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of the Gilhane Medical Journal dates back to 1871 and it
was named with its current title in 1999.

Reasons to publish with this journal:

e Electronic archive available since 2002

e Covers the broad field of medicine
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Instructions to Authors

Gulhane Medical Journal (GMJ) is an international, multidisciplinary and peer reviewed journal for researchers and health-
care providers. It is published four times a year, and accepts submissions in English. It is the official journal of the Giilhane
Faculty of Medicine, University of Health Sciences Tirkiye.

GMJ follows the International Committee of Medical Journal Editors's (ICMJE) Recommendations for the Conduct, Reporting,
Editing and Publication of Scholarly Work in Medical Journals. For authors submitting to GMJ, it is recommended that
authors follow the Uniform Requirements for Manuscripts Submitted to Biomedical Journals formulated by the International
Committee of Medical Journal Editors (ICMJE).

All submissions are evaluated through the online submission system via (http://[submit.gulhanemedj.org/login.php). Following
submission, all correspondence is sent by e-mail.

Accepted manuscripts are assigned a DOl number, and the content is freely available.

GMJ publishes in categories listed below;

1. Original article

2 Case report

3. Review article

4. Letter to the editor (and their responses)

Authors submitting their manuscripts should follow this guide for the authors. Editorial office may send the manuscript
back in order to complete the standard requirements before proceeding for review.

Original articles should be designated either basic research or clinical research.

Review articles should include a summary and subheadings in the text to highlight the content of different sections.
Authors are recommended to contact journal before submitting a review article in order to get a provision for review.

Case reports should present an actual patient case with a specific disease or condition.
Letters to the editor should be related to the articles published in the last four issues.

Below are the word limits applied by the GMJ, specific to manuscript types;

Type of article Abstract Word count® Number of authors | Number of references Table/figure
Original article 250 2000 to 5000 Unlimited 40 5
Review article 250 2000 to 4000 3 50 3

Case report 100 500 to 1000 5 15 2

Letter to the editor - 250 to 500 3 5 =
*Excludes abstract, acknowledgments, conflict of interest statement, references, and tables; minimum and maximum word counts.

The authors must declare that their submitted article has neither been published in any journal, nor been simultaneously
submitted to another journal. Presentations as an abstract at a scientific meeting is an exception but this should be
declared in the cover letter.

The Methods section should include a statement indicating that the research was approved by an independent local,
regional or national review body (e.g., ethics committee, institutional review board). If the study includes human subjects,
the author should declare openly that the work described has been carried out in accordance with The Code of Ethics
of the World Medical Association (Declaration of Helsinki) for experiments involving humans (link- https://www.wma.
net/policies-post/wma-international-code-of-medical-ethics/), and Uniform Requirements for manuscripts submitted
to Biomedical journals (link- http://www.icmje.org/). The name of the institution and the code of approval (i.e., approval
number) must be provided. Authors should include a statement in the manuscript about informed consent obtained
from their participants. According to the most recent regulations by the Turkish Academic Network and Information
Center (ULAKBIM), the authors (s) of a case report must include a statement in their manuscript that written, informed
consent was obtained from the patient.
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Instructions to Authors

GMJ follows the ICMJE's clinical trial registration policy for the clinical trials. Therefore, registration of clinical trials in
a public trials registry at or before the time of first patient enrollment is a basic requirement in this journal. The name
of the public registry and the code of approval should be included in the manuscript.

Animal experiments should comply with the standards as detailed by the EU Directive 2010/63/EU for animal experiments.
Different or local requlations may apply provided that this is written in the manuscript and EU Directive is not violated.

Preperation of the manuscript

The text should be in simple, single-column format. Using MS word processor, Times New Roman font and 11- or
12-point font size should be chosen. The text and references should be double-spaced.

Importantly, the title page must be uploaded separately, no page breaks should be used and all pages should be
numbered (below, centered) consecutively.

Abbreviations should be defined when first used in the text.
Units must be expressed following the international system of units (SI).

Uploading the Manuscript Submission Form (MSF) (found in online submission system) is mandatory for all submissions.
MSF must be filled in English (typewriting is encouraged), signed by the corresponding author and scanned clearly.

Authors should make sure that a good layout is helpful throughout the review and publication process.
Cover Letter

All submissions should include a cover letter and complete contact information for the corresponding author. The
authors must declare in this letter that their submitted article has neither been published in any journal, nor been
simultaneously submitted to another journal. Whether the authors have published or submitted any related papers
from the same study should be stated. Authors may also use this letter for confidential contact with the editor.

Title Page

All' manuscripts should start with the title page. It should include; the title of the manuscript, full names, highest
academic degrees, and affiliations of all authors including updates, name and complete contact information for
the corresponding author, and manuscript word count (not including title, abstract, acknowledgments, references,
tables, and figure legends). The title page should also include the "Acknowledgments” section, "Conflict of interest”
statement, and information about the previous publications(s) as an abstract with the inclusion of authors list in the
presentation. A sample of a title page can be found here.

Abstract

It should be structured according to Aims, Methods, Results, Conclusions

Keywords

Up to six keywords should be included in the manuscript.

Main document

It should be divided into the following sections: Introduction; Methods; Results; Discussion.

A case report should be structured as follows; introduction, Presentation of Case, Discussion, Conclusion.
Acknowledgments (mandatory)

This section must include list of author contributions, credits, and other information. Author contributions must be
listed in accordance with ICMJE authorship criteria. Funding must be described in detail including valid codes. Authors
are responsible for the completeness of the information that should exist in the acknowledgement.
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Instructions to Authors

Authors must disclose any conflict of interest related to their submission. This statement must include any financial,
personal or other relationships within three years of beginning the submitted work. When there is no such relationship,
the authors must type “The authors declared they do not have anything to disclose regarding conflict of interest with
respect to this manuscript.”

Conflict of Interest (mandatory)

References

It is the authors' responsibility to maintain the accuracy and completeness of their references and for correct citation
in the text.

References should be numbered and listed in the order they appear in the text. In the text, references should be
identified using arabic numerals in parenthesis placed before the period.Up to six authors in a cited article all authors
should be listed. When there are seven or more authors, the first three authors' names should be included followed by
"et al’ The issue number must be included in journal references, and last page number must be typed in full.

Examples of reference style:

Galant SP, Komarow HD, Shin HW, Siddiqui S, Lipworth BJ. The case for impulse oscillometry in the management of
asthma in children and adults. Ann Allergy Asthma Immunol. 2017;118:664-671.

Willeit K, Pechlaner R, Willeit P, et al. Association between vascular cell adhesion molecule 1 and atrial fibrillation.
JAMA Cardiol. 2017;2:516-523.

