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The challenge of dental ceramic degradation necessitates innovative technology, rigorous
testing and proactive dental care, demanding collaboration between researchers, dentists
and patients to ensure durable and reliable dental restorations.

Dental ceramics are a groundbreaking advancement in the field of dentistry,
offering not only functional dental restorations but also aesthetically pleasing
solutions to patients.'> However, the fatigue of dental ceramics remains a per-
sistent challenge for dental practitioners and patients.>® This phenomenon,
characterized by the gradual degradation of the ceramic’s properties over time,
demands urgent attention from the dental community. Aging can also affect
other biomaterials, such as dental composites and cements.*> However, in brit-
tle materials like ceramics, its effect can result in a reduction of the material’s
properties by over 50% of the original value.®

Dental ceramics are often considered an ideal choice for dental restorations
due to their natural appearance, biocompatibility and durability.” They mimic
the properties of natural teeth, making them an attractive option for patients
seeking long-lasting dental solutions. However, the reality is far more complex.
Dental ceramics are subjected to a multitude of challenging conditions within
the oral environment. These include fluctuating temperatures, acidic pH levels
and intense masticatory forces.® These factors contribute to the deterioration
of ceramic restorations over time, resulting in cracks, chipping, and, in severe
cases, bulk failure.”!°

Deterioration of dental ceramics compromises the structural integrity of the
restoration, jeopardizing patients’ oral health and placing a financial burden
on both patients and the healthcare system. Addressing this issue requires
a multifaceted approach that combines innovative research, advanced mate-
rial engineering and enhanced clinical practices to repair and improve aged
restorations.!!

Dentists and researchers must collaborate to develop ceramics with improved
mechanical properties and enhanced resistance to crack propagation. Incorpo-
rating nanoparticles, adjusting material composition and implementing new
designs are promising innovations in nanotechnology for creating dental
ceramics that can withstand the challenges of the oral environment for extended
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periods.!? Additionally, rigorous testing methodologies
must be established to assess the long-term performance
and durability of these materials before introducing them
into clinical practice. Fatigue cycling, including acceler-
ated life tests and the measurement of stress-life curves
(S-N), are fundamental concepts in the field of biomateri-
als that should be encouraged to predict the fatigue life
of dental ceramics.? In vitro tests that apply intermittent
cyclic loading are essential to induce mechanical fatigue
of structures. These tests should be performed to predict
mechanical behavior, particularly when interactions oc-
cur between recurrent stresses from fatigue regimens and
critical defects observed at the inner and outer surfaces of
ceramic restorations. The literature has shown that criti-
cal defects introduced during finishing/polishing of outer
surfaces or grinding of the inner surfaces significantly af-
fect the mechanical behavior of ceramic restorations.2”’
For instance, grinding the inner surface of ceramic res-
torations can markedly reduce their mechanical fatigue
behavior.”!? Moreover, inner surface treatments are the
primary factor influencing the mechanical behavior.
Promoting maximum adhesion between the materials/
substrates is a must to induce a better mechanical behav-
ior.!3 Therefore, dentists are strongly encouraged to pre-
vent the introduction of defects and/or to manage them
through proper finishing, polishing and surface treatment
of the ceramic surfaces. This will mitigate their deleteri-
ous effects and optimize adhesion and its positive effects.*

Fractography analysis and finite element analysis (FEA)
are indispensable tools for the comprehensive study of the
fatigue behavior of dental ceramics. They provide valu-
able insights that can significantly improve the validity
and reliability of fatigue results (Fig. 1). The meticulous
examination of fracture surfaces enables to identify spe-
cific fracture features that can indicate the correct direc-
tion of crack propagation.!® These patterns can be used
by researchers to determine the vulnerabilities of ceramics
under cyclic loading, which can guide the improve-
ments in design and composition. Moreover, identifying

.Compression curl
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the primary causes of failures, such as material defects,
manufacturing processes, or bonding techniques, allows
for addressing these issues at their source, strengthening
the durability of dental restorations.!*

Dental professionals play a pivotal role in reducing the
effects of ceramic fatigue. Education and training pro-
grams should be intensified to ensure that practitioners
are well-versed in the latest advancements in dental ce-
ramics. Computer-aided design and computer-aided
manufacturing (CAD/CAM) techniques can be used to
create precise ceramic restorations, which can reduce
the likelihood of premature failures through topology
optimization. Practitioners must emphasize the impor-
tance of regular dental check-ups and maintenance us-
ing 3D patient monitoring tools to evaluate the wear
and morphological changes over time. Transillumination
should be used to verify initial cracks, and static and dy-
namic occlusion should be monitored to avoid overload-
ing due to excessive contact points.'® Furthermore, it is
important to continuously check the quality of the pol-
ished surface and re-polish it when necessary, in order to
contribute to a better prognosis.

Clinicians must be aware of the gradual degradation
that dental ceramics undergo over time due to oral condi-
tions. Staying up-to-date with technological innovations,
particularly understanding different toughness mecha-
nisms, is vital for selecting the most appropriate ceramic
resilience. Utilizing advanced CAD/CAM techniques en-
sures precise restorations and reduces premature failures.
However, basic care, including regular dental check-ups
and occlusion assessments, is equally important. Contin-
uous education enables the implementation of best clini-
cal practices.

In conclusion, the fatigue cycle is a significant concern
that requires collaborative efforts from researchers, den-
tal professionals and patients. By investing in research,
education and preventive care, the dental community can
lead the way for the development of more durable ceramic
materials and ensure that patients continue to benefit

Lowest compressive
stress

Highest compressive Highest tensile
stress stress stress

Fig. 1. Microscopy analysis of failed monolithic crown made of zirconia-reinforced lithium silicate after fatigue aging

A. Initial fractography in stereomicroscope from a fractured ceramic crown; B. Simulation showing the calculated compressive stress; C. Simulation showing
the calculated tensile stress. In this example, fractography analysis was used with finite element analysis (FEA) to correlate the fracture features with the

mechanical behavior during loading.
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from their aesthetic and functional advantages. Together,
we can address the challenges posed by ceramic fatigue
and finally endorse reliable dental restorations.
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Abstract

Background. The Standardized Tool for the Assessment of Bruxism (STAB) has recently been published. It
contains Axis A for evaluating bruxism status and its potential consequences, and Axis B for bruxism risk,
etiological factors and comorbid conditions. Suggestions from daily clinical practice can contribute to the
further development of the STAB.

Objectives. The study aimed to investigate the experiences and attitudes of general dentists, dentists
specialized in Orofacial Pain and Dysfunction (OPD) and Disability Care (DC) regarding the assessment and
etiology of sleep and awake bruxism and to examine the concordance of their experiences and attitudes
with the respective STAB axes and its domains.

Material and methods. Semi-structured interviews were conducted with 11 dentists. The main themes
included bruxism assessment and etiology. Thematic analysis identified subthemes. The concordance be-
tween main themes, subthemes, and the corresponding STAB axes and domains was examined.

Results. Overall, there was a good correspondence between the experiences and attitudes of the inter-
viewees and the respective STAB axes and domains. Some discrepancies were identified, but they were
mainly related to the lack of appropriate tools for the DC setting.

Conclusions. Itis suggested that future versions of the STAB include appropriate tools for the assessment
of bruxism in DC settings.

Keywords: interview, bruxism, qualitative research
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Introduction

Bruxism is defined as a masticatory muscle activity
(MMA) with 2 distinct circadian manifestations: sleep
bruxism, which occurs during sleep and is characterized
as rhythmic (phasic) or non-rhythmic (tonic); and awake
bruxism, which occurs during wakefulness and is char-
acterized by repetitive or sustained tooth contact and/
or by bracing or thrusting of the mandible.! In addition,
a diagnostic grading system has been proposed for the
assessment of bruxism by an international expert group
and identified the entities of “possible’, “probable” and
“definite” sleep or awake bruxism.! The diagnosis of pos-
sible sleep and awake bruxism is based on a positive self-
report. The probable sleep and awake bruxism diagnosis
is based on a positive clinical inspection, with or with-
out a positive self-report. The definite sleep and awake
bruxism diagnosis is based on a positive instrumental
assessment, with or without a positive self-report and/
or a positive clinical inspection.!? Clinicians usually base
their bruxism assessments on self-reports and/or clinical
examination.>* Ideally, bruxism assessments in the clinic
should be based on standardized tools.® The Standardized
Tool for the Assessment of Bruxism (STAB) is a crucial
part of the successful implementation of the bruxism
diagnostic grading system,> allowing for consistent assess-
ments in clinical practice and research. The investigation
of which signs and symptoms are examined by clinicians
in their daily practice may provide valuable suggestions
for the design and further development of such a tool by
ensuring that it captures clinically relevant domains.

The etiology of bruxism is a complex and highly de-
bated issue. The evidence supports a pivotal role of the
central and autonomic nervous systems in the regula-
tion of both sleep and awake bruxism. This is in contrast
to older theories which considered peripheral factors,
such as occlusal and anatomical, to be important.® Over
the years, a considerable number of other variables have
been identified as risk factors for bruxism.” However, the
exact etiology of sleep and awake bruxism remains un-
clear. A comprehensive assessment of factors presumed
to be associated with bruxism is recommended to facili-
tate future research on the topic.” The experience gained
by clinicians from their daily work may be used to better
understand the etiology of bruxism and the assessment
of etiological factors in the clinic.

Finally, it is important to emphasize the importance
of bruxism in the field of special dental care. Although
the available data is limited, bruxism appears to be highly
prevalent in individuals with developmental disabilities
(DD). For example, the prevalence rates are 42% in chil-
dren with Down syndrome® and 69.4% in children with
cerebral palsy.® At the same time, the assessment of brux-
ism can be challenging in these populations. Self-report
instruments for the assessment of bruxism have not been
validated in populations with DD, and clinicians and

M. Thymi et al. Qualitative suggestions for the STAB

researchers often have to rely on clinical observation and/or
proxy reports by the caregiver.8-1° Overall, the assessment
of bruxism in populations with DD is largely under-
studied.!! These populations, however, should not be over-
looked in studies on the design and further development
of bruxism assessment tools.

A comprehensive STAB has recently been published.®
The STAB consists of 2 main axes: an evaluation axis
(Axis A), which consists of 3 assessment domains, namely
subject-based, clinically-based and instrumentally-based
assessments; and risk/etiological factors axis (Axis B) for the
assessment of psychosocial factors, concurrent sleep and
non-sleep conditions, drug and substance use or abuse, and
additional factors.® In addition to the STAB, a brief brux-
ism screener (BruxScreen) was published. The BruxScreen
is intended for use in general dental practices and large-
scale epidemiological research projects, pending validity
testing.!? This study aimed to contribute to the further
development of the recently published STAB by providing
suggestions from daily clinical practice. More specifically,
the objective of this study was to investigate the experi-
ences and attitudes of general dentists as well as dentists
specialized in Orofacial Pain and Dysfunction (OPD) and
Disability Care (DC) regarding the assessment and etiology
of sleep and awake bruxism. Additionally, this study aimed
to examine the concordance of these experiences and
attitudes with the axes and domains of the STAB.

Material and methods
Study design

A qualitative study was designed, and semi-structured
interviews were conducted to address the aim of this
study. Semi-structured interviews allow for the collection
of a wide range of information about personal attitudes
and experiences in the field of healthcare.! In this inter-
view model, the interviewer specifies the topics through
open-ended key questions. It allows the interviewee to
discuss these subjects while also providing the opportu-
nity to raise novel points that were not considered by the
research team beforehand.!® Thus, unique insights into
the views, opinions, knowledge, and attitudes of clinicians
can be collected.

Interviewee sampling

In this study, the purposive sampling method was em-
ployed to select the interviewees. Purposive sampling
refers to the selection of interviewees based on specific
criteria.'* The determination of which criteria to adopt
depends on a variety of factors, including the principal
aims of the study.!* This study aimed to contribute to
the further development of the recently published STAB
in general and specialized dental practices.® Therefore,
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general dental practitioners were selected, as well as den-
tists specialized in fields where bruxism is an important
part of daily practice, namely OPD and DC. General
dentists with more than 2 years of experience and
specialized dentists with their certificates approved by the
relevant Dutch professional associations, i.e., the Dutch
Association for Orofacial Pain and Prosthetic Dentistry
(Nederlandse Vereniging voor Gnathologie en Prothetische
Tandheelkunde (NVGPT)) for the OPD specialists, and
the Association for the Promotion of Dental Healthcare
for People with Disabilities (Vereniging Mondzorg voor
Bijzondere Zorggroepen (VMBZ)) for the DC special-
ists, were included. The two-year criterion was chosen to
ascertain experience in this field. Personal or professional
affiliations between the authors and the interviewees
were not an exclusion criterion. However, interviews
were designed in such a way that each interviewer had no
personal or professional affiliation with the person they
interviewed.

To recruit participants, an advertisement was published
on the LinkedIn page of the Department of OPD at the
Academic Centre for Dentistry in Amsterdam (ACTA).
Additionally, general dentists were approached through
the personal networks of dentists who were employed at
the Department of OPD. Specialized dentists were ap-
proached through the personal networks of the authors,
as well as via the networks of the respective professional
associations, i.e., NVGPT and VMBZ, after written per-
mission from these associations had been obtained.
The recruitment of participants took place from June
to September 2020, with interviews conducted during
the same period. The study was approved by the Ethics
Committee of the ACTA (approval No. 2020219).

Interviewee background information

Prior to each interview, a digital questionnaire (https://
www.qualtrics.com) was used to collect information
about the participants’ gender, number of years practic-
ing dentistry, number of years as a specialized dentist, and
postgraduate education in the field of bruxism completed
within the past 5 years.

Interview method and data analysis

Two of the authors, AF (n = 7) and MT (n = 4), conducted
the interviews. MT is a researcher and dentist with ex-
pertise in the fields of orofacial pain, oral movement dis-
orders, tooth wear, and dental sleep medicine. The author
has the experience in conducting qualitative research.
AF is a sixth-year dental student with no experience in the
field of qualitative research. Prior to conducting the first
interview, an interview topic guide was designed based
on the aims of this study, relevant scientific literature,
the expertise and experience of 2 authors (MT and FL),
and the results of pilot interviews. The topic guide served
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as a memory assistant during the interview process.!* The
topic guide included 4 domains, i.e., assessment, etiol-
ogy, consequences, and the treatment of bruxism. The
domains of consequences and treatment were included
for different purposes than the present study and will be
presented in future publications.

Six pilot interviews were conducted. The first two in-
terviews were conducted between 2 authors, MT and AF,
with the objective of providing training to author AF. The
latter 4 interviews were conducted between AF and den-
tists from the professional networks of the authors (AF
and MT), both for training purposes and to further refine
the topic guide. These 6 interviewees were not included in
the final group of interviewees.

The setting for the interview was selected by the partic-
ipating dentist and could be either physical or conducted
via Skype video call (Microsoft Corporation, Redmond,
USA). Each interview was allotted a time frame of up to
30 min. All interviews were audio-recorded using a tape
recorder and subsequently transcribed verbatim by AF.
During this process, any information that could poten-
tially reveal the identity of the interviewee was removed.
All transcriptions were reviewed by MT. The transcrip-
tions were not returned to the interviewees for comments
or corrections, and no interviews were repeated.

Thematic analysis was performed by AF and MT shortly
after the acquisition of each interview. This analytical
method was conducted in a series of steps, as outlined be-
low, to identify subthemes for each main theme.'® For this
study, the main themes were predefined and included the
assessment and etiology of bruxism.

In the first stage of the thematic analysis, the researchers
identified and coded the initial themes by reviewing
the transcribed interviews line by line. For each main
theme, all initial themes that were conceptually related to
one another were grouped into subthemes. Next, a the-
matic chart was constructed, in which the main themes
were positioned in the top row. Below the main themes,
each subtheme was assigned a single column, which con-
tained all relevant textual data from the interviews. At the
bottom of each column, the textual data was summarized
according to the respective subtheme and, subsequently,
per the main theme.'*

The data was analyzed and the results were synthe-
sized using ATLAS.ti (Scientific Software Development
GmbH, Berlin, Germany) and Microsoft Excel (Microsoft
Corporation) software. The coding and synthesis of the
data were conducted by AF and MT independently, and
any conflicts were resolved through discussion.

The interviewing process continued until information
saturation was reached. This was the case when no new or
secondary information was obtained from the data. Satu-
ration was confirmed by 2 additional interviews.!* After
the thematic analysis was completed, the concordance be-
tween the main themes and subthemes from this study and
the respective STAB axes and their domains was examined.
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Results

This section presents the results of the thematic analy-
sis of interviews and their concordance with the respec-
tive STAB axes and domains.

Interviewees

A total of 12 individuals were registered for participa-
tion in this study. One interviewee was unable to partici-
pate in the study due to unknown reasons. Consequently,
11 dentists participated in the study, of whom 7 were spe-
cialized dentists, and 4 were general dentists. The back-
ground information of the interviewees is presented in
Table 1.

Thematic analysis

From the thematic analysis, 6 subthemes were obtained,
3 of which were related to the main theme of assessment
(Table 2) and 3 to etiology (Table 3). All subthemes and
items per subtheme are presented in the left columns
of the tables. The concordance between the data derived
from the interviews and the respective STAB items is pre-
sented. To facilitate a clear overview of this concordance,
the STAB axes and domains are presented in the right col-
umns of the tables.

Assessment

The main theme of assessment was subdivided into
3 categories, namely, anamnesis, clinical examination and
additional diagnostics (Table 2).

Anamnesis

Topics reported by the interviewees in the anamne-
sis subtheme were related to the content of self-reports,
challenges encountered during the anamnesis process
and information from previous dental history, as de-
scribed in the patient’s health record (Table 2). Overall,
there was a substantial degree of overlap between the
content of these topics and Axis A of the STAB (Subject-
Based Assessment (SBA)) (Table 2). However, certain
issues emerged during the interviews that are not spe-
cifically addressed in the STAB. First, some interviewees
described that self-reported awareness of bruxism is not
a single time-point process. Rather, it can be a process
that requires time in some cases, as individuals may be-
come increasingly aware of their bruxism activity after
their dentist has brought the issue to their attention.
Second, it was reported that in individuals with com-
munication disabilities, self-reporting may solely rely on
proxy reports by caregivers. Third, some interviewees
indicated that they use information from the patient’s
health record, such as reports of previous use of oral
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Table 1. Characteristics of the interviewees

Characteristics

Sample size, N 11
General dentists/specialized dentists*, n 4/7
Male/female, n o/
Practicing dentistry [years] 22 (6-38)
M (range)

Being a specialized dentist [years] 10 (7-13)
M (range)

Interviewees who attended a lecture on bruxism within the 7
past 5 years, n

Interviewees who attended a congress on bruxism within the 4
past 5 years, n

Interviewees who attended a course on bruxism within the 1
past 5 years, n

Interviewees who read professional literature about bruxism 9
within the past 5 years, n

* Qrofacial Pain and Dysfunction (OPD) (n = 4) and Disability Care (DC) (n = 3);
M —mean.

appliances. On the other hand, the questionnaires, which
are mentioned as a means of current bruxism reporting
on the STAB, were not mentioned by the interviewees.

Clinical examination

Topics that were reported in the clinical examination
subtheme were grouped into 4 categories, namely extra-
oral signs, intraoral signs, pain, and others. A significant
degree of overlap was observed with Axis A of the STAB
(Clinically Based Assessment (CBA)) (Table 2). Two is-
sues that emerged from the interviews but were not en-
countered in the STAB include the clinician’s intuition,
which refers to the situation in which clinicians partially
rely on their intuition to guide them in the assessment
of bruxism, and the issue of when to collect more infor-
mation. In the course of the interviews, some respondents
contended that in the absence of complaints in the his-
tory, no additional diagnostics are necessary.

Additional diagnostics

The additional diagnostics subtheme involves a discus-
sion of imaging, specifically the acquisition of a panoramic
radiograph to evaluate potential changes in the shape
of the condylar bone, which could be indicative of brux-
ism. This topic is not addressed in the STAB. Moreover,
a discrepancy between the findings of this study and the
topics included in Axis A of the STAB (Instrumentally
Based Assessment (IBA)) was found. The instrumental
assessments proposed by the STAB for sleep bruxism,
awake bruxism and additional instruments were not re-
ported in the interviews of the present study.
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Table 2. Thematic analysis of interviews for the assessment theme, and the comparison of interview results with Axis A of the Standardized Tool for the
Assessment of Bruxism (STAB) (Assessment of Bruxism Status and Consequences)®

Study interviews

STAB Axis A

Content of self-reports:
— ask about complaints such as: headache, muscle cramps upon awakening, orofacial
pain, grinding sounds, awareness of tooth wear

- grinding sounds reported by caregiver in people with DD
- grinding sounds reported by a bed partner

Challenges in anamnesis:
Anamnesis
activity

— validity of self-report

Previous dental history:

- history of wearing a splint

A. Extraoral signs

Muscle and jaw volume:

- voluminous masseter muscle

— prominent jaws/jaw angles
Temporomandibular joint sounds

B. Intraoral signs

Tooth wear:

— wear facets

— chipping of teeth

— cervical lesions

— fractures of teeth

— fractures of restorations (fillings, crowns)

— wear on splint
Clinical — wear on removable denture
examination  Signs in soft tissues:
—linea alba in the cheeks
- tongue scalloping
— red spots on the palate
Endodontic treatment on one side

C. Pain

No pain

Dental pain

Orofacial/TMD pain not related to the dentition

D. Others

Clinician’s intuition/feeling

When to perform more diagnostic procedures:

- no complaint, no clinical examination and no treatment

Imaging:

Additional
diagnostics

— limited self-reporting in people with communication disabilities

- bruxism-related complaints, as documented in the patient’s health record

— bruxopositions: pattern of antagonist teeth fitting exactly into each other

- panoramic radiograph to evaluate the shape (changes) of the mandibular condyle

domains

AT (Sleep Bruxism Report)
A2 (Awake Bruxism Report)
A3 (Patient’s Complaints)

Subject-Based

- not a single time-point process: patients can become gradually aware of their bruxism Assessment

(SBA) -

A1 (Sleep Bruxism Report)
A2 (Awake Bruxism Report)

A4 (Joints and Muscles)

A5 (Intraoral and Extraoral Tissues)
A6 (Teeth and Restorations)
Clinically Based
Assessment
(CBA)

A4 (Joints and Muscles)

Other issues, including difficulty in reporting pain in patients with disabilities

Instrumentally

Based
Assessment A7 (Sleep Bruxism)
(IBA) A8 (Awake Bruxism)

A9 (Additional Instruments)

TMD - temporomandibular disorders; DD — developmental disabilities.

Etiology

The main theme of etiology was subdivided into 3 cat-
egories, namely psychosocial and behavioral factors,
physical and dental factors, and the assessment of comor-
bidities (Table 3).

Psychosocial and behavioral factors

The interviewees acknowledged that stress was broadly as-
sociated with bruxism and it was also encountered in Axis B
of the STAB (Psychosocial Assessment) (Table 3). Interest-
ingly, the topic of processing or seeking stimuli arose from
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the interviews, in which environmental over- or understimu-
lation might be an etiological factor of bruxism in people with
severe DD. Moreover, the interviews indicated that bruxism
may be an acquired habit or occur in moments of concen-
tration. These topics were not specifically addressed in the
STAB. However, with regard to the psychological factors that
may be related to bruxism, the STAB authors do mention that
there may be many others, thus allowing space for topics such
as those reported in the present interviews to be considered
in the assessment of bruxism.

Physical and dental factors

Physical factors reported by the interviewees exhib-
ited a high degree of concordance with Axis B of the
STAB (Concurrent Non-Sleep Conditions Assessment
and Prescribed Medications and Use of Substances
Assessment). Discrepancies include the addressing of spe-
cific syndromes, such as Down syndrome and Rett syn-
drome, in the interviews, but not in the STAB. Moreover,
there was some doubt expressed in the interviews as to

Table 3. Thematic analysis of interviews for the etiology theme, and the comparison of interview results with Axis B of the STAB (Risk and Etiological Factors

and Comorbid Conditions)®

Study interviews

subthemes

STAB Axis B

Psychosocial factors:

— stress

- life events

— aggravation of spasticity in cerebral palsy

— lack of awareness of stress

Processing or seeking stimuli in severe DD:
Psychosocial
and behavioral

Syndromes:

— Down syndrome

- Sanfilippo syndrome
— Rett syndrome

- Others

Anatomical/occlusal factors:
—donot play arole
— less important than psychosocial factors

Differential diagnosis of other oral parafunctions:
- biting on objects

— tongue pressing
Assessment
of comorbidities  Sleep bruxism comorbidities:

— reflux
- snoring, obstructive sleep apnea
- sleepiness

— environmental overstimulation: in people unable to communicate, bruxism may be the result of expressing
the tension caused by overstimulation due to external stressors that cannot be communicated otherwise

factors - environmental understimulation: seeking for stimulation through oral stimuli which are under one’s own
control due to a lack of stimuli from the environment B
Habits:
— awake bruxism is a learned behavior, especially in individuals with DD
Concentration:
— bruxism occurring during moments of concentration, which may not be immediately apparent
Age:
— bruxism might be related to growth in children
— age-related stress: the prevalence of bruxism is highest during the working years
Neurological disorders:
— patients with cerebral palsy and spasticity present with severe bruxism B3 (Concurrent -
— relationship between neurological disorders and bruxism remains uncertain Non-Sleep Conditions

o Assessment)

Medication:
— antidepressants B4 (Prescribed
— antipsychotics Medications and
- polyphgrmacy o o Use of Substances
— uncertain whether bruxism is related to medication Assessment)
Substance use:

Physical and — caffeine

dental factors - smoking

- drugs, particularly ecstasy, and previous drug addiction

— iatrogenic, i.e, restorations with occlusal contacts that are too high

B1 (Psychosocial
Assessment)

B5 (Additional Factors
Assessment)

B2 (Concurrent
Sleep-Related
Conditions
Assessment)
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whether neurological disorders are related to bruxism,
even though such disorders are specifically mentioned in
the STAB. Endocrine disorders and certain items in Axis
B of the STAB (Additional Factors Assessment) were not
mentioned at all in the interviews. Finally, dental factors,
such as iatrogenic high occlusal contacts, were mentioned
by the interviewees, but are not reported in the STAB
(Table 3).

Assessment of comorbidities

The subjects discussed in the assessment of the co-
morbidities subtheme were related to the differential di-
agnosis of other oral parafunctions and the assessment
of sleep bruxism comorbidities. More specifically, the
interviewees argued that bruxism should be distinguished
from other parafunctions with comparable consequences
for the masticatory system, such as biting on objects and
tongue pressing. This topic is not specifically addressed
in the STAB. On the other hand, there was an overlap
between the subject “sleep bruxism comorbidities’, as it arose
from the interviews, and Axis B of the STAB (Concurrent
Sleep-Related Conditions Assessment) (Table 3).

Discussion

The present qualitative study aimed to contribute to the
further development of the STAB by providing sugges-
tions based on daily clinical practice. More specifically,
the objective was to investigate the experiences and at-
titudes of general dentists, dentists specializing in OPD,
and dentists specializing in DC regarding the assessment
and etiology of sleep and awake bruxism and to exam-
ine the concordance of these experiences and attitudes
with the respective axes of the STAB. Taken together, the
items that emerged from the interviews had a high de-
gree of overlap with those described in both axes of the
STAB. The following sections will present the suggestions
for each axis.

Axis A: Assessment of Bruxism Status
and Consequences

Anamnesis

In the present study, interviewees reported that patients
may become increasingly aware of their bruxism activity
after discussing the topic with their dentist. To date, there
is limited evidence to support this clinical observation.
Kaplan and Ohrbach demonstrated that self-reporting
of oral parafunctional behaviors, as assessed by the Oral
Behaviors Checklist (OBC), exhibited substantial reliability
over a 7-day period.!® The study participants were made
aware of their parafunctional behavior by being prompted
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8 times per day to report their oral parafunctions, in ac-
cordance with the Ecological Momentary Assessment
(EMA) paradigm.’® On the other hand, with regard to
sleep bruxism, it has been suggested that self-reports may
be influenced by reporting bias, particularly in patients
with painful temporomandibular disorders (TMD)!” and
non-painful jaw-muscle symptoms of the masticatory
muscles.!® However, longitudinal data on how both awake
and sleep bruxism reporting can change over time under
the influence of repeated assessments is generally lacking.
One of the recommendations for the further development
of the STAB would be to allow for repeated assessments
of self-reported awake and sleep bruxism at certain inter-
vals, such as regular dental check-ups. It is recommended
that neutral questioning be employed, especially when as-
sessing sleep bruxism in patients with TMD pain or other
jaw-muscle symptoms,'”!® in order to prevent reporting
bias. As described below, instruments such as the BRUX
scale® and the OBC? may prove valuable for this purpose.

Moreover, the present study demonstrated the necessity
of proxy reports for individuals who are unable to self-
report their bruxism activity due to certain disabilities.
Interviewees in the present study described how care-
givers of these individuals might report audible and visible
sleep and awake bruxism activity and how, sometimes,
this activity can be observed by dentists during dental ap-
pointments. However, to date, no instrument exists for
the standardized assessment of such directly observed or
proxy-reported bruxism activity. It is recommended that
future studies work on the development of such an instru-
ment, which may follow the paradigm of other fields, such
as the assessment of pain based on the observation of be-
havior.2?? In the meantime, the developers of the STAB®
and the BruxScreen!? are encouraged to include a proxy-
report field in these tools. A final remark on the topic
of observing bruxism activity in a clinical setting is that
this finding has implications for the bruxism diagnostic
grading system.? Indeed, it may be argued that a definite
awake bruxism diagnosis can be established if bruxism
activity is directly observed, irrespective of instrumental
assessments on which a definite diagnosis is currently
based.?

Lastly, with regard to the anamnestic part of the brux-
ism assessment, the study showed that questionnaires
were not employed as a means of assessing bruxism in
the clinic. It remains plausible that such questionnaires
are nevertheless used by some dentists, although they
appear to be a relatively minor source of information in
clinical practice. The use of diagnostic questionnaires as
part of standard care is common in some tertiary clini-
cal settings,? but it remains unknown whether encour-
aging the use of such questionnaires would be beneficial
for general dental practices. Based on the results of the
present study, it is recommended that future versions
of the STAB provide a concise description of how these
interviews and/or questionnaires should be implemented
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in clinical practice. Currently, the OBC? is recommended
by the Diagnostic Criteria for TMD (DC/TMD)? for the
assessment of sleep and awake bruxism and is a freely
available tool on the website of the International Network
for Orofacial Pain and Related Disorders Methodology
(INfORM).? The full OBC is included in the STAB. The
recently developed BruxScreen!? uses the BRUX scale,
derived from the Oral Parafunctions Scale,' for the as-
sessment of self-perceived clenching and grinding during
wakefulness and sleep. Moreover, 2 additional questions
were derived and slightly modified to assess the presence
of light tooth contact and firm mandible bracing during
wakefulness. The initial pilot testing of the BruxScreen
in a population of dentists and patients at the University
Clinics of Helsinki, Finland, and Sienna, Italy, yielded pos-
itive results regarding the comprehensiveness, feasibility
and validity of the tool.!? Thus, the BruxScreen is a prom-
ising tool for widespread use in regular dental care and
large-scale epidemiological studies, provided further va-
lidity testing is completed.!? The developers of the STAB
and BruxScreen recommend performing validity testing
in patient populations from all spectrums of abilities to
ensure that no one is excluded based on disability.

Clinical examination

As shown in the Results section, there was a substantial
degree of overlap between the topics reported by inter-
viewees and those described in Axis A of the STAB (CBA).
The assessment of bruxism based on intra- and extraoral
clinical signs has also been described in other practice-
based studies.>* Recently, the BruxScreen presented
a brief tool for the standardized assessment of extra-
and intraoral signs that may be associated with brux-
ism.1? Alongside the clinical signs that are assessed in the
BruxScreen, the results of the present study provide sug-
gestions for the development of a comprehensive instru-
ment for the wider assessment of clinical signs of sleep
and awake bruxism in future versions of the STAB.

Additional diagnostics

Discrepancies were identified between the additional
diagnostic procedures described in the interviews of the
present study and Axis A of the STAB (IBA). Radiographic
evaluation of the condylar bone was reported in the
present study, but not included in the STAB. Scientific
evidence to support the radiographic features of the con-
dylar bone as signs of bruxism is extremely scarce.?’~?°
To date, it has not provided sufficient support for this
notion. Other potential radiographic features of brux-
ism have been investigated in a very limited number
of studies. Tassoker found no relationship between sleep
bruxism and pulpal calcifications in a group of young
women,* while Tiirp et al. observed increased bone
apposition at the mandibular angles of adult bruxers
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compared to an adolescent control group.3! Consequently,
no strong recommendations can be made regarding the
integration of radiographic findings in the STAB, and
further research on this topic is required. The use of
instrumental approaches, such as EMA, electromyography
(EMG) and polysomnography (PSG), was not reported
by the interviewees. Ecological momentary assessment
(also known as the experience sampling method (ESM))
is a technique that has been used in previous research
settings.3? Recently, a smartphone-based application that
allows low-key, widespread implementation has been de-
veloped.® It is possible that the dentists in the present
study were unaware of the existence of this application.
Electromyography devices for the assessment of awake
bruxism have been used in research settings,®* and
a significant variety of ambulatory EMG devices for the
assessment of sleep bruxism exists.3® However, to the best
of the authors’ knowledge, these devices are not available
or feasible for regular care, at least not in the Netherlands,
where the present study was performed. Moreover, it is
necessary to achieve consensus on the most appropriate
method to assess MMA using EMA methods and ambu-
latory EMG devices.>*® Further research on this topic is
strongly recommended. It is also important to consider
the commercial availability of smartphone applications
and ambulatory EMG devices, as well as their accessibility
for people with disabilities.

Axis B: Risk and Etiological Factors and
Comorbid Conditions

Psychosocial and behavioral factors

In the present study, the participants acknowledged that
psychological stress is associated with bruxism. However,
they also reported that other factors, such as process-
ing or seeking stimuli, habits and concentration, may
play a role. The authors of the STAB aimed to evaluate
the full spectrum of psychological and social factors that
may be associated with bruxism.”> In that context, the key
question is: which of these psychological and social fac-
tors are associated with bruxism? It is beyond the scope
of the present study to address this question. Instead,
a recommendation will be made as to how to incorporate
the views of the interviewed clinicians in future versions
of the STAB.

In the interviews, clinicians referred to their patients
experiencing and reporting stress mainly in the context
of daily stress and life events. The interviewers did not
perform further probing to specify the concept of stress,
which represents a limitation of the present study. In sci-
entific literature, psychological stress is reported to oc-
cur when environmental demands challenge or exceed
an individual’s adaptive capacity, as perceived by the indi-
vidual.?® Stress can be expressed through a wide spectrum
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of adverse emotional states, including depression, anxiety,
distress, and lack of well-being.?¢ The translation of this
knowledge into daily practice necessitates the use of ap-
propriate tools and questionnaires to assess the emotional
states. Examples of such tools are the Generalized Anxiety
Disorder-7 (GAD-7)¥ to evaluate anxiety, and the Patient
Health Questionnaire-9 (PHQ-9)*® to evaluate depres-
sion. These questionnaires are already incorporated into
the DC/TMD evaluation process. Their incorporation
into the STAB (the PHQ-9 is already part of the ToolKit
of the STAB) could be considered to promote homogeneity
of measurements in populations of patients who are as-
sessed for the presence of TMD and bruxism. The inclu-
sion of the brief PHQ-4 for the assessment of anxiety and
depression, which is currently included in the STAB, will
possibly hamper such homogeneity of measurements. For
populations in which stress cannot be assessed through
questionnaires due to certain disabilities,* it is necessary
to include appropriate tools in the STAB, e.g., the Disability
Distress Assessment Tool (DisDAT).%°

What is more, clinical reports of bruxism being associ-
ated with states of concentration, and, in individuals with
DD, with overstimulation or seeking of stimuli, require
further research. Regarding the topic of concentration,
evidence for an association with bruxism is extremely
limited. In a study by Major et al., sleep bruxers were
found to have no greater mental or physical alertness than
the control group.*! Conversely, other masticatory muscle
activities, such as chewing, have been shown to be posi-
tively associated with attention.*? Based on the findings
of the present study, no specific recommendations can be
made regarding the incorporation of concentration into
the STAB.

With regard to the topic of stimuli processing, the
authors are unaware of any evidence that would sug-
gest an association with bruxism. However, studies can
be found on the interplay between stimuli processing
and oral function. Little et al. observed distinct senso-
ry processing patterns, i.e., responses to environmental
stimuli, such as avoiding and seeking behavior, in chil-
dren with autism spectrum disorder (ASD) and atten-
tion deficit hyperactivity disorder (ADHD) compared to
children with typical development (TD).*® In the same
study, the authors examined the differential processing
of sensory stimuli across various modalities, including
auditory, visual, tactile, etc. Significant differences were
observed in the processing of oral stimuli in children
with ASD and ADHD compared to children with TD.*
These differences in sensory processing may be associ-
ated with eating difficulties,** although a possible as-
sociation with sleep and/or awake bruxism is unknown.
Moreover, Kirby et al. studied sensory interests, repeti-
tions, and seeking (SIRS) behaviors, i.e., behaviors that
occur in interaction with sensory stimuli.** The authors
of this study found that children with ASD displayed sig-
nificantly more SIRS behaviors than children with other
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DD or TD.* However, no significant differences were ob-
served between children with ASD, DD and TD in terms
of oral SIRS behaviors of mouthing (bringing objects to
the open mouth, placing them in the mouth and/or lick-
ing them) and biting (biting objects with teeth).?®> Based
on the findings of the present study and relevant litera-
ture, no specific recommendation can be made regarding
the topic of stimuli processing and the STAB. However,
it is recommended that further studies investigate the
extent to which bruxism activity occurs as a reaction to
environmental stimuli, taking into account differences
in sensory processing. The findings of such studies may
shed light on the etiology of bruxism and could be incor-
porated into future versions of the STAB.

Physical and dental factors

The present study showed a high degree of overlap be-
tween the physical factors reported by the interviewees
and Axis B of the STAB (Concurrent Non-Sleep Conditions
Assessment and the Prescribed Medications and Use
of Substances Assessment). Specific syndromes, such as
Down syndrome and Rett syndrome, were mentioned by
the interviewees, yet they are not included in the STAB.
Indeed, a high prevalence of bruxism has been reported
for these syndromes,®%%” but the prevalence, etiology,
consequences, and treatment of sleep and awake bruxism
in these populations are largely understudied. To facili-
tate research and clinical care in populations with DD and
neurodevelopmental conditions, it is recommended that
these conditions be added to the STAB.

Finally, regarding the dental factors, the present study
identified iatrogenic high occlusal contacts as a poten-
tial etiological factor for bruxism activity. However, the
literature does not support a causal association between
occlusal factors and bruxism.® Therefore, it is not recom-
mended to introduce these factors into the STAB.

Assessment of comorbidities

In the present interviews, it was argued that other oral
parafunctions should be assessed and distinguished from
bruxism. Another clinical practice-based study revealed
that only 39.1% of respondents considered other oral
parafunctions when assessing and interviewing a patient
with suspected bruxism.> The STAB conceptualizes the
assessment of concurrent non-sleep conditions, which
may be associated with increased MMA.> Oral para-
functions could be a source of loading for the mastica-
tory system, with consequences similar to those of brux-
ism, such as temporomandibular disorder (TMD) pain.?*
Therefore, it is recommended that oral parafunctions be
included in the differential diagnostic procedure when
assessing an individual with suspected bruxism. For this
purpose, the STAB has adopted the OBC.?° Furthermore,
comorbid conditions with sleep bruxism, such as reflux,
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snoring, obstructive sleep apnea, and sleepiness, were
described in the interviews. These are the items that are
also described in Axis B of the STAB (Concurrent Sleep-
Related Conditions Assessment),” and to some extent in
the practice-based study by Guillot et al.3

Conclusions

The findings of this study indicate a high degree of con-
cordance between the experiences and attitudes of gen-
eral dentists and dentists specialized in OPD and DC
regarding the diagnosis and etiology of sleep and awake
bruxism, and both axes of the STAB. This concordance
indicates that the proposed STAB generally captures the
items that dentists deem relevant to their clinical practice.
Nevertheless, some issues were identified with regard to
both STAB axes. The main issue involved the lack of ap-
propriate tools for the DC setting. Based on the study re-
sults, the recommendations for the further development
of the STAB, derived from interviews with 11 dentists, are
summarized as follows:
1.Ensure that the STAB includes appropriate tools for the

assessment of bruxism and related factors in individuals

across the entire spectrum of abilities;

2. Allow for repeated assessment of self-reported awake
and sleep bruxism at certain intervals, with brief, neu-
tral questioning;

3. Allow for standardized assessment of directly observed
or proxy-reported bruxism activity;

4.Provide a concise description of the methodology for
implementing self-report interviews and/or question-
naires in clinical practice;

5.Develop a standardized tool for the wider assessment
of clinical signs of bruxism;

6.Provide guidance on the use of instrumental approaches
for the assessment of bruxism, with a particular focus
on the scoring of MMA;

7.Include DD and neurodevelopmental conditions in the
assessment of concurrent non-sleep conditions.
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Abstract

Background. Several medications, including antihistamines, can alter salivary gland function, causing
dry mouth or xerostomia. Antihistamines are commonly used for treating allergic rhinitis.

Objectives. The aim of the present study was to compare and correlate the effects of first-generation vs.
second-generation H1-antihistamines on the parotid glands of rats.

Material and methods. Twelve adult male albino rats were used; 4 rats served as a control group
(group I) and the remaining rats were divided into 2 groups: group Il received promethazine hydrochloride;
and group Ill received cetirizine dihydrochloride for 3 weeks. The parotid salivary glands were dissected,
and examined histologically and analyzed histomorphometrically for the acinar area percentage.
In addition, mRNA gene expression of iNOS, caspase-3 and a-SMA was assessed using quantitative real-
time polymerase chain reaction (qRT-PCR). Finally, all the obtained data was statistically analyzed.

Results. Histologically, group | showed the typical architecture of the gland. In group II, degenerative
changes were noticed, including acinar degeneration and shrinkage with widened connective tissue septa,
intracellular vacuolization, and increased inflammatory cell infiltration. In group I, similar histological fea-
tures were detected as in group I, but to a lesser extent. Histomorphometric results revealed significant
differences in the acinar area percentage between various groups. In addition, qRT-PCR results showed
a significant increase in iNOS expression in both groups Il and Ill as compared to group |, caspase-3 gene
expression was significantly increased in group Il, while in group I1l, it increased non-significantly. Finally,
a-SMA gene expression non-significantly decreased in both groups Il and lll. A significant positive correla-
tion was observed between caspase-3 and iNOS gene expression, while an inverse correlation was noticed
between caspase-3 and a-SMA gene expression.

Conclusions. The administration of antihistamines resulted in changes in the rat salivary glands, which
could be due to the induction of oxidative stress and the resultant apoptotic effect. These changes were
suggested to occur mainly through action on muscarinic receptors; yet, action on histamine receptors could
not be excluded. However; these effects were less marked with the second-generation antihistamine.

Keywords: nitric oxide synthase, caspase 3, alpha smooth muscle actin, histamine antagonists
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Introduction

Xerostomia is a medical condition characterized by oral
cavity dryness. It has a multifactorial etiology; most com-
monly, it is due to systemic diseases like Sjogren’s syn-
drome, head and neck region radiation and the admin-
istration of xerostomia-causing medications.! Various
drugs, including antihistamines, can alter salivary gland
function, causing oral dryness, which depends greatly on
the number and dosage of the drugs being administered.?
The incidence of xerostomia is growing because of the ag-
ing population, as older individuals commonly take sever-
al medications.® The occurrence of xerostomia is accom-
panied by a greater prevalence of fungal infections and
dental caries, in addition to difficulties in speech, mas-
tication and deglutition, which consequently affects the
patient’s oral health and compromise their quality of life.!

H1-antihistamines are among the most common medi-
cations used worldwide. They are structurally unrelated
to histamine and act as inverse agonists by stabilizing its
inactive conformation.* Moreover, they are functionally
classified into 2 broad groups, being first-generation or
classical sedating group and the second-generation or
non-sedating group.®

First-generation Hl-receptor antagonists (e.g., pro-
methazine hydrochloride) are lipophilic and can cross
the blood-brain barrier. Consequently, they can affect
the central histaminic receptors, so they are known for
their sedating effect.> Furthermore, promethazine has
strong anticholinergic properties, facilitated by blocking
the responses to acetylcholine mediated by muscarinic
receptors. This atropine-like effect [Please confirm.] is
accountable for the most common side effects of antihis-
tamine medicines, including xerostomia (dry mouth), ob-
served in their clinical usage.®

Conversely, second-generation antagonists, piperazine
derivatives and carboxylated metabolites of hydroxyzine,
were developed with more selectivity to peripheral H1-
receptors, and with a very poor affinity for muscarinic,
adrenergic or serotonergic receptors. Also, second-gen-
eration H1l-antihistamines can be considered relatively
non-sedating, with no anticholinergic effects, as they
poorly penetrate through the blood—brain barrier, and are
less likely to affect the central histaminic cholinergic or
adrenergic receptors.®

The antihistaminic activity of cetirizine, a second-gen-
eration H1-receptor antagonist, has been reviewed previ-
ously, showing no measurable affinity for receptors other
than H1 in vitro, in addition to negligible anticholinergic
activity in animal models. However, clinically, dry mouth
was documented with cetirizine more commonly than in
the case of placebo.”

The third-generation antihistamines, active metabolites
of second-generation agents, possess many of the desir-
able clinical effects of the first-generation agents with
a more tolerable side effect profile.

D. Rady et al. Effect of antihistamines on the parotid gland

Despite the negative impact of antihistamines on sali-
vary secretion, which has been documented clinically, the
molecular mechanism behind this effect is yet unknown.
To better understand the cellular and molecular basis
of xerostomia, the current study compared the effects
of long-term administration of promethazine hydrochlo-
ride, a first-generation H1-antihistamine, and cetirizine
dihydrochloride, a second-generation antihistamine.

Material and methods
Drugs

The following drugs were used in the study:

— Histaloc®: 25 mg of promethazine hydrochloride (first-
generation Hl-receptor antagonist) (Julphar Gulf
Pharmaceutical Industries, Ras Al Khaimah, UAE); and

— Zyrtec®: 10 mg of cetirizine dihydrochloride (second-
generation H1 -eceptor antagonist) (GlaxoSmithKline,
Al Haraneyah, Egypt).

Animals

Based on a previous study conducted by Shahabooei et al.,
the average difference in the alveolar bone healing between
2 experimental groups of rats was 4 +1.3%.° Using a power
of 80%, 3 rats were needed in each group. This number had
been increased to 4 in each group to compensate for losses
during breeding. Sample size calculation was performed
using PS: Power and Sample Size Calculation program,
v. 3.1.2 (Vanderbilt University, Nashville, USA).

Twelve adult male albino rats (Rattus norvegicus albinus,
Wistar strain), weighing approx. 150-200 g, were obtained
and bred at the Faculty of Medicine, Cairo University, Egypt.
They were kept in individual cages, with a light/dark cycle
of 12 h, fed a standardized diet and given water ad libitum.

Experimental design

The animals were randomly assigned into 3 groups us-
ing the Random Sequence Generator program (https://
www.random.org/sequences). Four rats served as a con-
trol group (group I), where the rats received distilled wa-
ter daily via oral gavage for 3 successive weeks.

The remaining rats served as experimental groups, and
they were randomly divided into 2 groups, 4 rats in each.
Groups II and III included rats that received 4.8 mg/kg
promethazine hydrochloride and 3 mg/kg cetirizine dihy-
drochloride, respectively, in distilled water daily via oral
gavage for 3 successive weeks.

Investigations

After 3 weeks, rats from all studied groups were eutha-
nized via an intracardiac overdose of sodium thiopental
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(80 mg/kg). The parotid salivary glands were dissected
and investigated. The assessment steps were carried out
by blinded investigators.

Light microscopy examination

In the Department of Oral Biology, Faculty of Dentistry,
Cairo University, the samples were fixed in 10% buffered
formalin for 48 h, dehydrated in ethyl alcohol, cleared in
xylol, and embedded in paraffin wax (El Gomhoureya for
Drugs Trade and Medical Supplies, Cairo, Egypt). Sec-
tions of 4—6 pm were cut, mounted on glass slides, stained
with the hematoxylin and eosin (H&E) stain, and then ex-
amined under a light microscope (Leica, St. Gallen, Swit-
zerland), using magnifications x200 and x400.

Histomorphometric analysis

The acinar percentage area was assessed in photomi-
crographs at magnification x400. Image analysis was done
with the use of the Image] software, v. 1.53d (https://im-
agej.net/ij). Subsequently, the H&E images were convert-
ed by splitting the channels to the requisite color and the
thresholds were adjusted specifically for the acinar area
percentage. The dimensions were converted from pixels
to millimeters by the software. Four non-overlapping mi-
croscopic fields were randomly selected and evaluated.

gRT-PCR analysis

In the Microbiology Unit, Department of Biochemistry,
Faculty of Medicine, Cairo University, a total RNA isola-
tion kit (Qiagen, Germantown, USA) was used to isolate
total RNA from the obtained samples following the manu-
facturer’s instructions. According to the kit protocol, RNA
extracted from the specimens was reverse transcribed
using a cDNA Reverse Transcription kit (Fermentas,
Waltham, USA). cDNA was then amplified and analyzed
using the StepOne™ software, v. 3.1 (Applied Biosystems,
Waltham, USA). Using the comparative AACT method,
relative mRNA gene expression was standardized with
regard to the mean critical threshold values of glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH), a house-
keeping gene (control gene). The sequences of the applied
primers (ThermoFisher Scientific, USA) for inducible ni-
tric oxide synthase (iNOS), caspase 3 (caspase-3), alpha
smooth muscle actin (a-SMA), and GAPDH genes are
listed in Table 1.

