluated further by conducting microbiological inves-
tigations and mapping the levels of inflammatory me-
diators in future studies, this being a limitation of the
present study.
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Conclusions

The present study found that a high PI score and a mean
PPD >4 mm significantly increased the risk of PTB and
LBW. Even though the prevalence of PTB/LBW is higher in
the extremes of reproductive age, the present study found
a high prevalence of PTB/LBW in the <36 age group. More
efforts can be made to study the association between CP
(CAL) severity and PTB and LBW in a larger sample.
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Abstract

Background. Dental caries occurs with the release of organic acids from the fermentable carbohydrates
metabolized by cariogenic microorganisms. Microbial, genetic, immunological, behavioral, and environ-
mental factors play a role in the development and severity of dental caries.

Objectives. The aim of the present study was to investigate the possible effects of different mouthwash
solutions on dental remineralization.

Material and methods. This in vitro study compared the remineralization capacity of different mouth-
wash solutions applied topically to the enamel surface. A total of 50 tooth specimens were prepared from
the buccal and lingual halves, with 10 teeth in each group: G1 (control); G2 (Listerine®); G3 (Sensodyne®);
G4 (Oral B® Pro-Expert); and G5 (DentaSave® Zinc). Remineralization capacity was evaluated in all groups.
The one-way analysis of variance (ANOVA) and the paired samples ¢ test were used for statistical analysis,
with a p-value <0.05 considered significant.

Results. There were significant differences in the calcium (Ca)/phosphorus (P) atomic percentage (at%)
ratio between the demineralized and remineralized dentin (p = 0.001), and between the demineral-
ized and remineralized enamel (p = 0.006). Similarly, there were significant differences in the at% of P
(p=10.017) and zinc (Zn) (p = 0.010) between the demineralized and remineralized dentin. There was
a significant difference in the at% of P (p = 0.030) between the demineralized and remineralized enamel.
The Zn at% in enamel was significantly higher after remineralization in G5 as compared to the control
group (p < 0.05). The images of the demineralized enamel showed the usual keyhole prism appearance,
with intact prism sheaths and negligible inter-prism porosity.

Conclusions. The scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS)
findings seem to confirm the effectiveness of DentaSave Zinc for the remineralization of enamel lesions.

Keywords: tooth demineralization, X-ray emission, tooth remineralization, scanning electron microscopy
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Introduction

Dental caries begins with the release of organic acids
from the fermentable carbohydrates metabolized by
cariogenic microorganisms. During this process, along
with the imbalance between the tooth tissues and the
plaque fluid, dental caries lesions occur as a result of the
demineralization of the inorganic components of the
tooth.! Microbial, genetic, immunological, behavioral, and
environmental factors play a role in the development and
severity of dental caries. Dental caries remains an important
health problem today, although its prevalence has declined
in many developed countries in respect to previous years.>
Owing to the understanding of the pathological process
of caries and the identification of the factors affecting the
demineralization process, it is well established that initial
caries lesions can be remineralized.?

If the environmental balance can be adjusted to pro-
mote remineralization when initial caries lesions occur,
remineralization can be achieved by depositing the
calcium (Ca) and phosphate ions lost from the enamel tis-
sue back onto the enamel surface. The process requires
eliminating the factors reducing intraoral pH, buffering
the acids produced by certain bacteria by the saliva over
time so that pH can increase to a neutral level, and the
saturation of plaque and the saliva with the minerals dis-
solved in enamel.*

Remineralization is defined as the redeposition on the
enamel surface of Ca, phosphorus (P) and other ions lost
from the enamel tissue due to caries or other reasons; it is
a process of enamel tissue regeneration.” The awareness
of the importance of preventive oral and dental care is in-
creasing day by day due to a better understanding of the
multifactorial etiology underlying dental caries, the ad-
vanced technology of dental materials, and achievements
in protective applications through early diagnosis methods
and minimally invasive techniques.®

The present study aimed to investigate the possible
dental remineralization effects of different mouthwash
solutions available in Turkey.

Material and methods

This in vitro study was carried out at Artvin Oral
and Dental Health Center and Artvin Coruh University
Central Research Laboratory, Turkey. Before commenc-
ing the study, the Non-Interventional Trials Ethics
Committee at Artvin Coruh University approved the pro-
tocol (No. 24/11/2017-E.20466).

Collection and preparation

of dental specimens

In the 1% phase of the study, erupted upper and lower
third molar samples were used; the teeth had no signs
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of caries, but they were extracted for various reasons
within the previous month. After extraction, the teeth
were kept in distilled water at +4°C until testing.” Soft tis-
sue residues and additives were removed, and the teeth
were cleansed using a fluorine-free pumice and a brush.
To remove pumice remains, the teeth were washed for
15 s, left to dry, and then examined under a stereomicro-
scope. The ones determined to be free of caries, hypo-
plasia, fractures, and cracks were included in the study.

A total of 50 teeth were prepared from the buccal and
lingual halves, with 10 teeth in each group: G1 (control;
the remineralization solution); G2 (Listerine®; Lambert
Pharmacal Company, St. Louis, USA); G3 (Sensodyne®;
GlaxoSmithKline Consumer Healthcare, London, UK);
G4 (Oral B® Pro-Expert; Procter & Gamble, Cincinnati,
USA); and G5 (DentaSave® Zinc; Drogsan, Ankara,
Turkey). Remineralization capacity was evaluated in all
groups. To achieve this, the crowns of the teeth were re-
moved from the roots with a 0.3-millimeter-thick, low-
speed, high-precision, double-sided diamond separator.
Then, the teeth were divided mesiodistally into 2 parts
to obtain buccal and lingual surfaces, and ground using
600-grit, 800-grit, and 1,200-grit abrasive paper disks.
The sanding direction was changed to remove any marks
caused by the previous sanding application. The obtained
enamel surfaces were examined under a stereomicro-
scope, and sanding was repeated in cases the surface was
not smooth enough.®

The obtained samples were embedded in acrylic molds
with an inner diameter of 15 mm and a height of 20 mm,
with their upper and lower parts parallel to each other,
and in such a way that the surfaces to be exposed to de-
mineralization and remineralization were left open. Then,
stickers were fixed in the middle of the samples to prepare
4 mm x 4 mm windows. The natural surfaces of the teeth
outside the area concealed by the stickers were covered
with acid-resistant varnish.?

Preparation
of the artificial saliva solution

The artificial saliva solution was freshly prepared
before the tests, using the composition described by
Ten Cate et al.’® The solution contained 1.28568 g NaCl,
0.0320 g MgCl,-6H,0, 0.07945 g CaCl,-2H,0, 0.29857 g KCl,
0.897 g KOH, and 472 ul H3PO,.

Preparation
of the remineralization solution

The remineralization solution was freshly prepared
before the tests according to the composition described
by Ten Cate et al., with 1.0 mM CaCl,, 2 mM KH,PO, and
150 mM KCL.!° It was preserved by adding 0.01% NaNs,
pH was adjusted to 7.0 by using 1M KOH, and it was kept
at room temperature.
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Preparation and application
of the demineralization solution

The next phase involved inducing artificial caries
lesions on the surfaces of 10 samples in each group.
The samples were incubated for 7 days in capped con-
tainers, with 10 mL of the demineralization solution
added to each sample. The demineralization solution
was prepared by mixing 100 mmol/L NaOH and
100 mmol/L lactic acid (pH 5.0). To achieve a viscosity
of 100 cp, 0.2 g/L carboxymethyl cellulose sodium salt
was added to the solution.

Implementation
of treatment procedures

The demineralized teeth were treated twice a day
for 1 month, using different mouthwash solutions,
as prescribed by each manufacturer.!’ Four different
mouthwash solutions were applied to all samples at
equal rates, with deionized water applied to the control
group. The samples were stored in artificial saliva at
37°C for 7 days.

SEM imaging and EDS analysis

Scanning electron microscopy (SEM) imaging for
assessing the mineral depositions caused by different
materials applied to the enamel specimens with initial
enamel lesions, as well as the energy-dispersive X-ray
spectroscopy (EDS) analysis for determining changes in
the mineral content, were performed using a SEM con-
nected to an EDS detector (EVO LS 10; Carl Zeiss NTS,
Oberkochen, Germany). For this purpose, the samples
were coated with a 100-angstrom gold layer under
a vacuum rate of 10~ Tr, using a vacuum coating apparatus
(EVO LS 10). After coating, the samples were placed on
the SEM stage via aluminum tables, and SEM images
were obtained at x5,000 and x2,000 magnifications at
20 kV and a working distance of 10 mm. After obtaining
the images, the content of oxygen (O), P, Ca, and zinc
(Zn) elements on the enamel surface were determined as
percentages with the EDS detector.

Statistical analysis

All data is presented as mean (M) and standard
deviation (SD). The Shapiro—Wilk test evaluated the
normality of the data. The one-way analysis of variance
(ANOVA) was applied to compare the mineral content
among the 5 experimental groups. The mineral content
of enamel and dentin before and after demineralization
was compared with the paired samples ¢ test. All analy-
ses employed IBM SPSS Statistics for Windows, v. 19.0
(IBM Corp., Armonk, USA). A p-value <0.05 was con-
sidered statistically significant.
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Results

The mineral content of each specimen in the 5 groups
was measured by means of EDS. The chemical analysis
of the demineralized enamel showed that it predomi-
nantly contained O, P, Ca, and Zn. The Ca/P atomic per-
centage (at%) ratio was approx. 1.78 for the demineral-
ized enamel and 1.87 for the remineralized enamel
(Table 1). The Ca/P at% ratio for the demineralized and
remineralized dentin was 1.71 and 1.83, respectively
(Table 2).

Table 1 shows the mean values for the enamel mine-
ral content of 50 specimens before and after reminer-
alization. There were no significant differences in the
O (p = 0.292), Ca (p = 0.595) and Zn (p = 0.117) at%.
There was a significant difference in the Ca/P at% ratio
between the demineralized and remineralized enamel
(p = 0.006). Similarly, there was a significant difference
in the P at% between the demineralized and remineral-
ized enamel (p = 0.030).

Table 2 shows the mean values for the dentin mineral
content of 50 specimens before and after remineral-
ization. There were no significant differences in the

Table 1. Enamel mineral content before and after remineralization

mn Mineral contert

demineralized 64.21 £7.04
Oxgge“ ) o 0292
[at%] remineralized 50 65.79 +8.61
demineralized 50 12.71 £2.03
Phoosphorus P) _ 0.030*
[at%] remineralized 50 11.80 +2.69
Calcium (Ca) demineralized 50 22.76 +4.70 0505
[ato%] remineralized 50 22214598 '
Zinc (Zn) demineralized 50 0.12 +0.08 0117
[at%] remineralized 50 0.19+0.28 '
demineralized 50 1.78 £0.14
Ca/P at% ratio 0.006*
remineralized 50 1.87 £0.16

Data presented as mean + standard deviation (M +SD). * statistically
significant (p < 0.05).

Table 2. Dentin mineral content before and after remineralization

ﬂ Mineral contert

demineralized 69.48 +5.76
Oxoygen( ) o 0462
[at%] remineralized 50 7049 +8.28
demineralized 50 11.11+£1.98
Phoosphorus P) _ _ 0017*
[at%] remineralized 50 10.14 +2.38
Calcium (Ca) demineralized 50 19.01 +343 0771
[ato%] remineralized 50 18.75 4577 '
i demineralized 50 0.22 +0.13
Zinc (Zn) 0.010*
[ato%] remineralized 50 062 +1.06
demineralized 50 1.71 £0.07
Ca/P at% ratio 0.001*
remineralized 50 1.83 +0.21

Data presented as M £5D. * statistically significant (p < 0.05).
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O (p = 0462) and Ca (p = 0.771) at%. There was
a significant difference in the Ca/P at% ratio between
the demineralized and remineralized dentin (p = 0.001).
Similarly, there were significant differences in the P
(p=0.017) and Zn (p = 0.010) at% between the demineral-
ized and remineralized dentin. The Ca/P at% was slightly
higher in enamel than in dentin.

The Zn at% in enamel was significantly higher after
remineralization in G5 as compared to the control group
(p < 0.05). However, there were no significant differences
in the Zn levels between G2, G3 or G4 and the control
group (p > 0.05). Also, there were no significant differ-
ences between the experimental groups and the control
in terms of the O, P and Ca at%, and the Ca/P at% ratio
(p > 0.05) (Table 3).

After remineralization, the Zn at% in dentin was
significantly higher in G5 than in the control group
(p < 0.05). In contrast, the Zn at% was significantly
lower in G3 than in the control group (p < 0.05). The
Zn at% was also lower in G2 and G4 than in the control
group, but the differences were not statistically signifi-
cant (p > 0.05). The O, P and Ca at% were not different

Table 3. Effect of mouthwash solutions on the enamel mineral content
after remineralization

Element G1 G2 G3 G4 G5
Oxygen (O) 71.74 64.51 6443 65.88 62.38
[at%] +6.63 +9.40 +10.77 +7.04 +7.02
Phosphorus (P) 9.99 11.86 12.39 12.08 12.67
[at%] +2.39 +2.96 +3.11 +2.28 +2.28
Calcium (Ca) 18.19 2351 23.11 2191 2434
[at%] +4.25 +6.61 +7.78 +4.74 +4.90
Zinc (Zn) 0.08 0.04 0.08 0.13 061
[at%)] +0.09 +0.05 +0.51 +0.12 +0.39°

1.85 1.98 1.84 81 1.92

A i
0y
CoPathratio  o0g  +019  +020 4011 +117

Data presented as M £5D. Groups: G1 — control; G2 — Listerine; G3 — Sensodyne;
G4 - Oral B Pro-Expert; and G5 — DentaSave Zinc. @ statistically significantly
different when compared to the control group (p < 0.05).

Table 4. Effect of mouthwash solutions on the dentin mineral content after
remineralization

Element G1 G2 G3 G4 G5
Oxygen (0) 7585 6762 6728 7535 6636
[at%] +584 4842  +853 4657  +736
Phosphorus (P) 867 115 1127 9.35 10,24
[at%] +233 4237  +194 4246  +205
Calcium (Ca) 1532 2111 2138 1516 2076
[at%] +349 4612 +667  +406  +49
Zinc (Zn) 0.18 0.10 007 0.14 264
[at%] +007 4010  +008° 4012  +065°

. 1.78 188 187 162 201
0
Ca/Pathhratio 015 4015 4028 4010 +017°

Data presented as M £5D. Groups: G1 - control; G2 — Listerine; G3 — Sensodyne;
G4 - Oral B Pro-Expert; and G5 — DentaSave Zinc. @ statistically significantly
different when compared to the control group (p < 0.05).

between the groups or when compared to the control
group (p > 0.05). As for the Ca/P at% ratio, G5 had a sig-
nificantly higher ratio as compared to the control group
(p < 0.05). The Ca/P at% ratio was also higher in G2 and
G3 as compared to the control, but without statistical
significance (p > 0.05). Meanwhile, the Ca/P at% ratio
in G4 was lower than in the control, but again without
statistical significance (p > 0.05) (Table 4).

Figures 1-5 show representative SEM images (x2,000
magnification) of dentin after remineralization for dif-
ferent treatment groups. The specimens from the
5 treatment groups showed some dentin remineraliza-
tion on the top surface, with a more homogeneous and
denser mineral content. Also, the surfaces of the control
group samples were densely covered with the mineral
content. The specimens treated with Oral B Pro-Expert
and DentaSave Zinc had a surface layer of irregular and
porous minerals deposited. The groups treated with
Listerine and Sensodyne had a remineralized layer with
a more homogeneous and denser dentin mineral content
that went deeper into the demineralized region.

Date :30 Jul 2019
Chamber = 4 44e-003 Pa

Fig. 1. Scanning electron microscopy (SEM) image of the remineralized
dentin at x2,000 magnification in G1

WD = 8.0mm Mag= 2.00KX

Chamber = 2.84e-004 Pa
p—

Fig. 2. Scanning electron microscopy (SEM) image of the remineralized
dentin at x2,000 magnification in G2
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WD = 8.5 mm

Date :31 Jul 2019 ZEISS
Chamber = 5.17e-003 Pa

Fig. 3. Scanning electron microscopy (SEM) image of the remineralized
dentin at x2,000 magnification in G3

Signal A = SE1

Mag= 200KX

Date :22 Aug 2019 ZEISS
Chamber = 2.89e-004 Pa

Fig. 4. Scanning electron microscopy (SEM) image of the remineralized
dentin at x2,000 magnification in G4

? = . &L
10 pm ! ‘ Date :23 Aug 2019 —
Chamber = 2.89e-004 Pa

Fig. 5. Scanning electron microscopy (SEM) image of the remineralized
dentin at x2,000 magnification in G5

Discussion

As a significant health problem, dental caries is a patho-
logical process characterized by the localized destruction

of dental hard tissues by cariogenic microorganisms.!?
Dental hard tissues are constantly influenced by intraoral
pH changes, and a process called demineralization oc-
curs when pH is below 5.5. During demineralization, Ca
and phosphate ions are dissolved and released from the
enamel structure, causing enamel loss.!*!* The dissolved
ions accumulate on the enamel surface with the raised
pH levels, which initiates the remineralization process.'
Various products and foods with a low acid content cause
the intraoral pH level to increase. In recent years, a wide
variety of products preventing demineralization have
become available. Therefore, the present study aimed to
determine the remineralization capacity of 4 products
of different content.

It is known that various processes and different materials
applied to the surfaces of dental hard tissues can change
their mineral composition and structure. Hydroxyapatite
crystal is the main inorganic component of enamel, and
the size, permeability and solubility of the crystal are sig-
nificantly affected by changes in the amount of Ca and P
with respect to other elements that constitute its struc-
ture.’® The Ca and P at%, as well as the Ca/P at% ratio, are
higher in intact enamel than in the demineralized tooth
tissue. For this reason, studies on the remineralization
of dental hard tissues generally evaluate Ca and P ele-
ments and the Ca/P ratio.””!8 In the current study, we de-
termined the Ca and P at% and the Ca/P at% ratio in both
enamel and dentin. In enamel, the Ca/P at% ratio showed
a significant increase after remineralization as compared
to the condition after demineralization. Meanwhile, the
P at% showed a significant decrease after remineralization
as compared to the level during the demineralization pro-
cess. The Ca level also decreased after remineralization,
but the change was not statistically significant. We also
evaluated the O and Zn at% in both enamel and dentin.
There were no statistically significant differences in the
O and Zn at% after enamel remineralization as compared
to the values after enamel demineralization. As for the O,
P, Ca, and Zn at% and the Ca/P at% ratio in dentin, the
Zn level and the Ca/P at% ratio increased significantly
after remineralization as compared to demineralization,
whereas the P level decreased. The process of remineral-
ization led to a reduction in the Ca and P losses occurring
in both enamel and dentin.

Mouthwashes are non-sterile aqueous solutions with
a fragrant, refreshing and antiseptic effect. Mouthwashes
are used in dentistry as protective and therapeutic agents,
and are helpful during some professional procedures.
With different content and forms, as well as due to the
ease of use, they constitute a vital aspect of preventive
treatment for physicians and patients. They are designed
to reduce the count of oral bacteria, remove residual food
particles, temporarily eliminate bad breath, and leave
a pleasant taste in the mouth.!*?° Dietary acids are the
crucial external etiologic factors of dental erosion. Ef-
fective agents that can prevent and treat dental erosion
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should be investigated. For this reason, the present
study evaluated the fluorine (F)-containing Listerine,
Sensodyne and Oral B Pro-Expert, and Zn-containing
DentaSave Zinc products.

For caries prevention, the World Health Organization
(WHO) recommends using 0.05% sodium fluoride
mouthwash (230 ppm F) daily, or 0.2% sodium fluoride
mouthwash (900 ppm F) once a week or every 15 days.?!
In the literature, fluoride mouthwashes were reported to
be effective in preventing caries at a rate of 26%.2223 In the
current study, DentaSave Zinc displayed a better perfor-
mance in preventing enamel and dentin erosion, as well
as in the remineralization of the enamel-dentin surface,
as compared to the other mouthwash products and the
control group. Indeed, the Ca/P at% ratio and the Zn at%
were significantly higher in the DentaSave Zinc group
than in the control group. Furthermore, there were no
statistically significant differences between the Listerine,
Sensodyne and Oral B Pro-Expert applications and the
control group concerning the O, P and Ca at% and the
Ca/P at% ratio.

Initial enamel lesions have the potential to progress very
rapidly, and there is a balance between the demineral-
ization and remineralization cycles in the oral environ-
ment. The main goal is shifting the mineral balance in
the mouth in favor of tooth remineralization, with vari-
ous products used for this process. Dental cavitation may
occur if no preventive measures are taken against the
progression of enamel lesions.?* Erosion was determined
on the enamel surfaces of all specimens in a pH-cycling
model mimicking the oral environment. The SEM analy-
sis showed the morphological changes caused by treat-
ing the induced enamel and dentin lesions with various
products. The EDS analysis showed increased enamel and
dentin Ca/P at% ratio following the treatment. The above
findings seem to converge and agree on the effectiveness
of DentaSave Zinc for the remineralization of enamel
lesions.

Conclusions

This study was limited to the evaluated mouthwashes.
Also,theremineralization effects ofthese mouthwasheswere
studied only in enamel and dentin. Although the chemistry
of the demineralization—remineralization process is similar
in dentin and root cement, the structure of each of these
materials, and their mineral and organic tissue content are
different, which causes differences in the formation and
progression of the carious lesion. The applications of the
Listerine, Sensodyne or Oral B Pro-Expert mouthwashes
was not as effective in terms of tooth remineralization
as DentaSave Zinc. Nonetheless, the remineralization
capacity of these mouthwashes in dentin should also be
investigated. Therefore, further clinical studies should be
conducted.

S.S. Basak, E. Dokumacioglu. Mouthrinses and dental remineralization
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Abstract

Background. Diabetes mellitus (DM) is a known risk factor for xerostomia. Oral health-related quality
of life (OHRQoL) is a multi-dimensional issue reflecting several effects of the oral condition on the quality
of life.

Objectives. The present study aimed to assess OHRQoL and its relationship with xerostomia severity in
type 2 diabetic patients.

Material and methods. A total of 200 patients participated in this cross-sectional study. The Xerostomia
Inventory (XI) assessed xerostomia severity and the Oral Health Impact Profile-14 (OHIP-14) questionnaire
evaluated OHRQoL. In addition, the fasting blood sugar (FBS) and glycated hemoglobin (HbATc) tests
were conducted, and the results were recorded, as well as the disease duration and denture wearing. Data
analysis employed the  test and Pearson's correlation coefficient.

Results. The mean XI score was 22.27 +6.92 and the mean OHIP-14 score was 13.76 £8.41. The mean
FBS, HbA1cand disease duration values were 161.23 +49.14mg/dL, 7.90 £1.12%and 11.02 +7.78 years,
respectively. The OHIP-14 score correlated significantly with the X score, age, FBS, HbA1c, the disease dura-
tion, and denture wearing (p < 0.05).

Conclusions. There was a significant correlation between OHRQoL and xerostomia severity in patients
with type 2 DM. Age, denture wearing, the disease duration, and the medical management of DM also
correlated significantly with OHRQoL. Treating both the underlying disease and oral health comorbidities,
such as xerostomia, seems to be essential for achieving a better OHRQoL in type 2 diabetic patients.

Keywords: xerostomia, diabetes, oral health, quality of life
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Introduction

Diabetes mellitus (DM) is a metabolic disorder typi-
cally characterized by the triad of polyphagia, polydipsia
and polyuria.! Most DM patients are elderly with type 2
disease.? Amongst miscellaneous side effects, oral health
is severely affected by DM as a result of hyperglycemia,
impaired healing, and qualitative or quantitative salivary
alterations.3* Caries, oral burning, malodor, and peri-
odontal problems are the common comorbidities of xero-
stomia in these patients, and might influence their oral
health-related quality of life (OHRQoL).>

Xerostomia is a subjective feeling of a dry mouth, and it
can be caused by many local or systemic factors, including
direct damage to salivary tissue.® Several medical conditions
may precede or exacerbate xerostomia, such as Sjogren’s
syndrome, systemic lupus erythematosus and sarcoidosis, as
well as metabolic diseases, like DM.” Polyuria, dehydration
and autonomic imbalance due to angiopathic disturbances
have been proposed to underlie xerostomia in DM.® Regard-
less of its cause, xerostomia has extraordinarily detrimental
effects on oral health. Rampant caries, periodontitis, and a re-
duced ability to chew or speak are significant side effects that
can clearly influence a patient’s OHRQoL.’

The OHRQoL score reflects the impact of the oral health
status on several aspects of one’s daily life. Oral health-
related quality of life is measured with the use of patient-
centered approaches. The OHRQoL score combined with
clinical criteria constitute a suitable technique for evaluat-
ing oral treatment needs and outcomes.!® Means available
to achieve such a goal are reliable questionnaires, validated
for specific populations. The Oral Health Impact Profile-14
(OHIP-14) questionnaire is a popular tool in this regard,
and it is applied in xerostomic and DM patients.> Some
studies have utilized this questionnaire to assess OHRQoL
in DM and other systemic conditions.2-%10-12

Molania et al. concluded that low medical control of type
2 DM resulted in hyposalivation as a side effect of the dis-
ease, and xerostomia affected the OHRQoL of DM pa-
tients in a negative way.® Xerostomia is a significant oral
side effect of DM that may interfere with the oral function
of the patients suffering from the disease, resulting in poor
OHRQoL among them.? Therefore, evaluating the relation-
ship between xerostomia and OHRQoL in people with DM
might help clinicians to prioritize the treatment planned
for DM patients. The present study investigated OHRQoL
and its relationship with xerostomia severity in type 2 DM
patients. The null hypothesis of the present investigation
was that there is no correlation between OHRQoL and
xerostomia severity in type 2 DM patients.

Material and methods

The present analytical cross-sectional study was con-
ducted between September 2020 and February 2021.

A.Tabesh, M. Mahmood, S. Sirous. OHRQoL and xerostomia in diabetic patients

Ethical considerations

The local medical ethics committee at Isfahan University
of Medical Sciences, Iran, approved the study protocol
(IRLMUILRESEARCH.REC.1399.505). The patients were
informed of the objectives of the investigation, the con-
fidentiality of the data, and that they could stop partici-
pating in the study at any time. They all provided written
consent, and dental treatment was provided to them irre-
spective of whether they participated in the study or not.

Participants

Type 2 diabetic patients referred to the Department
of Oral Medicine at the School of Dentistry of Isfahan
University of Medical Sciences, Iran, were invited to par-
ticipate in the present study.

Patients who met the following criteria were included:
a confirmed diagnosis of type 2 DM; and literacy suffi-
cient to fill out the questionnaires.

The exclusion criteria to minimize bias were the pre-
sence of any systemic diseases affecting the salivary glands,
such as Sjogren’s syndrome, alcoholism, a corticosteroid
or hormone therapy, and a history of head and neck radio-
therapy/chemotherapy (Fig. 1).

Confirmed diagnosis of type 2 DM, literacy!
(N > 250)

lYes

@ presence of any systemic diseases
affecting the salivary glands,
such as Sjogren’s syndrome

@ alcoholism

@ corticosteroid or hormone therapy

® history of head and neck
radiotherapy/chemotherapy

lNo

Informed consent

lYes

Participation
(N =200)

No
—— | No participation

Yes
—— | No participation

No
| -~ | No participation

Fig. 1. Patient selection flowchart
DM - diabetes mellitus.

Sample size calculation

The following formula (Equation 1) was used to calcu-
late the study sample size:
(Z o + 2, )?
Nz SRR (1)
Assuming a = 0.05 (significancelevel) and 1 = 0.8 (power),
Z1_q» and z,_g were considered 1.96 and 0.84, respectively. The
correlation analyses used d = 0.2. The calculation indicated
N =199, and N = 200 was set for the sample size.
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Xerostomia evaluation

To measure xerostomia severity, the participants were
asked to answer the questions in the Xerostomia Inventory
(XI) (Table 1). The XI is composed of 11 questions
regarding a dry mouth feeling, and the score for each
question varies on a Likert scale from 1 to 5, with worse
conditions scoring more, as follows: never — 1; seldom
— 2; sometimes — 3; often — 4; and always — 5. Therefore,
xerostomia severity was reported as a sum between 11 and
55. The Persian version of the XI questionnaire was used,
which was valid and reliable.'?

Table 1. Xerostomia Inventory (XI)

No. Statement
1 I'sip liquids to help swallow food
2 My mouth feels dry when eating a meal
3 | get up at night to drink
4 My mouth feels dry
5 I'have difficulty eating dry foods
6 | suck sweets or cough lozenges to relieve dry mouth
7 I have difficulty swallowing certain foods
8 The skin of my face feels dry
9 My eyes feel dry
10 My lips feel dry
11 The inside of my nose feels dry
OHRQoL evaluation

Each patient was then asked to fill out the OHIP-14
questionnaire, which consists of 14 questions measuring
OHRQoL in 7 domains. The score for each question varies
on a Likert scale from 0 (never) to 4 (always). As a result,
the score for each section is a sum between 0 and 8, and
the total score of the questionnaire ranges from 0 to 56.
A higher score in this questionnaire indicates a lower
OHRQoL. The Persian version of the OHIP-14 question-
naire was used, which was valid and reliable.1*

Data collection

The patients’ medical and dental records, as well as
denture wearing, the duration of the disease, and the
latest fasting blood sugar (FBS) and glycated hemoglobin
(HbA1c) test values were recorded. Demographic data re-
garding patients’ age and gender were also recorded and
attached to the questionnaires.

Statistical analysis

The data was analyzed with IBM SPSS Statistics for
Windows, v. 22.0 (IBM Corp., Armonk, USA), using rele-
vant statistical tests, with the ¢ test used to compare the
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OHIP-14 and XI scores between the gender groups. Pear-
son’s correlation coefficient assessed the relationship be-
tween the OHIP-14 and XI scores. The level of signifi-
cance was set at p < 0.05.

Results

Among more than 250 patients referred during the
study period, 200 who fulfilled the eligibility criteria and
gave informed consent participated in the study (Fig. 1).
The mean age of the participants was 62.42 +10.04 years,
with 63.5% being female and 36.5% male. The mean
FBS and HbAlc values were 161.23 +49.14 mg/dL and
7.90 +1.12%, respectively. The mean duration of the dis-
ease was 11.02 +7.78 years. Denture (complete or remov-
able partial) wearers composed 45% of the sample. There
was no missing data.

The mean XI score was 22.27 +6.92, and the total and
domain OHIP-14 scores are shown in Table 2. There
was a direct and statistically significant relationship be-
tween the XI and OHIP-14 total/domain scores (Table 2).
The relationship between the OHIP-14 score and other
study variables is shown in Table 3. Figure 2 shows that as
the XI score increased, the total OHIP-14 score also in-
creased, which translates into worse OHRQoL (p < 0.001;
r = 0.444).

Table 2. Oral Health Impact Profile-14 (OHIP-14) questionnaire total and
domain scores related to the Xerostomia Inventory (XI) score

Score

OHIP-14 domain M+SD p-value Pearson’s r
Functional limitation 2.15£1.59 <0.001* 0.503
Physical pain 246 +1.89 0.001* 0.247
Psychological discomfort 235 +1.84 <0.001* 0.275
Physical disability 1.91 £1.60 0.003* 0.230
Psychological disability 1.83 +1.68 <0.001* 0.292
Social disability 1.39 £1.51 <0.001* 0332
Handicap 1.65+1.55 <0.001* 0.383
Total 13.76 £8.41 <0.001* 0444

M — mean; SD - standard deviation; r — Pearson’s correlation coefficient;
* statistically significant.

Table 3. Relationship between the Oral Health Impact Profile-14 (OHIP-14)
score and other study variables

Correlation Study variable p-value Pearson’s r

age <0.001* 0.254

gender 0.815 -
FBS 0.040* 0.146

OHIP-14 score

HbATc 0.030* 0.198
disease duration <0.001* 0421

denture wearing <0.001* -

FBS - fasting blood sugar; HbA1c — glycated hemoglobin; * statistically
significant.
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Fig. 2. Relationship between the Oral Health Impact Profile-14 (OHIP-14)
score and the Xerostomia Inventory (XI) score (p < 0.001; r = 0.444)

Discussion

Xerostomia is a side effect of type 2 DM that can have
detrimental consequences on a patient’s oral health.2 The
present study was conducted to evaluate OHRQoL in pa-
tients with type 2 DM and its correlation with xerostomia
severity. The mean OHIP-14 score was 13.86 +8.41, which
was relatively low, depicting a good OHRQoL. Moreover,
a significant correlation was observed between the above-
mentioned variables.

Several studies have investigated OHRQoL in type 2
DM or other medically compromised patients. Similar to
our results, Sadeghi et al. reported acceptable OHRQoL
in Persian diabetics,!® and Hajian-Tilaki et al. reported
a relatively good OHRQoL in Persian hemodialysis pa-
tients.!! Machado et al.,'> Pereira Oliveira et al.l° and
Verhulst et al.® came across even lower OHIP-14 scores in
diabetic patients in comparison with our study, reporting
mean scores of 9.5 +11.3, 5.37 +4.95 and 2.5 5.2, respec-
tively. Of note, Hsu et al.* and Verhulst et al.3 found lower
OHIP-14 domain scores as compared to our study.

On the other hand, Khalifa et al.> and Irani et al.!® re-
ported no difference in the OHIP-14 scores in people with
DM vs. healthy controls. Meanwhile, Mohamed et al. re-
ported worse OHRQoL in Sudanese diabetic patients in
comparison with the matched controls,’” and Molania et al.
reported a higher OHIP-14 score than our results.®
Geographical variances and miscellaneous under-
standings of OHRQoL might explain the differences in
the overall health support given to patients in different
countries and even cities in the same country, which may
be in line with their socioeconomic status.

The OHIP-14 questionnaire has proven to be a valu-
able tool for the subjective measurement of oral health

A.Tabesh, M. Mahmood, S. Sirous. OHRQoL and xerostomia in diabetic patients

in DM.2 The present study showed a significant relation-
ship between the OHIP-14 score and self-perceived xero-
stomia severity in diabetic patients, in line with studies
by Nikbin et al.,2 Molania et al.® and Azogui-Lévy et al.!8
These findings confirm its value and adaptation to other
means of examining the clinical oral status. In fact, com-
bining the subjective means of need evaluation with the
classic objective methods provides patients with the best
remedies for improving their OHRQoL.!?