Taichman DB, Sahni P, Pinborg A, et al. Data sharing statements for clinical trials: a requirement of the international
committee of medical journal editors [published online June 6, 2017]. Ann Intern Med. doi: 10.7326/M17-1028.

World Health Organization. WHO Criteria for Diagnosis of Osteoporosis. Last Accessed Date: 15.06.2017. Available
from: http://www.4bonehealth.org/education/world-health-organization-criteria-diagnosis-osteoporosis/

Venables WN, Ripley BD. Modern Applied Statistics With S. 4th ed. New York, NY: Springer Publishing Co; 2003

Purnell L. Transcultural Diversity and Health Care. In: Transcultural Health Care: A Culturally Competent Approach. 4th
ed. Philadelphia: FA Davis Company; 2012:7.

Tables

Tables should be numbered in the order of their citation in the text. Each table should have a brief title. Footnotes
should also be used where needed. Each table should be uploaded as a separate word file.

Figures

Figures should be numbered in the order of their citation in the text. Each figure should have a brief title. Footnotes
should also be used where needed. Each figure should be uploaded as a separate JPEG or TIFF file and should not
exceed 1 MB in size.

Table and figure Legends

Use of brief legends (captions) for tables and figures is recommended. These can include explanation of the table or
figure, markers and expansion of abbreviations. The legends should be uploaded as separate, word files.

GMJ encourages authors to use reporting guidelines such as CONSORT for Randomized Controlled Trial, PRISMA for
Systematic Reviews or Meta-analyses of controlled trials, STARD for Diagnostic accuracy studies, and STROBE for
Observational epidemiology studies.

Fees

GMJ offers entirely free publication. No page charges, article processing charge, or other are applied. The journal does
not accept donations.

© 2018 Gulhane Medical Journal. All Rights Reserved.
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Peer Review and Ethics

Gulhane Medical Journal is an independent, non-biased periodical publication that adheres to the double-blind peer-
review process.

Peer Review Policy

The manuscript evaluation process and ethical principals in this publication conform to the Recommendations for the
Conduct, Reporting, Editing, and Publication of Scholarly Work in Medical Journals (ICMJE Recommendations) (http://
www.icmje.org) and The Committee on Publication Ethics (COPE) (https://publicationethics.org/).

Submitted manuscripts are first evaluated for their scientific value by the managing editor. After the initial evaluation,
an editor is assigned by the Editor-in-Chief. Each manuscript is sent to at least two reviewers by the assigning editor.
Following review and the decision of the assigning editor, the Editor-in-Chief makes a decision. The procedure is the
same for the initial submission and the revised manuscript. The whole evaluation process is aimed to be completed
within 12 weeks. Where necessary, manuscripts are also evaluated by the statistics editor.

The dates of submission and acceptance are displayed on the first page of the accepted manuscripts.

The Editor-in-Chief and editors have the right to reject or return manuscripts to be revised for format or scientific
content before the reviewer selection.

All queries should be sent to the editorial office via e-mail the following address: editor@gulhanemedj.org.
Withdrawal Policy

Withdrawal of a manuscript will be permitted only for the most compelling and unavoidable reasons. For withdrawal
requests, authors need to submit an "Article Withdrawal Form", signed by all authors. The form is available at (http://
glns.cofvsw7j). The submission of this form is not sufficient to complete the withdrawal procedure. The editorial office
notifies the authors about the decision of the Editor-in-Chief.

In case the review process exceeds six months following editor assignment, the authors have the right to place a
withdrawal request without any reason.

Ethical Considerations
Authors

Gilhane Medical Journal is committed to providing high-quality articles and upholds the publication ethics to advance
the intellectual agenda of science. We expect the authors to comply with the best practice in publication ethics.

For experimental and clinical studies, approval by the ethical committee and a statement on adherence of the study
protocol to the international agreements (Helsinki Declaration revised 2013 (https://www.wma.net/policies-post/
wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/) are mandatory. In
experimental animal studies, the authors should indicate that the procedures are in accordance with animal rights
(Guide for the care and use of laboratory animals, www.nap.edu.catalog/5140.html) and they should obtain animal
ethic committee approval.

The collected data cannot be shared with third-party persons, organizations or other affiliations. Patients' private data
cannot be published.

The "Materials and Methods" should include sufficient information about the ethical approval along with its source
and code. This section should also include the required statements that the study procedures conformed to the
international standards of human and animal studies, and written, informed consent was obtained for each participant.

The declaration of the conflict of interest between the authors and institutions, and acknowledgement of any funding
or financial or material support should appear at the end of the manuscript.

Editors and Reviewers

Editors and reviewers are required to report any potential conflict of interest with the submitting authors and their
institutions.
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Plagiarism: Republishing the data or intellectual material of someone else as one's own original work.

Evidence of the following attempts is subject to sanctions in this journal:

Fabrication: Publishing data and findings/results that do not exist.

Duplication (multiple publications): Publishing the same data or intellectual material more than once. Publication
as an abstract presentation in a scientific meeting is outside this definition.

Salami publication/slicing: Publishing multiple articles by dividing the results of a single study preternaturally.

We use Crossref Similarity Check powered by “iThenticate” to screen all submissions for plagiarism before the review
step and before the publication.

Author Contributions

In accordance with the ICMJE recommendations, contributions of all authors must be listed in the manuscript.
Contributors who do not meet the criteria for authorship should not be listed as authors, but they should be
acknowledged.
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Message from the Editor-in-Chief

Message from the Editor-in-Chief,

It is my pleasure to announce the successful closing of 2022 at GMJ. In this year, as every year, GMJ has
published four issues, as scheduled, with highly quality articles.

In the fourth issue of GMJ in 2022, we have selected interesting four original articles, two reviews articles,
and one case report for our readers. As the journal's publishing team, we try to keep covering a wide range of
articles from different scientific disciplines.

| would like to express my gratitude to all submitting authors, reviewers, and editors for their contributions.
Also with this opportunity, | wish our community good health, happiness and success in the new year.