Statistical analysis

All data from histomorphometric analysis and qRT-
PCR analysis was coded and entered using IBM SPSS
Statistics for Windows, v. 25 (IBM Corp., Armonk,
USA). Numerical data was summarized and expressed
as mean and standard deviation (M +SD). Comparisons
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Table 1. Primer sequences of all studied genes

Gene symbol Primer sequence (from 5' to 3')
number

, F: 5-GTTCCCCCAGCGGAGCGATG-3'
INGS R 5-ACTCGAGGCCACCCACCTCC-3 \M-012611.3

F: 5CTGGACTGCGGTATTGAG-3'
R: 5-GGGTGCGGTAGAGTAAGC-3'
F: 5'-CCGACCGAATGCAGAAGGA-3

a-SMA R: 5-ACAGAGTATTTGCGCTCCGAA-3 NM_0016134

F: 5-CCATTCTTCCACCTTTGATGCT-3"
GAPDH R: 5-TGTTGCTGTAGCCATATTCATTGT-3" NM_017008.4

caspase-3 NM_053304.1

between the studied groups were performed using the
analysis of variance (ANOVA) with multiple comparisons
of Tukey’s post hoc tests. The level of significance was set
at p < 0.05. Correlations between quantitative variables
(iNOS, caspase 3 and a-SMA) were investigated using
Pearson’s correlation coefficient.!?

Results

Light microscopy results

Group |

The histological examination of the parotid salivary
gland tissues of the control group revealed normal glan-
dular structure. Serous acini were closely packed together
with intercalated and striated ducts in glandular lobules,
with narrow normal connective tissue septa in between.
Small to medium-sized blood vessels could be observed
close to striated and excretory ducts (Fig. 1).

Fig. 1. Photomicrographs of the parotid gland tissues of the control group
(group )

A - normal histological structure, with closely packed acini (A) and
connective tissue septa (CT) displaying a blood vessel containing RBCs
(BV), as well as an excretory duct (ED) with normal lining; B — serous acini
(A) with well-defined outlines, intralobular ducts (intercalated ducts (ID)
and striated ducts (SD)) with normal lining, and small blood vessels (BV).
RBCs - red blood cells. Scale bar — 100 pm.

Group

The shrinkage of serous acini with widened connective
tissue septa in between could be observed in most areas
of the gland. Intracytoplasmic vacuolization was obvious in
serous acini and the lining of some striated ducts. In addi-
tion, many atrophied and degenerated acini were observed.


https://imagej.net/ij
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Regarding excretory ducts, some of them displayed areas
of degeneration and discontinuity in their lining. The degen-
erated acini were replaced with marked chronic inflamma-
tory cell infiltration in discrete gland regions. Moreover, rare
blood vessels were seen near striated ducts, and in connec-
tive tissue septa, some blood vessels were dilated, with areas
of discontinuity in their endothelial lining, and contained
few red blood cells (RBCs) in their lumen (Fig. 2).

Fig. 2. Photomicrographs of the parotid gland tissues of the Histaloc group
(group 1)

A - shrinkage of serous acini with widened interlobular spaces (asterisks)

and an excretory duct (ED) in connective tissue septa; B — intracytoplasmic
vacuolization among serous acini (arrows) and numerous degenerated

acini (asterisks); C — degenerated acini (asterisks) with massive chronic
inflammatory cell infiltrate (IF) replacing the acinar portions, and cytoplasmic
vacuolization in the striated duct (SD) lining (arrow); D — connective tissue
septa (CT) displaying an excretory duct (ED) with discontinuity in its lining
(arrow heads), and a dilated blood vessel (BV) with discontinuity in its
endothelial lining, intracytoplasmic vacuolization (arrows). Scale bar — 100 pm.

Group i

The examination of sections obtained from this group
showed enhanced histological features when compared to
group II. This was evidenced by the presence of less degener-
ative changes among serous acini, which were closely packed
in many areas of the gland, with narrow connective tissue
septa in between. Less intracytoplasmic vacuolization could
be detected in acinar cells and some of the ductal cells. More-
over, fewer atrophied and degenerated acini were observed.
Intralobular ducts were easily detected with their normal lin-
ing and were frequently associated with small blood vessels
engorged with RBCs. Connective tissue septa showed few
inflammatory cell infiltrates, while excretory ducts showed
normal lining in most areas of the gland and congested blood
vessels with almost normal lining (Fig. 3).

Histomorphometric results

Regarding the acinar area percentage, statistically sig-
nificant differences were observed between the studied
groups (p = 0.021) (Table 2, Fig. 4). The lowest acinar

REREONTEUTRNG) s o
L SXNETY BM
Sy

B )

e w FEN UL

Fig. 3. Photomicrographs of the parotid gland tissues of the Zyrtec group
(group 11)

A - closely packed serous acini (A) connective tissue septa displaying few
inflammatory cell infiltrates (IF), an excretory duct (ED) with normal lining,
and a blood vessel (BV) engorged with RBCs; B — acinar vacuolization
(arrow), intralobular duct (D) with normal lining, closely related to blood
vessels (BV) engorged with RBCs; C — few intracytoplasmic vacuoles in the
acinar and ductal cells (arrows), scattered degenerated acini (asterisks), and
connective tissue septa displaying an excretory duct (ED) with continuous
lining and congested blood vessels (BV) with RBCs. Scale bar — 100 um.

Table 2. Results of ANOVA for the acinar area percentage (%] in all studied
groups

Group | 53.34+9.06 4.53
Group Il 3595 +2.51° 1.26 6.15 0.021* ‘
Group Il 46.82 +7.88 394 ‘

* statistically significant; 2 significant difference vs. group .

70
60
50

40

mean acinar area percentage [%]

= group |

= group Il group Il

Fig. 4. Column chart comparing the mean acinar area percentage among
all studied groups

The letter‘a’denotes a significant difference vs. group .

percentage area was detected in group II, while the
highest was recorded in group L. In addition, a statisti-
cally significant decrease in the acinar percentage area
was observed in group II when compared to group I
(p = 0.017). However, the acinar percentage area in
group III was decreased as compared to group I and was
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increased as compared to group II, although these re-
sults did not reach statistical significance (p = 0.432 and
p = 0.133, respectively).

gRT-PCR results

Statistically significant differences were demonstrated
between the studied groups regarding iNOS, caspase-3
and a-SMA gene expression (p < 0.001, p < 0.001 and
p = 0.002, respectively) (Table 3).

Table 3. Results of ANOVA for the expression of the studied genes [AU] relative
to GADPH in all studied groups

ex;:r;;on Group Il Group Il

iNOS 4.68 £0.12 549+0.21* 533 +0.2% <0.001* ‘
‘ caspase-3 431 £0.11 643 £041* 458 +0.28° <0.001* ‘
‘ a-SMA 5.09 £0.14 4.75+0.18 5410210 0.002* ‘

* statistically significant; ? significant difference vs. group | significant difference
vs.group Il.

Regarding iNOS gene expression, a statistically signifi-
cant increase was detected in both groups II and III as
compared to group I (p < 0.001 and p = 0.002, respective-
ly), while a decrease was detected in group III as compared
to group II (p = 0.412). Conversely, caspase-3 gene expres-
sion showed a statistically significant increase in group II
as compared to group I (p < 0.001), while a non-signifi-
cant increase was observed in group III as compared to
group I (p = 0.423). However, caspase-3 gene expression
in group III was significantly decreased when compared
to group II (p < 0.001). Finally, a-SMA gene expression
was decreased in both groups II and III as compared to
group I, although this did not reach statistical significance
(p = 0.056 and p = 0.071, respectively), while a statisti-
cally significant increase in its expression was observed in
group III when compared to group II (p = 0.001) (Fig. 5).

gene expression [AU]

©O = N W M~ OO N ®

group |

group Il group |l

N caspase-3 mjNOS a-SMA

Fig. 5. Column chart comparing the mean expression of different genes
among all studied groups

The letter a’denotes a significant difference vs. group |, whereas the letter
‘o’denotes a significant difference vs. group II.

A significant positive correlation was observed be-
tween caspase-3 and iNOS gene expression (p = 0.046;
r = 0.585) (Table 4, Fig. 6). Conversely, the compari-
son between caspase-3 and a-SMA gene expression
revealed a significant inverse correlation (p = 0.018;
r = -0.666) (Table 4, Fig. 7). Finally, no association
was found between iNOS and a-SMA gene expression
(p = 0.721; r = -0.115) (Table 4).

Table 4. Correlation between the expression of the studied genes

Gene expression iNOS caspase-3 a-SMA
r 1 0.585 -0.115
iNOS p-value - 0.046* 0.721
n 12 12 12
r 0.585 1 —-0.666
caspase-3 p-value 0.046* - 0.018*
n 12 12 12
r -0.115 —-0.666 1
a-SMA p-value 0.721 0.018* -
n 12 12 12

* correlation is significant at the level of p < 0.05 (2-tailed).

R2 linear = 0.342

caspase-3 gene expression

4.6 4.8 5.0 5.2 5.4 5.6 5.8

iNOS gene expression

Fig. 6. Scatter chart showing a significant positive correlation between
caspase-3 and iNOS gene expression (p < 0.046; r < 0.585)

R2? linear = 0.444

caspase-3 gene expression

4.6 4.8 5.0 5.2 5.4 5.6 5.8
a-SMA gene expression

Fig. 7. Scatter chart showing a significant inverse correlation between
caspase-3 and a-SMA gene expression (p < 0.018; r < —0.666)
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Discussion

Several medications can cause xerostomia as a common
side effect, including  blockers, antipsychotics, antide-
pressants, and antihistamines.? Older generations of H1-
antihistamines penetrate the blood—brain barrier, thus
causing sedation, while second-generation H1-antihista-
minic drugs are considered safer, resulting in fewer side
effects.*

In the literature, cetirizine has been authorized as
a potent second-generation HIl-antihistamine and
a first-choice antihistamine for treating allergic diseases.
Cetirizine is normally used with daily dosing, as it is docu-
mented to be safe and well-tolerated.!! On the other hand,
promethazine is a first-generation H1-antihistamine that
possesses anticholinergic properties causing xerostomia
and other complications, such as blurred vision, dry nasal
passages, dilated pupils, constipation, and urinary reten-
tion, and the American Geriatrics Society (AGS) catego-
rizes it as a potentially inappropriate drug for the elderly.!?

While the adverse effect of antihistamines on salivary
secretion has been reported clinically, the underlying cel-
lular mechanism remains unclear. Therefore, the current
work investigated the effects of long-term administration
of a first-generation H1-antihistamine, promethazine hy-
drochloride, as compared to second-generation cetirizine
dihydrochloride, on the rat’s parotid glands to clarify the
underlying mechanism at the cellular and molecular levels.

The three-week duration of this study was selected to
investigate the effects of long-term administration of both
drugs. It has been previously established that in adult rats,
every day of the animal’s life is approx. equivalent to 34.8
human days (i.e., 1 rat month is comparable to 3 human
years).!3

Following the administration of antihistamines, the fol-
lowing changes were observed in the rat parotid glands:
shrinkage and degeneration of serous acini; intracellular
vacuolization in acini and the duct system; congested
blood vessels; and increased inflammatory cell infiltra-
tion. These changes were more prominent following
treatment with promethazine hydrochloride (group II)
when compared to the cetirizine dihydrochloride-treated
group (group III). In addition, histomorphometric results
showed that the acinar percentage area was the lowest in
group IL

Coinciding with the present findings, similar age-relat-
ed degenerative changes have been observed in human
labial salivary glands, as demonstrated by the presence
of acinar atrophy and fibrosis, together with a diffuse
inflammatory cell infiltrate.* In addition, Tatar et al.
demonstrated acinar and ductal vacuolization in the rat’s
submandibular salivary glands following the administra-
tion of an antihistamine, namely desloratadine.’®> More
recently, Mohammed et al. histologically evaluated the
rat’s parotid salivary gland tissues following treatment
with desloratadine.!® The authors demonstrated remark-
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able cytoplasmic vacuolization and the atrophy of serous
acini, as well as increased interstitial spaces between pa-
renchymal elements and mononuclear cell infiltrations.®
The existence of vacuolization and consequent alteration
in the content of secretory granules is associated with
diminished salivary secretion.!” Similarly, Choi et al. re-
ported diminished salivary flow rates in association with
atrophy and vacuolization in the salivary glands.!®

The demonstrated histological changes following the
administration of antihistamines could be attributed to
the induction of oxidative stress. This assumption was
based on previous findings by Tatar et al., who linked the
effect of an antihistamine, desloratadine, with the induced
mitochondrial oxidative stress and the resultant intra-mi-
tochondrial reactive oxygen species (ROS),'> thus bring-
ing an equilibrium between oxidants and antioxidants.'’
Reactive oxygen species have various physiological roles
and are normally created as by-products resulting from
oxygen metabolism.?’ The nitric oxide synthase (NOS)
family is significantly important in different physiologi-
cal and pathological processes. Three isoforms for NOSs
have been recognized, namely endothelial, inducible and
neuronal NOSs (eNOS, iNOS and nNOS, respectively).?!
Generally, eNOS and nNOS are constantly generated at
low concentrations by relevant cells; however, iNOS, the
inducible type, has an important role in immunity and
inflammation. This isoform is enhanced in inflamma-
tion, leading to exacerbated inflammatory effects.?? In
the present study, iNOS gene expression was significantly
increased in both antihistamine groups as compared to
the control group. Moreover, this expression was non-
significantly decreased in group III when compared to
group II. These results support the histological alterations
observed in the antihistamine-treated groups (groups II
and III), which were more obvious in group II rather than
in group IIL

Excess cellular ROS could damage proteins, lipids,
nucleic acids, and membranes, eventually activating cell
death processes, such as apoptosis. Apoptosis is a tight-
ly controlled process necessary for the survival of living
organisms.?3 Apoptotic caspases include upstream ini-
tiators (caspases 2, 8, 9, and 10) and downstream effec-
tors (caspases 3, 6 and 7).2* Herein, the gene expression
of caspase-3 was significantly increased in the prometha-
zine hydrochloride group (group II) as compared to the
untreated control, while it was non-significantly increased
in the cetirizine dihydrochloride group (group III) as
compared to the control group. This could be related to
the observations made by Olianas et al., who investigated
the effects of an acetylcholine receptor agonist, carbachol,
on the interferon-p-induced apoptosis of a human neu-
roblastoma cell line.?> The authors found that carbachol
inhibited mitochondrial cytochrome c release, the activa-
tion of caspases 3, 7 and 9, as well as DNA destruction.
They added that this antiapoptotic effect of carbachol was
mediated through M3 muscarinic receptors.?
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Based on these findings, it could be deduced that mus-
carinic receptor antagonists, like antihistamines, may be
involved in enhancing apoptosis.

Our findings further support several recent in vitro
and clinical studies confirming the pro-apoptotic and
antitumor properties of antihistamines, with regard
to both first- and second-generation drugs. For exam-
ple, a first-generation antihistamine, cyproheptadine,
caused a dose-dependent elevation in apoptosis in the
C6 glioblastoma cell line, suggesting a potential anti-
cancer effect of this drug.?® In addition, second-gen-
eration drugs, clemastine and desloratadine, induced
apoptosis in cutaneous T cell lymphoma cell lines.?”
In the present investigation, caspase-3 gene expression
was significantly decreased in group III when com-
pared to group II. Thus, it could be deduced that pro-
methazine hydrochloride exerted a more pronounced
apoptotic effect than cetirizine dihydrochloride, which
may be related to enhanced iNOS gene expression in
the promethazine hydrochloride-treated group. This
assumption was based on the correlation results of the
current study, which revealed a significant positive
correlation between the gene expression of iNOS and
caspase-3.

This positive correlation could be attributed to the as-
sociation between antihistamine-induced apoptosis and
enhanced oxidative stress. For example, Trybus et al.
demonstrated that azelastine, a second-generation anti-
histamine, induced a significant concentration-dependent
increase in cytoplasmic vacuoles, an increase in ROS, in-
creased oxidative stress, and DNA damage, and obviously
promoted apoptosis in human cervical adenocarcinoma
cells through the stimulation of caspases 3 and 7, and the
inhibition of Bcl-2 protein.?® The authors suggested the
contribution of ROS in causing DNA damage, which may,
in turn, trigger apoptosis.?

The muscarinic M3 receptor was assumed to be related
to smooth muscle mass development, as M3 receptor-de-
ficient mice displayed lower levels of alpha smooth mus-
cle actin in airway arteries and bronchial tissues.? In nor-
mal salivary glands, a-SMA is expressed by the periacinar
myoepithelial cells, in salivary ducts and normal blood
vessels.®0 Herein, we revealed a non-significant decrease
in a-SMA gene expression in the antihistamine groups II
and III as compared to the control group. However, the
regulatory effect of cetirizine dihydrochloride on a-SMA
expression was significantly less than that of prometha-
zine hydrochloride. These findings could be attributed to
antagonizing the action of histamine, which is essential
for a-SMA expression. The importance of histamine in
a-SMA expression was demonstrated by Tibbo et al., who
evidenced a significant reduction in a-SMA at both the
protein and gene expression levels, following the treat-
ment of a rabbit model of arthrofibrosis with ketotifen,
a second-generation antihistamine, when compared to
the untreated control group.3!
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In our study, the correlation analysis of caspase-3 and
a-SMA gene expression revealed a significant inverse re-
lationship. This finding supports the demonstrated pro-
apoptotic role of antihistamines in the present work, and
the decreased a-SMA expression could result from the
apoptosis of myoepithelial cells. Additionally, since the M3
receptor has been suggested to be critical in smooth mus-
cle mass development® and consequent a-SMA expres-
sion, antihistamines as potential antimuscarinics acting on
M3 receptors could result in decreased a-SMA expression.
Since myoepithelial cells are essential for conveying saliva
from the acini and supporting the parenchyma during se-
cretion, any alterations in these cells could lead to defective
salivary secretion, eventually causing xerostomia.

Conversely, we found no association between a-SMA
and iNOS gene expression in the current work. On the con-
trary, Brennan et al. reported that a significant positive cor-
relation existed between iNOS and a-SMA gene expression
in pleomorphic adenoma cases.** However, this difference
could be attributed to the difference in tissue types, as we
investigated this correlation in normal and not cancerous
salivary glands.

The more advanced degenerative effects in the first-gen-
eration (promethazine hydrochloride) group in compari-
son with the second-generation (cetirizine dihydrochlo-
ride) one in the present work agree with a previous study
that compared both generations.?? That study demonstrat-
ed that older antihistamines resulted in prominent side ef-
fects in the central nervous system (CNS) in addition to an-
ticholinergic effects, including xerostomia, while the newly
developed antihistamines (H1 receptor-specific antago-
nists) were related to a significantly lower incidence of xe-
rostomia.?> Similarly, Liu and Farley, demonstrated that
second-generation antihistamines were more selective for
histamine than first-generation drugs, with cetirizine hav-
ing the highest potency toward histamine receptors.?® Be-
sides, cetirizine did not affect the concentration—response
relationship for acetylcholine, suggesting a minimum or
lack of interaction with M3 receptors. This could clarify
why in our study, cetirizine dihydrochloride, as a second-
generation antihistamine, exerted a less inhibitory effect
on a-SMA gene expression than a first-generation antihis-
tamine, promethazine hydrochloride. Despite the musca-
rinic-dependent xerostomic effect of antihistamines,* this
effect could also be mediated through H1 receptors pres-
ent in the salivary glands. This could explain why the new-
generation antihistamines, with very low antimuscarinic
effects, could still lead to xerostomia via their antagonistic
effect on H1 receptors.!?

Conclusions

We conclude that the administration of both first- and
second-generation antihistamines induced several de-
generative alterations in the rat parotid salivary glands,
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which could be mediated through enhanced oxidative
stress, with subsequent increased apoptosis and dimin-
ished a-SMA gene expression, eventually leading to xe-
rostomia, a well-known adverse effect of antihistamines.
However, these effects were more marked following the
administration of the first-generation rather than the sec-
ond-generation antihistamine. Despite the unfavorable
risk—benefit profile of first-generation antihistamines,
they continue to be overconsumed because of their over-
the-counter status and long history of use. Additionally,
the significant pro-apoptotic effect of first-generation H1
receptor antagonists is promising in treating cancer dis-
eases, particularly salivary gland carcinomas. Within the
limitation of the current study, it is suggested to moni-
tor the evidence of the superior safety of new-generation
antihistamines. Thus, third-generation antihistamines are
recommended to be investigated in future studies, using
a bigger sample size.
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Abstract

Background. Salvadora persica (miswak) is known to exert antibacterial, antifungal, antioxidant, and
anticariogenic effects by elevating the pH of plaque after the consumption of sucrose.

Objectives. The study aimed to compare the effectiveness of S. persica and probiotic yogurt in the
remineralization of tooth enamel on artificially produced enamel lesions.

Material and methods. A total of 40 intact human premolars were collected and each tooth was
sectioned longitudinally into 2 identical halves in a buccolingual direction. The buccal halves were selected
forinclusion in this study, and standardized windows (5 mm X 3 mm) were isolated on the buccal surface
of the enamel. The samples were incubated in a demineralizing solution at 37°Cfor 96 h. Subsequently, they
were randomly selected for treatment with one of the experimental remineralizing solutions (S. persica or
probiotic yogurt). After treatment, the samples were examined using scanning electron microscopy (SEM),
energy dispersive X-ray (EDX) and polarized light microscopy at baseline, after demineralization and after
remineralization.

Results. The remineralizing effect of S. persica was found to be greater than that of probiotic yogurt. With
regard to mineral content, S. persica exhibited the highest calcium and phosphorus levels among all groups.
No significant differences were observed between the samples treated with S. persica and normal enamel.

Conclusions. Salvadora persica extract has been demonstrated to effectively reduce the demineralization
of enamel in experimental conditions. Furthermore, it has the potential to restore the mineral content to
its original level.

Keywords: scanning electron microscopy, probiotic yogurt, Salvadora persica, energy dispersive X-ray,
polarized light microscope
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Introduction

Dental caries is a dynamic process initiated by the
demineralization of enamel, followed by the involvement
of the deeper layers and resulting in cavitation.! White
spot lesions, also known as surface-softened defects or
incipient lesions, represent the initial stage of carious
lesions. The lesions clinically manifest as opaque white
areas when air-dried. Histologically, they exhibit an area
of demineralization with an intact surface layer.? The
presence of adequate amounts of calcium, phosphate and
fluoride ions in saliva promotes the formation of fluor-
apatite, which enhances the process of remineralization.
Unfortunately, in patients at high risk, the calcium and
phosphate levels in saliva may not be sufficient for com-
plete remineralization. Consequently, the supplementa-
tion of calcium and phosphate ions is essential for an ef-
fective remineralization process.>

Numerous non-invasive remineralization strategies were
used in the clinical management of caries.! In recent years,
several remineralizing agents have been developed and
investigated. Milk and milk products play a unique role
in remineralization due to their protective effects against
the development of dental caries.* Additionally, the use
of probiotics against bacteria-mediated diseases has re-
cently been highlighted. The term “probiotic” was first
introduced by Ferdinand Vergin in 1954 and originates from
a Greek word meaning “for life”> According to the Food
and Agriculture Organization/World Health Organization
(FAO/WHO) (2001),° probiotics are defined as live bacteria
that confer a benefit to the host when consumed in an ap-
propriate amount. The harmless bacteria can compete
with pathogens that threaten the host.” Most probiotics
belonging to the Lactobacillus or Bifidobacterium genera
have been shown to have a significant effect on the pre-
vention of dental caries by inhibiting the growth properties
of Streptococcus mutans bacteria.81° Moreover, the con-
centration of calcium in the saliva is used as an indicator
to estimate the balance between the demineralization and
remineralization stages of enamel.! Many authors have as-
serted that the presence of a high concentration of calcium
in yogurt can stabilize the oral biofilm and reduce the prob-
ability of dental caries formation.”*12

Miswak (Salvadora persica) is a natural product that
has been widely used in many Muslim countries for the
maintenance of oral health since ancient times. The prod-
uct is also known by several other names, including the
Arak tree, the mustard tree and the natural toothbrush
tree. The miswak is a wooden stick that is used to clean
the teeth and gums. It has been demonstrated to exert
antibacterial, antifungal, antioxidant, and anticariogenic
effects by elevating the pH of the plaque after the con-
sumption of sucrose.'®

The therapeutic and mechanical effects of miswak may
be attributed to its constituents, such as calcium, phos-
phorus and fluoride, which can harden the outer surface
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of enamel and make it more resistant to caries. Similarly,
trimethylamine, another constituent of miswak, can alter
the bacterial contents of dental plaque due to its anti-
bacterial effects.!

This study aimed to compare the remineralizing effect
of S. persica and probiotic yogurt on artificially produced
enamel lesions in order to identify the most effective nat-
ural product that can inhibit demineralization and pro-
mote the remineralization process in a carious lesion.

Material and methods

Sample size calculation

A sample size of 20 was calculated for each group, with
a confidence interval (CI) of 95%, power of 80% and a sig-
nificance level of 0.001.

Miswak extract

The roots of fresh miswak were chopped into tiny pieces
and dried for 3 days at room temperature. Then, the
pieces were ground using an electric grinder (Brightsail
Industries Group Co., Ltd., Jiangyin, China). Subsequently,
10 g of the powder was added to 100 mL of ethanol in
a sterile bottle and allowed to soak at 4°C for 48 h. There-
after, centrifugation (Thermo IEC CL40R; Thermo Fisher
Scientific, Waltham, USA) of all samples was conducted
at 2,000 rpm for 15 min. The liquid content was then
evaporated using a rotary evaporator (R-1010; Keda
Machinery and Instrument Equipment Co., Ltd., Zhengzhou,
China). The supernatant extract was collected and stored
in the refrigerator in order to be used within 1 week.!®

Preparation of casein phosphopeptide
additives

A probiotic yogurt (including Bifidobacterium lactis
BB-12 and Lactobacillus acidophilus) was used due to its
high concentration of casein phosphopeptides (CPP). The
yogurt (4,000 g) was centrifuged (Thermo IEC CL40R;
Thermo Fisher Scientific) at 25°C for 10 min, resulting in
the formation of 2 distinct portions: an insoluble portion
precipitated at the base of the test tube; and a soluble por-
tion (the supernatant containing CPP). The suspension
was collected after 3 rounds of centrifugation and stored
for further use.!®

Tooth preparation

A total of 40 maxillary premolar teeth, extracted for
orthodontic purposes, were collected from the outpatient
dental clinic at the Faculty of Oral and Dental Medicine,
Nahda University in Beni Suef, Egypt. The teeth were
cleaned to remove debris and blood immediately after
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extraction and sterilized using an autoclave (40 min at
120°C and 776 mmHg). Teeth exhibiting obvious signs
of caries, restorations or cracks were excluded from the
study. The selected teeth were soaked in 1 mL of sodium
hydroxide (NaOH) for 48 h to remove any residual pellicle
and kept in 0.1% thymol solution until further use. Each
tooth was sectioned longitudinally into 2 identical halves
in a buccolingual direction using a microtome (Leica SP
1600; Leica Microsystems, Wetzlar, Germany). Only the
buccal halves were included in this study. Standardized
windows (5 mm x 3 mm) were isolated on the buccal surface
of enamel in each tooth using nail polish.

Grouping of teeth

The samples (N = 40) were divided into 4 groups, as fol-
lows: a negative control group (-ve CQG) (n = 40), which
was comprised of normal teeth before demineralization;
a positive control group (+ve CG) (n = 40), which consisted
of demineralized teeth without treatment; an experi-
mental group I (EGI) (n = 20), which consisted of teeth
remineralized with S. persica; and an experimental group
II (EGII) (n = 20), which was comprised of teeth reminer-
alized with probiotic yogurt.

Before demineralization, the samples were examined us-
ing scanning electron microscopy (SEM), energy dispersive
X-ray (EDX) and polarized light microscopy. White spot le-
sions were induced by soaking the samples in a demineral-
izing solution (2.2 mM of CaCl,+2H,0, 2.2 mM of KH,PO,
and 45 mM of acetate; pH = 4.6) and incubating them at
37°C for 96 h.1” The demineralized samples were randomly
divided into 2 experimental groups, according to the type
of remineralizing solution used (S. persica extract or pro-
biotic yogurt). The samples were soaked in the reminer-
alizing solutions at 37°C for 8 days, and the solution was
changed every 2 days. The treated samples were then im-
mersed in distilled water until testing.

SEM

The buccal segments were anchored on stubs with-
out coating and examined using SEM (JSM-IT200
InTouchScope™; JEOL USA, Inc., Peabody, USA) to
evaluate the morphological changes on the tooth surface.
The analysis was performed using the following parameters:
an acceleration voltage of 25 kV, a working distance of 15 mm
and pressure in the pulp chamber of 5-10 Pa.

Polarized light microscopic assessment

Longitudinal sections (200-um thickness) of the sam-
ples were obtained using a microtome (Leica SP 1600;
Leica Microsystems) and observed under a polarized light
microscope (PriorLux POL™; PRIOR scientific, Cambridge,
UK) using Canada balsam as the imbibition medium.
Photomicrographs were taken at x100 magnification
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and analyzed using the Image ] software version v. 1.48q
(https://imagej.net/ij/index.html).

EDX analysis

The quantitative mineral content of the surfaces was cal-
culated using the EDX analysis. The amount of calcium and
phosphorus (wt%) was calculated for all groups at baseline,
after demineralization and after remineralization.

Statistical analysis

The IBM SPSS Statistics for Windows software v. 18
(SPSS Inc., Chicago, USA) was used to analyze the re-
sults. Data is presented as mean and standard deviation.
The normality of the data was examined using the
Kolmogorov—Smirnov and Shapiro—Wilk tests. One-way
analysis of variance (ANOVA) was used to compare the
tested elements in different groups, and pairwise differ-
ences were detected by Tukey’s post hoc test. Two-sided
p-values <0.005 were considered statistically significant.

Results

SEM observations in different groups

-ve CG

Scanning electron microscopy examination of the
-ve CG samples revealed normal enamel surface mor-
phology, enamel rod ends in some areas with horizontal
lines at equal intervals (perikymata grooves), and ridges.
Additionally, multiple fine scratches and scattered pores
were observed on the enamel surface (Fig. 1A,B).

+ve CG

In the +ve CG, SEM examination after demineraliza-
tion revealed a porous enamel surface (Fig. 1C). The
prism cores exhibited erosion, with the prism peripheries
remaining intact. Additionally, relatively narrow and shal-
low cracks were observed. Some areas demonstrated type
I etching patterns with erosion of the rod cores and pres-
ervation of the prism peripheries. Areas of type II etching
patterns were observed, with predominantly eroded
interrod regions, leaving behind raised bumps representing
the enamel rods (Fig. 1D).

EGI

An apparent reduction in the porosity of the enamel
surface with a decrease in the number of type I etching
patterns was observed in the EGI (Fig. 1E). Some rod
holes were completely obliterated with globular precipi-
tates, while others were empty (Fig. 1E,F).
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Fig. 1. Scanning electron micrographs of the enamel surfaces
of specimens treated with miswak

A. Negative control group (—ve CG) sample showing enamel rod
ends (ERE) in some areas (black arrows), perikymata grooves (blue
arrow) and ridges (R). Multiple scratches (yellow arrows) and
scattered pores (red arrows) were observed on the surface (x1000
magnification); B. Higher magnification of the previous image shows
ERE (black arrow) and prikymata grooves (blue arrows). The surface
contains a few scratches (yellow arrow) (x5000 magnification); C.
Positive control group (+ve CG) sample showing a porous enamel
surface (x1000 magnification); D. Higher magnification of the
previous image shows the erosion of the prism cores with preserved
prism peripheries (type I; black arrow), type Il etching pattern with
preferential loss of interrod enamel (red arrow), and narrow and
shallow cracks (yellow arrow) (x5000 magnification); E. Experimental
group | (EGI) sample showing a reduction in surface porosity, with
completely obliterated prism cores (red arrow) and empty prism
cores (yellow arrow) (x1000 magnification); F. Higher magnification
of the previous image shows completely obliterated prism cores (red
arrows), globular precipitation within the prism core (blue arrows)
and empty prism cores (yellow arrows) (x5000 magnification); G.
Experimental group Il (EGII) sample showing completely obliterated
prism cores (red arrow) and incompletely obliterated prism cores
(yellow arrow). Globular precipitates were observed inside the

prism cores (blue arrows), and pores were present in the samples
(black arrows) (x1000 magnification); H. Higher magnification of the
previous image shows completely obliterated prism cores (red
arrows), a reduction in areas with type Il etching pattern (yellow
arrow), and enamel rod erosion as a result of demineralization (black
arrow) (x5000 magpnification).
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EGII

In the EGII, prism cores completely obliterated with
globular precipitates were observed on the enamel sur-
faces. Additionally, some incompletely obliterated prism
cores were detected. The surface area of the type II etch-
ing pattern was reduced due to the thickening of the
interrod enamel (Fig. 1G,H).

Polarized light microscopy observations
in different groups

-ve CG

The samples in the —ve CG had a sound enamel surface
and no signs of demineralization. An area of translucency
was observed on the surface (Fig. 2A).

+ve CG

The samples in the +ve CG exhibited a relatively high
degree of positive birefringence with the loss of the typical
enamel structure within the lesion. This revealed a dark
brown stain associated with the demineralization effect
caused by the acid on the outer enamel surface (Fig. 2B).

EGI

The EGI presented with a birefringent zone, known as
the remineralizing zone (RZ), on the surface of the treated

Fig. 2. Polarized light microscopy images of the samples (x40 magnification)

A. —ve CG sample showing an area of translucency with no signs

of demineralization on the enamel surface; B. +ve CG sample showing

a positive birefringence lesion area (yellow arrow); C. Remineralizing zone
(RZ), an isolated area of demineralization (*) and a mineral precipitation
band (white arrows) in the EGI sample; D. EGIl sample showing the RZ
(blue arrow) and a mineral precipitation band (white arrows).
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enamel lesion. The zone was thick and more prominent,
indicating a decrease in the body of the lesion. Addi-
tionally, mineral precipitation bands and isolated areas

of demineralization were observed on the enamel surface
(Fig. 2C).

EGII

In the EGI]I, a thin and less prominent negative birefrin-
gent zone was observed on the treated enamel surface,
accompanied by the presence of a mineral precipitation
band (Fig. 2D).

EDX calcium analysis

The —ve CG recorded the highest mean calcium value
(49.1 £1.85), followed by the EGI (48.1 +1.28) and EGII
(46.12 +1.36), with the lowest value recorded in the

+ve CG (42.82 +£1.84). The results of the ANOVA revealed
a statistically significant difference between the groups
(p = 0.000). The mean value in the EGI was significantly
different from those in the +ve CG and EGII, but no
significant difference was observed between the -ve CG
and EGI, as determined by Tukey’s test (Table 1) (Fig. 3).

EDX phosphorus analysis

The -ve CG and EGI recorded the highest mean phos-
phorus values (20.26 +0.45), followed by the EGII (20.00
+0.74), with the lowest value recorded in the +ve CG
(18.65 £0.43). A statistically significant difference between
the groups was observed using ANOVA (p = 0.000). The
mean value in the +ve CG was found to be significantly
different from those observed in the other groups. How-
ever, no significant differences were identified between
the —-ve CG, EGI and EGII (Table 1) (Fig. 3,4).

Table 1. Descriptive statistics and significant differences in calcium (Ca) and phosphorus (P) levels between the groups (analysis of variance (ANOVA) test)

95% Cl for M
Group M SD SE Min Max F p-value
—-ve CG 49.10° 1.85 0.58 4778 5042 46.59 5098
+ve CG 42.82¢ 1.84 0.58 415 4413 4036 4478
Ca 29.86 0.000*
EGI 48.10° 1.28 040 47.18 49.01 46.59 49.72
EGIl 46.12° 1.36 043 45.15 47.09 4478 47.98
—-ve CG 20.26° 045 0.14 19.94 20.59 19.88 209
+ve CG 18.65° 043 0.14 18.34 18.96 18.07 19.09
P 20.94 0.000%
EGI 20.26% 045 0.14 19.94 20.59 19.88 209
EGII 20.002 0.74 0.23 1947 20.53 19.09 209

Data presented as wt%. M — mean; SD - standard deviation; SE — standard error; C/ — confidence interval; —ve CG - negative control group; +ve CG - positive
control group; EGI - experimental group |; EGII - experimental group II; * statistically significant (p < 0.005, Tukey’s post hoc test). Different superscript letters

indicate statistically significant differences between the groups.
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Discussion

Initial caries pass through different stages, starting
from changes in the molecular structure of the tooth’s
hydroxyapatite crystal and ending with the formation
of white spot lesions. The progression of these stages is
enhanced by a continuous imbalance between protective
and pathological variables, which may result in the dis-
solution of the hydroxyapatite crystals and the initiation
of the demineralization process.'®

Modern dentistry has focused on the treatment of ini-
tial caries (non-cavitated or white spot lesions) and the
replenishment of minerals lost during remineralization.
This process helps to precipitate minerals on the demin-
eralized enamel surface, thereby reducing the progression
of the disease and enhancing the aesthetics.!®

This study aimed to evaluate the effectiveness of miswak
in remineralizing initial carious lesions in enamel com-
pared to that of probiotics. The SEM and polarized light
microscopic results indicate a significant increase in the
level of remineralization in all the tested samples treated
with miswak. This finding is consistent with another
study, which reported an increase in enamel hardness af-
ter brushing with miswak.?’ Fluoride has a high affinity for
binding with OH ions in hydroxyapatite, forming fluorap-
atite, which replaces the demineralized hydroxyapatite.?!
In another study, different concentrations (5% and 10%)
of miswak were applied to demineralized enamel surfaces
for 7 days, and a remineralizing effect was observed, at-
tributed to the presence of fluoride in the extract.??

Another potential explanation for the defensive effects
of miswak versus citric acid is the immediate formation
of a polymer on the enamel surface. This polymer is re-
ported to have a protective effect against further demin-
eralization.!> One study evaluated the effect of fluoridated
miswak sticks on demineralized lesions that appeared after
removing an orthodontic appliance and reported enhanced
remineralizing effects on the demineralized areas.”
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The antibacterial effect of miswak is attributed to the
presence of many active compounds such as trimethyl-
amine, fluoride, vitamin C, salvadorine chlorides, silica,
sulfur, and small amounts of saponins, flavonoids, sterols,
and tannins. Studies have demonstrated that S. persica
inhibits the growth and colonization of S. mutans.!>*
Al-Sohaibani and Murugan showed that the antibacterial
effect of S. persica, which is extracted from the bark, pulp,
or both, may be due to the presence of trimethylamine,
sodium chloride, potassium chloride, and salvadourea.?
Darout et al. correlated the antimicrobial effect of miswak
with the presence of anionic components, including thio-
cyanate.? The leaching of thiocyanate from S. persica has
been demonstrated to elevate salivary thiocyanate levels
and improve the effectiveness of the hydrogen peroxide—
peroxidase—thiocyanate system in the saliva.2>2¢ Another
study has shown that the aqueous extraction of miswak
released more ionic concentrations of calcium, phospho-
rus and fluoride than the alcoholic extract, which may
account for its superior remineralization effect.?” To the
best of our knowledge, there is no evidence that miswak
has an allergenic effect. However, 1 case report published
in 2017 reported the occurrence of allergic contact sto-
matitis after the use of S. persica toothpaste. The author
concluded that it is a very rare condition.?®

The probiotic yogurt used in this study was free from any
artificial sugars, in order to avoid their cariogenic effects.
Even though yogurt contains the intrinsic lactose sugar (cario-
static), it was proven to be the least cariogenic sugar of all
mono- and disaccharides. Milk yogurts may have a protec-
tive effect on the teeth, but only when no sugars are added to
them.? However, the results of the current study indicated
that the probiotic yogurt extract may also have a protective
effect against caries. This finding is in accordance with those
of previous studies, which correlated a decrease in dental
caries with daily consumption of dairy products.!630-32
Further analysis of the various constituents of dairy products
revealed that each constituent plays a unique role in enhanc-
ing the remineralization effect. The protein and fat content
in milk may inhibit the demineralization effect of acidogenic
bacteria and promote the formation of a protective barrier
against further mineral loss.’® On the other hand, the en-
zymes present in milk may play a key role in diminishing the
growth of cariogenic bacteria.30-32

The protective action of yogurt against dental caries may
be attributed to the similarity between the components
in yogurt and milk. Furthermore, yogurt has additional
properties that enhance its remineralization effect. The high
protein concentration in yogurt results in the incorporation
of dry milk with low or no fat during processing. Moreover,
the concentrations of calcium and phosphorus in yogurt
are the same as those in milk. However, calcium remains
in its ionic form due to the characteristic low pH of yogurt.
Furthermore, yogurt contains a higher concentration of CPP
than milk. These differences enhance the remineralization
effects of yogurt compared to dairy milk.3
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The EDX analysis revealed that the mineral content
of the 2 remineralizing solutions differed significantly. In
particular, the concentrations of calcium and phosphorus
in S. persica were found to be significantly higher than
those in yogurt. Furthermore, the application of S. persica
on demineralized surfaces can elevate calcium and phos-
phorus levels to their original values. These findings in-
dicate that miswak is a suitable remineralizing agent for
the treatment of white spot lesions. Further studies are
necessary to assess the remineralization effects of vari-
ous casein derivatives and natural products on the enamel
surface. Similar experiments should be conducted in vivo
(on animals) to evaluate the action of these elements on
surrounding vital structures. Further studies are required
on both experimental groups (S. persica and yogurt) using
different methodologies.

Conclusions

In the present study, S. persica effectively restored the
minerals that had been lost during the demineralization
of enamel. The effects of S. persica were superior to those
of probiotic yogurt.
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Abstract

Background. Despite the superiority of glass-ionomer cements (GICs) over composites in treating white
spot lesions (WSLs), there is still a concern about their preventive and antibacterial properties. Efforts have
been made to improve the strength of their bond to demineralized enamel, fluoride release and antibacte-
rial properties by adding nanoparticles of chitosan, which seems to be a promising method.

Objectives. The aim of the present study was to assess the antibacterial effect, the microshear bond
strength (uSBS) to enamel at the WSL area, and the fluoride and nano-chitosan release after modifying the
polyacrylic acid liquid phase of a traditional GIC with different nano-chitosan volumes.

Material and methods. A total of 120 samples were prepared, and then divided into 4 groups (n = 30):
G1—non-modified GIC, which served as a control group, while G2, G3 and G4 were modified with different
nano-chitosan volumes (50%, 100% and 150%, respectively). Microshear bond strength was assessed
using a universal testing machine (UTM) after storage in distilled water for 24 h. Fuoride and nano-
chitosan release was measured with the use of spectrophotometers at different time points (initially, and
at Th, 24 h,48h, 72 h, 1 week, 2 weeks, 3 weeks, and 6 weeks) after storage in distilled water. The
antibacterial effect against the Streptococcus aureus strain was assessed with the agar diffusion test. The
data was statistically analyzed.

Results. After 24-hour storage, G2 recorded a slight, yet non-significant, increase in the uSBS values
(4.10.94 MPa) as compared to G1 (3.9 1.30 MPa). With regard to fluoride release, the amount recorded
for G1 was significantly greater at the end of the 24-hour storage period (0.70 0.30 pmf/cm?) than
modified nano-chitosan GIC groups; G1 was followed by G4 (0.54 20.34 umf/cm?). The highest amount
of nano-chitosan release after 24-hour storage was noted for G3 (0.85 %0.00 umf/cm?). The highest
inhibition zone value was recorded for G2.

Conclusions. Glass-ionomer cement modified with 50% nano-chitosan was shown to positively affect
1ISBS and the antibacterial effect, while modification with 150% nano-chitosan significantly increased
fluoride release.

Keywords: preventive, glass-ionomer, nano-chitosan, antibacterial, initial caries
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Introduction

White spot lesions (WSLs) are areas of non-cavitated
sub-surface demineralization, which are considered ini-
tial caries. Initial enamel caries is due to bacterial activity
that leads to demineralization and causes micro-porosi-
ties between enamel rods. The refractive index is altered
and enamel translucency decreases, showing chalky white
marks on enamel surface, with darker patches.! White
spot lesions occur as a result of fixed orthodontic treat-
ment. Thus, it is mandatory for a treatment protocol for
these patients to have additional steps to manage WSLs
during and at the end of the treatment.?

Many approaches have been used to manage WSLs,
such as topical fluoride application, in which the structure
of the tooth is altered due to fluoroapatite, thus becom-
ing more resistant to caries. Another approach consists in
compensating for the loss of minerals by utilizing fillings
capable of mineral release. Other approaches manage the
already defected part by utilizing composite restoration,
or combining the effects of restoration and preventing
further decay activity by utilizing glass-ionomer restora-
tions.?

Many investigations conducted over the last 2 decades
have shown that glass-ionomer cements (GICs) are su-
perior to resin composites in managing the decalcifica-
tion of WSLs due to their anti-cariogenic activity through
fluoride release.* However, GICs have some drawbacks
related to their greater sensitivity to water contamination,
brittleness and poorer mechanical characteristics as com-
pared to resin composites.

To overcome some of these limitations, GICs have
undergone significant alteration through incorporat-
ing various additives, such as zirconia, glass fibers,
hydroxyapatite, bioactive glass particles, and casein
phosphopeptide-amorphous calcium phosphate (CPP-
ACP).> Glass-ionomer cements have antibacterial
qualities owing to their low pH during the setting reac-
tion as well as fluoride release by ion leaching, lower-
ing demineralization, enhancing remineralization, and
preventing the development of pellicles and biofilm,
and bacterial metabolism and growth. However, the
antibacterial efficacy of traditional GICs is still insuf-
ficient with regard to the adhesion, cell viability and
biofilm formation of Streptococcus mutans.® As a re-
sult, clinical advantages may be obtained by combin-
ing antibacterial additives or modifiers with traditional
GICs without sacrificing their mechanical and physical
properties, fluoride release, and adhesion to hard tooth
structures.”

Chitosan is a naturally occurring linear biopolyami-
nosaccharide produced by alkaline deacetylation of chi-
tin found in crab and shrimp shells. It is widely used as
a biopolymer. Chitosan is a weak base that is insoluble
in water and organic solvents, but it may be dissolved
in diluted aqueous acidic solutions like acetic acid. It is
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also characterized by biodegradability, biocompatibility,
muco-adhesion, and a broad range of antibacterial and
antibiofilm capabilities against both Gram-positive and
Gram-negative microorganisms.®® Meanwhile, pharma-
ceutical companies frequently employ nanosized chitosan
formulations as medication delivery systems. It has been
suggested that nanoscale chitosan (nano-chitosan) parti-
cles may have an advantage over larger chitosan particles
due to their increased surface area and charge density,
which may improve their interaction with the medium
(i.e., tooth surface).!®

Therefore, the present study aimed to investigate the
effect of modifying the polyacrylic acid (PAA) liquid
phase of a traditional GIC with different nano-chitosan
volume content on microshear bond strength (uSBS) to
enamel at the WSL area, fluoride and nano-chitosan re-
lease, and antibacterial properties in comparison with
a traditional GIC. The null hypotheses were that the
highest nano-chitosan volume GIC would be superior in
all of the following: (1) uSBS of GIC to the enamel lesion;
(2) fluoride and nano-chitosan release; and (3) antibac-
terial properties.

Material and methods

Nano-chitosan was prepared from chitosan (medium-
molecular-weight deacetylated chitin, poly-D-glucos-
amine 75-80% deacetylation; Sigma-Aldrich, St. Louis,
USA). First, a 1% aqueous acetic acid solution was pre-
pared. Then, 0.7 mg of nano-chitosan powder was mag-
netically stirred in 100 mL of the aqueous acetic acid so-
lution for 24 h at room temperature. The pH value was
adjusted to 3.7 with the Tris hydroxymethyl amino meth-
ane HCI buffer. The nano-chitosan solution was properly
sealed and stored in a refrigerator until needed for addi-
tion to the GIC (Promedica Dental Material, Neumiinster,
Germany).310

Study design

A total of 120 samples were prepared, of which 80
samples were disk specimens for material prepara-
tion, and the remaining 40 samples were human per-
manent premolar teeth. The samples were divided
into 4 equal groups (n = 30), taking into account the
amount of GIC powder divided by the PAA liquid to
nano-chitosan ratio of the utilized GIC. According to
the manufacturer’s instructions, 0.12 mg of powder
was mixed with 0.5 mL of PAA liquid (1/1 V) to pre-
pare the control GIC (CGIC) disks (the control group
G1). The cement was manually mixed using a spatula
on a paper pad. One volume of PAA liquid was substi-
tuted by adding different chitosan solutions (0.125 mL,
0.250 mL and 0.375 mL) and was mixed with 1 volume
of CGIC powder to form different investigated groups:
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G2:1/(1:~0.5V); G3: 1/(1:1 V); and G4: 1/(1:1.5 V), i.e,,
nearly 50%, 100% and 150% by volume nano-chitosan-
modified GIC for groups G2, G3 and G4, respectively.
Group G1 (conventional glass-ionomer powder/PAA
liquid (1/1 V)) served as a control group,

Each group was then further subdivided into 3 equal
subgroups according to the test utilized (n = 10): SG1 -
uSBS test; SG2 — fluoride and nano-chitosan release; and
SG3 — bacterial culture.

Selection of the teeth

A total number of 40 caries-free human permanent pre-
molar teeth extracted for orthodontic purposes were uti-
lized.!! The teeth were carefully checked, then rinsed with
water and scaled with a periodontal scaler to remove any
blood, attached periodontal tissues, plaque, and calculus.
To avoid microbial growth, they were kept in an incubator
with distilled water and 0.5% thymol.'?

Production of artificial enamel white spot
lesions

Teflon rings (15 mm in height and an internal diam-
eter of 38 mm) were utilized to mount the selected teeth
vertically in acrylic resin blocks.”® An enamel window
(3 x 3 mm) was scratched in the middle of cervical one-
third on the buccal surface of the tooth, utilizing a dia-
mond stone size 12 with gentle pressure and abundant ir-
rigation. To achieve a consistent standard surface, enamel
surfaces were hand-polished in a clockwise circular mo-
tion, using silicon carbide paper (grit 240, 400 and 600)
for 30 s each under copious water coolant. Before apply-
ing the cement, the scratched enamel surfaces were treat-
ed with PAA for 30 s.1

Microshear bond strength test

Specimen fabrication

A transparent polyethylene tube obtained from a scalp
vein infusion set (23 G; JMS Singapore, Singapore) was
cut into small tubes ~0.75-1-millimeter-long, using
a sharp lancet. The transparent polyethylene tubes (an
external diameter of 2.35 mm and an internal diameter
of 0.93 mm) were utilized to help in loading GIC and dif-
ferent modified nano-chitosan sample types with a small
condenser (Primadent, Germany) in slight excess from
the side to be bonded to tooth enamel.!®

After the cement was fully hardened, the polyeth-
ylene tubes were carefully removed by lancet No. 11,
leaving the cement micro-cylinders bonded to enamel
surfaces. Then, the samples were checked using a mag-
nifying glass x6 for any defects or air bubbles. The
bonded specimens were kept in an incubator with dis-
tilled water for 1 day.'®

Specimen testing

After 24 h of storage, 4 tightening bolts were utilized
to secure each specimen with its bonded GIC micro-cyl-
inder to the lower half of a specifically designed attach-
ment. The universal testing machine (UTM) had lower
fixed and upper movable compartments (model LRX
Plus; Lloyd Instruments Ltd., Fareham, UK), which were
utilized to adjust the attachment jig with screws, with
aload cell of 5 kN. The bonded GIC micro-cylinders were
secured tight at their bases by utilizing a wire loop made
from orthodontic stainless steel ligature wire (180 pum in
diameter).!”