Oral health-related quality of life refers to both general
and oral aspects of health.23 In the present study, the in-
dices related to the underlying disease (i.e., FBS, HbAlc,
the disease duration, and age) and oral health conditions
(i.e., the XI score and denture wearing) were significantly
correlated with the OHIP-14 score. In line with our re-
sults, Sadeghi et al. found direct correlations between the
OHIP-14 score and age and the disease duration in dia-
betic patients.!®

On the contrary, Machado et all? and Azogui-
Lévy et al.!® reported that the elderly experienced better
OHRQoL among people with DM. Meanwhile, Irani et al.
concluded that the burden of medical conditions in dia-
betic patients (e.g., multiple drug consumption) deterio-
rates OHRQoL so heavily that oral health finds no room
to show its impact; therefore, the underlying medical con-
dition seems to be a better predictor of OHRQoL than the
oral health indices in diabetic patients.®

From another point of view, several studies have high-
lighted the impact of oral health on OHRQoL in diabetics,
especially regarding its physical domains. The present
study found the most significant impact on the ‘physical
pain’ domain, and the strongest correlation with the XI
score was found for the ‘functional limitation’ domain
(p < 0.001; r = 0.503). The most important oral health para-
meters noted in the literature include denture wearing
and xerostomia, similar to our findings.!:>4-610.19

Several studies have also reported a strong correlation
between xerostomia and OHRQoL, especially its physi-
cal domains, in the general population.”?-2% Since various
factors potentially impact OHRQoL, including general
and oral health parameters, planning treatment models to
simultaneously improve general and oral health, as pro-
posed by Machado et al.,'? seems necessary for OHRQoL
improvement in diabetic patients.

Limitations

Of course, this investigation was conducted within the
limitations of a cross-sectional study; therefore, detecting
the exact effect of xerostomia on OHRQoL might have
been confounded by other variables with an impact on
OHRQoL. Future research is suggested, with case—control
or other controlled studies, to more precisely investigate
the impact of xerostomia or other specific oral health
parameters on OHRQoL among diabetic patients in order
to improve their quality of life.
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Conclusions

There was a significant correlation between OHRQoL and
xerostomia severity in patients with type 2 DM. Furthermore,
age, denture wearing, the disease duration, and the medical
management of DM were other factors influencing OHRQoL
in these patients. Prompt medical treatment of the underlying
disease, as well as alleviating xerostomia, seem to be essential
factors in improving OHRQoL in type 2 diabetic patients.
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Abstract

Background. The normal anatomy of mandibular canines presents with 1 rootand 1 root canal. Two roots
are found in approx. 2% of cases, and a bilateral configuration is even rarer. Canines with 2 root canals are
found in around 15% of cases. Cone-heam computed tomography (CBCT) enables the detailed visualiza-
tion of the teeth.

Objectives. The present study aimed to evaluate the prevalence of two-rooted mandibular canines and
one-rooted mandibular canines with 2 root canals in a Polish population by using CBCT.

Material and methods. A total of 300 consecutive (BCT scans, taken for different clinical indications,
were examined to assess permanent mandibular canine anatomy. The study group included 182 females
and 118 males aged 12—86 years (mean age: 31.7 years).

Results. Among 600 cases, 27 two-rooted teeth were found (4.5%), and there were only 6 cases of one-
rooted mandibular canines with 2 root canals (1.0%). Six cases of two-rooted canines had this configura-
tion bilaterally, all in females. Five cases of canines with 2 root canals were found on the left side (83.3%).
The predominance of the occurrence of two-rooted canines in females (81.5%) was strongly emphasized.

Conclusions. The prevalence of two-rooted mandibular canines in a Polish population, evaluated by
means of CBCT, was higher, while the presence of 2 root canals was lower than in recent literature reports.
There was no side predilection of two-rooted mandibular canines, although their occurrence was higher
in females.

Keywords: (BCT, two-rooted canines, mandibular canines, one-rooted canines with two root canals


https://creativecommons.org/licenses/by/3.0/

234 M. Piskérz, K. Futyma-Gabka, I. Rézyto-Kalinowska. Prevalence of two-rooted lower canines in a Polish population

Introduction

Cone-beam computed tomography (CBCT) has be-
come a meaningful tool for diagnosis and treatment plan-
ning in dentistry. CBCT images give the opportunity to
analyze a case in 3 dimensions — sagittal, coronal and
axial. In comparison with medical computed tomography
(CT), CBCT is characterized by lower radiation doses,
a shorter scan time, better accessibility, and easier inter-
pretation in daily dental practice. Therefore, many den-
tists use this radiological method for advanced diagnosis
and treatment risk assessment.

The proper evaluation of the number of roots or root ca-
nals contributes to successful endodontic treatment.! The
Vertucci system is useful for classifying the configuration
of root canals and divides them into 8 types: Type I — a single
main canal is present starting from the pulp chamber to
the root apex; Type II — 2 separate canals leave the pulp
chamber, but join to form 1 canal toward the apex; Type III
— 1 canal leaves the pulp chamber and divides into 2 smaller
canals, which merge again later to exit as 1 canal; Type IV
— 2 separate and completely distinct canals run from the
pulp chamber to the apex; Type V — a single canal exits the
pulp chamber and divides into 2 canals with separate api-
cal foramina; Type VI — 2 separate canals join at the middle
of the root to form 1 canal, which extends to just short of the
apex and divides into 2 again; Type VII — the canal starts as
single until the middle third of the root, then divides into
2 separate canals that rejoin after some distance, and then
divide into 2 again near the apex; and Type VIII — the pulp
chamber near the coronal portion divides into 3 separate ca-
nals extending to the apex.! Ordinola-Zapata et al. created
a modified classification system based on micro-CT scans,
and identified 37 types of root canal configuration.? Further
studies are needed to evaluate the use of this classification in
CBCT examinations.

Mandibular canines are mostly one-rooted, and accord-
ing to Vertucci, the most common type is Type L.! However,
although it seems easy to treat such a tooth, it can cause

problems, and an unnoticed additional root canal may lead
to treatment failure. In orthodontics, impacted two-rooted
canines may also cause some difficulties during therapy.?
Nowadays, there is a noticeable tendency to develop three-
dimensional (3D) examinations to carry out the entire dia-
gnosis and treatment planning without applying additional
radiological methods. Moreover, CBCT also allows the analysis
of the soft-tissue profile.%> Canines are vital teeth, and their
role is to provide structural and functional balance, tearing
during mastication, and esthetic harmony. Thus, canines
should be carefully analyzed to deliver the best treatment
plan and keep them in the oral cavity as long as possible.

To the best of our knowledge, no study has evaluated
the prevalence of an additional root or root canal in man-
dibular canines in Poland based on a CBCT examination.
Therefore, the present study aimed to assess the preva-
lence of inferior two-rooted canines and one-rooted ca-
nines with 2 canals in a Polish population by using CBCT.

Material and methods

A total of 300 consecutive CBCT scans retrieved
from the database of the Department of Dental and
Maxillofacial Radiodiagnostics of the Medical University
of Lublin, Poland, were analyzed to assess the anatomy
of mandibular canines. The study group included only
mature teeth, those at stage H according to Demirjian’s
tooth formation classification, and only the scans with the
bilateral presence of canines. Endodontically treated teeth
were excluded from the study, as were those with any
signs of inflammation, resorption or apical cysts. Other
exclusion criteria were the visible movement of the pa-
tient and the capping artifacts. The included canines had
to be positioned correctly in the dental arch, without sig-
nificant inclination. The examinations used the VistaVox S
CBCT (Dirr Dental, Bietigheim-Bissingen, Germany),
with a field of view (FOV) size of 130 mm x 85 mm and
a slice thickness of 120 um. Since some of the patients also

Fig. 1. Bilateral presence of two-rooted canines — cone-beam computed tomography (CBCT) axial view (A). The panoramic image does not provide the full
visibility of two-rooted canines (B)
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Fig. 2. Left mandibular two-rooted canine — cone-beam computed tomography (CBCT) cross-sectional view (A). The panoramic image does not provide

the full visibility of a two-rooted canine (B)

had a panoramic X-ray performed, in the next step of our
research, we will compare the visibility of two-rooted ca-
nines in both types of examination. Only the scans with
a large FOV were included, as not all CBCT images with
a FOV of 50 mm x 50 mm provided a clear bilateral view
of canines. In such cases, we were unable to evaluate pre-
dilection in relation to the side.

The research group included 182 females and 118 males
aged 12-86 years (mean age: 31.7 years). The CBCT
scans were analyzed by 2 dentists (with 3 and 10 years
of experience in the field of dental and maxillofacial
radiodiagnostics) in multiplanar reconstructions (sagittal,
coronal and axial) and oblique planes, using dedicated
image processing software VistaSoft (Diirr Dental) and
the Coronis Fusion 4MP radiological diagnostic display
system (MDCC-4430; Barco, Kortrijk, Belgium). The
examples of the scans are shown in Fig. 1A, 2A and 3.

Two examples of panoramic radiographs are presented in
Fig. 1B and 2B to emphasize the validity of the study. The
panoramic X-rays showed no clear radiological signs of two-
rooted mandibular canines or one-rooted canines with two
root canals, which were confirmed when using CBCT.

Results

Among 600 cases, we found 27 two-rooted teeth (4.5%)
(Table 1). Six cases of two-rooted canines had a bilateral
configuration, all in females (22.2%). The predominance
of the occurrence of two-rooted canines in females
(81.5%) was strongly emphasized (22/5). They were found
on the right side more often.

Among all the evaluated teeth, only 6 cases of one-
rooted mandibular canines with 2 root canals were found
(1.0%), with 83.3% of them situated on the left side and
16.7% on the right side. Teeth with two root canals were
found more often in females (66.7%) (Table 2). All cases
(100%) were Type III according to Vertucci’s classifica-
tion.!

Fig. 3. Left mandibular canine with two root canals — cone-beam
computed tomography (CBCT) cross-sectional view

Table 1. Prevalence of two-rooted mandibular canines

Two-rooted Prevalence
mandibular canines M
| Left (33) 4 2 |
| Right (43) 6 3 |
‘ Bilaterally (33 and 43) 6 0 ‘
‘ Total 22 5 ‘

F - females; M — males.

Table 2. Prevalence of one-rooted mandibular canines with 2 root canals

One-rooted mandibular canines Prevalence

with 2 root canals

| Left (33) 4 1 |
‘ Right (43) 0 1 ‘
‘ Bilaterally (33 and 43) 0 0 ‘
‘ Total 4 2 ‘
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When age was taken into consideration, the results
showed that two-rooted canines and one-rooted canines
with 2 root canals were most common in the patients aged
21-30 years. The age-related outcomes are presented in
Tables 3 and 4.

Table 3. Presence of two-rooted mandibular canines in different age groups
Age group Number
[years] of two-rooted canines
12-20 0
21-30 18
31-40 4
41-50 2
51-60 3
61-70 0
71-80 0
81-86 0

Table 4. Presence of one-rooted mandibular canines with 2 root canals in
different age groups

[years] with 2 root canals
12-20 0
21-30 5
31-40 1
41-50
51-60
61-70
71-80
81-86

o O O O o

Discussion

The detection of an additional root or root canal in
mandibular canines influences the success of root canal
treatment (RCT), but is also crucial in periapical sur-
gery, periodontal treatment and the management of im-
pacted teeth in orthodontics. Dentists must be aware
of the anatomical alterations to the tooth to avoid iatro-
genic failure. Researchers have applied different tech-
niques and methods to evaluate external and internal
tooth morphology, including staining and clearing,%’
periapical radiographs,® sectioning,” and micro-CT.1%11
Recently, CBCT has been widely used in many studies
investigating root and canal configuration because of its
advantages.12-16

It is generally very rare for mandibular canines to have
2 roots and more than 1 root canal. Indeed, Type I is the
most common type of lower canine, based on Vertucci’s
system.”18 Aminsobhani et al. found that 4.7% of man-
dibular canines were two-rooted,!® which is similar to
the results of our study (4.5%). Rahimi et al. presented
a higher occurrence of 2 roots in lower canines in the

examined population as compared to our study (12.08%).%°
Others, including Mashyakhy et al.,'® Zhengyan et al.,'®
Kayaoglu et al.,'* Karataglioglu et al.,?® and Han et al.?!
found two-rooted canines in 2.7%, 0.8%, 3.1%, 3.4%, and
1.32% of patients, respectively. Pécora et al. performed
a study based on extracted mandibular canines and found
that only 1.7% of the examined sample were bifid teeth.??
This variety of results can be caused by ethnic differences
or smaller sample sizes. Interestingly, anthropological re-
search revealed that the bi-rooted mandibular canine was
a common feature in the European population between
the 11% and 19*" centuries, while no case was confirmed
in the Asiatic population.?

The results of the present study showed a higher
prevalence of two-rooted lower canines in females than
in males (81.5%). This finding is in agreement with the
results of studies performed by Karataglioglu et al.,?
Doumani et al.,'? Kayaoglu et al.,** and Mashyakhy et al., 1
but it is not in agreement with a study by Soleymani et al.,
in which males presented with a higher prevalence of two-
rooted canines than females.?* A systematic review pub-
lished in 2017 showed that the accessory root in lower ca-
nines is most common in females,* which is in agreement
with our study.

The present study also aimed to evaluate bilateral sym-
metry in lower canine morphology. Our results showed
a high level of symmetry for the number of roots (98.3%),
which is similar to the outcomes of other research stu-
dies. Mashyakhy et al.!® and Kayaoglu et al.}* found that
95.5% of lower canines had a bilateral symmetry for the
number of roots, which is also consistent with the result
of 97.7% in a study performed by Al-Dahman et al.?® Our
study additionally assessed bilateral symmetry in two-
rooted mandibular canines. Six cases revealed the pre-
sence of this configuration (22.2%), and all bilateral find-
ings were found in females.

The assessment of the number of roots has been per-
formed in various populations globally, but studies from
Europe are scarce. It was concluded that the occurrence
of bi-rooted mandibular canines was higher in a Turkish
population!*?® and lower in a Chinese population.!>2!
Studies performed on an Iranian population differ sig-
nificantly in their results. Aminsobhani et al. found bifid
roots only in 4.7% of their sample,'® while Soleymani et al.
found two-rooted canines only in 1.33%.%*

The evaluation of tooth anatomy is also valuable in
orthodontics. However, there is still a lack of research
on bi-rooted canines in orthodontic management.
In 2020, Raina and Goje presented a case report of im-
pacted mandibular canines with 2 roots.> The authors
emphasized that the number of roots influenced the
anchor value of the tooth.? This can be significant in ex-
traction space closure cases, such as bimaxillary protru-
sion treatment, in which 4 premolars are extracted and
the anterior teeth are retracted into the obtained space.
When a canine has 2 roots, it increases the overall root
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surface area of the anterior segment and can cause some
treatment difficulties.

The number of one-rooted lower canines with 2 ca-
nals in our study was low and equaled only 1.0%. This
value is lower as compared to the data obtained by
Zhengyan et al.!® In that study, the prevalence of a second
root canal in a mandibular canine was 2.4%.!% In a study
by Almohaimede et al., double canals were found in 9.94%
of the examined canines.?”

In the present study, most teeth had a Type I configura-
tion, according to Vertucci.! This finding is similar to stu-
dies performed by Karataglioglu et al.,?® Zhengyan et al.'®
and Soleymani et al?* In the current study, all 6 cases
(100%) of one-rooted mandibular canines with 2 canals
were Type IIL.

Limitations

The main limitation of this study was the small sample
examined. Further research is required with an increased
number of CBCT scans and the comparison of the visi-
bility of canine anatomy with panoramic radiographs. In-
creased awareness of dentists about the possibility of the
anatomical variability of the teeth can reduce the occur-
rence of treatment failure.

Conclusions

In our study, based on a CBCT examination, the major-
ity of lower canines in a Polish population were single-
rooted with a single canal. There was a higher prevalence
of two-rooted canines in females than in males. Also, one-
rooted canines with a double root canal were more com-
mon in females. CBCT proved to be a valuable tool for
evaluating the number of roots and root canals in man-
dibular canines.
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Abstract

Background. Maxillary sinus grafting is considered the most common surgical technique to secure a suf-
ficient bone height for placing dental implants. It is carried out either by making a bony window in the
lateral wall of the maxillary sinus (the external procedure) or through the alveolar entrance technique by
using alveolar osteotomes (the internal procedure), depending on the quality and quantity of the remain-
ing bone.

Objectives. The aim of the present study was to compare radiologically the amount of bone gain (an in-
crease in bone dimensions) and bone reduction (the loss of the graft volume) obtained by using tricalcium
phosphate (TCP) and calcium sulfate (CS) grafts mixed with advanced platelet-rich fibrin (A-PRF).

Material and methods. Nine patients (18 maxillary sinuses) participated in this study, all of whom had
bilateral edentulism involving the premolar/molar areas and a bone height of 0.5-5 mm between the
sinus floor and the alveolar ridge. Two biomaterials were used in the sinus augmentation procedures. Each
patient underwent a bilateral maxillary sinus lift with the use of different bone graft materials — with €5
mixed with A-PRF used on one side, and TCP mixed with A-PRF on the other side. The grafting site was
selected randomly. Afterward, bone gain and bone reduction were evaluated at the grafting site by using
cone-beam computed tomography (CBCT).

Results. The mean bone gain on the side treated with TCP mixed with A-PRF was 7.532 1.150 mm,
and on the side treated with CS mixed with A-PRF side it was 7.961 4+2.781 mm. The comparison of bone
gain and bone reduction between the 2 groups showed no statistically significant differences at a 6-month
follow-up.

Conclusions. Using CS or TCP mixed with A-PRF was beneficial and safe in the two-stage maxillary sinus
lifting procedure. A sufficient amount of bone was obtained for dental implantation.

Keywords: dental implant, sinus lift, bone graft, calcium sulfate, tricalcium phosphate
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Introduction

Bone height in the maxillary posterior edentulous area
may be insufficient for dental implant placement due to
the pneumatization of the maxillary sinus after the ex-
traction of the teeth.! Maxillary sinus grafting is the most
commonly used surgical technique for securing bone
height sufficient for dental implantation in such cases.
The operation is carried out using one of the 2 basic
techniques, i.e., making a bony window in the lateral wall
of the maxillary sinus (the external sinus lift) or through
the alveolar approach with the use of alveolar osteotomes
(the internal sinus lift).?

Many types of bone grafts have been used, though auto-
genous bone has always been considered the gold stan-
dard due to superior osteoconduction, osteoinduction
and osteogenesis.* However, there are some disadvan-
tages connected with the process of acquiring it, includ-
ing the limited amount of bone obtained from the inside
of the oral cavity and the need for an additional surgical
procedure, which leads to an increase in the surgery time.
These factors have led to increasing interest in the search
for alternative graft materials.” Tricalcium phosphate
(TCP) is a bone substitute that promotes bone growth*
and is considered one of the preferred grafts for maxil-
lary sinus lifting due to its suitable absorption nature and
volume stability.®

Calcium sulfate (CS) occupies a unique position in the
field of regenerative materials, as it has a long history
of clinical usage as compared to other currently available
biomaterials and is widely recognized as a well-tolerated
material with applications in bone regeneration. It under-
goes virtually complete resorption in vivo, without
eliciting a significant inflammatory response,’~® which is
critical in this procedure, as the positioning of implants
seems to be even more delicate. In particular, recent stu-
dies have highlighted extremely high levels of peri-implant
tissue inflammation as compared to the natural tooth,

| Patients assessed for eligibility (N = 14) |

| Split-mouth randomization (n = 10; 20 maxillary sinuses) I

I TCP group (n =10) I | CS group (n=10) |

I Lost to follow-up (n =1) | | Lost to follow-up (n=1) |
¢ Analysis *

I Analyzed (n = 9) | | Analyzed (n = 9) |

Fig. 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram

TCP - tricalcium phosphate; CS - calcium sulfate.

Excluded (n = 4):
® did not meet the inclusion criteria (n = 2)
® declined to participate (n = 2)
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which promotes long-term bone remodeling and resorp-
tion. Using drugs that contain inflammation-moderating
components may also enhance the properies of the bone.®

Studies have investigated mixing alloplastic grafts with
platelet-rich fibrin (PRF) to reduce the amount of graft
and promote osteogenesis in the grafted area. The texture
resulting from such mixing facilitates clinical handling,
increases the stability of the graft and improves the out-
comes. 'O

This study aimed to evaluate and compare the benefits
of using CS and TCP as graft materials for the two-stage
maxillary sinus lifting procedure in cases of high bone re-
sorption, using the radiological analysis of bone gain and
bone reduction.

Material and methods

Study design

This was a randomized (1:1), split-mouth clinical
trial (randomized controlled trial — RCT) (No. Faculty
of Dentistry/RCTs-758) comparing the use of CS and
TCP in bone grafting for external sinus lifting for dental
implantation.

The Consolidated Standards of Reporting Trials
(CONSORT) statement was used as a guide for this
study.!? The study was conducted in the laboratory of the
Maxillofacial Surgery Hospital and the Department
of Implantology at the Faculty of Dentistry of Damascus
University, Syria (Fig. 1).

Informed consent was obtained from the partici-
pants, and the ethics board at the Faculty of Dentistry
of Damascus University, Syria, approved the study
(FMD-185).

Participants

The sample was selected from among the patients who
sought implant treatment at the Department of Oral
and Maxillofacial Surgery at the Faculty of Dentistry
of Damascus University, Syria. Data was collected from
February 2018 to January 2021.

Sample size calculation

The sample size was calculated using the G*Power 3.1.3
program (https://www.psychologie.hhu.de/arbeitsgrup-
pen/allgemeine-psychologie-und-arbeitspsychologie/
gpower), based on a study power of 80% with a signifi-
cance level at p = 0.05, and the effect size data (0.83) from
a study by Calin et al.!® Considering sample dropout led
to the addition of 2 maxillary sinuses to each group to give
a total sample size of 20 maxillary sinuses. The sample
size for each group was 20 maxillary sinuses (10 patients).


https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
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Randomization

The maxillary sinuses were randomly allocated using
Microsoft Excel 2010 to either the CS group (the inter-
vention group) or the TCP group (the control group).
Therefore, there were 10 maxillary sinuses per group.

The inclusion criteria comprised good oral health, bi-
lateral edentulism in the maxilla, age between 45 and
70 years, and the bone height of the alveolar ridge be-
tween the alveolar crest and the bottom of the maxillary
sinus ranging from 0.5 to 5 mm.

The exclusion criteria were as follows: metabolic diseases
that affect normal bone metabolism, such as hyperpara-
thyroidism or osteoporosis; being treated with drugs that
cause bone metabolic disorders, such as corticosteroids,
oral contraceptives, hormonal or chemical treatment,
without ever having undergone radiotherapy to the
head and neck region; general systemic diseases, such as
diabetes, cardiovascular disorders, leukemia, hypertension,
and coagulation disorders; autoimmune diseases; and any
local contraindications, including the inflammation of the
maxillary sinuses.

Methods
Primary stage

A cone-beam computed tomography (CBCT) image
was taken before the commencement of the surgical pro-
cedure. This phase was considered as time zero (T0). The
dental scaling of the jaws with the use of chlorhexidine
(0.12%) rinses was performed 2 or 3 days prior to surgery.
The medication (a 750 mg Levoflox (levofloxacin) tablet)
was prescribed 24 h before surgery and 9 days post-
surgery.

Second stage

Immediately before the surgical procedure, advanced
platelet-rich fibrin (A-PRF) was prepared by aspirating
60-80 mL of blood from the patient’s basilar vein in the
elbow fold, using 20-milliliter syringes or 24-gauge intra-
venous catheters when a larger volume was required. The
aspirated blood was placed in special A-PRF tubes and
centrifuged immediately at 1,500 rpm for 14 min.'*

Surgical method

The mouth was disinfected with 0.12% chlorhexidine
rinses, the skin around the mouth was disinfected with
a polyvidone iodine solution and the surgical area was
isolated using sterile surgical scrubs. Local (buccal and
palatal) anesthesia utilized 2% lidocaine hydrochloride
(HCl) and epinephrine (1:80,000) (Fig. 2). A trapezoid-
shaped, full-thickness mucoperiosteal buccal flap was
then created (Fig. 3).
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Fig. 3. Elevation of a full-thickness flap

Using a piezosurgical device with appropriate saline ir-
rigation, a bony window with rounded corners was creat-
ed to reduce perforation during lifting. It had dimensions
of 12—-15 mm in length and 10 mm in height based on the
size of the area to be grafted. A CBCT radiograph indi-
cates the thickness of the bony window, which facilitates
its preparation; 2—-3 mm above the bottom of the maxil-
lary sinus to enable sufficient vision during work and re-
duce the tension of the sinus membrane in the initial lift-
ing phase. However, the window should not be enlarged
much, as the surrounding walls aid bone healing (Fig. 4).

The sinus membrane was elevated with a sinus lift tool
— the Dentium Advanced Sinus Kit (DASK) (Dentium,
Cypress, USA), and for the grafting of the maxillary sinus,
the mixture of CS or TCP with A-PRF was used (Fig. 5).
When using the TCP/A-PRF compound, we placed
a collagen membrane on the bony window (Fig. 6). The
CS/A-PRF compound does not require any membrane, as
a catalyst is added to the CS graft to harden fast. As such,
the CS graft replaces the membrane due to its hardening
and slow absorption properties.'®

Fig. 4. Elevating the sinus membrane (the window raised and kept attached
to the membrane)
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Fig. 5. Filling the space created by raising the maxillary sinus with the 2 grafts
used in the study

A - TCP with advanced platelet-rich fibrin (A-PRF); B — CS with A-PRF.

Fig. 6. Application of a collagen membrane on the bony window after the
placement of the tricalcium phosphate (TCP)/advanced platelet-rich fibrin
(A-PRF) graft

Interrupted suturing employed 4-0 Prolene sutures and
a reverse cutting needle (Ethicon US, Cincinnati, USA)
(Fig. 7). The patients received post-surgery instructions and
a medical prescription, and had a follow-up appointment
to remove the sutures (Fig. 8).

Fig. 8. Removal of the sutures at a follow-up

Radiological study method

Three CBCT radiographs were performed for each patient
with the use of the PaX-i3D Green imaging system (Vatech,
Hwaseong, South Korea). All scans were conducted in the
same radiology center to standardize the characteristics
of the radiographs, with the same position being repeated
pre-op (T0), immediately post-op (T'1) and 6 months post-op
(T2), i.e., before the 2" surgical operation (implantation).

The radiographs were examined using the OnDe-
mand3D program (https://www.ondemand3d.com/en),
which enabled standardization by merging the 2 radio-
graphs (taken at TO and T1) to ensure the measurements
of the same site on both scans, and to avoid any changes
that could be caused by altering the position of the pa-
tient’s head (Fig. 9).

The 1% image (T0) allowed the measurement of bone
height before the maxillary sinus lift, using points in the
sagittal view. The 3" image (T2) was used to measure the
amount of lifting at the same sites.

Bone height was measured on the 1% image (T0) at 5 lo-
cations in the coronal view, where each point in the coro-
nal view matched the corresponding point in the sagittal
view, using the ‘ruler’ tool. Bone height was also measured
on the 3" image (T2) at 5 locations in the coronal view.
Using the same method, we measured bone height in the
sagittal and coronal views on the 2"! image (T1).

The following measurements were calculated: bone
heightimmediately after surgery; bone gain after 6 months;
and bone reduction after 6 months (Equations 1,2):

bone height

after 6 months

bone height

Iy (1)
before lifting

bone gain =

bone height of the bone and the graft  bone height

reduction  immediately after lifting ~ after 6 months

Statistical analysis

The IBM SPSS Statistics for Windows software, v. 25.0
(IBM Corp., Armonk, USA) was used to perform all statisti-
cal analyses, and a p-value of 0.05 was considered statistically
significant. The Shapiro—Wilk test determined the normal-
ity of data distribution, and the independent ¢ test evaluated
differences between the 2 groups at T0, T1 and T2.

The null hypotheses were as follows:

— There is no statistical difference between TO and T2 in

bone height in the TCP group (1).

— There is no statistical difference between TO and T2 in

bone height in the CS group (2).

— There is no statistical difference between the TCP and

CS groups when comparing bone gain (3).

— There is no statistical difference between the TCP and

CS groups when comparing bone reduction (4).
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Secondary Axial

Secondary Sagittal

Fused Sagittal

Primary Sagittal

Secondary Coronal

Fused Coronal

Lo

Primary Coronal

‘t‘l x

le1s0 WWL: 7838/2231 |

Fig. 9. Merged images obtained by using the OnDemand3D program
A - before surgery (T0); B — 6 months after the sinus lift (T2).

Error of the method

A total of 25% of the measurements were randomly se-
lected and repeated a month after the 15 measurement
by the same examiner (MAA). Systematic and random
errors were calculated by comparing the 1%t and 2" mea-
surements with the use of the paired ¢ test. No statistically
significant differences were found between the 1% and
274 measurements for any variable (p > 0.05).

Results

Figure 1 shows the CONSORT flow diagram. The study
included 20 maxillary sinuses in 10 patients, though 1 pa-
tient was excluded from the sample after refusing to at-
tend the radiographic follow-up. Therefore, a complete
follow-up was done for 9 patients (18 maxillary sinuses),
and the statistical analysis was conducted. The descriptive
statistics of bone height in both groups at each time stage
are shown in Table 1.

The results presented in Tables 2 and 3 indicate that
bone height increased significantly in the TCP and CS
groups between TO and T1 and between TO and T2, and
decreased significantly between T1 and T2 (p < 0.05).

Table 4 shows that there were no significant differ-
ences, at a confidence interval (CI) of 95%, in the amount
of bone gain (p = 0.693) or bone reduction (p = 0.678) be-
tween the 2 groups. The mean bone gain in the CS graft

WWL: 6720/2439 |

Table 1. Mean bone height values [mm] in both groups at each time stage

—m

3.859+1.728 0.968 5932

TCP T 14.185 £3.025 10.987 20.577
T2 11.391 £0.934 10.162 12.527

T0 3.545 +£2.131 1.114 7.181

cs T1 13.858 £1.966 11.675 17.742
T2 11.506 +2.440 7.891 15.290

Time stages: TO — pre-op; T1 —immediately post-op; and T2 — 6 months post-op.
M —mean; SD - standard deviation; min — minimum, max — maximum.

Table 2. Changes in bone height at different time stages in the tricalcium
phosphate (TCP) group (paired t test)

70-T1 10326 14281 0000" |
‘ T0-T2 7532 18547 0.000* ‘
T1-T2 2794 3410 oo |

MD - mean difference; * statistically significant (p < 0.05).

Table 3. Changes in bone height at different time stages in the calcium
sulfate (CS) group (paired t test)

e I T =<

70-T1 10313 10.965 0.000* |
| To-T2 7961 8096 0000* |
T1-T2 2352 3629 o008 |

* statistically significant (p < 0.05).
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Table 4. Comparison of the amount of bone gain and bone reduction in
the 2 study groups (independent t test)

Bone gain 0.429 0403 0.693
Bone reduction 0442 0424 0.678

was higher than in the TCP graft, with a minor difference
recorded (0.43 mm). Also, the mean bone reduction in the
TCP graft was slightly greater than in the CS graft, with
a 0.44 mm difference between the two.

Discussion

Maxillary sinus lifting is a still evolving procedure,
necessary to increase bone height for dental implants.
However, performing the procedure requires extended
knowledge of maxillary sinus anatomy and its variations,
as there may occur difficulties in window preparation,
causing the perforation of the Schneiderian membrane.
Before sinus lift surgery, CBCT should be conducted to
discover the prevalence of septa.®

Many studies have investigated the optimal bone graft
for sinus lifting, although autogenous bone grafts are con-
sidered the gold standard, as they provide osteoconduc-
tion, osteoinduction and osteogenesis — the 3 essential
elements for bone regeneration.'® However, the additional
surgical site created to obtain an autograft increases the
procedure time and causes more pain to the patient.!61”
These factors have led to increasing interest in the search
for alternative graft materials, mixing autografts with other
types of bone grafts or completely replacing them with
other grafts.’

There is increased interest in using alloplastic bone
grafts to facilitate surgical procedures. However, the large
amounts of materials required in cases of high maxillary
sinus bone absorption increase expense. Therefore, stu-
dies have investigated mixing alloplasts with A-PRF to
reduce the amount of graft needed and promote bone
graft osteogenesis. Advanced PRF is an autologous graft
material that eliminates any risk of disease transmission.
In addition, its gelatinous consistency improves clot and
graft stability, as it reduces the time required to ossify.!!

Based on the current literature, the present research
aimed to investigate the effectiveness of the CS/A-PRF
compound in the grafting procedure after a maxillary sinus
lift. Calcium sulfate is readily available, provides acceptable
results, is easy to use, and helps to reduce surgical costs.
Also, unlike other bone substitutes,'®!? it can be used with-
out absorbable and non-absorbable membranes.!

To verify the CS graft results, it was compared with
TCP, as it is the same class of alloplast, it is reliable and
is frequently used in the grafting procedure,® and pro-
vides a resorbable scaffold for bone growth.” Both grafts
were mixed with A-PRF to accelerate and increase new

M.A. Amam et al. Bone grafting after external sinus lifting

bone formation, and reduce the amount of graft material
used.!! Since there are no previous studies in the literature
comparing these 2 grafts, this study aimed to compare
CS/A-PRF with TCP/A-PRF in the external sinus lift pro-
cedures, using the radiographic measurements of bone
gain and bone reduction after 6 months.

The study sample included 20 maxillary sinuses
of 10 patients who had a bilaterally edentulous posterior
maxilla, were aged 45-70 years, had bone height between
the alveolar bone crest and the bottom of the maxillary
sinus ranging from 0.5 mm to 5 mm (class SA4 according
to Misch classification), did not suffer from any system-
ic diseases affecting the surgical procedure, and did not
suffer from any health problems in the nose and sinuses
that are considered a contraindication for sinus lifting.
One patient was excluded from the sample, because he
refused to attend the radiographic follow-up. Therefore,
the sample consisted of 18 maxillary sinuses (9 patients)
randomly distributed into 2 groups, with 9 sinuses in the
CS group and 9 sinuses in the TCP group. A split-mouth
technique was used, where the CS/A-PRF graft was ap-
plied to one maxillary sinus, and the TCP/A-PRF graft
was applied to the other side.

The lateral approach technique was followed to lift the
maxillary sinus, since this method is indicated for maxil-
lary sinus elevating in class SA4 cases and the delayed im-
plantation excludes other methods, such as the alveolar
approach (the internal sinus lift).?° In addition, the im-
plant success rate is higher in the two-stage method than
in the one-stage technique in SA4 cases.?!

An ultrasonic system was used for window preparation,
similar to other studies,?? as it reduces the incidence of the
perforation of the maxillary sinus membrane to 7% from
the 25% experienced with rotary instruments. The method
also reduces pain, discomfort and edema after surgery,
and generally helps to protect soft tissues, including the
maxillary sinus membrane and the mandibular nerve.”

After maxillary sinus grafting, the bony window was
covered with an absorbable collagen membrane on the
side grafted with the TCP/A-PRF compound, which helps
to prevent the surrounding connective tissue cells from
entering the bone graft material and increases vital bone
formation.?* No membrane was used for the CS/A-PRF
compound, and the window was covered only with the CS
graft material. The material can be used as a membrane
due to its physical properties,'> which reduces the finan-
cial cost and the surgical procedure time.

The radiological study used CBCT images, which are
accurate and sufficient for determining reference points,
and three-dimensional (3D) measurements can be made
with ease. Three radiographs were performed for each pa-
tient to study bone gain and bone reduction in the grafted
area,”® with the 1% one taken pre-op (T0), the 2"¢ imme-
diately post-op (T1) and the 3¢ 6 months post-op (T2).