M. Ali Giilgelik, M.D., Prof.
Editor-in-Chief

-
<
=
o
=
O
=2
-
<
o
o
i
=
Ll
=
<
T
-
=
O]

2
(o)
S
[
o
=
-
Q
c
)
=
D
o




REVIEW

DOI: 10.4274/gulhane.galenos.2021.18291

Gulhane Med J 2022;64:289-94

Effect of probiotics on oral Candida-a review

©® Mohamed Faizal Asan, ® Subhas Babu G, ® Supriya Bhat

Nitte (Deemed to be University), AB Shetty Memorial Institute of Dental Sciences (ABSMIDS), Department of Oral Medicine and

Radiology, Mangalore, India

Date submitted:
23.01.2021

Date accepted:
11.08.2021

Online publication date:
15.12.2022

Corresponding Author:

Subhas Babu G, Nitte (Deemed to
be University), AB Shetty Memorial
Institute of Dental Sciences
(ABSMIDS), Department of Oral
Medicine and Radiology,
Mangalore, India
goginenisb@yahoo.co.in

ORCID:
orcid.org/0000-0001-9383-7886

Keywords: Candida albicans,
candidiasis, denture stomatitis,
Lactobacillus, probiotics

ABSTRACT

Oral candidiasis is a frequently encountered fungal infection of the oral cavity. Its etiology is
multifactorial, attributable to the disparity in the microorganisms inhabiting the oral cavity.
Probiotics are live microorganisms that can have antagonistic effects on other pathogens.
The benefits of probiotics in the management of gastrointestinal disorders are well known.
Probiotics have been tried as a newer treatment option for managing oral candidal infections.
Therefore, the present review attempts to summarize the significant data available from clinical
trials about the efficacy of probiotics on oral candidal infections. A computerized search in
PubMed and the Cochrane Library was conducted using the terms Candidosis (OR) Candidiasis
(OR) oral Candida (AND) probiotics, to identify randomized controlled trials published from
2010 to April 2020. We identified forty-six articles and six of them fulfilled the inclusion criteria
for this review. The studies have assessed the role of probiotics in oral Candida by measuring
the candidal counts in samples from various intraoral sites, the clinical cure rate, or both. The
probiotics used in most studies were of Lactobacillus species and Streptococcus salivarius.
This review concludes that probiotics have preventive and curative effects on oral candidal
infections, but the efficacy depends on the dosage, duration, and type of the probiotic strains.

Introduction

Oral candidiasis is an opportunistic fungal infection caused

such as lactic acid bacteria and yeasts, are well known for their
therapeutic benefits. Probiotic therapy is the administration of a
single or a combination of beneficial strains of microorganisms

by Candida species. Under normal circumstances, Candida
exists in the oral mucous membrane as a beneficial oral flora.
When there is an imbalance in the microbial flora of the oral
cavity, Candida species, most predominantly Candida albicans
cause infections. Old age, an immunocompromised state, and
prolonged consumption of broad-spectrum antibiotics are the
predisposing factors. The pseudomembranous form of oral
candidiasis is the most common, which presents as a scrapable
curdy white patch in the oral mucosa and tongue (1). Live
microorganisms that can provide health benefits to the host
are called probiotics (2). Several probiotic microorganisms,

for managing various diseases such as gastrointestinal
disorders and candidal vaginitis (2,3). In the management of oral
candidiasis, antifungal drugs are the most commonly preferred
line of therapy. However, the administration of antifungal drugs
has various limitations because of the emergence of resistant
strains to conventional antifungals and the recurrent nature of
the disease in affected individuals (4). Probiotics are one of the
newer therapeutic options tried in the management of various
candidal infections. This article aims to review the available
literature to determine the efficacy of probiotics in oral candidal
infections.

©Copyright 2022 by the University of Health Sciences Tiirkiye, Gllhane Faculty of Medicine / Gllhane Medical Journal published by Galenos Publishing House.
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Methods

A computerized search in PubMed and the Cochrane Library
was conducted using the following search terms: (candidosis
OR candidiasis OR oral Candida) AND (probiotics). Filters that
were used in the PubMed database included “Randomized
Controlled trails” and “Humans,” and in the Cochrane Library,
the filter was “Trials”. Only the articles published in the English
language between January 2010 to April 2020 were included.
The inclusion criteria were as follows: 1. Randomized controlled
trials to treat or prevent oral candidal infections using probiotics,
with or without a placebo. 2. Studies have reported on candidal
assessment after the administration of probiotics. 3. Studies on
oral candidal infections with no other coexisting oral lesions.
The review was performed following the PRISMA guidelines.
The database search yielded 46 articles, out of which 22 were
selected and screened after the removal of duplicates (Figure 1).
Following the screening, 7 articles were assessed for eligibility
and after excluding those that did not fulfill the exact aim of our
present review, 6 articles were selected.

Characteristics of the included trials

The studies included in our review assessed the Candida
counts in samples from various intraoral sites, the clinical cure
rate, or both. The included studies differed widely concerning
the age group, background, nutritional status, ethnicity, systemic
factors of the study population, and the type, form, and duration
of probiotic administration (Table 1).

Candida colonization in the oral cavity

The human oral cavity serves as a habitat for a wide variety
of microorganisms, and interkingdom interactions among those

Records identified through database
searching in Pubmed and Cochrane
(n=46)

l

Records after duplicates removed
(n=22)

l

Records screened (n=22)

l

Full text articles accessed for
eligibility (n="7)

Records excluded
m=15)

Full text articles excluded (n= 1)
Reason: Probiotics were given
after a course of treatment with

l steroids, Patients with Oral lichen
planus were included in the
Studies finally included study.
m=6)

Figure 1. PRISMA flow diagram
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microorganisms play a direct role in oral health. Candida albicans
and a few other fungi of Candida species frequently colonize
the oral cavity and participate in various complex microbial
reactions like biofilm formation (5). Candidal colonization
occurs sequentially by acquisition, adhesion, replication,
and establishment of a stable population of yeast forms. The
adhesion sites include epithelial surfaces, extracellular matrix
proteins, bacterial cell-surface molecules, and dental acrylic.
Basic proline-rich proteins and other salivary molecules promote
the adherence of Candida albicans. Lectin, protein-protein, and
hydrophobic interactions aid in the active adhesion of the fungal
colonies. They also express alternate modes of adhesion in the
oral cavity. They can escape host defense mechanisms and they
can adhere to and colonize new environments by penetrating
tissues, thereby establishing successful colonization (6).

Mechanism of action of probiotics on oral Candida

Probiotic bacteria adhere to the oral mucosa and compete
with Candida species for nutrition and adhesion sites. They
inhibit Candida by the production of various metabolites,
stimulate the innate immune response of the host and decrease
the production of inflammatory factors (7).

Lactobacillus species, which is the main constituent of most
probiotic supplements, is known for its cell surface hydrophobicity
and can directly form a mechanical barrier, and prevents candidal
adhesion to the epithelium (8). Probiotics increase the levels of
salivary immunoglobulin A and promote immunomodulation (9).
Reuterin, a hydrogen peroxide-like toxin produced by live strains
of Lactobacillus reuteri, is known to inhibit oral Candida by
selective inhibition (10). Probiotic bacteria also produce various
organic acids, hydrogen peroxide, bacteriocins, and antifungal
peptides, thereby causing inhibition of candidal adherence and
colonization in the host tissue (11,12).