Microshear load was applied by the tensile mode
of force, utilizing the testing equipment with a crosshead
speed of 0.5 mm/min (Fig. 1). Computer software was
used to record the data (NEXYGEN™ MT; Lloyd Instru-
ments Ltd.).!¥ Microshear bond strength was then calcu-
lated in megapascals by dividing the load at failure [N]
by the bonding area [mm?].'” The calculated results were
tabulated and statistically analyzed.

— NS U
i AT NO. ziens |
r UALLOL S 8
4 X TCAGU st |

hax TOAG:
PRIV S T g

Fig. 1. Microshear load applied to the teeth by the tensile mode of force
via a universal testing machine (UTM), utilizing a wire loop
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Determination of fluoride and
nano-chitosan release

Sample preparation

Cement disks (10 mm in diameter, 1.5 mm in thickness)
were prepared utilizing a Teflon mold at room tempera-
ture (23 +1°C) and controlled relative humidity (50 +5%)
according to ISO specification #9917-1:2007.1° After the
infusion of the cement into the mold, nylon thread was
introduced into each cement disk during packing to allow
suspension in the test medium.?

The surface of the cement materials was covered with
Mylar strips and held between 2 glass slabs under con-
stant finger pressure to expel excess cement, and allowed
to set inside the mold for 20 min through chemical curing.
Then, they were removed from the molds.°

Storage medium

Each disk was suspended vertically by nylon thread,
and then immersed in a polyethylene vial containing
10 mL of deionized water for 6 weeks. Measurement
readings were taken at different time intervals: initially,
and at 1 h, 24 h, 48 h, 72 h, 1 week, 2 weeks, 3 weeks, and
6 weeks.?!

Sample measurements
Fluoride release measurement

To determine the amount of fluoride release, a spectro-
photometer with a fluoride ion-specific electrode (2007
Edition 2; Hach Company, Berlin, Germany) was con-
nected to an ion digital analyzer for fluoride release read-
ing at different time intervals. The amount of fluoride
release was then calculated according to the following
formula (Equation 1)?%

Fiord
of fluoride =
release surface area of the disk

amount measured with the spectrophotometer

[umi/em?](1)

Nano-chitosan release measurement

To assess the amount of nano-chitosan release at the
different time intervals, an ultraviolet (UV) double-beam
spectrophotometer (LAMBDA™; PerkinElmer, Boston,
USA) was utilized. The maximum absorbance color was
recorded at 254 nm at wavelengths of 190-800 nm.?*2*
The concentration of nano-chitosan released in dis-
tilled water was calculated using the Beer—Lambert law
(Equation 2)%:

A=gxbxc[AU] 2)
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where:

A — absorbance [A.U.];

¢ — molar absorptivity [L-molt.cm™];

b — path length of the beam in the absorbing medium [cm];
and

¢ — concentration of the absorbing species [M].

Bacterial culture test

Using the agar diffusion technique, disks from each
cement mixture group were subjected to bacterial test-
ing for Staphylococcus aureus (ATCC 25922), which was
cultured on Muller—Hinton Broth, and then incubated at
37°C for 18 h. All cement mixture disks were sterilized
with UV before the subsequent procedure.?®

Bacterial suspension was vigorously agitated with a vor-
tex mixer just before use. Then, saline was added gradu-
ally with matching turbidity, equivalent to a 0.5 McFar-
land standard.?” The Muller—Hinton agar in the amount
of 30 mL was spread to a thickness of 2 mm in Petri dishes
(10 cm in diameter). Muller—Hinton Broth containing
S. aureus was cultured over the Muller—Hinton agar.?®

Four standard GIC mixture disks were placed within
the agar, using fine-pointed sterile forceps. The disks
were pressed firmly to ensure complete contact with the
agar. After the incubation of the plates at 37°C for 24h,
the degree of sensitivity was determined by measuring
the easily visible and clear zone of inhibition produced by
the diffusion of the antimicrobials from the disks into the
surrounding medium. Finally, the sizes of inhibition zones
were calculated by subtracting the diameter of the speci-
men from the average of the 5 halo measurements.?

Statistical analysis

All the collected data was statistically analyzed. The data
is presented as mean and standard deviation (M +SD).
The repeated measures analysis of variance (ANOVA)
was used to compare between the different tested groups
and follow-up periods for all parameters, followed by
pairwise comparison with the Bonferroni correction. The
significance level was set at p < 0.05. Statistical analysis
was performed with IBM SPSS Statistics for Windows,
v. 25.0 (IBM Corp., Armonk, USA).

Results

Microshear bond strength

The results of the uSBS test for different investigated
groups are presented in Table 1 and Fig. 2. After 24 h
of storage, the enamel structure of G2 showed a slight,
yet non-significant, increase in the uSBS values (4.1 +0.9
MPa) as compared to G1 (3.9 +1.3 MPa), whereas G3 and
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Table 1. Descriptive statistics and the test of significance for microshear
bond strength (uSBS) [MPa] among different investigated groups after
24-hour storage

Groups
(n=10)
G1 39+1.30°
G2 4.1 £0.94°
0.020*
G3 25+062°
G4 22+0.62°

Data presented as mean + standard deviation (M +SD).

Groups: G1 (control) — non-modified glass-ionomer cement (GIC);

G2 - GIC modified with 50% vol. chitosan; G3 — GIC modified with 100%
vol. chitosan; and G4 — GIC modified with 150% vol. chitosan.

* statistically significant; different letters in superscript denote statistically
significant differences (paired samples t test).

uSBS [MPa]
w
e |

G1 G2 G3 G4

groups

Fig. 2. Histogram showing microshear bond strength (uSBS) [MPa] among
different investigated groups after 24-hour storage

G4 recorded significantly smaller pSBS of their enamel
structure (2.5 £0.62 MPa and 2.2 +0.62 MPa, respective-
ly). However, statistical analysis revealed no significant
differences between both groups.

Rate of fluoride release

The results of the rate of fluoride release after immer-
sion and storage in a distilled water solution at different

time intervals (initially, and at 1 h, 24 h, 48 h, 72 h, 1 week,
2 weeks, 3 weeks, and 6 weeks) for different investigated
groups are presented in Table 2.

Group G1 recorded a significantly greater rate of fluo-
ride release initially (1.70 £0.21 pmf/cm?) and at the end
of the 24-hour storage period (0.70 +0.30 pmf/cm?) than
the modified nano-chitosan GIC groups. Among the lat-
ter, G4 recorded the greatest amount of fluoride release
after 24 h (0.54 +0.34 pmf/cm?), followed by G3 (0.40
+0.90 umf/cm?); G2 recorded the lowest fluoride release
(0.30 £0.20 pmf/cm?).

The minimum rate of fluoride release was recorded in
the period between 48 h and 1 week from immersion for
all the investigated groups.

The maximum rate of fluoride release was recorded af-
ter 2 weeks from immersion for G1, G2, G3, and G4 at
4.31 £0.74 pmf/cm?, 4.13 +£0.75 pmf/cm?, 4.37 +0.76 pmf/
cm?, and 4.15 +0.68 umf/cm?. Changes in the fluoride re-
lease rate for the samples immersed for 2 weeks as com-
pared to 3 weeks were non-significant.

Rate of nano-chitosan release

The results of the rate of nano-chitosan release after
immersion and storage in a distilled water solution at dif-
ferent time intervals (initially, and at 1 h, 24 h, 48 h, 72 h,
1 week, 2 weeks, 3 weeks, and 6 weeks) for different inves-
tigated groups are presented in Table 3.

The highest amount of nano-CS release was recorded
for G3 — initially (1.09 +0.00 pmf/cm?) and after 24 h
(0.85 +0.00 umf/cm?). Groups G2 and G4 recorded the
lowest amount of nano-chitosan release; they also showed
the same values — initially (0.53 +0.01 pmf/cm?) and after
24 h (0.60 £0.00 pmf/cm?).

After 1 week, the rate of nano-chitosan release was con-
stant for all the investigated groups (0.30 +0.00 pmf/cm?,
0.30 £0.00 pmf/cm? and 0.78 +0.00 pmf/cm? for G1, G2
and G3, respectively).

Table 2. Descriptive statistics and the test of significance for the rate of fluoride release [umf/cm?] for the tested groups at different investigated time intervals

Rate of fluoride release

Time point [umf/cm?]

Initially 1.70° £0.21 1.42°+0.25 1.69° +0.13 1.66° +0.28 0.807
1h 0.552 £0.07 0.29° +0.07 0.55¢+0.07 0.54°£0.27 0.002*
24h 0.70°£0.30 0.304+0.20 0.40% +£0.90 0.54° +0.34 0.050*
48 h 0482 +0.30 0212 £0.10 0432 +0.20 0.212£0.10 0.200
72h 0.30°+0.12 0.252 £0.26 0.32° £0.10 0.24° £0.30 0.900
1 week 0.35¢£0.10 0.27¢ +0.05 043 £0.08 0.46° £0.07 0.951
2 weeks 4312 +0.74 4.132+0.75 4372 +0.76 4.152+0.68 0.864
3 weeks 4.92° +0.67 4.68° £0.94 4.96° £0.68 4722 £0.93 0.797
6 weeks 3.752£0.35 3.58°+0.52 3.752£0.35 3.582+0.52 0.909
p-value <0.001* <0.001* <0.001* <0.001* =

Data presented as M +SD.

* statistically significant; different letters in superscript denote statistically significant differences (pairwise comparison with the Bonferroni correction).
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Table 3. Descriptive statistics and the test of significance for the rate of nano-chitosan release [umf/cm?] for the tested groups at different investigated time intervals

Rate of nano-chitosan release
[umf/cm?]

Time point

Initially 053¢ +0.01 1.09%* £0.00 0.53°% +0.01 <0.001*
1h 0.08% +0.01 0.04° £0.00 0.05° £0.04 0.040%
24h 0.60° +£0.00 0.85% +0.00 0.60° +0.00 0.010%
48h 0.832 +0.00 0.83% +0.00 0.44° +0.00 0.000*
72h 0.35°+0.00 0.35°+0.00 0.94° £0.00 0.000*
1 week 0.30°8 +0.00 0.30°8 +0.00 0.78° +0.00 <0.001*
2 weeks 0.30°8 +0.00 0.30°8 +0.00 0.78°4 +0.00 <0.001*
3 weeks 0.01¢+0.00 0.01¢+0.00 0.01¢£0.00 0.992

6 weeks 0.03 +0.00 0.03 +0.00 0.01® £0.00 <0.001*
p-value <0.001* <0.001* <0.001* -

Data presented as M £SD.

* statistically significant; different uppercase letters in superscript denote statistically significant differences with regard to rows, and different lowercase
letters in superscript denote statistically significant differences with regard to columns (pairwise comparison with the Bonferroni correction).

The minimum rate of nano-chitosan release was re-
corded after 6 weeks from immersion, with signifi-
cant differences in regard to different immersion pe-
riods (0.03 +0.00 pmf/cm?, 0.03 +0.00 pmf/cm? and
0.01 +0.00 pmf/cm? for G1, G2 and G3, respectively.

Antibacterial test

The results of the antibacterial test for S. aureus for different
investigated groups are presented in Table 4 and Fig. 3.
Statistical analysis revealed the highest value of the in-

Table 4. Descriptive statistics and the test of significance for the antibacterial
test before and after the addition of nano-chitosan to the glass-ionomer
cement (GIC) for different investigated groups

G1 5.56 +0.63¢
G2 10.20 £0.832
0.001*
G3 8.70 +0.62°
G4 6.08 £0.81¢

Data presented as M £5D.
* statistically significant; different letters in superscript denote statistically
significant differences (paired samples t test).

= I
o ~
)

0o
—

inhibition zone diameter [mm]

G1 G2 G3 G4

groups

Fig. 3. Histogram showing the size of the inhibition zone against
Streptococcus aureus among different investigated groups

hibition zone for G2 (10.20 +0.83 mm), followed by G3
(8.70 £0.62 mm). Groups G1 and G4 had the smallest
inhibition zones of 5.56 +0.63 mm and 6.08 +0.81 mm,
respectively.

Discussion

Glass-ionomer cements are extensively utilized in den-
tistry for restoring and preventing WSLs because of their
unique characteristics. Nano-chitosan is one of the recent
additives hybridized with traditional GICs to improve
their antibacterial activity and remineralization potential,
without sacrificing their mechanical and physical proper-
ties, fluoride release, and adhesion to hard tooth struc-
tures.®

According to certain theories, nano-chitosan particles,
which were utilized in this study, may interact with the
medium more effectively than larger chitosan particles
because of their greater surface area and charge density.
Moreover, these properties encourage the usage of nano-
chitosan as a preventive and therapeutic agent to man-
age dental caries due to its powerful antibacterial activity
against oral biofilm, particularly S. mutans.?*3° Therefore,
the present study aimed to investigate the effect of modi-
fying the liquid phase of a traditional GIC with different
nano-chitosan volume content on pSBS to enamel at the
WSL area, fluoride and nano-chitosan release, and anti-
bacterial properties.

In the present study, the uSBS test was used as a sub-
stitute for the conventional shear test in agreement with
Banomyong et al., who replaced the blade with a looped
orthodontic wire, as stress distribution in the pSBS test
is more concentrated at the interface, reducing the risk
of cohesive failure in materials that do not have reliable
adhesion at the interface.®® Generally, similar uSBS has
been reported with regard to dentin when comparing



Dent Med Probl. 2024;61(3):353-362

chitosan-modified and traditional GICs.?*3* Moreover,
GIC bonding to enamel is an important aspect in deter-
mining the strength of the bond between the material
and WSLs. Nevertheless, there are very limited published
works available in the dental literature assessing the bond-
ing of modified GICs to enamel.3?

Therefore, in this study, the 1% objective was to examine
the influence of modifying GIC liquid with nano-chitosan
on uSBS as compared to an unmodified GIC. Any GIC
modification must not compromise its capacity to ad-
here to enamel and/or dentin.?® The 1% null hypothesis
of this study is rejected, since the addition of 50% v/v
nano-chitosan to a traditional GIC improved the puSBS
of the GIC to enamel WSLs. In the current study, the
uSBS test revealed that the GIC modified via the incor-
poration of 50% nano-chitosan (G2) resulted in slightly,
but non-significantly increased values as compared to
the traditional GIC (G1) (4.1 +0.94 MPa and 3.9 +1.30
MPa, respectively) (Table 1, Fig. 2). These results are in
agreement with Karthick et al., who found that the uSBS
of 50% v/v chitosan-modified GIC was higher than in the
case of a traditional GIC.3* It might be due to the pres-
ence of polar and ionic reactivity between the carboxylic
groups of PAA and hard tooth surfaces. More PAA chains
would diffuse into enamel to displace the phosphate and
calcium ions from hydroxyapatite crystals, since chitosan
is a powerful chelating agent.>*3* In their recent study,
Patel et al. notices that chitosan chains include several
acetamide and hydroxyl groups that can bind with the hy-
droxyl groups of GIC particles and the carboxyl groups
of PAA by hydrogen bonding interaction.!! The network
produced by chitosan and PAA around inorganic GIC
particles may lower the interfacial tension among GIC
components, which can enhance or maintain its mechani-
cal characteristics. One may postulate that NPs with low-
er particle sizes may operate as fillers after the GIC has
set, filling the empty microscopic gaps between the larger
unreacted GIC glass particles and providing extra bond-
ing sites for the polyacrylic polymer, thereby reinforcing
the GIC set material.*®

Conversely, when nano-chitosan content increased to
150% v/v (G4), uSBS decreased (2.2 +0.62 MPa) (Table 1,
Fig. 2). This might be due to the segregation of chitosan
chains with increasing chitosan content; they interact with
each other, and no longer with PAA and/or GIC particle
surfaces in addition to tooth calcium and phosphorus.
These results are consistent with those of previous stud-
ies by Petri et al.,?° Ibrahim et al.?? and Karthick et al.* In
addition, it is possible that increasing nano-chitosan con-
tent to 150% v/v (G4) results in the mechanical weakening
of GIC rather than the failure of chemical bond forma-
tion to hard tooth structures.3? This might be attributed
to the agglomeration of NPs and the occupation of all free
charges, which can lead to a rapid increase in viscosity
that results in dimensional changes in the set cement.
Such changes may lead to the formation of cracks and
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the loss of marginal adaptation due to the development
of contraction stress on the tooth wall. Consequently,
water sorption increases, which in turn decreases bond
strength.®® Although GIC bonding to enamel is crucial in
determining the bond strength of the material, enamel
and nano-chitosan-modified GICs show adhesive bond-
ing failure, with no cohesive failure.**

One of the milestones in suppressing further growth
of caries at WSLs was implementing fluorides as an an-
ti-cariogenic agent. Fluoride has been shown to reduce
demineralization and promote remineralization. Fur-
thermore, secondary caries was observed to be greatly
reduced. The anti-cariogenic impact of fluoride-releasing
restoration is determined by the amount and duration
of fluoride release.! Therefore, in this study, the 2" ob-
jective was to examine the influence of modifying GIC
liquid with nano-chitosan on fluoride and nano-chitosan
release, and to compare it to a traditional GIC. The 2"
null hypothesis of this study is partially accepted, since
the addition of high concentrations of nano-chitosan to
a traditional GIC increased fluoride release as a function
of time.'°

The results of the present study showed a significantly
greater rate of fluoride release by traditional GIC samples
(G1) as compared to the nano-chitosan-modified GIC
groups (G2-G4) (Table 2). The G1 samples had an ini-
tial release rate of 1.70 +0.21 pmf/cm? and a rate of 0.70
+0.30 pmf/cm? after 24 h. These results could be due to
the lower pH value initially and after 24 h. Additionally,
these findings resemble the “burst effect” from a tradi-
tional GIC described by De Almeida Branddo Gugliel-
mi et al.* and Panpisut and Toneluck,?! who found that
an acid-base reaction causes early fluoride release from
a GIC, with the amount of fluoride released proportional
to the fluoride concentration in the material. The “burst
effect” is characteristic of large concentrations of fluoride
being released within the first 2 days.

After 24 h, G4 recorded the highest fluoride release rate
(0.54:+0.34 pmf/cm?), followed by G3 (0.40 £0.90 pumf/cm?).
Group G2 recorded the lowest fluoride release rate (0.30
+0.20 pmf/cm?) (Table 2). The addition of nano-chitosan
may have increased the burst action of the released fluo-
ride.!%%° These results are in agreement with Kumar et al.,
who found the addition of nano-chitosan to a GIC to have
a catalytic effect on fluoride release, thereby aiding the
rapid diffusion of fluoride through the GIC matrix.!° In
addition, the entropic gain associated with fluoride emis-
sion could explain the catalytic action. Since the entropy
associated with small ions diffusing into the medium is
always greater than that associated with free macromol-
ecules in the solution, the adsorption of a polymer that
causes the displacement of small ions always moves the
system to a more favorable energy condition.®® According
to Kim et al., GICs containing chitosan increase the water
sorption value and increase the diameter of the reacted
structure.’” Consequently, the increased friction of the
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electrostatic charge with repulsive action leads to tem-
porarily stable conditions for fluoride ion bursting. The
minimum rate of fluoride release was recorded in the pe-
riod between 48 h and 1 week from immersion for all the
investigated groups (Table 2). These findings can be ex-
plained by the fact that the fluoride level is controlled by
diffusion that is accompanied by a reduced concentration,
which is linear to the square root of time. Therefore, the
initial high concentration of fluoride rapidly decreased af-
ter 48 h before dropping quickly during the 1 week and
eventually stabilizing. These findings are in accordance
with Panpisut and Toneluck?' and Baroudi et al.®

The addition of nano-CS to a traditional GIC enhanced
its antibacterial activity, positively affecting the anti-car-
iogenic effect and antibiofilm capabilities. The antibac-
terial activity of nano-chitosan is linked to its molecular
weight and viscosity. Low- and medium-molecular-weight
nano-chitosan with low and medium viscosity infiltrates
into the bacterial cell and attaches to the microbe DNA,
preventing transcription and subsequent translation,
and causing bacterial death.3> The S. aureus strain is one
of the most important Gram-positive pathogen involved
in dental caries.”® Therefore, it was selected as a model
bacterial strain examined in this study. The 3" hypothesis
of this study that an increased nano-chitosan concentra-
tion would enhance the antibacterial effect in comparison
with a traditional GIC was not confirmed.

Among all groups, the greatest inhibition zone against
S. aureus was recorded for G2 (10.20 *0.83 mm).
Group G4 revealed the smallest zone of inhibition (6.08
+0.81 mm) (Table 4, Fig. 3). This might be attributed to
the lesser segregation of the polymer chain (nano-chi-
tosan) and a high amount of free, unattached negative
charges in G2. According to Ibrahim et al.*® and Thurn-
heer and Belibasakis,?® the unattached charges can bond
easily to the positive charges of the bacterial cell wall, pen-
etrating the DNA of S. aureus and damaging the hydro-
phobic bacterial cell wall. Since Gram-positive bacteria
have a simple cell wall — only a stiff peptidoglycan layer
with large holes present — it is easy for foreign substances
to enter the cells. Hence, the interaction between the at-
tached polymers and the charged membrane facilitates
the destruction of microbes. Moreover, Zeimaran et al.
demonstrated a network with plenty of pores inside the
peptidoglycan layer of the cell wall of S. aureus.*® So,
nano-chitosan could enter the cell without difficulty via
penetrating through the cell wall.

On the other hand, increasing the amount of nano-
chitosan decreased the number of negative charges due
to the segregation of the polymer chain.3*323% Hence, the
inhibition effect on the bacterial cell wall decreased, as
shown in G3 and G4 (Table 4, Fig. 3). Even though G3
and G4 recorded the highest amount of fluoride release,
they showed a weaker antibacterial effect as compared
to G2. This might be attributed to the nature of the re-
leased fluoride. The fluoride ion is bonded to the cationic
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groups of chitosan. Fluoride ions block free sites on chi-
tosan. These results are supported by a higher amount
of nano-chitosan release for those groups. The synchro-
nization of fluoride and nano-chitosan release depressed
the antibacterial effect. These findings are in agreement
with previous research performed by Ibrahim et al.3> and
Thurnheer and Belibasakis.®

Limitations

This in vitro research has certain limitations. The oral
cavity is constantly subjected to dynamic stresses, masti-
cation wear and pH changes caused by consuming various
meals and beverages. Further research is needed to assess
nano-chitosan-modified GICs in such dynamic settings,
utilizing a larger sample size and a longer observation pe-
riod. In addition, from a geometrical standpoint, the disks
utilized do not entirely resemble a dental restoration.

Conclusions

Within the limitations of this study, the following con-
clusions can be drawn:

The addition of nano-chitosan (v/v) to a traditional GIC
up to 50% of PAA liquid has been shown to increase the
uSBS of the affected enamel surfaces and the antibacte-
rial effect against S. aureus, which could potentially help
to reduce the risk of secondary caries after restoring the
enamel defect.

The synergistic effect of the nano-chitosan-modified
GIC 150% (v/v) of PAA liquid significantly increased fluo-
ride release, which might improve remineralization ca-
pacity while adversely impacting the antibacterial effect.
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Abstract

Background. The morphology of the nasopalatine canal is crucial in the planning of prosthetic restora-
tions in the anterior region of the maxilla, as well as in the placement of orthodontic mini-implants.

Objectives. The aim of this study was to assess the morphology of the nasopalatine canal using cone
beam computed tomography (CBCT) scans of patients from the University Dental Clinic in Krakow, Poland,
to define the position of the canal in relation to common sites of palatal median microimplant placement,
and to investigate potential correlations between the anatomy of the canal and age and gender of the
patients.

Material and methods. A total of 120 (BCT images were used to assess the anatomy of the naso-
palatine canal in 3 planes of space. The bone thickness anterior to the nasopalatine canal and the distance
between the distal margin of Stenson’s foramen and the predicted midpalatal microimplant position were
also measured.

Results. The most frequently observed canal type in the coronal plane was the Y-shaped canal, which
was present in 60.8% of patients. The nasopalatine canal was classified as cone-shaped in 31.7% of the
scans, cylindrical in 28.3%, hourglass-shaped in 27.5%, and banana-shaped in 12.5%. The mean length
of the nasopalatine canal was 11.58 mm. The mean width of the canal was 2.89 mm at the nasal fossa
level, 1.94 mm in the middle, and 5.09 mm at the palatal level. The mean bone thickness anterior to the
nasopalatine canal was 9.07 mm at the level of the nasal opening, 6.84 mm at the level of the oral opening,
and 7.32 mm in the middle. The mean distance between the distal margin of Stenson’s foramen and the
predicted midpalatal microimplant position varied from 0 to 11.94 mm, with a mean of 2.49 mm.

Conclusions. Given the variety of nasopalatine canal forms and dimensions, detailed analysis of CBCT
scans is essential prior to the placement of implants and microimplants.

Keywords: cone beam computed tomography (CBCT), nasopalatine canal, incisive canal dimensions
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Introduction

The nasopalatine canal is an important anatomical
structure situated in the middle of the maxilla behind the
upper incisors. This bony conduit connects the oral and
nasal cavities and contains neurovascular structures that
provide sensation and vascular supply for neighboring
areas.! In the oral cavity, the nasopalatine canal terminates
as the incisive foramen, while the upper opening extends
to the nasal cavity and is known as Stenson’s foramen or
the nasal foramen. Stenson’s foramen is frequently located
on both sides of the nasal septum.? The morphology of the
nasopalatine canal is crucial in the planning of prosthetic
restorations in the anterior region of the maxilla, primar-
ily because the limited bone volume in this area affects
the stability and osteointegration of dental implants.3-® In
particular, it is of great importance to diagnose the pa-
thology of the nasopalatine canal, as the most common
nonodontogenic cysts in the oral cavity are nasolabial
cysts.” In addition to these considerations for prosthetic
and surgical treatment, the anatomy and position of the
nasopalatine canal also determine orthodontic treatment
planning. It was found that orthodontic tooth movement
within the anterior part of the maxilla, particularly maxil-
lary incisor retraction involving nasopalatine canal inva-
sion, resulted in root resorption.®’

The anterior palate is considered a valuable alternative
for orthodontic mini-implant placement, as it offers the
possibility of avoiding interference with roots and reduces
the mini-implant failure rate on account of its good bone
density.l® However, according to Wilmes et al., there is
a risk of penetrating the nasopalatine canal when a mini-
screw is inserted in the median position, which may affect
the stability of the mini-implant.!® In particular, penetra-
tion of the miniscrew into the nasopalatine bundle may
result in anchorage loss, palatal mucosa impingement, or
palatal bone loss.!!

Although the anatomical conditions of the nasopala-
tine canal have already been studied,!*'> a more de-
tailed analysis of the anatomical structures of the ante-
rior maxilla is required due to the increasing popularity
of bone-anchored orthodontic appliances. The objective
of the present study was to assess the morphology of the
nasopalatine canal using cone beam computed tomogra-
phy (CBCT) scans of patients from the University Dental
Clinic in Krakow, Poland. The obtained data was used to
define the position of the nasopalatine canal in relation to
the most common sites of palatal median microimplant
placement and to investigate the correlations between the
anatomy of the canal and age and gender of the patients.

Material and methods

The sample size was determined with the use of a sam-
ple size calculator. The results indicate that a sample size
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of 116 is sufficient to detect differences with a 5% mar-

gin of error, a 90% confidence level and a statistical power

of 80%. The final number of patients included in the study
was greater than the estimated number.

The data for this cross-sectional study was obtained
from CBCT scans of the maxilla of patients at the
University Dental Clinic in Krakow, Poland, performed
for any reason between January 2018 and December
2021. The main indications for CBCT imaging were as
follows: the assessment of unerupted third molars; the
assessment of the dental implant site and the prepara-
tion of surgical guides; the diagnosis of pathologies in
the paranasal sinuses; the diagnosis of periapical lesions
and periodontal bone loss; planning orthognathic sur-
geries; and the assessment of bone thickness prior to
orthodontic microimplant insertion. The study focused
on 120 consecutively selected CBCT images (60 men
and 60 women) that met the following inclusion crite-
ria: age >8 years; the presence of upper central incisors;
the presence of upper first premolars; the absence of pa-
thologies in the anterior part of the maxilla (clefts, cysts,
supernumerary teeth, impacted teeth); and the absence
of maxillofacial syndromes. Images exhibiting artifacts
were excluded from the study.

All CBCT scans were obtained using orthopantomog-
raphy (OP 3D Pro; KaVo, Biberach an der Rif}, Germany).
The average parameters were as follows: field of view:
130 mm x 150 mm; average exposure time: 8.5 s; average
scanning time: 39 s; and average voxel size: 380 um.

All images were analyzed by a single trained and expe-
rienced senior postgraduate trainee in orthodontics. To
determine intra-examiner error, repetitive measurements
were conducted on 10 randomly selected scans over
a 3-week interval to ensure reliability and to exclude learn-
ing bias. For the analysis of the CBCT images, a medical
diagnostic monitor (RadiForce MX215; EIZO Inc., Cypress,
USA) and an InVivo Dental Viewer software (Anatomage,
Inc., Santa Clara, USA) were used.

The anatomy of the nasopalatine canal was evaluated in
3 planes of space:

« the axial (horizontal) plane, passing through the
right and left orbital points and right and left porion
points;

« the coronal plane, passing through the right and left po-
rion points, perpendicular to the axial plane;

« the sagittal plane, passing through the nasion point,
perpendicular to the axial and frontal planes.

In the coronal plane, each nasopalatine canal was clas-
sified according to its shape using the classification pro-
posed by Bornstein et al.1®:

+ type A — single canal;

« type B — double canal;

+ type C — Y-shaped canal.

A graphical representation of the various shapes of the
nasopalatine canal in the coronal slices is presented in
Fig. 1.
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Fig. 1. Anatomy of the nasopalatine canal in the coronal plane
A. Single canal; B. Double canal; C. Y-shaped canal.

In the sagittal plane, each nasopalatine canal was classi-
fied according to its shape, as follows:
« cylindrical (labial and palatal walls are parallel);
+ banana-shaped (labial and palatal walls are parallel, the
canal is curved);
+ cone-shaped (increasing anteroposterior dimension
from the nasal opening to the oral opening);
+ hourglass-shaped (the narrowest anteroposterior di-
mension is in the middle);
« spindle-shaped (the widest anteroposterior dimension
is in the middle).
A graphical representation of the various shapes of the
nasopalatine canal in the sagittal slices is presented in Fig. 2.
In addition, multiple measurements were taken from the
sagittal slice images. The nasopalatine canal length, antero-
posterior diameter, and the distance between the buccal
wall of the nasopalatine canal and the facial surface of the
buccal bone plate were all measured at 3 different levels:
+ upper level (at the level of the nasal opening);
+ middle level (in the middle of the nasopalatine canal);
+ lower level (at the level of the oral opening).
A graphical representation of the nasopalatine canal mea-
surements made in the sagittal slices is presented in Fig. 3.
The measurements obtained from the sagittal slices
were further analyzed to assess their correlation with sex
and age. In the sagittal view, the X-distance, representing
the distance between the distal margin of Stenson’s fora-
men and the predicted midpalatal microimplant position,
was also measured (Fig. 4).
In the axial plane, the number of oral openings (incisive
foramina) and the number of nasal openings (Stenson’s
foramina) were counted.

R

Fig. 2. Classification of the nasopalatine canal in the sagittal plane

A. Cylindrical; B. Banana-shaped; C. Cone-shaped; D. Hourglass-shaped;
E. Spindle-shaped.
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Fig. 3. Nasopalatine canal measurements performed in the sagittal plane

a — upper width of the nasopalatine canal; b — middle width of the
nasopalatine canal; ¢ — lower width of the nasopalatine canal; d - length

of the nasopalatine canal; e - distance between the buccal wall of the nasal
opening of the nasopalatine canal and the buccal bone plate; f - distance
between the buccal wall of the nasopalatine canal and the buccal bone
plate in the middle of the canal; g — distance between the buccal wall

of the oral opening of the nasopalatine canal and the buccal bone plate.

Fig. 4. Cone beam computed tomography (CBCT) image of the sagittal
plane presenting the midpalatal microimplant placement technique
and measuring the distance between the microimplant tip and the nasal
opening of the nasopalatine canal

a - line parallel to the palatal mucosa; b - line passing through the middle
of the first upper premolars; m — typical positioning of the midpalatal
microimplant (insertion angle perpendicular to the palatal mucosa,
insertion point at the level of the first maxillary premolars); x — distance
between the tip of the microimplant and the posterior wall of Stenson'’s
foramen.
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The study was approved by the Bioethics Committee
of Jagiellonian University, Krakow, Poland (approval No.
1072.6120.132.2020).

Statistical analysis

The data analysis was conducted using R software, v.
4.2.1 (R Foundation for Statistical Computing, Vienna,
Austria). The normality of the distribution of the vari-
ous groups was tested using the Shapiro—Wilk test. The
concordance of measurements of quantitative variables
was assessed using the intraclass correlation coefficient
(ICC) type 2 (according to the classification of Shrout
and Fleiss).l” The y? test (with Yates’ correction for 2 x
2 tables) was employed to compare qualitative variables
across the groups. When contingency tables exhibited low
values, Fisher’s exact test was used. The Mann—Whitney
test was employed to compare quantitative variables be-
tween the 2 groups. The relationship between 2 quantita-
tive variables was evaluated using Spearman’s correlation
coefficient. The Kruskal-Wallis test was used to compare
quantitative variables across more than 2 groups. The sig-
nificance level for all statistical tests was set at 0.05.

Results

A total of 120 consecutively selected CBCT scans of the

maxilla that met the aforementioned criteria were included Canal shape single canal 7(2833)  21(35.00)
in this study. The scans were obtained from 60 women inthe coronal  double canal 5(8.33) 4(667) 0771
(mean age: 34.1 years) and 60 men (mean age: 32.2 years). plane Yshaped canal  38(6333) 35 (5833)
The age of all patients ranged from 11 tc? 76 years. &ylindrical 23667 122000
Ten randomly selected scans were subjected to repeated Canal sh

.y . . anal snape banana-shaped 8(13.33) 7(11.67)
measurements within a 3-week interval. The quantita- in the sagittal 0.135
tive variable assessment demonstrated excellent and good plane cone-shaped  18(3000)  20(33.33)
accordance between the first and second measurements, hourglass-shaped  12(2000) 21 (35.00)

as indicated by the ICC type 2 (Table 1).

Table 1. Intra-examiner error calculation

M. Gibas-Stanek et al. Evaluation of the nasopalatine canal

The most frequently observed canal type in the coronal
plane was the Y-shaped canal (60.8% of patients), followed
by single (31.7%) and double canals (7.5%) (Table 2). The
morphological variations assessed in the sagittal plane are
presented in Fig. 5. The nasopalatine canal was classified
as cone-shaped in 31.7% of the scans, cylindrical in 28.3%,
hourglass-shaped in 27.5%, and banana-shaped in 12.5%
of cases. No canal was classified as spindle-shaped, thus it
was excluded from further consideration.

There was no statistically significant difference be-
tween the sexes when considering the shape of the naso-
palatine canal in the coronal and sagittal planes (Fig. 6,7)
(Table 2). Additionally, there was no statistically signifi-
cant difference between the sexes in terms of the num-
ber of nasal and oral openings. In total, 91.7% of cases
exhibited a single oral opening, while 8.3% displayed
2 openings. Taking into consideration the number of na-
sal openings of the nasopalatine canal, the most preva-
lent morphological variation was 2 openings (50.8%),
followed by a single foramen (34.2%). The presence of 3
and 4 openings was observed in 14.2% and 0.8% of cases,
respectively (Fig. 8). The aforementioned results are pre-
sented in Fig. 9.

Table 2. Comparison of the shape of the nasopalatine canal between men
and women

Parameter Female Male p-value
(n=60) (n=60) | (x*test)

Data presented as frequency (percentage) (n (%)).

15t measurement

2" measurement

Agreement | Agreement

0,
FAIGMEtEr (M +5D) (M +5D) ICC 1 9% (Cicchetti®®) | (Koo &Li™%)

[Lr‘;”r%th 1195 +3.00 11894307 0981 0929-0995 excellent  excellent
Upper width

[mmi 3724297 3.55+2.84 0.980 0.927-0995  excellent excellent
'[\:q'i%‘e width 186 +1.12 1834128 0938 0784-0984 excellent  excellent
[Lnivrﬁr IElED 418 +1.25 4524146 0849 0519-0960 excellent good
Fn:’?ne]thmk”ess (upper) (at the level of Stenson’s forame) 9.3 +1.91 926192 0956 0844-0989 excellent  excellent
En‘zrr‘ne]th":k”ess el 7.77 +146 7994169 0857 0549-0962 excellent good
ﬁzrr‘ne]th'dmess (lowen) (at the level of the oral opening) 6.74£0.98 668+134 0845 0519-0959 excellent good

M — mean; SD - standard deviation; ICC —

intraclass correlation coefficient; C/ —

confidence interval.
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Fig. 5. Morphology of the nasopalatine canal in the sagittal plane
A. Cylindrical; B. Banana-shaped; C. Cone-shaped; D. Hourglass-shaped.

Female | [ | |
Male | | | |

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

@ Single canal [ Double canal [ Y-shaped canal

Fig. 6. Prevalence of the nasopalatine canal shape in men and women in
the coronal plane

Female | | |

Male | ] I

| 1 | | | |
0% 20% 40% 60% 80% 100%

@ Cylindrical
O Banana-shaped

[ Cone-shaped
B Hourglass-shaped

Fig. 7. Prevalence of the nasopalatine canal shape in men and women in
the sagittal plane

Fig. 8. CBCT images of Stenson’s foramina in the axial plane

A. Single opening; B. Two openings; C. Three openings; D. Four openings.

The measured length of the nasopalatine canal ranged
from 4.39 to 22.22 mm, with a mean length of 11.58 mm.
The mean anteroposterior diameter of the canal at the
nasal fossa level was 2.89 mm, the mean middle width
was 1.94 mm, and the mean diameter at the palatal level
was 5.09 mm. The mean bone thickness anterior to the

nasopalatine canal was 9.07 mm at the level of the nasal
opening, 6.84 mm at the level of the oral opening, and
7.32 mm in the middle.

The Mann—Whitney U test was used to compare the
length of the nasopalatine canal, the width of the naso-
palatine canal and the bone thickness in the anterior re-
gion of the maxilla between men and women. Significant
differences were observed between the sexes for the mean
length of the canal (2.39 mm longer in males), the mean
upper width of the canal (0.58 mm wider in males), the
mean upper bone thickness, and the mean middle bone
thickness (0.79 mm and 0.53 mm thicker in males, respec-
tively). The results of the measurements and comparisons
between the sexes are presented in Table 3. No tested
parameter demonstrated a correlation with the age of the
patients (p > 0.05) (Table 4).

The X-distance varied from 0 to 11.94 mm, with a mean
of 2.49 mm. There was no statistically significant differ-
ence between the sexes (p > 0.05) (Table 5). Additionally,
no correlation was observed between the X-distance and
the shape of the nasopalatine canal in the sagittal plane
(p > 0.05) (Table 6).

Discussion

Considering the shape of the nasopalatine canal in the
coronal plane,'® the most prevalent canal type in our
study was the Y-shaped canal (60.8% of patients), followed
by single (31.7%) and double canals (7.5%). Similar results
were reported by Bahsi et al., who observed a Y-shaped
canal in 63.3% of cases, a single canal in 36% of cases, and
a double canal in 0.7% of cases.?’ However, the results dif-
fer from those reported in an Iranian study,*! where the
Y-shaped canal was still the most common, but in only
46.46% of cases, followed by single (43.4%) and double
canals (10%). In an analysis conducted by Bornstein et al.
on Swiss patients, the most common form of the naso-
palatine canal in the coronal plane was the single canal
(45%), while the Y-shaped canal occurred in only 40%
of scans.!® Despite these variations, all studies confirmed
that the double canal is the least common form of the
nasopalatine canal.

Observations of the nasopalatine canal in the sagit-
tal plane did not reveal any significant differences in
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Fig. 9. Length and width of the nasopalatine canal in men and women

Table 3. Length and width of the nasopalatine canal and the thickness of the bone anterior to the nasopalatine canal between men and women

Parameter Sex n
Length female 60
(mm] male 60
Upper width female 60
[mml male 60
Middle width female 60
(mm] male 60
Lower width female 60
Ll male 60

Bone thickness (upper) (at the level of Stenson's foramen) female 60

[mm] male 60

Bone thickness (middle) female 60

[mm] male 60
Bone thickness (lower) (at the level of the oral opening) fernale 60

[mm] male 60

M SD Me Min Max Q1 Q3 p-value
1038 225 1014 439 1564 920 1204
<0.001*
1277 359 12.89 497 2222 1030 1482
260 1.59 202 0.54 7.56 143 341
0.042*
3.18 1.81 279 0.68 8.89 184 401
1.90 107 167 0.56 509 113 249
0.343
197 0.86 173 0.69 438 141 259
473 226 422 113 1148 3.17 582 0163
545 286 494 056 1365 3.23 7.01 ’
867 1.72 8.59 551 1418 743 953
0.006*
9.46 194 9.36 494 1485 853 1057
7.05 135 6.94 391 1036 6.26 773
0.027*
758 141 750 494 1143 6.52 845
6.65 113 6.70 435 9.60 6.00 7.28 0170
7.03 1.25 6.84 435 9.92 6.20 772 '

Me — median; Q1 - lower quartile; Q3 — upper quartile; * statistically significant (p < 0.05, Mann-Whitney test).

Table 4. Comparison of measured parameters by patients age

Parameter
coefficient (r)
Number of oral openings —-0.097 0.293
Number of nasal openings 0.108 0.242
Length 0.017 0.856
Upper width —0.064 0.489
Middle width 0.065 0482
Lower width 0.172 0.061
Bone thickness (upper) 0.010 0913
Bone thickness (middle) -0.126 0172
Bone thickness (lower) -0.017 0.852

the prevalence between the cone-shaped canal (31.7%
of patients), cylindrical canal (28.3%) and hourglass-
shaped canal (27.5%). The banana-shaped canal was
the least frequent, observed in 12.5% of patients. Our
results are partially confirmed by the Turkish study,?
which describes the nasopalatine canal as cylindrical
in 28.7% of cases, hourglass-shaped in 26.7% and
banana-shaped in 16%. Although there is disagreement
in the prevalence of cone-shaped canal in the Turkish
study (14.7%), this discrepancy can be attributed to
methodological differences between the 2 studies. In
the Turkish study, the nasopalatine canal was classified
into 6 patterns, whereas in our study, it was classified
into 4 patterns. The distribution of canal morphotypes
found in the study by Thakur et al. suggests that the
most common patterns in the Indian population are
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Table 5. Correlation between the X-distance and the sex of the patients

X-distance

p-value

(Mann-Whitney test)

Female

Male

0.186

Canal shape in the
sagittal plane

Cylindrical 27 246 3.10 0.00
Banana-shaped 15 207 2.83 0.00
Cone-shaped 29 238 313 1.00
‘ Hourglass-shaped 29 2.80 320 231

p-value
(Kruskal-Wallis test)

0 8.83 0 4.69

0 7.51 0 443 ‘
0.923

0 11.94 0 3.84 ‘

0 10.18 0 444 ‘

the cylindrical (39%) and funnel (or cone-shaped) types
(31%).22 There is a marked difference in the prevalence
of spindle-shaped canals, which was 11% in their study
compared to O cases in our study.

The nasopalatine canal was also classified according to
the number of oral and nasal openings in the axial plane.
In our study, 1 incisive foramen and 2 nasopalatine fora-
mina were observed with greater frequency than the
other configurations. Bahsi et al. determined that there
was 1 oral opening in 88% of cases and 2 openings in
12%.2° However, in the case of nasal openings, the most
prevalent form was a single foramen (53.3%), followed by
2 foramina (44.7%) and 3 foramina (2%). Thakur et al. de-
termined that most of their subjects had 2 Stenson’s fora-
mina (81%), with only 4% exhibiting a single foramen.??
No data was provided concerning incisive foramina.

A detailed analysis of the nasopalatine canal revealed
that the canal was longer in males (12.77 +3.59 mm)
than in females (10.38 +2.25 mm). A similar difference
was observed in the Indian study,?? in which the mean
length of the nasopalatine canal was determined to be
10.96 £1.99 mm in males and 9.20 £2.16 mm in females.
This finding was further corroborated by Iranian (11.46
+2.86 mm and 9.37 +2.24 mm, respectively) and Turkish
studies (13.68 +2.73 mm and 11.43 +2.78 mm, respec-
tively).22* Conversely, another Turkish study determined
that the length of the nasopalatine canal was similar between
the sexes (12.96 +2.57 mm in males and 12.16 +2.45 mm
in females).? The review of 7 studies compared the mean
length of the nasopalatine canal between the sexes and
found that the nasopalatine canal was longer in males in
all 7 studies, although the difference was statistically sig-
nificant in only 4 reports.?

To describe the morphology of the nasopalatine canal,
we also measured the diameter of the nasal and oral open-
ings, as well as the width of the canal at its mid-level. The
results indicated that the incisive foramen was wider than
Stenson’s foramen. However, while the width of the canal

was greater in males at all levels, the difference was sta-
tistically significant only in the case of the upper width.
While some studies have yielded similar results,?® others
have reported conflicting findings. Bahsi et al. observed
a difference between the sexes in the width of the oral
opening, but it is important to note that the level of sig-
nificance was often close to the threshold value accepted
for the purpose of the study (p < 0.05).% In contrast to our
findings, Khojastepour et al. reported similar measure-
ments for the diameters of the nasal and oral openings.?!
These discrepancies may be attributed to the differences
in study methodology, including the distinct reference
points chosen for the purpose of the study.

Considering the practical applications of knowledge
regarding the morphology of the nasopalatine canal and
adjacent areas, the thickness of the bone layer anterior to
the nasopalatine canal is of particular importance. Implan-
tation procedures require a detailed assessment of the im-
plant site, and only adequate bone volume ensures thera-
peutic success. The results of this study indicate that the
greatest bone thickness can be found at the level of Stenson’s
foramen (9.46 +1.94 mm in males and 8.67 +1.72 mm in
females), while the lowest thickness is at the level of the
oral opening of the nasopalatine canal (7.03 £1.25 mm in
males and 6.65 +1.13 mm in females). It can be observed
that the upper and middle widths depend on the sex of the
patient. Gondl et al. found no significant difference be-
tween the sexes, but their results confirmed a decreasing
bone width from the nasal opening toward the oral open-
ing.2 The study by Khojastepour et al. also found higher
width values at the level of Stenson’s foramen, but in con-
trast to our outcomes, it was the lower width of the buccal
bone plate that was dependent on patient sex.?!

Previous studies have provided evidence of a positive
correlation between the size of the nasopalatine canal
and the age of the patient.?*?* Nevertheless, the dimen-
sional changes seem to be strictly connected to the ab-
sence of central incisors. Consequently, the authors



370

attributed this phenomenon to atrophy of disuse, similar
to maxillary sinus expansion after the loss of the poste-
rior teeth. Gondl et al. observed a reduction in the dis-
tance between the incisive foramen and the facial facade
of the buccal bone plate in the absence of 2 upper in-
cisors.?? Conversely, the results of another study, which
only included patients whose upper central incisors were
present, demonstrated a significant negative correlation
between age and the width of the buccal bone anterior
to the oral opening to the nasopalatine canal.?! The same
authors reported a significant positive correlation be-
tween age and the width of the incisive foramen. The re-
sults of our study indicated that no parameters were cor-
related with the age of the patients (p > 0.05). Bahsi et al.
and Thakur et al. also found no significant relationship
between age and the shape and size of the nasopalatine
canal in the sagittal, coronal and axial planes.?0:?2
However, these authors do not provide information
regarding the presence or absence of the upper central
incisors in the evaluated samples.

Given the prevalence of CBCT scans in orthodontic
treatment planning and frequent consideration of skeletal
anchorage as a component of orthodontic therapy, an-
other purpose of this study was to assess the distance be-
tween the posterior wall of the nasopalatine canal and the
predicted position of midpalatal microimplants (referred
to as the X-distance in this study). This parameter indi-
rectly describes the angulation of the nasopalatine canal
in the sagittal plane. The more vertical the position of the
nasopalatine canal, the greater the expected X-distance.
To verify this hypothesis, we analyzed our data using the
Kruskal-Wallis test. The results revealed that there was
no correlation between the shape of the nasopalatine ca-
nal in the sagittal plane and the X-distance. The differ-
ence was also insignificant between males and females.
Although the mean value of the X-distance was 2.49 mm
and the maximum reached 11.94 mm, in 49% of scans, the
distance from the posterior wall of Stenson’s foramen to
the predicted position of the miniscrew was equal to or
less than 0 mm. This is of clinical significance and empha-
sises the critical need for a detailed evaluation of CBCT
scans prior to microimplant placement procedures in
each individual case in order to avoid nasopalatine canal
penetration.

Limitations

The findings presented in this study are subject to sev-
eral limitations. First, the sample size was relatively small.
Second, the age range of the participants included in the
study was considerable. Both growing and adult patients
were included in the study. Despite the absence of param-
eters related to patient age (all parameters yielded p > 0.05
in Spearman’s correlation coefficient analysis), it would be
reasonable to design the research in a way that enables
a comparison between growing patients and individuals
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with completed craniofacial development. The authors
of the present study did not identify any other studies
describing the morphology of the nasopalatine canal in
juvenile patients.