The CS/A-PRF graft material proved to be useful and
safe for the two-stage external maxillary sinus lifting
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procedure, as bone sufficient for dental implant placement
was obtained after 6 months. The mean bone height at
TO was 3.545 £2.131 mm, which increased immediately to
13.858 +1.966 mm at T1. At T2, bone height decreased to
11.506 +2.440 mm, giving a gain of 7.961 +2.781 mm and
a reduction of 2.352 +1.832 mm.

Guarnieri et al.® and Tarnow et al.?® reported that CS
grafts promoted implant stability and new bone forma-
tion after its absorption. However, a study that followed
up 2 years after the 1% surgery found a greater reduction
than the current study (1.0-3.5 mm), perhaps due to the
difference in the observation period (2.5 years).!?

The use of TCP/A-PRF as a grafting material after ex-
ternal sinus lifting helped to secure a sufficient amount
of bone for implantation, where the average bone height
at TO was 3.859 +1.728 mm and it increased immediately
to the size of the graft at T1 (14.185 +3.025 mm). After
6 months, bone height decreased to 11.391 +0.934 mm,
resulting in a gain of 7.532 +1.150 mm and a reduc-
tion of 2.794 +2.310 mm. Oba et al. recorded a gain
of 3.11 £1.35 mm, which is less than in this study, perhaps
because their study used the osteotome sinus lifting tech-
nique,?” which does not allow to achieve a high bone gain
as compared to the lateral lifting method.?> Okada et al.
also found a reduction of 0.73 £1.33 mm, which was due
to the differences in the radiological and surgical meth-
ods, where the implants were placed at the same time as
grafting.?®

When comparing the 2 study groups, we did not find
significant differences in the amount of bone gain or bone
reduction, and no clinical or radiological complications
were observed during the 6-month follow-up period.

Conclusions

Both grafts can be used for maxillary sinus lifting with
the delayed implantation. The properties of CS are nega-
tively affected by moisture, so the graft must be applied
with a pasty texture in addition to isolating the receiving
area, and it is better to apply the material in layers to re-
duce shrinkage. The A-PRF material helped to increase
the graft size, reduced costs and promoted bone forma-
tion, while it also helped to increase TCP graft bonding.

Ethics approval and consent to participate

Informed consent was obtained from the participants,
and the ethics board at the Faculty of Dentistry of Damascus
University, Syria, approved the study (FMD-185).

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. Functional appliances are frequently used to stimulate mandibular growth in cases of Class
I malocclusion with mandibular deficiency. Many studies have reported improved pharyngeal airway pas-
sage (PAP) dimensions following functional appliance therapy in children.

Objectives. The present study aimed to assess changes in the airway dimensions following the treatment
of Class Il malocclusion patients with the twin-block and Seifi appliances.

Material and methods. Lateral cephalograms of 37 patients with Class Il malocclusion and mandibular
deficiency treated with the twin-block appliance (n = 20) or the Seifi appliance (n = 17) were assessed
in this before-and-after study. The preoperative and postoperative lateral cephalograms were compared to
determine changes in the airway dimensions at the level of the palatal plane (PP), the occlusal plane (OP)
and the 2"—4" cervical vertebrae ((2—C4) in the 2 groups. The results were analyzed with the t test and
the one-way analysis of covariance (ANCOVA).

Results. After treatment, significant changes occurred in the point A—nasion—point B (ANB) and sella—
nasion—point B (SNB) skeletal cephalometric indices in the twin-block appliance group, and in ANB, SNB
and incisor—mandibular plane angle (IMPA) in the Seifi appliance group. The airway dimensions at the
level of PP, OP and the 3 cervical vertebra (C3) significantly increased postoperatively as compared to the
baseline in the twin-block appliance group (p < 0.05). The increases in the airway dimensions at the level
of PP and C3 in the twin-block appliance group were significantly greater than in the Seifi appliance group
(p<0.09).

Conclusions. The treatment of Class Il Division I malocclusion with the twin-block appliance significantly
increased the airway dimensions at the level of PP OP and (3, whereas the Seifi appliance did not cause
any significant changes in the airway dimensions.

Keywords: malocclusion, airways, orthodontic appliances, Angle’s Class II, functional
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Introduction

The prevalence of dental and skeletal malocclusion is
variable in different populations.! A meta-analysis con-
ducted on the Iranian population reported a 24.7% preva-
lence of Class II malocclusion, ranking it second in terms
of prevalence after Class I malocclusion.? Class II maloc-
clusion is caused by mandibular deficiency in 65% of cas-
es, and is due to maxillary prognathism in only a small
percentage.® Mandibular deficiency can also occur due
to the small size of the mandible or its retruded position
relative to the maxilla.*

The growth and development of dentofacial struc-
tures and the pharyngeal airway dimensions have a mu-
tual cause-and-effect relationship, i.e., the inhibited or
limited growth of the craniofacial structures can lead to
pharyngeal airway narrowing, and also a reduction in the
nasopharyngeal airway dimensions due to anatomical ob-
struction can alter the craniofacial growth.>® In Class II
skeletal malocclusion caused by a retrognathic mandible,
decreased space between the cervical vertebrae and the
mandible body leads to airway narrowing, as well as a ret-
rognathic position of the tongue and soft tissues,” which
increases the risk of impairment in the respiratory func-
tion during the day and sleep-disordered breathing at
night.8 Decreased airway dimensions in childhood due to
fat deposition in the posterior pharyngeal area increases
the risk of sleep-disordered breathing in adulthood.®?

The early orthodontic treatment of skeletal and dental
anomalies during the primary dentition and early mixed
dentition period aims to prevent the development or ag-
gravation of anomalies in the late mixed dentition and
permanent dentition periods, and decrease or eliminate
the need for future treatment.!® Functional appliances
are used to modify the process of development of Class II
malocclusion, mainly during the growth period, by chang-
ing the pattern of the remaining facial growth or altering
the position of the jaw. Functional appliances improve the
sensory proprioceptive feedback mechanisms of various
perioral muscles that control the position and function
of the mandible, and transfer the loads to the basal bone
and the teeth.*

The treatment of Class II malocclusion not only cor-
rects the skeletal facial structure, but also affects the pos-
terior airway dimensions and can aid in the treatment
of obstructive sleep apnea. Although some previous stud-
ies reported significant effects of the twin-block appliance
on the pharyngeal airway dimensions,"!! others refuted
such effects.!? Considering the existing controversy in the
available literature on changes in the airway dimensions
following the use of the twin-block appliance, and a lack
of studies on the effects of the Seifi functional appliance
on the airway dimensions, the present study aimed to as-
sess changes in the airway dimensions following the treat-
ment of Class II Division I malocclusion patients with the
twin-block and Seifi appliances.

S. Tahmasbi et al. Airway dimensions after the treatment of Class Il malocclusion

Material and methods

This experimental before-and-after study was con-
ducted on 37 patients with Class II malocclusion and
a retrognathic mandible reporting to the Department
of Orthodontics at the School of Dentistry of Shahid
Beheshti University of Medical Sciences and a pri-
vate dental office in Tehran, Iran. The study protocol
was approved by the ethics committee at Shahid Be-
heshti University of Medical Sciences (IR.SBMU.DRC.
REC.1397.036). Informed written consent was obtained
from all the participants.

The inclusion criteria were as follows: age between
8 and 14 years; having Class II Division I malocclu-
sion with a retrognathic mandible (sella—nasion—point
B angle (SNB) <76°); a normal position of the maxilla
(sella—nasion—point A angle (SNA) of 79-84°); a bi-
lateral Class II molar relationship; incisor—-mandibular
plane angle (IMPA) of more than 85° and less than 90°%;
an overjet of more than 4 mm and less than 10 mm; mild
or no crowding; no excess space in the arch; profile im-
provement when the patient was asked to protrude the
mandible with an edge-to-edge position of the teeth; and
treatment with the twin-block appliance or the Seifi ap-
pliance (Fig. 1). Patients with a history of orthodontic
treatment or upper airway surgical procedures, those
with craniofacial syndromes, and patients with a history
of systemic diseases affecting the skeletal growth or the
response to orthodontic treatment were excluded.

The minimum sample size was calculated to be 17, ac-
cording to a previous study,'* assuming a = 0.05, B = 0.20
and a study power of 80%. The patients were selected by
convenience sampling.

L

Fig. 1. Seifi appliance

A - frontal view; B - lateral view; C — occlusal view.
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After obtaining the records of 37 eligible patients
from the archives, they were assigned to the twin-
block appliance treatment group (n = 20) or the Seifi
appliance treatment group (n = 17). There were 9 fe-
males and 11 males aged 8—14 years in the twin-block
appliance group, and 9 females and 8 males aged
9-12 years in the Seifi appliance group. Preoperative
and postoperative patient records, including pan-
oramic radiographs, lateral cephalograms, and intra-
oral and extraoral photographs, were retrieved from
the archives.

This study adopted the airway analysis used by
Kinzinger et al.,'* with all the preoperative and post-
operative lateral cephalograms of the patients in both
groups analyzed by a third-year postgraduate student
of pediatric dentistry after calibration with an ortho-
dontist. The analysis of dental and skeletal features
employed the Dolphin software, v. 10.1 (Dolphin
Imaging & Management Solutions, Chatsworth, USA).
Figure 2 shows the cephalometric landmarks used for
this purpose. The airway dimensions were evaluated
by hand tracing, and the related landmarks, reference
planes and linear parameters are shown and described
in Fig. 3 and 4 and Table 1. A cephalogram ruler was
used to calibrate tracing in the Dolphin software and
for manual tracing. Ten lateral cephalograms were ran-
domly selected and traced twice by a third-year post-
graduate student of pediatric dentistry, with a 2-week
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interval between the assessments. The intra-examiner
reliability was assessed by calculating the intraclass
correlation coefficient.

Fig. 2. Cephalometric landmarks

Ar — articulare; Ba — basion; Is — incision superius; Me — mention; N — nasion;
S - sella; Or - orbitale; Po — porion; Pog — pogonion; Pt - pterygoid;

R1 - ramus point 1; R3 — ramus point 3; UIA — upper incisor root apex.

Table 1. Cephalometric landmarks, reference planes and linear parameters used for the evaluation of changes in the airway dimensions

Indices Definition

P1 intersection of the palatal plane (PP) and the posterior pharyngeal wall

P2 intersection of the occlusal plane (OP) and the posterior pharyngeal wall
AP1 intersection of the occlusal plane and the uvula (the posterior border of the soft palate)
AP2 intersection of the 2" cervical vertebral plane and the dorsal surface of the tongue

Landmark PP2 intersection of the 2" cervical vertebral plane and the posterior pharyngeal wall

AP3 intersection of the 3 cervical vertebral plane and the base of the tongue

PP3 intersection of the 3" cervical vertebral plane and the posterior pharyngeal wall
AP4 intersection of the 4™ cervical vertebral plane and the anterior pharyngeal wall
PP4 intersection of 4™ cervical vertebral plane and the posterior pharyngeal wall

27 cervical vertebral plane
Reference plane 3 cervical vertebral plane
4t cervical vertebral plane
palatal plane (PP)
occlusal plane (OP)
AWPP
Linear parameter AWOP
AWC2
AWC3

AWC4

line connecting the anterior nasal spine (ANS) and the posterior nasal spine (PNS)

line connecting the center point of the orbit and the most distal contact point of posterior teeth

line connecting AP2 and PP2
line connecting AP3 and PP3

line connecting AP4 and PP4

distance between PNS and P1

distance between AP1 and P2
distance between AP2 and PP2
distance between AP3 and PP3

distance between AP4 and PP4
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Fig. 3. Cephalometric landmarks used for the evaluation of changes in the
airway dimensions

C1 - 1% cervical vertebra; C2 - 2" cervical vertebra; C3 - 3 cervical vertebra;
U - tip of the soft palate; V —vallecular.

Fig. 4. Airway width at different levels according to the study by Kinzinger et al.'
LPW — lower pharyngeal wall.

Statistical analysis

All cephalometric indices were measured on preop-
erative and postoperative lateral cephalograms, and com-
pared within each group with the use of the paired ¢ test,
while the independent ¢ test and the analysis of covari-
ance (ANCOVA) were used to compare differences be-
tween the groups. All statistical analyses employed IBM
SPSS Statistics for Windows, v. 21.0 (IBM Corp., Armonk,
USA), with a significance level at p < 0.05.

S. Tahmasbi et al. Airway dimensions after the treatment of Class Il malocclusion

Results

Out of the 37 Class II Division I patients evaluated in
this study, 20 were treated with the twin-block appliance
and 17 with the Seifi appliance. The y? test revealed no
significant difference in gender distribution between the
2 groups (p > 0.05) and the independent ¢ test showed
no significant difference in the mean age between the
2 groups (p > 0.05). The duration of treatment was
6—36 months with the twin-block appliance and 12-36
months with the Seifi appliance, though the difference
in this respect between the 2 groups was not significant
(p > 0.05).

The intraclass correlation coefficient was 0.9 for the
analysis of skeletal and dental cephalometric landmarks,
and the airway dimensions, which was favorable.

Table 2 shows the preoperative and postoperative
cephalometric indices for the 2 groups. The within-group
comparisons with the use of the paired ¢ test showed
a significant increase in SNB and a significant decrease
in ANB after treatment with the twin block appliance as
compared to the baseline (p < 0.05). No other significant
change was noted in this group (p > 0.05). In the Seifi
appliance group, the paired ¢ test showed that SNB and
IMPA significantly increased, while ANB significantly
decreased after treatment as compared to the baseline
(p < 0.05). Other indices did not show a significant change
in this group (p > 0.05).

Table 3 shows the comparisons of the mean changes in
the skeletal cephalometric indices between the 2 groups.
As shown, the maxillary incisor to sella—nasion angle
(U1-SN) significantly decreased in the Seifi appliance

Table 2. Preoperative and postoperative cephalometric indices for the 2 groups

Appliance Index B BT -value
PP treatment treatment P
]

ANB [° 62428 37417 <0.001*
SNB [°] 759445  776+44 0010
SNA ] 819451 813460 0540
Twin-block IMPA [°] 995+80 1012459 0210
appliance
Jarabak index 69.2 £12.1 659 +53 0.230
MP-SN[?] 325453 315465 0320
UI-SN[] 1062476  107.1 64 0240
ANB [°] 69427 52419 <0.001*
SNB [°] 754433 767424 0020*
SNA [°] 823445 822430 0900
sl IMPA [°] 956427  986+46 0001*
appliance
Jarabak index 624 +3.7 629+29 0.400
MP-SN[?]  372+44  372+46 0900
UI-SN[?] 1002482  961+112 0070

Data presented as mean + standard deviation (M £5D). ANB — point
A-nasion—point B angle; SNB - sella—nasion—point B angle; SNA — sella—
nasion-point A angle; IMPA — incisor-mandibular plane angle; MP-SN

- mandibular plane to sella—nasion angle; UT1-SN — upper incisor to sella—
nasion angle; * statistically significant.



Dent Med Probl. 2023;60(2):247-254

Table 3. Comparisons of the mean changes in the skeletal cephalometric
indices between the 2 groups

Twin-block Seifi T Y
Index p-value p-value
appliance | appliance
ANB [°

-25+24 -1.7415 0.270 0.015*
SNB [°] 1.7 £26 13422 0.730 0.560
SNA [°] -0.6 £4.4 -0.1£3.0 0.660 0.580
IMPA [°] 1.7 £6.2 30+29 0.420 0.030*
Jarabak index -33£11.7 0.5+3.0 0.210 0.210
MP-SN [°] -1.0445 0.0+£3.2 0.430 0.260
UT-SN [°] 09458 -4.1 485 0.040* 0.010*

Data presented as M +SD. * statistically significant; T independent t test;
* ANCOVA for the comparison of the postoperative values between
the 2 groups after controlling for the effects of the preoperative values.

group, while it slightly increased in the twin-block ap-
pliance group. According to the independent ¢ test, the
change in this index was significant only in the Seifi appli-
ance group (p < 0.05). The changes in other indices were
not significant (p > 0.05).

Since differences in some indices (the Jarabak index (the
ratio of the posterior facial height, measured as the dis-
tance between S and gonion (Go), to the anterior facial
height, measured as the distance between N and menton
(Me)), U1-SN and the mandible plane to sella—nasion
angle (MP-SN)) were significant between the 2 groups
at the baseline, ANCOVA was applied to control for the
effects of such confounding variables. ANCOVA showed
that, after eliminating the effects of the confounding
variables, there were significant differences between the
2 groups with regard to the changes in ANB, IMPA and
U1-SN (p < 0.05). No other significant differences were
noted (p > 0.05).

Table 4 shows the within-group comparisons of the
airway cephalometric indices before and after treatment
in the 2 groups. As indicated, the paired ¢ test demon-
strated no significant change in any index after treatment
with the Seifi appliance (p > 0.05). However, all indices
significantly changed after treatment with the twin-block
appliance (p < 0.05), except for AWC2 and AWC4, which
increased insignificantly (p > 0.05).

Table 5 compares the mean changes in the airway ceph-
alometric indices between the 2 groups. The independent
t test revealed greater increases in all indices in the twin-
block appliance group as compared to the Seifi appliance
group after treatment, except for AWC2. However, these
differences were significant only for AWPP and AWC3
(p < 0.05).

Since differences in some indices were significant be-
tween the 2 groups also before treatment, ANCOVA
was applied to control for the effects of such confound-
ing variables. Accordingly, the results showed significant
differences in AWPP and AWC3 between the 2 groups
(p < 0.05). No other significant differences were noted
(p > 0.05).
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Table 4. Airway cephalometric indices before and after treatment
in the 2 groups

Appliance Index HE00E . -value
PP treatment | treatment | P~

AWPP [mm] 14.7 £5.5 183 +45 0.005*

AWOP [mm] 104433 127424 0010*
Twin-block o oml 111429 120441 0400
appliance

AWC3 [mm] 104439 143 +54 0010

AWC4[mm] 133443 144447 0.190

AWPP[mm] 160467  159+44 0.940

AWOP [mm] 121446 125 +46 0690
el AWC2[mm] 107426  122+33 0.160
appliance

AWGC3 [mm] 121 +4.1 116 +34 0610

AWC4[mm] 128429  130+29 0700

Data presented as M £SD. * statistically significant.

Table 5. Comparisons of the mean changes in the airway cephalometric
indices between the 2 groups

Twin-block Seifi

Index appliance | appliance p-value® p-value*
AWPP [mm] 36150 -0.146.0 0.050* 0.040*
AWOP [mm] 23136 04 +4.7 0.200 0.550
AWC2 [mm] 09 +44 1.5+43 0.640 0.770
AWC3 [mm] 39459 -0.5+4.2 0.010* 0.040*
AWC4 [mm] 1.1£38 02+£32 0.230 0.150

Data presented as M +5D. * statistically significant; T independent t test;
# ANCOVA for the comparison of the postoperative values between
the 2 groups after controlling for the effects of the preoperative values.

Discussion

This study compared changes in the airway dimensions
following the treatment of Class II Division I malocclu-
sion patients with the twin-block and Seifi appliances.
The results showed significant increases in the airway di-
mensions at the level of the palatal plane (PP), the occlusal
plane (OP) and the 3™ cervical vertebra (C3) following the
use of the twin-block appliance, while the Seifi appliance
caused insignificant increases in the airway dimensions at
the level of OP, the 2" cervical vertebra (C2) and the 4"
cervical vertebra (C4). Such greater changes in the airway
dimensions following the use of the twin-block appliance
as compared to the Seifi appliance were mainly due to
skeletal changes and can be attributed to a better correc-
tion of the retrognathic position of the mandible in Class
II patients, which is reflected in a greater change in ANB.
The retrognathic position of the tongue in patients with
a retrognathic mandible pushes soft tissues backward and
decreases the airway dimensions.’> The forward reposi-
tioning of the mandible by functional appliances corrects
the position of the hyoid bone and the tongue, and affects
airway morphology.'®
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Another reason for increased airway dimensions fol-
lowing the treatment with functional appliances is a re-
duced thickness of the posterior pharyngeal wall.”
However, other studies showed the inefficacy of function-
al appliances, and some even demonstrated an increased
posterior pharyngeal wall thickness following treatment
with such appliances.!® Zhang et al. reported that treat-
ment with functional appliances preserved the thickness
of the posterior pharyngeal wall in the nasopharynx, oro-
pharynx and hypopharynx, while the thickness decreased
in most control patients.’ These observations revealed
that a reduction in the posterior pharyngeal wall thick-
ness in the upper airways is a compensatory mechanism
in patients with a retrognathic mandible who received no
treatment to maintain an open airway. The present study
also showed insignificant reductions in the airway dimen-
sions at the level of PP and C3 following the use of the
Seifi appliance, which may be due to an increased thick-
ness of the posterior pharyngeal wall.

The comparison of changes in the airway dimensions
between the 2 groups revealed significant increases in the
airway dimensions at the level of PP, OP and C3 in the
twin-block appliance group. Although some studies re-
ported increased airway dimensions following the treat-
ment of Class II malocclusion with functional appliances,
this effect was transient; in contrast, some other studies
demonstrated that this increase was significant in the
long term.!+20

The patients evaluated in the present study were in their
growth period. Thus, natural patient growth and the use
of orthodontic appliances influenced the linear and angu-
lar changes. Assessing the pure effect of treatment alone
requires a control group. However, the ethical legitimacy
of having a control group in such studies is questionable,
since depriving Class II malocclusion patients of treat-
ment would be unethical. Although Buschang et al.2!
and Bishara et al.?? found insignificant differences in the
growth patterns of normal-occlusion and Class II maloc-
clusion patients, Bjork and Skieller found some significant
differences in this respect between normal-occlusion and
Class II malocclusion patients.?® To decrease the effect
of inter-individual differences in growth patterns on the
results, the 2 groups were standardized for age and gender
in the present study.

Lateral cephalograms are commonly used to assess the
airway dimensions, as the skull is in a fixed position, and the
patient is conscious and can maintain a natural head posi-
tion. Thus, lateral cephalograms can be used reliably for
assessing changes in skeletal and soft tissue structures.!22*
However, lateral cephalometry provides two-dimensional
(2D) images of three-dimensional (3D) structures.?’ The
images are sharp in the midsagittal plane; nonetheless,
transverse plane distances cannot be accurately measured.
Thus, lateral cephalometry cannot provide precise infor-
mation on the airway width. Also, lateral cephalometry has
limitations with regard to measuring the posterior airway
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space. To overcome such limitations, cone-beam comput-
ed tomography (CBCT) or magnetic resonance imaging
(MRI) can be used.'* However, such imaging modalities
should only be requested by physicians when medically
indicated. Considering the retrospective design of this
study, the available lateral cephalograms of the patients
were retrieved from the archives and evaluated, as they
are still commonly used for linear airway measurements.'*
The technique described by Kinzinger et al.'* was adopted
for the measurements in this study. Also, as the posterior
border of the tongue cannot be easily detected on lateral
cephalograms. The index described by Rose et al.?> was
used for assessing the airways at the level of OP.

The present study showed that the horizontal intermax-
illary relationship significantly improved in both groups
due to significant changes in ANB and SNB. Changes in
IMPA and U1-SN demonstrate the effects of upper and
lower teeth on overjet reduction, but in the twin-block
appliance group, such changes. However, IMPA signifi-
cantly increased after treatment with the Seifi appliance,
and although the U1-SN reduction was not significant in
this group, the p-value was close to the significance level
(p = 0.070). Considering the greater skeletal changes in
the sagittal plane following treatment with the twin-block
and Seifi appliances, it appears that the efficacy of these
appliances for overjet improvement is mainly due to skel-
etal changes. The comparison of the effects of the 2 appli-
ances by means of the independent ¢ test and ANCOVA
revealed a significant reduction in U1-SN in the Seifi ap-
pliance group as compared to the twin-block appliance
group. Moreover, ANCOVA showed a greater increase
in IMPA following treatment with the Seifi appliance and
a greater reduction in ANB in the twin-block appliance
group, which were both significant. According to the re-
sults, skeletal changes in the sagittal plane were greater
when using the twin-block appliance. In the vertical di-
mension, changes in the Jarabak index and MP-SN were
not significant in any group. The Jarabak index decreased
in the twin-block appliance group, but not significantly.

The decrease in ANB and the increase in SNB fol-
lowing treatment with the twin-block appliance are in
agreement with the results of Ahmadian-Babaki et al.!®
and Toth and McNamara.’® Parkin et al. also reported
an increase in SNB, but it was not statistically signifi-
cant.!” However, LaHaye et al. reported no SNB change
following treatment with the Herbst appliance.!® In the
present study, the change in U1-SN was not significant
in the twin-block appliance group, while Ajami et al. re-
ported a significant reduction of this index.?® An increase
in IMPA after treatment was reported in studies by de
Almeida-Pedrin et al.,”” O’Brien et al.,'3 Seifi et al.,?® and
Jamilian et al.?” Ahmadian-Babaki et al. reported an insig-
nificant reduction in the Jarabak index in the twin-block
appliance group.'®

The current study also showed a significant increase
in the upper and middle airway dimensions in the twin-
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block appliance group, which is in line with the results
of Vinoth et al.,?* while Ali et al.! and Jena et al.3° only
reported an increase in the upper airway dimensions.

The twin-block appliance repositions the mandible for-
ward, and thus affects the position of the hyoid bone and
the tongue. Such a change can affect the soft palate and
subsequently improve the upper airway dimensions. The
improvement in the upper airway dimensions with the
twin-block appliance in the present study is in agreement
with the results of Jena et al.;*® however, Fastuca et al.
reported no change in the airway dimensions after man-
dibular repositioning and maxillary expansion following
treatment with the twin-block appliance.3!

Ghodke et al. reported a significant increase in SNB
of 1.8° and increases in the depth of the nasopharynx
(1.54 mm) and hypopharynx (1.77 mm).3? Thapa et al.
reported a significant increase of 1.97 mm in the depth
of the oropharynx.3® In the present study, the twin-block
appliance treatment caused a significant increase of 1.7°
in SNB, and nasopharynx and oropharynx depth increas-
es of 3.6 mm and 2.3 mm, respectively. Kinzinger et al.
showed insignificant reductions in the airway dimen-
sions at the level of PP and C3 after treatment with the
functional mandibular advancer,'* which is in agreement
with the results obtained in the present study for the Seifi
appliance group. Yassaei et al. demonstrated significant
increases in the airway dimensions and the changed po-
sition of the tongue and the hyoid bone after treatment
with the Farmand appliance.?*

Although functional appliances cause various skeletal
and dental changes, they have limited effects on the air-
way dimensions. Kinzinger et al. compared the Herbst
appliance and the functional mandibular advancer,'*
Godt et al. compared the Harvold activator and the bite-
jumping appliance,® and Gu et al. compared the Herbst
appliance and the twin-block applaince in terms of airway
changes,? and none of them found significant differences
between the appliances. However, the present study re-
vealed significantly greater increases in the airway dimen-
sions at the level of PP and C3 when using the twin-block
appliance as compared to the Seifi appliance. Jena et al.
compared the twin-block appliance and the mandibular
protraction appliance-1V, and reported an increase in the
airway depth in the hypopharynx in the twin-block ap-
pliance group, with the mandibular protraction appliance
causing greater dental rather than skeletal changes, and
having no significant effect on the airway dimensions.*

It is noteworthy that statistically significant changes as
a result of using functional devices may not be clinically
significant in some cases.!?

Future studies with larger sample sizes are required
to compare the effects of the Seifi appliance with other
treatment modalities on the airway dimensions in Class II
malocclusion patients. Also, future studies may use more
advanced 3D imaging modalities, such as CBCT, for this
purpose.
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Conclusions

The twin-block appliance caused greater increases in
the airway dimensions than the Seifi appliance. These re-
sults may help orthodontists to select an appliance that
is functionally and structurally suitable (the mandibular
growth being the primary aim) based on the effects it has
on the structures supporting the upper airways.
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Abstract

Background. The activity of antioxidant enzymes in periodontitis is reduced, but results vary between
studies and are subject to bias. In turn, the expression of genes encoding antioxidant factors has not been
examined yet.

Objectives. This is the first study to evaluate the expression of genes encoding superoxide dismutase 1
(S0D1), glutathione peroxidase 1 (GPX1) and thioredoxin 1 (TXN1) in the saliva and gingival tissue
of patients with periodontitis. The activity of the antioxidant enzyme protein products in the unstimulated
and stimulated saliva and the gingival crevicular fluid (GCF) of patients with periodontitis was also
investigated.

Material and methods. The prospective study involved 65 patients with periodontitis, who were
divided into groups depending on the disease stage, and a control group of 31 age- and gender-matched
healthy patients.

Results. We demonstrated that the expression of genes encoding GPXT and TXN1in saliva was significantly
higher, and the expression of genes encoding SOD1, GPXTand TXNT in the gingival tissue was significantly
lower in periodontitis patients as compared to the control group. We noted a lower activity of GPX1 in
unstimulated saliva, of SOD1 in stimulated saliva and of both antioxidant enzymes in GCF in patients with
periodontitis.

Conclusions. The GPXT transcriptome and its activity in the salivary and GCF proteome appear to be
dependent on the oxidative stress related to the destructive inflammatory changes in periodontitis.

Keywords: gene expression, saliva, periodontal disease, gingival crevicular fluid, salivary diagnostics
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Introduction

During the course of periodontitis, due to the presence
of a dysbiotic bacterial biofilm on the surface of dentin and
cementum in the periodontal pocket, molecular pathways
are activated in immune-inflammatory responses, lead-
ing to the destruction of the tooth-suspensory apparatus.
Periodontitis is a social disease; in 2017, it was the 14t
most common age-standardized diagnosis worldwide,
with a prevalence of 9.8%, affecting approx. 796 million
individuals worldwide.! Periodontitis is an independent
risk factor for selected systemic diseases with significant
mortality, including diabetes, metabolic syndrome and
cardiovascular diseases.>™* Understanding the mecha-
nisms of the protraction of inflammatory responses in
periodontal tissues and the possibility of their effective
interruption would be the basis for the primary preven-
tion of the abovementioned diseases.

The periopathogen infection of the periodontal pock-
et stimulates a host immune-inflammatory response, in
which neutrophils, T lymphocytes and B lymphocytes
are activated. Neutrophils release reactive oxygen spe-
cies (ROS) that directly damage periodontal tissues
through lipid peroxidation, oxidative damage to proteins
and DNA, the inhibition of cell growth, increased apop-
tosis, the destruction of the extracellular matrix (ECM)
of gingival tissue and periodontal connective tissue, and
elevated phosphatidylinositol activity.>” Activated T and
B lymphocytes induce the production of receptor activa-
tor for nuclear factor-kappa B ligand (RANKL), which is
an osteoclastogenetic mediator for the appendicular bone.
The ROS signaling leads to the activation of the mito-
gen-activated protein kinase (MAPK), phosphoinositide
3-kinase (PI3K) and nuclear transcription factor nuclear
factor-kappa B (NFkB) pathways.® The NF«B signaling is
the most important pro-transcription factor of numerous
genes encoding pro-inflammatory cytokines, chemokines,
adhesion molecules, and key enzymes for the synthesis
of pro-inflammatory factors.1 ROS detoxification is car-
ried out by either cytoprotective antioxidant enzymes that
prevent ROS from reacting with biological compounds
(superoxide dismutase (SOD), catalase (CAT), glutathi-
one peroxidase (GPX), glutathione reductase (GR), and
the thioredoxin (TXN) system) or non-enzymatic antioxi-
dants that interrupt free radical reactions (among others,
glutathione (GSH), ascorbate, tocopherol, uric acid, and
coenzyme Q). The transcriptional regulators of antioxi-
dant enzyme genes are FoxO proteins (SOD2, CAT, GPX)
and sirtuins (SOD2, CAT).8 Reactive oxygen species also
activate cytoplasmic nuclear factor erythroid 2-related
factor 2 (NRF2) through binding to Keap-1, resulting in
its translocation to the nucleus and attachment to DNA,
which initiates the transcription of genes that contain
an antioxidant response element (ARE) sequence in the
promoter. Those genes encode enzymes such as gluta-
thione S-transferase, NADPH:quinone reductase, heme
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oxygenase, and y-glutamylcysteine synthetase (y-GCS).!!
Increasing NRF2 activity may be a therapeutic target in
periodontitis, leading to elevated local antioxidant activ-
ity and reduced pro-inflammatory signaling.

The analysis of the activity of antioxidant enzymes
throughout the course of periodontitis has led to conflict-
ing observations with regard to gingival tissue and gin-
gival crevicular fluid (GCF).!2® The evaluation of their
activity in saliva previously indicated a significant de-
crease,'71%20 although some authors described a signifi-
cant increase.!®?! Those differences can be explained by
the intensity of the inflammatory process, its duration, the
variety of research methods, the influence of periopatho-
gens, or genetic conditions. It would be interesting to re-
late the expression of selected gene transcripts encoding
antioxidant factors in gingival tissue and saliva to the con-
centrations of their protein products in GCF and saliva.

The present study aimed to evaluate the expression
of SOD1, GPX1 and TXNI at the mRNA level in gingival
tissue and saliva, together with the activity of SOD1 and
GPX1 in GCF and saliva in the most advanced stages and
grades of periodontitis. Moreover, we investigated the co-
variability of mRNA expression of these genes and the ac-
tivity of both antioxidant enzymes with clinical exponents
of periodontitis.

Material and methods

Patients

The study was conducted in accordance with the
STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) statement. The protocol of the
study was approved by the Bioethics Committee of Wro-
claw Medical University (KB-559/2018). Informed writ-
ten consent was obtained from all the subjects involved
in the study.

During the study period (January—December 2019),
1,990 patients reported to the Department of Periodon-
tology at Wroclaw Medical University, Poland, of which
1,635 had periodontitis in accordance with the guidelines
established during the 2017 World Workshop on the
Classification of Periodontal and Peri-Implant Diseases
and Conditions?? (Fig. 1).

The exclusion criteria for both the study group and
the control group were age below 20 and above 55 years,
pregnancy, systemic comorbidities associated with oxida-
tive stress (cancers, diabetes, hypertension, rheumatoid
arthritis, kidney diseases, lung diseases, thyroid diseases),
smoking in the 10 years preceding the study, the use of any
medications or supplements in the 3 months preceding
the study, the number of teeth below 15, the occurrence
of clinical lesions in the oral cavity mucosa, or periodontal
treatment less than a year before the study.
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1,990 (100.00%)
individuals reported to the Department of Periodontology
at Wroclaw Medical University

355 (17.84%)
with other disorders, e.g.,
gingivitis, gingival recessions

1,635 (82.16%)
patients with periodontitis in accordance
with the guidelines established during the 2007 World Workshop
on the Classification of Periodontal
and Peri-Implant Diseases and Conditions

200 (10.05%)
patients aged below 20 | <
or above 55 years

735 (36.93%)

> recurring patients
2(0.10%)
not Caucasian Poles <
336 (16.88%)
> patients with
systemic diseases
287 (14.42%)
current nicotinists -
1 (0.05%)
> patient pregnant
9 (0.45%)

patients taking medications
and dietary supplements A
for 3 months prior

to the examination

\4

65 (3.27%)
included, i.e., unstimulated and stimulated saliva, GCF and
gingival tissue were collected from the patients with periodontitis

Fig. 1. Participant selection flow chart
GCF - gingival crevicular fluid.