Strain specificity of probiotic bacteria

The most widely used probiotic has been the Lactobacillus
species. According to the evidence from available literature,
probiotics containing Lactobacillus colonize the oral cavity only
at the time of consumption, hence are capable of exerting only a
short-term effect. But probiotics must show a long-term effect to
prevent candidal colonization for a longer period. Lactobacillus
rhamnosus GG is known to exist in the oral cavity for an
extended period (13). A study by Miyazima et al. (14) found
Lactobacillus acidophilus NCFM to be superior to Lactobacillus
rhamnosus Lr-32 in reducing the number of candidal colonies
in highly infected individuals. On the other hand, experimental
studies in infected immune-suppressed mice models have
shown Lactobacillus rhamnosus Lr-32 to be more effective than
Lactobacillus acidophilus NCFM. 1t is also more effective than
the antifungal agent Nystatin, in reducing the oral colonization
of Candida Albicans (15). Lactobacillus reuteri DSM 17938
and Lactobacillus reuteri ATCC PTA 5289 have been used
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successfully in frail elderly patients to reduce oral candidal
counts (16). Lactobacillus reuteri also inhibits various other
pathogenic bacteria by affecting their tissue binding ability and
inhibiting the release of proinflammatory cytokines (7).

Streptococcus salivarius K12 has a higher tendency to bind
with the hyphae form compared to the yeast forms of Candida
and suppresses the adhesion of Candida. They exert an indirect
antifungal activity that cannot be related to the anti-microbial
activity of the bacteriocin (17).

Li et al. (12) found a combination of probiotics including
Bifidobacterium  longum, Lactobacillus  bulgaricus, and
Streptococcus thermophilus to be effective in patients who were
already on topical antifungal therapy (2% Nystatin paste) in
reducing Candida species. It was also found to decrease the
number of Gram-negative bacilli and increase the detection
rate for Staphylococcus epidermidis in the saliva samples
(12). Staphylococcus epidermidis inhibits Staphylococcus
aureus, Streptococcus mitis, and Streptococcus sanguis,
which exert synergistic properties with Candida albicans.
Thus, Staphylococcus epidermidis interferes indirectly with
the candidal growth or their adhesion to the biofilms of the
oral mucosa (18,19). Hence, strain specificity is one of the
vital factors determining the efficacy of probiotics against oral
Candida.

Mycological cure

The mycological cure can be assessed by the detection of
Candida in the culture (Table 2). Hu et al. (20) demonstrated
negative microscopy and no growth of Candida in culture by
administering Streptococcus salivarius K12 along with topical
antifungal therapy with Nystatin (500,000 U) to patients with oral
candidiasis, thereby achieving an enhanced mycological cure
rate of about 90% compared to the use of antifungals alone.
Thus, combined probiotics and conventional antifungals can
shorten the course of treatment. Kraft-Bodi et al. (16) reported a
major reduction of Candida in the saliva and plaque samples of
frail elderly patients, up to 51% of the reduction was noted in the
probiotic group at the end of treatment. All the studies included
in this review have shown significantly reduced Candida after
the intervention.

Clinical cure

Studies indicate that the severity of denture stomatitis (DS)
is directly related to Candida albicans in 72% of the patients.
The management of DS is complex as it requires identification,
correction, and elimination of the local and systemic predisposing
factors. Newton has classified DS into three types based on the
clinical appearance of the lesion; type 1 comprises a simple,
localized inflammatory lesion, type 2 comprises a diffuse,
generalized inflammatory lesion on the mucosal contacting the
denture, and type 3 is characterized by chronic inflammatory
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lesion with granulomatous papillary hyperplasia (21). Lee et
al. (22) have successfully demonstrated clinical improvement
in the severity of DS after intervention with probiotics. In their
study group, 11 participants had type 1, 6 had type 2 and one
participant had type 3 DS at the beginning of the trial. After a
six-month probiotics intervention (T1), only six had type 1,
and one had type 2 DS. On the other hand, one participant
who had type 3 DS maintained the same severity. Finally, six
months after the discontinuation of the intervention (T2), there
was no change in the clinical type of DS concerning T1. Thus,
a significant improvement in the clinical presentation of DS
compared to the pre-intervention and post-intervention was
evident, also between pre-intervention and six months after the
discontinuation of the probiotics. Li et al. (12) used parameters
such as grading of hyperemia using a card with four levels of red
colors and pain assessment using a visual analog scale (VAS)
to assess the clinical presentation of oral candidiasis among the
study participants before, during, and after the intervention. The
probiotic group showed significantly decreased VAS scores after
two weeks of treatment. But there was no significant difference
in the reduction of hyperemia in the probiotic group.

Prophylaxis against denture stomatitis

Oral candidiasis has a chronic course and often recurs
in elderly individuals, as they use dentures and have a weak
immune status. Therefore, there is a need for therapeutic agents
with relatively low toxicity and side effects without compromising
their effectiveness against Candida. Various systemic conditions,
including diabetes, immune deficiencies, xerostomia, and
various local factors such as ill-fitting dentures, and poor oral and
denture hygiene, predispose to candidal infections (23). Patients
using removable dentures are more prone to DS associated
with Candida. The denture base materials serve as a substrate
for the growth and colonization of microorganisms. It has been
reported that 11-67% of complete denture wearers suffer from
DS (24). Hence, there is a strong need for therapeutic agents
that can prevent Candida with relatively lesser toxicity. Topical
application of a lyophilized capsule containing Lactobacillus
rhamnosus HS111, Lactobacillus acidophilus HS101, and
Bifidobacterium bifidum over the tissue contacting area of
maxillary dentures for 5 weeks showed successful elimination
of Candida in samples taken from the palatal mucosa (25).
Miyazima et al. (14) reported a significant reduction of Candida
in the mouthwash samples of complete denture wearers who
consumed probiotic cheese containing either Lactobacillus
acidophilus NCFM or Lactobacillus rhamnosus Lr-32 daily for
8 weeks. Hence, daily consumption of probiotic supplements in
any convenient form such as cheese or milk can help in the
reduction of the candidal load, thereby providing prophylaxis
against oral candidal infections like DS in highly susceptible
individuals.
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Table 1. Characteristics of the included studies