Conclusions

The nasopalatine canal exhibits considerable variation
in size and morphology. In the cohort under investigation,
the most frequently observed canal type was the Y-shaped
canal, which exhibited 2 nasal openings and 1 oral open-
ing. The most prevalent canal forms observed in the sag-
ittal view were cone-shaped, cylindrical and hourglass-
shaped. The length and width of the nasopalatine canal,
as well as the anterior bone thickness in the front of the
upper and middle parts of the nasopalatine canal, were
found to be significantly greater in males. No parameters
demonstrated a correlation with the age of the patient.
Given the considerable variety of forms and dimensions
of the nasopalatine canal, a detailed analysis of CBCT
scans is essential prior to the placement of implants and
microimplants.
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Abstract

Background. Dentists, through inappropriate antibiotic prescription, may contribute to the global prob-
lem of antibiotic resistance (AR).

Objectives. Understanding dentists'antibiotic prescription patterns, source of knowledge, and the driving
forces behind their prescription practices may be crucial for the effective implementation of the rational use
of antibiotics (RUA) in dentistry.

Material and methods. Active members of the Turkish Dental Association were invited to participate
in an electronic survey comprising questions focusing on their role, knowledge and perceptions regarding
RUA, the perceived barriers to adapting RUA in daily dental work, and the actual antibiotic prescription
practices. The potential impact of age, gender, professional experience, and the mode of dental practice
was also evaluated. Dentists' prescription practices for periodontal disease/conditions were evaluated as
well.

Results. Based on 1,005 valid responses, there was consensus on the necessity of RUA (99.1%); however,
its implementation was low. The main barriers were dentists’own safety concerns (74.4%), strong patients’
demands (42.2%) and the fact that prescribing antibiotics became a professional habit (35.8%). Different
educational background resulted in clear variances in everyday prescription practices.

Conclusions. The implementation of RUA was not sufficient and the perceived barriers had an impact on
daily prescribing habits. Support for dental professionals through the efficient dissemination of evidence-
based clinical guidelines and decision-making aids is likely to require additional help from professional
organizations in order to actively combat AR.

Keywords: antibiotics, antibiotic resistance, public health dentistry, dental practice pattern, evidence-
based dentistry
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Introduction

While interventional treatment is becoming more and
more successful in controlling dental infections, antibiot-
ics are increasingly being limited to specific therapeutic/
prophylactic indications.>?> Most healthcare professionals
are perfectly aware that the unnecessary use of antibiotics
is a global problem; nonetheless, the inappropriate pre-
scription rate is high in both developed and developing
countries.?> Most oral healthcare professionals prescribe
antibiotics empirically, either for prophylaxis or for man-
aging infections. However, there is disagreement over
whether systemic antibiotics provide therapeutic benefits
in all cases.* Additionally, the irrational or inappropriate
use of antibiotics is still common for caries, gingivitis,
pulpitis, and apical inflammation therapy, conditions that
could be managed by dental procedures.’

Since antibiotic resistance (AR) is a complex, multisec-
toral and multifactorial problem, it is crucial that the vari-
ous factors underlying AR be fully evaluated if we are to
combat this issue effectively. These factors include: the lack
of standardization in prescription; barriers in transferring
evidence-based dentistry (EBD) principles to daily practice;
and limited dissemination and effective implementation
of clinical guidelines (CGs).5” Health professionals’ percep-
tions and attitudes toward AR are also a matter of concern.’
Considering that dentists are responsible for about 10%
of the antibiotics prescribed, dental professionals need to
minimize their contribution to AR.3°

In addition to physicians’ prescribing behavior, socio-
demographic factors (medical education, previous expe-
rience, etc.), physicians’ attitudes (ignorance, fear, etc.),
patient-related factors (allergies, economic and social
factors, etc.), healthcare-related factors (time pressure,
patient load, etc.), and miscellaneous other factors (e.g.,
cost-saving), have been suggested to play significant roles
with regard to this problem.%!° As reported for general
medical practice, dentists’ decision making concerning
antibiotic prescription, selection and timing, as well as
treatment duration often varies depending on their ex-
perience, knowledge and social factors.> Together, these
data highlights the role of non-medical factors in the an-
tibiotic prescription practices of healthcare professionals.

When the role of organized dentistry and individual
dental professionals in combating AR is considered, the
daily prescription practices of dental professionals, the
perceived barriers to the effective implementation of the
rational use of antibiotics (RUA), the responsibility of or-
ganized dentistry, and dental professionals’ perceptions
and attitudes toward AR and RUA may be of significant
importance.*® The analysis of variances in dentists’ pre-
scription patterns, and the potential impact of gender,
age, years of professional experience, and the mode
of practice may also deserve further professional interest.
In the present study, our aim was to evaluate AR issues
from a dental perspective.

M. Ozdemir Kabalak et al. Rational use of antibiotics in dentistry

Material and methods

Development of the questionnaire
and its validity

A questionnaire was designed to analyze dentists’ famil-
iarity with RUA, their perceptions and attitudes toward
RUA, the perceived barriers to the effective implementa-
tion of RUA, and dentists’ antibiotic prescribing habits
during their actual practice. The questions were adapted
from previous studies and modified in line with the aim
of this study.!! A preparatory survey was carried out to
increase the validity and practical applicability of the
questionnaire, and to provide further clarification. In the
preparatory study, the questionnaire was administered to
a group of 30 dentists of different background. The ques-
tionnaire was subsequently modified in line with the re-
ceived feedback.

Structure and content of the questionnaire

The questionnaire basically comprised 2 sections
(plus 5 initial questions on demographic data and pro-
fessional characteristics). The 1%t section concerned
AR and the principles of RUA, while the 2™ section
focused on the implementation of RUA with regard
to daily dental practice (taking a prescription for sys-
temic antibiotics for the treatment of periodontal dis-
eases/conditions by dentists as an example). In the 1%
section, there were 12 questions concerning dentists’
knowledge and perceptions about AR and RUA (one
of which was multiple-response), and 2 questions
about the medical and non-medical factors affect-
ing dentists’ antibiotic prescription (both multiple-
response). In the 2" section, there were a total of 7
questions concerning the benefits, timing, and choice
of systemic antibiotics, as well as indications for their
use in the treatment of periodontal diseases/condi-
tions. Potential mistakes when prescribing antibiotics
for the treatment of periodontal diseases/conditions
were also considered (Table 1).

Sample size calculation and conducting
the survey

The sample size calculation was based on the total num-
ber of the Turkish Dental Association (TDA) members in
2017, which was 17,003. Thus, the required representa-
tive sample to reject a null hypothesis at a 0.05 margin
of error and a 95% confidence interval (CI) was 376 (the
minimum sample size). The TDA conducted the survey
electronically among its members between June 9, 2017
and October 1, 2017. All members were asked to partici-
pate by sending a link to the survey (recorded as a Google
Survey) to their registered e-mail addresses in the source
mailing list for TDA.
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Table 1. Questionnaire

T

A. Demographic
data

B. General
questions on
antibiotic use in
dentistry

C. Use of systemic
antibiotics for

the treatment

of periodontal
diseases

Gender

Age

Years in dental practice

Professional status/dental education

Mode of dental practice

1. In dentistry, antibiotics should be used in a rational way.t

2.In line with the rational use of antibiotics (RUA), dentists should prescribe antibiotics only in necessary cases.t
3. Dentists prescribe antibiotics only in necessary cases.t

4.To keep up-to-date with RUA, dentists should be familiar with the most recent knowledge
(scientific papers, guidelines, evidence-based data, etc.).t

5. Dentists are familiar with the most recent knowledge regarding RUA (scientific papers, guidelines, evidence-based data, etc.).t
6. Dentists'knowledge about RUA is sufficient.t

7.Where do dentists get their knowledge about RUA from?+

8. Information to support dentists with regard to RUA (scientific papers, guidelines, evidence-based data, etc)) is sufficient.t

9. More emphasis needs to be put on RUA
(e.g. in dental schools, dental associations and chambers, specialization associations, at dental congresses, etc.).t

10. For antibiotics to be used in a rational manner, dentists should inform their patients about RUA.+

11. Dentists inform their patients about RUA. T

12. Dentists know the indications, contraindications, mechanisms, side effects, and interactions with other drugs in regard to antibiotics.t
13. When prescribing antibiotics, which of the following factors do dentists primarily take into consideration?+

14. Dentists prescribe antibiotics due to which of the following non-medical factors?+

15. Dentists keep up-to-date regarding changes in the systemic antibiotic regimen for periodontal treatment.t

16. In the treatment of periodontal diseases, using only antibiotics, without mechanical debridement, does not provide any benefits.t

17.What is the ideal timing of using antibiotics in the treatment of periodontal diseases as an adjunct to mechanical debridement?
(Please exclude acute periodontal conditions.)#

18. For which of the following diagnoses are antibiotics needed for treatment?+
19. In a medically healthy patient, for which of the following periodontal therapies should antibiotics be used as an adjunct?+

20. For which of the following medical conditions are antibiotics used when periodontal treatment is provided?+

21. What are the mistakes made when using antibiotics in the treatment of periodontal diseases?+

T single-response question (answer options: strongly agree; agree; disagree; strongly disagree; or no idea); # single-response question (answer options:
before mechanical debridement; during mechanical debridement; after mechanical debridement; no idea; or other); + multiple-response question.

Statistical analysis

Out of the total number of 17,003, 1,005 (5.9%) dentists
accepted our invitation to participate (Fig. 1). The survey
data was entered into a statistical software package (IBM
SPSS Statistics for Windows, v. 24.0; IBM Corp., Armonk,
USA).'?2 The answer ratios were determined, and statis-
tical analyses were performed. All associations for the
variables of gender, age, years in dental practice, and the
professional status were analyzed using the y? test. The
statistical significance level was set at p < 0.05.

n=1,005

Results

Demographic data and professional A"azy(z)zg
- n=1,

characteristics

All data of 1,005 dentists participating in the study
was included in the statistical analysis phase. In total,

Total number
of TDA members
(N =17,003)

TDA members
who did not respond
to the invitation e-mail
n=15,998

TDA members who
agreed to participate

Fig. 1. Flowchart of the study
TDA —Turkish Dental Association.
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55.6% of the participants were male and 43.4% of the
participants were female, and most (80.3%) were gen-
eral dental practitioners (GDPs). The dentists’ distri-
bution with regard to the total number of years spent
in dental practice was as follows: between 1-5 years
(25.3%); and more than 25 years (26.3%). In most in-
stances, the dentists’ practice mode was a private clin-
ic (47.1%), with a polyclinic/shared practice coming
second (27.2%) (Table 2).

Dentists’ knowledge and perceptions
about RUA

Almost all of the dentists surveyed agreed on RUA
(99.1%), and agreed that antibiotics should be pre-
scribed only in case of need (98.9%). However, 69.0%
thought that antibiotics were not prescribed only in
case of need. According to 71.5%, dentists’ knowledge
about RUA was insufficient. Only 37.0% of the par-
ticipants thought that the available scientific informa-
tion and resources were sufficient to support dentists’

Table 2. Demographic data and professional characteristics of the respondents
(N=1,005)

S e | o |

unspecified 10 1.0

Gender male 559AA 55.6
female 4361 434

unspecified 9 09

21-30 287AN 286

Age 31-40 262 26.1
lyears] 41-50 205 204
51-60 143 14.2

>60 99N 9.9

unspecified 9 09

1-5 254 253

6-10 168 16.7

;faa;'cr; 11-15 109 108
16-20 113 11.2

21-25 88AA 8.8

>25 26N 263

Professional GPD 807N 803
status specialist 198N 19.7
unspecified 12 1.2

private practice 473NN 47.1

university 73 7.3

Mode public hospital 28 28
of practice public health center 76 76
private hospital 61 6.1

polyclinic/shared practice 273 272

other oA 0.9

GDP - general dental practitioner; AN most common answer; A least common
answer.
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decision making about RUA. Almost all respondents
(98.1%) thought that universities and organizations
should put more emphasis on RUA (Table 3).

While almost all participants (97.6%) agreed that den-
tists should inform their patients how to use antibiotics
rationally, only 38.9% thought that their colleagues were
actually informing patients. According to 68.3% of the
dentists, their colleagues did not know enough about
the indications, contraindications, mechanisms, side ef-
fects, and interactions regarding antibiotics. In general,
our data highlighted a significant gap between dentists’
beliefs and attitudes and the actual practice regarding AR
and RUA (Table 3). Undergraduate education (73.7%) was
the primary source of knowledge about RUA, followed
by continuing courses (57.2%) and publications (53.2%).
Only 23.9% of the participants considered guidelines as
the source of dentists’ information about RUA (Table 4).

Factors affecting dentists’ antibiotic
prescription and the potential barriers
to adopting RUA

The predominant medical factor considered during pre-
scription was the patient’s medical status and/or pregnan-
cy or lactation (76.9%), followed by the patient’s history
of allergy (75.8%). The dentists listed clinicians’ past expe-
rience (74.8%), the patient’s age (73.7%), disease severity
(68.8%), and diagnosis (68.2%) as other main prescription
considerations. Evidence regarding antibiotic use was
considered only by 17.7% of dentists, while the risk of AR
was considered by 38.9% (Table 4). ‘Feeling safe’ was the
non-medical criterion expressed the most (74.4%). The
patient’s demands (42.2%) and expectations (40.3%) were
other non-medical factors considered (Table 4).

Impact of age, gender, professional
experience, and the mode of practice

Disagreement with the opinion that dentists com-
plied with RUA increased as years in practice decreased
(p = 0.002). Additionally, dentists with fewer professional
practice years agreed more with the opinion that dentists
did not provide adequate information for their patients
(p = 0.008). While more female respondents were of the
opinion that dentists should inform their patients about
RUA (p = 0.003), more male dentists expressed the opin-
ion that their colleagues prescribed antibiotics only when
necessary (p = 0.029) (Table 3).

In comparison with specialists, GPDs more believed in
the need to inform patients (p = 0.001), whereas specialists
less believed in the rationality of dentists when prescrib-
ing antibiotics and the adequacy of their knowledge about
RUA as compared to GPDs (p < 0.001). Furthermore, more
specialists expressed the opinion that although current sci-
entific resources should be followed by dentists, they were
not being followed in practice (p = 0.001). In contrast to
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Table 3. Dentists'knowledge and perceptions about the rational use of antibiotics (RUA), and the effect of gender, age, years in practice, the professional
status, and the mode of practice

Questions Answer years in professional mode
options dental status/dental | of dental
practice education practice
strongly agree 913ANA 90.8
. o agree 83 83
In dentistry, antibiotics should disagree 2 02 0413 0.040% 0.023* 0253 0.961
be used in a rational way )
strongly disagree 1A 0.1
no idea 6 0.6
strongly agree 863/AN 85.9
In line with RUA, dentists agree 131 13.0
should prescribe antibiotics disagree 2N 0.2 0.986 0216 0.716 0.029* 0.999
only in necessary cases strongly disagree 2N 02
no idea 7 0.7
strongly agree 127 126
. . L agree 159 158
Dentists prescribe antibiotics disagree 53240 529 0.029* <0001* <0001* <0.001% 0307
only in necessary cases )
strongly disagree 162 16.1
no idea 25N 2.5
strongly agree 692AN 68.9
To keep up-to-date with RUA, agree 293 292
dentists should be familiar with disagree 5 0.5 0.015* 0.542 0.764 <0.001* 0.508
the most recent knowledge strongly disagree 1A 0.1
no idea 14 14
strongly agree 72 7.2
Dentists are familiar with agree 143 14.2
the most recent knowledge disagree 593AN 59.0 0.007* 0.002* 0.003* <0.001* 0.747
regarding RUA strongly disagree 130 129
no idea 67/ 6.7
strongly agree 29A 29
o, agree 213 212
gir&?ffgeft‘o‘”'edge aloeuit A disagree 601AA 598 0.041% 0.006* 0.002* <0.001* 0,879
strongly disagree 118 11.7
no idea 44 44
strongly agree 43N 43
. . agree 329 327
Information to support dentists disagree 502AA 500 0.119 0448 0.380 <0001 0,002
with regard to RUA is sufficient )
strongly disagree 80 80
no idea 51 5.1
strongly agree 728NN 724
. agree 258 257
(';A:;eu‘;mphas's ek o log Ut disagree 6 06 0,09 0681 0.858 0449 0,999
strongly disagree 0A 0.0
no idea 13 13
strongly agree 699ANA 69.6
For gntibiotics to be use:‘d in agree 581 280
arational manner, dentists disagree 1 11 0.003* 0686 0752 0042 0894
should inform their patients )
about RUA strongly disagree 2N 0.2
no idea 12 12
strongly agree 63 6.3
o . . agree 328 326
Esgafgdgform sl geitents disagree 505AA 502 0.164 0013* 0.008* 0001* 0.194
strongly disagree 58 58
no idea 51A 5.1
Dentists know the indications, strongly agree 290 29
contraindications, mechanisms, agree 243 242
side effects, and interactions disagree 578AA 575 0.908 0.205 0.143 <0.001* 0.027*
Wlth cher drugs inregard to strongly disagree 109 10.8
antibiotics )
no idea 46 4.6

AN most common answer; A least common answer; * statistically significant (x? test).
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Table 4. Dentists'sources of knowledge about the rational use of antibiotics (RUA) and the factors affecting dentists'antibiotic prescription (multiple-response
questions)

= A7 S N I

undergraduate education 741NN 737

postgraduate/specialization education 326 324

continuing courses 575 572

publications 535 532

the Internet 358 356

Where do dentists get their knowledge colleagues 494 49.2
about RUA from? medical representatives 334 332
media 86 8.6

professional organizations 172 17.1

guidelines 240 239

scientific meetings 452 45.0

other 14 14

risk of AR 391 389

cost of antibiotics 199 19.8

individual past experience 752 74.8

date of the patient’s last antibiotic use 407 40.5

frequency of the patient’s antibiotic use 350 348

diagnosis 685 68.2

disease severity 691 68.8

efficacy of the prescribed antibiotic 545 54.2

disease symptoms 525 522

‘ o patient’s genetic status 97 9.7
?/r\wlthclcc};;ascigjerrsa?iapc;ltz?iirgyptritizption? patient’s systemic status and/or pregnancy or lactation 773NN 769
age 741 73.7

colleagues 199 19.8

symptoms of an accompanying systemic infection 632 62.9

evidence regarding antibiotic use 178 17.7

gender 45 4.5

patient’s history of allergy 762 75.8

patient's nutritional habits 60 6.0

BMI 252 25.1

other drugs used 483 48.1

other 8 0.8

patient’s expectations 405 40.3

patient’s demands 424 422

‘ ) o ) patient’s positive attitude 326 324
e e gt o
safety feeling after prescription 748NN 744

professional habit 360 358

other 12 1.2

AR - antibiotic resistance; BMI — body mass index; EBD - evidence-based dentistry; AA most common answer.

GPDs, most specialists expressed the opinion that the avail-
able scientific sources were sufficient (p < 0.001). However,
more dentists working at universities were of the opinion
that the available scientific resources were sufficient as
compared to dentists working in private clinics, polyclinics
or hospitals (p = 0.002) (Table 3).

Prescription of systemic antibiotics for
the treatment of periodontal diseases/
conditions

Periodontal diseases/conditions associated with sys-
temic signs and symptoms (83.9%), periodontal abscess

(58.3%) and necrotizing ulcerative periodontitis (52.4%)
were the most frequent indications for antibiotic pre-
scription. In otherwise healthy individuals, the most fre-
quent cases in which antibiotics were prescribed were
cases of regenerative treatment (69.3%) and periodon-
tal surgery (63.5%) (Table 5). Although almost all of the
participating dentists believed that systemic antibiotics
without mechanical debridement were not beneficial,
there were significant differences in the ideal timing
for the prescription of antibiotics as an adjunct to me-
chanical debridement (before: 21.3%; during: 33.9%; af-
ter: 35.8%). In addition, age (p < 0.001), years in dental
practice (p < 0.001), the professional status (p = 0.008),
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Table 5. Periodontal practice-specific questions about decisions on the use of systemic antibiotics (multiple-response questions)

For which of the following diagnoses,
are antibiotics needed for treatment?

In a medically healthy patient, for which
of the following periodontal therapies should
antibiotics be used as an adjunct?

For which of the following medical conditions
are antibiotics used when periodontal treatment
is provided?

27

chronic gingivitis 27
chronic periodontitis 73 73
necrotizing ulcerative gingivitis 482 48.0
aggressive periodontitis 498 496
periodontal abscess 586 583
refractory periodontitis 94 94
mucogingival problems 25 2.5
gingival abscess 267 266
necrotizing ulcerative periodontitis 527 524
desquamative gingivitis 42 4.2
gingival hyperplasia 22 2.2
recession with hypersensitivity on 0.0
herpes lesions 12 1.2
recurrent periodontitis 107 106
non-specific aphthous lesions 9 09
non-specific ulcerations 14 14
fungal infections 67 6.7
perio-endo lesions 237 23.6
periodontal conditions with systemic symptoms 843NN 839
other 6 0.6
hand scaling 12A 1.2
ultrasonic scaling 16 16
subgingival curettage 136 13.5
periodontal surgery 638 63.5
periodontal abscess treatment 625 62.2
regenerative treatment 696N 69.3
other 13 13
controlled diabetes 54 54
uncontrolled diabetes 578 575
radiotherapy 395 393
chemotherapy 422 420
immune disorders 613 61.0
osteoporosis 36 3.6
mitral valve problems 907AN 90.2
bypass surgery 386 384
joint prosthesis 488 486
corticosteroid use 213 212
bisphosphonate use 219 218
HIV/AIDS 265 264
rheumatoid arthritis 405 403
hyperlipidemia 7N 0.7
pregnancy 8 0.8
bleeding disorders 27 2.7
immunosuppressive drug use 540 53.7
other 9 0.9

HIV — human immunodeficiency virus ; AIDS - acquired immunodeficiency syndrome; AN most common answer; A least common answer.

and the mode of practice (p < 0.001) all had a significant
impact on the preferred timing for antibiotic treatment.
Most of the participants (62.5%) felt that dentists did not
keep up-to date-with the current regimens for antibiotic
prescription in the treatment of periodontal diseases/
conditions. Again, age (p < 0.001), years in dental prac-
tice (p < 0.001), the professional status (p < 0.001), and
the mode of practice (p < 0.001) all had an impact on the
responses (Table 6).

Prophylaxis seemed to be a major indication for sys-
temically compromised cases undergoing dental treat-
ment (e.g., mitral valve prolapse, immune system dys-
function, etc.). The incorrect indication (64.6%), the
incorrect choice of antibiotics (62.1%) and the early
cessation of antibiotic treatment (61.0%) were listed as
the major mistakes made when prescribing systemic
antibiotics in the treatment of periodontal diseases/
conditions (Table 7).
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Table 6. Periodontal practice-specific questions on systemic antibiotic use and preferences, and the effect of gender, age, years in practice, the professional

status, and the mode of practice

: Answer
Questions e

strongly agree 43N 43
Denti;?s keehp up—to'—dahte agree 253 252
regarding changes in the disagree 552AA 549
systemic antibiotic regimen for )
periodontal treatment strongly disagree 76 7.6

no idea 81 8.1

In the treatment of periodontal strongly agree G2 cls
diseases, using only antibiotics, agree 304 30.2
without mechanical disagree 44 44
debridemgnt, does not provide  strongly disagree 10 10
ayAoENEfits noidea 25A 25
What is the ideal timing before MD 214 213
of using antibiotics in the
treatment of periodontal during MD 341 339
diseases as an adjunct to
mechanical debridement after MD 360/ 358
(MD)? (Please exclude acute )
periodontal conditions.) no idea 901 9.0

mode
of dental
practice

years in

professional
status/dental
education

dental
practice

0.312 <0.001* <0.001* <0.001* <0.001*
0.028* 0.015* 0.090 0.113 0476
0.153 <0.001* <0.001* 0.008* <0.001*

AN most common answer; /A least common answer; * statistically significant (x? test).

Table 7. Mistakes made in the use of systemic antibiotics when treating
periodontal diseases (multiple-respone question)

What are the mistakes made when using

antibiotics in the treatment of periodontal
diseases?

Incorrect indication 649N 64.6
Incorrect timing 522 519
Incorrect antibiotic selection 624 62.1
Incorrect dose/application mode 400 398
Discontinuing treatment 613 61.0
Not considering drug interactions 366 364
Insufficient disease knowledge 526 523
Insufficient treatment. knowledge 486 484
Habit of irrational use 547 544
Misleading to the patient’s expectations 365 36.3
Insufficient evidence 132A 13.1
Limited EBD awareness 347 345
Prescriptign of the same antibiotic dyﬁ ' 583 580
to the limited knowledge about antibiotics

AN most common answer; A least commmon answer.

Discussion

Since the evaluation of the actual antibiotic prescrip-
tion practices of dentists in their daily dental work was
the main aim of the present study, the 2™ section of the
questionnaire was devoted to periodontal practice and
dentists’ prescription patterns for the treatment of peri-
odontal diseases/conditions. Although academic knowl-
edge may not always be translated to dental practice, the
up-to-date knowledge of RUA and appropriate antibiotic

prescription practices among health professionals are
still required.>!* The suboptimal knowledge of dental
professionals in the field of RUA and clear variations in
antibiotic prescribing practices among dentists have been
frequently mentioned in earlier studies.>!*~17 In the pres-
ent study, most of the dentist respondents highlighted the
suboptimal knowledge of dentists regarding the princi-
ples of RUA (71.5%) and their inability to keep up-to-date
in this field (71.9%). Although all dentists acknowledged
AR as a serious health problem, they doubted if RUA was
effectively implemented into daily dental work. Interest-
ingly, suboptimal knowledge was addressed more as years
in practice decreased (p = 0.002). In line with previous
studies, '3 the failure of dentists to keep up-to-date with
best practices for prescribing systemic antibiotics in the
treatment of periodontal diseases/conditions (62.5%) was
again confirmed. Furthermore, there were clear differenc-
es in the appropriate timing of antibiotics reported and
in appropriate periodontal antibiotic indications. Again,
these results support previous studies suggesting the lack
of standardized prescription procedure for dentists in
daily practice.!*1>18

For the majority of the participating dentists, the need
for effective knowledge transfer to enable dentists to make
decisions using the most recent, reliable and evidence-
based resources was acknowledged, which again was in
line with previous studies.”!* In this respect, well-con-
ducted stewardship courses and training programs (e.g.,
continuing education courses, dental congresses, etc.) ad-
dressing the needs of the whole dental team have been
broadly suggested.}”? In the present study, only 37.0%
of the participants believed that the scientific informa-
tion and resources concerning RUA readily available were
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sufficient to support dentists, while almost all (98.1%)
thought that universities and organizations had to put
more emphasis on RUA.

Pre-appraised evidence (e.g., systematic reviews, CGs,
etc.) may help dentists in making evidence-based deci-
sions,'®7 and CGs such as “Drug prescribing for dentist-
ry’?° the evidence-based clinical practice guideline on
the nonsurgical treatment of chronic periodontitis?' and
“Prevention and management of dental caries in chil-
dren”?? may be important for the effective implementa-
tion of RUA. These documents recommend antibiotics
only for cases when they are strictly indicated (e.g., sys-
temic involvement or in conjunction with mechanical
dental/periodontal treatment).? However, in numerous
countries, CGs do not seem to be systematically dissem-
inated or effectively implemented.?* A cross-sectional
study reported that only 19% of antibiotic prescription
by UK dentists was compliant with CGs;'® many practi-
tioners were either not aware of CGs or considered them
as a reducer of their professional autonomy, and only
about 50% of the practitioners found CGs helpful in dai-
ly clinical decision-making.” In the present study, while
undergraduate education (73.7%) and continuing educa-
tional courses (57.2%) were reported as the major sourc-
es of information, only 23.9% of the dentists benefited
from CGs about RUA. Since almost all participants in
the present study supported the need for more emphasis
to be placed on RUA by dental organizations, additional
efforts from these organizations are required to develop
and disseminate CGs that would increase knowledge
regarding AR and RUA. Moreover, dental organizations
should also provide support for the whole dental team
through other decision-making support materials (e.g.,
publications, courses, audits, patient education materi-
als, awareness campaigns, etc.).

As the main reasons for the growth of AR comprise
patients not completing their course of treatment, self-
prescription (including the use of leftover antibiotics),
and poor hygiene and sanitation habits, the education
of dental patients may be paramount in combating AR.?
A qualitative study conducted amongst adolescents re-
vealed that antibiotics were perceived by patients on the
same level as analgesics, as a cure-all for any illness.?
Thus, health professionals are expected to inform their
patients about their role, responsibility about AR and its
significant consequences.* In the present study, despite
the almost universal (97.6%) belief that dentists should
provide information to their patients concerning AR and
RUA, our respondents felt that this was ignored in daily
dental practice (56.0%). All health professionals need to
reconsider their role and responsibility in combating the
global problem of AR. This can be achieved by effec-
tively communicating to their patients updated informa-
tion about RUA, AR and the negative outcomes of anti-
biotic misuse, and by helping them reach the necessary
educational resources.?” Additionally, this may also help
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dentists manage the demands of dental patients for an-
tibiotics, which is an important driving force for inap-
propriate and unnecessary antibiotic prescription by the
dentists.?* This problem was also mentioned in the pres-
ent study.

The observed heterogeneity in dentists’ antibiotic pre-
scription practices and the driving forces behind this
heterogeneity, together with the potential barriers to ef-
fective implementation of RUA, are of particular impor-
tance for developing strategies to achieve compliance
with RUA.®716 Other studies have confirmed this fact,
with up to 80% of antibiotic prescriptions by UK dentists
found to be either unnecessary or inappropriate.” Simi-
larly, Fleming-Dutra et al. reported that a 30% reduction
in prescriptions was achievable.?® In the present study,
69.0% of the dentist respondents believed that unneces-
sary antibiotics were prescribed by dentists. The 2 major
non-medical driving forces for prescriptions were listed
as the practitioners’ own safety (74.4%), and patient-re-
lated factors, including the patient’s demands (42.2%) and
expectations (40.3%). Together, these findings emphasize
the importance of enhancing the quality of prescribing in
dentistry.?

Broad-spectrum antibiotics are generally prescribed by
dentists empirically for prophylaxis or to manage oral/
dental infections.!®>?> Amoxicillin (alone or in combina-
tion with clavulanic acid), metronidazole, clindamycin,
and azithromycin are commonly used systemic antibiot-
ics in dental practice.’*-32 However, there are conflicting
reports on whether systemic antibiotics provide a thera-
peutic benefit in all cases. Alternative approaches, includ-
ing the use of drug delivery systems that keep the local an-
timicrobial concentration in the application area at a high
level, reduce the need for systemic antibiotic use in den-
tistry, and they have a decreased associated risk of pro-
moting AR.3® Numerous local drug delivery systems have
been successfully trialed, including fibers, gels, mem-
branes, microparticles, nanoparticles, and liposomes, as
well as novel carrier forms developed for this purpose.?3*
Constant levels of antibiotics, including tetracycline, dox-
ycycline, minocycline, metronidazole, etc., can be main-
tained using these systems.2**-3 It should also be stated
that the recommended interventions (e.g., root canal
therapy, scaling and root planing) are effective, and that
the antibiotic need is very limited in practice 2240

Although the medical status, a history of allergy and
disease severity were among the most frequently con-
sidered factors in the present study, a unanimous set
of criteria for antibiotic prescription in terms of medical/
dental reasoning was not observed. It can be concluded
that what should be in the focus is the individual risk as-
sessment in decision making for prescription.*! Dentists
are expected to make judicious use of antimicrobials and
prescribe the correct drug at the standard dosage in the
appropriate regimen, and only when a real need is evi-
dent.?*?*42 However, it is known that health professionals’
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decisions are affected by a wide array of factors, including
educational and training background, and differences in
local circumstances. Their attitudes and perceptions are
also important. At this point, the perceived barriers to ef-
fective implementation of RUA expressed by dentists are
naturally of utmost importance. Dentists report the lack
of time, education and accessible CGs as the major barri-
ers to adapting EBD to daily practice.” In future endeavors,
the multifactorial and multisectoral nature of AR should
be considered, and the need for partnerships, collabora-
tions and innovative approaches involving different stake-
holders should be taken into account as well. Together,
these considerations can initiate cooperation between dif-
ferent parties, including organized dentistry.!® Although
there are encouraging steps,® AR remains a global prob-
lem despite all our efforts. This needs to be acknowledged
by the dental profession (dental organizations, individual
dentists, and other dental team members), and effective
measures should be taken to combat AR.

Limitations

An inherent limitation of our study is that it was based
on a survey that included questions evaluating individual
perceptions. However, the high number of dentist partici-
pants increases the strength of our study. Another limita-
tion is that the study was based on a single-country survey,
whilst antibiotic usage habits may differ in each country.
Nevertheless, the information obtained here should help
to generally address barriers to RUA in dentistry.

Conclusions

Dental health professionals have several important
roles to play in combating AR, including preventing the
unnecessary prescription and/or misuse of antibiotics, in-
forming patients about AR and RUA, keeping up-to-date
with advances in this field, and making evidence-based
decisions using the most current and reliable data. Con-
sidering problems with prescription practices, profes-
sional attitudes toward RUA, the level and extent of den-
tists’ knowledge, and the perceived barriers, practitioners
may need professional guidance to effectively implement
RUA into daily work. Furthermore, based on the impact
of gender, age, and the mode and years of practice on the
antibiotic prescription patterns of dentists, trends in AR
and RUA, and the prescription patterns of dentists may
need additional monitoring.
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Abstract

Background. Early colonizers adhere to the dental surface and facilitate the initial adhesion of secondary
colonizers to form oral biofilms, which may cause oral infections.

Objectives. This study aimed to determine the antimicrobial, anti-adhesion and antibiofilm potency ofin-
verted amino acids on early colonizer streptococci and their mixed species.

Material and methods. The following test strains were used: Streptococcus gordonii (American Type
Culture Collection (ATCC) 35105); Streptococcus mitis (ATCC 49456); Streptococcus oralis (ATCC 10557);
Streptococcus salivarius (ATCC 7073); and Streptococcus sanguinis (ATCC BAA-1455). The concentration-
dependent antimicrobial potency of d-alanine (d-ala), d-arginine (d-arg), d-leucine (d-leu), d-methionine
(d-met), and d-tryptophan (d-try) was determined using the Clinical and Laboratory Standards Institute
(CLSI) broth microdilution method with AlamarBlue modification. The adhesion of primary colonizers in
the presence of 25-mM d-amino acids (dAAs) was assessed using the colony forming unit (CFU) assay.
The CFU assay was conducted on 24-h flow cell bacterial biofilm models after exposure to 25-mM inverted
dAAs.

Results. No minimum inhibitory concentration (MIC) point was detected at any concentration tested. The
minimum bactericidal concentration (MBC) point was not observed. The adhesion of S. mitis, S. oralis and
mixed species was reduced by all tested dAAs. No adverse effects were observed on S. gordonii with any
of the tested dAAs. The biofilm biomass of test strains under flow conditions was significantly reduced after
a 5-min exposure to all tested dAAs at 25-mM concentration.

Conclusions. D-amino acids did not inhibit bacterial growth and did not show bactericidal or bacterio-
static effects on test strains at any concentration tested (ranging from 6.25 mM to 100 mM). However,
dAAs effectively inhibit the adhesion of early colonizers, thereby preventing the formation of oral biofilm.

Keywords: biomass, methionine, biofilms, anti-infective agents
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Introduction

The human oral cavity, including mucosal and tooth sur-
faces, provides a natural habitat for various types of micro-
organisms. It represents one of the body surfaces with a huge
population of diverse microorganisms.! In the oral cavity,
these microorganisms attach to the oral surfaces and form
three-dimensional structures, biofilms. These are surface-
attached microbial communities that are enclosed in a matrix
of extracellular material derived from the cells themselves
and from the environment.> The attached surface could be
either biotic or abiotic.? Oral biofilm formation is a complex
and dynamic process. First, pellicles are formed on oral sur-
faces by adsorbing salivary proteins and glycoproteins. The
surface conditioning film is known as the acquired enamel
pellicle. The major components of a pellicle are salivary
glycoproteins, phosphoproteins, lipids, and other host mole-
cules. Oral bacteria generally possess more than one type
of adhesion molecule, including integrins, cadherins and
selectins, on their surface. They can participate in multiple
interactions with host surface molecules and similar recep-
tors on other microorganisms. The dental biofilm pioneer
species modify local ecological conditions and promote fur-
ther colonization by other species that may lead to diseases,
such as caries and periodontal diseases.!

In the first 6 h of formation, the dental biofilm micro-
biota is mainly composed of early colonizers, including
Streptococcus spp. (Streptococcus mitis, Streptococcus
oralis, Streptococcus salivarius, Streptococcus gordonii,
and Streptococcus sanguinis).*> These species possess ad-
hesins and other bacterial surface ligands with affinity to
host dental-pellicle molecules.! Biofilms are significantly
different compared to their planktonic counterparts.®’
The community lifestyle provides a multitude of benefits
to the participating organisms.® These include a broader
habitat range for growth produced by the metabolism
of early colonizers. Early colonizers alter the local envi-
ronment, creating an optimal environment for the attach-
ment and growth of late colonizers.’

The oral microbiota plays an important role in both
oral and systemic health.’% It contributes to host health
by maintaining homeostasis within the oral cavity, resist-
ing pathogens and modulating the immune system.!%!!
Furthermore, oral microbiota thwarts disease progression
by preventing the adherence of pathogens onto specific
surfaces, degrading the pathogen’s virulence factors, and
hindering the pathogen’s ability to multiply.!! When the
sensitive ecosystem within the oral cavity gets out of bal-
ance, either by overload or a weak immune system, the
oral microbiota shows pathogenic potential.!?

Although early colonizers are not identified as patho-
gens, they are the early contributors to the formation
of pathogenic polymicrobial oral biofilms. Therefore, the
most effective strategy of oral biofilm control is to pre-
vent early colonization. This study is aimed at identifying
an effective treatment option against early colonizers.

G. Wijesinghe et al. Inverted amino acid effect on early oral colonizers

Biofilms exhibit greater resistance to antimicrobials
compared to suspension-grown planktonic cells.!? Differ-
ent types of strategies are used in the control and treat-
ment of oral biofilm infections. Conventional methods
of biofilm removal include mechanical removal and the
use of antibacterial mouthwashes and dentifrices.'?

Inverted amino acids have recently been found to dis-
rupt biofilms by inducing the self-dispersal of cellular
components and the matrix of the biofilm.!* The current
study investigates the impact of 5 d-amino acids (dAAs),
namely d-alanine (d-ala), d-arginine (d-arg), d-leucine
(d-leu), d-methionine (d-met), and d-tryptophan (d-try)
on the planktonic bacterial growth, initial adhesion, bio-
film formation, and biofilm dispersion of 5 early oral
colonizers (S. mitis, S. oralis, S. salivarius, S. gordonii, and
S. sanguinis) and their mixed species. There is a paucity
of data on the efficacy of dAAs on biofilms formed by
early colonizers.

Material and methods

D-amino acids

D-alanine, d-arg, d-leu, d-met, and d-try were pur-
chased from Sigma-Aldrich (St. Louis, USA) (purity
>95%). All amino acids were prepared in 100-mM work-
ing solutions by dissolving the relative weight of dAAs in
distilled water or liquid culture medium, followed by filter
sterilization. All dAA solutions were freshly prepared.

Bacterial cultures and media

Stock cultures of test strains, S. gordonii (American
Type Culture Collection (ATCC) 35105), S. mitis (ATCC
49456), S. oralis (ATCC 10557), S. sanguinis (ATCC BAA-
1455), and S. salivarius (ATCC 7073), were obtained
from the Area of Microbiology and Immunology at the
Piracicaba Dental School of State University of Campinas
in Brazil. The cultures were stored in a skim milk solu-
tion (Sigma-Aldrich) at —20°C. The stock cultures were
thawed and subcultured on Mitis Salivarius Agar (MSA;
BD Difco™, Franklin Lakes, USA), and incubated at 37°C
with 5—-10% CO, for 24 h to obtain microbial colonies for
the next steps. A few colonies of the above cultures were
suspended and incubated for 24 h in sterile Brain-Heart
Infusion (BHI) broth (Oxoid, Lenexa, USA), supplemented
with 2% sucrose, to prepare a standard cell suspension,
which was measured for absorbance at 550 nm (approx.
1x10° CFU/mL).

Effect of dAAs on planktonic bacterial
growth

The effect of dAAs and their concentration on plank-
tonic bacterial cells was determined using the Clinical
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and Laboratory Standards Institute (CLSI) M7-A10 broth
microdilution method with AlamarBlue modification.!®
The procedure involved preparing a two-fold dilution
of 100-mM working solution of dAAs (6.0-100.0 mM) in
sterile BHI broth, with 100 puL/well added to 96-well ster-
ile flat-bottom microtiter plates. Each well was inoculated
with 100 pL of standard cell suspension (final Candidal
cell concentration: approx. 5x10* CFU/mL) and incubated
at 37°C and 5-10% CO, for 24 h.

After incubation, 10 pL of content from each well was
inoculated on BHI agar plates and incubated at 37°C for
24 h to determine the minimum bactericidal concentra-
tion (MBC) of dAAs. Subsequently, 25 pL of 0.02%
AlamarBlue solution was added to each well, and the
plates were incubated for additional 2 h. The plates were
observed visually for color changes to determine the mini-
mum inhibitory concentration (MIC).

Effect of dAAs on bacterial adhesion
under static conditions

Standard cell suspensions of test strains and their mix-
ture were prepared in sterile, 2% sucrose-supplemented
BHI broth with added 25-mM dAAs (d-ala, d-arg, d-leu,
d-met, and d-try), followed by filter sterilization of the
medium. Sterile polystyrene slips (diameter: 10 mm)
were placed in the bottom of the 12-well cell culture
cluster. The prepared cell suspension was inoculated
into the 12-well cell culture cluster triplications,
which were then incubated aerobically at 37°C for
6 h. After the incubation, the polystyrene slips were
carefully washed with sterile distilled water to remove
non-adherent cells and transferred to centrifuge
tubes containing 5 mL of sterile normal saline (NS).
The centrifuge tubes were then vortexed to detach
adherent cells. A total of 100 pL of this inoculum was
transferred to another Eppendorf tube containing
900 pL of sterile NS. Using this suspension, 10-fold
dilutions (up to 107%) were prepared. Twenty-five
microliters of the prepared dilutions were inoculated
onto BHI agar plates in triplicate. The plates were then
incubated at 37°C in a CO, incubator for 24 h, after
which the number of colonies was counted.!%1”
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Effect of dAAs on preformed biofilms

The flow cells were assembled and sterilized using
the previously described method with a few modifica-
tions.!® The flow cells were inoculated with standard
cell suspensions of test organisms and their mixture
separately in the absence of 2% sucrose-supplemented
sterile BHI medium. The cells were allowed to adhere
to the coverslip for 6 h. After 6 h, the flow was started
(0.6 rpm) and continued for another 24 h at 37°C.
Then, the produced biofilms were treated with 25-mM
dAA solutions for 5 min, with the flow turned off.
After the treatment, the biofilms containing flow cells
were washed with a flow of sterile NS, after which the
biofilm density was determined by CFU assay, as pre-
viously described. The biofilm-containing coverslips
were removed. Then, the biofilms were completely
scraped and dissolved in 5 mL of sterile NS. The CFU
assay was conducted to determine the viable biofilm
biomass after dAA treatment.

Statistical analysis

The statistical analysis was carried out using the SPSS
for Windows, v. 16 (SPSS Inc., Chicago, USA). A one-
way analysis of variance (ANOVA) and two-way ANOVA
were used to compare multiple means of more than 3 data
sets. The level of significance was set at 5% (p < 0.05).

Results

Antimicrobial activity of dAAs

The minimum concentration of dAAs required to kill
the bacterial population completely was defined as MBC.
The presence of visible growth on BHI agar plates was ob-
served after the incubation (Table 1).

There was no inhibition of planktonic bacterial growth
on BHI agar after treatment with different concentrations
of dAAs for 24 h.

No MIC point was noted (wells without color change
of AlamarBlue stain) in any of the inverted AA samples.

Table 1. Growth of microbial cells on the surface of Brain-Heart Infusion (BHI) agar after the exposure of microbial cells to different concentrations of d-amino

acids (dAAs) for 24 h

S. salivarius

S. oralis

S. sanguinis

D-amino acid S. gordonii S. mitis
(ATCC 35105) (ATCC 49456)
d-alanine
d-arginine
d-leucine

d-methionine

d-tryptophan

- presence of visible growth on BHI agar plates after the incubation
- no growth inhibition at any tested concentration

(ATCC 10557) (ATCC BAA-1455) (ATCC 7073)

ATCC — American Type Culture Collection.
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Effect of dAAs on bacterial adhesion
under static conditions

The adhered cell mass on the polystyrene surface in the
presence of 25-mM dAAs was quantified using the CFU
assay. Figure 1 depicts the mean colony counts of test or-
ganisms per adhered cell mass after a 6-h test period.

The adhesion of S. miitis, S. oralis and mixed species
was reduced by all tested dAAs (p < 0.05). No adverse
effects were observed on S. gordonii adhesion with
any of the tested dAAs. Significant adhesion depletion
of S. salivarius was observed with all tested dAAs, except
for 25-mM d-arg. Only d-met and d-try were found to
effectively reduce the adhesion of S. sanguinis onto the
polystyrene surface (p < 0.05).

Effect of dAAs on preformed biofilms

A 24-h biofilm of test strains and their mixed species
was subjected to a CFU assay, followed by treatment with
25-mM dAA solutions for 5 min. The CFU assay readings
were obtained (Fig. 2). A 5-min treatment with 25-mM

® d-alanine

100 @ d-arginine

0 d-leucine

® d-methionine

0 d-tryptophan

@ Negative control

Mean colony count [x10% CFU/mL]
(s
o
:

Error bars: 2 SD

T T T
S. gordonii I S. oralis l S. sanguinis ]
S. mitis S. salivarius Mixed spp.
Fig. 1. Mean colony counts of S. gordonii, S. mitis, S. oralis, S. salivarius,
S. sanguinis, and mixed species after the treatment with d-amino acids
(dAAs) under static conditions

* significant decrease in adhesion compared to the negative control
(p < 0.05). Error bars represent standard deviation (SD).

200 .
® d-alanine

@ d-arginine

0 d-leucine

150 @ d-methionine

0 d-tryptophan

® Negative control
100

sod & N HEy -

Mean colony count [x105 CFU/mL]

Error bars: 2 SD

S. gordonii S. oralis
S. mitis S. salivarius

S. sanguinis
Mixed spp.

Fig. 2. Mean colony counts of S. gordonii, S. mitis, S. oralis, S. salivarius,
S. sanguinis, and mixed species of preformed biofilms after the treatment
with dAAs

* significant decrease in viable biofilm biomass compared to the negative
control (p < 0.05). Error bars represent SD.
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d-ala, d-arg, d-leu, d-met, and d-try resulted in a signifi-
cant reduction in biofilm biomass for all test strains and
their mixed species biofilms (all p-values <0.05).

Discussion

The oral cavity contains hundreds of different micro-
organisms, including bacteria, viruses and fungal species.
Many of these microorganisms can associate with one
another to form biofilms, which makes these organisms
more resistant to mechanical stress and antibiotic agents.

The formation of oral biofilm is a dynamic process.
Once the tooth surface has been cleaned, it is exposed to
the fluid environment of the buccal cavity, which causes
the adsorption of a thin layer of the acquired pellicle. This
pellicle consists of saliva glycoproteins, mucins, statherin,
agglutinin, etc.’ The pellicle coating alters the net surface
charge and free energy of oral surfaces, thereby promoting
the adhesion of initial colonizers.?’ The most prevalent
early colonizers of dental surfaces are Gram-positive fac-
ultative anaerobes, including Streptococcus spp. (S. mitis,
S. oralis, S. salivarius, S. gordonii, S. sanguinis, etc.)
and Actinomyces spp. These colonizers provide a base-
ment surface for further progression of the oral biofilm.
Once the early colonizers have attached to the dental sur-
face, the biofilm develops through continued growth and
subsequent adsorption of late colonizer species via coag-
gregation.' Since the transition from a healthy commen-
sal flora towards a pathogenic flora is mediated by the
progression from the initial colonizing streptococci and
bacilli to the secondary colonization of late colonizers, ef-
fective control of oral biofilm formation relies on the re-
moval of early colonizers from oral surfaces.?! With the
increased knowledge of oral biofilms, efforts to develop
cost-effective, non-toxic and successful anti-biofilm strate-
gies led to the identification of some possible biofilm con-
trol strategies. These include increasing the accessibility
of antimicrobial agents to the biofilm by weakening the
microbial biofilm structure, so that the action of the anti-
microbial agent is more effective.??

Few reports point to the effects of inverted AAs on
microbial biofilms. In 2010, Kolodkin-Gal et al. reported
that dAAs prevent biofilm formation of Staphylococcus
aureus, Bacillus subtilis and Pseudomonas aeruginosa by
disassembling its components.® Another in vitro study
conducted by Zilm et al. revealed the anti-biofilm effect
of dAAs on Enterococcus faecalis biofilms in the presence
of routine antimicrobials.??

The current study is among a select few which evalu-
ate the effects of biofilm dispersal of inverted AAs (i.e.,
d-ala, d-arg, d-leu, d-met, and d-try) and their mixtures
along with their antimicrobial and anti-adhesive proper-
ties using 5 early colonizing Streptococcus spp. (S. mitis,
S. oralis, S. salivarius, S. gordonii, and S. sanguinis).
Previous studies have shown that dAAs do not cause any
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damage to the cell wall or any other cellular component.
Rather, they only lead to modifications in the synthesis
of peptidoglycan, a cell wall component. D-amino acids
alter the chemical composition, strength and concentra-
tion of peptidoglycan by incorporating into the polymers
via regulating enzymes related to peptidoglycan synthesis
and modification. Since the effect of dAAs is only limited
to cell wall components and it does not cause any damage
to cytoplasmic compartments, the tested dAAs did not
show any bactericidal or bacteriostatic effects on the test
strains.?*

However, the adhesion of S. mitis and S. oralis to the
polystyrene surface was significantly reduced by all tested
dAAs. The adhesion of S. salivarius was affected by all
tested dAAs, with the exception of d-arg. The adhesion
of S. sanguinis was not affected by d-ala, d-arg or d-leu.
Furthermore, no dAA had a negative effect on the adhe-
sion of S. gordonii. Interestingly, the adhesion of mixed
species co-cultures was significantly diminished by
all tested inverted AAs at a concentration of 25 mM.
Although the adhesion of some pure cultures was not
significantly reduced, this finding is of great importance,
given that the oral microbial biofilms are polymicrobial
in nature.