Of the original patients, 65 (3.27%) were prospectively
qualified for the study. People with periodontitis were di-
vided into 2 subgroups based on the current clinical crite-
ria, namely stage III or IV and stage B or C.?

The control group, selected by gender and age to match
the study group, consisted of 31 generally healthy patients
of the Academic Dental Polyclinic in Wroclaw, Poland,
with clinically healthy periodontium (bleeding on prob-
ing (BOP) <10%, pocket depth (PD) <3 mm).

Unstimulated and stimulated saliva, GCF and gingival
tissue were collected from all patients.

Saliva collection

To minimize the effect of the circadian rhythm on sa-
liva secretion, the samples were collected between 8 a.m.
and 10 a.m., with any additional stimuli eliminated. For
2 h before the examination, the patients refrained from
oral hygiene procedures and the consumption of any food
or beverages (excluding clean water). Saliva was collected
in a sitting position, with the head slightly tilted down-
ward, into a sterile Falcon® (DNA/RNA-free) tube placed
in an ice container.?*?> Saliva was collected using the spit-
ting method after rinsing the patient’s mouth 3 times with
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distilled water at room temperature and discarding the
saliva collected during the 1% minute. Unstimulated saliva
was collected for 10 min to a maximum volume of 5 mL.
After a 5-minute break, stimulated saliva was collected
for 5 min following stimulation by applying 10 pL of 2%
citric acid on the tip of the tongue every 30 s. The vol-
ume of saliva was measured using an automated pipette,
with an accuracy to 0.1 mL. Immediately after saliva was
collected, the samples were centrifuged at 5,000 x g for
20 min at 4°C,2%?> and the supernatant fluid, to which
an antioxidant (10 pL of 0.5 M butylated hydroxytoluene
per 1 mL of saliva) was added, was preserved for testing.
Such samples were frozen at —80°C.%° A 1-minute salivary
flow, expressed in mL/min, was calculated by dividing the
volume of saliva by the time necessary for its secretion.

GCF collection

The clinically deepest periodontal pockets were se-
lected during the clinical examination. The region was
isolated from saliva access with dental cotton rolls, and
was then dried with compressed air. Gingival crevicular
fluid was collected using PerioPaper Strips™, then an an-
tioxidant (10 pL of 0.5 M butylated hydroxytoluene per
1 mL of GCF) was added and the samples were frozen at
—-80°C.% Any strips contaminated with blood or saliva
were discarded. To determine the volume of GCF before
and after the collection of the material, the strips were
placed in Eppendorf® tubes and weighed on an analytical
balance.?”28

Tissue collection

In the study group, gingival tissue was collected from
the region of the deepest periodontal pocket at the time
of periodontal treatment. The procedure was performed
under topical anesthesia with articaine and adrenaline
(Septanest, 1:100,000; Septodont, Saint-Maur-des-Fossés,
France). According to the manufacturer’s instructions,
the material was placed in RNAlater® tubes and frozen
at —80°C. Gingival fragments without signs of inflamma-
tion were collected from the control patients at the time
of a third molar extraction. In all patients, tooth extrac-
tion was performed only for orthodontic reasons.

Clinical trial

Immediately after unstimulated saliva, stimulated sa-
liva, GCEF, and gingival tissue were collected, each patient
had the dental examination performed by the same den-
tist (TK) according to the criteria of the World Health Or-
ganization (WHO), namely under artificial lighting, with
the use of a mirror, an explorer and a periodontal probe.?’
The following clinical parameters were evaluated: the
number of retained teeth; the mean mobility value of all
teeth according to the indications of the Periotest® device;
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the modified plaque index (PI) according to O’Leary et
al.l7; bleeding on probing (BOP) by Ainamo and Bay'8; the
papilla bleeding index (PBI) by Saxer and Miihlemann'®;
and the pocket depth (PD) measured at 6 points of each
tooth. Furthermore, the mean PD for all teeth, the mean
interproximal PD measured at 4 points of each tooth, the
number of sites with PD > 5 mm, and the clinical attach-
ment level (CAL) measured at 6 points of each tooth were
calculated.

RNA isolation

The evaluation of the mRNA expression of the genes
obtained from gingival tissue and saliva was performed
at the Department of Molecular Techniques at Wroclaw
Medical University.

The RNA isolation from the saliva samples was per-
formed using the ISOLATE Biofluids RNA Kit (Bioline,
London, UK) according to the manufacturer’s instruc-
tions. Solid tissues were mechanically homogenized with
the use of MagNA Lyser Green Beads (Roche Diagnostics,
Mannheim, Germany) in Lysis Buffer and Homogenate
Additive (Thermo Fisher Scientific, Inc., Waltham, USA).
Subsequently, total RNA was extracted using the mirVana
miRNA Isolation Kit (Thermo Fisher Scientific, Inc.), as
recommended by the manufacturer. The RNA samples
were then stored at —20°C.

RT-PCR

The cDNA synthesis was performed for each sample
using the High-Capacity cDNA Reverse Transcription Kit
(Thermo Fisher Scientific, Inc.) with random hexamers
and 10 pL or 14 pL of RNA isolated from solid tissues or
saliva, respectively. Individual reactions were conducted
in a total volume of 20 pL under the following thermal
conditions: 25°C for 10 min; 37°C for 2 h; and 85°C for
5 min. The expression levels of GPX1, SODI and TXN
were measured by means of the relative real-time poly-
merase chain reaction (RT-PCR) method, using the Taq-
Man™ Gene Expression Assays (GPX1: Hs00829989 gH;
SOD1I: Hs00533490_m1; TXN: Hs00828652_m; GAPDH:
Hs99999905_m1) and the TagMan™ Fast Universal Mas-
ter Mix (Thermo Fisher Scientific, Inc.). All reactions were
performed in triplicate in a total volume of 10 pL, using
the 7900HT Fast Real-Time PCR System (Thermo Fisher
Scientific, Inc.), under the following thermal cycling con-
ditions: 95°C for 20 s; 40 cycles of 95°C for 1 s; and 60°C
for 20 s. All results were normalized against the expres-
sion of GAPDH and calculated using the 2724¢t method.

Enzyme activity

The analysis of the activity of SOD1 and GPX1 in
GCF and saliva was conducted in the Saliva Biochem-
istry Laboratory of the Department of Conservative
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Dentistry at the Medical University of Bialystok, Po-
land. All measurements were conducted using double
tests and were standardized to milligram [mg] of total
protein.

On the day of the measurements, the samples of sa-
liva and GCF were slowly thawed at 4°C. To extract
GCEF, the PerioPaper Strips were placed in an Eppen-
dorf test tube containing 0.02 M phosphate-buffered
saline (PBS) solution with pH of 7.0 (1 strip/500 pL
PBS). The samples were mixed for 30 s by using a vor-
tex mixer, and then centrifuged at 3,000 x g for 5 min
at 4°C. The supernatant fluid was preserved for test-
ing.?”2® An antioxidant (10 pL of 0.5 M butylated hy-
droxytoluene per 1 mL of GCF) was added to the sam-
ples containing GCF, and then they were mixed with
a vortex mixer.®® Gingival crevicular fluid was used for
all measurements on the same day. The saliva and GCF
samples were mixed with a vortex mixer immediately
before the measurements.

The activity of SOD1 (E.C. 1.15.1.1) was measured
by means of the colorimetric method described by
Misra and Fridovich.3! The principle of that method
is based on the measurement of the cytoplasmic SOD
activity subunit in the inhibition reaction of oxidation
of epinephrine to adrenochrome at 320 nm. It was as-
sumed that 1 unit of SOD activity inhibited 50% of epi-
nephrine oxidation. The absorbance changes were
measured at 320 nm. The SOD activity was measured
in duplicate, and it was expressed in mU/mg of total
protein.

The activity of GPX1 (E.C. 1.11.1.9) was evaluated
colorimetrically, measuring the conversion of NADPH
to NADP+ at 340 nm.?? One unit of GPX activity was
defined as the amount of enzyme that can catalyze the
oxidation of 1 mmol NADPH per 1 min. The GPX1 ac-
tivity was measured in duplicate, and it was expressed
in mU/mg of total protein.

Statistical analysis

The Mann—Whitney U test was used for assessing dif-
ferences between the 2 groups, whereas the evaluation
of 3 groups was conducted using the Kruskal-Wallis test,
followed by post hoc Tukey’s test. Spearman’s test was
used for the correlation analysis. Statistical significance
was determined at p < 0.05 for the Mann—Whitney and
Kruskal-Wallis tests, while p < 0.02 was considered statis-
tically significant for the correlation analysis. The statisti-
cal package Statistica, v. 13.3 (StatSoft, Cracow, Poland),
was used.

Results

The general and periodontal data of the patients are
shown in Table 1.
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Table 1. General and periodontal data of the patients

Control group Stage lll periodon All stages
Parameter

Gender M 14 (55) 19 (54) 14 (47) 33(51)
n (%) F 17 (45) 16 (46) 16 (53) 32 (49)
G 39 20 55 45 20 55 45 29 55 45 20 55
[years]
Unstimulated saliva flow 05 02 09 05 0.1 09 05 0.1 13 05 0.1 13
[mL/min]
Stlinulkicel sl iosy 15 04 34 14 03 30 16 06 35 15 03 35
[mL/min]
Protein in unstimulated saliva

659 301 1,101 821 481 1387 840 24 1,847 827 24 1,847
[ug/mL]
Protein in stimulated saliva

597 236 946 620 29 926 537 44 812 585 29 926
[ug/mL]
Protein in GCF 29 8 92 131 37 337 134 46 446 131 37 446
[ug/mL]
Number of teeth 28 17 28 27 20 28 22 15 28 26 15 28
AP 30 5 65 64 29 100 85 22 100 71 22 100
Pl 20 0 81 46 7 100 43 0 100 43 0 100
BOP 9 1 25 40 6 100 64 17 100 45 6 100
[%]
PD

15 13 2.1 3.1 2.1 53 4.1 27 54 35 2.1 54
[mm]
CAL>0 22 10 50 49 2.7 8.1 6.1 30 10.1 54 2.7 10.1
[mm]

n - number; APl — approximal plague index; PI - plague index; BOP — bleeding on probing; PD - pocket depth; CAL - clinical attachment level; M — male; F - female;
Me — median; min — minimum; max —maximum.

mRNA data
The gingival GPX1 mRNA expression was also signifi-
The gingival SODI mRNA expression was significantly cantly higher in controls as compared to all patients with
higher in controls as compared to all patients with peri- periodontitis. It was significantly lower in stage III peri-
odontitis. It was also significantly lower in both stages odontitis as compared to controls. In contrast, the dif-
of periodontitis as compared to controls, although the ference between stage IV periodontitis and controls was
difference in expression was not statistically significant not statistically significant. The salivary GPX1 mRNA ex-
in the most advanced stage of the disease. The salivary pression was significantly higher throughout the course
SOD1 mRNA expression was not significantly different of periodontitis and both its most advanced stages as
throughout the course of periodontitis and both its most compared to controls, although it did not differ between
advanced stages as compared to controls (Table 2). the disease stages (Table 3).
Table 2. SODT gene mRNA expression in gingival tissue and saliva Table 3. GPXT gene mRNA expression in gingival tissue and saliva
depending on the stage of the disease and in the control group depending on the stage of the disease and in the control group
Group Material | SOD1 expression p-value Group Material | GPXT expression p-value
All stages (1) 0.752 (0.425-1.660) 1vs. 4 p=0.0061* All stages (1) 0.681 (0.064-2.756) 1vs.4p=00132*
Stage Ill (2) ingival 0752 (0425-1.428) 2Vs.3vs.4p=00222" Stage Ill 2) ingival 0492 (0076-2.756) 2 Vs-3vs.4p = 00008
? gt'ir;‘i'f:' 2vs.4p =00492* ? gt'ir;ftlf' 2vs.4p=00162*
Stage IV (3) 0.761 (0.476-1.660) 3vs.4 p=0.0960 Stage IV (3) 0.906 (0.064-2.312) 3vs. 4 p=0.9200
Control (4) 0.879 (0.588-2.017) 2vs.3p=1.0000 Control (4) 1.007 (0421-2.271) 2vs.3p=0.0522
All stages (1) 1.217 (0.295-4.290) All stages (1) 1553 (0311-8670)  1ys.4p < 00001
Stage lll (2) 1264 (0657-2878)  1ys 4p=0.1140 Stage lll (2) 1846 (0311-4.344) 2Vs.3vs.4p=0.0002*
saliva ' ) saliva 2vs. 4 p=0.0084*
Stage IV (3) 1.127 (0295-4290)  2Vs.3vs.4p=00690 Stage IV (3) 1539 (0.618-8670) 35 4 p = 00092*
Control (4) 0.997 (0.483-1.758) Control (4) 1.027 (0.519-1.730) 2vs.3p=09700

Data presented as Me (min—max). * statistically significant. Data presented as Me (min-max). * statistically significant.
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The gingival TXN1 mRNA expression was significantly
higher in controls as compared to all patients with peri-
odontitis. It was also significantly lower in both stages
of periodontitis as compared to controls. The salivary
TXN1 mRNA expression was significantly higher dur-
ing periodontitis progression and both its most advanced
stages as compared to controls, although it did not differ
between the disease stages (Table 4).

Table 4. TXNT gene mRNA expression in gingival tissue and saliva
depending on the stage of the disease and in the control group
Group Material

TXNT expression p-value

All stages (1) 0.391 (0.121-1.214) 1vs.4p < 0.0001*
Stage Ill (2) ingi 0362 (0.121-1.180) 2V 3Vvs.4p <0.0001*

gingival 2vs. 4 p < 00001

Stage IV (3) tissue 0467 (0.158-1214) 3y 4p < 0,0001*

Control (4) 0.969 (0.613-1.936) 2vs.3 p=0.6400

All stages (1) 1.835 (0.700-3.497) 1vs.4p<00001*
Stage Il (2) 1.794 (0.700-3.497) 2 Vs.3vs.4p <0.0001*

saliva 2vs. 4 p < 0.0001*

Stage IV (3) 1.863 (O 993-2. 800) 3vs. 4p < 0.0001*

Control (4) 0.997 (0.483-1.758) 2vs.3p=08900

Data presented as Me (min-max). * statistically significant.

Enzyme activity

The activity of SOD1 in GCF was significantly lower in
all patients with periodontitis as compared to controls.
That observation was also true for stage IV periodonti-
tis. Similarly, the SOD1 activity in unstimulated saliva
was significantly lower in all study groups and in the pa-
tients with stage III periodontitis as compared to controls.
There were even more clear differences in the SOD1 ac-
tivity in stimulated saliva between the control group and
the whole study group, as well as stage III and stage IV
periodontitis (Table 5).

The activity of GPX1 in GCF was significantly lower in
all patients with periodontitis as compared to controls, as
well as in stage III and IV periodontitis. The GPX1 activ-
ity in unstimulated saliva was also significantly lower in all
patients with periodontitis as compared to controls, and
in stage III and IV periodontitis. The activity of GPX1 in
stimulated saliva in all patients with periodontitis and
its III and IV stages were, in turn, significantly higher as
compared to controls (Table 6).

Clinical correlations

The analysis of the differences in the mRNA expres-
sion of the analyzed antioxidant genes, and in the activity
of SOD1 and GPX1 in GCF and saliva between periodon-
titis with rapid and moderate progression rates demon-
strated significantly higher SOD1 activity in stimulated
saliva in grade C (Table 7).

The analysis of the covariation of the mRNA expres-
sion of the 3 analyzed genes between gingival tissue and
saliva revealed no significant relationships. The same
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Table 5. Comparison of the activity of superoxide dismutase 1 (SOD1) in
saliva and gingival crevicular fluid (GCF) between the patients and the
control group

50D1 activity

All stages (1) 16.50 (4.59-49.79 1vs.4p=00188*

Stage lll (2) ~ 13.53 (696-49.79) 2 Vs.3vs.4p=00474*
unstimulated 2vs.4 p = 00260*

Stage IV (3) saliva 1890 (4.59-38.18 3vs.4p=0.1300
Control (4) 1970 (114-6850)  2vs.3p=09000
Alllstages (1) 197 (1.18-4.03) 1vs.4p < 00001
Stagell @ o 193(118-355)  2Vs:3Vs.4p =00001"
g stlmtilated 2vs.4p < 00001*
Stage IV (3) saliva 2.10 (1.28-4.03) 3vs.4 p <0.0001*
Control (4) 6.57 (2.54-1022) 2vs.3p=09800
All stages (1) 31.05(1070-6552)  1ys. 4 p=00010*
Stage Il 2) 3190(1070-6552) 2 Vs:3vs.4p = 0.0080"
GCF 2vs.4p=02700
Stage IV (3) 27.60(10.82-54.10) 35 4 =00020*
Control (4) 39.92 (5.25-50.21) 2vs.3p=01000

Data presented as Me (min—max). * statistically significant.

Table 6. Comparison of the activity of glutathione peroxidase 1 (GPX1)
in saliva and gingival crevicular fluid (GCF) between the patients and the
control group

6P activity

All stages (1) 1044 (267-3081) 1 ys.4p<00001*
Stage Il (2) ; 10.17 (6.08-25.60) 2 Vs-3vs.4p<00001*
unsgglwitlsted 2vs.4p<0.0001*
Stage IV (3) 11.71 (267-30.81) 3vs. 4 p = 0.0050*
Control (4) 17.74(1140-36.01)  2Vs.3p=0.7300
All stages (1) 5835(3898-10240) 1 ys 4 p < 0.0001*
Stage Il (2) 38.98-102.40) 2vs.3vs. 4 p<0.0001*

2vs.4p=0.0001*
3vs.4p=0.0001*
2vs.3 p=0.9700

Stage IV (3) saliva 5835 (44.11-83.63)
Control (4) 2144 (13.39-39.85)
(

(
(
(
(
(
stimulated 5836 (
(
(
(
(
(
(

All stages (1) 11.00 (3.37-42.21) 1vs. 4 p=00029*
Stage IIl (2) 1068 (3.67-4221) 2 Vs.3vs.4p=00083"
GCF 2vs.4p=0.0180*
Stage I\ (3) 11.27 (3.37-32. 03) 3vs. 4 p= 0.0060*
Control (4) 17.80 (7.17-45.83) 2vs.3p=07700

Data presented as Me (min—max). * statistically significant.

applied to the correlations between the mRNA expres-
sion of SODI and GPX1 and the levels of their SOD1 and
GPX1 products in GCF and both types of saliva (data not
shown). A significant positive correlation between the
SODI1 mRNA expression in gingival tissue and the SOD1
activity in stimulated saliva in periodontitis patients with
the fastest disease progression was the only exception
(R =0.63; p = 0.002).

The evaluation of the covariation of the SODI mRNA
expression as well as the SOD1 activity and clinical pa-
rameters in all patients with periodontitis showed no sig-
nificant correlations. In the case of gingival GPX1 mRNA
expression, significant positive correlations were found
with inflammation intensity (BOP: R = 0.31; p = 0.019)
and the mean PD (R = 0.37; p = 0.005). The GPX1 activ-
ity in GCF and both types of saliva did not correlate with
clinical parameters. The salivary TXNI mRNA expres-
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Table 7. The mRNA expression of SOD1, GPXT and TXNT in gingival

tissue and saliva, and the activity of superoxide dismutase 1 (SOD1) and
glutathione peroxidase 1 (GPX1) in gingival crevicular fluid (GCF) and saliva
depending on the progression of the disease

B - 0.80 (0.43-1.53)

MRNA SOD1 gingival 0970
c tissue 0.79 (0.46-1.66)
B - 0.78 (0.06-2.76)

mRNA GPX1 gingival 0400
C tissue 0.86 (0.13-2.76)
B o 0.44 (0.23-1.09)

MRNA TXNT gingival 0390
C tissue 048 (0.12-1.21)
B 35.93 (10.70-65.52)

SOD1 GCF 0.053
€ 28.18 (10.82-57.24)
B 1391 (3.37-42.21)

GPX1 GCF 0490
C 13.18 (3.67-32.03)
B ' 145 (0.61-4.29)

mRNA SOD1 saliva 0.190
€ 1.29 (0.30-3.95)
B . 1.79(0.31-3.74)

MRNA GPX1 saliva 0760
C 2.05 (0.62-8.67)
B 1.92 (0.70-3.50)

MRNA TXNT saliva 0430
C 1.99 (0.74-3.36)
B - 18.26 (4.59-44.93)

<oD1 umsnm.ulated 0450
c saliva 21.08 (6.21-49.79)
B ; 11.58 (2.67-30.81)

e unstmulated 0480
C saliva 13.56 (4.75-27.11)
B ' 1.88(1.18-3.82)

<oD1 st\mu.\ated 0.020*
C saliva 228(1.36-4.03)
B g 58.59 (29.98-90.79)

— st\mu.\ated 0330
€ saliva 62.12 (32.06-102.40)

* statistically significant.

sion displayed a significant correlation with the number
of periodontal pockets >5 mm (R = 0.32; p = 0.013). In
the most advanced stage of periodontitis, the following
significant correlations between antioxidant and clinical
parameters were observed: the salivary SODI mRNA ex-
pression vs. BOP (R = 0.56; p = 0.006) and PBI (R = 0.51;
p = 0.013); the salivary GPXI mRNA expression vs. PBI
(R =0.51; p = 0.019); the GPX1 activity in stimulated sa-
liva vs. the percentage of teeth with CAL > 5 mm on the
interproximal surfaces (R = —0.61; p = 0.016); the gingi-
val TXN1 mRNA expression vs. the mean PD (R = —0.54;
p = 0.007) and the number of periodontal pockets >5 mm
(R = -0.57; p = 0.005); and the salivary TXNI mRNA
expression vs. the number of sites with CAL > 5 mm
(R = 0.54; p = 0.007). Only 4 statistically significant corre-
lations were observed in patients with the fastest progres-
sion of periodontitis, namely the salivary SODI mRNA
expression vs. BOP (R = 0.53; p = 0.004) and PBI (R = 0.47;
p = 0.013); the gingival GPX1 mRNA expression vs. PBI
(R = 0.46; p = 0.013); and the salivary TXNI mRNA ex-
pression vs. PI (R = 0.45; p = 0.013).
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Discussion

The present study indicates that at the mRNA level
of SOD1I expression in the gingiva of patients with peri-
odontitis, there is downregulation as compared to the
clinically healthy periodontium. During the course
of periodontitis (especially in its most advanced stage),
the enzymatic activity of that protein was also reduced
in GCF and both unstimulated and stimulated saliva. In
the most rapidly progressive stage of periodontitis, a sig-
nificant positive covariation was observed between SOD1
mRNA expression in the gingiva and SOD1 activity in un-
stimulated saliva, as well as a significantly higher SOD1
activity in this type of saliva. Under the conditions of ROS
and reactive nitrogen species (RNS) formation during
periodontitis-related oxidative and nitrosative stress,
there is an intranuclear downregulation of SOD1 expres-
sion through the NRF2 signaling pathway.3® The post-
translational mechanisms of SOD1 regulation, namely
phosphorylation, lysine modification and S-acetylation,
also play an important role in its enzymatic activity.3* The
post-translational modification of histones through the
epigenetic mechanisms, stimulated by periopathogens
could also alter the expression of many genes, including
antioxidant genes. However, one study showed no sig-
nificant differences in the methylation of CpG sites of the
SOD1 gene in gingival epithelial cells between patients
with periodontitis and controls.?® The protraction of the
inflammatory process in periodontal tissues leads to the
enzymatic depletion of ROS scavengers, as shown by the
evaluation of their activity, particularly in GCE?¢ In addi-
tion to the observations presented herein, a significant re-
duction of SOD1 activity in GCF during periodontitis has
also been described by other authors.!”1837 Periopatho-
gens play a special role in the processes taking place in the
periodontal pockets. Sampath et al. demonstrated that
Porphyromonas gingivalis-infected cells showed a sig-
nificant elevation in the GSK-3f, and a reduction in NRF
and SODI mRNA expression as compared to uninfected
cells.3® Although the expression of the salivary mRNA
transcript of SOD1 did not differ between periodontally
ill and healthy individuals in the present study, the sali-
vary activity of that enzyme was markedly reduced dur-
ing the course of periodontitis. The former part of the
above observation has not been previously published,
while the latter one is consistent with the results of other
authors.”1%20 However, opposite results have also been
reported.'®?! These discrepancies are likely due to several
determinants, namely the phase of periodontal tissue in-
flammation, its duration, the sources of salivary antioxi-
dants other than those related to the periodontal pock-
ets, the number and composition of bacteria in saliva,
the short half-life of SOD1, the oral hygiene procedures,
and methodological considerations.?® The SOD1 activ-
ity in stimulated saliva was the only antioxidant param-
eter analyzed that stratified the degrees of periodontitis.
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However, that was probably due to the outflow of blood
from the periodontal pockets into saliva at the most ad-
vanced stage and grade of periodontitis, as indicated by
significant positive correlations of salivary SODI mRNA
expression with the extent and intensity of the inflamma-
tory response.

While the SODI transcription appears to be indepen-
dent of the direct influence of periodontitis, the GPX1
RNA transcription may depend on the intensity of the de-
structive inflammatory process within periodontal tissues.
In the present study, this is indicated by the significant
positive correlations of the GPX1 transcript levels with the
intensity of gingival inflammation and periodontal pocket
depths, as well as of the expression of this transcript in
stage C disease with the inflammation intensity in the gin-
giva in all periodontitis patients. The expression of GPX1
depends not only on ROS, but also on selenium availability,
an inflammatory response to antigen stimulation and in-
sulin resistance.* Through kinase phosphorylation path-
ways (c-Jun N-terminal kinase (JNK), extracellular signal-
regulated kinase (ERK), MAPK, and others), ROS activate
FoxO proteins, while elevated nuclear levels of FoxA1l are
a factor that regulates the transcription of the GPXI gene
encoding the cytoplasmic GPX1.* In the present study,
the gingival GPX1 mRNA expression was significantly re-
duced in all patients with periodontitis and those suffering
from stage III periodontitis as compared to controls. This
is not consistent with the observation made by Duarte et
al., who found a significantly higher gingival GPX1 mRNA
expression in 15 generally healthy patients with periodon-
titis as compared to 12 controls.*? Those differences may
be due to the greater severity of periodontitis in relation to
the present study (our patients suffered from stage IV peri-
odontitis and the difference in the expression of this tran-
script was blurred as compared to controls) and different
study group sizes. The depletion of the efficiency of the
enzymatic antioxidant mechanisms during the long-term
course of periodontitis is also indicated by our observa-
tion of a significantly lower GPX1 activity in GCF as com-
pared to controls. The literature references for that ob-
servation range from those finding no difference to those
showing a significantly higher activity throughout the
course of periodontitis.*>** However, our results are sup-
ported by a reference showing the levels of oxidized glu-
tathione in GCEF, indicating a significant reduction in the
mean GSH levels in GCF from the periodontal pockets as
compared to clinically healthy sites.*>#*¢ This may be com-
pounded by the mechanism of scavenging the bactericidal
hypochlorous acid through adjusting the biosynthesis
of intracellular glutathione in Porphyromonas gingivalis-
infected gingival epithelial cells toward a phenotype that
promotes periopathogen survival in the periodontal pock-
ets.¥” Our analysis showed that the salivary GPXI mRNA
expression and the GPX1 activity in stimulated saliva in all
patients with periodontitis and those suffering from the 2
most advanced stages of the disease were significantly el-
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evated, whereas they were reduced in unstimulated saliva
as compared to controls. This confirms the assumption
that the source of salivary RNA is not only the outflow
of fluid and blood from the periodontal pocket (the posi-
tive correlation between the GPXI mRNA expression and
PBI in the most advanced stage of the disease), but also
the 3 major salivary glands, minor salivary glands, serum
transudate in the salivary glands, and the exfoliating cells
of the parakeratotic epithelium of the oral cavity.* The
expression of salivary RNA with a short half-life is further
influenced by a diverse oral microbiome, with significant
differences in the content and types of endo- and exori-
bonucleases. Certainly, this may limit the sensitivity and
specificity of such studies, although a strong pro-inflam-
matory stimulus in the form of extensive periodontitis can
significantly alter the salivary transcriptome. The stimu-
lation of saliva secretion provides additional extra-peri-
odontal antioxidant factors, hence there are differences in
the activity of enzymatic antioxidants between the evalu-
ated types of saliva.*® However, in other studies, the evalu-
ation of the GPX1 activity in saliva was again differential,
with unstimulated saliva showing a significant reduction
or elevation,?435051 while stimulated saliva demonstrated
a reduction.”

A pioneering element of the current study was the eval-
uation of the TXN1 mRNA expression in the gingiva and
saliva of patients with periodontitis. Unfortunately, due
to insufficient material for the study, the levels of TXN1
in GCF and saliva were not determined. There was a sig-
nificant reduction in the gingival TXN1 mRNA expres-
sion both in the whole group of periodontitis patients and
separately for the 2 most advanced stages of the disease.
Moreover, in stage IV periodontitis, there was a significant
negative correlation of that expression with the mean PD
and the number of periodontal pockets deeper than 5 mm,
although this does not confirm the dependence of this ex-
pression on the periodontitis progression. Oxidative stress
leads to the dissociation of the Keap-1-NRF2 complex
and the entry of NRF2 into the cell nucleus, where it binds
to the adenylate-uridylate-rich elements (AREs) of DNA
in the promoter regions of TXNI on chromosome 9q31.3
and TXNRDI on chromosome 12q23-q24.1.52 Also, in the
case of this enzymatic antioxidant system, this process is
successively reduced with the long-term course of peri-
odontopathy. In addition to ROS and RNS, other factors
that enhance the expression of these genes include ultra-
violet (UV) radiation, retinoic acid, selenium availability
(TRXDL1 is a selenoreductase), and reoxygenation after
hypoxia. In the GCF extracted from healthy periodontal
sites, a protein containing TXN domains was confirmed
among 199 identified proteins following albumin deple-
tion.”® Through the spectrometric method of the matrix-
assisted laser desorption/ionization (MALDI) with a tan-
dem time-of-flight (TOF) analyzer (MALDI-TOF), TXN1
was found in the GCF extracted from the periodontal
pockets.>* After the use of liquid chromatography with
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tandem mass spectrometry (LC-MS), a higher expression
was found in GCF from the periodontal pockets as com-
pared to gingival clefts.”> Herein, a significantly higher
salivary TXN1 mRNA expression was found in periodon-
titis patients and its most advanced stages as compared
to controls. This is likely due not only to the secretion
of that transcript into saliva from the periodontal pock-
ets (positive covariations with the number of periodontal
pockets deeper than 5 mm in all periodontitis patients
and the number of periodontal pockets with CAL above
5 mm in stage IV periodontitis), but also the product
of glandular tissue of major and minor salivary glands,
blood serum filtrate, and epithelial cell exfoliation. Thio-
redoxin was found with the use of a quadrupole mass
spectrometer (QMS) and a TOF analyzer, while thiore-
doxin peroxidase was observed in whole saliva by using
MALDI-TOF% A study of the proteome of unstimulated
whole saliva (UWS) with the use of LC-MS significantly
more frequently found TXN1 in the whole saliva of peri-
odontitis patients as compared to periodontally healthy
individuals, and also observed a significantly higher in-
tensity of its expression during periodontitis and its close
functional interactivity with catalase.’® Interestingly, Lee
et al. observed significant negative correlations between
increases in the bleeding extent/PD and the TXN1 levels
in stimulated saliva in individuals with untreated peri-
odontitis (who had a dental check-up frequency of less
than once a year).* Such correlations were not observed
in patients with regular dental check-ups.” This shows
the possibility of depletion of the TXN antioxidant system
with the disease progression, and it may also involve other
antioxidant enzymes. In our patients, who had the rapidly
progressive form of periodontitis, a positive covariation
was observed between the salivary TXN1 mRNA expres-
sion and an indicator of the presence of a bacterial biofilm
visible on the tooth surfaces. However, other authors do
not confirm this relationship for the TXNI expression in
saliva.”®> Perhaps this is not a coincidental relationship,
but caused by a specific potentiation of the activity of the
TXN system against the oxidative stress induced by the
periopathogen Fusobacterium nuclaetum, which is the
most important element in supragingival biofilm forma-
tion.®

Conclusions

In conclusion, during periodontitis as defined by the
current trends, there is a significant reduction in the
mRNA tissue expression of the SODI, GPX1 and, to the
greatest extent, TXN1 genes, as well as a significant el-
evation in the salivary expression of transcripts of the
GPXI1 and TXNI genes. Surprisingly, patients with stage
IV periodontitis were more similar to healthy controls
than patients with stage III. This may be due to the in-
duction of the antioxidant defense mechanisms, which
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increase with disease progression. It is well known that
the enhancement of the antioxidant barrier is the primary
adaptive mechanism to prevent oxidative damage in the
oral cavity. In the case of 2 transcripts of gingival oxida-
tive genes, no correlation with the activity of their pro-
tein products in GCF and saliva was observed. The GPX
mRNA expression and the GPX activity in GCF and sa-
liva appear to be most dependent on the oxidative stress
related to the destructive inflammatory changes in peri-
odontitis. It does not appear that any of the examined an-
tioxidant elements could act as a predictor of the degree
of periodontitis.

Further studies of antioxidant parameters in patients
with periodontitis may lead to the elucidation of prog-
nostic and diagnostic factors, and create concepts of new
therapeutic strategies.
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Abstract

Background. Periodontitis is an inflammatory disease caused by a group of specific microorganisms that
provoke the destruction of the periodontal ligament and the alveolar bone, along with pocket formation
or recession, or both.

Objectives. The present study aimed to compare the efficacy of tetracycline, doxycycline and minocycline
inimproving fibrin clot adhesion over manually instrumented periodontally affected root surfaces with the
use of scanning electron microscopy (SEM).

Material and methods. A total of 45 single-rooted extracted teeth were sectioned into 45 dentinal
blocks and divided into 3 groups: tetracycline (group I); doxycycline (group I1); and minocycline (group Ill).
A drop of blood was added over the dentinal blocks, allowed to clot, and later rinsed with phosphate-
buffered saline (PBS),1% formaldehyde, and 0.02% glycine. Then, the surfaces were post-fixed in 2.5%
glutaraldehyde and dehydrated in a graded ethanol series of 30%, 50%, 75%, 90%, 95%, and 100%.
Afterward, the samples were examined under a SEM to assess fibrin clot adhesion and the number of blood
cells.

Results. Minocycline demonstrated better fibrin clot adhesion, followed by tetracycline and doxycycline.
Statistical significance was observed at %2,000 magnification (p = 0.021), whereas no significance was
noted at 5,000 magnification.