Study Probiotic used Form i . Treatment regimen !Juratlon_of
intervention intervention
1. Mouth gargling using 2% sodium
bicarbonate solution for 30 seconds,
o o :
Mixture of Bifidobacterium fOArEFnl Lctaetslo:ﬂc;fr iﬁ)u'\tlr:/ St:trm"EaSte'
Lietal. (12) longum, Lactobacillus bulgaricus Lozenges < g . < 4 weeks
. 3. After one hour, four probiotic
and Streptococcus thermophilus .
lozenges were held in mouths
(Procedure followed three times/
day).
Lactobacillus thamnosus HST11, - o I;;)C:Lzapsgﬁimr% ‘t)r?: m;?a?;
Ishikawa et al. (25) Lactobacillus acidophillus HS101,  ~ PP e Retile 5 weeks
i . o capsules region of the previously cleaned
Bifidobacterium bifidum .
maxillary denture (1 capsule/day).
Kraft-Bodi et al. Lactobacillus reuteri DSM 17938, One lozenge in the morning,
(16) Lactobacillus reuteri ATCC PTA Lozenges One lozenge in the early evening 12 weeks
5289 (2 lozenges/day).
Miyazima et al. (14) Lactobacillus acidophilus NCFM, Supplementation Eg gis;f]rzflr; Wr;tjv:;fse?ge\:\il;” 8 weeks
Lactobacillus rhamnosus Lr-32 with cheese 9 . v y
consumption).
One lozenge of probiotic BID
Hu et al. (2 4 ks at
uetal (20) Streptococcus salivarius K12 Lozenges One Nystatin tablet (500,000 U) Weeks @

TID-Topical application. U GIE]

Lee et al. (22) Lactobacillus rhamnosus

SP1 with milk

Supplementation

Oral hygiene training before the
start of the study was given,

200 mL of probiotic milk for 5 days
a week.

6 months

Table 2. Pre and post-interventional status with regard to the mycological load/cure

Mycological load/cure

Stud
Y Before the intervention/baseline

Post-intervention

Lietal. (12)

Detection of Candida in samples: 100%

Detection of candida in samples: 8.21%

Elicgietees) participants in the probiotic group.

Candida was detected in samples in all 30

Candida was detected in samples in only 5 participants.

Candida in saliva: 72%

=2l GlE (1) Candida in plaque: 67%

Candida in saliva: 51%
Candida in plaque: 50%

Miyazima et al. (14) 3.5 log,, CFU/mL

(before intervention with L. acidophilus NCFM)

2.5 log,, CFU/mL
(after intervention with L. acidophilus NCFM)

Hu et al. (20) Mycological cure rate: -

Mycological cure rate: 90.48%

Lee et al. (22) Viable cells: 1.98e+03 CFU/mL

Viable cells: 1.32e+03 CFU/mL

CFU: Colony forming units, mL: Milliliter

Adverse effects

While most studies have not reported any side effects, Hu
et al. (20) reported xerostomia, numbness, burning sensation
in the oral cavity, borborygmus and pharyngeal discomfort, light
dizziness, and headache in a few participants who received
Streptococcus salivarius K12 with nystatin. However, there is
evidence in the literature that the fermentation and enzymatic
reactions of Streptococcus salivarius K12 probiotics do not
show harmful effects on humans (26).

There were no reports of major side effects after the intake
of probiotic supplements in most studies. In the study by Kraft-
Bodi et al. (16), a few participants reported a feeling of intense
taste of tablets. Two participants in the probiotic group and three
in the placebo group reported gastric complaints within the first
week of the intervention, which may not be directly related to
the probiotic. Instead, it may also be linked to the chemical
composition of the lozenges. Probiotic-supplemented milk and
cheese are not recommended for lactose-intolerant individuals.
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Advantages of treatment with probiotics

Therapeutic and prophylactic use of probiotics in oral
candidal infections can reduce the use of conventional
antifungals and their side effects. They also have the added
advantage of preventing the development of drug resistance
by certain Candida species against azoles which are the most
commonly used anti-fungal therapies in oral candidiasis.

Conclusion

All the studies included in our review compared the pre-
interventional and post-interventional candidal status of the
patients and probiotics were found efficient in both prophylaxis
and management of oral candidal infections. From the available
literature, it is evident that probiotics can be alternative to
conventional antifungal therapy in oral candidal infections. It
should also be noted that the effect of probiotics depends on the
dosage, duration, and type of probiotic strain used. Therefore,
it is necessary to select an appropriate probiotic strain for a
successful treatment outcome.
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ABSTRACT

The importance of having whiter smiles has increased with the increase in people’s aesthetic
expectations. Patients who wish to have whiter teeth consult their dentist. Whitening treatment
or the use of various kinds of toothpaste is recommended according to the condition of the
teeth. However, most people seek professional applications and products that they can apply
at home to produce whiter teeth. The most important and most common of these products
are the whitening kinds of toothpaste. They are used both for the maintenance phase of
tooth whitening treatment and to provide whitening with toothpaste. Manufacturers have
developed new formulations to meet consumer satisfaction. With newer formulations, new
kinds of toothpaste take their place in the market. This article reviews the general content of
toothpaste and the recently popular charcoal-containing types of toothpaste.

Introduction

Toothpaste has long been a part of our daily lives. In 500 BC,
Indochina provided a recipe for a tooth-cleaning paste (1). Both
France and the United States invented flexible lead or tin tubes
in 1846, and toothpaste was first sold in bendable tubes in the
US and Germany in 1896. In 1873, Colgate began manufacturing
toothpaste in jars in the United States. The first fluoride toothpaste
was introduced in the United States in 1955 (1).

Toothpaste has always been offered to consumers as
changing and developing oral hygiene products. The most
common and simplest method for providing oral dental care

The oral hygiene products market aims to continuously
improve the content of existing products and to develop new
products to satisfy the expectations of consumers. Although
toothpaste contains all basic active ingredients that protect
from plaque and decay, various substances have recently been
added to them (3).

The most common issue that makes patients disturbed is the
discoloration of the teeth. Therefore, the ingredients added to
toothpaste are formed according to consumer demands.

Due to these demands for tooth-whitening products and
many new-toothpaste formations have been created to remove

is mechanical cleaning of the teeth using toothbrushes

and interface brushes. Toothpaste is used to increase the
mechanical cleaning efficiency of toothbrushes and to obtain
additional effects such as whitening. Because of this state, it
can be ensured that the teeth are protected from plaque and

tooth decay (2).

or prevent extrinsic stains (4).
Manufacturers claim that toothpaste and powders containing

charcoal, which have recently become popular, have teeth-
whitening properties to prevent the recurrence of discoloration

(5).

©Copyright 2022 by the University of Health Sciences Tiirkiye, Gllhane Faculty of Medicine / Gllhane Medical Journal published by Galenos Publishing House.
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This review aimed to provide an overview of toothpaste and
to bring together studies related to the promised properties of
charcoal toothpaste (their effects on tooth structure are also
included), which have become popular recently.