On the other hand, the cell density of mature 24-h bio-
films of early colonizers was quantified after 5 min of ex-
posure to 25-mM solution of dAAs using the CFU assay.
The CFU assay demonstrated a significant reduction in
the viable biofilm cell mass for treated biofilms, indicating
the ability of the inverted AAs to disassemble the biomass.
The mechanism of action of dAAs in inhibiting or dis-
assembling biofilms remains unclear. Some reports sug-
gested that dA As interfere with cellular protein synthesis,
replace d-ala in the cell wall, or act as signaling molecules
that enable bacterial cells to adapt to the changing sur-
roundings.?>2

Conclusions

In conclusion, the current study showed that dAAs have
the potential to be used as a means of preventing the for-
mation of oral biofilm by inhibiting the adhesion of early
colonizers. Further toxicology studies and experiments
are recommended to determine the effect of dAAs on ma-
ture biofilm matrix before the use of dAAs as oral rinses
or oral care products.
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Abstract

Background. In Mexico and around the world, water in dental units, including triple syringes, comes from
municipal chlorinated water mains. The microbial contamination of dental unit water systems constitutes
a risk factor for opportunistic infections.

Objectives. The present work aimed to identify the bacteria present in the triple-syringe water lines
of dental units at a dental school of a public university in Mexico, with a hypothesis that opportunistic
bacteria of importance to human health would be found.

Material and methods. A cross-sectional study was carried-out. A total of 100 samples of triple-sy-
ringe tubing from dental units operated by a dental school of a public university in Mexico were analyzed
before and after their use in dental practice. Bacterial biofilm was cultured and isolated from the tubing,
using standard microbiological methods, and then the species present were identified through 765 rRNA
gene sequencing. The characterization of the biofilm was performed by means of scanning electron mi-
croscopy (SEM).

Results. Bacterial growth was observed in 20% of the non-disinfected and 10% of the disinfected sam-
ples, with 11 strains isolated. Six genera and 11 bacterial species were genetically identified. Coagulase-
negative staphylococdi (CoNS), considered opportunistic human pathogens, were among the most critical
microorganisms. Scanning electron microscopy revealed a thick polymeric matrix with multiple bacterial
aggregates.

Conclusions. Opportunistic bacteria from human skin and mucous membranes were detected. Under normal
conditions, these hacteria are incapable of causing disease, but are potentially harmful to immunosuppressed
patients.
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Introduction

Biofilm formation and microbial growth in the water
lines of dental units result in a great amount of microor-
ganisms in the water used for cooling, cleaning and ul-
trasonic treatment in dentistry.! In Mexico and various
places worldwide, water in dental units, including triple
syringes, comes from municipal chlorinated water sup-
ply.2 Municipal water harbors free planktonic bacteria,
fungi, viruses, protozoa, unicellular algae, amebae, and
nematodes, and this diversity produces multi-species bio-
film. The intensity of the water flow, stagnation for more
than 12 h, temperature, and the type of piping all contrib-
ute to biofilm formation and consolidation.?

There are few regulations to determine the acceptable
level of bacteria in these environments. In Mexico, it is stat-
ed that with regard to human use and consumption, water
must not contain fecal coliform bacteria or other microor-
ganisms considered pathogenic.* Furthermore, it is recom-
mended that the amount of heterotrophic bacteria in water
does not exceed 200 colony-forming units (CFU) per mil-
liliter for the water to be acceptable in dental practice.” Al-
though many microorganisms are not detected in the unit
inlet water, differences in the number and variety of micro-
organisms have been found in the outlet water, suggesting
other forms of contamination, from sources such as water
tanks and cisterns that supply water to dental units, bottled
water used as deposits for dental units,® or finally the pa-
tient’s or operator’s skin.” In Mexico, water contamination
has been detected in the conduction lines of dental units in
studies carried out in dental schools.®?

Biofilm bacteria secrete exopolysaccharides that protect
them from disinfectants and antibiotics, allowing them to
adhere to surfaces and acquire nutrients. The microor-
ganisms located on the outermost part of the biofilm and
fragments of the biofilm themselves can be carried by the
water flow or spread by aerosols from dental work, and
cause cross-contamination and infection in both healthy
and immunocompromised individuals.®

Therefore, the present work aimed to identify the bacte-
ria present in the triple-syringe water lines of dental units
at a dental school of a public university in Mexico. It was
hypothesized that opportunistic bacteria of importance
to human health would be found in the collected samples.

Material and methods

A cross-sectional study was carried out. A total of 50
dental units from 2 postgraduate clinics of a public uni-
versity in Mexico (25 from an endodontic clinic and 25
from a pediatric dentistry clinic) were examined. For this
purpose, 100 triple-syringe tube segments were obtained
and segregated as follows:

— disinfected samples (n = 50): The triple-syringe tubing
was disinfected by passing through a 2% sodium hypo-
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chlorite solution for 2 min and letting it stay overnight.

The following day, the municipal water stored in a cis-

tern was allowed to run for 2 min, and 5-centimeter

tubing samples were taken;

— non-disinfected samples (# = 50): The samples of were
obtained from the same dental units, but without prior
disinfection; they were taken after 3 weeks of continu-
ous use, following standard clinic protocols.

For sampling, the external surfaces of the tubes were
cleaned with 70% alcohol. The tubes were cut with a ster-
ile scalpel, obtaining two 2.5-centimeter-long sections for
bacteriological and microscopic studies. The ends of the
cut sections were heat-sealed to keep the interior intact
until seeding. Each sample was placed in a sterile bag, and
no more than 5 h elapsed until analysis.

Bacterial isolation

The biofilm was sampled using sterile swabs. The
samples were inoculated in Petri dishes with the selec-
tive culture media — Brain-Heart Infusion (BHI) Agar
(BD Bioxon™, cat. No. 214700; BD, Franklin Lakes,
USA), Pseudomonas Agar (cat. No. 244820; BD) and
Enterococcus Agar (cat. No. 274620; BD). All plates and
the 3 culture media included were incubated at 37°C for
24—48 h. Colonies that developed were isolated and pu-
rified to establish their macroscopic morphology. Gram
staining was performed to determine the microscopic
morphological characteristics.

Bacterial identification by 76S rRNA gene
sequence analysis

The genetic identification of the strains was performed
by sequencing the 16S rRNA gene. Biomass for this pur-
pose was obtained by inoculating pure cultures in BHI
Agar through mass streaking. The cultures were incu-
bated for 48 h at 37°C. The biomass was then recovered
by scraping the bacterial growth. Bacterial DNA was ex-
tracted using the Wizard Genomic® DNA Purification Kit
(cat. No. A1120; Promega Corporation, Madison, USA) ac-
cording to the manufacturer’s instructions.

Once the DNA was obtained, the 16S rRNA gene was
amplified through polymerase chain reaction (PCR). The
reaction mixture consisted of 3 pL of template DNA,
0.20 pL of the MyTaq polymerase mix (5 U/uL, 5 mM
dNTPs (deoxynucleotide triphosphates), 15 mM MgCl,)
(cat. No. BIO-21105; Bioline, London, UK), 2.5 pL of the
reaction buffer, and 2.5 pL (1 uM) of each primer. The fol-
lowing nucleotide sequences were used as universal prim-
ers: 27f: 5-AGTTTGATCMTGCTCAG-3’; and 1492r:
5-TACGGYTACCTTGTTACGACTT-3.

Thermal cycling conditions for gene amplification
were as follows: an initial denaturation cycle for 5 min
(at 94°C); denaturation for 1 min (at 94°C); annealing for
30 s (at 59°C); and extension for 1 min (at 72°C). In total,
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30 cycles were repeated, and the final extension cycle was
performed for 10 min (at 72°C).

The amplified fragments were observed using 1% aga-
rose gel (Pronadisa, cat. No. 8100.10; Condalab, Madrid,
Spain) stained with ethidium bromide (cat. No. E7637-
1G; Sigma-Aldrich, St. Louis, USA). Electrophoresis was
performed at 120 V for 40 min. Subsequently, the ampli-
fication products were purified using the Amicon® Ul-
tra centrifugal filtration kit (cat. No. UFC500308; Merck
Millipore, Burlington, USA) and sent to Macrogen USA
(Macrogen Sequencing Service; Macrogen, Rockville,
USA) for sequencing.

The obtained sequences were analyzed and corrected
using the ChromasPro, v. 2.6.4 (Technelysium Pty Ltd.,
South Brisbane, Australia), and BioEdit, v. 5.0.9,'° pro-
grams. The consensus sequences were compared with
the sequences deposited in the National Center for
Biotechnology Information (NCBI) GenBank, using the
Basic Local Alignment Search Tool (BLAST) and the
EzBioCloud public database.

Characterization of the biofilm

For the morphological characterization of the bio-
film, 0.5-millimeter sagittal sections were cut. The sam-
ples were fixed in 0.1% glutaraldehyde, washed twice in
0.2 M cacodylate buffer at 4°C and dehydrated by in-
creasing ethanol concentrations (from 30% to 100%).
They were then dried overnight in hexamethyldisilazane
(HMDS) (Electron Microscopy Sciences, Hatfield, USA),
mounted in aluminum sample holders and coated with
gold-palladium. A scanning electron microscope (SEM)
(model 4000; Jeol, Tokyo, Japan) was used to examine the
samples.

Results

Of the total of 100 triple-syringe tube segments includ-
ed in this study (50 non-disinfected and 50 disinfected
samples), bacterial growth occurred in 10 (20%) of the
non-disinfected samples (6 samples from the endodontic
clinic (12%) and 4 samples from the pediatric dentistry
clinic (8%)). Moreover, growth was observed in 5 (10%)
of the disinfected segments (1 dental unit from the end-
odontic clinic (2%) and 4 from the pediatric dentistry clin-
ic (8%)). Bacterial growth was observed in the BHI and
Pseudomonas media, although no growth was detected in
the Enterococcus medium in either sample type. Howev-
er, a representative of the genus Enterococcus was isolated
in the non-selective culture medium.

Finally, the microscopic and macroscopic analysis
identified 11 strains, of which 7 (64%) were from the
non-disinfected samples and 4 (36%) from the disin-
fected samples, including 5 Gram-positive bacilli (one
of them spore-forming) (45%), 3 Gram-positive cocci
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(27%) and 3 Gram-negative bacilli (27%), which were
chosen for genetic identification by 16S rRNA gene se-
quencing (Table 1).

Six genera and 11 bacterial species were detected:
Carnobacterium viridans; Staphylococcus epidermidis;
Staphylococcus  capitis  subsp  urealyticus; Bacillus
gottheilii; Staphylococcus hominis subsp hominis; Niallia
circulans; Bacillus safensis; Enterococcus quebecensis;
Bacillus  pumilus;  Pseudomonas  fluorescens; and
Acinetobacter Iwoffii (Table 1).

A total of 64% of the identified species are opportunistic
human pathogens, namely S. epidermidis, S. capitis and
S. hominis (coagulase-negative staphylococci (CoNS)),
N. circulans, B. pumilus, P. fluorescens, and A. lwoffii
(Table 1).

Regarding the characterization of the biofilm by SEM,
a random sample of the 5 disinfected tubes that showed
bacterial growth was analyzed (40%). In some disinfect-
ed samples, there was no evidence of biofilm formation
(Fig. 1A), while other disinfected samples showed biofilm
formation (Fig. 1B-D).

Three random samples were analyzed from the 10 non-
disinfected tubes that showed bacterial growth (30%). The
non-disinfected samples showed a thick polymeric matrix
layer (Fig. 2A,D,E). The detected biofilm comprised bac-
teria with coccoid and bacillary morphology (Fig. 2B,C),
and numerous diatoms (Fig. 2F).

Discussion

The present quantitative study was conducted to evalu-
ate contamination in triple-syringe tube sections of den-
tal units. According to the study design, half of the tube
sections were not disinfected, while the other half were
previously disinfected with a 2% hypochlorite solution
for 2 min. Despite prior disinfection, 5 dental units were
found to be contaminated, as demonstrated by bacterial
growth in the cultures and Gram staining, which was also
confirmed by API (Analytical Profile Index) test galleries
(data not shown). It was hypothesized that microorgan-
isms would persist despite disinfection, since hypochlo-
rite can reduce bacterial counts by preventing bacterial
penetration into deeper layers by reacting with the sur-
face organic matrix,” but it does not eliminate bacteria
adhering to the surface of the tubes in the form of biofilm.
A better understanding of the ecology of biofilm in water
lines is needed to control biofilm formation.

According to Hoogenkamp et al., in a system such as
the water lines of dental units, it is necessary that first
biofilm with bacteria of the vital liquid itself is estab-
lished so that the colonization of bacteria of non-aque-
ous origin can subsequently occur.!! This study identified
bacteria previously reported in the aquatic environment
or as environmental contaminants that are not patho-
genic for humans.
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Fig. 1. Photomicrographs of disinfected triple-syringe tubes

A - no evidence of biofilm formation (x100); B-D - evidence of biofilm formation (x500, 1,000, x2,000, respectively).

Fig. 2. Photomicrographs of non-disinfected triple-syringe tubes

A - extracellular polymeric matrix of biofilm and the bacteria separated
by interstitial spaces (x3,500); B - bacilli (x5,000); C — cocci (x7,000);

D - biofilm matrix and bacterial aggregates (cocci and bacilli) (x2,500);
E - biofilm with a dense extracellular polymeric matrix (x5,000);

F — diatoms (microscopic unicellular algae) (x10,000).

For example, E. quebecensis, unrelated to fecal contami-
nation, was isolated from a water well in Canada.? Since it
is considered a species typical of the aquatic environment
free of contamination, its presence in the evaluated water
lines is probably “an unusual finding” Moreover, we detect-
ed B. gottheilii, a species described in 2013, isolated from
a pharmaceutical manufacturing site, the environmen-
tal implications of which have not yet been elucidated.!®
Therefore, we report its presence in dental unit water lines.
Also, B. safensis was identified; it is widespread in almost
the entire aquatic and terrestrial environment.!* The bacil-
lus N. circulans, an extraordinary exopolysaccharide pro-
ducer,’ probably promoted biofilm growth in the studied
water lines. A related species, B. pumilus, was also present
in the dental unit water lines, and consequently, we could
consider these bacilli as “normal” environmental contami-
nants in the odontological ecosystem. However, this does
not imply that these species are not pathogenic for humans.
The specific case of B. pumilus has been associated with
septic arthritis, food intoxication, food-borne gastroenteri-
tis, septicemia, peritonitis, and ophthalmitis.!>*¢
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As mentioned, once biofilm typical of the aquatic envi-
ronment is established, it begins to colonize with bacteria
of other origin. We detected bacteria from human skin and
mucous membranes, such as S. epidermidis,\’ S. capitis and
S. hominis.’®2! All these species are CoNS, considered op-
portunistic bacteria composed of genes encoding adhesive
factors and biofilm production factors, hemolysins, and
exoenzymes.'819

Coagulase-negative staphylococci, in general, can af-
fect inpatients and outpatients, those on dialysis,??> new-
borns,?® cancer patients,?’ transplant or transfused pa-
tients,?* those with autoimmune diseases or diseases such
as acquired immune deficiency syndrome (AIDS),* and
those with chronic diseases,? particularly diabetes.?2
The sources of contamination have been identified as
skin (of the axillae, perineum and groin), membranes (of
the nasal and respiratory tract)?” and oral cavity (in both
healthy and non-healthy children); CoNS are also present
in patients with malignant diseases.?® The bacteria have
also been detected in human clinical specimens, purulent
material, milk, and, less frequently, in blood.?®

Niallia circulans, formerly called Bacillus circulans,® is
mainly considered an opportunistic pathogen in immu-
nocompromised patients.>! However, many non-immu-
nocompromised infections have been described, such as
endophthalmitis,?? mixed abscess,?! peritonitis,?® wound
infection,®* meningitis, and endocarditis.?® Specific stud-
ies on the presence of this bacterium in dental settings
and its correlation with non-immunocompromised infec-
tions are needed.

In the case of P, fluorescens, this bacterium is not gener-
ally considered a human pathogen.® It is widely studied
for its role in the soil and the rhizosphere, but with the
use of culture-independent methods, it has been found
to possess several functional characteristics that enable it
to inhabit mammalian hosts.?® It has been described as
causing bacteremia in humans, and reports have identi-
fied it in respiratory samples.?® It is important to monitor
the presence of this bacterium, which tends to be environ-
mental, but can easily colonize humans, with the conse-
quences still unknown.

Within the group of bacteria detected as human patho-
gens, A. Iwoffii was also found. This species is a Gram-
negative aerobic bacillus that is part of the microbiota
of the skin, oropharynx and perineum in about 20-25%
of healthy people.®® However, it is currently reported as
an emerging pathogen associated with gastritis** and in-
fections in neonatal intensive care units (ICUs).*! Studies
such as ours, in which emerging pathogens are reflected,
aid in recognizing that dental units could be reservoirs
of these microorganisms and, at some point, contaminate
the dental work environment. Moreover, access to dental
units with retrosuction valves or antibacterial materials is
almost impossible in many countries, including Mexico.
It is necessary to resort to low-cost resources to curb the
possibility of cross-infection in the dental area.

N. Ramirez-Durdn et al. Opportunistic microorganisms and triple-syringe tubing

Environmental factors, including soil, contaminated food,
sewage, and animal feces, also contribute to contamina-
tion.*2 The sources of contamination in dental offices in-
clude microorganisms from the normal human skin flora
of the dentist and the office staff, aerosols from patients,
contamination from surfaces the operator is in contact with
while caring for the patient, and biofilm from dental unit
drive systems, the formation of which is favored by warm
temperatures and periods of unit inactivity.> The water tanks
of dental units supplied with distilled water have been identi-
fied as harboring various pathogenic and opportunistic mi-
croorganisms. In our study, we only observed the following,
probably due to the type of sample used: S. epidermidis; P
fluorescens; and Staphylococcus saprophyticus.*®

Specifically, S. epidermidis is a typical member of the
human epithelial microbiota and one of the most frequent
nosocomial pathogens. It can adhere to surfaces and form
biofilm that protects it from antibiotics and host defenses;
it can also detect the presence of antimicrobial peptides
and respond with important defense mechanisms.*-%¢
While this species does not usually cause harm to hu-
mans, it can behave as a pathogen in immunosuppressed
patients. According to Heilman et al., S. epidermidis from
the CoNS group causes chronic foreign body-related in-
fections, increasing human morbidity and mortality, and
potentially posing a problem when caring for non-immu-
nocompetent patients in dental offices.!”

Studies evaluating the contamination of dental unit
piping systems have reported the presence of human
pathogenic microorganisms.2 The contamination degree
and the identified bacterial genera depend on sociodemo-
graphic characteristics and the analyzed sample.347:48

In the present study, the microscopic characterization
of the biofilm was carried out to analyze the morphol-
ogy of the bacteria, the thickness of the biofilm, as well
as changes in the implantation mechanisms in the previ-
ously disinfected tubes. Biofilm formation was found to
be scarce, likely because little time elapsed between disin-
fection and measurement.

The detected biofilm showed a dense matrix with mor-
phologically distinct bacteria, suggesting the presence
of a complex structure that probably represented a rem-
nant of mature biofilm that was not adequately removed by
the chosen disinfection method.!** This important find-
ing points to a problem to be solved; it confirms that it is
challenging to eradicate the biofilm formed in the aquatic
environment, as it can resist antimicrobial treatment.

An unexpected finding was the presence of diatoms.
They were identified through morphological analysis as
Nupela vitiosa, described by Potapova.*® Diatoms are rec-
ognized as one of the biological components of lotic sys-
tems most suitable for monitoring water quality in terms
of organic contamination. Their presence in most of the
evaluated dental units suggests the possibility of the con-
tamination of the water used in the unit dispensers, com-
ing from the Faculty of Dentistry cistern.>
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Limitations

With regard to the study limitations, we can report that the
number of CFU per milliliter (CFU/mL) was not quantified,
which would have helped establish whether the minimum
cleanliness conditions of the water entering and leaving the
dental units were met. We suggest implementing this analy-
sis in future research. Furthermore, it is necessary to evaluate
representative sections along the entire length of the pipeline
and the water tanks of dental units. Our inability to detect
biofilm by SEM in some units while finding it in others may
be due to the fixation medium, although glutaraldehyde has
previously been shown to be an effective fixative. Methacarn
and Carnoy’s solution have also been suggested as fixatives
that can preserve biofilm architecture more effectively.>® No-
tably, we only considered the analysis of the biofilm collected
using the swabbing method. However, we propose the use
of sonication as a complementary method to recover a more
significant number of bacterial species for future studies. It
is important to review the data on the municipal water used
in dental units and the aerosol output of dental instruments,
and correlate it with oral microorganisms in patients. Finally,
we propose further studies analyzing the mechanisms of bac-
terial resistance the reported species may have, which would
help elucidate their involvement in human disease.

Conclusions

The bacteria detected in the water lines of the dental
units included in this study are considered opportunistic
microorganisms from the normal microbiota of the skin
and mucous membranes, and the environment. Dental
unit water lines are critical elements, as there are many
procedures and devices in which they are used — cool-
ing, cleaning, sterilizing, or rinsing. This water must be
in the best possible condition. Studies such as this allow
new questions to be raised about particular microorgan-
isms that might be present in the dental environment.
Data on this topic should be updated until total biosafety
is achieved in the numerous protocols in which water is
involved in dental procedures.
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Review Board at the Center for Advanced Studies and
Research in Dentistry, School of Dentistry, Autonomous
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Abstract

The correlation between magnetic resonance imaging (MRI) signs and clinical findings has been high-
lighted in multiple studies. However, very little information is available on the correlation between the
bilateral temporomandibular joints (TMJs) of the same individual. The majority of efforts in the clinical
research setting have focused on the correlation between ipsilateral imaging and clinical findings, while
less attention has been paid to the contralateral imaging findings of the anatomical structures.

The objective of this paper was to review the existing literature that compares temporomandibular joint
(TMJ) magnetic resonance imaging (MRI) findings from both sides of the same individual.

In January 2024, a systematic search of the literature from major search engines (MEDLINE (PubMed),
Scopus) was conducted to identify all peer-reviewed English-language studies that presented an MRI
comparison of left and right TMJ data in the same patients. The articles were analyzed using a Population/
Intervention/Comparison/Outcome (PICO) format.

The search terms “temporomandibular joint” AND “magnetic” AND “resonance”yielded 2,561 results. Only
2 papers met the established inclusion criteria. The results of the papers included in the systematic review
were not comparable due to differences in the evaluation of the TMJs, which prevented a meta-analysis.
Manfredini et al. identified a statistical correlation between disc displacement, osseous changes (0C) and
joint effusion (JE) between the joints of the contralateral sides. Koca et al. observed a significant difference
in TMJ MRI findings between the painful and non-painful sides of each individual in a bruxism group and
a control group (p=0.001,p < 0.001 and p = 0.004, p < 0.001, respectively).

The studies on the correlation between the right and left TMJs remain scarce. A comparative analysis of the
2 sides of the TMJ in individual patients is rarely reported. The review did not identify a common result for
the findings of the contralateral TMJs in the 2 articles included.

Keywords: magnetic resonance, temporomandibular joint disorder, bilateral evaluation
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Introduction

The temporomandibular joint (TM]) is a fundamen-
tal structure of the stomatognathic system and is com-
posed of several components, including the articular
fossa, articular eminence, disc, and mandibular con-
dyle. When there is an issue with the TMJ and/or the
masticatory muscles, the resulting musculoskeletal
symptoms are known as temporomandibular disorders
(TMD).}2 Temporomandibular disorders are the most
common non-odontogenic cause of orofacial pain and
include cardinal symptoms such as pain, limited jaw
movement and joint noises, which may have a negative
impact on an individual’s quality of life.3

The use of medical imaging is important for the dif-
ferential diagnosis of TMD. Consequently, studies on
the correlation between imaging and clinical findings
are of paramount importance in order to gain a better
insight into an effective prescription. Although con-
ventional radiography can provide images of the TM]
bony components, it offers a bidimensional evaluation
that is often obstructed by other parts of the cranium.
Currently, cone beam computed tomography (CBCT)
and magnetic resonance imaging (MRI) have emerged
as the reference imaging techniques.*® In particu-
lar, MRI is the gold standard for visualizing soft tis-
sues of the TMJ] and the presence of joint effusion
(JE).” With recent advancements in MRI hardware and
techniques, dynamic imaging is now possible for MRI
of TMD with significantly improved image quality.®®

The correlation of MRI signs with clinical findings
has been highlighted in multiple studies.!®-1* However,
very little information is available on the correlation
between the bilateral TMJs of the same individual.’®
The majority of efforts in the clinical research setting
have been directed towards investigating the correla-
tion between ipsilateral imaging and clinical findings,
while less focus has been put on the contralateral
imaging findings of the anatomical structures. The
ability to identify imaging signs associated with specific
findings in the joints on the opposite sides of the body
is potentially important from a clinical-pathological
perspective, as it contributes to understanding the
clinical relevance of specific imaging signs with
respect to the presence of symptoms.'>!® This is
especially interesting when considering that the TM]Js
are a unique example of connected units.!” Based on
these premises, the intent of this manuscript was to
systematically review all of the publications correlating
right and left TM]Js in the same individual. The primary
objective of the review was to assess the relationship
between TM] disorders diagnosed using MRI of the
joints of both sides of the same individual.

N.G. Sorrenti et al. Correlation between bilateral TMJ MRI findings

Material and methods

Search strategy

A systematic search of the literature was conducted
to identify all peer-reviewed English-language articles
that were crucial for the topic of the review: the inves-
tigation of right and left TMJs in an individual patient
by means of MRI. As a starting point, we conducted
a search using Medical Subjects Headings (MeSH)
terms in the National Library of Medicine, MEDLINE
(PubMed) database. The following terms were adopted
and inserted in the search bar: “temporomandibular
joint” AND “magnetic” AND “resonance” (“temporo-
mandibular joint” [MeSH terms] OR (“temporoman-
dibular” [all fields] AND “joint” [all fields]) OR “tem-
poromandibular joint” [all fields]) AND (“magnetic
resonance spectroscopy” [MeSH terms] OR (“magnetic”
[all fields] AND “resonance” [all fields] AND “spectro-
scopy” [all fields]) OR “magnetic resonance spectro-
scopy” [all fields] OR (“magnetic” [all fields] AND
“resonance” [all fields]) OR “magnetic resonance”
[all fields]). The results were sorted using the Best
Match research engine filter. Next, an article screening
strategy was implemented by excluding all the articles
whose titles were not relevant to the search query.
Subsequently, additional publications were excluded
based on their abstracts, while the remaining articles
were ultimately excluded following a full-text review.
Finally, the search was expanded through the use of the
“PubMed related articles” section and a manual search
of the Scopus database.

Inclusion criteria

The following inclusion criteria were applied: arti-
cles written in English; articles presenting the investi-
gation of TM]Js through the use of MRI; articles corre-
lating findings or specifically reporting findings from
the 2 contralateral sides at the individual level.

Exclusion criteria

The following publications were excluded from the
analysis: systematic reviews or meta-analyses; non-
systematic reviews; case reports; studies reporting
data from previous publications; opinion papers; let-
ters to the editor; and articles published before the
year 2000.

Selection of participants

The participants of the included studies were adults
of both genders diagnosed with any type of TMJ dis-
order. The individuals underwent an MRI examination
of both TMJs.
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Structured reading

A Population/Intervention/Comparison/Outcome (PICO)
strategy was employed to read and investigate the selected
articles. The study population (“P”) was described in
every article according to the inclusion criteria, the demo-
graphic features of the sample and the sample size. The
study intervention data (“I”) was collected based on all
procedural characteristics of the study, including the type
of intervention/experiment, assessment instruments and
statistical analysis. The presence of a comparison group
(“C”), such as a control group or another comparison sub-
set among the patient population, was documented with-
in the comparison criterion. The study outcome (“O”) was
evaluated in light of the need to assess a potential rela-
tionship between the TM]Js of the left and right sides with-
in the same patient. Given the extensive temporal range
of the articles selected for the review, it was not feasible to
structure the review according to the PICOT framework,
where “T” represents the time frame.

Two of the authors participated in the stepwise search
process (NGS and FS), independently reviewing titles
and abstracts of all articles and then conducting a full-
text screening. Two authors (MV and AC) supervised the
activity and intervened in cases of uncertainty regarding
the potential inclusion of an article or data interpretation.
Once the review team had reached a consensus on the
articles to be included in the review, the main reviewer
(NGS) proceeded to perform data extraction based on the
abovementioned PICO strategy. The initial plan was to
conduct a meta-analysis of the data in the event that suf-
ficient and homogeneous material was retrieved.

Estimation of the quality of studies

Grading of the level of evidence was based on the
work of David Sackett and his team, as described by
Richardson.!® The classification made by Sackett et al.! is
presented in Table 1.

Results

The literature search yielded 2,561 results, of which
2,020 were excluded due to duplication. Of the 541
remaining articles, only 7 were deemed potentially suit-
able for inclusion based on the assessment of abstracts.
All 7 articles were read in full, and two'>?® matched the
eligibility criteria and were included in the study (Fig. 1).

The main characteristics of the included articles are re-
ported in Table 2.

Diagnostic equipment and MRI type

In both studies,’?° 1.5 Tesla MRI scanners from 2 dif-
ferent manufacturers (GE Medical Systems, Buc, France;
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Table 1. Levels of evidence based on the study by Sackett et al.””

Level .
StUdy deSIg i

| - systematic reviews of RCTs
- large RCTs (with narrow confidence intervals) (N > 100)

- systematic reviews of cohort studies
Il - outcomes research (very large ecologic studies)
- small RCTs (with wide confidence intervals) (N < 100)

- cohort studies with a concurrent control group

Il . : ;
- systematic reviews of case-control studies

- cohort studies without a concurrent control group
(e.g., with a historical control group)

- case series

- case-control studies

- expert opinion case studies or report bench research
\% - expert opinion based on the theory of physiologic research
- common sense/anecdotes

RCT - randomized controlled trial.

Identification of studies via databases

c Records Records removed
.% identified from: > Dbef::)retscreeni:;g:
S - @ Duplicate records
& o Databases (n = 2,561) removed (n = 2,020)
c
[
2 ¢
Records screened Records exclu_ded through
(n=541) — | abstract and title analysis
=] (n=534)
£
: ¢
@
<
3 Reports excluded:
Reports assessed e no correlation between
for eligibility = 5 TMJsides in
(n=7) the individual patient
— (n=5)
u ¢
[
s
= Studies included
£ in the review
(n=2)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flowchart of article selection process

Siemens Healthcare GmbH, Erlangen, Germany) were
involved in the diagnostic process. Both publications
employed T1- and T2-weighted sequences for the evaluation
of patients. In both studies,'®?° participants underwent
MRI analysis with open and closed mouth positions.

Study population

A total of 478 patients (300 female) were included in
the 2 studies. The patients exhibited a range of TMD,
and in both investigations, the following findings were
evaluated: disc position; disc morphology; and osseous
changes (OC).1*2° Additionally, both Manfredini et al.!®
and Koca et al.? investigated the presence of effusion and
fluid accumulation.
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Table 2. Summary of the selected studies based on the Population/Intervention/Comparison/Outcome (PICO) framework

Comparison of the 2 TMJs

Outcome

Year of publication 2014
Country [taly
total Qumber 199
of patients
Population inical
cinical TMJ pain and dysfunction
diagnosis
diagnostic 1.5 Tesla
equipment (GE Signa Contour; GE Medical Systems, Buc, France)
) statistical multivariate permutation test with Tippett's combination
Intervention ) ) ) 3 2
analysis method, single-variable correlation matrix, x* test
MRI type sequential gradient echo T1-weighted and fast STIR

T2-weighted bilateral images for open and closed mouth

superior (normal) disc position, DDR, DDNR, presence or
absence of osteoarthritis, presence and type of effusion
(inflammatory fluid accumulation)

- correlation between the presence of DDNR and osseous
changes at the same side

- the same pattern of MRI signs is expected to characterize

2 sides of the TMJ

2024
Turkey

279

TMJ pain and dysfunction

1.5 Tesla Symphony or Avanto MRI instruments
(Siemens Healthcare GmbH, Erlangen, Germany)

Kolmogorov-Smirnov test, Mann-Whitney U test, x? test,
Cohen's kappa test

T1- and T2-weighted sequences for open and closed mouth

anterior DDR, anterior DDNR, posterior disc displacement,
normal or abnormal articular disc morphology, condylar
degeneration, presence and type of effusion
(inflammatory fluid accumulation)

- significant differences in disc position, disc form, condyle
shape, and effusion between the sides with and without
pain for both control (p < 0.001) and bruxism groups
(p=0.001, p <0.001, p=0.004, and p < 0.001, respectively)

MRI = magnetic resonance imaging; TMJ — temporomandibular joint; STIR - short tau inversion recovery; DDR - disc displacement with reduction;

DDNR - disc displacement without reduction.

Quality of studies

Table 3 presents the level of evidence for the 2 selected
studies. The level of evidence was considered medium-
low (III), given that both papers were cohort studies with
a control group.132

Comparison of right and left TMJs

Koca et al. compared TMJ MRI findings between pain-
ful and non-painful sides in TMD patients, distinguishing
between bruxers and non-bruxers.? Significant differences
in the disc/condyle structure and effusion were present
between the painful and non-painful sides of each patient
(p < 0.05). The study demonstrated an increased prevalence
of anterior disc with reduction, anterior disc without reduc-
tion, and effusion in patients exhibiting an abnormal disc/
condyle relationship on the painful side, regardless of the
group they belonged to (bruxism or no bruxism group).
Manfredini et al. compared MRI signs on the left and right
sides of the TMJ.!? The study found that if a specific diagno-
sis was present on one side, it was likely to be present on the
opposite side as well. However, the study did not report on
patient symptoms. The correlation level was moderate for
disc displacement with reduction (DDR) (R = 0.47) and OC
(R = 0.50). Additionally, the study found negative correla-
tions between OC and JE, as well as between DDR and disc
displacement without reduction (DDNR) in the opposite
joint. The results of the global multivariate permutation test
with Tippett’s combination method indicated that the null
hypothesis of independence between the diagnoses of the 2
sides was rejected in favor of the hypothesis of positive global

Table 3. Level of evidence of the selected studies

Level of evidence
Manfredini et al."? i ‘

‘ Koca et al2° ‘

association at the a significance level of 0.001. The adjusted
p-values exceeded the significance level, with the exception
of the tests where a specific symptom on one side was com-
pared with the same symptom on the other side.

Statistical analysis

Due to the limited number of available studies, it was
not feasible to perform a meta-analysis for the purposes
of this systematic review. Instead, a descriptive analysis
of the studies was conducted.

Discussion

The distinctive characteristics of the TMJs have posed sig-
nificant challenges to their study, necessitating the develop-
ment of tailored approaches. In fact, the coordinated action
of the right and left joints ensures the forward movement
of the entire anatomical structure. Given that the 2 TMJs are
non-disjointed structures, an interesting issue arises regard-
ing the potential for pathologies in one joint to also affect the
contralateral joint.2*2122 To date, there has been a paucity
of studies addressing the concurrent contralateral findings.?>?*
Indeed, the majority of literature on TMD describes individ-
ual cases and focuses on the correlation between clinical and
imaging results rather than on the bilateral joint findings.>
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This paper presents a review of the articles that best ad-
dress the topic of contralateral findings. In analyzed stud-
ies,320 the participants were selected based on their TMD
symptoms, even if some differences in the recruitment
strategies prevented the findings from being combined.
Indeed, Koca et al. included patients with unilateral pre-
auricular pain and divided them into those with and with-
out bruxism.?’ Manfredini et al. did not provide any in-
formation on the concurrent presence of pain symptoms,
which was beyond the scope of that paper.!® Both investi-
gations employed similar 1.5 Tesla MRI machines for the
evaluation of the TMJs. Images were acquired with the
patient in the position of maximum mouth opening and
with the mouth closed.

A previous study conducted by Takahara et al. revealed
significant associations between pain, disc displacement,
effusion, and degenerative changes.?® In the research car-
ried out by Koca et al, the frequencies of intraarticular
degenerative changes, effusion, DDR, and DDNR were sig-
nificantly higher on the painful side of each patient com-
pared to the non-painful side in both the control and brux-
ism groups.? In accordance with previous studies,*”?8 the
findings of Koca et al.” revealed that the frequencies of ab-
normal disc/condyle relationships were significantly higher
on the painful side of each patient in both the control and
bruxism groups in comparison to normal disc/condyle
relationships (p < 0.05). Additionally, significant differences
were observed in the disc/condyle structure and effusion
between the painful and non-painful sides of each patient
in both groups (p < 0.05).%° In a study by Manfredini et al.,
it was found that diagnoses on one side of the TM] were
usually associated with the same diagnoses on the other
side, pointing to a mutual interaction between the joints
on opposite sides of the body.!® This is consistent with the
theory that an imbalance between the loads exerted on the
joint (such as prolonged jaw clenching) and the joint re-
sistance (structural anatomy) can affect the TM]Js bilater-
ally.!” This finding is a novel addition to the literature on
the need to report the results of clinical assessments of the
bilateral joints.2>?* A study conducted by Gériirgoz et al.
on the TMJs of 258 patients using CBCT revealed that 209
out of 258 cases had bilateral condylar bone changes.? The
same study found no statistically significant difference be-
tween the types of degenerative changes on the right and
left TMJs, as determined by McNemar’s test (p = 0.668).
This supports the findings of Manfredini et al., which dem-
onstrated an association between the diagnoses assigned to
both TM] sides.

In addition, both studies!®>? identified a correlation be-
tween DDNR and degenerative disease within the same
joints. This supports the idea that the TM] disc plays a pro-
tective role in preventing remodeling or damage to the ar-
ticular bone structures. According to several papers,3°-32
long-lasting displacement of the disc is associated with
degenerative changes in the bone. As both studies are ob-
servational in nature, it is not possible to determine the
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causative factor responsible for joint degeneration origi-
nating from DDNR. However, the presence of DDNR may
increase the risk of osteoarthrosis in the TMJs.33

This review focused on radiological signs observed on MRI
scans of both sides of the TMJ. However, the conflicting re-
sults between the 2 included studies make it difficult to reach
consistent conclusions. This may be due to the different cri-
teria adopted for patient recruitment. The discrepancies in
the selection of the study group, especially in the study by
Koca et al., where 40.1% of the patients did not have bruxism
or other systemic pathologies that could have led to joint de-
generation, may have contributed to the partial inconsistency
of the findings.?® On the other hand, Manfredini et al. did not
provide any details regarding bruxism behaviors in the study
group.!® Therefore, further investigation is needed to deter-
mine whether and how prolonged bruxism activities may
influence the contralateral findings. From a clinical perspec-
tive, it is important to consider the presence of symptoms
on one or both sides when interpreting the results of these
studies. The prevalence of unilateral and bilateral clinical
TMD symptoms and their frequency in patient populations
have not yet been determined.? It is plausible to suggest that
certain patients may exhibit identical MRI findings on both
sides despite experiencing symptoms on only one side, or
the opposite may be true. This hypothesis is consistent with
prior research indicating that the level of agreement between
clinical and imaging diagnoses is not always flawless. Future
research is required to ascertain the significance of imaging
signs in the absence of clinical symptoms.

Conclusions

The limited number of papers and partially conflicting
results precluded any definitive observation about the
correlation between the 2 sides of the TMJ. It is a com-
mon practice in the international literature to consider
only 1 TMJ for clinical research studies, as evidenced by
the majority of publications. In light of these consider-
ations, further research on the topic of contralateral find-
ings is necessary in order to expand knowledge on the
clinical relevance of MRI data.

Ethics approval and consent to participate

Not applicable.

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
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Abstract

Background. Stroke is among the leading causes of morbidity and mortality. Chronic inflammatory con-
ditions may lead to atherosclerosis and a subsequent stroke.

Objectives. This systematic review and meta-analysis aimed to review the association of periodontitis
and gingivitis with stroke.

Methods. An electronic search of PubMed, Ovid EMBASE, Ovid MEDLINE, Web of Science, Cochrane
Central Register of Controlled Trials (CENTRAL), Science Citation Index, Database of Abstracts and Reviews
of Effects (DARE), and various clinical trial registries was conducted to include studies published up to
February 2022. Data was retrieved by 2 independent reviewers. The Stata software, v. 13, was used to
conduct a meta-analysis.

Results. Thirteen studies stated an association between periodontitis, determined based on clinical at-
tachment loss (CAL), and stroke. Meanwhile, 6 studies described an association between gingjvitis, deter-
mined based on the gingival index (Gl), and stroke. Out of the 6 studies on gingivitis, 5 also investigated
(AL, which means the meta-analysis included 14 studies in total. The total number of participants from the
included studies was 35,937, and they were all above 17 years of age. There was a significant association
between periodontitis and gingivitis and stroke and its all types. There was a significant association be-
tween periodontitis and stroke and its all types in 13 studies (£S (effect size): 1.32; 95% (/ (confidence
interval): 1.04—1.60), and between gingivitis and all stroke types in 6 studies (£5: 1.17;95% (. 0.42—1.92).

Conclusions. This systematic review indicated a significant association between stroke and periodontal
disease in case—control, cohort and cross-sectional studies. The findings need to be further substantiated
in prospective cohort studies with an optimal sample size.

Keywords: periodontitis, stroke, bacteria, cerebrovascular disorders, gingivitis and stroke
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Introduction

Stroke is a major cause of disability and the third most
common cause of mortality.! A “Lancet” editorial stated
that “any stroke is a deplorable event, but a preventable
stroke is a tragedy”? Furthermore, the prevalence of low-
grade chronic inflammation in the adult population of in-
dustrialized countries is approx. 15-35%.3

There is evidence that chronic infectious diseases, in-
cluding dental diseases, such as periodontitis and gingivi-
tis, can lead to atherosclerosis, which increases the risk
of stroke and coronary heart disease (CHD). In this re-
gard, it is thought that the oral cavity acts as a perpetual
source of infections and serves as a bacterial reservoir
that augments systemic pathologies. Indeed, gingivitis
and periodontitis are chronic inflammatory conditions
of multifactorial origin that trigger a pro-inflammatory
host immune response to bacterial products present in
the oral cavity.

Studies on the mechanisms of periodontal and gingi-
val inflammation suggest that microorganisms enter the
bloodstream during chewing or tooth brushing via com-
promised tooth-supporting structures, such as the peri-
odontal ligament and the alveolar bone, which leads to the
formation of periodontal pockets or gingival recession, or
both. Such microorganisms have been found in the carotid
artery plaques and thrombectomy samples obtained from
patients who suffered a stroke, implicating a probable as-
sociation.* Although this association has been observed, it
has certainly not been confirmed. Nonetheless, epidemio-
logical studies (cohort, cross-sectional and case—control
studies) have also demonstrated an association between
periodontitis and gingivitis and a subsequent stroke of var-
ious types.>® A previous systematic review and meta-analy-
sis investigated the link between stroke and oral diseases,
including periodontitis and gingivitis.* However, no stud-
ies have presented relevant clinical evidence regarding the
abovementioned association, and there have been incon-
sistencies in the definitions of periodontitis and gingivitis.
Therefore, the present study aimed to determine the asso-
ciation between the most common inflammatory condi-
tions of the oral cavity — periodontitis and gingivitis — and
stroke of various types.

Methodology

This systematic review and meta-analysis were con-
ducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
2020 statement.”

Search strategy

An electronic search of PubMed, Ovid EMBASE, Ovid
MEDLINE, Web of Science, Cochrane Central Register

M. Dewan, A.K. Pandit, L. Goyal. Stroke and oral health

of Controlled Trials (CENTRAL), Science Citation
Index, and Database of Abstracts and Reviews of Effects
(DARE) was conducted to include articles published up to
February 2022. Various clinical trial registries were also
searched. All the articles retrieved during the search that
studied the relationship between oral health and stroke
were evaluated.

The literature search was restricted to English-language
publications involving human subjects. The following
combination of terms was searched: “stroke” OR “cerebro-
vascular disorders’, (cerebrovascular disorders) AND
(periodontitis), (cerebrovascular disorders) AND (gingivi-
tis), (cerebrovascular accident) AND (gingivitis), (clinical
attachment loss) AND (brain stroke), (periodontitis) AND
(brain stroke), and (gingival inflammation) AND (stroke).
The available secondary bibliographies were also reviewed,
and a manual search of articles was undertaken as well.

The study is registered in the International Prospective
Register of Systematic Reviews (PROSPERO) under
No.: CRD42021237995.

Selection criteria

For inclusion in this systematic review and meta-analy-
sis, studies had to be cohort (retrospective or prospec-
tive), cross-sectional or case—control in design, they had
to include adult human subjects, and they had to define
periodontitis in terms of clinical attachment loss (CAL)
and gingivitis in terms of gingival index (GI).

Studies were excluded from further analysis if they did
not report risk ratios (RRs) or odds ratios (ORs), or if they
were published in a language other than English. Studies
not addressing the association of periodontitis or gingivi-
tis with various types of stroke were also excluded. If the
study data was published in more than one publication,
then the study published later or the publication with
a more detailed report was included in the analysis.

Operational definitions

Periodontitis was defined as having CAL > 3 mm and
more than 30% of sites involved. Periodontitis was ex-
pressed as CAL, or as CAL and probing depth (PD).8

The presence of gingivitis was defined as gingival in-
flammation measured using GI (L6e and Silness, 1963).

The stroke diagnosis was based on definitive examina-
tions (i.e., an ischemic or hemorrhagic lesion on brain
imaging and/or on clinical examination, with a definite
neurological deficit).

Outcomes

The primary outcome was the association between
periodontitis or gingivitis and strokes of various types,
including an ischemic stroke, a hemorrhagic stroke and
transient ischemic attacks (TIAs).
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The secondary outcomes included tooth loss, bleeding
on probing (BoP), PD, plaque index (PI), and gingival re-
cession.

Data collection

Two reviewers (MD and AKP) retrieved data indepen-
dently from the variety of sources outlined above. All
of the included articles were scrutinized, and data on the

study characteristics, methods, types of observations,
patients, and outcomes was retrieved from texts, tables,
figures, and graphs. Any disagreement between the 2 re-
viewers was resolved by consensus among the authors.

Quality assessment

The quality of the included studies was assessed using
the Newcastle—Ottawa Scale (Tables 1,2).%1°

Table 1. Methodological quality of the included studies (case—control studies®!31>161819.24)

Selection

IS‘CE.IS.E representativeness | selection | definition
definition
of cases of controls | of controls
adequate?
Hashemipour et al. N . . N
2013°
Grau et al. v . . .
200413
Pradeep et al. N N
2010" 0 0
Kim et al. N N . N
2010'
Diouf et al. N . N N
2015
Leira et al. M v . N
2016
Ghizoni et al. N N
2012% 0 0

Comparability Exposure
comparability the same
of cases and . method
ascertainment | no-response .
controls based of eXDOSUre rate of ascertainment
on the design P for cases and
or analysis controls
O *% * * 8
O * * * 7
O * * * 5
* * * * 8
* * * * 8
* * * * 8
* * * * 6

Assessment: 4 stars for selecting participants and measuring exposure; 2 stars for comparability; and 3 stars for assessing the adequacy of the outcome and

the follow-up. * score 1; no * score 0 (no description).

Table 2. Methodological quality of the included studies (cohort and cross-sectional studies':121417.20-23)

Selection Comparability Exposure
selection comparability Was the adequac
representativeness . outcome at | of the cohorts | ascertainment | follow-up long auacy | Total
of the ascertainment S of the
of the exposed the initiation | based on the of the enough for the
non-exposed | of exposure . follow-up
cohort of the study design or outcome outcome to
cohort : cohorts
EREIAH occur?
Loesche et al. . N . . M v v 8
1998"
Elter et al. . N v . N v v 8
20032
Lee Et al * * * * * * *% 9
2006™
Senetal. . N v . v . v 8
2013V
Sen Et al' * * * * * * * 8
20182
Becketal. . M v . v . v 8
2018
Mascari et al. . N x . N . v 9
20212
Soder et al. . N N . N . v 8
2015%

Assessment: 4 stars for selecting participants and measuring exposure; 2 stars for comparability; and 3 stars for assessing the adequacy of the outcome and

the follow-up. * score 1; no * score 0 (no description).



410

Statistical analysis

Statistical analysis was performed using the Stata soft-
ware, v. 13 (StataCorp, College Station, USA). Based on
the data extracted from individual studies, the pooled es-
timates of effect size (ES) and 95% confidence intervals
(CIs) were calculated for the association between peri-
odontitis or gingivitis and stroke (ischemic, hemor-
rhagic or TIA). These were calculated based on various
study designs and according to the reported OR, RR or
hazard ratio (HR). The pooled estimates were presented
as pooled OR, RR or HR.

The heterogeneity amongst studies was measured using
the I? statistics. Heterogeneity was considered significant
at I* > 50%, in which case the random-effects model was
used to synthesize the data; otherwise, the fixed-effects
model was used for the estimation of the pooled ES.
A p-value <0.05 was considered statistically significant.

Results

The comprehensive search generated 678 studies, and
following a review of the titles, abstracts and full texts,
36 studies were included in the final analysis. A PRISMA
flow diagram for the selected articles is shown in Fig. 1.

The total number of participants from the studies in-
cluded in the meta-analysis was 35,937, with all subjects
aged >17 years. Tables 3 and 4 provide a summary of the

5 Records identified
= from: Duplicate records
© —}
2 | |® databases (n = 675) removed (n = 51)
:E @ registries (n = 3)
S
L — ¢ Records excluded
R (with reasons):
Records screened ® records marked as ineligible
=627 — | by automation tools
(n =627) (n = 355)
@ records removed for other
reasons (n = 236)
=] Reports sought ;
=
'c for retrieval e Reports( ’r; Zt(;)e trieved
g (n=36)
o
w ¢
Reports excluded:
Reports assessed o did not determine OR
for eligibility ) for CAL (n=3)
(n=19) o did not determine OR
¢ for Gl (n=2)
Studies included
° . .
[ in the review
s (n=14)
e Reports
= | |of the included studies
(n=19)

Fig. 1. Flow diagram of the study in accordance with the Preferred Reporting
[tems for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement’

OR - odds ratio; CAL - clinical attachment loss; Gl — gingival index.
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characteristics of the included studies. The secondary dental
parameters from the included studies are shown in Table 5.