Conclusions. Dentinal blocks treated with minocycline had a better fibrin network and a greater number
of entrapped erythrocytes, which is vital in the early wound-healing process leading to the formation
of connective tissue attachment.
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Introduction

Periodontitis is an inflammatory disease caused by
a group of specific microorganisms that provoke the de-
struction of the periodontal ligament and the alveolar
bone, along with pocket formation or recession, or both.!
This inflammatory process changes the balance of the
periodontium, observed as a loss of connective tissue at-
tachment and of the alveolar bone, and the altered po-
sition of the junctional epithelium.? The inflammatory
changes cause the exposition of cementum, leading to the
accumulation of plaque and calculus on the surface, de-
mineralization, the loss of collagen fibers, and contamina-
tion with cytotoxins and endotoxins, which in turn results
in areduction in fibroblast growth and viability, hindering
new attachment.? Therefore, the goal of periodontal treat-
ment is to preserve tooth functionality by attaining prop-
er periodontal regeneration, which is achieved by stable
clot formation that aids in optimal periodontal healing.>*

The bacterial endotoxins present over the root surface
are removed with the use of mechanical and chemical
methods, as the mechanical methods alone do not ensure
complete removal, but produce a compact smear layer
that inhibits proper periodontal regeneration.®> Thus, root
biomodifiers are used as an adjunct to help remove the
smear layer and restore the biocompatibility of the root
surface by enhancing the exposure of the underlying ra-
dicular collagen fibrils.® The presence of the exposed
dentin and cementum collagen fibers helps form proper
and stable fibrin attachment in the blood clot, preventing
epithelial downgrowth and forming a temporary scaffold
required for cell growth and mature collagen adhesion.”®

The application of root biomodifiers helps promote
periodontal regeneration, as demonstrated by numerous
in vitro and in vivo studies. Hence, various root biomodi-
fication agents have been introduced to detoxify and de-
contaminate the root surface.? Materials such as tetracy-
cline, doxycycline and minocycline show bacteriostatic
activity and have been proven to be very effective against
a wide range of organisms when tested in humans and
animals; they also affect the regeneration process by im-
proving attachment levels, promoting gingival fibroblast
growth, increasing substantivity, and inhibiting parathy-
roid hormone bone resorption.?

The present study used scanning electron microscopy
(SEM) to compare the efficacy of tetracycline, doxycy-
cline and minocycline in improving fibrin clot adhesion
on manually instrumented periodontally affected root
surfaces.

Material and methods

The present study was conducted between February
2021 and July 2021 after obtaining clearance from the
Institutional Ethics Committee at the Sree Sai Dental
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College and Research Institute, Srikakulam, India

(SSDCERI/IRB/IEC/2020-21/408/8/2). Forty-five single-

rooted extracted teeth were collected at the Department

of Oral and Maxillofacial Surgery of the Sree Sai Dental

College and Research Institute, Srikakulam, India. The

extracted teeth had to fulfill the following inclusion and

exclusion criteria:

— the inclusion criteria — single-rooted teeth with normal
morphology, and the absence of restorations or dental
caries;

— the exclusion criteria — teeth with dental caries, restora-
tions, malformations, or fractures.

Study design

The teeth extracted due to periodontal disease (grade
III mobility) were initially cleaned with distilled water and
stored in a saline solution for 2 months before the com-
mencement of the experiment. The extracted teeth were
then root-planed with area-specific Gracey curettes (Hu-
Friedy, Chicago, USA), using 50 apico-coronal strokes par-
allel to the long axis of the tooth to remove the contami-
nants and form a smear layer (Fig. 1A). Using a straight
bur, two parallel fissures were made on the proximal
surface at the cementoenamel junction (CEJ) and 4 mm
apically to the 1% fissure. The teeth were then sectioned
between the fissures into 2 parts (Fig. 1B) to form 4 mm
x 4 mm x 1 mm dentinal blocks (Fig. 1C), which were
stored in phosphate-buffered saline (PBS). The prepared
dentinal blocks were then randomly divided into 3 groups
containing 15 samples each (n = 15).

Group I dentinal blocks were treated using burnishing
cotton pellets soaked in tetracycline with light pressure
for 2 min (Fig. 2A), and a similar process was followed
using doxycycline (group II) and minocycline (group III).

=7

Fig. 1. Scaling and root planing (A), sectioning the tooth (B), and
measuring the tooth (4 mm x4 mm x 1 mm) (C)

Fig. 2. Application of tetracycline (A) and a blood drop over the dentinal
blocks for clot formation (B)
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Preparation of tetracycline, doxycycline
and minocycline solutions

One 500 mg tetracycline capsule (Resteclin 500; Abbott
Healthcare, Mumbai, India), five 100 mg doxycycline cap-
sules (Microdox-LBX; Micro Labs, Bangalore, India) and
five 100 mg minocycline capsules (MINOZ™ 100; Sun
Pharmaceutical Industries, Bangalore, India) were mixed
with a saline solution (50 mL) in 3 separate glass beakers
for 10 min by using a stirrer.

After applying tetracycline, doxycycline and minocy-
cline, the samples were washed in 10 mL of saline solu-
tion. Blood was drawn from the cubital vein of a healthy
volunteer with pristine gingiva and no systemic problems.
A drop of blood was placed over the dentinal blocks and
allowed to clot for 20 min (Fig. 2B).

Preparation of dentinal blocks for SEM

After clot formation, the samples were rinsed 3 times
with PBS for 5 min in a Petri dish. After rinsing, the sam-
ples were fixed for 15 min in 1% formaldehyde diluted in
PBS, followed by 3 rinses with PBS for 5 min each. The
samples were incubated in 0.02 M glycine diluted in PBS,
rinsed with PBS, post-fixed in 2.5% glutaraldehyde in PBS
for 30 min, and rinsed again. The samples were washed
and dehydrated in a graded ethanol series of 30%, 50%,
75%, 90%, and 95% for 10 min each, and then 3 times in
100% ethanol for 10 min. After this, the samples were
stored in a desiccator jar until gold sputter coating was
carried out. The dried specimens were mounted on the
stubs of a scanning electron microscope and coated with
gold and palladium in a sputter coating machine (Bal-Tec
SCD 050; Bal-Tec, Los Angeles, USA). The samples
were again stored in a desiccator jar at room tempera-
ture for 3 days,” and then examined under the SEM for
the presence of a clot. The collected samples were ana-
lyzed using the HITACHI S-3700N SEM (Hitachi High-
Tech, Hitachinaka, Japan) with a working distance (WD)
of 13.3-16.4 mm, 15.0 kV, and magnification of x2,000
and x5,000.

The evaluation of fibrin clot adhesion and the number
of blood cells was performed according to the blood ele-
ments adhesion index (BEAI) by Theodoro et al.%° The
scores were as follows: 0 for the absence of a fibrin net-
work and blood cells; 1 for a scarcely distributed fibrin
network and/or blood cells; 2 for a moderate number
of blood cells and a thin fibrin network with poor interlac-
ing; and 3 for a dense fibrin network with rich interlacing
and the presence of blood cells.

Statistical analysis

The data was analyzed using IBM SPSS Statistics for
Windows, v. 22.0 (IBM Corp., Armonk, USA). Fisher’s test
compared the observed results with the expected results.

269

Results

The assessment of inter-examiner reliability employed
Cohen’s kappa statistic, and a k-value of 0.721 indicated
substantial agreement among the examiners. Kappa val-
ues indicate no agreement (<0), none to slight (0.01-0.20),
fair (0.21-0.40), moderate (0.41-0.60), substantial
(0.61-0.80), or almost perfect agreement (0.81-1.00).1! To
nullify the variation between examiners, we trained them
and checked again for agreement. For the second test, the
result produced a value of 0.82, which indicated almost
perfect agreement.

Tetracycline group

%x2,000 magnification

One sample from group I showed a dense fibrin net-
work and blood cells, while 3 had a moderate fibrin net-
work and blood cells. There was a scarcely distributed
fibrin network and/or blood cells in 5 samples, whereas 6
treated samples had no fibrin network under this magni-
fication (Table 1, Fig. 3A).

x5,000 magnification

One sample showed evidence of a dense fibrin network
and blood cells, 2 had a moderate fibrin network and
blood cells, 7 had a scarcely distributed fibrin network
and/or blood cells, and 5 had no fibrin network under this
magnification (Table 2, Fig. 3D).

Table 1. Comparison of the 3 groups at x2,000 magnification
(Fisher's exact test)

Group | Score O | Score 1 | Score 2 | Score 3 | t-value p-value
Group |
mels 660 560 307 103
Gouwll o0y 960) 007 0@3 13367  0021%
(n=15)
Gowll 350y 4600 207 623
P A A A .

Groups: group | - tetracycline; group Il - doxycycline; and
group Il = minocycline. * statistically significant.

Table 2. Comparison of the 3 groups at x5,000 magnification
(Fisher's exact test)

Group |
(n=15) 563 763 207
Group Il
(n=15) 6(3) 83 107 007 6.333 0.151
Group Il
(n=15) 5(3) 4063 207 407

Groups: group | - tetracycline; group Il - doxycycline; and
group Il = minocycline.
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Fig. 3. Scanning electron microscopic (SEM) images

A-C - treated with tetracycline, doxycycline and minocycline, respectively
(scores: A - 2; B - 0; C— 3) under x2,000; D-F — treated with tetracycline,
doxycycline and minocycline, respectively (scores: A - 1; B - 0; C - 3) under
%5,000 magnification.

Doxycycline group
%x2,000 magnification

Nine samples from group II showed a scarcely distrib-
uted fibrin network and/or blood cells, whereas 6 had no
evidence of fibrin network formation (Table 1, Fig. 3B).

x5,000 magnification

Eight samples from group II received a score of 1, 1 re-
ceived a score of 2 and the rest of the root specimens did
not appear to have any form of fibrin network (Table 2,
Fig. 3E).

Minocycline group
%2,000 magnification

Six dentinal blocks from group III had a BEAI score
of 3, and 2 samples received a score of 2. Only 4 samples
seemed to have attained a scarcely distributed fibrin net-
work, whereas 3 did not have any fibrin network (Table 1,
Fig. 3C).

%x5,000 magnification

Four samples in group III received a score of 3, which
was attributed to the presence of a dense fibrin network
and blood clots. Two samples received a score of 2, and 4
received a score of 1, while the rest of the root specimens
did not show the presence of a fibrin network (Table 2,
Fig. 3F).

Among the 3 groups, minocycline showed better
fibrin clot adhesion and clot stabilization when com-
pared to tetracycline and doxycycline at x2,000 and
x5,000 magnification. Statistical significance was re-
corded at x2,000 magnification (p = 0.021), whereas
no significance was found at x5,000 magnification
(p = 0.151).
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Discussion

The current study is the first to compare the efficacy
of tetracycline, doxycycline and minocycline as root-con-
ditioning agents for enhancing fibrin clot adhesion over the
root surface. Hatfield and Baumhammers stated that when
the root surface is exposed to mammalian cells and bacteri-
al plaque, the cells show less affinity for cellular attachment
unless mechanically debrided or cleaned.’> Meanwhile,
Aleo et al. stated that the primary attachment of connec-
tive tissue cells could be prevented by the presence of en-
dotoxins that accumulate and get absorbed over the tooth
surface, even after chemical debridement.!* However, ac-
cording to Genco and Mergenhagen, the host—-microbe
interaction is responsible for the destruction of the tooth
and its supporting structures when affected with periodon-
titis.!* The evaluation of fibrin clot adhesion over the root
surface was considered a crucial factor in in vitro studies,
as without proper root conditioning, clot formation is af-
fected, leading to alterations in the tensile strength.'®

In the present study, minocycline produced better re-
sults for fibrin clot adhesion among the 3 agents, as it
favored periodontal wound healing and promoted peri-
odontal regeneration. Tetracycline demonstrated a mod-
erate effect, and doxycycline was the least effective.

Studies conducted by Somerman et all® and
Zhang et al.1” suggested that treating the root surface with
minocycline helped facilitate the adhesion of fibroblasts,
as it has the potential to promote appropriate fibrin clot
adhesion during periodontal surgery. Indeed, it enhanced
periodontal healing, the growth of fibroblasts on the root
surface and clinical attachment while promoting peri-
odontal cell attachment. The minocycline ointment used
has an optimum viscosity and a low pH, which helped to
control the damaging effects at the application areas.!”

Shetty et al. stated that minocycline had a consistent
ability to eliminate the smear layer when compared to
tetracycline, and also acts as a calcium chelator; its ap-
plication resulted in enamel and root surface demineral-
ization and the removal of endotoxins over the untreated
root surfaces, which helped remove the smear layer and
promoted binding with calcium phosphate, opening the
collagen matrix.!® Atilla and Baylas concluded in 1996
that applying 2.1% minocycline hydrochloride (HCI) oint-
ment to the root surface binded calcium phosphate, and
thus opened the collagen matrix, inhibiting the collage-
nase mechanism, and eliminated the smear layer caused
by mechanical instrumentation.!® Therefore 2.1% mino-
cycline HCI ointment can be regarded as a potential root
surface-conditioning agent.’® Widaryono et al. showed
that ethylenediaminetetraacetic acid (EDTA) and mino-
cycline both had equal efficacy with regard to producing
fibrin clots over the root surface; EDTA demonstrated the
ability to eliminate the smear layer to open the cemen-
tum-collagen matrix, and also acted as a pH neutralizer,
whereas minocycline removed the smear layer by itself.?
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Tetracycline inhibits collagenase activity and bone re-
sorption, and has antimicrobial activity during regenera-
tion.?! In its low-pH form, tetracycline can also increase
the binding of fibronectin and other extracellular matrix
(ECM) proteins to the root surface to enhance fibroblast
attachment and growth, which in turn suppresses the
proliferation and growth of epithelial cells.?? According
to studies conducted by Terranova et al.,”® Bal et al.,?*
Larjava et al.,”> and Steinberg and Willey,?® using tetra-
cycline as a root conditioner promoted optimal root sur-
face characteristics for the binding of fibronectin, which
causes the adhesion of fibrin to collagen, thus helping
with fibroblast chemotaxis and binding, and leading to
stable initial clot formation.?®?* Furthermore, tetracycline
improved clot organization and superficial demineraliza-
tion, which was sufficient to attain the required exposure
of collagen matrix, essential for proper clot adhesion.?>2¢
In contrast, Delazari et al. stated that tetracycline HCl had
no impact on the removal of the smear layer or fibrin net-
work formation in the control and test groups.?”

In the present study, the samples treated with tetracy-
cline did not show the expected fibrin clot adhesion or
presence of blood cells over the root surface, which may
be due to the incomplete removal of the smear layer.
Shetty et al. made a similar finding when reporting that
minocycline had a better ability to remove the smear layer
as compared to tetracycline.!®

Doxycycline is an effective agent against different po-
tentially causative microflora in periodontitis and has
enzymatic properties. The topical application of doxycy-
cline had a long-lasting substantivity on periodontally dis-
eased root surfaces. The effect of doxycycline as a root-
conditioning agent persists for around 14 days."”

A study conducted by Didhra et al. in 2020 used MTAD
— a mixture of doxycycline (a tetracycline isomer), citric
acid, polysorbate-80 (a detergent), and normal saline —
and showed that it promoted better fibrin clot adhesion
than saline.* Studies have used individual components
of MTAD as periodontal conditioners, as low pH helps
with the demineralization of the matrix and exposes col-
lagen fibers to promote fibrin clot attachment. However,
even with such persistent properties, in the present study,
adequate fibrin clot adhesion was not observed for doxy-
cycline, and better results were observed in the minocy-
cline-treated group.

Conclusions

Within the limitations of the study, we concluded that
although the 3 materials used belonged to the same group,
only minocycline produced a biologically acceptable root
surface and functioned as a biomodification agent. Indeed,
minocycline helped form an extensive fibrin network with
entrapped erythrocytes, which is vital in the early wound-
healing process and leads to connective tissue attachment.
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Abstract

Background. A retromolar canal (RMC) is an anatomical variation of the mandibular canal located in the
retromandibular area. Retromolar canals and their contents may be of great clinical importance for clini-
cians dealing with the discussed region. The analysis of the available literature indicates that RMC is not
arare phenomenon.

Objectives. The purpose of the present study was to present the prevalence of RMC and its dependence
on patient gender, as well as the location of RMC (unilateral or bilateral), by using cone-heam computed
tomography (CBCT).

Material and methods. Two hundred CBCT examinations taken from the database of the Department
of Dental and Maxillofacial Radiodiagnostics of the Medical University of Lublin, Poland, were analyzed
by 2 independent observers (a fifth-year dentistry student and a dentist with 9 years of experience in the
field of dental and maxillofacial radiodiagnostics). The research sample included 134 women and 66 men.

Results. After comparing the results obtained by the 2 independent observers, the more experienced
researcher excluded 9 cases from the study; RMC was ultimately found in 21/200 subjects (10.5%). The
unilateral variant was observed in all 21 cases — 13/21(61.9%) on the right side and 8/21 (38.1%) on the
left side. Seven (5.2%) RMCs were found among the 134 women, while among the 66 men there were14
(21.29%) RMCs found.

Conclusions. On the basis of the conducted research, RMCs were found in 10.5% of cases. They were more
common in men than in women. Cone-beam computed tomography is an examination that allows the
determination of the position and course of RMC more precisely than panoramic X-rays.

Keywords: mandible, anatomy, CBCT, retromolar canal
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Introduction

A retromolar canal (RMC) and a retromolar foramen
(RMF) are variations in the anatomical structure of the
mandible. The canal is relatively short, deviates from the
mandibular canal at different heights, and ends at the up-
per surface of the alveolar part of the mandible in the ret-
romolar area as RMF.! The contents of the canal can con-
sist of nerve fibers from the inferior alveolar nerve, as well
as blood vessels.? According to Bilecenoglu et al., an ar-
tery of a 120-130 mm lumen is present in RMC.? After
exiting the aperture, nerve fibers branch out. They can in-
nervate the temporalis tendon, the buccinator muscle, the
mandibular third molar, the gingiva in the area of man-
dibular premolars and molars, and the mucosa of the ret-
romolar area.* The presence of RMC can be associated
with complications during surgical procedures. It may
also be a pathway for tumors or the spread of infections.”
There are many different classifications that describe the
anatomy of the canal. In 2011, Von Arx et al. proposed
a classification, differentiating 3 types of canals.® In 2013,
Patil et al. subdivided one of the types proposed by Von
Arx et al. into 2 variants.”

The selected classification, according to Patil et al.,” de-
scribes 4 types of RMC alignment (self-drawn) (Fig. 1):

— type A — the canal branches vertically from the man-
dibular canal, distally from the third molar, it runs back-
ward and upward, and then opens within the retromo-
lar area:

+ type Al — the canal runs backward and upward to

open into the retromolar area,

+ type A2 — the canal runs a certain distance forward,
and then reverses backward and upward to open into
the retromolar area;

— type B — the canal branches below the mandibular fora-
men, and then runs forward and upward to open into
the retromolar area; and

— type C — the canal separates near the mandibular fora-
men, and then runs horizontally forward to open within
the retromolar area.

This research was based on evaluating cone-beam com-
puted tomography (CBCT) images. It is a relatively new
but already widespread modality in dental diagnostic
imaging. Most CBCT units are similar in shape to pan-
oramic models. Some manufacturers offer units that pro-
vide both types of imaging — panoramic and CBCT. Dur-
ing the examination, an X-ray tube emits a cone-shaped
beam during the rotation of a C-shaped arm around the
patient’s head. The data on X-ray attenuation is recorded
within a cylindrical volume. In the next stage, a primary
reconstruction is prepared by computer software, and
eventually, multiplanar reconstructions are created. De-
pending on the indications, the field of view (FOV) may
vary from small through medium to large.

In addition to RMCs, there are other possible varia-
tions of anatomical anomalies, such as coronoid process
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Fig. 1. Classification of the retromolar canal (RMC) according to Patil et al.”
— own elaboration

hypertrophy (CPH), which is also defined as giant coro-
noid syndrome. Coronoid process hypertrophy consists
of an abnormal increase in the volume of the mandibular
process. One symptom of CPH that almost always oc-
curs is decreased mouth opening (<20 mm). The etiol-
ogy of CPH is still not conclusive. The treatment consists
of intraoral coronoidectomy along with postoperative
physiotherapy at the end of growth to obtain the correct
range of jaw opening and to maintain it in the long term.?
Another example of an anatomical abnormality is the
orofaciodigital (OFD) syndrome. The disease manifests
itself in a group of disorders, including the malformations
of the mouth, face, hands, and feet. The OFD syndrome is
inherited. For dentists, the most important symptoms are
changes in the oral cavity. The teeth are often affected by
caries, there are teeth with abnormal structures, there is
enamel hypoplasia, supernumerary teeth can appear, and
tooth agenesis can be observed.® A patient with a complex
image must be treated in a multidisciplinary manner and
requires prosthetic rehabilitation, in particular, in order
to supplement the missing teeth in the arch.!°

The aim of the present study was to determine the prev-
alence of RMC and its dependence on patient gender, as
well as the location of RMC (unilateral or bilateral), by
using CBCT.

Material and methods

Two hundred consecutive CBCT examinations re-
trieved from the database of the Department of Dental and
Maxillofacial Radiodiagnostics of the Medical University
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of Lublin, Poland, were analyzed by 2 independent observ-
ers (a fifth-year dentistry student and a dentist with 9 years
of experience working in the Department of Dental and
Maxillofacial Radiodiagnostics). The examinations were
taken with a VistaVox S CBCT (Diirr Dental, Bietigheim-
Bissingen, Germany). The inclusion criteria were patients
>18 years old and good-quality X-ray examinations in the
retromolar area (i.e., without distortion and any artifacts
caused by metal restorations). The exclusion criteria com-
prised bone with any pathologies, such as cysts, tumors,
inflammation, etc. The research group included 134
women and 66 men aged 1855 years, with an average age
of 30.82 years. The CBCT scans were analyzed in multi-
planar reconstructions (coronal, axial and sagittal), using
modern ergonomic image processing software VistaSoft
(Diur Dental) and the Coronis Fusion 4MP radiological
diagnostic display system (MDCC-4430; Barco, Kortrijk,
Belgium). Additionally, on the basis of the tangential view,
the type of RMC was determined according to the clas-
sification of Patil et al.”

Results

Initially, 30 RMCs were found in the 200 scans. After
comparing the results of the 2 independent observers,
the more experienced researcher excluded 9 cases from
the study, so RMCs were ultimately found in 21/200 sub-
jects (10.5%). In all 21 cases, the canals were unilateral;
in 13/21 (61.9%) patients, the RMC was on the right side,
and in 8/21 (38.1%) on the left side. Among the 134 wom-
en, an additional canal was found in 7 cases (5.2%), while
among the 66 men, an additional canal was found in 14
(21.2%) cases.

The results showing the prevalence of the types of RMC
according to Patil et als classification’ are presented in
Table 1 and Fig. 2. The examples of each type are present-
ed in Fig. 3.

/Type A1; 23.8%

Type C; 38.1%

\

Type B; 4.8%/

Fig. 2. Results showing the prevalence of the types of the retromolar canal
(RMC) according to Patil et als classification’

Type A2; 33.3%
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Fig. 3. Tangential views presenting the examples of the retromolar canal
(RMQ) types according to Patil et al’s classification”

Table 1. Prevalence of the types of the retromolar canal (RMC) according
to Patil et al's classification” with regard to gender

‘AW 4 1

5038
A2 5 2 7333 |
8 ! 0 148 |
ks 4 4 8381 |
| Total 14 7 210000 |

Data presented as number (percentage) (n (%)). M — male; F — female.

Discussion

Numerous studies have used CBCT examinations to
determine the prevalence of RMC,24-61L12 byt none
of them were focused on a Polish population. This re-
search was based on CBCT examinations and revealed
the presence of RMC in 10.5% of cases. In other stud-
ies, the prevalence of RMC ranges from 5.4% to 75.4%.*
Such a discrepancy can be attributed to several fac-
tors, including ethnic differences, environmental fac-
tors and genetic diversity, as well as the sample size
of the study.

Ahmed et at. showed in their study that the incidence
of RMC in CBCT images was 12%, with more identified on
the left side (5%) than on the right side (7%).13 Hou et al.”
confirmed the presence of RMC in 25.9% of 657 patients.”
Depending on gender, RMC was observed in 11.6% of men
and 14.3% of women. Unilateral RMCs were identified in
20.4% of patients, while 5.5% of the RMCs were bilateral.®
Von Arx et al. estimated the prevalence of RMC at 25.6%.°
According to Hou et al.,, the canal was found in the range
of 8.5-52% in a Chinese population.® In a Korean popula-
tion, RMCs were observed in 8.5% of patients (38/446).1*

In our study, the canal was always located unilaterally
(61.9% on the right side and 38.1% on the left side), which
is consistent with other studies that focused on the loca-
tion of RMC.4+-61516



276

Taking gender into account, our results showed that
RMC was more common in men. Out of the 66 examined
men, 14 (21.2%) had RMC, while out of the 134 examined
women, RMC was noted in 7 (5.2%) cases. A study con-
ducted by Jamalpour et al. did not present a large differ-
ence in the occurrence of the canal depending on gender;
they showed that RMCs were present in 10.3% of women
and 16.7% of men.'” Narayana et al. studied 242 dry adult
mandibles in an Indian population.'® Regarding gender,
men tended to have RMC more often than women, but
no statistically significant difference was found in this re-
spect.8

Considering the types of RMC according to the classi-
fication of Patil et al.,” the most common type of RMC
found in our research was type A (57.1%), of which 23.8%
were Al and 33.3% were A2, followed by type C (38.1%),
and then type B (4.8%).

A significant problem raised in the literature about the
classification of the canal. Some authors believe that it is
one of the variants of double or triple canals that depart
from the main canal and end in the molar area, while oth-
er authors believe that it constitutes a separate structure.!

Cone-beam computed tomography, computed tomog-
raphy (CT) and panoramic radiographs are used to detect
RMFs and RMCs.*

In a study by Kim et al., only 25% of panoramic radio-
graphs showed mandibular canals.2 Although panoramic
radiograph images are frequently used for the preliminary
planning of treatment, in some cases, it is recommended
to extend the diagnostics by taking volumetric tomogra-
phy. Cone-beam computed tomography more often visu-
alizes the canal and makes it possible to trace its course,
which is of great importance in clinical situations. The
disadvantage of CBCT is related to the presence of arti-
facts, defined as discrepancies between the reconstructed
visual image and the actual subject, which degrades the
quality of these images.? It also emits ionizing radiation
and has limited contrast resolution.! It is also possible to
visualize RMCs on CT, but its use in dentistry is limited
due to cost, availability, and the risk related to a higher
radiation dose as compared to CBCT and X-rays.!? Fur-
thermore, CT artifacts can include noise, motion, beam
hardening, scatter, and metal artifacts. Cone-beam com-
puted tomography is the preferred method due to its
lower radiation dose, lower costs and a better detection
of anatomical structures.* It is safe and painless for pa-
tients of all ages. It is also better for analyzing the position
and orientation of the surrounding structures.!

The ability to detect RMCs with panoramic radiogra-
phy is limited. Cone-beam computed tomography can
be useful in confirming the anatomical variations of the
mandibular canal which cannot be visualized with pan-
oramic radiographs. Panoramic radiography is less sensi-
tive, lacks detail, and is characterized by irregular mag-
nification, geometric distortion and the overlapping
of anatomical structures. Another disadvantage includes
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ghost shadows, which are produced by the contralateral
side of the mandible, the pharyngeal airway, the soft pal-
ate, and the uvula.*

In astudy by Von Arx et al., out of the 31 canals observed
with CBCT, only 7 were visible in the corresponding pan-
oramic radiographs.® In a case report, Kaufmann et al.
presented a bilateral RMC that was observed on CT, but
was not visible with panoramic radiography.?’

Based on the literature, it can be concluded that the clar-
ity of CBCT images is affected by artifacts, noise and poor
soft tissue contrast.?! Magnetic resonance imaging (MRI)
is the most appropriate modality for soft tissue diagnos-
tics. In dentistry, MRI is particularly useful for diagnosing
diseases of the temporomandibular joint (TMJ). Magnetic
resonance imaging is the gold standard for diagnosis and
treatment planning in the disorders of articular disk.?>?3
With the use of MRI, examinations are performed with
closed and opened mouth, and mostly static images are
taken with an uncomfortable and expensive instrument.
Ultrasound (US) examinations overcome these limita-
tions.?* This non-ionizing imaging method is less expen-
sive, more comfortable for the patient, and can easily be
used in a dental setting.?

Radiographic examinations are essential in diagnosis
and treatment planning in dentistry, but panoramic radi-
ography is less reliable than 3D images, and is not recom-
mended for measurements due to the lack of repeatabil-
ity.21%5-27 Cone-beam computed tomography has a wide
range of applications for evaluating dental fractures and
cracks, measuring the size of periapical lesions, assessing
bone density in lesion areas, conducting endodontic sur-
gery, planning implants, and analyzing TM]Js and resorp-
tion.?8

High-resolution CBCT has become notably effective
for confirming anatomical variations in the mandibular
canal. It also makes it possible to precisely locate and view
the mental foramen.?%3°

The occurrence of RMC affects treatment. Knowledge
about its prevalence, topography and structure facilitates
treatment, especially during all the procedures requiring
the use of anesthesia. It is important to provide treatment
in the retromolar area with caution to avoid the compli-
cations resulting from damage to its contents.! Compli-
cations may arise from insufficient anesthesia, excessive
bleeding, hematomas, and damage to the branches of the
inferior alveolar nerve, which may lead to dysfunction
of the innervated muscles.*!! Blood vessel injuries in the
retromolar region during surgery may lead to excessive
bleeding in the presence of RMC.3! Khoury and Hanser
observed that 1.44% of their patients had heavy bleeding
at the donor site.?? This bleeding can be locally managed
by crushing the bone in the area occupied by the canal or
filling the opening with bone wax or bone chips.3? During
the elevation of the mucoperiosteal flap, damage may oc-
cur to the neurovascular contents of RMC. This leads to
paresthesia of the areas supplied by the retromolar nerve.*
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Prosthetic restorations (dentures or dental implants)
placed distally to the retromolar area may impinge on the
contents of RMC. This may cause discomfort and pain
or paresthesia, and is especially significant in the elderly
due to the alveolar bone resorption.'? Surgical procedures
involving the retromolar region, such as dental implant
surgery, impacted third molar extraction and sagittal split
ramus osteotomy, can be more complicated.®> The most
common complication after the removal of third molars
is inflammation, especially during surgical extraction
with root separation.?® There are reports suggesting that
such surgery should be performed using a triangular flap,
which reduces the risk of postoperative complications. It
is also vital to focus on the bone structure of the man-
dibular alveolar process, especially in the retromolar area.
Retromolar bone dissection should be limited, and bone
removal at the base of the coronoid process of the man-
dible should be avoided.!

Due to the presence of the canal, anesthetizing the infe-
rior alveolar nerve may result in insufficient anesthesia.!!
This is called the ‘escape pain phenomenon’ This escape
pain is due to the nerve contents of RMC.!? The Gow—
Gates technique or the Akinosi method can be used to
anesthetize the inferior alveolar nerve when RMC is pres-
ent.*3*-37 However, these methods of anesthesia should
only be used when traditional local anesthesia has failed.'

Conclusions

The present study showed that RMCs were not an in-
frequent structure. The prevalence of RMCs was 10.5% in
the current research group. The most common RMC type
in this Polish population was type A. In addition, there
was a gender predilection in the studied group, as RMCs
were more common in men (F:M = 5.2%:21.2%).
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Abstract

Background. Platelet concentrates (PCs) are a boon in the field of dentistry. Various generations of PCs
have been tried and utilized in different treatment methods, such as intrabony defect therapy, root cover-
age procedures, oral surgical procedures, and palatal wound healing. Titanium-prepared platelet-rich fibrin
(T-PRF) is a third-generation PC that is prepared in medical-grade titanium tubes and achieves good heal-
ing in the field of periodontics.

Objectives. Not many studies have been performed utilizing T-PRF in the treatment of gingival recession
(GR). The present case series study aimed to evaluate the efficacy of T-PRF in the treatment of Cairo’s Type 1
GR defects.

Material and methods. A total of 20 patients with 34 Cairo’s Type 1 GR defects were recruited. The
surgical sites were treated using the trapezoidal coronally advanced flap (CAF) technique and T-PRF as
a biomaterial underneath the flap. The plaque index (PI) and the gingival index (GI), recession depth (RD)
and recession width (RW), as well as the width of keratinized tissue (WKT), were measured at baseline
and 6 months postoperatively. The obtained values were subjected to statistical analysis. The values were
presented as mean (M) and standard deviation (SD), the paired t test was performed to measure all the
parameters, and a p-value <0.05 was considered to be statistically significant.

Results. The changes observed 6 months after the use of T-PRF were non-significant for PI (p = 0.053)
and significant for Gl (p = 0.016) as compared to the baseline. Significant reductions (p < 0.001) were
noted for RD and RW, as well as a significant increase in WKT and a mean root coverage (MRC) of 91%.

Conclusions. Titanium-prepared platelet-rich fibrin can be used as a biomaterial for the treatment of GR
defects, as it eliminates the possible silica contamination, as in the case of leukocyte-platelet-rich fibrin
(L-PRF), and the need for a second surgical site, as with subepithelial connective tissue graft (SCTG).
Moreover, the use of T-PRF results in a thicker membrane formation, and titanium tubes can be reused
after proper sterilization.

Keywords: titanium, chronic periodontitis, gingival recession, platelet-rich fibrin
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Introduction

The recession of gingiva can be described as the migra-
tion of gingiva apically below the cementoenamel junc-
tion (CEJ), causing the exposure of the root surface. It is
always a tough task to treat and manage gingival recession
(GR).! The main reason for the occurrence of GR may be
faulty toothbrushing techniques causing trauma, poor
oral hygiene causing plaque accumulation, gingival in-
flammation, and the anatomical variations of a buccally or
labially placed tooth, where thinner buccal or labial bone
causes GR.2 Apart from these, the thickness of gingiva
also plays a role; in thinner and scalloped tissue, higher
chances of GR are reported.?

Various treatment modalities, such as free gingival graft
(FGG),* coronally advanced flap (CAF), semilunar coro-
nally positioned flap (SCPF),> subepithelial connective
tissue graft (SCTG)® or a combination of CAF + SCTG,
resorbable and non-resorbable membranes,’ like amnion/
chorion membranes and collagen membranes, and plate-
let concentrates (PCs),? like platelet-rich plasma (PRP),
leukocyte-platelet-rich fibrin (L-PRF), advanced platelet-
rich fibrin (A-PRF), and acellular dermal matrix (ADM)
allograft’ had been tried, and showed good long-term
results regarding complete recession coverage and gain
in the width of keratinized tissue (WKT). Yet later on,
researchers used more conservative surgical techniques,
like envelop flap, vestibular incision subperiosteal tun-
nel access (VISTA), modified VISTA, and combination
approaches.’® The modified coronally advanced tunnel
(MCAT)! and laterally closed tunnel (LCT)!? techniques
are the recent advancements in soft tissue surgery for the
treatment of multiple or single isolated deep GR sites,
with good results being reported regarding recession cov-
erage and improved clinical parameters.