Content of the toothpaste

1. Abrasives

Abrasives contained in toothpaste physically maintain the
removal of tooth extrinsic stains (6). The ideal toothpaste should
have low abrasive properties and obstructive tubules (7). The
corrosive system must be insoluble in liquid, inert and non-toxic.
Calcium carbonate, dicalcium phosphate dihydrate, alumina,
silica, and sodium bicarbonate are the most frequently used
abrasives in toothpaste production (8).

The abrasiveness of toothpaste depends on the
characteristics of abrasives and tooth brushing parameters.
Such as particle shape, size, and hardness, as well as the
tooth brushing technique, the hardness of the toothbrush, the
direction, and the number of brush strokes (9). Additionally, the
use of abrasives, detergents, and both add different abrasive
properties (6).

2. Humectants

Toothpaste is in the form of a mixture of powder and
water. When the tube opens, toothpaste hardens in a short
time regardless of water content (9). To regulate this process,
humectants are added. Glycerin, sorbitol, propylene glycol, and
mannitol are used as humectants (8,9). Among these, glycerin
and sorbitol are the most common (10).

3. Surfactant

Toothbrush bristles remove debris and plaque, loose
material is removed with the help of the foaming effect of soaps.
Soaps left their place with surfactants due to their various
disadvantages. Sodium lauryl sulfate (SLS) is the most widely
used surfactant today. SLS anti-plaque effect is provided by
killing microorganisms, reducing surface energy, and denaturing
protein (10).

4. Viscosity and rheology modifiers

They are responsible for ensuring the stability and
consistency of the toothpaste. They are responsible for pasting
the toothpaste and its stability on the toothbrush (10). Frequently
used binders are carrageenans alginate, sodium carboxymethyl
cellulose, magnesium aluminum silicate, sodium magnesium
silicate, and colloidal silicate (8).

5. Sweetening agents

One of the sweetening agents added to toothpaste is soluble
saccharin. Also, mint spectrum, anise, lemon, eucalyptus,
and others can be used (8). Several sweetening agents such
as menthol show an antimicrobial effect. The concentration
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of menthol in toothpaste is between 0.1-0.5%. It is a kind of
alcohol widely contained in many foods, cosmetics, soaps, and
toothpaste. It has been reported that menthol can cause asthma
and urticaria (10).

6. Therapeutic agents

Toothpaste is the most suitable tool that can be used to
ensure oral health. Different therapeutic agents can be added to
it. These agents can be classified as caries prevention agents,
agents that prevent plaque formation, agents with antibacterial
properties, agents that reduce calculus formation, agents that
relieve tooth sensitivity, and whitening agents (8).

a) Anti-caries agents in toothpaste

Fluoride toothpaste helps prevent caries, according to a
systematic review (11). Different types of fluoride have been used
in toothpaste formulations, including amine fluoride, stannous
fluoride, sodium fluoride, and sodium monofluorophosphate.
Although there has been substantial discussion about the
relative efficiency of these distinct fluoride salts (12), a systematic
evaluation revealed that they were all equally beneficial (11).

Toothpaste with fluoride concentrations greater than 1.500
ppm is designated as prescription medication and should only
be used to treat those over the age of 10 who are at high risk of
caries, such as those who have a dry mouth or have root surface
caries. Calcium, phosphorous (phosphates; trimetaphosphates,
pyrophosphates, glycerophosphates), metals (zinc, tin,
aluminum, iron, manganese, molybdenum), and different anti-
microbials are all non-fluoride caries inhibitors in toothpaste
formulations. A dental plaque containing calcium carbonate has
pH-raising characteristics and may help with remineralization by
increasing plaque calcium levels (13).

b) Anti-plaque agents in toothpaste

Most oral anti-plaque agents are antiseptics or antimicrobials
that are used to prevent biofilm adhesion, reduce bacterial
development, or eliminate and/or modify the pathogenicity of
tooth plaque. Anti-plaque agents with adsorption and long-term
retention on oral surfaces are the most effective. They should
have a broad anti-bacterial range with low toxicity, as well as be
compatible with other toothpaste constituents (13).

Triclosan (2,4,4’ trichlor-2’-hydroxydiphenyl ether) is a non-
ionic chlorinated bisphenol that is commonly used in personal
care products such as deodorants and soaps. Itis safe, effective,
and well-tolerated. It's safe to use with toothpaste fluoride and
the environment. Active chemicals are present, as well as anti-
inflammatory properties. Trichlorosan, on the other hand, has
only modest persistence and does not last long enough to have a
major anti-bacterial impact. Its oral retention is greatly improved
when coupled with a co-polymer, polyvinylmethyl ether maleic
acid (PVM/MA or Gantrez) (13).
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Concerning the sensitive bacteria, triclosan inhibits the
enoyl-reductase enzymes of type 2 fatty acid synthases,
causing damage to the cytoplasmic membrane and leaking. It
offers a broad anti-microbial spectrum and a considerable anti-
plaque impact without staining the teeth. Systematic reviews of
six-month clinical studies found that triclosan and copolymer
formulations  significantly improved plaque control and
periodontal health (14,15). Plaque control and gingival health
can also be improved with toothpaste-containing triclosan and
zinc citrate (13). According to a systematic review, stannous
fluoride toothpaste enhanced plaque control and gingivitis (16).
Herbal toothpaste has a much higher anti-plaque activity than
conventional toothpaste occasionally (17). Both plaque and
gingivitis have been observed to be inhibited by a zinc citrate/
bromochlorophene/triglyceride composition (18).

c) Anti-calculus toothpaste

Supragingival calculus is a mineralized plaque and inhibiting
mineralization with crystal growth inhibitors is one way to regulate
it. Inhibitors include pyrophosphates, phosphonates, zinc salts,
and substances such as a copolymer of methyl vinyl ether and
maleic anhydride (13). In a clinical experiment, using toothpaste
with zinc citrate trihydrate and triclosan on a 1450 ppm F silica
base reduced calculus (19). Several studies have found that
dentifrices containing 3.3 percent-soluble pyrophosphates
considerably reduce calculus considerably (20,21). It has been
demonstrated that adding copolymer (polyvinyl ether and MA) to
pyrophosphate-containing formulations improves their efficacy
in reducing calculus (22). Studies have shown that triclosan/
copolymer toothpaste is effective in reducing calculus (23).