Outcome analysis

It was an inverse-variance random-effects meta-analysis.
Periodontitis and all stroke types

There was a significant association between periodon-
titis and stroke among patients from the various studies
reviewed (ES: 1.32; 95% CI. 1.04-1.60). No significant
heterogeneity was detected when reviewing the studies
correlating periodontitis with stroke and its types; the in-
consistency was moderate (I? = 30.3%) (Fig. 2).

Gingivitis and all stroke types

There was a significant association between gingivitis
and stroke among patients from the various studies re-
viewed (ES: 1.17; 95% CI: 0.42-1.92). There was no sig-
nificant heterogeneity detected between the studies on
gingivitis and stroke types; the inconsistency was moder-
ate (I? = 45.9%) (Fig. 3).

Weight
Study ES (95% ClI) %]
Pradeep et al., 2010 ——4—————————— 2,40 (0.30-17.10) 0.11
Hashemipour et al., 2013 —— 2.70 (1.26-6.40) 1.14
Senetal., 2013* -i— 2.60 (1.20-5.70) 1.47
Senetal., 2018* [ 2.20 (1.27-3.81) 4.29
Mascari et al., 2021 —— 2.60 (1.10-5.80) 1.35
Grau et al., 2004 —_—— 3.38 (1.35-8.40) 0.61
Loesche et al., 1998 . 1.04 (1.01-1.07) 41.29
Kim et al., 2010 —— 2.53 (1.14-5.61) 1.49
Beck et al., 2018 -— 2.39 (1.01-5.64) 1.39
Leira et al., 2016 ——— 3.53 (1.07-12.77) 0.22
Diouf et al., 2015 -~ 1.58 (1.10-3.02) 6.95
Lee et al., 2006 - 1.03 (0.59-1.79) 14.12
Elter et al., 2003 . 1.30 (1.02-1.70) 2558
Overall (1= 30.3%; p = 0.142) 0 1.32 (1.04-1.60)  100.00
NOTE: Weights are from

the randon:-effecis analysis .

=171 0 171

Fig. 2. Forest plots for periodontitis and stroke (all types) with the
estimated risk (effect size (ES) (95% confidence interval (Cl)) reported

* hazard ratio (HR) reported instead of OR.

Study ES (95% CI) WF;?]M
Pradeep et al., 2010 o— 0.10 (0.00-2.80) 16.70
Hashemipour et al., 2013 .o 0.80 (0.36-1.82) 29.11
Sen et al., 2018* - 2.06 (1.21-3.51) 20.64
Grau et al., 2004 ; —————— 10.70 (3.70-27.40) 0.39
Séder et al., 2015 ‘0— 2.20 (1.02-4.74) 11.53
Becketal., 2018 .~ 0.92 (0.34-2.53) 21.63
Overall (I* = 45.9%; p = 0.100) 10 1.17 (0.42-1.92) 100.00
NOTE: Weights are from }

the random-effects analysis |

T T T
-27.4 0 27.4

Fig. 3. Forest plots for gingivitis and stroke (all types) with the
estimated risk (effect size (ES) (95% confidence interval (C/)) reported

* HR reported instead of OR.
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Table 4. General characteristics of the studies included in the systematic review (gingivitis — the gingival index (Gl))

Age
[years]

Study analysis

Study key points

of participants

wv
v
©
&)
2
g
=)
c
o
o

there is a significant relation between stroke and
periodontitis, but insignificant with gingivitis

age, gender, smoking, diabetes, renal failure, cholesterol, TG, HT,
AF, peripheral cardiovascular disease, history of stroke, BoP, G, CAL

100 100 s schemic
stroke

52

case—control
study

Iran

Hashemipour et al.
2013°

1

6mm)

were at a 4.3 times higher risk of cerebral ischemia

3 mm) or without periodontitis

(95% CI-1.85-10.2) than subjects with mild

subjects with severe periodontitis (mean CAL
periodontitis (CAL

alcohol, diabetes, hyperlipidemia, HT, AF, CAD, PAD, previous
stroke/TIA, family history of stroke, dental examination

age, female gender, school education, profession, smoking,

CAL

stroke

168 300

case—control 18-75
study

Germany

Grau et al.
200413

be a potential risk factor for stroke

higher when compared with the control group
(p < 0.05), which clearly shows that periodontitis may

the mean CAL values for cases were significantly

age, gender, education, smoking, diet, diabetes,
serum cholesterol, HT, cardiovascular disease, previous stroke,
family history of stroke, PI, GI, CAL, PD

CAL

CVA or
stroke

100

100

case—control
study

India

Pradeep et al.
2010"

HPD is associated with recurrent vascular events in

age, gender, race, education, income, ever/current smoker, BMI,
diabetes, hyperlipidemia, hypercholesterolemia, HT, AF, CAD, TIA,

stroke/TIA  CAL

stroke/TIA patients

PI, Gl, CAL, PD, NIHSS, brain MRI/CT
age, gender, race, education, never/former/current smoker, BMI

66

40

54.5

cohort study

USA

Sen et al.

2018%

" periodontitis was found to be significantly associated

diabetes/non-diabetes, HT/non-HT, TC, periodontitis, BoP, PI, G,

with stroke

CAL, tooth loss
age, gender, education, income, smoking, Cl, PI, Gl, number

CAL

stroke

15,792

original study 45-64

USA

Beck et al.

2018%

Gl appeared to be a principal independent predictor
associated with a higher risk of stroke

of missing teeth

1,637 838 stroke Gl

Finland  cohortstudy 30-40 39

Soder et al.
20152

Cl - calculus index.

Discussion

This systematic review aimed to find an association
between various types of stroke and periodontitis or
gingivitis. A total of 19 studies were included in the
analysis, of which 13 studies were on the association
of periodontitis with stroke types, and 6 were on the
association between gingivitis and stroke. The re-
sults indicated an association between stroke and
both periodontitis and gingivitis, with the pooled re-
sults of ES: 1.32; 95% CI: 1.04-1.60 and ES: 1.17; 95%
CI: 0.42-1.92, respectively.

Out of the 13 studies on periodontitis, 4 were cross-
sectional studies, 2 were cohort studies, 1 was an origi-
nal study, and the remaining 6 were case—control stu-
dies. A significant association between periodontitis and
stroke (all types) was found in all case—control studies.
Cross-sectional and cohort studies also showed that
periodontitis was linked with various types of stroke.
The association between periodontitis and stroke has
been studied previously, but the criteria for the evalua-
tion of periodontitis varied across studies, which
limited the generalization of study findings. Indeed,
significant heterogeneity was noted among such stu-
dies, meaning that the association was not robust. This
may have been due to the methodological quality of the
studies. In the current systematic review, periodontitis
was defined in terms of CAL, which is a better para-
meter for diagnosing periodontitis than either PD or
alveolar bone loss.

Several studies included in this meta-analysis had
limitations in terms of methodological quality, which
impeded the observations of the study sample, the qua-
lity of measurements as well as blinding. In 3 of the
case—control studies — by Kim et al.,'® Diouf et al.'® and
Ghizoni et al?* (the study was excluded from the meta-
analysis) — the misclassification bias was observed. Non-
differential misclassification usually dilutes the estimate
of an association, as exposure is unrelated to other vari-
ables. In such a study, the link between the periodontal
status and the risk of stroke is likely to be underestimated,
although overestimation is not entirely impossible. In the
study by Pradeep et al., the selection bias was detected
in the control subjects.!® The study enrolled persons
who had been admitted to the same department, as they
were suffering from neurological diseases, such as de-
generative disease, myasthenia gravis and Wilson’s dis-
ease.!® The selection bias was also detected in the study
by Leira et al., along with a lack of validity of the patient
history, which was assessed by interviewing the partici-
pants.!? The selection bias was also observed in the study
by Mascari et al.?? A small sample size was observed in the
study by Sen et al.’

Six studies explored the association between GI and
stroke. One study was an original study, 2 studies were
cohort, and 3 were case—control studies. No association
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Table 5. Secondary dental features in the included studies
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: Stroke :
M Study design Secondary dental features Study analysis

) DMFT index, PD, gingival Pland the oral hygiene habits relating to brushing, flossing
Loesche et al. cross-sectional : X .
1 199811 USA stud stroke recession, presence of dentures  and the frequency of having teeth cleaned by a dentist/
y and other prosthetic devices hygienist were significantly associated with CVA
2 By etua . USA GeEesalne] stroke/TIA edentulism edentulism was found to be associated with stroke/TIA
2003 study
subjects with severe periodontitis (mean CAL =6 mm)
Grau et al. case—control dental visit <1 time/year, DMFT had an increased risk of cerebral |schem|q; gingivitis and
3 3 Germany stroke : bone loss were found to have a strong independent
2004 study index, PI, bone loss o ) ) o
association with stroke; caries, the number of missing
teeth and Pl were not independent risk factors
Leeetal. cross-sectional no statistically significant association was found
4 2006' USA study 2 PHS between PHS and stroke
Pradeen et al case—control PD > 4.5 mm was found to be the most significant risk
5 pws ’ India CVA or stroke PI,PD factor for stroke; the mean Pl value was also found to be
2010 study S
significant
) ) tooth brushing >2 times/day,  stroke was not associated with the number of missing
Kim et al. South  case-control  hemorrhagic - . .
6 i annual dental visit >1, DMFT teeth, the experience of dental caries or the annual
2010 Korea study stroke ) o o
index, number of missing teeth dentist visits
HPD is associated with recurrent vascular events in
Sen et al. stroke/TIA patients; no association was observed
/ 20137 s cohort study stroke/TIA PI, PD, tooth loss between Gl and stroke; regular dental care was
associated with a lower adjusted stroke risk
Diouf et al. case-control periodontal disease and various periodontal parameters
8 2015'8 SeegE| study s Pl. PBI, PD, CPITN were significantly associated with stroke
Leira et al. . case—control FMPS, FMBS, PD, gingival recession, and missing teeth
? 2016" Spain study : P1, PBI, PD, CPITN were significantly associated with LI
Senetal. HPD is associated with recurrent vascular events in
10 2018% USA cohortstudy  stroke/TIA PI, tooth loss sl T patienis
Beck et al high gingival inflammation, tooth loss and severe tooth
11 20187 ' USA original study stroke BoP, PI, tooth loss loss were significantly associated with diabetes, CHD,
hs-CRP, and IL-6
a higher prevalence of stroke due to large-artery
1 Mascari et al. USA cross-sectional stroke/TIA PD. qingival marain position atherosclerosis was observed in patients with
20212 study »9Ing gnp periodontal disease as compared to those without
periodontal disease
Soder et al. ) number of dental visits, Cl, PI, - ) )
13 201523 Finland  cohort study stroke Gl, number of missing teeth Cland Gl were significantly higher in the stroke group
o ischemic/ BOB P.l' G2l D, i s stroke patients had deeper pockets, and presented with
Ghizoni et al. ) case-control ) of missing teeth, Pg and Aa ) - ; )
14 2 Brazil hemorrhagic . increased BoP and Pl values; in their pockets, increased
2012 study bacteria;
stroke amounts of Pg harbored
age- and gender-matched

Pg - Porphyromonas gingivalis; Aa — Aggregatibacter actinomycetemcomitans; hs-CRP — high-sensitivity C-reactive protein; IL-6 — interleukin 6.

was found between gingival inflammation and the inci-
dence of stroke in the studies by Hashemipour et al.> and
Sen et al.?® Meanwhile, the other 4 studies found that
high gingival inflammation was associated with stroke,
and concluded that gingivitis was a risk factor for various
types of stroke.

Secondary outcomes studied were tooth loss, BoP, PD,
PI, and gingival recession. Most studies found that in-
creased PD and tooth loss were independent risk factors
for a stroke event. Soder et al. concluded that the calculus
index (CI) and GI were significantly associated with
stroke.? Beck et al. studied cytokine levels and found
C-reactive protein (CRP) and interleukin 6 (IL-6) to be
higher in patients with a cardiovascular risk.?!

The quality assessment of the cohort studies with the
Newcastle—Ottawa Scale indicated that the studies provided
moderate to good quality evidence. Amongst the various
cohort studies, it was found that information on some other
risk factors for stroke, such as body mass index (BMI),
a family history and smoking, as well as some co-morbidities,
e.g., inflammatory diseases,'? was not collected. A weakness
was the lack of data on certain stroke risk factors, such as
hypertension, diabetes and dyslipidemia, which were not
available for analysis due to the nature of the study. Further-
more, data from the oral microbiomes of subjects was not
included in the study by Séder et al.® Some studies included
in the analysis had small sample sizes,?*? so in those cases,
drawing any conclusions may be biased.
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Gingivitis and periodontitis are chronic inflamma-
tory conditions that can result from a pro-inflamma-
tory host immune response in reaction to pathogenic
bacteria. These microorganisms enter the bloodstream
during mastication, tooth brushing and minor den-
tal procedures, resulting in transient bacteremia. Pro-
inflammatory cytokines, such as IL-6 and interferons,
are produced in response to endothelial activation,
which is responsible for plaque rupture, platelet aggre-
gation, thrombus formation, and thromboembolism, all
of which can lead to stroke.

In a systematic review by Fernandes Fagundes et al., it
was concluded that periodontitis was a significant risk
factor for stroke.® However, there was no clear-cut defini-
tion of periodontitis, and gingival inflammation was not
taken into consideration.® In another systematic review
by Pillai et al., the relationship between oral health and
stroke was studied.?” The main aim of the study was to
find a relationship between stroke and oral health. It was
concluded that stroke patients had poor hygiene practices,
but there was no conclusive evidence regarding gingivi-
tis. Dental prophylaxis and various dental procedures
reduced the incidence of stroke.?®

In a systematic review, Scannapieco et al. explored
the link between periodontitis, atherosclerosis, cardio-
vascular disease, and stroke.?® They concluded that a lack
of uniform definitions and periodontal diagnosis mea-
sures complicated the interpretation of data and results,
with some studies showing a moderate association and
others showing no association at all.26

Larvin et al. found a modest but increased risk of cardio-
vascular disease in periodontal patients.?” All of the pos-
sible outcomes of cardiovascular events were measured,
including infarction, coronary artery disease (CAD) and
stroke, while the diagnosis of periodontal disease was
both self-reported and clinically confirmed.?

Oral disease (gingivitis and periodontitis) has
been implicated as a factor in an increased incidence
of stroke. However, whether oral disease can modify
stroke through the role of inflammation in athero-
genesis and the physiopathology of cerebral ischemia is
not clear. Many long-term studies are being conducted
in this area, with some proven and unproven data avail-
able. Therefore, a consistent relationship exists between
periodontal disease and stroke in terms of biological and
dental knowledge, and it is appropriate to analyze each
case individually.?

One case—control study by Ghizoni et al.?* was included
in this systematic review, but was later excluded from the
meta-analysis, since the CI was too wide.

Future directions

The proposed future studies need to confirm the
association between periodontitis and gingivitis and
stroke/TIA.
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The proposed study design should be a prospective
cohort study. The following selection, comparability and
outcome criteria should be considered:

— selection:

« representativeness of the exposed cohort,

« selection of the non-exposed cohort,

« ascertainment of exposure — 2 dentists should evalu-
ate the dental condition, and the inter-observer agree-
ment should be targeted at >0.8,

« outcome at the initiation of study — ensure there is no
stroke/TIA at the time of enrollment,

« confounders to be included — all the known prognos-
tic factors for stroke should be included in the study,
with validated criteria;

— comparability — comparability of the cohorts based on
the design or analysis;
— outcome:

« ascertainment of the outcome — clinico-radiological
confirmation of the diagnosis of stroke/TIA,

« follow-up — at least 10 years, or more, of follow-up
to ascertain a definite association between the dental
condition and stroke,

« adequacy of the follow-up cohorts — minimal attri-
tion of the participants from the study.

Cases to be included — patients with chronic peri-
odontitis and gingivitis. The cases should not have
evidence of other systemic illnesses or inflammatory
diseases.

The microbiological evaluation of dental infection/
inflammation leading to atherosclerosis and a subsequent
stroke should be confirmed after the exclusion of all pos-
sible confounders. The analysis should include healthy
individuals, who need to be followed up once dental in-
fection/inflammation develops and a subsequent stroke/
TIA occurs.

Conclusions
This systematic review indicated a significant association

between stroke and periodontal disease in case—control,
cohort and cross-sectional studies.

Ethics approval and consent to participate

Not applicable.

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
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Abstract

Severe tooth wear is related to substantial loss of tooth structure, with dentin exposure and significant
loss (>1/3) of the clinical crown. The objective of this systematic review was to summarize and analyze
the scientific evidence regarding the mechanical performance of computer-aided design/computer-aided
manufacturing (CAD/CAM) composite resin and CAD/CAM lithium disilicate ceramic occlusal veneers,
in terms of fatique and fracture resistance, on severely worn posterior teeth. Currently, occlusal veneers
are an alternative for treating womn posterior teeth. Although scientific evidence demonstrates the
good performance of lithium disilicate occlusal veneers, there are less brittle materials with a modulus
of elasticity more similar to dentin than ceramics, such as resin CAD/CAM blocks. Therefore, it is important
to identify which type of material is best for restoring teeth with occlusal wear defects and which material
can provide better clinical performance. This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A comprehensive
search of the PubMed, Embase, Web of Science, Scopus, Cochrane, OpenGrey, Redalyc, DSpace, and Grey
Literature Report databases was conducted and supplemented by a manual search, with no time or
language limitations, until January 2022. We aimed to identify studies evaluating the fatique and fracture
resistance of CAD/CAM composite resin and ceramic occlusal veneers. The quality of the full-text articles
was evaluated according to the modified Consolidated Standards of Reporting Trials (CONSORT) criteria
for in vitro studies, and 400 articles were initially identified. After removing duplicates and applying the
selection criteria, 6 studies were included in the review. The results demonstrated that the mechanical
performance of CAD/CAM composite resin occlusal veneers is comparable to that of CAD/CAM lithium
disilicate occlusal veneers in terms of fatique and fracture resistance.

Keywords: tooth wear, ceramics, survival rate, composite resin, CAD/CAM
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Introduction

In the first clinical study measuring tooth wear in young
patients, the authors observed a mean annual occlusal enamel
wear of 29 pm in molars and 15 pm in premolars.! A 2015
report estimated that the mean height of the maxillary inci-
sor crown at 10 years of age was 11.94 mm, and decreased
to 10.93 mm in 70-year-old patients, corresponding to a loss
of 1.01 mm (1,010 pm) in 60 years.? The wear was greater
in the mandibular incisors, with the mean crown height at
10 years of age being 9.58 mm, which decreased to 8.12 mm
in patients aged 70 years old, resulting in a loss of 1.46 mm
(1,460 pum) over the course of 60 years. These values corre-
spond to a physiological annual wear rate of 16.8 pm for the
maxillary incisors and 24.3 pm for the mandibular incisors.?

It is important to differentiate between severe tooth
wear and pathological tooth wear. The latter refers to
atypical tooth wear for the patient’s age that causes pain or
discomfort, functional problems, or deterioration of the
aesthetic appearance which, if progresses, can lead to
undesirable complications of increasing complexity. Severe
tooth wear is related to substantial loss of tooth structure,
with dentin exposure and significant loss (>1/3) of the
clinical crown.> However, not all cases of severe tooth
wear can be considered pathological, especially among el-
derly people. According to an epidemiological study con-
ducted in 2015, the estimated prevalence of erosive tooth
wear in children and adolescents was 30.4%.* The most
recent European consensus on the management of severe
tooth wear® recommends the use of indices such as the
Basic Erosive Wear Examination (BEWE)® and the Tooth
Wear Evaluation System (TWES)® for diagnosis. Severe
tooth wear can be attributed to a number of factors, in-
cluding excessive consumption of carbonated beverages,
a high-acid diet, gastric diseases, anorexia, bulimia, teeth
grinding, and the use of highly abrasive pastes.”"!? These
factors can affect the patient in several ways, including the
loss of vertical dimension, sensitivity due to dentin expo-
sure, poor aesthetics, and neuromuscular disorders.”112

Restorative alternatives have been sought to solve these
problems, such as the placement of metal-free crowns.
Although this technique has shown a high survival rate
(92% at 5 years and 85.5% at 10 years),!? it requires me-
chanical retention, necessitating the removal of more
dental tissue, including healthy tissue. Advances in dental
materials and adhesive techniques have led to a reduction
in the indications for crowns.'*!> Occlusal veneers have
emerged as a viable alternative for the treatment of pos-
terior tooth wear, as they require minimal tooth prepara-
tion, ranging from 0.4 mm to 0.6 mm at the level of the
developmental groove and from 1 mm to 1.3 mm at the
tip of the cusp, largely preserving healthy dental tissue.
Due to the bonding characteristics of these materials and
the more intuitive preparation guided by anatomical con-
siderations, there are instances where no dental tissue is

removed.'6-18
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Advances in computer-aided design/computer-aided
manufacturing (CAD/CAM) technology and bonding
procedures (immediate dentin sealing)!®?° have enabled
the fabrication of thin occlusal veneers without compro-
mising their performance.’ Scientific evidence indicates
that lithium disilicate occlusal veneers exhibit excellent
performance.??> However, less brittle materials with
a modulus of elasticity comparable to that of dentin, such
as composite resin, are also available.!”1?* A number
of studies, the majority of which were conducted in a lab-
oratory setting, have evaluated the mechanical proper-
ties of occlusal veneers using universal test machines and
mastication simulators under physiological and/or patho-
logical occlusal loading conditions.'??3-2> However, there
is no up-to-date systematic review that allows the clini-
cian to make an informed decision regarding the most ap-
propriate material for restoring teeth with occlusal wear.
Therefore, the objective of this systematic review is to
analyze and summarize the scientific evidence evaluating
the mechanical performance of CAD/CAM composite
resin and lithium disilicate ceramic occlusal veneers in se-
verely worn posterior teeth, with a particular focus on the
fatigue and fracture resistance.

Material and methods

Registration protocol

This systematic review was conducted according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.?® Additionally,
the review was registered in the International Platform
of Registered Systematic Review and Meta-Analysis
Protocols (INPLASY) (doi:10.37766/inplasy2021.10.0036;
https://inplasy.com/inplasy-2021-10-0036).

Search strategy

The purpose of the search was to address the following
question: in posterior teeth with severe tooth wear, can
occlusal veneers made from CAD/CAM composite resin
blocks perform better mechanically in terms of fatigue
and fracture resistance compared to CAD/CAM lithium
disilicate occlusal veneers? The research question was de-
veloped in accordance with the Population, Intervention,
Comparison, and Outcome (PICO) framework.

Three independent researchers (KM, JE and DA) con-
ducted an exhaustive electronic search of the following
databases: PubMed, Scopus, Cochrane, Embase, and Web
of Science, to identify relevant articles published before
January 2022. The Medical Subject Headings (MeSH),
Embase subject headings (Emtree) and free terms were
used without restrictions in terms of language and year
of publication. A search strategy is presented in the
supplementary materials (available on request from the
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corresponding author). To identify other potentially
relevant articles, 2 researchers (KM and JE) conducted
a manual search of the bibliographic citations of the
included articles and the following journals: Dental
Materials; Journal of Dental Restoration; Journal
of Dentistry; Journal of Oral Rehabilitation; Journal
of Esthetic and Restorative Dentistry; Dental Materials
Journal; Journal of Material Sciences. The search for grey
literature was performed by KM and JE in the OpenGrey,
Redalyc, DSpace, and Grey Literature Report databases.

Eligibility criteria

The present systematic review included studies on the
indirect restoration of worn posterior teeth with ma-
chined materials. The studies compared the mechanical
properties of CAD/CAM composite resin and ceramic
materials, including the fatigue and fracture resistance.
This review included randomized controlled trials, non-
randomized controlled trials and in vitro studies.

Studies investigating CAD/CAM restorations on end-
odontically treated teeth, as well as crown, inlay, onlay,
and implant restorations, case reports, literature reviews,
expert opinions, and systematic reviews were excluded.

Screening and selection

Tworesearchers (KM and JE) independently selected the
studies for inclusion based on their titles and abstracts. If
a decision regarding inclusion could not be made because
of insufficient data in the title and abstract, the complete
manuscript was obtained for further analysis. The articles
in which both researchers concurred were selected. The
articles selected for full-text reading were evaluated
independently by 2 researchers (KM and JE). Any disagree-
ment regarding the eligibility of the included studies was
resolved through discussion and consensus, or by a third
reviewer (DA). Only papers that met all the eligibility cri-
teria were included.

The modified Consolidated Standards of Reporting
Trials (CONSORT) tool?” was employed to assess the
methodological quality of the articles included in the
study in terms of their correct implementation and the
structure of the abstract, introduction, methods, results,
discussion, and funding.

Data extraction

A data extraction protocol was defined and evaluated
by 2 authors (KM and JE). The data was extracted inde-
pendently from the full-text articles using a standardized
form in electronic format (Microsoft Excel 2016; Microsoft
Corporation, Redmond, USA). The information was
classified according to the authors, year of the study, study
design, type of material, sample size, objectives, testing
machine used, and conclusions (Table 1).
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Risk of bias assessment

Two authors (KM and JE) independently evaluated the
risk of bias in the studies included in this review based
on a previous study.?® The following parameters were as-
sessed: tooth randomization, the use of teeth free of caries
or restorations, the use of materials following manufac-
turers’ instructions, the use of teeth with similar dimen-
sions, tooth preparation by the same operator, the de-
scription of sample size calculations, and blinding of the
testing machine operator. If the author reported the para-
meter, the article received a “yes” (Y) for that specific
parameter; if the information was not found, the article
received a “no” (N). Articles reporting 1 to 3 items were
classified as exhibiting a high risk of bias, 4 or 5 items
as a medium risk of bias, and 6 or 7 items as a low risk
of bias. Any disagreements regarding the risk of bias were
resolved through consensus. If a consensus could not be
reached, the third author (DA) intervened.

Results

Selection of studies

A PRISMA flowchart, which provides a summary of the
selection process, is presented in Fig. 1. A total of 400 stud-
ies were identified through the search process, with 25
duplicate records being removed. Another 4 studies were

Identification of studies via databases and registers

Records identified from: I;efcords removed
efore screening:
& || ® Databases (n =400) » | o Duplicate records
® ® Registers (n=0) removed (n = 25)
a% ® Records marked as
S ineligible by automation
= tools (n = 0)
° ® Records removed for
other reasons (n = 4)
Records screened Records excluded
(n=371) —> (n=352)
= Reports sought -
c
= for retrieval —> Reports(:o: g)etrleved
3 (n=19)
S
w ¢
Reports excluded:
Reports assessed o Finite element analysis
for eligibility —»| (n=3) Y
(n=19) @ Systematic review (n = 1)
—a @ Samples are bars (n = 3)
= ¢ o Inlays, onlays (n = 2)
] @ Lithium disilicate blocks
g — not used (n = 2)
©° Studies included e Composite resin blocks
£ in the review not used (n = 1)
(n=6) @ Protocol (n=1)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram
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Table 1. Summary of the studies included in the systematic review

design size

Andrade et al +IPS emax CAD 70 human
20182 ' invitro - VITA ENAMIC® third
- Lava™ Ultimate molars
64 human
Al-Akhali et al. invitro " IPS emax CAD maxillary
2017% - VITA ENAMIC® first
premolars
64 human
Al-Akhali et al. invitro IPS emax CAD maxillary
2019% - VITA ENAMIC® first
premolars
Heck et al. invitro IPS emax CAD 84 human
2019 - Lava™ Ultimate molars
Magne et al. invito IPS emax CAD 32:;'?;?”
2010 - Paradigm™ MZ100 y
molars
«IPS emax CAD
- - Paradigm™ MZ100 40 human
gg]wlﬁf;tmg etal invitro «XRexperimental blocks  maxillary
(reinforced with short molars
polyethylene fibers)

To evaluate, in vitro, the
influence of CAD/CAM
restorative materials and their
thickness (0.6 mm and 1.5 mm)
on the fracture resistance of
teeth restored with occlusal
veneers.

To evaluate the influence of
thermodynamic loading on the
durability and fracture resistance

behavior of occlusal veneers
fabricated from different dental

CAD/CAM materials.

To evaluate the influence of
thermomechanical fatigue
loading on the fracture strength
of minimally invasive occlusal
veneer restorations fabricated
from different CAD/CAM materials
and bonded to human maxillary
premolars using the self-etching
bonding technique.

To determine whether ceramics
or nanoceramic composites with
an ultrathin layer thickness of
0.3-0.5 mm could be used to
restore pressure-loaded occlusal
dentin and enamel defects.

To assess and compare the
fatigue resistance
of composite resin and ceramic
posterior occlusal veneers.

To assess the influence
of CAD/CAM restorative materials
(ceramic vs. composite resin) on
the fatigue resistance of ultra-
thin occlusal veneers.
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« cyclic mechanical
loading: ER-11000
(ERIOS, Séo Paulo, Brazil)
- fracture resistance
testing: EMIC DL-2000
(EMIC, Sé&o José dos
Pinhais, Brazil)

- cyclic loading fatigue:
dual-axis computerized
chewing simulator
(Willytec, Feldkirchen-
Westerham, Germany)
- fracture resistance
testing: Zwick Z010/
TN2A (Zwick GmbH,
Ulm, Germany)

- cyclic loading fatigue:
dual-axis computerized
chewing simulator
(Willytec)

- fracture resistance
testing: Zwick 2010/
TN2A (Zwick GmbH)

- fatigue simulations:
computer-controlled
chewing simulator
(MUC 2; Willytec GmbH,
Grafelfing, Germany)

- fatigue testing:
closed-loop
servohydraulics (Mini
Bionix Il; MTS Systems
Corp,, Eden Prairie, USA)

- fatigue testing: closed-
loop servohydraulics
(Mini Bionix IIl; MTS
Systems Corp.)

The occlusal veneers
exhibited the fracture
resistance similar to that
of sound teeth.

The materials tested may
be considered a viable
treatment for the restoration
of occlusal surfaces
of posterior teeth.

Thermomechanical fatigue
decreased the survival rate
and fracture strength of all
tested CAD/CAM materials
when bonded to enamel
using the self-etching
technique.

The tested occlusal veneers
are recommended for the

treatment of occlusal tooth
loss with ultrathin veneers.

CAD/CAM composite resin
posterior occlusal veneers
had a significantly higher
fatigue resistance when
compared to the ceramic

veneers.

CAD/CAM composite resin
ultrathin occlusal veneers had
a significantly higher fatigue
resistance when compared to
the ceramic veneers.

CAD/CAM - computer-aided design/computer-aided manufacturing.

removed because they were book chapters, and 352 studies
were excluded as they did not meet the eligibility criteria.
The remaining 19 studies were subjected to a full-text re-
view. Three studies were excluded because they employed
finite element analyses, 1 study was a systematic review,
and 9 studies did not meet the inclusion criteria. Therefore,
a total of 6 studies were included in the systematic review.
Three of these examined the fracture resistance,?*?>?° while
the remaining 3 examined the fatigue resistance.!”-1%%

Risk of bias

Of the 6 included studies, 2 were identified as hav-
ing a medium risk of bias,** while 4 had a high risk
of bias.17192930 The results are described in Table 2,
according to the parameters considered in the analysis.

The most commonly identified risks of bias among the
studies were a lack of blinding of the testing machine
operator, a lack of description of the sample size calculation,
and tooth preparation performed by the same operator.

Main findings

The characteristics of the materials used in the studies
included in this systematic review are presented in Table 3.
The fracture resistance of CAD/CAM occlusal veneers
was evaluated in 3 studies.?>?>?° Two of these studies
had restorations of the same thickness and used thermo-
cycling.2>® The results indicate that there is no statistically
significant difference between the use of CAD/CAM
composite occlusal veneers and CAD/CAM lithium di-
silicate veneers (Table 4).
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Table 2. Assessment of the risk of bias

Teeth free | Materials used according | Teeth with | Tooth preparation : Blinding of the
Teeth : . o Sample size : .
o of caries or to the manufacturer’s similar performed by the : operator of the | Risk of bias
randomization . . . : . calculation : :
restoration instructions dimensions | same operator testing machine
Andrade et al. )
20182 Y Y Y Y N N N medium
Al-Akhali et al. )
20172 N Y Y Y N Y N medium
Al-Akhali et al. )
2019% Y Y Y N N N N high
Heck et al. )
2019% N Y Y Y N N N high
Magne et al. )
201019 N Y Y N N N N high
Schlichting et al. )
201177 N Y Y N N N N high
Y —vyes; N -no.
Table 3. Characteristics of the materials used in the included studies
Material Classification Manufacturer Composition
psemacap  lithium disilicate glass 'V‘;CG‘arS\é'll’jgsm SI0, (57.0-80.0%), Li»O (11.0-19.0%), K;O (0.0-13.0%), P>0s (0.0-11.0%), ZrO, (0.0-8.0%),
’ ceramic o N Zn0 (0.0-8.0%), Al,05 (0.0-5.0%), MgO (0.0-5.0%), coloring oxides (0.0-8.0%)
Liechtenstein
3M ESPE, i ) ) , )
Lava Ultimate resin nanoceramic St paul silica nanomers (20 nm), zirconia nanomers (4-11 nm), nanocluster particles derived from the
US A ! nanomers (0.6-10 nm), silane coupling agent, resin matrix (Bis-GMA, Bis-EMA, UDMA, and TEGDMA)
: ) ) ] o (el o =0 ) ) om0 )
hybrid ceramic VITA Zahnfabrik, inorganic ceramic content: 86 wt% (silicon dioxide (58-63%), aluminum oxide (20-23%), sodium

VITA ENAMIC (glass ceramicinaresin - Bad Séckingen,
interpenetrating matrix) Germany
zirconia-silica ceramic in 3M ESPE,

Paradigmmn MZ100  aresin interpenetrating St. Paul,

matrix USA

oxide (9-11%), potassium oxide (4-6%), boron trioxide (0.5-2%), zirconia (<1%), calcium oxide (<1%))

organic polymer content: 14 wt% (UDMA and TEGDMA)

Paradigm MZ100: 85 wt% ultrafine zirconia—silica ceramic particles that reinforce a highly

cross-linked polymer matrix

polymer matrix: Bis-GMA and TEGDMA

Bis-GMA - bisphenol A-glycidyl methacrylate; Bis-EMA —bisphenol-A ethoxylated dimethacrylate; UDMA — urethane dimethacrylate; TEGDMA — triethylene

glycol dimethacrylate.

On the other hand, the fatigue resistance was evaluated
according to the survival rate in 3 investigations,!71%3°
with 1 study demonstrating no statistically significant dif-
ference in the survival rate.?® However, in 2 studies, the
survival rate was higher in CAD/CAM composite resin
occlusal restorations (Table 5).

The results of this study indicate that the use
of CAD/CAM composite and lithium disilicate occlu-
sal veneers in worn posterior teeth is a viable option.
Due to the heterogeneity and risk of bias, a quantita-
tive analysis could not be performed.

Discussion

This systematic review demonstrates that CAD/CAM
composite resin occlusal veneers exhibit fracture resis-
tance values ranging from 1,018.5 N to 3,584.0 N, even
in thin veneers (0.5—-1.5 mm), which exceed the maxi-
mum bite force of patients without parafunctional

habits (424—630 N).2® These results are consistent with
those of a systematic review®! that recommends the use
of CAD/CAM composite resin occlusal veneers less than
1-mm thick and lithium disilicate veneers from 0.7 mm
to 1.5 mm thick. In their study, Maeder et al.*? evalu-
ated various materials and found that VITA ENAMIC®,
with a thickness of 0.5 mm, required a 800-N greater
load than the maximum bite force to produce a crack
in the veneer. Therefore, this material reaches high val-
ues of fracture resistance, which can be attributed to its
composition, consisting of a hybrid structure with 2 inter-
penetrated ceramic and polymeric networks, and result-
ing in a Weibull modulus of 20. This is in relation to the
fracture range, reliability and strength of the material 3®
Ioannidis et al.?* also reported that 0.5-mm thick VITA
ENAMIC occlusal veneers have load capacity values
above the normal force intervals. Johnson et al.’®
pared CAD/CAM composite resin occlusal veneers,
including Lava™ Ultimate and Paradigm™ MZ100
with varying thicknesses (0.3 mm, 0.6 mm and 1 mm).

com-
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Table 5. Fatigue resistance observed in the included studies based on the survival rate

Restoration U]
Material . Antagonist material Cyclic mechanical loading rate Results
thickness %]
IPS e.max 5-mm highly 100
Heck et al CAD 03-05 compacted oxide 1,000,000 masticatory cycles There was no significant difference
2019% ' ‘mm‘ ceramic (Degussit balls;  with a loading force of 50 N and between IPS emax CAD and Lava
Lava FRIALIT-DEGUSSIT, 100 N and a frequency of 1 Hz 95 Ultimate (p=0.317) .
Ultimate Mannheim, Germany)
S @ma 7-mm-diameter
\ i i ) ; 30 A higher fatigue resistance was
CAD composite resin g g
Magne et al. t]hi rcner:tf; sphere (Z100™ MP; fre l?écrilcc lg?i ig:jlr?c? figo N observed in Paradigm MZ100
2010 A e’ 3MESPE St Paul USR) aqmaxi%um 185000 crcles compared to IPS emax CAD
Paradigm 9 postpolymerized at ' Y 100 (p=10.002).
MZ100 100°C for 5 min
IPS e.max 0 A higher fatigue resistance was
CAD ) observed in Paradigm MZ100
7-mm-diameter
o ) 0.6 mm at composite resin sphere cyclic load applied at compared to IPS emax CAD
SChl‘ﬁ?tmg etal Paradigm the central ~ (Z100™ MP; 3M ESPE)  a frequency of 5 Hzand 1,400 N, 60 (< O‘OO.] ) .X.R experimental blocks
2011 MZ100 X ! were significantly stronger than
groove postpolymerized at at a maximum of 185,000 cycles
100°C for 5 min IPS emax CAD (p < 0.001), but not
XR experimental 100 different from Paradigm MZ100
blocks (p=0.030).

The obtained fracture resistance values were higher than
normal masticatory forces, even at the minimum thick-
ness of 0.3 mm. Therefore, minimum thickness, non-
ceramic occlusal veneers could be considered a restorative
option in patients with normal masticatory loads. How-
ever, in patients with parafunctional habits and excessive
loads (780-1,120 N), complications may arise, including
restoration dislodgment and fracture.'623

In terms of fatigue resistance, there were no statisti-
cally significant differences between CAD/CAM lithium
disilicate and composite resin occlusal veneers with
a thickness of 0.3-0.5 mm, including IPS e.max CAD and
Lava Ultimate, respectively. In the studies conducted by
Magne et al.'? and Schlichting et al.,'” Paradigm MZ100
occlusal veneers with thicknesses of 1.2 mm and 0.6 mm
demonstrated higher resistance values than IPS e.max
CAD, applying a final load of 1,400 N in both studies.
On the other hand, in the study by Schlichting et al.,'”
XR experimental blocks were also significantly stronger than
IPS e.max CAD, but not different from MZ100. The results
of these studies suggest that higher flexural strength does
not necessarily correspond to higher load resistance.'
According to the studies included in this systematic review,
CAD/CAM composite resin occlusal veneers have a survival
rate of 95—-100%, despite their lower flexural strength than
lithium disilicate veneers. For example, lithium disilicate
has a flexural strength of 360-440 mPa, in contrast to
MZ100, which has a flexural strength of 150 mPa.!7193>
Neither of these values is correlated with the respective
survival rate. Similarly, Lava Ultimate and VITA ENAMIC
blocks show flexural strength values of 200 mPa and
150-160 mPa, respectively.?? The elastic moduli of Lava
Ultimate (13 gPa) and VITA ENAMIC (30 gPa) are close
to that of dentin (20.3 gPa), suggesting that they may

influence the performance of restorations,” since the elas-
ticity of dentin compensates for the stiffness of enamel,
cushioning it against masticatory forces. Consequently, the
distribution of stress within a restored tooth during masti-
cation depends on this property.3®3” However, it should be
noted that thermocycling was not employed in the studies
conducted by Magne et al.”® and Schlichting et al.!”

In vitro studies that use thermocycling are of great
importance, as the procedure enables the simulation
of the physiological conditions and temperature changes
in the oral environment, which can result in physico-
chemical alterations in dental materials.?>3>38 The study of
Al-Akhali et al.?® evaluated restoration survival by subjecting
specimens to thermocycling for 1,200,000 cycles, which
simulates 5 years of clinical service.?% The results indi-
cated low survival rates for both VITA ENAMIC and IPS
e.max CAD blocks (37.5% and 50%, respectively). However,
the authors of the study posit that the self-etch protocol
reduced the fracture resistance of the CAD/CAM compos-
ite resin and lithium disilicate ceramic blocks. Therefore,
enamel etching is required when placing occlusal veneers,
since the self-etch technique results in an insufficient and
unstable bond between the veneer and the tooth.? Self-
etch adhesive systems produce a superficial enamel etch-
ing with reduced microporosity for resin infiltration, while
orthophosphoric acid creates a porous enamel surface
5-50 um deep. The poor etchability of self-etching adhe-
sive systems on enamel can lead to pigmentation at the
enamel margins, which may affect aesthetics, and could
also be responsible for restoration dislodgement, marginal
leakage and secondary caries, because self-etching does
not achieve lasting adhesion to the enamel. Therefore, self-
etching adhesive systems should be preceded by selective
enamel etching with orthophosphoric acid.*-%
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Occlusal veneers have been proposed as an alternative to
full-coverage restorations for the treatment of worn pos-
terior teeth, based on the results of several studies dem-
onstrating their satisfactory mechanical properties.!”2!
Glass-ceramics, used in their manufacture, demonstrate
several advantages, such as color stability, biocompatibility,
durability, favorable translucency, chemical stability,
reduction in the accumulation of bacterial plaque, and
adequate marginal adjustment. However, they also have
disadvantages, such as chipping, porosity and micro-
structural defects.3046-50 The CAD/CAM composite resin
blocks are advantageous due to the low wear of the oppos-
ing teeth, a dentin-like elastic modulus, low cost, and the
possibility of repair. Some disadvantages of this material
include its tendency to absorb water, as well as its suscep-
tibility to chemical and mechanical degradation.?351:>2

A comparative analysis of the fatigue and fracture re-
sistance of CAD/CAM composite resin and CAD/CAM
lithium disilicate blocks revealed that both materials, with
a thickness ranging from 0.5 mm to 1.5 mm, are suitable for
the treatment of occlusally worn teeth using an etch-and-
rinse bonding procedure. However, these results should
be interpreted with caution, as the present review revealed
some limitations. The majority of the included studies
showed a high risk of bias, as they did not clarify whether
the extracted teeth were prepared by the same operator,
and only 1 study mentioned the sample size calculation.?’
Additionally, variables such as the number of cycles, the
load applied and veneer thickness were not consistent
across all the included studies. It should also be noted that
no clinical trials were identified during the search, as all in-
cluded studies were conducted in vitro. Therefore, simu-
lating the oral environment is challenging. Nevertheless,
only 2 studies?? used thermocycling, and it has been sug-
gested that clinical studies be conducted with long-term
follow-up. It is therefore recommended that future stud-
ies adopt a standardized methodology. Although the stud-
ies included in this review compared CAD/CAM lithium
disilicate blocks (IPS e.max CAD; Ivoclar Vivadent AG,
Schaan, Liechtenstein) with CAD/CAM composite resin
blocks (Lava™ Ultimate, 3M ESPE, St. Paul, USA; VITA
ENAMIC®, VITA Zahnfabrik, Bad Sickingen, Germany;
Paradigm™ MZ100 Block, 3M ESPE), it should be noted
that there are more CAD/CAM composite resin materi-
als, such as Grandio blocs (VOCO GmbH, Cuxhaven,
Germany), with high filler content (86% w/w), a high elastic
(18 gPa) and flexural (290 mPa) modulus, a fracture resis-
tance of 2,500 N, and a bite force that exceeds that of pa-
tients with parafunction.®®* Another notable material is
BRILLIANT Crios (Colténe AG, Altstitten, Switzerland),
which has an elastic modulus of 10 gPa and a fracture resis-
tance of 1,255 N at a thickness of 1 mm.?® However, to
date, no studies have been conducted to compare occlusal
veneers fabricated from these materials with lithium disili-
cate veneers. Due to the wide heterogeneity of the included
studies, a meta-analysis could not be performed.
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Conclusions

Computer-aided design/computer-aided manufacturing
composite resin occlusal veneers exhibit similar mechani-
cal performance in terms of fatigue and fracture resistance
to CAD/CAM lithium disilicate veneers. Both types of ve-
neers are suitable for use on worn posterior teeth. The
CAD/CAM composite resin occlusal veneers are economi-
cal and repairable, while CAD/CAM lithium disilicate oc-
clusal veneers have better color stability and reduced plaque
accumulation. The optimal thickness for CAD/CAM
composite resin and lithium disilicate occlusal veneers is
0.5-1.5 mm. Additionally, an etch-and-rinse or self-etch
adhesive system with selective etching of the surface of the
dental substrate should be used. It is recommended that
randomized clinical studies be conducted on this topic.
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Abstract

Background. There are several publications that show the efficacy of surgical interventions in accelerating
the rate of tooth movement in orthodontics. Consequently, possible adverse effects must also be evaluated.

Objectives. The aim of the present study was to compare the perception of pain and root resorption be-
tween orthodontic treatment with a surgical acceleration intervention vs. conventional orthodontic treat-
ment.

Material and methods. An electronic search was conducted in the MEDLINE, Scopus, Web of Science
(Wo$), ScienceDirect, Cochrane Library, and Virtual Health Library (VHL) databases up to September 12,
2022. Randomized or non-randomized, controlled, parallel-arm or split-mouth clinical trials were
included. Fixed-and random-effects meta-analyses were performed with regard to heterogeneity. The risk
of bias (RoB) was assessed using the RoB 2.0 and ROBINS-I tools.

Results. A total of 1,395 articles were initially retrieved, 40 studies were finally included in the review and
15 studies were eligible for quantitative analysis. The meta-analysis showed a significant difference in pain
perception between acceleration surgery vs. conventional orthodontics at 24 h (p = 0.040); however, this
difference was not significant at 7 days (p = 0.080). Overall, the patients who underwent any acceleration
procedure presented significantly less resorption as compared to those who were applied conventional
treatment (p < 0.001). A similar significant difference was found in retraction movements (p < 0.001)
and alignment movements (p = 0.030).

Conclusions. In the first 24 h, surgical interventions for the acceleration of tooth movement produce
a greater perception of pain as compared to conventional orthodontic treatment, but the perception is
similar after 7 days. Acceleration surgery results in less root resorption — in alignment movements, and
especially in retraction movements.

Keywords: pain, acceleration, orthodontic tooth movement, root resorption, oral surgical procedures
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Introduction

In recent years, techniques for accelerating tooth move-
ment in orthodontics have been demonstrated, and they
have become an interesting option for adult patients who
require fixed orthodontic treatment, but within a shorter
period.!~* In general, acceleration interventions initiate a re-
gional inflammatory process with temporary osteopenia
due to increased osteoclastic activity, enabling the reduction
of bone resistance with respect to tooth movement.>? Surgi-
cal interventions may include techniques such as corticot-
omy — with or without laser, piezocision, discision, cortici-
sion, piezopuncture, and micro-osteoperforation.*

Ideally, this approach should allow clinicians to control
both the level and location of inflammation, preventing
negative side effects as much as possible.” However, it has
also been established that the inflammatory mechanisms
necessary to generate tooth movement share some char-
acteristics with inflammatory processes that are not fa-
vorable for tissue integrity.>-

Recently, a significant number of publications have
reported evidence of the effect of surgical acceleration
interventions in orthodontic treatment, showing favor-
able results with respect to the amount and rate of move-
ment.313 There are fewer and fewer clinical trials that
evaluate, under a certain methodology, the adverse effects
due to the inflammatory mechanisms of an acceleration
intervention.®~1° The perception of pain and root resorp-
tion are 2 important outcomes in terms of patient accep-
tance and long-term success of the intervention,*® but
there are very few systematic reviews that quantitatively
report on these unfavorable outcomes,”* making more
studies necessary to be able to reach a consensus on the
safety of acceleration interventions.

Therefore, the purpose of this systematic review was
to summarize and analyze the available evidence regard-
ing the effect of surgical interventions to accelerate tooth
movement with respect to pain perception and root re-
sorption as compared to conventional treatment.

Material and methods

This review followed the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) guide-
lines.!* The focused question was: “Do surgical interven-
tions to accelerate tooth movement produce a similar
perception of pain and root resorption as compared to
conventional orthodontic treatment?”

The inclusion criteria were established according to the
PICO strategy. The population comprised adult and ado-
lescent patients undergoing orthodontic treatment (P).
Surgical techniques for tooth movement acceleration were
considered as interventions (I). Conventional orthodontic
treatment was considered the comparison (C). The out-
comes were pain perception and root resorption (O).

M. Ortiz-Pizarro et al. Pain and resorption in surgical acceleration

Inclusion criteria

The inclusion criteria were as follows:

— clinical trials comparing a surgical intervention to ac-
celerate tooth movement with conventional orthodon-
tic treatment;

— clinical trials with the following outcomes evaluated —
perception of pain or root resorption;

— randomized or non-randomized, controlled, parallel-
arm or split-mouth clinical trials; and

— clinical trials in any language and without restrictions
regarding the publication time.

Exclusion criteria

The exclusion criteria were as follows:

— clinical trials using more than one surgical acceleration
intervention, an additional surgical technique or bone
grafting in the experimental group;

— clinical trials using some surgical procedure in the com-
parison group;

— clinical trials with acceleration surgeries provided to-
gether with orthopedic or functional treatment; and

— observational studies, animal studies, case reports,
books, editorials, and expert opinions.

Search strategy

An electronic literature search was carried out by 2
independent reviewers (M.O.P and M.J.C.H.), using the
following databases: MEDLINE (via PubMed), Scopus,
Web of Science (WoS), ScienceDirect, Cochrane Library,
and Virtual Health Library (VHL). Handsearching was
performed in other sources, such as Google Scholar to
identify unpublished articles, orthodontic journals with
an impact factor greater than 1, and through the reference
list of each retrieved article. This review also shows the
results of a supplemental search of gray literature through
OpenGray and MedRxiv. The general search expression
was as follows: (rapid* OR accelerat* OR speed*) AND
(“tooth movement” OR orthod*) AND (“root resorption”
OR “orthodontic resorption” OR “pain” OR “visual analog
scale”). The search strategy used was modified accord-
ing to the search syntax in each database. The literature
search was performed without time restrictions, and the
last date of the search was September 12, 2022.