The usage of biomaterials has improved the out-
comes of recession coverage procedures. This state-
ment is supported by a recent systematic review done by
Chamberone et al.!* The authors concluded that any bio-
material + CAF improved treatment outcomes in terms
of complete root coverage, being comparable to CAF +
SCTG, which is considered to be the gold standard in re-
cession treatment.!®> Moreover, CAF alone would result in
decreased postoperative root coverage percentage over
time.!* The abovementioned commercially available ma-
terials are very costly, and in this context, PCs are aboon to
dentists, as they are readily available, easy to prepare, and
they eliminate the second surgical site in SCTG procure-
ment. Initially, PRP alone and in combination with SCTG
or CAF were tried, but due to the drawbacks of PRP, such
as the addition of an anticoagulant and hypersensitivity,
L-PRF in combination with CAF were used, yielding in-
creased WKT and full mean root coverage (MRC).'® Lat-
er on, due to silica contamination through the glass test
tubes and silica-coated Vacutainer® tubes used for the
preparation of this PC, researchers again started search-
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ing for a better biomaterial.'*!” The search has resulted in
the development of a third-generation PC called titani-
um-prepared platelet-rich fibrin (T-PRF).!8

Titanium-prepared platelet-rich fibrin was intro-
duced by Tunali et al. in 2013, following a similar pat-
tern of preparation of L-PRF given by Choukroun et al.
in 2001.'° Instead of glass tubes, medical-grade titanium
tubes were used. Moreover, titanium has better hemo-
compatibility, activates platelets similarly to silica, and the
tubes can be reused after proper sterilization and are un-
breakable. Histological studies done by Chatterjee et al.?°
and Bhattacharya et al.?! concluded that T-PRF showed
a thicker membrane meshwork and better entrapment
of cells, which might increase the regenerative capac-
ity. Apart from this, T-PRF also has a greater percent-
age of platelets, monocytes and lymphocytes, and equal
amounts of progenitor cells when compared with L-PRF.2!
Furthermore, the PC contains growth factors, like trans-
forming growth factor beta (TGF-P), platelet-derived
growth factor (PDGF), epidermal growth factor (EGF),
and insulin-like growth factor (IGF), which accelerate the
healing process and allow to achieve the required treat-
ment outcomes.?? A recent study done by Uzun et al.
compared CAF + connective tissue graft (CTG) and CAF
+ T-PRE, and achieved good results in terms of recession
coverage and gain in WKT in both cases.”

Since not many studies have been performed with the
use of T-PREF, the present study aimed to evaluate the ef-
ficacy of T-PRF as a biomaterial along with conventional
CAF in the treatment of Cairo’s Type 1 GR defects.

Material and methods

Sample size calculation

The sample size was calculated using the G*Power
software, v. 3.1 (https://www.psychologie. hhu.de/arbeits-
gruppen/allgemeine-psychologie-und-arbeitspsycholo-
gie/gpower). At a power of 80%, an effect size of 0.25 and
an a-value of 5%, a sample of 17 was sufficient to conduct
the current research. For a better outcome, 34 recession
sites were treated in the present study.

Study design and patient enroliment

The present study is a prospective, single-centered, sin-
gle-blinded case series. Patients were recruited from the
outpatient clinic at the Department of Periodontology and
Implantology of the Institute of Dental Sciences, Bareilly,
India. Initially, 25 patients were examined for a study
population, out of which 5 were eliminated, as 2 were not
willing to participate and 3 did not meet the criteria for
inclusion. Thus, a total of 20 systemically healthy patients
(14 males and 6 females) with a mean age of 30.3 £10.11
years and 34 Cairo’s Type 1 GR sites?* were recruited,
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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/mm?3, 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 (PI),? 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, CE]J is taken as the guide, and if CEJ is not visible,
the CE]J 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):

preoperative RD — postoperative RD

MRC% = x 100% (1)

preoperative RD
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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 7™ 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 I 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 PI 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
(MG]J), and a partial-thickness flap was reflected beyond
MG] 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 VRIs 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.3°

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% 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.
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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 fibrin
(T-PRF) membrane (E), the reflection of the flap 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 (I), 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 ¢ test was performed to find significant differences
in the PI, 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

;\Agjs%ears] 30341011
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 0.11 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 £1.21 425 +0.72 1.25 <0.001*
VAS score 520+0.77 1.85 +0.67 335 <0.001*
MRC% 91%

PI - plague 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.32, Arabaci et al.3!, Mitra et al.3%, 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* 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 PI scores (non-
significantly) and GI scores (significantly) at a 6-month fol-
low-up as compared to baseline. The finding regarding P1is
in contrast to the results obtained by Koyuncuoglu et al.!!
and Uzun et al.,® whereas for GI, they reported compa-
rable observations. In our study, the lower values of PI
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 plaque

283

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.2® 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.®8. 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.?8
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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 (RCTs)
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.
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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 months 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 x° 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 (/RR (incidence rate
ratio) = 1.34; 95% (/ (confidence interval): 1.21;1.48) and at T4 in the self-ligation group (/RR = 1.23;
95% (1:1.12;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.!%-12 Furthermore, adult patients may have compro-
mised occlusion or temporomandibular disorders, which
is why more cautious OT should be set up.!>!* 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.!>~1”

Self-ligating brackets have been advertised to have many
reputed advantages with regard to diminishing discom-
fort and pain levels during initial orthodontic therapy.!®
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.2% 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
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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, Espana;
Organizacién Panamericana da Saude (OPS-OMS), Uni-
versidade CES, Colombia) was used for the calculation,
considering a confidence interval (CI) 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.%> 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.3?
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Table 1. Distribution of the variables in the study groups at baseline

Bracket type
Variable conventional self-ligating
(n=106) (GERR)]

289

Age

Yo 29.26 £9.62 31.75+11.63
Candar M 45 (47.37) 50 (52.63)
n (%) F 61 (50.41) 60 (49.59)
DA (total score)

M+ 2839 +8.62 28.18 £9.37
OTN lesser 31 (44.93) 38 (55.07)
n (%) greater 75 (51.02) 72 (48.98)

p-value p-value
greater

0.1045* 29.27 £9.97 33.22+£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 x* test; ¥ Mann-Whitney U test.

The scale was administered by 3 examiners (KLP, MQ
and MdPV) 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. 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 (WHO) 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 DAL 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).% 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 DAI 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 ¢ 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 y? 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 DAL, 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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The associations 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
changes with 95% CIs in OHRQoL across the time inter-
vals are described in Table 4. Greater differences were ob-
served in the T1-TO (24—48 h after bracket placement)
and T2-TO (1 month after bracket placement) time in-
tervals in the OHIP-14 total scores, and especially for the
dimensions of physical pain and physical disability.

The Poisson regression models (one for each time
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

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

lesser greater

T0 6.87 £7.12 6.50 £5.70
T1 12.70 £7.98 13.23 £7.70
T2 9.17 £6.54 9.94 £6.21
T3 6.54 +4.95 8.80 +6.40
T4 740 £6.89 745 %6.79

OHIP-14
total score
at different time points

1.34 times (95% CI: 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)
at different time points according to the bracket type

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

OHIP-14 total score
across time intervals

585 +8.10
293 +£7.98
043 +7.22
0.10 +£8.33
-2.92 £7.05
-2.50 +5.30
-0.33 +6.85

Bracket type

6.37 £8.70
241 £7.83
0.59+8.10
1.22 £9.64
-3.95+6.12
-1.83 524
0.64 +8.17

04921

0.3598
0.9365
0.5546
0.0889
0.3596
0.6775

Data presented as M +5D. 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.

0.9076
04073
0.2882
0.0095%*
0.8809

Bracket type

conventional

6.53 £7.01
1239 £8.11
9.46 +6.32
6.96 +5.55
6.62 +6.21

self-ligating

6.96 £6.39
13.34 £7.65
9.38 £6.58
7.54 £5.55
869 +7.34

0.3754
0.2089
0.8924
0.3244
0.1564

Data presented as M £5D. 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
<
T
a
I
o

© 1 p=0.9076

T T T T T
TO T1 T2 T3 T4
lesser OTN greater OTN

A ° mean value

B

OHIP-14

p =0.2089

TO

T T2

T3

conventional
° mean value

self-ligating

T4

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% confidence interval (C
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) in the oral health-related quality of life (OHRQoL) across the time intervals

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

OHIP-14 6.12 267 051
total score (4.99;7.24) (1.61:3.72) (-0.52;1.54)
Functional 093 0.65 0.50
limitation (0.72:1.14) (045:0.85) (031:069)
Shysical pain 294 205 128
ysicatp (2.59:3.29) (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)
S 261 187 128
Physical disability 5 79 9) (1572.17) (0.99,1.56)
Psychological -0.09 -0.59 -091
disability (-033:0.15) (-0.81:-0.38) (=1.12:-070)
R 022 ~0.09 ~0.02
Social disability (031:040) (-0.24,0.04) (-0.17:0.12)
Handica 0.00 ~0.18 ~0.18
P (-0.16,0.15) (~-031;-0.06) (-031:-0.06)

0.67 -345 -2.16 0.16
(-0.54;1.88) (-4.33,-2.56) (-2.86;-1.45) (-0.85;1.17)
0.53 -0.28 -0.15 -0.03
(0.31;0.75) (-0.48,-0.08) (-0.33;,-0.03) (-0.18;0.25)
1.27 -0.89 -0.77 -0.10
(0.94;1.60) (-1.18;-0.60) (-1.01,-0.52) (-0.26,0.02)
-1.27 -0.50 -041 0.14
(-1.58;,-0.96) (-0.73;-0.27) (-0.61,-0.22) (-0.11,0.38)
0.93 -0.74 -0.60 -0.34
(0.64,1.22) (-1.02,-0.44) (-0.83,-0.36) (-0.60;,-0.08)
-0.76 -0.50 -0.31 0.15
(-0.99,-0.53) (-0.70;-0.31) (-0.47,-0.16) (-0.03;0.32)
0.04 -0.31 0.07 0.06
(-0.14,0.23) (-0.46;,-0.16) (-0.05,0.19) (-0.10,0.23)
-0.02 -0.18 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% C).

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 different time points with the orthodontic
treatment need (OTN) and the bracket type

lesser 1
OTN 0.286
OHIP-14 greater 0.94 (0.84;1.05)
10 bracket ~ conventional 1 0197
type self-ligating ~ 1.07 (0.96;1.19) ‘
lesser 1
OTN 0.366
OHIP-14 greater 1.04 (0.96;1.12)
n bracket  conventional 1 0050
type self-ligating  1.07 (0.10;1.16) ‘
lesser 1
OTN 0.085
OHIP-14 greater 1.08 (0.99;1.19)
T2 bracket ~ conventional 1 0772
type self-igating  0.99 (0.90;1.08) ‘
lesser 1
OTN <0.00071%***
OHIP-14 greater 1.34(1.21,1.48)
IE 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 0,0007 %%
type self-ligating 1.23(1.12;1.36) '

***% 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-T0, T4-T0, T3-T2, and
T4-T3. Similar results were found by Lai et al.2! 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 QT.>82:20.38-40
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 III patients showed benefits at all stages
and Class II 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-T0, 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-T0). Nevertheless, the social disability and handi-
cap dimensions did not show significant differences
over time. Similar results were found in other stud-
ies,¥820-2241 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

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

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

Consent for publication

Not applicable.
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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
5wt% £r0, NPs group; the 5 wt% Ti0, 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
5wt% Ag NPs group. The maximum color change was noted in the 5 wt% Ag NPs group, followed by the
5wt% 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
5wt% 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.3 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.®

Nanoparticles have often been used in different forms,
such as aluminum oxide (Al,O3), zirconium dioxide
(ZrO,), 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 ZrO, 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.)” 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.!718 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%."” However, different
problems may occur with regard to the wear of dentures
due to the nature of the material itself and continuous use
for along 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%: ZrO,; 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,

Group 2

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

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 wit% 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
5wt% TiO, (purity: 99.9%, nanopowder particle size: 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.; # = 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 ISO 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.!* 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 put in
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 nanofillers

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, MESTRA®,
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 ISO 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 )

d2
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 2,000.24 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?2).

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)

p-value
'mm

| Control 73654304 0961 700 790 |
|Swi%ZIO,NPs 10 80554312 0987 750 845
|Swi%TIO,NPs 10 79553309 0976 750 840
[Swi%AgNPs 10 82054360 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 [kglmz]

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)

Groups n M £SD SE el
Control 10 4?00(;)01054?7 0.00015 0.0011 0.0023
5wt% ZrO, NPs 10 -SOO(%) 0959 0.00016 0.0004 0.0019
o 0.000**
5wt% TiO, NPs 10 BOO(?O] 3473 0.00014 0.0002 0.0019
5 wt% Ag NPs 10 -SOO(()j(;) 05213 0.00007 0.0003 0.0009

** highly statistically significant (p < 0.01).

S

ZrO, 5 wt% TiO; 5 wt%
study groups

0.0016
0.0014
0.0012
0.0010
0.0008
- 0.0006
0.0004

0.0002

mean abrasive wear test value [g]

control Ag 5 wt%

Fig. 2. Distribution of the mean values [g] obtained in the abrasive wear
test (2,000 cycles — W2) 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 . max_| ANOVA
Control 10 _8(')0(?;0;4 0.00039 0.0025 0.0063
5wt% ZrO, NPs 10 foog 02 195 5 0.00049 0.0016 0.0068

7' 0.002%*
5wt%TiO; NPs 10 BOO(?(?(?S]O 0.00025 0.0026 0.0055
5 wt% Ag NPs 10 300833;0 0.00009 0.0015 0.0024

** highly statistically significant (p < 0.01).

N

2r0, 5 wt%

0.0045
0.0040
0.0035
0.0030
0.0025
0.0020
0.0015
0.0010
0.0005

0

mean abrasive wear test value [g]

control 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)

1.687 £0.144 0.083 1590 1.853

Control 10

5wt% ZrO, NPs 10
5wt% TiO, NPs 10
5 wt% Ag NPs 10

1946 £0.022 0013 1923 1966
1917 +£0.159 0092 1812 2100
2344 +0013 0007 2331 2356

0.001**

** highly statistically significant (p < 0.01).

N
o

/

n
=)

- -
o o

mean color stability test value
o
5.}

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.2® They ob-
served that the values of hardness had risen in all groups
in comparison with control.?6 Besides, the present study
is in agreement with the observations made by Hu et al,,
who evaluated the hardness of PMMA enriched with
ZrQ, 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%).?® 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. IThab 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 .10

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 parameters.’® 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.®? 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,.'* 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
filler3*It is in agreement with the research by Hashem et al.,
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.3¢

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.3® 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 Thab et al., who studied the effect of the addition
of Zr on the color qualities of PMMA.* 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.!7 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.” 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 mm and 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 hoth groups.

Conclusions. Our results indicated that the fracture strength of porcelain and the mode of failure did not
depend on the metal framewaork 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.% 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.E. 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.'>!® 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.”*>18 The CAD-CAM technology enables the
fabrication of restorations with high precision, irrespective
of the length of the restoration.t’

There are different methods of assessing fracture
strength, one of which is the load test. During this test,
aload 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.!820-23

Previous studies evaluated the effect of different meth-
ods of fabrication of Co-Cr frameworks on bond strength,
yielding controversial results.?-2* Considering the gap
of information, the purpose of the present study was to
compare the fracture strength of porcelain in MCRs with

G. Tajziehchi, H. Ansarilari, K. Afshar. Framework fabrication techniques in MCRs

Co-Cr frameworks fabricated with the use of the lost-wax
technique and the CAD-CAM technology.

. S .

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).”20.2>26
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).!>*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 y at a 1-millimeter
distance from the finish line (Fig. 2).7%

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 finish line (A)
and the fabrication of a framework with a thickness of 0.5 mm (B)

Fig. 3. Framework fabrication with the lost-wax technique (A,B) 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).”?>?® 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

Ceramill Sintron

N T e S

Properties
Yield strength
(MPa] >0
Modulus of elasticity
[MPa] 194
Elongation at fracture 10
[9%]
Vickers hardness
(HV 10) 286
CTE (25-500°C) -6
) 141 %10
Density
o] 8.8

450

200

30

270

14.5x 107

79

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

A putty index (Speedex; Colténe/Whaledent, Altstitten,
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
(Ivoclar 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.?%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).2 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 ¢ 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
A,B — CAD-CAM group; C,D - lost-wax group.

Table 2. Fracture strength of porcelain in metal-ceramic restorations
(MCRs) fabricated with the lost-wax and CAD-CAM techniques, and the
mode of failure of the specimens in the 2 groups

Lost-wax group

CAD-CAM group

Parameter n=10 n=8

/F\fgge strength IN] 2271420 2379 £531

Coefficient of variation 18 22
adhesive 0 0

n!\/\ode 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.!>??

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 In this study, the CTE of porcelain was
12.9 0.5 x 107%/°C, the CTE of the Magnum Ceramic Co
alloy was 14.1 x 107%/°C and that of the Ceramill Sintron
alloy was 14.5 x 107/°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 DPrevious 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.* 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-aided 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 5™ 10™ and 157 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 a bleaching 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).2

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.!?

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.!>!® During these procedures, not only the

C.S. Ozverel, S. Kurtulmus-Yilmaz. Cytotoxicity of bleached CAD-CAM materials

surfaces of the teeth, but also the existing restorations
are subjected to bleaching agents.!*~1¢ 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,'>1? 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
LDC - lithium disilicate ceramic; RNC —

> 24h N 5" day MTT
| incubation | | (n=4) |
N PBS storage > 24h N 10" day MTT
| (24 h/day) | — | incubation | I (n=4)
> 24h > 15" day MTT
| incubation | | (n=4) |
> 24h > 5" day MTT
| incubation | | (n=4) |
> Artificial saliva storage > 24h > 10" day MTT
| (24 h/day) | incubation | | (n=4)
> 24h > 15" day MTT
" | incubation | I (n=4) |
Test groups — specimens
(LDC, RNC, NHC) " — ™
> Bleaching application > PBS storage > 24h > 5" day MTT
3 | (10% HP) for 30 min/day | (23 hiday) incubation (n=4)
=
o . Bleaching application PBS storage 24h 10" day MTT
) —> | PBS + bleaching |__>| (10% HP) for 30 miniday | > (23 hiday) - incubation - (n=4)
>
° " " ~
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Artificial saliva —5 Bleaching application > Artificial saliva storage > 24h 10" day MTT
> + bleaching | | (10% HP) for 30 min/day | (23 h/day) | incubation | > | (n=4)
> Bleaching application > Artificial saliva storage N 24h > 15" day MTT
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Control > No specimens, no storage medium, 24h > 10" day MTT
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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
of the Li;O-K,0-P,0s—MgO material system, ZnO, ZrO,, Al,0;

20 wt% composite resin material (BisGMA, UDMA, BisEMA, TEGDMA)
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

Ivoclar Vivadent,
Schaan, Liechteinstein

3M ESPE,
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 (N48A A; 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; # = 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,PO,,
130 mM KCI, 1 mM NaNj;, 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 II) 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

O ®© N OO0 1 N W N

PBS + NHC + bleaching agent

o

artificial saliva + LDC + bleaching agent

artificial saliva + RNC + bleaching agent

No

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
5%, 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-y1)-2,5-diphenyltetrazolium bromide (MTT) assay
(Acros Organics, Morris Plains, USA) was performed in
the control groups at the end of the 5%, 10" and 15t 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% CQO,. 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 puL 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) — (absorbance of blank)

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%, 10t and 15t 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

% cytotoxicity (viability) =

(absorbance of control group) — (absorbance of blank)
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all periods (p < 0.05). When the periods were compared,
no significant differences were detected between the
5% 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
5% 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 different time periods

- control 100 +0 Aa 100 +0 Aa 100 +0 Aa
PBS 88.31+123 A'Tb' 84.23 +3.80 A'Tb' 82.23 +5.01 A'Tb'
artificial saliva 79.54 +3.30 A;rb' 7327 +3.70 A;rb' 68.01 +2.39 B;rb’
LDC
S5 4 el 7933 +1.71 A'Tb' 7501 +045 A'Tb' 67.74 +439 Bﬁ"d'
artificial saliva + bleaching 74784292 A;rc' 71984513 A;rc' 66.49 +2.98 B'fr'd'
PBS 9334 +158 A’i'd’ 89.97 +1.73 Af' 90.25 +3.86 Af'
artificial saliva 87.04 £3.83 Ajrd’ 7813 +£2.34 A’E’d’ 7643 £5.35 Bjre’
RNC
PBS + bleaching 8852 +1.05 Af' 77.20+1.23 A’i'd’ 7422 4356 Bf’
artificial saliva + bleaching 81.90 £1.99 Ajrd’ 76.74 £1.92 A’i'd’ 70.74 £1.59 Bjre'
PBS 85.01 +2.04 A;re' 80.51 +3.26 A;re' 63.09 +7.66 B;rf'
artificial saliva 6921 +0.61 AJ' 59.2342.42 Af' 4329 +341 Bf’
NHC ) )
PBS + bleaching 69.63 +1.16 2' 59.65 +4.45 A#' 4049 +6.23 Bf’
artificial saliva + bleaching 5642 +3.58 Ag’ 51.15 +4.60 AJ’ 38.74 +6.08 Bf’
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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% 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

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 (1, %, #) 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.?! 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.?3%3 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.?®3” 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,?*%7:3 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.®
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 15t 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
(NaNj3), 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 plaque 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,
UDMAZ% 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.?*% 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

C.S. Ozverel, S. Kurtulmus-Yilmaz. Cytotoxicity of bleached CAD-CAM materials

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 (DE]). 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.?

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 DE]J (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).10 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.}12 Also,
most authors study the von Mises or principal stress in
the teeth.!'-13 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 finite 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 DE]J 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).



Dent Med Probl. 2023;60(2):321-326

Table 1. Properties of the materials used in the models
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Ultimate tensile strength

o : o Ultimate compressive strength
Modulus of elasticity Poisson'’s ratio [MPa] [MPa]
Enamel

84.1 GPa 033 3630 100-114
‘ Dentin 186 GPa 031 297.0 99.8 ‘
‘ Food bolus 21.6 MPa 0.30 - - ‘
The maxillary crown model was fixed on its upper sur- Model |oading

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.!” The tensile strength values were added
for the enamel (10.0-11.4 MPa)® and dentin (99.8 MPa),'®
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 finite 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.%
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.® 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).!8
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Fig. 3. Distribution and values of the equivalent stress according to the
modified 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
modified 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.2°

The FEM studies by Benazzi et al.'*?° 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, V-shaped and IY-shaped ones, enamel
cracks initiate and propagate into the enamel to a depth
of 1.04-1.25 mm.%

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.? 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! 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 I 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.3? 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
plaque 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.3® Indeed, narrow fissures on the occlusal surface,
such as grooves and anatomical depressions, are particu-
larly prone to biofilm retention.3® Bacterial colonies were
noted in the prismatic structures of the enamel and the in-
terprismatic substance, even within an intact groove-fossa
system.?” 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 I 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 I caries.
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Abstract

This systematic review and meta-analysis aimed to summarize the effectiveness of bonded and
removable retainers (the Hawley and Essix retainers) in terms of improving occlusal settling (occlusal
contact points/areas) after orthodontic treatment. We searched the Cochrane Library, PubMed, CINAHL
Plus, and Dental & Oral Sciences Source (DOSS), as well as SIGLE, Google Scholar and ClinicalTrials.gov for
eligible studies. We included randomized and non-randomized controlled trials along with cohort studies.
Studies that reported occlusal contacts/areas during retention with fixed bonded and removable retainers
were included. To assess the quality of the randomized controlled trials (RCT), the Cochrane Collaboration
risk-of-bias (RoB) tool was utilized, whereas the Newcastle—Ottawa Scale (NOS) was used to assess the
quality of cohort studies.

We included 6 articles in our systematic review after scrutinizing 219 articles and eliminating the illegible
ones based on duplication, titles, abstracts, and objectives. Bonded retainers (BRs) allowed faster and
better posterior occlusal settling as compared to the Hawley retainer (HR). However, HR showed good
occlusal settling in the anterior dental arch. The Essix retainer (ER) showed a decrease in occlusal contact
during the retention phase. Meta-analysis showed no statistically significant difference between BRs
and removable retainers. In conclusion, HR allowed better overall occlusal settling as compared to other
retainers. However, BRs allowed faster settling in the posterior tooth region. The Essix retainer showed poor
settling of occlusion. Overall, there is an insufficient number of high-quality RCTs to provide additional
evidence, and further high-quality RCTs are needed.

Keywords: orthodontic retainers, occlusal contact, vacuum-formed
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Introduction

Retention is considered to be part of orthodontic treat-
ment and plays an important role in post-orthodontic
clinical success.! Immediate relapse after orthodontic
treatment is caused by multiple factors, including the
elastic recoil of gingival fibers, malocclusion present
before the treatment, the alveolar bone and root con-
dition, differential jaw growth, and unequal pressure
from soft tissues.? It is crucial to note that it takes
nearly 3—4 months for the periodontal ligament (PDL)
and 6—12 months for gingival fibers to reorganize and
heal. Thenceforth, during this unstable period, occlusal
settling via the solid cusp and fossa relationship plays
an important role in preventing relapse.>* Among the
different factors that need to be controlled after orth-
odontic treatment, occlusion settling requires no ac-
tive control and is considered to be a beneficial form
of relapse.’

Generally, there are two types of retention protocols
available, i.e., fixed and removable, which are favored
based on the clinician’s and patient’s choice. The most
routinely utilized removable retainers are the Hawley
plate and the Essix splint.® The Hawley retainer (HR),
despite being unesthetic, can be utilized in various
clinical situations due to the ease of fabrication and
modification. On the other hand, the Essix retainer
(ER), which is a vacuum-formed retainer (VFR), may
not be very versatile in terms of usage, but is very es-
thetic and popular among orthodontic patients.” Re-
movable retainers also have an inherent disadvantage
of dependency on patient compliance, which makes
bonded retainers (BRs) an attractive option. Bonded
retainers allow the permanent retention of the teeth
with minimum patient compliance, provide good es-
thetics and do not encroach on the occlusal surfaces.®?
Considering occlusal settling, conventional HRs and
BRs have an advantage over ERs, as they do not cover
the occlusal surfaces and allow the passive eruption
of the teeth.

Recently, a systematic review compared different as-
pects of VFR and HR after orthodontic treatment, and
found better incisor stability and patient satisfaction
with VFR.!° Similarly, in another systematic review,
the authors found BRs to result in good periodontal
health and lower incisor stability after orthodontic
treatment.!! However, to the best of our knowledge, no
systematic review has compared occlusal settling after
debonding between bonded and removable (HR and
ER) retainers. The purpose of this systematic review
and meta-analysis was to compare BRs with removable
retainers (HRs/ERs) in terms of occlusal settling dur-
ing the retention period.

U. Shoukat Ali et al. Effect of retainers on occlusal settling

Material and methods

Protocol and registration

The current systematic review was conducted based on
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. The review proto-
col was registered at PROSPERO (an international data-
base at the University of York, UK) (CRD42020179410).

Eligibility criteria

Based on our inclusion and exclusion criteria, we in-
cluded randomized controlled trials (RCTs) and prospec-
tive/retrospective cohort studies that assessed the prima-
ry outcome.

We followed the PICOS model:

— Population — patients in the retention phase after orth-
odontic treatment;

— Intervention — removable retainers (Essix or all Hawley
retainer possibilities);

— Comparison — bonded retainers (all possibilities of fixed
retainers);

— Outcome — occlusal contact points/areas (occlusal set-
tling);

— Study — randomized and non-randomized clinical trials,
and cohort studies.

The secondary outcome to be assessed was the improve-
ment in biting force with different retention protocols.

We excluded studies in which participants had any sur-
gical correction involving orthodontic treatment, cranio-
facial syndrome, failure with compliance, or a retention
period of fewer than 2 months.

Information sources and search strategy

A comprehensive literature search was carried out
from January 2007 to May 2021 in 4 major health data-
bases (Cochrane Library, PubMed (NLM), CINAHL Plus
(EBSCO), and Dental & Oral Sciences Source (DOSS),
including hand searches). To identify any grey literature
and unpublished data, SIGLE was explored, and a man-
ual search of Google Scholar and the database of www.
clinicaltrials.gov was also performed using the following
MeSH terms: (“Orthodont*” OR “Dental” OR “Dentist*”)
AND (“Dental occlusion” OR “Occlusion”) AND (“Essix”
OR “Hawley” OR “Hawley retainer*” OR “Fixed bonded
lingual retainer*” OR “Fixed orthodontic appliance*” OR
“Bonded retainer*”).

Study selection and data extraction

We included RCTs and prospective/retrospective co-
hort studies that evaluated the primary outcome. Two
authors (USA and AA) independently scrutinized the ar-
ticles based on their titles and abstracts, and assessed the
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eligibility of the studies to be included. Any disagreement
between the authors was sorted by consulting a third au-
thor (KZ).

Risk of bias
in individual studies

For assessing the risk of bias in the RCTs individually,
the Cochrane Collaboration tool was used. Terms such
as a high risk of bias, an unclear risk of bias and a low
risk of bias were assigned to individual RCT studies. The
prospective/retrospective cohort studies were assessed
for the risk of bias by using the Newcastle—Ottawa Scale
(NOS).

Risk of bias across studies

The overall risk of bias for the RCTs was assessed with
the Cochrane Collaboration tool. It consists of 7 domains
determining the grade of bias risk as a low, unclear or
high. The prospective/retrospective cohort studies were
assessed for the risk of bias with NOS.

Certainty assessment

To assess the certainty of evidence for occlusal settling
(outcome), the Grading of Recommendations, Assess-
ment, Development, and Evaluations (GRADE) approach
was applied.

Data analysis

Data analysis was limited to reporting the mean values
of occlusal contact points/areas with different retention
methods. A meta-analysis was performed for studies
with quantitative data, using the RevMan software, v. 5.3
(Cochrane). For the computation of the summary effects,
a random effect model was utilized due to high heteroge-
neity. The I? statistics was utilized to assess the heteroge-
neity among the selected studies.

Table 1. Studies included in the systematic review

Journal

Hand search

= Search (N =219):
g E’ ® Cochrane (n = 31) > (n=2)
& § || ® PubMed (n=110)
i O || @ CINAHL Plus (n = 21)
e ";; ® DOSS (n=57)
)
== Duplicated articles (n = 70)
~—————————3Jp | Based on language (n = 0)
> Based on title/abstract (n = 115)
E Relevant titles Non-relevant objective
> v i ) -relev jectiv
o (n=34) (n=28)
3 v
D
°
=
g Included studies
r (n=6)

Fig. 1. Study selection PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram

DOSS - Dental & Oral Sciences Source.

Results

Study selection and characteristics

In the initial search of the literature, we found 219 stud-
ies across the major databases. After the removal of du-
plicates, we had 149 articles. Upon scrutinizing the ar-
ticles based on title and abstract, non-relevant articles
were excluded from this systematic review. A total of 6
articles were included — 2 RCTs,'2!2 and 2 prospective!*1®
and 2 retrospective!®!” cohort studies. The details of the
process of study selection are given in the PRISMA flow
diagram along with the reasons for the exclusion of a par-
ticular study (Fig. 1). The characteristics of the included
studies along with their method of outcome assessment
are summarized in Tables 1 and 2.

Assessment of the risk of bias
within the studies

Randomized controlled trials

We utilized the Cochrane Collaboration risk of bias
(RoB) tool to determine the overall and individual risk

Participants’age

[years]

1 Alkanand Kaya'? 2020 Journal of Oral Rehabilitation 60 N/A RCT
2 Varga et al'? 2017 American Journal of Orthodontics and Dentofacial Orthopedics 176 16 (15-18) RCT
3 Hoybjergetal!* 2013  American Journal of Orthodontics and Dentofacial Orthopedics 90 152 (11.1-34.8) prospective cohort
4 KaraandYilmaz'> 2020 American Journal of Orthodontics and Dentofacial Orthopedics 90 182 +7.3 prospective cohort
5 Sarietal.'® 2009 Angle Orthodontics 70 16.34£3.0 retrospective cohort
6 Basciftci et al."” 2007  American Journal of Orthodontics and Dentofacial Orthopedics 60 ':E grrgjgj 11213 ;25 retrospective cohort

Data presented as mean + standard deviation (M +SD) or as mean (interquartile range) (M (IQR)). HR — Hawley retainer; FR - fixed retainer; RCT — randomized

clinical trial; N/A — data not available.
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Table 2. Characteristics of the included studies

Study Intervention Measuring technique Outcome Follow-up
Alkan and Kaya'? HR/BR/VFR T-Scan Il OSA and occlusal force distribution 6-month
U/L-ER, occlusal force-meter;
Varga et al'? U/L —wrap-around retainer occlusal contacts were MVBF and NOC 10-week
and U - ER/L-BR determined using plastic foil
U/L - HR, alignment/rotation, marginal ridges, buccolingual inclination,

ABO discrepancy index

Hoybjerg et al.™ U-HR/L-BR and CRE overjet, occlusal contacts, occlusal relationship, interproximal 1-year
and U - ER/L -BR contacts, and root angulation
ER group, 35hape
Kara and Yilmaz' HR group P occlusal contact areas and CRE score changes 1-year
andBRIGroUp Ortho Analyzer software
Sari et al.!® HR and BR silicon basgd mtgr—occlusal occlusal contact points 1-year
registration
modified wrap-around HR silicone-based impression
Basciftci et al.'” and maxillary Jensen plate P occlusal contact points 1-year

bites

with mandibular FR

BR — bonded retainer; VFR — vacuum-formed retainer; U — upper arch; L — lower arch; ER — Essix retainer; ABO — American Board of Orthodontics; CRE — cast—
radiograph evaluation; OSA — occlusal surface area; MVBF — maximum voluntary bite force; NOC — number of occlusal contacts.

of bias present within the studies. In both studies,'>'? the Table 3. Assessment of the risk of bias of the included cohort studies, using
blinding of the outcome assessment was not reported; the Newcastle-Ottawa Scale (NOS)
thereff)ret it was con's1.dered a high risk of .blas. Similarly, Selection | Comparability | Outcome | Quality
the blinding of participants was not possible due to the ) ST
nature of the intervention, making it a high risk of bias. Hoybjerg et al. - * xx good
The overall risk of bias across the studies was high for the I
o o Kara and Yilmaz o * ** good ‘
blinding of participants and the outcome assessment. The
. . . . R Sarietal.’® xxx * *x good ‘
quality of evidence is summarized in Fig. 2.
Basciftci et al.!” *x * x* good ‘
Prospective/retrospective cohort studies Good quality: 3 or 4 stars in the selection domain AND 1 or 2 stars in the

comparability domain AND 2 or 3 stars in the outcome domain.

Th tive/ret i hort studi Fair quality: 2 stars in the selection domain AND 1 or 2 stars in the
€ prospective/retrospective cohort studies were as- comparability domain AND 2 or 3 stars in the outcome domain.

sessed for the risk of bias with NOS. All the included stud- Poor quality: 0 or 1 stars in the selection domain OR O stars in the
ies had a good quality of evidence. The quality of evidence comparability domain OR 0 or 1 stars in the outcome domain.
is summarized in Table 3.

@ nigh risk of bias B high risk of bias

! unclear risk of bias unclear risk of bias

‘ low risk of bias . low risk of bias

Random sequence generation

Random sequence generation i
Allocation concealment

Allocation concealment L
Blinding of outcome assessment

Blinding of participants

Blinding of participants

Incomplete outcome data
Incomplete outcome data

Selective reporting

=)
N
o
o
©
>
©
¥
k-]
c
(]
c
(3]
=
<
Blinding of outcome assessment ‘

Selective reporting Oth
er

OODDOOG® varvacta. (201

Other

0% 20% 40% 60% 80% 100%

Fig. 2. Assessment of the individual and overall risk of bias of the included randomized controlled trials (RCTs), using the Cochrane Collaboration risk of bias
(RoB) tool
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Assessment of the certainty level

The certainty of evidence was assessed via the GRADE
approach, which demonstrated a low and very low quality
of evidence (Table 4).