d) Desensitizing toothpaste

Gingival recession exposes root surfaces, which are a major
risk factor for dentin root sensitivity, and is often aggravated
following periodontal treatment. To treat sensitivity, two types
of products are used: those that interfere with neural impulse
transmission and those that block and occlude the dentinal
tubules. In several countries, potassium nitrate (5%), potassium
chloride (3.75%), and potassium citrate (5.5%) are frequently
used since each of these salts contains 2 percent potassium
ions, which impedes neuronal transmission. Potassium-based
toothpaste should be used twice daily for at least two weeks
to obtain measurable sensitivity decreases, according to
clinical trials. Compared to conventional fluoride toothpaste,
clinical data show that all three types of potassium help lower
sensitivity (24,25). The idea of tubule closure is present in both
strontium chloride and stannous fluoride. After four weeks of
twice-daily use, these products show significant reductions in
hypersensitivity. A new formulation has recently been released
that works by occluding dentinal tubules. Toothpaste contains 8%
arginine, calcium carbonate, and sodium monofluorophosphate
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(1450-ppm fluoride). This product’s effectiveness has been
proven in several clinical investigations (26).

e) Whitening toothpaste

Whitening toothpaste has content that offers physical-
chemical cleaning that allows the removal of extrinsic stains
on the tooth surfaces with daily brushing (3,5,27,28). In the
literature (28), these stain-removal ingredients are stated
as abrasives, surfactants, calcium chelators, enzymes, and
polymers. Traditional whitening toothpaste contains substances
such as silica, hydrogen peroxide, or carbamide peroxide that
remove stains from the teeth and make them whiter (2,29-31).
The whitening ingredients in toothpaste contain herbal origin
substances mostly including papaya (papain enzyme), menthol,
meswak, clove, salt, and citrus fruits (2).

Toothpaste containing blue covarine provides a whitening
effect by depositing covarine on the tooth surface, where it
changes the optical properties of the teeth, their appearance
is perceived as whiter and measurably whiter. It has also been
shown that this toothpaste does not have excessive abrasiveness
on enamel or dentin compared to other commercial products
(32).

Today, toothpaste containing charcoal is available on the
market. The ability of coal powder to absorb teeth stains and
unhealthy gums has enabled the intraoral use of coal throughout
history. The charcoal used can be made from carbon-rich
materials such as wood, nutshell, coconut shells, and bamboo.
Coal powders have different degrees of abrasiveness based on
their production methods (32).

Effects of charcoal toothpaste

Charcoal or activated carbon is an ingredient found in
some toothpaste products (33). Laboratory studies have
been conducted on the potential toxicity of charcoal. Teraoka
et al. (34) observed that bamboo charcoal could inhibit more
HelLa cell proliferation than fetal lung fibroblasts. In studies
on bentonite clay in toothpaste containing coal, inhalation of
crystalline silica, a mineral in this substance, has a carcinogen
effect, but its use and safety in toothpaste have not been
reported (35). Additionally, an in vitro study conducted in 2016
showed that bentonite clay induced lung adenocarcinoma cell
line proliferation (36).

Since activated charcoal has the ability/capacity to absorb
stains, it has attracted attention today (37). Charcoal-containing
toothpaste has properties similar to conventional toothpaste
in terms of functions. Indeed, the type of toothbrush, brushing
technique, and the time spent are considered more important
than the ingredients and consistency of the toothpaste. It is
stated that activated charcoal is recommended in the product
information provided with these charcoal-based toothpaste
because it binds to all tooth surface deposits. In formulations
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containing this binder clay, it is probably supported by bentonite
clay, plaque, bacteria, and extrinsic stains claimed to adhere to
the pores of the charcoal (and clay), clearing the tooth surfaces
after brushing (32). The charcoal preparation for intraoral
use contains various inorganic compounds, flavoring agents,
and herbal substances to increase the acceptability of these
preparations and to help fight bad breath (32). Because the
absorption capacity of charcoal, fluoride, and other active ions,
which have diverse effects on teeth, may not show the expected
effects in toothpaste containing activated charcoal (38). Due to
the absorbent capacity of activated charcoal, it can be used,
to extract fluoride from drinking water in communities with a
water source with an extremely high fluoride content (38,39).
Thus, coal-based toothpaste may have a limited capacity to
remineralize the mineral, despite containing fluoride. Therefore,
switching from the regular use of fluoride-containing toothpaste
to fluoride-free charcoal toothpaste may increase the risk of
cavities. Brooks et al. (40) stated that considering the high
absorbency of charcoal, any free radical bleaching agent that
can chemically reduce the internal staining present in enamel
and dentin cannot be found enough. Such toothpaste has the
potential to clean hard-to-reach areas and absorb pigments,
because of microcoal particles. In addition to these, the shape
and size of the coal powders in the paste can become abrasive,
increasing the roughness of the enamel (32). Another study by
Pertiwi et al. (41) supports this information. However, the ideal
toothpaste offers the cleanest teeth with the least abrasiveness
(41).

Due to its absorption ability, toothpaste containing activated
charcoal may limit the halitosis effect of sweeteners, essential
oils, and other ingredients (32). Coal powders that cause gray/
black discoloration may occur in patients with periodontal
defects and pockets (32). Toothpaste containing activated
charcoal provides gradual cleaning of the teeth owing to the
absorption ability of the chromophores of the charcoal. Brooks et
al. (40) stated that although the possible whitening agent is not
supported by scientific evidence, 96% of the pastes containing
charcoal claim that they whiten the teeth quite effectively (37).

Vaz et al. (37) showed that all whitening toothpaste
(containing activated charcoal, blue covarine, hydrogen
peroxide, micro-abrasive, and optimized abrasive) are effective
for tooth whitening compared to a toothpaste without a whitening
agent (TA) added. Although the whitening effect of all toothpaste
increased with continuous use, the best whitening was provided
by the paste containing micro-abrasive, followed by the
toothpaste-containing hydrogen peroxide and blue covarine.
Franco et al. (42) concluded that coal-based tooth powder has
a certain degree of a whitening effect, but is not as effective as
teeth whitening. Study results show that charcoal may not have
any teeth-whitening properties. After 28 days of use, toothpaste
with activated charcoal outperformed hydrogen peroxide, blue
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covariate, and ordinary toothpaste in another trial by Aydin
et al. (43). Additionally, toothpaste containing coal has been
found to delay the restoration of tooth color when used to delay
the recurrence of surface staining on healthy teeth following
professional cleaning (40).

Patients wishing to whiten their teeth through brushing have
been advised to use one of the well-known brands of regular
toothpaste developed for its bleach effect and effectively brush
their teeth to remove plaque and external stains, thereby giving
their teeth a whiter appearance (32). In their study to compare
the color stability and gloss of ceramic stains and glazes with
the use of pastes with different amounts of dentin abrasion,
Sulaiman et al. (44) concluded that the long-term color stability
and gloss retention of colored ceramic restorations remains
a clinical concern even in traditional home care products
and that charcoal-based toothpaste may be more abrasive
than conventional toothpaste. In their study to examine the
effectiveness of toothpaste on resin-based CAD/CAM blocks,
Aydin et al. (45) reported that there was no statistically significant
difference between toothpaste containing activated carbon and
other whitening pastes in terms of color improvement.