Data collection

After the removal of duplicates, 2 independent review-
ers (M.O.P and M.J.C.H.) selected the remaining articles
in 2 phases. In the 1% phase, both reviewers examined the
studies by title and abstract to determine retrieved articles
that met the inclusion criteria. In case of disagreement,
a decision was made by consensus through the participa-
tion of a third evaluator (S.A.B.P.), and then the articles
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were incorporated. In the 2" phase, the same reviewers
performed a full-text evaluation of the pre-selected ar-
ticles to determine their eligibility and proceed to data
extraction.

Data extraction

Two independent reviewers (M.O.P and M.J.C.H.) ex-
tracted the information from the included articles using
a standardized Microsoft Excel spreadsheet. The follow-
ing data was extracted: title; first author; year of publi-
cation; study design; sample size; dental groups; gender
and age of the participants; characteristics of the maloc-
clusion; mechanics of movement and the applied force;
type and details of the intervention; and characteristics
of the evaluated outcomes (definition, measurement in-
strument, unit of measurement, and follow-up time). Any
discrepancies or disagreement were resolved through the
participation of a third investigator (S.A.B.P.).

Risk of bias

The risk of bias (RoB) assessment of the included stud-
ies was carried out using different tools depending on the
study design. For randomized clinical trials (RCTs), the
RoB 2.0 tool'® of the Cochrane Collaboration was used,
allowing the studies to be classified as being of low RoB,
some concerns or high RoB. The ROBINS-I tool*® was
used to evaluate non-randomized studies (NRSs), allow-
ing the studies to be classified into low, moderate, serious,
critical RoB, or no information categories. Again, the RoB
assessment was performed independently by 2 reviewers
(M.O.P and M.J.C.H.), and any disagreement was resolved
through discussion with a third author (S.A.B.P).

Statistical analysis

The primary outcome was pain perception and the sec-
ondary outcome was root resorption. Quantitative data
from studies with similar measurement methodologies
and follow-up time for outcomes were pooled. For the
perception of pain, a measurement interval of 24 h was
considered for scales from 1 to 10, and 7 days for scales
from 1 to 100, while the evaluation of root resorption was
considered in linear millimeters, with a minimum follow-
up period of 3 months, and according to tooth move-
ments of alignment or retraction.

A meta-analysis was performed using a computer
program (RevMan, v. 5.4), and the extracted data was
expressed as continuous variables. The mean and stan-
dard deviation (M +SD) with a 95% confidence interval
(CI) were used to estimate the treatment effect. Statisti-
cal significance for the hypothesis test was established at
p < 0.05. A random-effects model was considered, while
heterogeneity between the studies was estimated based
on the x?, 7 and P statistics.
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Results

The electronic search of the databases identified 1,310
articles published up to September 12, 2022. According to
the established protocol, additional 85 articles were manu-
ally identified from other sources. Duplicate records were
eliminated, and the remaining 997 studies were screened
by title and abstract, with 834 records being excluded and
163 full-text articles reviewed for eligibility. Finally, after
applying the exclusion criteria, 40 studies were included
in the qualitative synthesis of the systematic review and
15 studies in the quantitative synthesis (Fig. 1).

Identification of studies via databases and registers

Records identified from:
® MEDLINE (n = 386)
= || @ Scopus (n=239) Records removed
o||e \éVe_b of %‘fie“:? (n j:g)) before screening:
% | | ® ScienceDirect (n = :
h% ® Cochrane Library (n = 3) ° (::n':t‘\;,aetg (r:c:;gg)
= | | @ Virtual Health Library
5 (n=457)
Z | | @ other sources (n = 85)
Records screened Records excluded
(n=997) (n=834)
o
g Rig?:?trsigyght Reports(:c;t (l;?trieved
§ (n=163)
o
@ ¢ Reports excluded:
o different objectives
(n=79)
Reports assessed o different type or study
for eligibility design (n = 25)
(n=163) @ more than one
— intervention together
(n=11)
¢ @ intervention in
° orthopedic or functional
% Studies included in treatment (n = 3)
S the qualitative synthesis @ surgery in the control
= (n = 40) group (n =5)
= Studies included in
the quantitative synthesis
(n=15)

Fig. 1. Flowchart of the study according to the PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-Analyses) guidelines

Study characteristics

Table 1 summarizes the main features of all includ-
ed studies that evaluated treatment assisted by accel-
eration surgery vs. conventional orthodontic treat-
ment.>17-54 Of the 40 included studies, 33 studies were
RCTs,18-2022.25-3436-54 of which 15 had a parallel-arm
design!828-303436.414445,474850515354 and 18 used a split-
mouth design,9202225-27.31-3337-404243,464952. [ jkcewise, 7
studies were NRSs, 1721232435 of which 2 had a parallel-

arm design'” and 5 used a split-mouth design.>21:23.2435
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Within  the surgical acceleration techniques,
18 studies used micro-osteoperforation in 299
patients’18,22—28,32,33,36,39,41,44,46,47,51,52 16 Studies used pieZO—
cision in 208 patients,1’20’21'24’29‘31’?’4’35’38’39'42'48‘50'54 3 Stud'
ies used laser corticotomy in 46 patients,3-¥74 3 studies
used traditional corticotomy in 50 patients,'”1*43 2 studies
used corticision in 52 patients,*>* 1 study used discision
in 12 patients,! and another study performed piezopunc-
ture in 17 patients.?

Overall, across all the included studies, 26 studies as-
Sessed pain perception,1'2'18’19‘22'25_34'36’37'40'41’43'49_54 and 22
studies assessed root resorption, !17:20-2426-29,34,35,38,39,42-48

Risk of bias within the studies

Regarding RCTs, 16 studies were classified as low
risk’22,25,26,28,30—32,36,37,39,40,44—47,53 6 were evaluated Wlth
some concerns®>3+41435052 and 11 studies were classified
as high risk of bias!8-2027:2938424849,5154 (Fig ). The assess-
ment of bias for NRSs is shown in Table 2, where 2 studies
were classified as moderate risk*?%, 3 serious'7%* and 2
critical 213

Meta-analysis

Perception of pain

Two meta-analyses were performed regarding the units
of measurement and the follow-up periods used for the pri-
mary outcome, pain perception. The 1% meta-analysis includ-
ed 83 patients in 4 studies that used micro-osteoperforation
along with an evaluation scale of 1-10. The analysis showed
a statistically significant increase in the pain score of patients
with acceleration surgeries as compared with those who un-
derwent conventional treatment within a 24-hour observa-
tion period. The mean increase on the pain analog scale was
0.46 (95% CI: 0.02, 0.91; p = 0.04), and the studies showed ho-
mogeneity: y* = 0.17; df = 3 (p = 0.98); I> = 0% (Fig. 3A). Four
studies that used a scale of 1-100 were included in the 2m
meta-analysis, with a total of 136 patients who underwent
corticotomy, piezocision and corticision. Acceleration sur-
geries and conventional orthodontics produced similar pain
scores over a 7-day observation period. The non-significant
difference was 12.41 (95% CI: —1.32, 26.13; p = 0.08), and the
studies showed heterogeneity: 72 = 187.32; x> = 88.42; df = 3
(p < 0.00001); 22 = 97% (Fig. 3B).

Root resorption

Three meta-analyses were performed to assess root
resorption as a secondary outcome. In the 1 overall as-
sessment, we included 9 studies using corticotomy, pi-
ezocision, corticision, or micro-osteoperforation in 235
patients. There was a significant decrease in resorption
in patients who received any acceleration surgery as com-
pared to those who underwent conventional treatment.

‘ low risk

? some concerns

. high risk

Abbas 2016

Aboalnaga 2019

Alfawal 2020

Al-lbrahim 2022

Alikhani 2013

Alkasaby 2022

Alkebsi 2018

Al-Naoum 2014

Algadasi 2019

Algadasi 2021

Arana 2022

Babanouri 2020

Bansal 2019

Charavet 2019

Gibreal 2019

Gulduren 2020

Hatrom 2020

Hawkins 2022

Jaber 2021

Kumar 2024

Kundi 2020

Li 2022

Mahmoudzadeh 2020

Ozkan 2021

Raj 2020

Ravi 2021

Raza 2021

Shabhrin 2021

Sirri 2021

Sirri 2022

Sivarajan 2019

Sultana 2022

Thomas 2021

"“‘.'\’ =~ ".'\’ ‘..'\,"\) ‘."."..."0 ..' measurement of the outcome
PPPPRPOVNIVNBPVNPOP NP PPDPPO P ND D | B | seecton o e reporied resu
@099 V00°9V900900°Y0090009000000000 -

POPPPIPPPVIPIPIPPPOPPPPPPPPYPDP DD BB mesinoutcome cas

POPPPPPO00PPPPPPP @BV B DB B ® @ @B || cevions romthe imended intorventons

VPP POPPPEIRIPPIRIIVNPPPPOP VYD PO PP @ rendomizationprocess

Fig. 2. Summary of the risk of bias (RoB) assessment for randomized
controlled trials (RCTs) according to the RoB 2.0 tool
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Table 2. Risk of bias (RoB) assessment for non-randomized studies (NRSs) according to the ROBINS-I tool

Bias in the o Bias due to . :
. . Bias in the o . Bias due to the | Bias due to the .
Bias due to selection e deviations from | Bias due to . Overall risk
. o classification - o measurement | selection of the -
confounding | of participants : : the intended | missing data of bias
of interventions | . . of the outcome | reported result
for the study interventions
Yavuz et al.! ) ) ) ) ) )
2018 moderate moderate moderate serious no information serious serious serious
Omidkhoda et al?
2020 low low low moderate low low low moderate
Shoreibah et al."” ) ) ) ) ) ) )
2012 serious moderate serious serious no information serious moderate serious
Patterson et al.?' ) ) ) - -
2017 serious low serious serious low critical low critical
Chanetal? ) ) ) - -
2018 serious low serious serious low critical low critical
Elkalza et al.*
2018 low low low moderate low moderate low moderate
Ibrahim et al®® ) ) ) ) )
2020 low moderate low serious no information serious low serious

The mean decrease in root resorption was 0.24 mm (95%
CI: -0.30, -0.17; p < 0.00001), and the studies showed ho-
mogeneity: x? = 7.92; df = 10 (p = 0.64); I = 0% (Fig. 4A).
Seven studies registered 155 patients and evaluated root

a significant decrease in root resorption of 0.16 mm as
compared to conventional treatment (95% CI: -0.30,
-0.01; p = 0.03), and the included studies showed homo-
geneity: x> = 0.83; df = 1 (p = 0.36); I? = 0% (Fig. 4C).

resorption in retraction movements, showing a statisti-
cally significant decrease for patients who received cor-
ticotomy, piezocision or micro-osteoperforation as com-
pared to conventional treatment. The mean decrease
in root resorption was 0.26 mm (95% CI: -0.33, -0.18;
p < 0.00001), and the included studies showed homoge-
neity: 2 = 5.68; df = 8 (p = 0.68); I> = 0% (Fig. 4B). Finally,
2 studies evaluated root resorption in 80 patients during
alignment movements. It was found that the patients who
received corticision or micro-osteoperforation presented

Discussion

The present systematic review summarizes the evi-
dence from randomized and non-randomized clinical
trials that compared surgical interventions to accelerate
tooth movement vs. conventional treatment without ac-
celeration with respect to adverse effects, such as pain
perception and root resorption.

Surgical acceleration Conventional Mean difference Mean difference

Study or subgroup M(0-10) SD(0-10) total M(0-10) SD(0-10) total weight IV, fixed, 95% C/ year IV, fixed, 95% C/

Alkebsi 2018 1.20 2.06 32 0.70 1.95 32 20.7% 0.50 (-0.48, 1.48) 2018 R
Kundi 2020 0.84 0.77 15 0.40 0.74 15 68.3% 0.44 (-0.10,0.98) 2019 i
Gulduren 2020 1.66 2.78 9 0.78 1.83 9 4.2% 0.88 (-1.29,3.06) 2019

Babanouri 2020 1.91 2.28 12 1.56 1.99 12 6.8% 0.35(-1.36,2.06) 2020

Total (95% C/) 68 68 100.0% 0.46 (0.02, 0.91) ’
Heterogeneity: X?=0.17, df = 3 (p=0.98); /2= 0% _,‘i _i ) i é

Test for overall effect: Z=2.04 (p=0.04) favors (acceleration) favors (conventional)

Mean difference
IV, random, 95% C/

Conventional Mean difference
M (0-100) SD(0-100) total weight IV, random, 95% C/ year

Surgical acceleration

Study or subgroup M(0-100) SD(0-100) total

Gibreal 2019 25.59 13.80 15 20.58 1148 15 235%  5.01 (—4.07, 14.09) 2019 —_1

Raza 2021 44,50 584 10 14.00 347 10 256% 30.50 (26.29,34.71) 2021 —=
Al-lbrahim 2022 37.79 8.79 22 27.31 633 22 255% 10.48 (5.95,15.01) 2022 —

Sirri 2022 20.31 9.32 26 17.31 684 26  255%  3.00 (-1.44,7.44) 2022 T

Total (95% C/) 73 73 100.0% 12.41 (=1.32, 26.13) e
Heterogeneity: 77?=187.32; ) =88.42, df =3 (p<0.00001); /2= 97% _zfo _150 s 1f0 ’

Test for overall effect: Z= 177 (p= 0.08) favors (acceleration) favors (conventional)

Fig. 3. Forest plot depicting the mean difference between surgical acceleration and conventional orthodontics for pain perception on assessment scales
1-10 (A) and on assessment scales 1-100 (B)
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Surgical acceleration Conventional Mean difference Mean difference
Study or subgroup M[mm] SpO[mm] total M[mm] SO[mm] total weight IV, fixed, 95% C/  year IV, fixed, 95% C/
Elkalza (mop) 2018 0.45 1.40 B 0.69 1.65 & 0.2% =024 (-1.74,126) 2018
Elkalza (pzo) 2018 218 1.84 B 1.18 1.86 B 01% 1.00(-0.81,281) 2018 *
Alkebsi 2018 0.61 1.50 iz 0.73 1.81 32 0.7% =012 (-093,068) 2018
Hatrom 2020 0.58 027 12 0.90 0.40 11 55% =032 (<060, -0.04) 2020 I
Shahrin 2021 0.13 042 14 0.14 0.53 14 3.5% =001(-036,034) 2021 s E—
Sirri 2021 0.64 0.25 26 0.83 0.33 26 17.3% =019 (-0.35,-0.03) 2021 —=
Algadasi (pzo) 2021 0.01 085 11 0.48 0.86 1" 08% =047 (-1.23,028) 2021 -
Thomas 2021 0.24 1.00 33 0.30 0.90 33 21% =006 (-052,040) 2021 I
Algadasi (mop) 2021 0.04 0.45 10 0.05 0.70 10 1.7% -0.01{(-0.53,051) 2021 I E—
Raza 2021 0.24 0.10 10 0.53 0.10 10 571% -0.29(-0.38,-0.20) 2021 L
Alkasaby 2022 0.31 0.16 10 0.46 0.28 10 11.0% =0.15(-0.35,0.05) 2022 T
Total (85% C/) 174 173 100.0% —0.24 (<0.30, 0.17) L 2
Heterogeneity: }?=7.92 df =10 (p=064); 17=0% _; -Uf’s 0 D=5 i
Test for overall effect: Z=7.04 (p=<0.00001) favors (acceleration)  favors (conventional)
Surgical acceleration Conventional Mean difference Mean difference
Study or subgroup M[mm] SO[mm] total M[mm] SO[mm] total weight IV, fixed, 95%C/ year IV, fixed, 95% C/
Alkebsi 2018 0.61 1.50 3z 0.73 1.81 32 08% =012 (-0.93,069) 2018 —
Elkalza (mop) 2018 0.45 1.40 8 0.69 165 8 0.2% =024 (=1.74,1.26) 2018
Elkalza (pzo) 2018 2.18 1.84 8 1.18 1.86 8 0.2% 1.00 {-0.81,2.81) 2018 *
Hatrom 2020 0.58 0.27 12 0.90 0.40 11 7.0% =032 (-0.60, =0.04) 2020 e
Thomas 2021 0.24 1.00 33 0.30 0.90 33 26% =0.06 (=0.52, 040) 2021 -1
Algadasi (mop) 2021 0.04 0.45 10 0.05 0.70 10 21% =0.01(=0.53,051) 2021 I B
Algadasi (pzo) 2021 0.01 0.95 1 0.48 0.86 1 1.0% =047 (-1.23,029) 2021 —
Raza 2021 0.24 0.10 10 0.53 0.10 10 72.2% =0.29 (-0.38, -0.20) 2021 #
Alkasaby 2022 0.31 016 10 0.46 0.28 10 1398% =0.15(=0.35,0.05) 2022 -
Total (95% C/) 134 133 100.0% =0.26 (=0.33, =0.18) *
Heterogeneity: ¥*=5.68, df =8 (p= 0.68); /*=0% _; - 0-‘5 ) 0-‘5 ;
Test for overall effect: 2= £.81 (P<0.00001) favors (acceleration) favors (conventional)
Surgical acceleration Conventional Mean difference Mean difference
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Fig. 4. Forest plot depicting the mean difference between surgical acceleration and conventional orthodontics for root resorption (A); in retraction (B) and in

alignment (C)

The findings of this meta-analysis showed that surgi-
cal interventions together produced a greater perception
of pain at 24 h, recorded on a scale of 0—10. The differ-
ence with regard to conventional treatment became non-
significant when the analysis was performed at 7 days
and on a scale of 0-100. Fu et al.® and MacDonald et al.1
performed systematic reviews to assess pain perception in
studies using acceleration surgery, but without quantita-
tive analyses.

Dab et al.” and Mousa et al.!3 carried out meta-analyses
to compare surgical interventions vs. conventional treat-
ment with respect to pain perception without finding
significant differences. However, some factors must be
considered. Dab et al. included 2 studies that used peri-
odontal accelerated osteogenic orthodontics (PAOO) and
micro-osteoperforation, with the same units of measure-
ment, but with unspecified follow-up time, and with the
use of bone graft in one of the studies.” Mousa et al. ana-
lyzed 2 RCTs that also evaluated micro-osteoperforation
with the same measurement scale and follow-up time, but
only in canine retraction movements.!* Although they
found no differences, a similar trend was observed, which
may become significant with a larger number of studies.
In addition, it should be considered that the present study

did not only include minimally invasive surgical interven-
tions. The hyperalgesia described in the study can also be
attributed to a cascade of inflammatory mediators, such
as bradykinin, histamine, serotonin, and substance P, re-
leased by the action of prostaglandin E2 (PGE2) and the
RANK/RANKL pathway as the first inflammatory mes-
sengers in osteoclastogenesis.®*®> No differences were
found between surgical interventions and conventional
treatment in over a 7-day period, perhaps due to advance-
ment toward a less invasive approach, where variations in
the production of biochemical mediators associated with
mild or moderate initial pain tend to decrease with post-
operative time, even from the first day.®® In addition, it
is worth mentioning that pain recording was self-report-
ed and might be subject to decreased sensory memory,
which is observed at a longer evaluation period.?®

With respect to the root resorption outcome, it was
found that surgical interventions produced significantly
less resorption in general. A different result was found
by Dab et al., who performed a meta-analysis of 4 studies
that reported their results in linear millimeters and cubic
millimeters, with different follow-up times from one an-
other.® The authors concluded that there was no signifi-
cant difference in root resorption between patients who
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received any acceleration surgery and those who under-
went conventional treatment.” However, the difference
between both systematic reviews can be explained based
on the criteria used in the present investigation, where
only studies that reported the outcome in linear milli-
meters were considered. Although measurements made
by cone beam computed tomography (CBCT) are more
accurate, progress periapical radiographs are still the
main method used to detect root resorption during treat-
ment.!! Furthermore, most of the studies that recorded
measurements in cubic millimeters did not report com-
plete quantitative data, or the follow-up period was insuf-
ficient. Consequently, a minimum acceptable follow-up
of 3 months was established according to the literature.”!!

Acceleration surgeries caused less root resorption,
which is partly due to the localized increase in the num-
ber of osteoclasts, which allowed a higher rate of move-
ment with less root resorption.>® However, there is evi-
dence that the recruitment of factors like catabolic agents
for remodeling can have an indiscriminate and deleteri-
ous effect on the surrounding tissues, e.g., cementum, ul-
timately depending on other factors, such as the applica-
tion of optimal force.12325

Finally, it is precisely the concept of the optimal ap-
plication of force that can help explain the differences
found between retraction and alignment movements. Al-
though in both meta-analyses significantly less resorption
was observed after acceleration surgeries as compared
to conventional treatment, the difference was smaller in
alignment movements, where the forces released may be
less controlled with respect to retraction. In this sense,
it should be considered that intrusion, retraction and
torque movements by themselves may not be responsi-
ble for increasing the risk of resorption,®” while the area
of stress distribution, and the amount and lack of control
of the force can play an important role in the exacerbation
of root resorption in acceleration surgeries.®¢

Limitations

Among the main limitations are the deficiencies in re-
porting the results in the included studies, which precluded
the inclusion of a greater number of investigations in the
quantitative analysis. Although the number of participants
was small in most investigations, this could have been off-
set by the number of investigations that were able to be in-
cluded to maintain adequate power in the meta-analysis. It
should be considered that only half of the trials included in
the meta-analyses were assessed to have a low risk of bias
with considerable heterogeneity, and this made it difficult
to draw definitive conclusions. Future studies are needed,
assessing not only the tooth movement rate, but also other
patient-reported outcomes that could not be evaluated in
the present systematic review, such as functional impair-
ment (swelling, chewing, discomfort, mouth opening), the
periodontal status and dental vitality.

M. Ortiz-Pizarro et al. Pain and resorption in surgical acceleration

Conclusions

Surgical interventions for the acceleration of tooth
movement produced a greater perception of pain than
conventional orthodontic treatment at 24 h of follow-up.
However, the perception of pain was similar when it was
evaluated after a period of 7 days.

Overall, there was evidence of significantly less root re-
sorption in patients who received acceleration surgery for
tooth movement in comparison with those who received
conventional orthodontic treatment alone. Lower root re-
sorption was also found when acceleration interventions
were performed in tooth alignment movements, with
a greater difference in retraction movements.
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Abstract

Periodontal mechanical debridement is the most common therapy for the treatment of periodontitis.
However, depending on the severity of the disease, mechanical debridement has been recommended
in combination with systemic antibiotics. In this study, we performed an overview of systematic reviews
using the Friendly Summaries of Body of Evidence using Epistemonikos (FRISBEE) methodology on the
effectiveness and safety of mechanical debridement combined with amoxicillin and metronidazole
compared to mechanical debridement alone for the treatment of chronic periodontitis. We conducted
a systematic search of the Epistemonikos database, extracted data from 10 systematic reviews and
re-analyzed data from 23 primary studies to generate a summary of findings (SoF) table. We used RevMan
5.3 and GRADEpro for data analysis and data presentation. The following outcomes were analyzed: probing
depth (mean difference (MD): 0.07 mm); clinical attachment level (MD: 0.04 mm); bleeding on probing
(MD: 5.06%); and suppuration (MD: 0.31%). There was no evidence of a clinically relevant benefit
of periodontal mechanical debridement therapy combined with amoxicillin and metronidazole compared
to periodontal mechanical debridement therapy alone for the treatment of chronic periodontitis in the
studied periodontal outcomes.

Keywords: metronidazole, amoxicillin, periodontal debridement, periodontal diseases
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Introduction

Oral diseases affect many people throughout their lives,
causing pain, discomfort, deformity, and even death. They
constitute a significant health burden for several coun-
tries.! The most common oral diseases are periodontal
diseases, such as gingivitis and periodontitis, with a preva-
lence of up to 50% worldwide.? The absence of treatment
can lead to tooth mobility and subsequent tooth loss,?
which, depending on the severity of the disease, may af-
fect a person’s ability to chew and speak, and have a major
impact on their quality of life.*

Periodontal treatment involves the removal of biofilms
and microbial deposits from root surfaces to reduce the
host inflammatory response and tissue degradation.’
However, it is not possible to eliminate all pathogenic
bacteria in the subgingival region using instrumentation
alone; thus, antimicrobials are prescribed to eliminate
the remaining subgingival microorganisms.® Systemically
administered antibiotics reach periodontal tissues through
the blood and attack microorganisms that are inaccessible
to hand instruments.” They also help to eradicate infec-
tions by suppressing periodontal pathogens that invade
subepithelial periodontal tissues and other extradental
tissues, such as the deep crevices of the tongue.® There-
fore, prescribing systemic antibiotics in therapy is consid-
ered beneficial for the eradication of pathogenic bacteria.?

In recent years, there has been a growing interest in the
use of endogenous molecules or natural products as ad-
juvant therapies for the long-term treatment or mainte-
nance of periodontitis.” However, antibiotic use is more
common. Several combinations of systemic antibiotics are
used with mechanical periodontal therapy, with amoxicil-
lin and metronidazole being one of the most common.!?
Although this is a widespread practice, it is not yet clear
how beneficial it is to prescribe them compared to per-
forming mechanical periodontal therapy alone.!! Several
studies have indicated that the administration of anti-
microbials in conjunction with mechanical debridement
may have a beneficial effect on both the mechanical
therapy and microbiological parameters.® The benefits
of adjuvant therapy have been documented in several ran-
domized controlled trials (RCTs), as well as in systematic
reviews and meta-analyses.® Adjuvant therapies can help to
reduce gingival inflammation, probing depth, attachment
level loss, and the need for future periodontal surgery.!?

The objective of the present study is to synthesize the
available evidence regarding the practice of mechanical
debridement in conjunction with amoxicillin and metro-
nidazole compared to mechanical debridement alone for
the treatment of chronic periodontitis. Additionally, we
aim to report the therapeutic effectiveness of the afore-
mentioned approaches, based on the outcomes of the
studies, including the clinical attachment level, probing
depth, radiographic bone loss, bleeding on probing, and
suppuration.

Material and methods

An overview was conducted using the Friendly
Summaries of Body of Evidence using Epistemonikos
(FRISBEE) methodology!® to synthesize the best avail-
able evidence on the practice of mechanical debridement
combined with the prescription of amoxicillin and metro-
nidazole for the treatment of chronic periodontitis. Our
research question was based on the Population, Intervention,
Comparison and Outcomes (PICO) strategy, as fol-
lows: population — patients with chronic periodontitis;
intervention — mechanical debridement combined with
amoxicillin and metronidazole; comparison — mechanical
debridement; outcomes — probing depth, clinical at-
tachment level, radiographic bone loss, bleeding on prob-
ing, and suppuration. Furthermore, a systematic search
of the Epistemonikos database of systematic reviews,
which synthesizes data from multiple sources, including
MEDLINE, Embase, Cochrane Library, and LILACS, was
performed.'* No language restrictions were applied, and
the search was limited to articles published until July 7,
2022.

The main search terms were “chronic periodontitis’,

” « ” o« ” o«

“periodontal disease”, “pyorrhoea’; “pyorrhea’, “amoxicil-

” « ” o« ” «

lin’, “amoxicilina’;, “amoxicilline’; “amoxicillinum’, “amoxy-
cillin’, “metronidazole”, “flagyl’, “fossyol’; and “systemic
antimicrobials” Duplicate articles were removed manu-
ally using Mendeley Desktop 1.19.8 software (https://
www.mendeley.com/autoupdates/installers/1.19.8). Only
systematic reviews that met the following eligibility cri-
teria were included: studies in adult patients with chronic
periodontitis who had received mechanical debridement
combined with amoxicillin and metronidazole as an inter-
vention or mechanical debridement alone as a com-
parison.

Two authors (DZL, JMPV) independently screened
systematic reviews for eligibility based on their titles and
abstracts, followed by a full-text screening. Primary stud-
ies from the systematic reviews that met the inclusion
criteria were selected for data extraction. Any disagree-
ment between the 2 authors was resolved through dis-
cussion and consensus, with the arbitration of the third
author (CMG) when necessary. A matrix in the XLSX for-
mat was employed as an instrument for data collection
using Microsoft Excel 2022 (Microsoft Corporation,
Redmond, USA), which included the search strategy,
characteristics of systematic reviews and primary studies,
the assessment of the risk of bias for primary studies, and
relevant outcomes.

RevMan 5.3 software (Cochrane Collaboration,
London, UK) was used for data analysis, and GRADEpro
software (GRADE Working Group) was used to assess the
certainty of the evidence. In addition, we developed a sum-
mary of findings (SoF) table according to the Grading
of Recommendations, Assessment, Development, and
Evaluations (GRADE) approach. The data was entered
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into RevMan v. 5.3 software. Regarding measures of treat-
ment effect, we found only outcomes with continuous
data. We combined the results by performing a meta-
analysis for each outcome using a random-effects model
with inverse-variance weighting. Results were reported
as mean difference (MD), calculated with its 95% confi-
dence interval (CI). The unit of analysis for all predefined
outcomes was periodontal sites of therapeutic interven-
tion. We assessed statistical heterogeneity in each meta-
analysis using the Tau?, I? and y? statistics. We considered
heterogeneity to be substantial if the I> was greater than
75% and either the Tau? was greater than 0 or there was
a low p-value (<0.05) in the y? test for heterogeneity.

To interpret the results and to rate the certainty
of the evidence, we employed the GRADE approach
and GRADEpro software. First, we analyzed the overall
certainty of the evidence for each outcome individually,
downgrading the evidence from “high certainty” to “mod-
erate’, “low” or “very low’, depending on the risk of bias,
indirectness of the evidence, inconsistency, and impreci-
sion of the effect estimates. The research protocol is avail-
able from the corresponding author upon request.

Results

The systematic search yielded a total of 18 articles,
of which 1 was a duplicate. The remaining 17 articles were
screened based on their titles and abstracts, and 16 stud-
ies were included for full-text screening. Ten systematic
reviews®1115-22 were ultimately included in the develop-
ment of this FRISBEE overview, which included 23 pri-
mary studies.!®?-% All primary studies were randomized
clinical trials, reported in 27 references (Fig. 1).1023-48

All studies included systemically healthy adult patients
(18-70 years old) with a diagnosis of chronic periodonti-
tis. The patients were required to have at least 4 teeth
diagnosed with a probing depth greater than 4 mm, a clini-
cal attachment level greater than or equal to 2 mm, and
radiographic evidence of bone loss. Additionally, all trials
compared the use of mechanical debridement combined
with amoxicillin and metronidazole to mechanical
debridement alone for the treatment of chronic periodonti-
tis, with a minimum follow-up period of 3 months.

In7 outofthe 23 included studies, amoxicillin 375 mgand
metronidazole 250 mg were administered.!0:232%:31,38:43:44
In 5 studies, amoxicillin 500 mg and metronidazole
400 mg were administered together.283%374142 T 4 stud-
ies, amoxicillin 500 mg and metronidazole 500 mg were
prescribed.?*?73%35 In 3 studies, amoxicillin 500 mg and
metronidazole 250 mg were prescribed.?>3236 In 2 stud-
ies, amoxicillin 375 mg and metronidazole 500 mg were
administered together.26* In 1 study, amoxicillin 500 mg
and metronidazole 200 mg were prescribed,® and in
another study, amoxicillin 250 mg and metronidazole
200 mg were administered.*
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Identification of studies via databases

c Records identified E:fcoor;d:cr;rgr?i\r,\egq
o . .
'g from databases: » |® duplicate records (n=1)
o e Epistemonikos @ records marked as ineligible
= (n=18) by automation tools (n = 0)
= @ records removed for other
% ¢ reasons (n =0)
Records screened 3 Records excluded
(n=17) (n=1)
= Reports sought -
=
£ for retrieval r Reports no_t Eetrleved
s (n=16) (n=0)
e
o
m ¢
Reports excluded:
Reports assessed . _
for eligibility »- | ® wrong populat!on (n=2)
=16 ® wrong comparison (n = 1)
. (n=16) @ another publication type (n = 3)
o Studies included
'g in the review
o (n=10)
c
= Reports
of included studies
(n=23)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flowchart of systematic review selection process

Twenty-one trials measured probing depth (849 pa-
tients),1023-30,32-4244 1 8 trjals assessed the clinical insertion
level (758 patients),1023-30,32,34-37,40-42.44 15 trjals evaluated
bleeding on probing (585 patients),?325-283032-3941
and 3 trials reported the percentage of patients with
suppuration (142 patients).3®3741 There were no clinical
trials reporting radiographic bone loss as an outcome
(Table 1).

Based on the analysis performed with the included
studies, the main findings of this overview are as follows
(Table 1):

« periodontal mechanical debridement therapy combined

with amoxicillin and metronidazole could decrease

probing depth (MD: 0.07 mm; 95% CI: 0.20-0.05) and

increase the clinical attachment level (MD: 0.04 mm;

95% CI. 0.14-0.21) compared with periodontal me-

chanical debridement therapy alone (low certainty

of the evidence);

radiographic bone loss was not measured or reported in

any systematic review or primary article;

« itisuncertain whether periodontal mechanical debride-
ment therapy combined with amoxicillin and metroni-
dazole reduces the percentage of bleeding on probing
and modifies the percentage of suppuration compared
with periodontal mechanical debridement therapy
alone (very low certainty of the evidence).

.
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Table 1. Summary of findings (SoF) table using the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) approach

Absolute effects

Relative effect Certainty of the

mechanical debridement in MD

JeHeRe MECRSRICSIAEBRASMERE combination with amoxicillin (95% CI) (95% Cl) evidence (GRADE)
alone :
and metronidazole
Probing depth -0.07 ®@e00
[mm] 320 313 (-0.20-0.05) N lowaP
Clinical attachment level 0.04 Clele]
[mem] 354 358 (-0.14-021) - lows®

Radiographic bone loss not reported - - not reported

Bleeding on probing —5.06 B @000
[9%] 3700 3194 (=8.22—1.90) very lowacde
Suppuration 3 —0.31 B @000
[9%] 030 001 (-0.65-0.02) very lowd/9

(I - confidence interval; MD — mean difference; @ certainty of the evidence was downgraded 1 level for risk of bias because the random sequence generation,
allocation concealment, and blinding of participants or personnel were unclear in most of the included studies; in some trials, the missing outcome data was
unclear; ® certainty of the evidence was downgraded 1 level for imprecision because each end of the C/ led to a different decision; © certainty of the evidence
was downgraded 1 level due to inconsistency because the meta-analysis presented heterogeneity (1% 94%); ¢ certainty of the evidence was downgraded 1
level due to indirectness of the evidence, as it corresponded to a surrogate outcome; € certainty of the evidence was downgraded 1 level due to imprecision,
as the Cf for the magnitude of the effect was large; f certainty of the evidence was downgraded 1 level for risk of bias, as blinding of participants and
personnel was unclear in 1 out of 3 trials; 9 certainty of the evidence was downgraded 1 level for imprecision, as the studies together had a small sample size.
Low certainty of the evidence indicates that our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate
of the effect. Very low certainty of the evidence indicates that we have very little confidence in the effect estimate: the true effect is likely to be substantially
different from the estimate of effect. An interactive version of this table is available at: https://gdt.gradepro.org/presentations/#/isof/isof_8c9dcdee-7cab-

4f42-bf5f-03135aa86929-1657757367316.

Discussion

The results of this study are applicable to all systemi-
cally healthy adult patients over the age of 18 with mild
or moderate chronic periodontitis. The objective of this
study was to evaluate 5 outcomes. However, one of the
proposed outcomes was not reported in the studies
that met the eligibility criteria. Two of the remaining
4 outcomes were considered critical in the evaluation
of periodontal parametersin periodontitis, namely probing
depth and the clinical attachment level. Additionally,
bleeding on probing and suppuration were evaluated
as surrogate outcomes. The GRADE approach revealed
that the evidence supporting the advantages of perio-
dontal mechanical debridement therapy combined with
amoxicillin and metronidazole compared to periodontal
mechanical debridement therapy alone was of low or very
low certainty.

The GRADE approach criteria revealed issues with the
domains of risk of bias, inconsistency and imprecision.
In several trials, the process of random sequence gen-
eration, allocation concealment, and blinding of partici-
pants and assessors was unclear.?332343644 Additionally,
there was missing outcome data when assessing the risk
of bias,***8 and the reasons why data or records were lost
or unavailable were not stated, which may introduce bias
in the estimation of the effect of the intervention. With
regard to the inconsistency domain, high heterogeneity
was observed in the magnitude of the effect on bleeding
outcomes, with an I of 949%.1023.25-28,30.32-38.4041 Regarding
imprecision, the effect of bleeding on probing outcomes
had a wide CI, making it difficult to assess the magnitude

of the effect in a single clinical trial. In addition, the lim-
its of the CIs for probing depth and clinical insertion
level outcomes led us to a different decision regarding
the effectiveness of periodontal mechanical debridement
therapy combined with amoxicillin and metronidazole
compared to periodontal mechanical debridement
therapy alone. However, a strength of this study was the
achievement of an optimal sample size for the outcomes
of probing depth and the clinical insertion level (849 and
758 patients, respectively).

The results of our study were consistent with 2 of the
identified systematic reviews,*!> which found no clini-
cally relevant effect on any of the periodontal parameters
studied when comparing the effectiveness of periodontal
mechanical debridement therapy combined with amoxi-
cillin and metronidazole to mechanical periodontal ther-
apy alone for the treatment of chronic periodontitis. In
both studies, the certainty of the evidence was also very
low. However, our results are in disagreement with the
reviews performed by Zandbergen et al., Herrera et al.
and Haffajee et al., which indicate that probing depth, the
clinical insertion level and bleeding on probing improved
in the antibiotic group.!®1%22 Despite the positive results
of these studies regarding periodontal outcomes when anti-
biotics were administered, none of the studies established
whether these results are clinically relevant. Therefore, it
is not reported whether only a favorable statistical result
was obtained or whether this minimal favorable differ-
ence represents a significant benefit to patients. In addi-
tion, our study partially aligns with 3 reviews that identi-
fied an additional benefit in probing depth and insertion
level outcomes, but not in bleeding on probing.!1:16:20:21
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Likewise, our results are in partial agreement with the re-
view performed by Santos et al., who observed positive
periodontal outcomes in patients who received amoxicil-
lin and metronidazole. However, due to the limited evi-
dence, it was not possible to determine whether the
adjunctive use of antibiotics provided a greater benefit
than mechanical periodontal therapy alone.'”

Although the combination of amoxicillin and metroni-
dazole with periodontal mechanical debridement therapy
may improve certain periodontal clinical parameters, bac-
terial resistance and adverse effects of antibiotics should
also be considered.!® Over the past 3 decades, antimicrobial
resistance among microorganisms has increased steadily,
and the susceptibility of bacteria to antimicrobial agents
has become less predictable.® For this reason, the use of anti-
biotics in periodontitis should be restricted to specific
cases in which the condition is severe or the patient carries
a high risk of disease progression and has not responded to
conventional mechanical periodontal therapy.'®

The European Federation of Periodontology (EFP) has
indicated in a clinical practice guideline that although
there is evidence that antibiotics systemically improve
the clinical outcome of subgingival instrumentation, their
routine use in therapy is not recommended, except in cas-
es of generalized periodontitis stage III, which involves
a deep probing depth of 26 mm or complex anatomical
surfaces (root concavities, furcations, infra bony pock-
ets) that may have a difficult resolution. In such cases, the
endpoints of mechanic therapy may not be achieved, and
further treatment might need to be implemented.* Like-
wise, the UK version of the EFP S3-level clinical practice
guideline recommends that the use of systemic antibiotics
should not be considered a routine adjunct to subgingival
instrumentation in patients with periodontitis. However,
it should be considered an adjunct specifically in patients
with severe generalized periodontitis.’® On the other
hand, the American Dental Association’s clinical practice
guideline on non-surgical treatment of chronic periodon-
titis indicates that in patients with moderate to severe
chronic periodontitis, clinicians may consider systemic
antimicrobials as an adjunct to mechanical therapy, with
little expected net benefit, only after other alternatives
have been considered.>

The keywords described in the methods section were
used to identify 20 ongoing RCTs on this topic, from
2014 to 2022, in the World Health Organization (WHO)
International Clinical Trials Registry Platform (ICTRP)
and in ClinicalTrials.gov.>7! Furthermore, we identified
11 ongoing systematic reviews in the National Institute
for Health Research (NIHR) International Prospective
Register of Systematic Reviews (PROSPERO),”* %2 regarding
the administration of amoxicillin and metronidazole in
periodontal mechanical debridement therapy for the
treatment of chronic periodontitis. In the future, these
reviews could provide relevant evidence on the clinical
question raised in this study.
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The main strength of this study is the applied method-
ology, which involved an in-depth literature search and
the synthesis of all available evidence from systematic re-
views and primary studies on the practice of mechanical
debridement combined with amoxicillin and metronida-
zole for the treatment of chronic periodontitis, resulting
in the identification of 23 primary studies.

Limitations

A limitation of this study is the high variability in the
doses of amoxicillin and metronidazole when used as
adjuvant therapy. This variability ranged from amoxi-
cillin 250 mg and metronidazole 200 mg to amoxicillin
200 mg and metronidazole 500 mg. Another drawback
observed in several clinical trials was the limitations in
the randomization sequence generation, concealment,
and blinding of participants or personnel. It is recom-
mended that future clinical trials on this topic address
this deficiency in their protocols before the start of the
study, thus improving the certainty of the currently avail-
able evidence. Additionally, the majority of studies clas-
sified periodontal diseases based on the old classifica-
tion by Armitage,® which limited comparisons between
studies. Future clinical trials should classify periodontal
diseases based on new classifications, such as the World
Workshop on the Classification of Periodontal and Peri-
implant Diseases and Conditions,? which was released
by the American Academy of Periodontology and the
EFP. Such an approach would facilitate the interpretation
of the results. Furthermore, it is recommended that
further secondary research be conducted to evaluate the
effectiveness and a risk—benefit ratio of the use of other
systemic antibiotics complementary to periodontal
mechanical debridement therapy.

Conclusions

This study found no evidence of a clinically relevant
benefit of periodontal mechanical debridement therapy
combined with amoxicillin and metronidazole compared
to periodontal mechanical debridement therapy alone for
the treatment of chronic periodontitis when analyzing
periodontal parameters such as probing depth, the
clinical attachment level, bleeding on probing, and sup-
puration. However, the confidence in the effect is limited
due to a low and very low certainty of the evidence for
the included outcomes. Although none of the systematic
reviews reported on bacterial resistance and the adverse
effects of antibiotics, we consider these outcomes to be
relevant to limiting antibiotic use in daily clinical practice.
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Abstract

One of the most important factors that determine the success of pulpectomy in primary teeth is the root
canal filling material used. This systematic review is an update on the success rates of various materials
used for obturation in primary teeth. An electronic search was carried out in the PubMed, Scopus,
Web of Science, and Cochrane Library databases with the preset inclusion and exclusion criteria. Only
randomized or quasi-randomized clinical and controlled trials with a minimum follow-up of 12 months
were included for analysis. Nine articles were considered potentially eligible for inclusion in this review.
All the included trials had zinc oxide—eugenol (ZOE) cement as a control group. The time span of the
included trials extended from 12 to 30 months. Only 2 trials were at low risk of bias. Evidence to support
the success rates of obturating materials used in primary teeth is scarce, which necessitates further high-
quality randomized controlled clinical trials with regard to this issue.

Keywords: systematic review, deciduous tooth, obturating materials, primary tooth, meta-analysis
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Introduction

Dental caries in primary teeth is the most pervasive chron-
ic disease, with a prevalence of approx. 60—90% among chil-
dren. If untreated, this disease may cause irreversible pulpi-
tis requiring root canal treatment. This, in turn, affects the
general health of children and disrupts their quality of life.'~
The management of dental caries in primary teeth is ex-
tremely challenging for pediatric dentists, and endodontic
treatment is the only option to treat and preserve primary
teeth with chronic irreversible pulpitis in a symptomless
state until they are replaced by permanent teeth. This treat-
ment is achieved via a procedure called pulpectomy, which
includes the chemo-mechanical preparation of the root ca-
nals of primary teeth. The prepared root canals are filled
with a material that should have maximal antibacterial ef-
fects and the ability to resorb at the same rate as primary
teeth.* The complexity of the root canal morphology, along
with the process of physiological resorption in primary
teeth, is an inherent hindrance to effective instrumentation,
and therefore, an ideal obturating material is needed to as-
certain the success of root canal treatment.>®

There are abundant obturating materials for primary
teeth available on the market, but none of these materials
meets the requirements completely.” Until 2008, zinc ox-
ide—eugenol (ZOE) cement was the only root canal filling
material for endodontically treated primary teeth.® How-
ever, ZOE cement has limited antimicrobial action and
a slow resorption rate, and if it is extruded beyond the
apex, it can cause irritation to the periapical tissues, lead
to the necrosis of the bone and cementum, and reorient
the path of eruption among permanent teeth.’-!!

Therefore, it was necessary to find an appropriate re-
placement for ZOE cement among root canal filling ma-
terials for primary teeth, one of them being iodoform
paste.!? Iodoform was introduced for obturation in pri-
mary teeth; despite having good clinical and radiographic
success rates, it accelerates the root resorption of primary
teeth.!* Additionally, it produces yellowish discoloration
of the tooth, which, in turn, has a negative esthetic ef-
fect.!* The major drawback of using calcium hydroxide
(Ca(OH),) as an obturating material is that it provokes
inflammatory root resorption in primary teeth when in
proximity to any vital pulp tissue.!> Currently, the com-
bination of Ca(OH), and iodoform paste is used in prac-
tice, given its potent antimicrobial properties and an easy
resorption rate when extruded without any foreign body
reactions. However, the material resorbs faster than the
tooth, resulting in a hollow tube effect that leads to un-
certainty regarding the prognosis of the pulpectomized
tooth.!916 Recently, Endoflas was introduced, comprising
ZOE cement, Ca(OH), and iodoform; this material was
proposed to have all the desirable properties of an ideal
obturating material in primary teeth.!” As none of the
abovementioned materials can be considered the optimal
obturating material in deciduous teeth, the search for bet-
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ter materials continues via the modification of the exist-
ing materials with new components.”18-22

Owing to the complex, varied morphology of primary
root canals, the complete removal of the pulp tissue is
not always possible, and therefore, the obturating mate-
rial used largely contributes to the prognosis and success
of pulpectomy-treated primary teeth. Although there are
numerous options available for one to choose as the close-
to-ideal root canal filling material in primary teeth, there
is no consensus among pediatric practitioners regarding
the best available material for obturation in primary teeth.
Hence, the present systematic review aimed to critically
assess the available dental literature on the clinical and
radiographic success rates of various obturating materials
used for pulpectomy in primary teeth.

Material and methods

Search methodology for trial identification

The systematic review was registered in the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) (CRD42021286974), and was conducted in accor-
dance with the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) 2020 statement.?
The PubMed, Scopus, Web of Science, and Cochrane
Library electronic databases were searched without any
date and language restrictions. The preset inclusion and
exclusion criteria were used during the search. The au-
thors manually searched for additional eligible trials.
Other review articles were also examined to retrieve rel-
evant references. The search terms used were: ‘primary
teeth’; ‘deciduous tooth’; ‘deciduous dentition’; ‘primary
dentition’; ‘children’; ‘obturating materials’; ‘zinc oxide
eugenol’; ‘calcium hydroxide’; ‘iodoform’; ‘endoflas’; ‘root
canal filling material’; ‘clinical success rate’; ‘radiographic
success rate’; and ‘quality of obturation’

Criteria for the inclusion of trials

Only randomized or quasi-randomized clinical and
controlled trials with a minimum follow-up of 12 months
were included for analysis. Trials with less than 1 year
of follow-up were excluded. Additionally, observational
studies and pilot studies were excluded from this review.

Included participants: children between 4 and 9 years
of age.

Intervention: any form of obturating material for pri-
mary teeth, including both conventional and newly ex-
perimented materials.

Type of outcome measures: the primary outcome mea-
sure in this review was the clinical and radiographic suc-
cess rates; the quality of obturation was considered a sec-
ondary outcome.
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Collection and analysis of data

The screening for eligibility for the trials was performed
independently by 2 review authors. Duplicate studies and
studies that did not meet the inclusion criteria were ex-
cluded. Data regarding the general characteristics and out-
come variables of the included studies were extracted. The
criteria used for assessing the clinical and radiological suc-
cess rates were the same for each study. The quality of the
included studies was assessed using the Consolidated Stan-
dards of Reporting Trials (CONSORT) guidelines.?*

Assessment of the risk of bias
of the included trials

The risk of bias was appraised by 2 authors independently,
and any difference in opinion between them was sorted out
by discussion or by involving another pediatric dentist. The
assessment of the risk of bias was carried out using a refined
and adapted tool of the Cochrane Collaboration. Five do-
mains were assessed, namely, sample size determination, ran-
dom sequence generation, allocation concealment, blinding
of the participants/personnel, and blinding of the outcome
assessment. Each domain was recorded as either low or high
risk based on the information reported in the study. A judg-
ment of ‘unclear risk of bias’ was marked when the trial meth-
ods were unclear and until any further information from the
authors involved in the trial was available. The overall risk
of bias in the included trials was then assessed as follows?*:

— low risk of bias — when all 5 domains were assessed as
low risk of bias;

— high risk of bias — when at least one domain was as-
sessed as high risk of bias; and

— unclear risk of bias — when at least one domain was as-
sessed as unclear risk of bias, but none of the domains
were assessed as high risk of bias.

Results

After thoroughly searching the electronic databases
and other sources, 146 articles were identified. Of these,
129 articles were excluded after reading the title, as the re-
cords were irrelevant. After removing duplicates, 12 articles
were screened, and 3 articles were further excluded, as one
of them was not a randomized controlled trial, and the oth-
er 2 had a follow-up period shorter than 12 months.?%2627
Nine articles were considered potentially eligible for this re-
view.”1017.28-33 The Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) flowchart is shown
in Fig. 1.