Results of individual studies

Alkan and Kaya'? divided the arch into 4 quadrants and
reported an increase in the occlusal surface area (OSA) in
the left and right posterior dental arches for the HR, BR
and VER groups through a follow-up period of 6 months.
However, only HR brought statistically significant im-
provement in the anterior OSA (p = 0.008). Considering
the occlusal force distribution, a statistically significant
increase was observed in the anterior dental arches for
the HR group (p = 0.026), whereas in the BR group, better
posterior dental occlusal force distribution was reported
(p =0.029).

Varga et al.!® reported an increase in the maximum
voluntary bite force (MVBF) and the number of contacts
(NOC) in all retainer groups, but the least improvement
was observed in subjects with 2 ERs. The type of appli-
ance, age and gender were reported to have a statistically
significant impact on NOC (p = 0.05).

Hoybjerg et al.! reported that the combination of up-
per HR/lower BR exhibited the best occlusal settling,
whereas the upper ER/lower BR combination showed the
least amount of settling; however, these differences were
statistically non-significant (p = 0.819). Similarly, they re-
ported no statistically significant differences between ex-
traction and non-extraction treatment modalities.

Kara and Yilmaz!® reported a significant increase in
occlusal contact areas for all teeth except for incisors
in the HR and BR groups (p < 0.001). The BR group
demonstrated the highest amount of occlusal settling,
whereas the ER exhibited poor occlusal settling for the
posterior teeth.
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Sari et al.!® reported an increase in the occlusal contact
points from 12.45 to 16.40 in the HR group (p = 0.05).
Similarly, in the BR group, the combined occlusal contacts
of all teeth increased by an average of 13.72 (p < 0.001).
Both groups showed improvement in the posterior occlu-
sal contacts; however, BR showed the greatest improve-
ment.

Basciftci et al.l” reported improvement in the vertical
movement of the posterior teeth in both the modified up-
per/lower HR and upper Jensen/lower BR groups. The
BR group showed an increased number of tooth contacts
in the posterior segments (p < 0.001) as compared to the
modified HR group at the end of the 1-year retention pe-
riod (p = 0.05).

Synthesis of the results

We conducted a meta-analysis between BRs and
HRs to compare occlusal contacts after debonding.
We included 3 comparative studies'>!>1¢ in the meta-
analysis, which yielded statistically non-significant re-
sults. Similarly, in the comparison between BRs and
ERs, we included two studies'>!® and found no statis-
tically significant difference between the 2 groups in
terms of occlusal settling. The summary of the effect
is depicted in Fig. 3 and 4, showing statistically non-
significant results.

Discussion

The current systematic review was conducted to assess
the improvement of occlusal contact points/areas in dif-
ferent retention protocols. Recently, a systematic review
was also conducted on the effect of removable retainers
on tooth stability.l° However, there is a lack of published
systematic reviews investigating the impact of BRs, HRs
and ERs on occlusal settling.

Table 4. Summary of findings (Grading of Recommendations, Assessment, Development, and Evaluations (GRADE) approach): Occlusal contact points/areas

after orthodontic treatment utilizing different retention protocols (outcome)

Starting level Risk

Impreciseness Reporting Overall quality

Outcome . . Inconsistency | Indirectness
of evidence | of bias

Occlusal 2RCTs high serious’  very serious? no
contact N

; 4 cohort .
points/areas . low no very serious? no

studies

Improvement ) ) .
mpre 2 RCTs high serious'  very serious? no
in biting force

bias of evidence

all studies reported the worst
very low

biting force

no } .
occlusal settling with ER
BR and HR allowed better
no no ) low
occlusal settling
BR and HR allowed better
no no very low

GRADE Working Group grades of evidence*: high quality — further research is very unlikely to change our confidence in the estimate of effect; moderate
quality — further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; low quality —
further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate; very low quality

- any estimate of effect is very uncertain.

" both studies had a high risk of bias for the blinding of participants and the outcome assessment, similarly, 1 study did not report any concealment method;
2 a high level of heterogeneity is present between the comparison group and the method of assessment.
* Schiinemann H, Brozek J, Guyatt G, Oxman A, eds. GRADE Handbook. Handbook for grading the quality of evidence and the strength of recommendations

using the GRADE approach. GRADE Working Group; 2013.
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HR BR SMD SMD
Study or subgroup M SD total M SD total weight IV, random, 95%C/ vyear IV, random, 95%C/ A
Sari et al. 0.79 017 25 2,69 0.29 25 32.9% -7.81(-9.50,-6.12) 2009
Alkan and Kaya 14.24 220 20 7.67 0.20 20 33.4% 4.11 (2.89, 5.25) 2020
Kara and Yilmaz 194 0.22 30 2.81 0.35 30 33.7% —2.94 (-3.68,-2.19) 2020
Total (95% CI) 75 75 100.0% -2.19 (-8.04, 3.67)

Heterogenity: 72 = 26.41, 2 =161.95, df = 2 (p < 0.00001), /> = 99%
Test for overall effect: Z=0.73 (p = 0.46)

-20-10 0 10 20
HR BR

Fig. 3. Forest plot depicting the mean difference (MD) between Hawley retainers (HRs) and bonded retainers (BRs)

SMD - standardized mean difference; C/ - confidence interval; df — degrees of freedom.

ER BR

Study or sobgroup M SD total M SD total weight

MD MD
1V, random, 95%C/ 1V, random, 95%C/

Kara and Yilmaz

Alkan and Kaya 11.82 4.20 20

Total (95% CI) 50 50

Heterogenity: 72 = 39.58, 7 2=17.03, df = 1 (p < 0.0001), / = 94%
Test for overall effect: Z=0.14 (p = 0.89)

-2.20 413 30 281 1.94 30 52.1%
7.66 8.20 20 47.9%

100.0%

—5.01 (-6.64, —3.38)
4.16 (0.12, 8.20)

—0.62 (-9.60, 8.36)

~100 _50 0 50 100
favors (ER) favors (BR)

Fig. 4. Forest plot depicting the mean difference (MD) between Essix retainers (ERs) and bonded retainers (BRs)

Bonded retainer vs. Hawley retainer

Three studies!>'>1¢ reported the improvement of oc-
clusal contacts in the posterior region in both the BR
and HR groups. However, BRs performed better in terms
of efficient occlusal settling of the posterior teeth. Con-
sidering the anterior occlusal contacts, only one study!?
reported a statistically significant increase in the HR
group as compared to the BR group. Other studies'>!®
failed to find any difference between the groups with
regard to improvement in the anterior occlusal con-
tacts. These results are in accordance with other studies,
which found no significant improvement in the anterior
occlusal contacts when using HRs.!#! Considering the
secondary outcome, better occlusal force distribution
was observed in the anterior region for the HR group
as compared to the BR group. Contrary to this, the BR
group showed a considerable decline in anterior occlu-
sal forces, whereas posterior occlusal forces were higher
as compared to the HR group.!? Similarly, 2 studies'*!®
evaluated the retainer protocols based on the cast-ra-
diograph evaluation (CRE), which was established by the
American Board of Orthodontics (ABO) to assess the
excellence of occlusion for board certification. In terms
of CRE scores, the HR group performed particularly well
in contrast to the BR group. The HR group exhibited the
best post-treatment results with improvement in 5 crite-
ria and demonstrated a statistically significant decrease
in the total CRE scores.!® This is in agreement with the
study conducted by Aslan et al., who reported a reduc-
tion in the CRE scores with HR.?°

Bonded retainer vs. Essix retainer

Conflicting results were found when comparing BR
with ER. Varga et al.!® found correlations between a re-
duced NOC and female gender and the ER protocol.
On the contrary, Kara and Yilmaz!® reported statisti-
cally significant improvement in occlusal contact, the
marginal ridge and the overjet in the ER group, as de-
termined by the CRE scores, but found a reduced OSA
based on the OrthoAnalyzer software analysis. The
authors found a reduced OSA in the ER group except
for incisors as compared to the BR group, in which an-
terior occlusal contacts were found to be less.!> When
assessing VFRs, Sauget et al. reported no significant
increases in the anterior and posterior occlusal con-
tacts,!® whereas Aslan et al. reported improved anteri-
or occlusal contacts only.2’ However, when comparing
the CRE scores of the BR and ER groups, one study®
found BRs to be superior, although it was statistically
non-significant. On the other hand, Hoybjerg et al.}*
reported a decrease in the total CRE scores with the
Essix appliance. Alkan and Kayal'? reported a statis-
tically significant increase in OSA in the ER and BR
groups. However, the ER group outperformed the BR
group when anterior occlusal contacts were evalu-
ated after 6 months of full-time wear. Interestingly,
the wear time had no influence on anterior occlusal
contacts, as one author!® divided the wear time of ER
equally into 6 months of full-time followed by night-
time wear only and found the same results at the end
of a 1-year evaluation.
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Combination of different retainers

Hoybjerg et al.'* evaluated occlusal contacts in different
retainer patterns, i.e., upper/lower HR, upper HR/lower
BR and upper ER/lower BR. The authors reported that
the best combination of retainers for reducing the CRE
scores were upper HR/lower BR followed by upper/lower
HR and upper ER/lower BR. In terms of occlusal contacts,
each retainer combination showed a statistically signifi-
cant reduction in the CRE scores (improvement in oc-
clusal contacts) at 1-year follow-up.!* This is in line with
a study that reported a decrease in the CRE scores during
retention and improvement in certain aspects of occlu-
sion, i.e., the overjet, occlusal contacts and the marginal
ridge.?! Greco et al. reported increased CRE scores after
the retention period with fixed and removable retain-
ers.22 However, in terms of occlusal settling, the upper
HR/lower BR group showed the highest amount of oc-
clusal settling.!* The same authors evaluated the impact
of extraction and non-extraction treatment on occlusal
contacts, and reported no statistical difference between
them. Yet, based on the initial severity of discrepancy,
they reported a statistically significant difference between
low and high discrepancy groups.!* Basciftci et al.'” com-
pared upper Jensen plate/lower fixed bonded retainer to
upper/lower modified HRs. They showed the same trend
of faster and improved posterior occlusal contacts in the
BR group as compared to the HR group.”

Outcome evaluation methods across
different studies

One of the important considerations are the outcome
evaluation methods used in the included studies for as-
sessing the occlusal contact points/areas. More tradi-
tional methods of inter-occlusal registration via silicon-
based impression material were utilized by 2 included
studies.'®1” These inter-occlusal registrations are evalu-
ated under light to determine NOC. In the preceding lit-
erature, this is the most common and practical method
to assess occlusal contacts.?*?* This method might not
be ideal, since light transmittance angles can influence
the outcome. On the other hand, Varga et al.!* assessed
occlusal contacts by using plastic foil, which was 6 mm
in width and 0.05 mm in thickness. The authors took
into account contact points in areas where the foil could
not be pulled out by heavy pulling during habitual oc-
clusion.’® The previously recorded error of this method
is 10% of the mean value.?> However, assessing occlusal
contacts by utilizing silicone-based impression and plas-
tic foil materials may provide inadequate information
about posterior occlusal contacts. One study!* utilized
the ABO grading system, and assessed pre- and post-
treatment occlusal contacts on orthodontic cast models,
as recommended by Casko et al.2® Two of the included
studies!>!® used modern digital technology to assess oc-
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clusal contact areas in their sample subjects. T-scan III
was utilized by Alkan and Kaya,'? who reported difficulty
in the assessment of occlusal contacts, so they preferred
recording OSA. This method has a low degree of validity
for quantifying absolute force, but demonstrates a high
degree of reliability in consecutive measurements.?’
These contemporary systems have been developed to
accurately and precisely evaluate occlusal forces and
contacts; however, they have some disadvantages as
well. The pressure-sensitive plates used in dental pres-
cale systems are 0.004-inch-thick, and due to the impen-
etrable nature of the plate, the overdetection of OSA is
reported near the hinge axis.?® Similarly, occlusal three-
dimensional (3D) anatomy might not be fully captured,
as in silicon or wax bite materials. To overcome these
shortcomings, Kara and Yilmaz!® scanned the pre- and
post-treatment models with a 3D laser scanner (3Shape)
separately in an occluded manner. To measure the oc-
clusal region, the screenshots of each tooth were trans-
ferred to the OrthoAnalyzer software and two-dimen-
sional (2D) area measurements were taken. This method
has been found to be both reliable and repeatable.?

The risk of bias across RCTs was assessed with the help
of the Cochrane Collaboration RoB tool. Both RCTs!>13
performed randomizations, but provided no information
on the method utilized. Similarly, Varga et al.!®* did not
provide any information on allocation concealment. The
risk of bias for the cohort studies was assessed with NOS,
and each included study**"'7 demonstrated a good quality
of evidence.

Limitations

The limitations of the present systematic review in-
volve heterogeneity in the assessment of occlusal contact
points/areas, a limited number of RCTs, different combi-
nations of retainers, and different evaluation intervals for
the assessment of occlusal contacts. Few of the studies!>!®
assessed OSA, which represents the functional state
of the occlusal table, whereas other studies!®1%1617
ported occlusal contact points, which represent the static
nature of occlusion. Similarly, retention follow-ups were
a maximum of 1 year, which is not sufficient to conclude
any strong recommendation regarding the retention pro-
tocols in review.

re-

Conclusions

In conclusion, HRs performed well, particularly in the
anterior segment of the arch, as compared to BRs, where-
as BRs allowed better and faster occlusal settling in the
posterior arch. The Essix retainer showed poor occlusal
settling in the posterior region. As for the maximum bit-
ing force, HRs performed better in the anterior region and
BRs in the posterior region.
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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 quide, 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 websites. 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),%® oral appliances (OAs),® biofeedback
(BF),!0M physical therapy,'>!? 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

L. Cerdn et al. Therapies for sleep bruxism

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)!7 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
of information

PubMed

Scopus

Cochrane

Embase

Google Scholar

OpenGrey

Search strategy

m

“treatment” OR “effectiveness”) in Title Abstract Keyword

un,

("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 flowchart

o studies with unspecified

Reports excluded:

or non-validated
diagnostic methods (n=1)

Data collection process and data elements

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 -
2 (n=75) (n=2) (n=1)
o
g Reports excluded:
é o studies with children
or adolescents
Reports assessed Iaf 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 | <€
2 (n=86)

Evaluation of methodological quality,

quality of evidence and meta-bias

Once duplicate studies were eliminated, 2 reviewers in-

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

Author, year, country,
journal with its IF

L. Ceron et al. Therapies for sleep bruxism

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

Agrenetal®
2020, Sweden bruxism BTX-A (1) RCT, prospective instrumental
J Oral Rehabil patients placebo (C) or retrospective studies approaches
IF=3.837
Ferndndez-Nurez et al® BTX-A () :
} ) instrumental
20, Sgein LB Slaczcs, RCT and non-instrumental
Med Oral Patol Oral Cir Bucal patients occlusal splints, medications a0broaches
IF=2.555 or cognitive-behavioral therapy (C) PP
Manfredini et al.”® SB diagnosis (1)
2015, Italy bruxism the comparison was based on the description RCT and uncontrolled instrumental
JOral Rehabil patients of the condition and features before-after studies approaches
IF=3.837 of the passive or active control group
Jokubauskas et al.
2018, Lithuania bruxism occlusal splints and MAD:s (1) RCT, instrumental
J Oral Rehabil patients nociceptive trigeminal inhibitory splint, BF (C) before-after crossover approaches
IF =3.837
Longetal.” instrumental
2012, China bruxism BTX-A (1) RCT and non-randomized :
X ) . . and non-instrumental
Int Dent J patients placebo or other interventional procedures (C) studies
approaches
IF=2512
De la Torre Canales et al.2 instrumental
2017, Brazil bruxism BTX-A (1) 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 findings

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 (MADs)
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 efficacy 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 differences between the compared groups

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

Systematic
review

Diagnostic
method

Agren etal'® Lee SJ, McCall WD Jr, Kim YK, Chung SC, Chung JW.
Fernandez-Nunez 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.* doi: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 al.'® 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 botulinum toxin on jaw motor events during p <0.001*
De laTorre Canalés ot al? 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 "
B - . : ) p <0.050
biofeedback training for daytime clenching and its
) . BF for IG as compared EMG
effect on sleep bruxism. J Oral Rehabil. to placebo (CG)
201542(2):83-89. doi:10.1111/joor.12233 P
Valiente Lépez 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=0.010
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. P
Manfredini et all® 2010;260(2):163-174. doi:10.1007/500406-009-0034-0
Carra MC, Macaluso GM, Rompré PH, et al. "
. ; ) p=0.020
Clonidine has a paradoxical effect on cyclic arousal -,
; ; clonidine for IG as compared PSG
and sleep bruxism during NREM sleep. Sleep. to placebo (CG)
2010;33(12):1711-1716. doi:10.1093/sleep/33.12.1711 P
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. I p < 0.050*
: ) ) stabilization ) ;
The effect of intermittent use of occlusal splint <plint for for intermittent use
devices on sleep bruxism: A 4-week observation with P . (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 (IG)
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
Dent J. 2015;60(4):445-454. doi:10.1111/ad;j.12259 inhibitory splint
(€©)
Jokubauskas et al.? Singh PK, Alvi HA, Singh BP, et al. Evaluation of various reinforced forigtg‘(l)GS?and
treatment modalities in sleep bruxism. J Prosthet Dent. adjustable occlusal solints PSG
2015;114(3):426-431. doi:10.1016/j.prosdent.2015.02.025 MADs (CG)p
Gu WP Yang J, Zhang FM, Yin XM, Wei XL, Wang C. ) p=0.001*
; , ; R maxillary
Efficacy of biofeedback therapy via a mini wireless ) for IG as compared
) . . occlusal splint :
device on sleep bruxism contrasted with occlusal and vibrator to maxillary occlusal PSG
splint: A pilot study. J Biomed Res. 2015;29(2):160-168. foedback y 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
review

Agrenetal’®
2020

Fernandez-Nunez et al®
2019

Manfredini et al.'®
2015

Jokubauskas et al.°
2018

Long et al.®
2012

De la Torre Canales et al.2
2017

Q4 | Q5 | Q6 | Q7

Overall

o | o confidence

Q10 | Q11 | Q12 [ Q13 [ Q14 | Q15 | Q16
critically

low

critically
low

critically
low

critically
low

critically
low

critically
low

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 II; ** 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 BE.
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.2’ Therefore, both authors sup-
port the idea of conducting future research with longer
follow-up periods. Mainieri et al. reported that treatment
with MADs 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, Ferndndez-Nuiiez 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 IU) 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.?®? 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.?

34

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.33-3* Studies such as those by
Smardz et al.3¢ 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 BFE, it is a subject that is still under debate,
as there are studies, such as those by Lobbezoo et al.3®
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* 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 et al., 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
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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.>->3
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,*78
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-
quences, 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-
quency does not mean pathogenicity.*!~%

L. Cerdn et al. Therapies for sleep bruxism

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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Abstract

Narrow-diameter dental implants (NDDIs) are suggested to be a reliable alternative to bone augmentation
techniques, but evidence regarding the feasibility of NDDIs in the posterior area is limited. This review
investigated the survival rates of NDDIs, as well as peri-implant clinical and radiographic parameters for
a fixed dental prosthesis in posterior regions compared to standard-diameter dental implants (SDDIs).
One investigator performed an electronic search of the English literature in the Web of Science, PubMed,
Scopus, and EMBASE databases until December 2020. The focused question was: “Do narrow diameter
dental implants restoring fixed dental prosthesis demonstrate more alveolar bone loss as compared to
standard diameter dental implants in posterior maxillary and mandibular regions?”

The 9 studies selected for this review assessed a total of 498 patients (250 males, 206 females, aged
19—86 years), 725 NDDIs and 260 SDDIs were placed. The mean follow-up duration was 71 months
(range: 12—176 months). A high survival rate of NDDIs was noticed (i.e., 97.37% [range: 94.7—100%]).
The mean probing depth and bleeding on probing scores ranged between 3.67 mm and 3.12 mm, and
10% and 33.42%, respectively. However, the only study reporting plaque index (PI) demonstrated a mean
PI'score of 1.39. The majority of the studies reported mean marginal bone loss scores below 1.0 mm.

In conclusion, NDDIs appear to be a feasible treatment option in patients requiring fixed dental prosthesis
in posterior regions since they exhibit comparable survival rates to SDDIs, as well as a clinically acceptable
peri-implant clinical and radiographic tissue response.

Keywords: marginal bone loss, diameter, narrow diameter, survival, systematic review
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Introduction

Excellent predictability and high success rates of dental
implant therapy have been revealed by countless clinical
reports.! Additionally, rehabilitation of the oral cav-
ity utilizing dental implants may yield an improved oral
health-related quality of life.*> However, atrophy of the
alveolar crest with decreased bone height and width be-
cause of marginal periodontitis, denture wearing, neopla-
sia, malformation, and trauma makes the placement of
dental implants challenging. In such scenarios, supple-
mentary surgical protocols can be needed to increase
the inadequate alveolar bone volume and reconstruct the
harmful sagittal, horizontal, or vertical inter-maxillary
relationships.® In this aspect, numerous augmentation
methods are explained in the literature, based on the size
and site of the defect, including lateral and/or vertical al-
veolar ridge augmentation and maxillary sinus floor aug-
mentation.® However, these augmentation methods are
costly and time-consuming and require surgical skills to
minimize patient morbidity and prevent several compli-
cations, including wound dehiscence, hemorrhage, bone
fractures, nerve damage, infections, postoperative pain,
and augmentation or dental implant failure.”® Moreover,
augmentation methods might carry an increased risk of
complications in medically compromised patients (i.e.,
patients utilizing anti-resorptive drugs or having a history
of radiation to the oral and maxillofacial region).®

Implant survival depends on the maintenance of opti-
mal conditions of peri-implant tissues to achieve stability.
After obtaining osseointegration, the failure of the im-
plant is linked to the gradual loss of peri-implant bone tis-
sue, which is due to inflammation in the area.’ Therefore,
it is essential to monitor peri-implant bone levels at regu-
lar follow-ups after the implant treatment is completed. If
no adequate oral hygiene instructions are being followed
or the implant is overloaded, it may cause peri-implantitis
and loss of the implant.'®

Narrow-diameter dental implants (NDDIs) are becom-
ing a growing scientific and clinical interest. By utilizing
NDDIs, patient morbidity may be decreased by avoiding
augmentation or other invasive surgical procedures.!!
Until recently, the application of NDDIs has been limited
to the replacement of teeth having narrow clinical crowns
and/or for limited inter-implant or inter-dental spaces,
including mandibular incisors and maxillary lateral re-
gions.!? Several studies have reported the survival rate
of NDDIs being comparable to standard diameter dental
implants (SDDIs).!314 It might be postulated that dental
implant survival is not associated with implant diameter.
However, the utilization of NDDIs is avoided in the pos-
terior regions due to biomechanical and prosthetic con-
siderations.!?

Some studies comparing NDDIs with SDDIs have re-
ported comparable dental implant survival rates for both
implant options.!>-1® However, studies have suggested a
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few limitations with the utilization of NDDIs that should
be taken into account, including considerably lower frac-
ture resistance in comparison to SDDIs, which increases
the risk of dental implant failure.}”-2° According to Ivanoff
and colleagues?, a decrease in implant diameter results
in a decreased implant-to-bone contact region, yielding
a lower surface area, hence the small diameter may un-
dermine the osseointegration of NDDIs. However, recent
studies have demonstrated that NDDIs might be employed
for the replacement of posterior and anterior teeth, with
comparable clinical and radiographic results.?!"??

Till today, the application of NDDIs has been limited to
specifically defined indications having relatively low oc-
clusal loading, such as incisors or to retain elements for
overdentures. Before NDDIs can be recommended in a
wider clinical setup, the assessment of available evidence
is essential.2? Since there is no clinical evidence regarding
peri-implant clinical and radiographic parameters around
NDDIs for fixed dental prostheses in the posterior region
in comparison to SDDIs. Therefore, this systematic re-
view aimed to investigate the survival rates of NDDIs as
well as peri-implant clinical and radiographic parameters
for fixed dental prostheses in posterior maxillary and
mandibular regions compared to SDDIs.

Material and methods

The current systematic review was constructed in
agreement with the guidelines provided by the Preferred
Reporting Items for Systematic Review and Meta-analysis
(PRISMA) statement.?*

Focused question and study outcomes

The focused PICO question that was answered is as fol-
lows?: “Do narrow diameter dental implants (interven-
tion) restoring a fixed dental prosthesis (patient) demon-
strate more alveolar bone loss (outcome) as compared to
standard diameter dental implants (comparison) in poste-
rior maxillary and mandibular regions?”

The survival rates (i.e., time from first placement to
functional loss of the dental implant) of NDDIs were the
primary outcome, while peri-implant clinical (i.e., plaque
index (PI), probing depth (PD), bleeding on probing
(BOP)) and radiographic (marginal bone loss (MBL) pa-
rameters constituted the secondary outcomes.

Patient selection and intervention

The current review included studies of patients sched-
uled for placement of a minimum of 1 NDDI into the
mandible and/or maxilla with a narrow alveolar ridge
(i.e., inadequate bone volume). Any simultaneous bone
augmentation techniques were not allowed. Studies with
only healthy participants without any systemic condition
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that might influence bone metabolism and the absence of
local infection signs were included in the present review.
No restrictions regarding the age or gender of the patients
were imposed.

Only reports containing dental implants of diameters
ranging from 3.2 mm to 3.5 mm were included without
any restriction to dental implant length. The NDDI’s in-
dication included the restoration of a fixed dental pros-
thesis.

Search strategy

The authors searched the Clarivate Analytics’ Web of
Science (All Databases), Medline/PubMed, Elsevier’s
Scopus, and EMBASE databases from January 1990 to
December 2020 for suitable publications in English to ad-
dress the focused question. The complete search was car-
ried out related to the articles that compared the alveolar
bone loss levels after restoring a fixed dental prosthesis
with NDDIs and SDDIs. The following search terms were
used in all search databases: “small implant™ OR “small
dental implant” OR “small diameter implant™” OR “small
diameter dental implant” OR “narrow implant” OR “nar-
row dental implant” OR “narrow diameter implant™” OR
“narrow diameter dental implant” OR “standard im-
plant™ OR “standard dental implant™ “standard diameter
implant” OR “standard diameter dental implant™ “regu-
lar implant™ “regular dental implant™ OR “regular diam-
eter implant™ OR “regular diameter dental implant™” OR
“diameter implant” OR “diameter dental implant™ OR
“mini-implant” OR “mini dental implant™

The titles and abstracts for the eligible studies were
screened by two authors. If the abstract did not contain
data relevant to the eligibility criteria. If the title of the
article was relevant, but the abstract was not available,
the article was chosen for a thorough reading of the text.
Then, the identification of full-text articles that fulfilled
the eligibility criteria was performed. Manual searching of
the clinical studies’ reference lists was carried out to iden-
tify papers that could have been missed during the elec-
tronic search. The following journals were selected for
manual searching: (a) Journal of Periodontology, (b) Jour-
nal of Clinical Periodontology, (c) Journal of Periodontal
Research, (d) Clinical Oral Implants Research, (e) Clinical
Implant Dentistry Related Research, (f) European Journal
of Oral Implantology, (g) International Journal of Implant
Dentistry, (h) Journal of Periodontal and Implant Science,
(i) International Journal of Periodontics and Restorative
Dentistry, (j) Implant Dentistry, (k) Journal of Oral Im-
plantology, and (1) Implantologie. Articles that fulfilled the
selection criteria were analyzed for data extraction.

Data extraction

The following data from the selected studies were ex-
tracted and tabulated: (a) year, author, and journal of pub-
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lication, (b) methodological design of the study, (c) gender
and mean age (year) of the study participants, (d) the total
number of dental implants placed in the maxilla and/or
mandible, (e) diameter (in mm), (f) placement depth of
dental implants, (g) follow-up duration, (h) survival rate
of the dental implant, and (i) outcome of the study. The
information gathered was based on the focused question
proposed for the current systematic review.

Eligibility criteria

The inclusion criteria included: (a) studies on the sur-
vival rates of dental implants under functional loading,
(b) studies that analyzed peri-implant clinical and radio-
graphic parameters, (c) studies having at least 12 treated
patients, (d) studies with a mean follow-up duration of
dental implant survival of a minimum of one-year post-
implant placement, and (e) studies published in the Eng-
lish language. The following methodological designs were
included:

— prospective: cohort, non-randomized-controlled, ran-
domized-controlled studies;
— retrospective: single-cohort, controlled trials.

The exclusion criteria comprised of (a) studies having a
mean follow-up period of < 1 year, (b) studies discussing si-
multaneous bone augmentation techniques, (c) the utiliza-
tion of mini-dental implants for orthodontic anchorage, (d)
reviews, expert opinions, case reports, case series, animal
studies, or in-vitro studies, (e) studies with < 12 patients,
and (f) studies published in languages other than English.

Risk of bias/quality assessment

Two investigators evaluated the study quality of the in-
cluded studies. The quality assessment of the randomized
controlled trials was carried out utilizing the revised rec-
ommendations of the Consolidated Standards of Reporting
Trials (CONSORT) statement.?® The estimation of quality
assessment for each included randomized controlled trial
was based on the Cochrane Handbook for Systematic Re-
views of Interventions.?” In summary, the following sec-
tions were taken into account: (a) reporting bias (selective
reporting), (b) attrition bias (incomplete outcome data), (c)
detection bias (blinding of outcome evaluation), (d) per-
formance bias (blinding of research subjects), () selection
bias (randomization and allocation concealment), and (f)
other biases. For each of these sections, the reports were
categorized as having a low risk of bias (low), high risk of
bias (high), or unclear (?). Overall, reports were regarded as
() high risk of bias if > 1 criterion was not fulfilled, (b) low
risk of bias if all criteria were fulfilled, and (c) unclear risk
of bias if > 1 criterion was partly fulfilled.

For assessing the quality of non-randomized and obser-
vational studies, the grading scale proposed by the New-
castle-Ottawa Scale (NOS) was used.?® This scale utilizes
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a star system to assess the reports on 3 comprehensive
aspects?: (a) the identification of either outcome or ex-
posure of interest (maximum three stars), (b) the compa-
rability of study groups (maximum two stars), and (c) the
selection of the research groups (maximum four stars).

Additional analysis

Due to deficient high-quality evidence, limited data
presented in some studies, and the discrepancy between
the methods, the utilization of advanced statistical meth-
ods was felt inappropriate. The data quality was also very
limited to carrying out any statistical bias evaluations.
The secondary outcomes of the present review are pre-
sented narratively.

Results

Study selection

The searches from the electronic databases (Medline/
PubMed [n = 1517], Scopus [n = 346], Web of Science [n =
252], and EMBASE [n = 158]) yielded 2273 relevant publi-
cations for consideration. After the screening of titles and
abstracts, 29 studies were chosen for full-text review, and
2244 studies, after the removal of duplicates, did not meet
the inclusion criteria and were excluded. The screen-
ing of titles and abstracts resulted in the exclusion of 20
more studies. Overall, 9 studies were finally selected for
the present systematic review (Figure 1). All studies were
conducted at either private dental clinics, healthcare cen-
ters, or universities.
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& database searching
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L
=
=
: ¢
[
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Records after
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=]
£
: ¢
@
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§, Full-text papers assessed Full-text articles excluded,
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Fig. 1. PRISMA flow diagram for the literature search
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General characteristics of the included
studies

Table 1 depicts the general characteristics of the includ-
ed studies. In the present review, four studies were retro-
spective clinical trials®*-33, two were prospective clinical
trials®%, two were retrospective cohort studies®*’, and
one study was a randomized controlled trial.*® The major-
ity of the clinical trials were published during the 2010s,
however, one study was published in 2009. These studies
were carried out in Belgium, Brazil, China, Italy, Portugal,
the Republic of Korea, and Turkey, and were published in
the International Journal of Implantology, Clinical Oral
Implants Research, Journal of Periodontology, Maxillofa-
cial Plastic and Reconstructive Surgery, Oral Implantology,
Implant Dentistry, and Clinical Implant Dentistry Related
Research. A total of 498 participants were involved in the
studies and included in the present review, with male par-
ticipants (n = 250) being slightly more than female patients
(n = 206). However, a study involving 42 participants did
not mention the gender of the patients.>* Overall, the range
of study participant numbers was between 12 and 147, and
the age range was 19-81 years. The total number of NDDIs
was 725, while the total number of SDDIs was only 260.
Overall, 380 implants were placed in the maxilla, where-
as 360 implants were placed in the mandible. One study
did not report the jaw(s) in which implants were placed.?”
The diameter of NDDIs ranged from 3.2 mm to 3.5 mm,
while the diameter of SDDIs ranged from 3.5 mm to 4.1
mm. Overall, 8 studies applied bone-level dental implants,
whereas only 1 study utilized tissue-level dental implants.*

Survival rate of NDDIs

All the included reports presented the survival rate of
NDDIs. Overall, the survival rate of the NDDIs ranged
from 94.7% to 100%. Out of a total of 725 NDDIs used,
only 19 failed, which corresponds to an NDDI survival rate
of 97.37% during the follow-up time, which ranged from
12 months to 176 months. A higher failure rate of NDDIs
was observed in the maxillary arch (n = 11, [57.89%]) as
compared to the mandibular arch (n = 8, [42.10%)]).

Peri-implant clinical and radiographic
parameters

Only one study assessed PI, PD, and BOP3¢, while two
studies evaluated only BOP and PD?3¢, and one study
evaluated only BOP.3? Overall, the mean PPD and BOP
scores ranged between 3.67 mm and 3.12 mm, and 10%
and 33.42%, respectively. However, the only study re-
porting PI demonstrated a mean PI score of 1.39.3¢

All the included studies reported MBL around NDDIs.
The majority of the studies (n = 8) reported mean MBL
scores below 1.0 mm, except one report that demonstrat-
ed mean MBL scores of 1.16 mm.*
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Table 1. General description and implant-related characteristics of the included studies

Author;
publication Participants; No. of Diameter
year; journal | Study design | (male + female); | implants (n);
. (mm)
name; age (range) max/mand

country
Eskan et al,, n: 171
[1];2020; IntJ  Retrospective n=42 () NDDIs: (n=37) NDDIs: 3.3
Implant Dent;  clinical study SDDIs: (n=134);  SDDls: 4.1
Turkey 98/73
Shi et al., [2];
2017; Clin Retrospective n=67; (38+29); N 14, )
Oral Implants.  cohort.study (21-56 years) NDDls: NDDIs: 3.3
Res: China 35.6 years (n=114); 42/56
Pieri et al,, ) ) n: 239
[3];2016; ) Retrospective n=107; (33+74); NDDIs: n=113 NDDIs: 3.3
Periodontol;  cohort study (44-81 years) SDDIs:n=126  SDDIs: 3.5-4.0

61.02 years

Italy -/~
Woo et al,
[4]; 2016;
Maxillofac Reiesaaeiye n=66 (37+29); n: 98
Plast Reconstr clnicaletli) (19-76 years) NDDIs: (n=98);  NDDIs: 3.5
Surg; 514 years 42/56
Republic of
Korea
Tolentino et
al,, [5]; 2016; Randomized n=-
Clin Oral controlled n=12(4+8);433 NDDls: - NDDIs: 3.5
Implants Res; trial years Mandible: all
Brazil
Lambert
etal, [6]; ) ) n=39
2015; ) Oral jﬁsczlegﬁy ”2‘12(7)0(5%;2 NDDIs: (1=39);  NDDIs: 33
Implantol; -/-39
Belgium
Garcez-Filho
etal, [7]; Retrospective n=21(9+12); n: 40
2014; Clin clinical study (33-78 years) NDDIs: (n=40);  NDDlIs: 3.3
Oral Implants 55.5 years 40/-
Res; Brazil
VIEISEITE G =16 (9+7); (48- n=37
fr'néf;n o . Cmizle;tﬁy 69years) 585  NDDIs: (n=37);  NDDIs: 3.2
Italy years 14/23
Malo et al,,
[9]; 2009; Clin Retrospective n=147 (115+32); n=247
Implant Dent clinical study (26-77 years) NDDIs: (n=247) NDDIs: 3.3
Relat Res; 47.5 years 144/103
Portugal

Placement
depth

Follow-up | Survival
(months) | rate (%)

Study outcome

NDDI successfully treated total
edentulous patients requiring an
immediate implant placement and
loading.