Characteristics of the included studies

We included 9 trials in this review, all of which were pub-
lished between 2004 and 2020. One trial was self-funded,*°
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Identification of studies via databases and registers

f ig . Records removed
g Records identified from: before screening:
= o databases (n = 140) — | e duplicate records
& || © other sources (n=6) o records marked as
o . .. .
= ineligible by automation
3 ¢ tools (n = 129)
Records screened Records excluded:
(n=12) — | o non-randomized
o)) controlled trial (n = 1)
k= @ less than 12 months
g ¢ of follow-up (n = 2)
e
3 Reports assessed
for eligibility
(n=9)
v ¢
[
s
o Studies included
£ in the review
(n=9)

Fig. 1. Flowchart of the study according to the PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-Analyses) guidelines

1 trial received a grant from the Program for New Clini-
cal Techniques and Therapies of Peking University School
and Hospital of Stomatology, China,” 2 trials mentioned
that they did not receive any financial support,**** and the
remaining 5 studies provided no information relating to
the funding sources.!%17282931 The characteristics of the
included studies are depicted in Table 1.

Design and methods

clinical trials
17,29

Four studies were randomized
(RCTs),10283031 2 studies were quasi-randomized trials,
and the other 3 studies were randomized controlled tri-
als.”323% All the included trials used ZOE cement in one
group, and 4 studies had multiple-treatment groups that
were compared with ZOE cement.”173%3! The study dura-
tion of the included trials (the follow-up period) ranged
from 12 to 30 months.

Participants

The trials included participants aged 4-9 years, with
a total of 726 teeth treated with pulpectomy.

Interventions

All the included trials used ZOE cement in one group.
Vitapex was tested in 4 trials,”1%2830 Metapex in 1, RC
Fill in 1,% Endoflas was included as one of the test groups
in 3 trials,'73132 mixed primary root canal filling (MPRCF)
was tested in 1 trial,” zinc oxide (ZnO)—ozonated sesame
oil was tested in 1 trial,?® another tested ZnO with the Aloe
vera extract and ZnO with 10% sodium fluoride (NaF),3!
and the other trial the ZnO-propolis mixture.?
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Outcome measures

All the trials reported the clinical and radiographic suc-
cess rates of the obturating materials tested. Two trials
also reported on the quality of obturation.!®

Risk of bias of the included trials

Table 2 depicts the summary of the risk of bias assess-
ment for the 9 trials included in the review. Two trials

Table 1. Characteristics of the included trials

Participants’'age

Methods Intervention

were found to have a low risk of bias,”** and the remaining
7 studies were considered to have a high risk of bias.10:17-28-32
Six included trials showed selection bias, as sample size
determination or random sequence generation or alloca-
tion concealment were not achieved.11728293132 \Ye con-
sidered 6 studies to have a high risk of performance bias,
as the blinding of the participants was either not com-
pleted or not mentioned.1®1728-3! Five trials had a high

risk of detection bias, as the outcome assessor was not
blinded.10:17:2829,31

Conclusion

Primary outcome

Secondary outcome

lyears] Funding

study design:
double-blinded
randomized

controlled trial
Chen

etal’

2017 study duration:

18 months

sample size:
160 teeth

study design:
RCT

Mortazavi
and Mesbahi'®
2004

study duration:
10-16 months

sample size:
58 teeth

group 1:

ZOE

5.88+1.27 .
Vitapex

group 3:

MPRCF

58+19
(ZOE group) ydolS
56+1.1

(Vitapex group) Vitapex

group 2:

group 1:

group 2:

clinical success rate:

at 6 months:

ZOE - 100%
Vitapex — 100%
MPRCF — 100%

at 12 months:
ZOE - 100%
Vitapex — 80.4%
MPRCF — 100%

at 18 months:

ZOE - 92.2%
Vitapex — 71.4%
MPRCF - 96.2%

statistically significant
differences between ZOE and
Vitapex, and Vitapex and MPRCF
at 12 and 18 months
(p=0010

radiographic success rate:

at 6 months:

ZOE - 100%
Vitapex — 94.5%
MPRCF — 100%

at 12 months:
ZOE - 100%
Vitapex — 60.7%
MPRCF — 100%

at 18 months:

ZOE - 88.2%
Vitapex — 53.6%
MPRCF - 92.5%

statistically significant
differences between ZOE and
Vitapex, and Vitapex and MPRCF
at 12 and 18 months
(p=0010%

clinical success rate:

ZOE - 78.9%
Vitapex — 100%

radiographic success rate:

ZOE - 75.0%
Vitapex — 100%

p=0015*

quality of obturation:
under fill:

ZOE-31.2%
Vitapex —11.5%

optimal fill:

ZOE - 46.8%
Vitapex — 50.0%

over fill:

ZOE -21.8%
Vitapex — 38.4%

received
a grant from
the Program

MPRCF shows L
- for New Clinical
better clinical )
) . Techniques
and radiographic ;
and Therapies
success rates of Pekin
than Vitapex, and ) ‘g
. University
similar success
. School and
rates with ZOE )
Hospital
of Stomatology,
China
Vitapex is
significantly
more successful
than ZOE for  not mentioned

pulpectomy in
necrotic primary
teeth




Dent Med Probl. 2024;61(3):447-455

451

Methods

Participants'age

Intervention

Secondary outcome

Conclusion

Funding

Subramaniam
etal”
2011

Trairatvorakul
etal?®
2008

Chandra
etal?®
2014

Pramila
etal®
2016

study design:
quasi-RCT

study duration: 5o
18 months
sample size:

45 teeth

study design:
RCT

study duration:
12 months 2612
sample size:

54 teeth

study design:
quasi-randomized

controlled trial

study duration: 38-76
12 months

sample size:
60 teeth

study design:
RCT

study duration:

30 months 4-9years

sample size:
129 teeth

group 1:
Endoflas

group 2:
Metapex

group 3:
Z0E

group 1:
Z0OE

group 2:
Vitapex

control group:

ZOE

test group:
Zn0O plus

ozonated

sesame oil

group 1:
RCFill

group 2:
Vitapex

group 3:
Z0E
(Pulpdent
Root Canal
Sealer)

Primary outcome

clinical success rate:

at 3,6, 12,and 18 months:
Endoflas — 93.3%
Metapex — 100%
ZOE - 93.3%

radiographic success rate:

at 3,6, 12,and 18 months:
Endoflas — 93.3%
Metapex — 100%
ZOE - 93.3%

p=0097

clinical success rate:

at 6 months:
ZOE - 96%
Vitapex — 100%
at 12 months:

ZOE -93%
Vitapex — 96%
p=1.000
radiographic success rate:
at 12 month:s
ZOE - 85%
Vitapex — 89%
p=1.000
clinical success rate:
at 12 months:

Zn0O + ozonated sesame oil
- 100%

ZOE - 96.7%
radiographic success rate:

at 12 months:
Zn0O + ozonated sesame oil

~933%
7OE - 70.0%
p=0408

clinical success rate:

at 6, 12, and 30 months:
RCFill = 100%
Vitapex — 100%
Pulpdent — 100%

radiographic success rate:

at 6 months:

RCFill - 89%
Vitapex — 80%
Pulpdent — 97%

at 12 months:
RCFill = 94%
Vitapex — 82%
Pulpdent — 97%
at 30 months:
RCFill = 94%
Vitapex — 90%
Pulpdent — 97%
p>0.05

quality of obturation:

under fill:

Endoflas — 20.0%
Metapex - 13.3%
Z0OE - 20.0%

optimal fill:

Endoflas — 66.7%
Metapex - 66.7%
Z0OE - 66.7%

over fill:

Endoflas — 13.3%
Metapex - 20.0%
ZOE-133%

presence of voids:

Endoflas — 13.3%
Metapex - 20.0%
ZOE-133%

p=1000

Metapex
showed a higher
success rate
as a root canal
filling material;

however, there  not mentioned

was no significant
difference
between
the 3 root canal
filling materials

ZOE and Vitapex
yielded similar
success

Zn0 + ozonated
sesame oil can
be considered

as an alternative

obturating
material

RC Fill, Vitapex
and Pulpdent are
equally effective
root canal filling

materials

not mentioned

not mentioned

self-funded
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Participants’'age
[years]

Intervention

Primary outcome

Secondary outcome

Conclusion

Goel
etal?
2018

Pandranki
etal
2018

study design:
RCT

study duration:
12 months

sample size:
120 teeth

study design:
randomized
controlled trial

study duration:
24 months

sample size:
60 teeth

4-9

4-9

group 1:
Z0E

group 2:

Zn0O with

Aloe vera
extract

group 3:
ZnO with
10% NaF

group 4:
Endoflas

control group:
ZOE

test group:
Endoflas

clinical success rate:

at 3 months:
ZOE -96.7%
Zn0 + Aloe vera — 100%
Zn0O + NaF - 100%
Endoflas — 100%

at 6 months:
ZOE - 89.7%
Zn0 + Aloe vera — 92.6%
Zn0O + NaF - 100%
Endoflas — 96.6%

at 9 months:
ZOE - 82.8%
Zn0 + Aloe vera — 88.9%
Zn0O + NaF - 96.4%
Endoflas — 96.3%

at 12 months:
ZOE -74.1%
Zn0O + Aloe vera — 83.3%
ZnO + NaF - 92.9%
Endoflas — 96.3%

radiographic success rate:

at 3 months:
ZOE -96.7%
Zn0 + Aloe vera — 100%
Zn0O + NaF - 96.6%
Endoflas — 100%

at 6 months:
ZOE - 82.8%
Zn0 + Aloe vera — 88.9%
Zn0O + NaF - 96.6%
Endoflas — 96.6%

at 9 months:
ZOE - 72.4%
Zn0O + Aloe vera — 85.2%
Zn0O + NaF - 89.3%
Endoflas — 96.3%

at 12 months:
ZOE - 63.0%
Zn0O + Aloe vera — 79.2%
ZnO + NaF - 85.7%
Endoflas — 88.9%

p > 005
clinical success rate:

at 12 months:
Endoflas — 92%
Z0E - 89%

at 24 months:
Endoflas — 68%

Z0E - 74%
p=0.629
radiographic success rate:
at 24 months:
Endoflas — 56%

Z0E - 52%

p=0.797

Endoflas shows
the highest
success rate,
followed by

Zn0O + NaF and

Zn0 + Aloe vera; not mentioned

however, there

was no significant
difference
between the
4 groups

Endoflas is
a potential
alternative to ZOE
for obturation in
primary teeth

none
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Participants’age

years] Intervention Primary outcome Secondary outcome Conclusion
overall success rate:
at 6 months:
ZnO-propolis — 100%
study design: Z0OE - 80%
2-arm, parallel- .
. 4 p=0035
RojaRamya at 12 months: propolis mixture
etal® .. 4-8 ) ZnO-propolis — 95% - is a better none
2020 study duration: test group: Z0OE - 80% alternative to
24 months ZnO-propolis Z0F
mixture p=0.151
sample size:
40 teeth at 24 months:
ZnO-propolis — 95%
ZOE -70%
p=0037*

RCT - randomized clinical trial; ZOE - zinc oxide—eugenol; ZnO - zinc oxide; MPRCF — mixed primary root canal filling; NaF — sodium fluoride; * statistically significant.

Table 2. Risk of bias of the included trials

Sample size Random sequence Allocation Blinding of the Blinding of the Risk of bias

determination generation concealment participants outcome assessment
Chenetal’
2017 yes yes yes yes yes low
Mortazavi and Mesbahi'® )
2004 no yes no no no high
Subramaniam et al.”” )
2011 no no no no no high
Trairatvorakul et al.?8 .
2008 no yes no no no high
Chandra et al.® )
2014 no no no no no high
Pramila et al.*® )
2016 yes yes yes no yes high
Goel et al ! )
2018 yes yes no no no high
Pandranki et al.* )
2018 no yes no yes yes high
RojaRamya et al.*
2020 yes yes yes yes yes low
Discussion indicates that there are no studies in the literature deter-

This systematic review was intended to evaluate the
clinical and radiographic success rates of various obtu-
rating materials used in primary teeth. Eleven different
obturating materials were used in the 9 trials included
for review. For all of the trials included, ZOE cement was
used as one of the obturating materials or control groups.
Other materials evaluated included Vitapex, Metapex and
Endoflas, all of which are conventionally used materials.
New materials included ZnO with iodoform, MPRCE,
ZnO-ozonated sesame oil, ZnO with the Aloe vera ex-
tract, ZnO with 10% NaF, and the ZnO—-propolis mixture.

The secondary intent of this review was to determine
the quality of obturation with these root canal materials in
primary teeth. There were only 2 trials that evaluated the
quality of obturation!®’; however, statistical significance
was not mentioned to detect a clear relationship between
the obturating material and the quality of obturation. This

mining the relationship between the obturating material
used and the quality of obturation.

In terms of methodological limitations of the included
trials, only 2 trials were found to have a low risk of bias,”3
whereas others were found to have a high risk of bias. The
domain most commonly found to be at high risk of bias
was allocation concealment and blinding of the partici-
pants, followed by blinding of the outcome assessor and
sample size determination.

This review found, in the head-to-head comparisons,
that each of the examined obturating materials was more
effective than ZOE cement. However, most of the includ-
ed trials had a high risk of bias, and hence, we could not
draw any definite conclusions. Taking studies with a low
risk of bias into consideration, MPRCF and the ZnO-
propolis mixture were better alternatives to ZOE cement.

The MPRCF contains 0.28 g of ZnO, 0.18 g of iodoform,
and 0.01 g of Ca(OH),. Notably, the composition of MPRCF
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is similar to that of Endoflas, which is considered close to
the ideal root canal filling material in primary teeth. The
trials that tested Endoflas also showed a high success rate
despite having a high risk of bias.!”3'32 Hence, more re-
search should be focused on developing an ideal root canal
filling material incorporating these components.

The other alternative is the ZnO-propolis mixture
that replaces eugenol with propolis. Propolis is proven to
have antimicrobial and anti-inflammatory properties.3+3°
However, the preparation of the mixture and the con-
centrations of the ingredients were not mentioned in the
included trial.® Another important fact that should not
be neglected is that any new alternative to ZOE cement,
including both MPRCF and the ZnO-propolis mixture,
still contains ZnO as one of its key components. Studies
have shown that ZOE cement shows good resistance to
bacterial leakage and inhibits most organisms,3*37 indi-
cating that ZnO is an inevitable component of any new
alternative.

Unfortunately, the trials included in this review were
all heterogeneous, and hence, we were not able to per-
form a meta-analysis. Evidence from the trials included
in this review cannot be applied to clinical practice due
to a major void in the methodological constraints. With
pulpectomy being the major procedure in pediatric dental
practice, it is surprising to know that no qualitative stud-
ies are assessing the quality of obturation and the success
rates of the obturating materials used in primary teeth.
Future trials must be well-designed RCTs in accordance
with the CONSORT statement, and all possible measures
should be taken to prevent any sort of bias.

Conclusions

Based on the scientific information available, there
seems to be a low level of evidence to support the success
rates of a new ideal root canal filling material for primary
teeth. High-quality randomized controlled clinical trials
with a minimum of 12 months of follow-up are needed
to decide upon the best obturating material for primary
teeth, as at present, there is no consensus among pediatric
dentists with regard to this issue.

Ethics approval and consent to participate

Not applicable.

Data availability

All data generated and/or analyzed during this study is
included in this published article.

Consent for publication

Not applicable.
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Abstract

Focal microdontia is a dental anomaly characterized by the presence of a single abnormally small anterior
or posterior tooth. The objective of this article is to provide an updated review of the literature on the
advanced restorative management of focal microdontia, and to document a clinical case where the reviewed
advanced restorative approaches were applied to treat a young adult presenting with a non-syndromic
asymmetrical focal microdontia.We conducted a preliminary examination of the existing literature on the
advanced restorative management of focal microdontia. Additionally, we presented a minimally invasive
approach to the treatment of an 18-year-old female patient with non-syndromic asymmetrical focal micro-
dontia. The primary advantage of adhesive dentistry is that it can better preserve the structure of smaller
teeth. A review of literature reveals a paucity of reports on localized microdontia in the maxillary anterior
region of the mouth. However, novel minimally invasive restorative procedures satisfy patients’ aesthetic
and functional preferences. Well-executed additive diagnostic wax-ups and intraoral mock-ups can serve
as a permanent restoration blueprint, providing predictable results for focal dental anomalies in the aes-
thetic zone. In conclusion, the use of minimally invasive dental approaches in young patients with focal
microdontia can result in long-term satisfactory aesthetic outcomes.

Keywords: minimally invasive, microdontia, adhesive dentistry, aesthetic dentistry, dental anomaly
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Introduction

Microdontia is a dental anomaly characterized by the
presence of teeth smaller in size. It can cause malocclu-
sion, aesthetic concerns and food trapping. Microdontia
has been associated with genetic and environmental fac-
tors; however, its etiology remains unclear.! Genetic fac-
tors are involved in the complex etiology of microdontia
and play a key role in its formation. Ectodermal, meso-
dermal and neural crest cells contribute to the development
of the teeth, and the enamel organ determines the tooth
size variation at the bell stage.? The crown formation is
thought to be related to the oral epithelium, which is re-
sponsible for the initial shape of the crown.? Microdontia
is the second most common dental abnormality after
hypodontia. The condition occurs more frequently in fe-
males than males,*> with a reported prevalence of 1.5-2%
in the general population. Microdontia can be classified
into 3 types: localized true or focal microdontia for a sin-
gle tooth; relative generalized microdontia, in which teeth
are of regular size but jaws are larger than normal; and true
generalized microdontia, in which all teeth are smaller
than normal but maxilla and mandible are of regular size
(Table 1).° The etiology of microdontia is poorly under-
stood. However, external factors such as radiotherapy,
chemotherapy or pollutants are known to cause develop-
mental dental problems.”8

Material and methods

A straightforward MEDLINE (PubMed) search was
conducted in December 2022 to identify relevant articles
published between January 1970 and December 2022.
The search terms used were “microdontia” AND (“diag-
nostics” OR “management” OR “treatment” OR “ther-
apy”) AND (“dental” OR “dentistry” OR “stomatology”).
We considered reviews, systematic reviews, guidelines,
statements, observational studies, clinical case reports,
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and case series. The articles included in this review were
limited to those written in the English language. Letters,
book chapters, case reports, and studies for which the full
text was not available were excluded. Only publications
addressing the protocol for diagnosing microdontia
patients and potential or successful treatments were ana-
lyzed. Articles pertaining to extensive or invasive treat-
ments in microdontia patients were excluded.

The study selection was conducted independently
by 2 reviewers (CAJ and JVT), with any disagreements
resolved by the third reviewer (KIA). No quantitative
analysis (e.g., meta-analysis) was performed.

Diagnostics

The treatment management of true microdontia is
dependent upon the number and location of teeth and the
patient’s aesthetic demands. There is a paucity of litera-
ture on localized microdontia in the maxillary anterior
region of the mouth. This is heavily associated with
patients’ aesthetic concerns.® Effective communication
between the patient, clinician and dental technician is
vital to ascertain the patient’s preferences and to inform
them about the limitations of the proposed treatment.!”
If the treatment does not meet the patient’s expectations,
further options must be discussed to address as many as-
pects as possible.

Digital smile design

Diagnostic wax-up and digital smile design are essen-
tial diagnostic tools for providing tentative treatment in
the aesthetic zone prior to any irreversible dental proce-
dures.!12 A diagnostic wax-up allows for modifying the
dimension of the teeth in the cast. Subsequently, a putty
index can be fabricated to create an intraoral diagnostic
mock-up.!* Diagnostic mock-ups allow the patient to

Table 1. Summary of microdontia types, associated conditions and treatment options**

Type Description Associated conditions Treatment
A single tooth is smaller than average. - ceramic veneers
Focal The maxilla and the mandible are of regular size. pros: conservative preparation; high aesthetic results;
: ) This condition typically affects maxillary teeth, - long-lasting restoration
microdontia . A ) « chemotherapy or radiation : ) L
with the lateral incisor being the tooth most : cons: high cost; many appointments needed; sensitivity
. - cleft lip and cleft palate °
likely to be affected. o ) to bonding procedures
« pituitary dwarfism
) This condition affects all the dentition. « Down syndrome ) .
Relative B ) ) - direct composites
. The teeth are of regular size but the maxilla - ectodermal dysplasia ) ) )
generalized : L } pros: conservative preparation; cost-effective; fewer
) : and the mandible are larger in size, which - Turner syndrome . )
microdontia ) ) . appointments needed; satisfactory outcomes
results in the teeth appearing smaller. + Williams syndrome ) - .
e cons: low fracture resistance; susceptibility to staining
- oro-facial-digital syndrome
This condition affects all the dentition. + hypodontia ) - crowns
True ; + Hallermann-Streiff syndrome . ) . )
. The teeth are smaller than the average size. pros: high fracture resistance; high aesthetic results;
generalized . . + Routhmund-Thomson syndrome } :
microdontia The maxilla and the mandible are of regular long-lasting restoration
size. cons: high cost; many appointments needed; aggressive
tooth preparation
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have an intraoral prototype of the proposed restorations.
The patient and clinician can modify the blueprint until
the patient is satisfied, and keep a record of the changes so
that the dental technician can replicate this information
in the final prosthesis.!*!>

If a patient presents with a smaller tooth within the
arch, an additive wax-up can be employed to increase the
length and width of the tooth without modifying its struc-
ture. This shape can then be impressed with a putty index
guide for a conventional diagnostic mock-up.

Minimally invasive approach

A recent consensus statement has recommended
the use of minimally invasive procedures for the
treatment of patients with tooth malformations such
as microdontia.!® The objective of minimally invasive
preparations is the preservation of most tooth and
periodontal tissues. This concept has been promoted
with ceramic veneers since the early 1980s.!”!® The
development of bonding procedures provides predictable
long-term success. However, it is required to remove
minimal tooth structure.!” Maintaining the entire tooth
preparation in enamel is vital for the long-term success
of the procedure. A 12-year retrospective study concluded
with a 99% survival rate for ceramic veneer preparations
confined in enamel and 94% survival rate for veneers
confined in enamel only at the margins.?’ These findings
underscore the importance of maintaining minimally
invasive tooth preparation in the enamel structure.

The amount of tooth structure removed during prepa-
ration is contingent upon the tooth’s position within the
arch. If a smaller tooth is rotated or protruded, a more
aggressive tooth preparation is necessary to correct it
in the final prosthesis. Thus, having an affected tooth in
an optimal position eliminates the necessity of employ-
ing an aggressive preparation technique. After the initial
evaluation, an additive wax-up and diagnostic mock-up
are performed.

Management of intrinsic and
extrinsic tooth discoloration

Teeth whitening has become a popular conservative
measure for the management of tooth discoloration.
A precise diagnosis of the etiology of tooth discoloration
is essential for the appropriate management of patients
who require whitening procedures.?!=2* Intrinsic or
extrinsic factors can cause tooth discoloration. Intrinsic
discoloration affects the interior layer of the teeth with
deep stains or tooth defects caused by a variety of factors,
including medication, systemic conditions and metabolic
diseases. The treatment of intrinsic stains usually involves
restorative procedures, such as veneers and crowns.
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Extrinsic stains can be caused by wine, tobacco, prod-
ucts rich in polyphenols, inadequate oral hygiene, and
surface changes or defects. Treatment for extrinsic stains
may involve teeth whitening procedures.?*-2¢ These pro-
cedures have shown to be very successful, with patients
reporting satisfaction with color changes after 2 weeks
of bleaching gel application. The color demonstrated sta-
bility for up to 12 months.?” Patients with microdontia in
the visible smile area may have critical aesthetic concerns
due to the discrepancy in size and space between teeth.

Oral hygiene is also a challenge for patients, as smaller
teeth are often unable to make contact with the adjacent
teeth, which can result in the accumulation of food debris
on the interproximal surfaces.?®?°

Laminate veneers

Dental laminate veneers can be fabricated from
feldspathic porcelain for patients with high aesthetic
demands who are seeking long-term success. Highly
aesthetic results are required when treating 1 or 2 single
teeth in the aesthetic zone. Many reports have demon-
strated the efficacy of feldspathic porcelain in fulfilling
aesthetic demands in anterior teeth.3°-3* A systematic
review and meta-analysis evaluating porcelain veneers for
anterior teeth concluded that the central incisor teeth had
a success rate of 95% after 9 years of service.®®

Clinical case

The objective of this case report is to illustrate the steps
involved in the diagnostic wax-up, intraoral mock-up,
minimally invasive tooth preparation, shade selection,
and fabrication of a single hand-crafted ceramic veneer to
successfully address the aesthetic concerns, oral hygiene
difficulties and occlusal function in a young adult patient
presenting with an individual tooth with microdontia in
the aesthetic zone.

An 18-year-old Hispanic female presented to the clinic
with the chief complaint of having a small tooth in the
front and disliking the color of her teeth (Fig. 1). After
clinical, photographic and radiographic evaluation, the
patient was diagnosed with localized microdontia affect-
ing the maxillary left central incisor, the space between
central incisors, the left central incisor, and the left lateral
incisor. The patient understood her clinical condition and
claimed that no family member had a similar condition.

The patient acknowledged that a minimally invasive
approach could be provided, involving teeth whitening
for the anterior tooth and a single facial veneer restora-
tion for the maxillary left central incisor. An in-office
vital teeth whitening procedure was performed using 35%
hydrogen peroxide (Philips Zoom WhiteSpeed; Philips,
Amsterdam, the Netherlands) for 30 min, with a second
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Fig. 1. Initial clinical situation

A. Extraoral frontal view; B. Extraoral close-up; C. Intraoral view;
D. Radiographic image.

session repeated 1 week later. An at-home bleaching
product, containing 9% hydrogen peroxide, was recom-
mended to the patient (Philips Sonicare Teeth Whitening
Kit; Philips). The patient was instructed to apply the
product daily for 2 weeks. After the in-office and at-home
whitening treatments, the patient expressed satisfaction
with the result (Fig. 2).

During the implementation of a minimally invasive
approach, an additive diagnostic wax-up (GEO Classic;
Renfert GmbH, Hilzingen, Germany) for the maxil-
lary left central incisor was performed, matching the
adjacent central incisor and closing the spaces (Fig. 3).
A putty guide with light body impression material (elite
P&P; Zhermack, Badia Polesine, Italy) and tooth reduc-
tion guides were made based on the diagnostic wax-up,
and an intraoral mock-up was provided (Fig. 4). The
diagnostic mock-up was placed in the patient’s mouth,
and the patient expressed satisfaction with the contours
of the proposed restoration. Consequently, she requested
to proceed with the restorative procedure (Fig. 5). Once
the aesthetic approval and informed consent had been
obtained, the tooth reduction was carried out based on
the diagnostic mock-up. In order to maintain the con-
servative approach, the preparation was performed with
the aid of reduction guides, and the final preparation was
polished and smoothed with polishing discs (Sof-Lex™
discs; 3M, St. Paul, USA) (Fig. 6).

After evaluating the final preparation, the double cord
impression technique was employed, with the first pack-
ing being 00 and the second packing being 0 (Ultrapak
cord; Ultradent Products, Inc., South Jordan, USA),
impregnated with a hemostatic agent without epinephrine

Fig. 2. Before (A) and after (B) teeth whitening procedure
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Fig. 3. Additive diagnostic wax-up
A. Frontal view; B. Left view; C. Right view.

Fig. 4. Wax-up-based putty matrix for intraoral mock-up fabrication

A. Lubrication of the enamel surface; B. Putty index washed with light body
material; C. Intraoral try-in of the putty guide; D. Guide insertion containing
bis-acryl material for mock-up fabrication.

Fig. 5. Assessment of the diagnostic mock-up

A. Extraoral frontal view of the dentofacial restorative proposal;
B. Intraoral frontal view of the dentogingival aesthetic proposal;
C. Maximum intercuspation.
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Fig. 6. Conservative tooth preparation

A. Horizontal reduction grooves; B. Line angles for tooth preparation; C.
Evaluation with the use of reduction guides; D. Polishing with a coarse
disc; E. Polishing with a fine disc.

(Hemodent®; Premier Dental, Plymouth Meeting, USA).
The final impression was prepared using light and heavy
body viscosity polyvinyl siloxane (Virtual® 380; Ivoclar
Vivadent Inc., Amherst, USA) (Fig. 7).

Intraoral photographs (EOS 1300D Canon, Canon EF
100 mm £/2.8L. Macro IS; Canon Inc., Tokyo, Japan) were
captured with a cross-polarization filter (polar_eyes;
PhotoMed International, Van Nuys, USA) to evaluate
the shade and substrate present. A light source was posi-
tioned on the palatal side to take another photograph that
would appear orange in color. This photograph was used
to evaluate the translucency of the enamel, with the goal
of obtaining a value measurement (Fig. 8). Subsequently,
all photographs and the final impression were sent to the
dental technician. The final impression was poured out in
type IV stone (GC FUJIROCK® EP; GC America, Alsip,
USA). Feldspathic porcelain (Noritake Super Porcelain
EX-3™; Kuraray, Yokyo, Japan) veneer was handcrafted
based on the photographic information, and the photos
of the patient’s mouth and restoration were superimposed
to evaluate the final shade (Fig. 9).

Tooth isolation was achieved with a rubber dam, which
was secured from the maxillary left second premolar to
the maxillary right second premolar with holding clamps
(Rubber Dam #2; Hu-Friedy Manufacturing, Chicago,
USA). An additional clamp (Hygenic Brinker Clamp
B4; Coltene/Whaledent Inc., Cuyahoga Falls, USA) was
placed on the tooth to ensure the optimal conditions for
the bonding procedure. The adjacent teeth were isolated
with polytetrafluoroethylene (PTFE) film (Masters®
Orange T-Tape; GF Thompson Co., Ltd., Newmarket,
Canada), and the maxillary left central incisor was ini-
tially treated with 32% phosphoric acid gel (Uni-Etch®
w/BAC; BISCO Dental, Schaumburg, USA) for 30 s on the
enamel surface, rinsed and gently dried. Then, the primer
and adhesive were applied (OptiBond™ FL; Kerr Dental,
Orange, USA) following the manufacturer’s instructions,
and subjected to light curing (VALO X LED curing light;
Ultradent Products, Inc.).
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Fig. 7. Preparation of the final impression

A. Evaluation of the final preparation; B. Cord packing; C. Light and heavy
body application; D. Final impression.

Fig. 8. Intraoral photographs used for shade matching

A. Photograph taken with a cross-polarization filter and enamel tabs;
B. Photograph taken with a cross-polarization filter and dentin tabs;
C. Photograph taken with a light source positioned on the palatal side.

Fig. 9. Restoration and shade matching

A. Feldspathic veneer with shade tabs; B. Tooth restoration; C. Intraoral
view for the evaluation of the incisal shade; D. Intraoral view for the
evaluation of the interproximal shade.
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The restoration was treated with hydrofluoric acid
(IPS Ceramic Etching Gel; Ivoclar Vivadent, Schaan,
Liechtenstein) for 60 s, followed by rinsing and drying.
Then, the restoration was cleaned in an ultrasonic bath
(5300 Sweep Ultrasonic Cleaner; Quala Dental Products,
Nashville, USA) for 5 min. Silane (Monobond-S; Ivoclar
Vivadent) was applied for 60 s, after which the restora-
tion was allowed to air dry. A light-colored resin cement
(Variolink Esthetic LC; Ivoclar Vivadent) was applied to
the veneer restoration, and the excess was removed with
a microbrush and floss (Fig. 10). Light curing was per-
formed for 20 s on the facial, mesial, distal, and incisal sur-
faces. Subsequently, glycerine gel was applied to prevent
the formation of an oxygen inhibition layer, and the
surface was light-cured for 20 s. The rubber dam was then
removed, and any excess cement at the cervical margin
was removed with a surgical scalpel blade (#12 Sterile;
Salvin® Dental Specialties, Charlotte, USA).

Fig. 10. Bonding of the final restoration

A. Teflon tape packing; B. Application of the rubber dam; C. Application
of the abutment clamp; D. Tooth etching; E. Dental bonding application;
F.Veneer placement; G. Cemented restoration.

Fig. 11. Final restoration

A. Frontal intraoral view; B. Extraoral close-up; C. Radiographic image;
D. Extraoral frontal view.

Static and dynamic occlusion (e.g., incisal guidance and
lateral movements) were evaluated. An occlusal night
guard was provided to prevent the teeth from wearing
down and to protect the new restoration. The patient was
satisfied with the results (Fig. 11). At the five-year follow-
up, the patient reported continued satisfaction with the
clinical outcome (Fig. 12).

Fig. 12. Five-year follow-up

A. Lateral intraoral view; B. Lateral close-up; C. Lateral extraoral view;
D. Frontal intraoral view.

Discussion

The patient described in the case report was diagnosed
with localized true microdontia, as evidenced by the max-
illary left lateral incisor being the only tooth smaller in the
arch. Additionally, the radiographs demonstrated smaller
roots than those of the adjacent central and lateral incisors,
and the patient’s facial profile exhibited regular jaw sizes.
None of the patient’s relatives had any of the most common
genetic disorders associated with microdontia. Thus, it can
be implied that the development of the dental anomaly may
be related to the exposure to environmental factors dur-
ing the growth and development of the teeth. As previously
stated, the etiology of microdontia remains unclear.

The patient described in our report expressed satis-
faction with the shade improvements observed after the
third whitening appointment and requested to proceed
with the restorative stage. The patient evaluated the
diagnostic mock-up and approved the proposed restoration
of the morphology. The tooth preparation was conducted
on the diagnostic mock-up in order to preserve the enamel
structure. Following the preparation stage, the remaining
mock-up material was removed, and the preparation was
polished. Tooth reduction guides were also fabricated on
the diagnostic wax-up so that the prosthetic space for the
proposed ceramic veneer could be evaluated intraorally.
Clinical studies have shown that veneers bonded to enamel
have higher long-term success than veneers bonded to
dentin.®®3” The tooth preparation for our patient was
completed using an enamel structure.
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The selection of tooth shade for the fabrication of a sin-
gle ceramic restoration in the aesthetic zone is considered
one of the most challenging procedures in dentistry. Clini-
cians can use visual methods and digital devices to record
the desired shade.?® Visual assessment is a traditional and
popular technique in which the clinician places shade tabs
next to the teeth, with the intention of color matching.
The use of shade tabs is a cost-effective and convenient
method that depends on human eye observation. How-
ever, the disadvantages of shade matching with shade se-
lection include a lack of shade standardization during the
manufacturing process of the tabs,® light conditions,*
tooth background,* and the clinician’s experience.>*3

Digital devices used for shade taking include digital
cameras, spectrophotometers and spectroradiometers.
Digital photography offers a feasible method for shade
matching and comparing results before and after treat-
ment under controlled conditions.* Spectrophotometers
can estimate the shade of a tooth or ceramic object by
emitting a light source that, upon reaching the object, is
reflected and measured. This process allows for a rapid,
accurate and straightforward shade matching.*> A recent
study compared shade matching by visual assessment,
cross-polarized photos and spectrophotometry.*® Simi-
lar results were achieved for the cross-polarized photos
and spectrophotometry, but there were large differences
with the traditional visual assessment.?® This clinical
report used a digital camera to take photos of the prepared
tooth with a dark background and a polarizing filter to
avoid undesirable surface reflection. Additionally, images
of dentin and enamel shade tabs were taken, and photo-
graphs with a light background were taken to evaluate
fine details, such as craze or microcrack lines. A single
feldspathic porcelain veneer with a thickness of 0.6 mm
was found to be an appropriate solution for the described
patient.

Limitations

The limitations of this brief narrative review include the
use of a single database to apply a concise search strat-
egy, which is contrary to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.

Conclusions

Dental care for patients with focal microdontia may
involve the use of adhesive and minimally invasive dentistry
techniques since the affected teeth are smaller than usual,
and bonding restorations to the enamel structure provide
a successful protocol. A single hand-crafted feldspathic
porcelain veneer can effectively mimic adjacent teeth, sat-
isfying patients’ aesthetic expectations. The additive diag-
nostic wax-up and intraoral mock-up enable visualization
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and testing of the aesthetic and functional outcomes
of the proposed restoration. Minimally invasive dentistry
is an effective treatment option for non-syndromic fo-
cal microdontia in young patients, with the potential for
long-term high aesthetic results.
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Abstract

Background. Obstructive sleep apnea (0SA) is one of the risk factors for diabetes mellitus type 2 (DM2).
As OSAis associated with the disruption of the circadian rhythm, it affects circadian clock proteins, including
neuronal PAS domain protein 2 (NPAS2) and nuclear receptor subfamily 1 group D member 1 (Rev-Erb-a).
These proteins have been shown to be related to metabolic abnormalities, i.a., insulin resistance.

Objectives. The present pilot study aimed to investigate the NPAS2 and Rev-Erb-a protein serum levels
in the groups of patients with severe OSA and severe 0SA4+-DM2 in comparison with healthy controls,
taking into account correlations with polysomnography (PSG) parameters (e.g., oxygen saturation (Sp0;)
variables).

Material and methods. A total of 40 participants were included in the study. They were split into
3 groups as follows: the 0SA group (n = 17; apnea—hypopnea index (AHI) >30, no DM2); the 0SA-++DM2
group (n = 7; AHI > 30 and DM2); and the control group (n = 16; AHI < 5, no DM2). Al participants
underwent a nocturnal PSG examination and had their blood collected the following morning. The serum
levels of NPAS2 and Rev-Erb-a proteins were assessed using the enzyme-linked immunosorbent assay
(ELISA).

Results. The mean NPAS2 protein level was significantly lower in the OSA group as compared to healthy
individuals (p = 0.017). Additionally, the OSA group presented with lower NPAS2 protein levels as compared
to the OSA-+DM2 group, but only a tendency was observed (p = 0.094). No differences in the Rev-Erb-a
protein concentration were noticed. Furthermore, a negative correlation between AHI during rapid eye
movement (REM) sleep and the NPAS2 protein serum level was observed (r = —0.478; p = 0.002).

Conclusions. Serum NPAS2 protein might be involved in metabolic dysrequlation present among 0SA
patients, while the mechanism itself may be associated with REM sleep.

Keywords: hypoxia, circadian cycle, glucose metabolism, NPAS2, Rev-Erb-a
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Introduction

Obstructive sleep apnea (OSA) is characterized by
recurrent pauses in breathing during sleep, leading
to intermittent hypoxia, arousal and sleep fragmenta-
tion.! The gold standard in the OSA diagnosis is
a polysomnography (PSG) examination, which enables
the assessment of OSA severity through the apnea—
hypopnea index (AHI).2 The available literature recog-
nizes OSA as an independent risk factor for various
comorbidities, including glucose metabolism impair-
ment, insulin resistance and diabetes mellitus type 2
(DM2).3* These metabolic complications can be re-
lated to electrolyte and vitamin dysregulation,® sero-
toninergic system dysregulation®® or the alteration of
circulating adipokines.’

Circadian clocks are endogenous coordinators of
the 24-hour rhythm of behavioral and molecular
processes.'® Each circadian clock comprises a set of
genes that function as activators, namely circadian
locomotor output cycles kaput (CLOCK) and basic
helix-loop-helix ARNT-like (BMALI).}' Through
binding to regulatory elements containing E-boxes,
they activate the transcription of repressor proteins
period (encoded by Per) and cryptochrome (encoded
by Cry).!? Neuronal PAS domain protein 2 (NPAS2),
similar to circadian clock activators and hypoxia-
inducible factors, belongs to the helix—loop—helix
Per/Armt/Sim (PAS) transcription factor family. Due
to this structural similarity, it can substitute the func-
tion of CLOCK.!3 In mice, which serve as a mamma-
lian model of the circadian clock,'* the activation of
CLOCK-BMALI1 occurs in the daytime, which sub-
sequently causes the transcription of both Per and
Cry in the afternoon, and the accumulation of PER
and CRY proteins in the evening. The proteins trans-
locate to the nucleus at nighttime and interact with
the CLOCK-BMALI1 complex, which results in the
repression of their transcription. Following a decrease
in the protein concentration at night, the CLOCK-
BMALI1 complex starts a new cycle in the morning.!®
The regulatory complex of the circadian clock also
includes a supporting loop that involves nuclear
receptor subfamily 1 group D member 1 (Rev-Erb-a),
which interacts with the CLOCK-BMALl com-
plex, taking part in the interlocked feedback loops of
activators and repressors, thereby creating a canonical
positive- and negative-feedback gene network.!®
Studies have shown that the dysregulation of the
circadian clock can result in metabolic complications,
including glucose metabolism impairment.!”

Therefore, this pilot study aimed to investigate the
NPAS2 and Rev-Erb-a protein serum levels in patients
with severe OSA, severe OSA and DM2, and in healthy
individuals, and to assess their relationship with PSG
parameters.

F.F. Karuga et al. NPAS2 and Rev-Erb-a in 0SA

Material and methods

This cross-sectional study was conducted at the
Department of Sleep Medicine and Metabolic Disorders
of the Medical University of Lodz, Poland, between January
and June 2021 — recruitment and data collection. Patients
were recruited according to the inclusion criteria (age
above 18 and below 70 years, body mass index (BMI) of
20-40 kg/m?, and providing informed written consent to
participate in the study). The exclusion criteria comprised
withdrawing of the consent, chronic respiratory diseases,
chronic inflammatory diseases, infection within 1 month
of blood collection, active cancer or a history of cancer,
a lifetime history of diagnosed sleep disorders other than
OSA, employment in the changing shift system, caffeine
intake >900 mg per day, and the use of hypnotic medi-
cations or any medications known to affect sleep during
2 weeks before the sleep laboratory examination. Patients
referred with suspected OSA syndrome underwent
a standard medical examination and a nocturnal PSG
examination. The DM2 diagnosis was based on the
patient’s medical history. After the examination, venous
blood samples were collected into serum separator blood
collection tubes. Forty participants were qualified for the
study. Based on the PSG and clinical data, the participants
were assigned to one of 3 study groups: OSA (severe OSA
— AHI > 30, no DM2); OSA+DM2 (severe OSA — AHI > 30
and DM2); and control (no OSA — AHI < 5, no DM2). The
study was approved by the Bioethical Committee of the
Medical University of Lodz (RNN/432/18/KE).

Polysomnography

The patients were admitted to the sleep laboratory at
about 9 p.m. (+0.5 h), where standard physical and sub-
jective examinations were conducted, and body mass,
height, blood pressure, and pulse were measured. Stan-
dard nocturnal PSG was performed by recording the fol-
lowing channels: electroencephalography (EEG) (C4\Al,
C3\A2); electromyography (EMG) of the chin muscles
and tibialis anterior; electrooculography (EOG); measure-
ments of the oronasal airflow (a thermistor gauge); snor-
ing; body position; respiratory movements of the chest
and the abdomen (piezoelectric gauges); unipolar electro-
cardiogram (ECG); and hemoglobin oxygen saturation
(SpO,) (Alice 6; Phillips Respironics, Murrysville, USA).
Polysomnographic events were scored by the same expe-
rienced physician. Sleep stages were scored according to
the criteria based on the 30-second epoch standard.?

Biochemical analysis

Peripheral blood samples were collected in the morning
following PSG (between 6 a.m. and 7 a.m., within 10 min
of awakening) into blood collection tubes with a clot
activator and ethylenediaminetetraacetic acid (EDTA).
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Blood samples with a clot activator were centrifuged im-
mediately after blood draws at 4°C. Serum was collected
and stored at —80°C. The serum protein concentration
was assessed using an enzyme-linked immunosorbent
assay (ELISA) kit (EIAaB, Wuhan, China) and the ab-
sorbance was measured at wavelength A = 450 nm, using
an absorbance reader (BioTek 800 TS; Agilent Technologies
Inc., Santa Clara, USA).

Statistical analysis

Statistical analysis was conducted with the use of Statistica
13 PL (StatSoft Polska, Krakow, Poland). The assess-
ment of distribution (normal/non-normal) for continu-
ous variables was performed with the Shapiro—Wilk test.
Parametric independent variables were assessed with
Student’s ¢ test, and the Mann—Whitney U test was used
for nonparametric independent variables. Spearman’s
correlation test was applied for correlations. A p-value
<0.05 was considered statistically significant.

Results

The baseline characteristics of the pilot study participants
are shown in Table 1, and the results, including the serum
levels of NPAS2 and Rev-Erb-a proteins, are presented in

Table 1. Baseline characteristics of the study population

Table 2. No statistically significant differences were noticed in
the Rev-Erb-a protein concentration among all study groups
(p = 0.624). The mean NPAS2 protein level was significantly
lower in the OSA group as compared to healthy individu-
als (p = 0.017). Additionally, the OSA group presented with
lower NPAS2 protein levels as compared to the OSA+DM?2
group, but only a trend was observed, as the difference did
not reach statistical significance (p = 0.094). Of the evaluated
correlations, only a weak negative correlation between AHI
during rapid eye movement (REM) sleep and the NPAS2
protein serum level was observed (r = -0.478; p = 0.002).

Table 2. Concentrations of circadian clock proteins

OSA+DM2 Control
Parameter group group
(n=7) (n=16)
0.037*
NPAS2 level 117.07 198.28 186.22 0.017%*
[ng/mL] +55.29 +259.83 +166.31 0.446°
0.094¢
0.624
Rev-Erb-a level 240.93 27131 272.04 0.3682
[ng/mL] +73.46 +89.66 +92.81 0.947°
0.505¢

Data presented as mean + standard deviation (M +5D).

NPAS2 — neuronal PAS domain protein 2; Rev-Erb-a — nuclear receptor
subfamily 1 group D member 1; * statistically significant (¢ control group vs. OSA
group, ® control group vs. OSA+DM2 group, € OSA group vs. OSA+DM2 group).

OSA group
Parameter n=17)

Age [years] 53
Me (IQR) (44.50-59.50)
Sox M 14 (82.35)
n (%} F 3(17.65)
BMI [kg/m?] 33.95
Me (IQR) (30.99-37.54)
TST [h] 6.50
Me (IQR) (6.10-7.08)
Arousal index [events/h] 23.70
Me (IQR) (19.60-28.75)
AHI'in REM sleep [events/h] 3897
Me (IQR) (24.44-53.01)
AHl'in NREM sleep [events/h] 3858
Me (IQR) (32.33-61.15)
Total AHI [events/h] 51.40
Me (IQR) (35.9-64.15)
Desaturation index [events/h] 500
Me (IQR) (34.8-76.1)
SpO, during desaturation events [%] 86.9
Me (IQR) (80.5-90.1)

OSA+DM2 group Control group
(n=7) (n=16)
64 46 §
(56.00-72.00) (33.75-56.50) 0.003
6(85.71) 11(68.75)
0.548
1(1429) 5(31.25)
35.89 2733 §
(32.08-42.67) (2427-28.88) <0.001
546 6.20
(5.20-6.40) (570-6.47) e
28.10 1225 )
(20.90-38.60) (7.07-17.30) <0.001
4751 1.64 .
(29.14-73.88) (0.00-7.70) el
45.66 106 §
(35.69-62.89) (035-1.64) <0.001
51.70 145 )
(45.70-63.40) (052-3.00) <0l
600 20 )
(512-63.0) (1.0-3.0) <0.001
87.0 918 .
(838-88.0) (90.5-93.1) el

Me — median; IQR - interquartile range; OSA — obstructive sleep apnea; DM2 — diabetes mellitus type 2; M — male; F — female; BMI — body mass index; TST - total
sleep time; AHI — apnea—hypopnea index; REM - rapid eye movement; NREM — non-rapid eye movement; SpO, — oxygen saturation; * statistically significant.
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Discussion

The dysregulation of circadian clock genes has been
shown to cause not only sleep disorders, such as sleep
phase syndrome,'® but also metabolic abnormalities,
including metabolic syndrome!® or insulin resistance.?’
Zhang et al. revealed that diabetic rats had significant-
ly higher Rev-Erb-a protein levels in adipose tissue as
compared to nondiabetic rats.>! Their work suggests that
Rev-Erb-a may be one of the key molecules potentially
causing metabolic syndromes through circadian clock
disruption.?! Additionally, in a study by Kooner et al.,
which included 5,561 patients with DM2, NPAS2 genes
were also associated with the development of DM?2.22
Literature concerning circadian clock disruption among
patients suffering from OSA is limited, both in terms of
number of publications and only several circadian clock
genes being investigated.® Canales et al., in a cross-
sectional study on 49 patients, compared groups with
OSA or nocturnal hypoxemia (defined as 210% of total
sleep time (TST) spent at SpO, < 90%) to those without
such conditions, and found that the mRNA expression
of Rev-Erb-a and NPAS2 was reduced in patients with
nocturnal hypoxemia.?* Nevertheless, the study was
a sub-analysis of a cohort suffering from severe kidney
dysfunction. Since it has been established that kidney
function greatly influences the expression of circadian
clock genes,? it is impossible to state whether OSA
severity, hypoxia or kidney dysfunction had a key impact
on the obtained results.

Our results from a pilot study show the same tendency
as reported in research by Xie et al.,, where NPAS2 gene
expression was decreased in untreated OSA patients with
AHI > 15.2¢ However, their results did not present statisti-
cal significance, contrary to our study, where the differ-
ence in the NPAS2 protein levels between the OSA group
and the control group was significant (p = 0.017). Extend-
ed research that would include both NPAS2 gene expres-
sion and protein level, together with CLOCK-BMAL1
investigations, might help define exact relationships be-
tween circadian clock activators in response to hypoxia
occurring in the REM phase.

Limitations

Our study has its limitations, including a small sample
size (only 40 participants). We aimed to conduct a small-
scale study to test the research design and feasibility to
obtain significant results, which was achieved. Therefore,
we stand prepared to expand the investigation. As the re-
search was conducted as a pilot study and the group of
participants was small, it was hard to choose subjects
that would perfectly match all parameters; thus, the age
of the subjects varied. Another limitation that should be
mentioned are the conditions in which the study was con-
ducted, namely sleeping in the hospital PSG laboratory;

F.F. Karuga et al. NPAS2 and Rev-Erb-a in 0SA

TST might have been influenced more by the attitude and
the psychological aspects of adjusting to a new sleep en-
vironment than by typical circadian-related difficulties in
falling asleep.

Conclusions

Serum NPAS2 protein might be involved in metabolic
dysregulation present among OSA patients, while the
mechanism itself may be associated with REM sleep. The
findings of our pilot study may help better understand the
molecular mechanism responsible for circadian cycles,
the reaction to hypoxia, and their influence on distur-
bances of glucose metabolism, as well as interactions be-
tween them. However, to confirm the role of NPAS2 and
Rev-Erb-a in the development of DM2, the continuation
of the study is necessary.
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