Bone level 55 100

NDDI, being a predictable treatment
option, has high survival rates, high
patient satisfaction, acceptable
complication rates and marginal
bone loss.

96-176

(121) o

Bone level

Fixed partial denture treatment in
posterior jaws with NDDIs was as
reliable as with SDDIs, although
NDDIs showed a higher risk of
prosthetic complications.

Bone level 60 99.1

NDDIs must be considered an
alternative for SDDIs to restore a
posterior edentulous region.

Bone level 12-48 100

NDDIs may be equally used to
support single crowns in the
posterior area of the mouth.

Tissue level 100

Use of NDDIs to restore partial
edentation in sites with limited
horizontal thickness seems to
be an effective treatment option
that prevented guided bone
regeneration in the majority of the
present cases.

Bone level 94.7

NDDIs installed immediately
after split-crest procedure may
successfully support prosthetic
rehabilitations after long-time

intervals.

NDDls can be used in fixed
prosthetic rehabilitations in the
posterior regions of both jaws with
a predictable positive outcome.

Bone level 120 97

Bone level 24 100

The use of NDDIs for the prosthetic
rehabilitation of posterior regions
of the jaws is viable, with good
outcomes in the long-term,
irrespective of the surgical
technique implemented.

12-132

(60) 95.1

Bone level

Abbreviations: NDDIs= narrow-diameter dental implants; SDDIs= standard-diameter dental implants.

Patient satisfaction

Out of 9 included studies, only one study evaluated pa-

tient satisfaction, using a visual analog scale.3® Approxi-
mately 90% and 85% of the patients were satisfied with
the aesthetics and function of the NDDI and SDDI res-
torations, respectively. However, around 11% and 15%
of the patients were not satisfied with the aesthetics and

function of the restorations, respectively, mainly due to
food impaction and buccal mucosal recession. The overall
satisfaction of the visual analog scale was 9.21 (SD: 1.53).

Study outcomes

The majority of included studies (8/9) concluded that
NDDIs are a reliable and predictable method to suc-
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cessfully treat patients that require an immediate dental
implant treatment for restoring posterior maxillary and
mandibular edentulous regions. According to one re-
port¥, fixed partial denture therapy in the posterior re-
gion using NDDIs was a reliable option, although a higher
risk of prosthetic complications was observed with the
utilization of NDDIs.

Risk of bias/quality assessment

A wide variety of quality assessments was observed
across the included studies during the quantitative analy-
sis (Table 2). One study was of excellent quality®, three
studies were of good quality®**>%, and five studies were of
moderate quality.30-3336

Discussion

The present systematic review aimed to investigate the
clinical and radiographic parameters around NDDIs for
a fixed dental prosthesis in posterior maxillary and man-
dibular regions in comparison to SDDIs. There is a dearth
of literature on clinical studies, particularly randomized
controlled trials, regarding the survival rates of NDDIs
for fixed dental prosthesis in posterior regions. Hence,
the present review also included observational studies.
Since the rarity of randomized controlled trials, a huge
variation in the quality assessment regarding the included
studies was seen. Moreover, an enormous variety was ob-
served in survival follow-up duration. Most of the stud-
ies did not mention the reasons for implant success and
implant failure. Hence, these factors have to be taken into
account while interpreting the outcomes of the current
review in comparison to other reviews that included ran-
domized controlled trials only.

In the present systematic review, mini dental implants
(MDIs) were not included to perform a more precise
search. This explicit differentiation between NDDIs and
MDIs was established to solve all possible confusion. The
Glossary of Oral and Maxillofacial Implants (GOMI) defi-
nition of MDIs and threshold of an implant diameter > 3

.F. Alshiddi. Narrow-diameter implants in the posterior regions

mm was applied.* According to the authors of the pres-
ent review, a dental implant having a diameter of > 3 mm
is best considered to be an NDDI, which is considerably
different from a MDI. This adoption of the GOMI defi-
nition and 3 mm implant diameter threshold is recom-
mended for future studies to differentiate between NDDIs
and MDls.

In the present review, survival rates of NDDIs seem to
be comparable to those of SDDIs (> 3.5 mm). Most of the
included studies demonstrated survival rates > 97%, and
no report presented survival rates below 94%. This may
indicate a reliable alternative treatment option, however,
assessment of the success of NDDI applications should
not be performed exclusively using the identification of
dental implant survival.** The measurement of peri-im-
plant clinical and radiographic parameters, implant suc-
cess, and indications should also be taken into account.*!
Several extrinsic and intrinsic factors might affect the sta-
bility of the peri-implant clinical and radiographic param-
eters. Vital intrinsic factors include the quality and quan-
tity of surrounding soft and hard tissue. However, dental
implant design, the total number of implants placed, im-
plant angulation, and depth of insertion constitute the
implant-related extrinsic factors.*°

The survival rates of NDDIs for fixed dental prostheses
could also be influenced by the higher fracture and fail-
ure risk.?’ The former is possible because of their small
surface area in contact with the alveolar bone tissue in
comparison with SDDIs. Because of these risks, NDDIs
are preferably employed only in scenarios with reduced
ridge thickness or in cases having limited space.*>~**In the
present review, an overall survival rate of around 98% was
reported, comparable to what is reported in other studies
related to SDDIs, i.e., 97%* and 99%%. The NDDIs sur-
vival rates reported in the present study are well above the
success criterion proposed by Albrektsson and colleagues
in 1986%, which is 85% at 5-year follow-up and 80% at 10-
year follow-up. The decreased pain linked to NDDIs is a
supplementary advantage. However, this decreased pain
perception might be more related to the decreased surgi-
cal steps since a bone grafting procedure is not necessary
for placing NDDIs.#

Table 2. Assessment of the quality of the studies included in the systematic review

Author (year) Selection Comparability
Eskan et al,, (2020) xR *
Shietal, (2017) ** *

Pieri et al, (2016) xx **
Woo et al, (2016) e *
Tolentino et al.,, (2016) xR xxx
Lambert et al, (2015) e **
Garcez-Filho et al,, (2014) xHx *
Mangano et al,, (2013) ** **
Malo et al., (2009) ** *

Outcome

Quality
Moderate

*
w

Moderate
Good
Moderate
Excellent
Good
Moderate
Good

*
A OO 00U 0 O U1 O N

Moderate
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Vitamin D pleiotropism is of great interest in contempo-
rary dentistry for clinicians who perform dental implant
procedures since it contributes to bone metabolic process-
es and modulates the immune system.%-%! It is assumed
that the appropriate quantity of Vitamin D is positively as-
sociated with the process of osseointegration. Several re-
ports demonstrate that this prohormone is potentially vital
for the process of postsurgical tissue repair, as well as the
integration of the dental implant with bone and peri-im-
plant bone homeostasis after a dental prosthesis is placed.>?
Moreover, its function to reduce peri-implant inflamma-
tion is of particular importance.>® At the interface between
the dental prosthesis and implant, Vitamin D causes the
induction of regional cells of the immune system (i.e., for-
mation of 1-alpha-hydroxylase by monocytes).> Hence,
the authors of this study recommend the use of appropriate
concentrations of Vitamin D in such patients since Vitamin
D treatment remarkably increases bone levels at the im-
plant site, which might be a crucial factor in the long-term
survival of dental implants.**

Another crucial factor that influences the predictabil-
ity of NDDIs is the MBL over time.?° According to Assaf
et al.,'? the predictability of NDDIs not only depends on
their diameter but also on MBL, which should be within
comparable limits as those reported for SDDIs. Accord-
ing to the findings of the present review, the majority of
the included studies reported mean MBL scores below 1.0
mm. These findings are in agreement with the published
literature that reports an acceptable MBL of 2 mm in the
1%t year after placement of the dental implant, followed by
0.2 mm per annum.>>>

Implant type, primarily the surface macrostructure and
microstructure, appears to influence the survival rate of
dental implants and implant restoration designs.'? Mal
and de Aradjo Nobre® highlighted these two factors
and reported more failures using screw-shaped dental
implants having smooth surfaces compared to taper-
shaped and surface-treated dental implants. They also
determined a potential predisposing factor for dental
implant failure with partial rehabilitation in comparison
with complete edentulous and single-tooth rehabilitation.
However, their report had some inherent limitations:
varying loading techniques, including immediate loading,
were utilized, as well as varying dental implant lengths
(from 10-15 mm).??

A decrease in diameter means a decrease in the im-
plant-to-bone contact surface.!? According to reports,
wider diameter implants exhibit greater pull-out forces
and removal torques. This explains the fact why clinicians
choose an SDDI when sufficient width is available since
the outcomes are in favor of SDDIs in regards to mechani-
cal strength, initial stability, and the available surface of
osseointegration.?’

Patient-centered results are mostly overlooked, despite
the obvious consequences on the success of dental im-
plant treatment.’® The majority of the included studies
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(8/9) did not report patient-centered results (i.e., patient
satisfaction). Patient satisfaction and restoration of aes-
thetics and functions are the primary goals when treat-
ing the edentulous patient utilizing dental implants, and
hence new reports should evaluate these vital parameters
of dental implant therapy.>® In this context, the establish-
ment of a well-defined success benchmark is necessary
for reporting and evaluating prosthetic, dental implant,
and patient-centered results along with technical and bio-
logical complications.

Limitations

It is imperative to recognize the limitations of the pres-
ent review. Though there has been a significant increase
in the number of reports that have examined the behavior
of NDDIs as compared to SDDIs for fixed dental prosthe-
ses in posterior regions, however, there are a very limited
amount of randomized controlled/clinical trials. Further-
more, the difficulty of blinding the study investigators,
subjects, and outcome assessors may be considered a bias
of this systematic review. Hence, caution should be taken
while interpreting the outcomes of this study due to a lower
number of randomized controlled/clinical trials, and fur-
ther clinical trials should be conducted to better answer the
question as to fixed prosthodontics treatment using NDDIs
in posterior regions. Despite this, the application of NDDIs
for fixed prosthodontics therapy in posterior regions dem-
onstrates high survival rates and clinically favorable peri-
implant clinical and radiographic parameters.

Conclusions

Within the limitations of the present review, NDDIs ap-
pear to be a feasible treatment option in patients requir-
ing fixed dental prosthesis in posterior regions since they
exhibit comparable survival rates with SDDIs as well as
clinically acceptable peri-implant clinical and radiograph-
ic tissue responses.
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Abstract

Behavioral sciences are a group of disciplines that involve the study of human actions. Various behavioral
models have been used in the past 50 years in behavior modification. One behavioral model currently
being studied for its application in oral health is Motivational Interviewing (MI). Ml is a patient-centered
psychobehavioral method used in various fields of medicine and psychology to help patients change
their health-affecting behaviors. Effective health promotion is important because, in developed countries,
the majority of deaths and diseases are caused by chronic conditions. Controlling and treating chronic
diseases requires sustained commitment. This literature review aims to describe the current methods of
health promotion for oral health, based on various disease models with a thorough discussion of the
psychobehavioral method known as MI, and its applications in dentistry and oral health. There is evidence
that Ml has applications in various health and dental areas such as oral health promotion, early childhood
caries, periodontal disease, smoking cessation, and improving the quality of life during and after cancer
treatment. The clinical and research limitations of this method will also be addressed. Comparing the
general ideas and ethos of Ml to the definition of health promotion by the World Health Organization, it
can be stated that they have a common approach to promoting health.

Keywords: oral health, health promotion, motivational interviewing
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Introduction

Behavioral sciences are a group of disciplines that in-
volve the study of human actions. In dentistry, behavioral
sciences focus on the clinical diagnosis and promotion of
oral health using specific disease models. Thanks to be-
havioral sciences, our understanding of oral health has
expanded from a narrow view as a ‘disease-only’ problem
to a broader approach where oral health is understood
through the biopsychosocial model — including physical,
social, and psychological aspects of oral health.!? Various
behavioral models have been used in the past 50 years for
behavior modification, although only since the mid-1990s
have they been applied to dental research.?

One behavioral model currently being studied for its
application in oral health is Motivational Interviewing
(MI). MI is a patient-centered psychobehavioral method
used in various fields of medicine and psychology to help
patients change their health-affecting behaviors. MI has
been applied in promoting oral health,>*> smoking cessa-
tion,*” periodontal disease,® and improving the quality of
life during and after cancer treatment.’

Effective health promotion is important because, in
developed countries, the majority of deaths and diseases
are caused by chronic conditions or non-communicable
diseases like lung cancers and cardiovascular diseases.!°
The World Health Organization (WHO) defines health
promotion as “the process of enabling people to increase
control over, and to improve, their health”!!

Controlling and treating chronic diseases requires sus-
tained commitment and modification of established behav-
iors on the part of the patient.!> 13 Oral health-related behav-
iors are strongly linked to other behaviors that patients use to
deal with challenges in their lives. Social and cultural factors
that influence these behaviors can be difficult to consider in
the context of a regular dental visit. Therefore, there is a need
to develop a strategy for effective oral health promotion by
dentists and general health care professionals.*

Oral diseases such as caries, periodontal disease, and
cancers are the most common chronic diseases found
among people. These diseases have a significant impact
on a person’s quality of life and overall health. The fre-
quent occurrence of some of these diseases (caries and
periodontal disease) makes the oral cavity one of the most
expensive parts of the body to treat.!* Annual expendi-
tures on oral diseases in the European Union (2008—2012)
amounts to approximately 79 billion euro.!®

The key problem in controlling a patient’s health is not
his/her lack of knowledge, but incorrect compliance with
the physician’s or dentist’s recommendations. This key is-
sue is complex and will be discussed in this article. Com-
pliance with treatment recommendations is of significant
value, since according to some studies, as many as 50% of
patients do not take their prescribed medications, and a
similar percentage of patients that take their medications,
do so incorrectly.!®
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This literature review aimed to describe the current
methods of health promotion for oral health, based on
various disease models with a thorough discussion of the
psychobehavioral method known as MI, and its applica-
tions in dentistry and oral health. The clinical and re-
search limitations of this method will also be addressed.?

For this literature review, the MEDLINE database was
searched through PubMed. Keywords included were:
Motivational Interviewing/Motivational Interview, Oral
Health, Oral Health Promotion, Caries, Early Childhood
Caries (ECC), Periodontitis, and Cancer Review. Only re-
view articles were included.

Health promotion and various
disease models — biomedical
and biopsychosocial

The most commonly used disease model during the 20t
century is the biomedical model, where a specific pathol-
ogy is the cause of the disease, and removal of the cause
leads to recovery. This model assumes that every disease
has a causative or pathological factor in some system or
organ, and the patient is a passive recipient of treatment.
Mental and emotional states are separated from other
disorders of the body’s function.'” The biomedical model
has its applications and greatest advances in medicine
due to the success of this model, for example, through the
work of Louis Pasteur and Robert Koch,'8 or the effec-
tiveness of vaccines which prevent about 6 million deaths
per year.!® Based on this model, the patient simply needs
the right information or instruction to make changes in
their behavior.!” Unfortunately, in terms of oral health,
simply giving advice and providing the information is not
effective enough for patients to make long-term behavior
changes.*172° Often, simple advice-giving overlooks the
social, economic, political, and environmental aspects of
a patient’s life.*

Another approach used to try to change a patient’s be-
havior is to intimidate him or her with potential conse-
quences that may arise if they fail to follow the recom-
mendations, e.g. loss of teeth or cancer. However, fear is
not an effective motivator for behavior change.? Scaring
or stressing the patient could lead to, or contribute to
chronic stress, which has significant effects on perform-
ing routine activities. People that are stressed repeat the
same behaviors despite the fact that the given behavior
ceased to provide a valuable effect. The awareness be-
tween behavior and results becomes impaired. This is the
result of glucocorticoids, like cortisol, that negatively af-
fect the part of the brain responsible for making the right
decisions (prefrontal cortex).?2 When considering human
behavior (and how to change it), it’s impossible to view
a problem purely from a biological or psychological per-
spective. The two cannot be separated and are completely
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interconnected.?® A more comprehensive disease model,
currently recommended by the WHO, is the biopsycho-
social model.?+?

Proposed by the psychiatrist George Engel in 1977, the
biopsychosocial model was supposed to fill the social and
psychological deficiencies of the biomedical model.?6 The
model has been studied and developed since the 1970s
and since 2018, about 500 articles concerning the biopsy-
chosocial model have been published annually.?” Despite
the criticism of the biomedical model, the biopsycho-
social model does not intend to replace the biomedical
model but to supplement it.2” One of the more important
features of the biopsychosocial model is the recogni-
tion of the many factors that can influence behavior, of
which disease (pathology), is only one. The biopsychoso-
cial model includes psychological or mental factors, such
as expectations, emotional states, beliefs, goals, etc. All
these personal factors influence the patient’s behavior.

In addition, this model recognizes that psychologi-
cal and social factors have an impact on how the patient
perceives the disease and what it means to be sick.!” This
model also has the potential to explain and predict vari-
ous observations, such as functional disorders (e.g. Irri-
table Bowel Syndrome).?® Non-linear and complex rela-
tionships between various factors are crucial.?® According
to this model, all activities are focused on the patient
(patient/client-centered), where the patient plays a cen-
tral role in his disease and treatment process. A client-
centered consultation is characterized by sensitivity to the
patient’s social and environmental conditions. This allows
the healthcare provider to include social health determi-
nants in the consultation, which helps to motivate the pa-
tient to change their behavior more effectively. Attempts
to remove the causes of oral diseases in isolation from
the social situations of patients are ineffective in both the
short and long term.* MI shares many aspects with the
above-mentioned biopsychosocial model. MI is a way of
helping the patient change from a psychobehavioral per-
spective, based on a specific dialogue and established co-
operation with the patient, to discover and engage his or
her reasons for making a change in their behavior.?!

Definition and strategy
of motivational interviewing

Founded by Miller in 1983 for the treatment of people
with alcohol use disorder®®, MI is currently used in vari-
ous fields, like dietary consultation, physical education,
diabetes prevention, and oral health promotion.?

MI is defined as a collaboration-based conversation
with special attention given to “change talk” In MI, dia-
logue is used as a way to strengthen personal motivation
and oblige the patient to achieve a specific goal by evoking
and examining his or her reasons for a change in the pres-
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ence of acceptance and compassion.?! The MI process can

be understood through four themes:

— engaging — engaging with a person to cooperate, for ex-
ample through open questions;

— focusing — developing and maintaining a specific direc-
tion in the dialogue about change;

— evoking — finding reasons important for the patient to
make a change; and

— planning — discussing a plan that can be applied and
which best suits the patient.?!

Ambivalence is a common attitude that patients hold in
relation to harmful behavior, where there are two opin-
ions: one for and one against a particular behavior. For
example, “I know that I have to brush my teeth two times
per day, but I don’t really eat a lot of candy”. Ambivalence
often accompanies us in everyday life and is normal.
However, in the dental office, when the dentist argues for
one side of an ambivalent statement (for example to stop
smoking), the patient naturally supports the other side
and therefore justifies his or her behavior (“It’s only half
a pack”).2!

One of the goals of MI is to help the patient to engage in
“change talk” and support the parts of the ambivalent atti-
tude that leads to a healthy change.?! People believe what
they hear themselves say?'3], therefore, it is very helpful in
resolving ambivalence to refrain from the “righting reflex’,
and arguing for one part of the ambivalent statement. Au-
tonomy is an important and significant part of MI and
when we engage in the “righting reflex’; the patient’s au-
tonomy is not honored. Medical personnel should refrain
from straightening or repairing for the patient what is not
correct in his behavior. Respecting a patient’s autonomy
is as simple as asking whether one can raise a particular
topic to discuss, whereas speaking in a patronizing way or
tone is not. This also includes advising without permis-
sion or forcibly saying what a patient must or must not
do.2!

Often, when people feel that their freedom to make a
choice is threatened, their reaction is to justify their free-
dom which brings them to an internal balance, where
this freedom of decision-making is not affected. This is
known as reactance. Even if the decision is harmful to the
person, freedom of choice is more important.>> Another
way of looking at autonomy is accepting that people can
decide and make choices about the course of their lives.
Doctors can inform, advise, and even warn, but ultimately
the patient decides what to do. Recognizing this is a key
element in facilitating behavior change. Human nature re-
sists being forced. Accepting the rights and freedoms of
others without undue interference enables change.3!

When attempting to elicit dialogue with a patient, open
questions are one of the main elements in MI. Open ques-
tions allow the patient to think about the subject before
answering, leaving him/her the choice of the direction in
which the conversation could go. And it will probably be
a direction that is important for the patient.?! Examples
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of such open questions are those that touch upon desire,

ability, reason, and need for change:

— desire — Why do you want to make this change?

— ability — How can you do it to succeed?

— reason — What are the three best reasons to do this?

- need — How important is a change for you and why?3!
Summing up the abovementioned principles, a patient

changes their behavior because it is their reasons that lead

to change and not someone else’s. Applying a MI-based

approach leads to an understanding of the patient’s per-

spective, supporting the correct side of ambivalence, and

abstaining from solving a patient’s problems for them. By

using open questions, one can create a specific vision for

change (focusing), and when the patient will be ready for

it, planning a way how this change can be achieved.?!

Motivational interviewing
and oral health

There is evidence that MI has applications in various
health and dental areas such as oral health promotion,*3?
ECC,>3* periodontal disease,® smoking cessation,®” and
improving the quality of life during and after cancer treat-
ment.’

Researchers from Australia, evaluated various health
promotion models and their effectiveness, including clini-
cal prevention and health education, psychological coun-
seling, and ML* Where clinical prevention and health sci-
ences are simple information and advice given to a passive
patient. Based on the results from the authors’ review, “ad-
vice giving” has poor efficiency. A review of the research
on psychological counseling indicated that this approach
has little impact on oral health and eating habits, and
only increases the use of xylitol and fluoride pills. The au-
thors analyzed nine studies related to MI, which showed
that changes in behavior caused by MI do not disappear
with time.* MI not only has positive results with specific
problems but also seems to positively affect the patient
in a wider and socially significant manner. In addition,
MI takes less time than the other methods tested, which
makes it more profitable. The authors comment that the
reviewed research confirms the complex nature of ‘behav-
ioral change, which supports the need for effective ways
to promote health. The authors suggest that studying
oral disease in isolation from the patient’s life and social
circumstances is not effective. There is a need to create
and apply oral health promotion that focuses more on the
causes of diseases and on respecting the patient’s exper-
tise regarding their life. Recognizing the broader context
that triggers certain behaviors can help healthcare profes-
sionals be more effective in working with patients to help
them change their harmful behaviors and habits.*

A 2017 systematic review examined the use of MI in
dentistry.? The review analyzed eight studies that met the
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search criteria. One study examined the effect of MI on
parents of children at increased risk of caries. The inter-
vention consisted of one session and six telephone con-
versations. Children in the MI group had more than half
the number of caries than the control group. The quality
of the remaining studies varied and did not show long-
term changes in oral behavior. The authors concluded
that understanding and accepting patients in the context
of oral health, without judging, helps create a therapeutic
environment that supports oral health promotion. Teach-
ing medical staff about health psychology would allow for
more effective promotion of oral health. Although this re-
view was based mainly on MI, out of the eight studies it
included, only one was related directly to ML.33

Two recent systematic reviews and meta-analyses
looked at the applications of MI in the treatment and pre-
vention of ECC. Applying behavioral techniques in the
management of ECC is a challenge because they are used
indirectly: the behavior change must first go through the
parent and secondly be passed on to the child. A review
and meta-analysis found eight studies from 2004 to 2018,
where six had positive results.> In the meta-analysis of
three studies, the results were found to be inconclusive
and had high/significant heterogeneity. A majority of the
studies used only one MI session, and an appropriate dose
of MI could not be established. The authors noted that a
limitation of their study was that few studies reviewed had
proper quality or a standardized methodology, along with
high heterogeneity.3

Another review and meta-analysis of MI in the preven-
tion of ECC, conducted by Colvara et. al. in 2020, per-
formed a broader search (for example, no language re-
strictions) using different search criteria.® They included
14 studies in the systematic review and eight in the meta-
analysis. Four studies in the systematic review found MI
had a protective effect against caries. In the meta-analy-
sis, a subgroup effect was found where patients with high
caries experience, benefited more from the intervention
as MI prevented more caries than in patients who had
a lower caries experience. Compared with the previous
meta-analysis, the studies assessed in this meta-analysis
had low heterogeneity. The authors conclude that there
was significant methodological variety in the studies re-
viewed, for example with the design and implementation
of the intervention, which posed problems. The authors
also noted that only three studies (out of 14) had an oral
professional as the counselor administering MI. There
were also some differences in what constituted a con-
trol group, with various definitions of “conventional oral
health education” The authors conclude that MI could be
recommended as part of a preventive strategy, especially
in groups of patients with a high disease burden.’

A systematic review conducted by Kopp et al. in 2017
looked at the effectiveness of MI as an adjunctive therapy
in the treatment of periodontal disease (oral hygiene in-
struction with scaling and root planing [SRP]) and wheth-
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er the duration of MI treatment had any impact.® The
review found five studies, where three showed positive
results (one with MI alone, two where MI was mixed with
the theory of self-efficacy). The authors made a number
of important observations. In the study where the thera-
py was conducted by a counselor specializing in MI, the
intervention did not produce positive results, whereas
studies with hygienists and dental students trained in MI
showed more positive results. According to the authors,
this may be because patients have more confidence in
medical staff. The authors suggest that more long-term
studies should be conducted and that subsequent studies
should have a standardized method of applying MI, e.g.
with a textbook, and should not be combined with other
types of therapy. Despite these observations, the authors
conclude that MI may have a positive effect on the treat-
ment of periodontal disease but more long-term studies
should be conducted.®

Since 2008, the Cochrane Library has been publishing
reviews of MI on smoking cessation.®> The most recent
review from 2019 looked at 37 studies with a total of over
15,000 participants. The participants in the studies varied
significantly (young people, homeless people, incarcer-
ated individuals, etc.). The studies compared also greatly
varied with MI being conducted in one to twelve sessions
and lasting from five minutes to more than 5 hours. The
authors conclude that there is insufficient evidence that
MI helps people with smoking cessation, but that the
treatment effect may be low due to bias, imprecision, and
inconsistency within the trials.®

In 2015, the Cochrane Database of Systematic Reviews
also reviewed the effectiveness of MI in smoking cessa-
tion. The authors examined 28 studies, with a total of over
16,000 participants. In this systematic review, MI was
compared with short advice or normal care.” The inter-
vention was performed by family doctors, nurses, or psy-
chologists. Conversations lasting less than twenty minutes
had a better effect than those lasting longer, and the num-
ber of interventions had no statistical significance. The
review confirms the results of other studies that therapy
provided by the attending physician gives better results
than a nurse or counselor. Interventions carried out by
phone or in person in the office had comparable results.
The review confirmed that MI has a statistically signifi-
cant advantage over the usual advice to quit smoking. But
care should be taken in interpreting the results because
the quality of evidence is of medium quality. Training of
the “counselors” in MI ranged from two to forty hours.
The authors conclude that there is a need for greater con-
sistency and clarity of methods in the conducted trials.”

Spencer et al. analyzed the use of MI with cancer pa-
tients. The review included fifteen studies that concerned
two groups of patients, one during treatment and the oth-
er after cancer treatment.’ The authors also divided the
studies into three main categories: lifestyle improvement,
psychosocial support, and self-management of cancer-
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related symptoms. The types of cancer studied mainly
concerned breast cancer, but also head and neck cancer,
colorectal cancer, or any type of cancer. In the studies, the
intervention was carried out by MI-trained nurses, dieti-
tians, MI counselors, and former cancer survivors. Life-
style improvements included improving diet and increas-
ing physical activity. According to the authors, the best
results were found in the lifestyle improvement category,
but in the other two categories, the results were prom-
ising. In the lifestyle improvement category, the study
confirmed positive results with healthier eating (more
vegetables and fruits) and increased physical activity in
groups where MI was used. The authors note that many
participants left the study, but this was possibly due to the
high intensity of physical exercise required.’

Regarding smoking cessation, one study of patients un-
dergoing cancer treatment led to a short-term cessation
of smoking after using MI. A second study showed an in-
creased number of attempts to quit smoking. A third head
and neck cancer study showed positive results where the
majority (68%) of participants quitting smoking, and this
result persisted for a year. Although, this study did not
have a control group. In the category of psychosocial sup-
port, the authors found that MI reduces the effect of emo-
tional stress associated with cancer, according to surveys
completed by participants. Respondents reported a posi-
tive impact of MI and increased optimism and acceptance
of the diagnosis and disease.’

In the category of self-management of cancer-related
symptoms, MI has been proven effective in reducing the
impact of pain on daily functioning. According to the au-
thors, MI is easily adapted to situations where resources
and time are limited.® There are individual studies with
good results, but there were many concerns, for example,
the way MI was used (in person, by phone, and atten-
dance), regarding quality controls and the evaluation of
results. In most studies, the intervention was done over
the phone, not in person. The authors add that MI focuses
on letting the patient develop solutions for changing be-
havior in everyday life. And so, empowering patients and
generating motivation is important for those who have
been overwhelmed by cancer or its treatment.’

Summaries and details of the abovementioned articles
can be found in Table 1.

Need for the standardization
of motivational interviewing

Frost et al. analyzed over 100 articles on the effective-
ness of MI in the fields of health and social care.> MI was
most effective in stopping unhealthy behaviors such as
binge drinking, reducing the amount and frequency of
alcohol consumption, smoking cessation, and substance
abuse. Based on the authors’ review of the literature, the



360

Table 1. Impact of motivational interviewing on oral health
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Type of study oNflsjtrE gieers Problem reviewed Interventions analyzed

Yevlahova et al. ) ) Oral health
(2009) Systematic Review 32 promotion
Kay etal. ) : Oral Health
2017) Systematic Review 8 sreriten
Systematic
Colvara et al. Systematic Review  Review: 14 Early Childhood
(2021) and Meta-Analysis Meta- Caries (ECC)
analysis: 8
Systematic
Faghihian et al. Systematic Review  Review: 8 Early Childhood
(2020) and Meta-Analysis Meta- Caries (ECC)
analysis: 3
Kopp et al. ) ) ) )
2017) Systematic Review 5 Periodontal Disease
Lindson et al. ) ’ ' )
(2019) Systematic Review 37 Smoking Cessation
Lindson-Hawey et al. Systematic Review 28 Smoking Cessation
(2015)
Lifestyle behaviours
Psychosocial
Spencer et al. ) ) outcomes
2016) Systematic Review 15 Cancer-related
symptom
management

Clinical prevention
and health education
Motivational interviewing
Counselling
Behaviour change models

Need to shift away from the Biomedical
Model and focus on social determinants of
oral health. Ml is most effective in altering

clients'behaviours.

Motivational Interviewing or
Based on Motivational
Interviewing

MI'may be useful in the dental setting and
should be researched further.

Interventions based on M are effective in the
prevention of ECC (especially in populations
with high caries experience). Studies had a
wide methodological variety.

Motivational Interviewing or
Based on Motivational
Interviewing

Ml is as effective as Dental Health Education
(meta-analysis), more evidence is needed to
assess the impact of Ml on ECC.

Motivational Interviewing

Motivational Interviewing
as an adjunct to periodontal
therapy

Ml as an adjunct to periodontal therapy
might have a positive influence but further
long-term studies are needed.

Not enough information available to
conclude if MI'helps with smoking cessation.
More research is needed.

Motivational Interviewing

MI has a statistically significant advantage
over simple advice giving for smoking
cessation, but the evidence is of medium
quality.

Motivational Interviewing

Mlis a promising intervention for promoting
behaviour change in a variety of cancer types
and treatment stages. Difficult to assess the
application of Ml in cancer populations due
to poor study design.

Motivational Interviewing

evidence is inconclusive or of poor quality in the field of
health promotion. For example, there are low-quality re-
sults that M1 is effective for weight loss but there is mod-
erate evidence that MI is effective in increasing physical
activity in people with chronic diseases. The authors
pointed out that MI is covered in the National Institute
for Health Care and Excellence (NICE) guidelines as a po-
tentially effective intervention for behavior modification,
though not in every situation. The reason may be the lack
of requirements in official MI training. In addition, MI is
applied without monitoring for competency and this lack
of competence can affect results. Often, studies do not
describe what training in MI had been given. Therefore,
there is the Motivational Interviewing Treatment Integ-
rity (MITI) code whose purpose is to establish standard
guidelines for the application of MI in practice.?

There is an international organization, Motivational In-
terviewing Network of Trainers (MINT), which operates
in 26 languages, and in 35 countries, including Poland.
The organization aims to promote good MI practice and
MI research and training. It supports the development of
knowledge and skills of its members through meetings
as well as the open sharing of sources and publications.

Thanks to this organization, there is support for expe-
rienced and non-experienced users of MI, as well as re-
searchers.3°

More information on MI is available from various
sources. Some textbooks for dental students recommend
using MI¥ On the British Medical Journal (BM]) web-
site there is a scientific module that covers MI.3® There
is the Polish Society for Motivating Dialogue (PTTM) in
Poland, where one can find more information.?® The Cen-
ter for Addiction and Mental Health (CAMH) in Toronto,
Canada has films showing sample conversations between
a dentist and a patient using the MI approach.?

Conclusions

Many psychological approaches are currently being
investigated as potential methods to help patients make
effective changes in their behaviors to improve their
health. This is important because the psychological and
biological aspects are inseparable from one another. MI
is one such psychological approach. Currently used and
researched in many areas of medicine, it has the potential
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application in the promotion of oral health. However, re-
search results have not always been positive. Despite this,
Ml is recommended and warrants more research. The MI
studies likely have substantial flaws, including studies that
do not show MI efficacy. More research with higher stan-
dards is needed. Comparing the general ideas and ethos of
MI to the definition of health promotion by the WHO, it
can be stated that they have a common approach to pro-
moting health. MI has many positive clinical aspects that
make it attractive in the dental setting when a patient’s
behavior should be modified.
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