In another study by Koc Vural et al. (46), in which they
compared the effects of different charcoal-based whitening
toothpaste on the color, surface roughness, and microhardness
of human enamel, there was no difference in the color change
between groups after 12 weeks of brushing, and all tested
pastes did not show clinically acceptable whitening performance.
In another study by Torso et al. (47) to evaluate the effect of
charcoal-based toothpaste on the discoloration and surface
wear of resin composites, resin composites exposed to charcoal-
based toothpaste showed significantly higher discoloration and
surface wear than conventional toothpaste. In the study by
Dionysopoulos et al. (48) that investigated the effectiveness of
charcoal-containing whitening toothpaste and mouthwash on
tooth discoloration and enamel changes that may occur after
brushing for 90 days, charcoal-containing toothpaste showed a
higher whitening effect on teeth than normal toothpaste. However,
they concluded that using charcoal-containing mouthwash with
whitening toothpaste did not improve discoloration. Additionally,
while the use of toothpaste during brushing affected the surface
morphology of the enamel differently, whitening mouthwash
did not affect these morphological changes (48). Palandi et al.
(49) compared the effects of carbamide peroxide and activated
charcoal powder mixed with traditional or whitening toothpaste
on enamel color and surface. When mixed with traditional
and whitening toothpaste, the activated charcoal powder did
not increase the color change; however, low-concentration
carbamide peroxide induced more color changes than charcoal
powder, and charcoal powder alone increased enamel surface
roughness.
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The charcoal in the paste tends to stick to deposits/
contamination and stains on the teeth, build up in gum pockets
and change the color of the brush. Also, the tongue tends to
darken and must be removed using tongue scrapers. Additionally,
coal particles can accumulate along the cavosurface edges of
restorations in any marginal defects and defects and complex
anatomical structures such as deep cracks. In this situation, it
may be harmful to the aesthetic properties of the restorations
(32).

Conclusion

This new generation of oral hygiene products, launched
in today’s fashion, has shown deficient clinical and laboratory
data to confirm safety and efficacy claims, according to
research, despite its increasing use. Large-scale, redesigned,
and comprehensive studies are needed to establish reliable
evidence. lts effect on restorations, whitening teeth, and
periodontal tissues should be supported by studies. Because of
these studies, safer products can be introduced to the market by
developing new formulations if necessary. Thus, more reliable
kinds of toothpaste are available to patients.

Ethics

Peer-review: Externally peer-reviewed.

Authorship Contributions

Concept: E.TA, E.A.O.,, SK., Design: E.-TA, EAAO., SK,
Literature Search: E.T.A, E.A.O., S.K., Writing: E.T.A, E.A.O.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Tirk Dis Hekimleri Birligi. Dis Hekimligi Tarihgesi. Available
from: http://www.tdb.org.tr/sag_menu_yazdir.php?ld=22. Lost
Accessed Date: July 10, 2021.

2. Nainan MT, Balan AK, Sharma R, Thomas SS, Deveerappa
SB. The comparison of the effects of different whitening
toothpastes on the micro hardness of a nano hybrid composite
resin. J Conserv Dent. 2014;17:550-554.

3. Kalliath C, Mukunda A, Pynadath M, Venugopal V, Prethweeraj
J. Comparison Between the Effect of Commercially Available
Chemical Teeth Whitening Paste and Teeth Whitening Paste
Containing Ingredients of Herbal Origin on Human Enamel.
Ayu. 2018;39:113-117.

4. Joiner A. Review of the extrinsic stain removal and enamel/
dentine abrasion by a calcium carbonate and perlite containing
whitening toothpaste. Int Dent J. 2006;56:175-180.

5. Greenwall LH, Greenwall-Cohen J, Wilson NHF. Charcoal-
containing dentifrices. Br Dent J. 2019;226:697-700.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

299

Claydon NC, Moran J, Bosma ML, Shirodaria S, Addy M,
Newcombe R. Clinical study to compare the effectiveness
of a test whitening toothpaste with a commercial whitening
toothpaste at inhibiting dental stain. J Clin Periodontol.
2014;31:1088-1091.

Moore C, Addy M. Wear of dentine in vitro by toothpaste
abrasives and detergents alone and combined. J Clin
Periodontol. 2005;32:1242-1246.

Forward GC, James AH, Barnett P, Jackson RJ. Gum health
product formulations: what is in them and why? Periodontol
2000. 1997;15:32-39.

Harris NO, Garcia-Godoy F. Primary preventive dentistry. 6th
ed. Upper Saddle River, NY: Pearson Education; 2004.

Dag C, Ozalp N. Agdiz-dig saghginin vazgegilmezi: dis
macunlari. Acta Odontol Turc. 2013;30:149-156.

Marinho VCC, Chong LY, Worthington HV, Walsh T. Fluoride
mouthrinses for preventing dental caries in children and
adolescents. Cochrane Database Syst Rev. 2016;7:CD002284.

Stookey GK, DePaola PF, Featherstone JDB, et al. A critical
review of the relative anticaries efficacy of sodium fluoride
and sodium monofluorophosphate dentifrices. Caries Res.
1993;27:337-360.

Davies R, Scully C, Preston AJ. Dentifrices - an update. Med
Oral Patol Oral Cir Bucal. 2010;15:976-982.

Davies RM, Ellwood PP, Davies GM. The effectiveness of a
toothpaste containing triclosan and polyvinyl-methylether
maleic acid copolymer in improving plaque control and gingival
health. J Clin Periodontol. 2004;31:1029-1033.

Gunsolley JC. A meta-analysis of six-month studies of
antiplaque and antigingivitis agents. J Am Dent Assoc.
2006;137:1649-1657.

Paraskevas S, van der Weijden GA. A review of the effects of
stannous fluoride on gingivitis. J Clin Periodontol. 2006;33:1-
13.

Moran J, Addy M, Newcombe R. Comparison of an herbal
toothpaste with a fluoride toothpaste on plaque and gingivitis.
Clin Prev Dent. 1991;13:12-15.

Moran J, Addy M, Corry D, Newcombe RG, Haywood J. A study
to assess the plaque inhibitory action of a new zinc citrate
toothpaste formulation. J Clin Periodontol. 2001;28:157-161.

Chesters RK, O’Mullane DM, Finnerty A, Huntington E, Jones
PR. Anti-calculus activity of a toothpaste with microgranules.
Oral Dis. 1998;4:213-216.

Lobene RR. A clinical study of the anticalculus effect of a
dentifrice containing soluble pyrophosphate and sodium
fluoride. Clin Prev Dent. 1986;8:5-7.

Lobene RR. Anticalculus effect of a dentifrice containing
pyrophosphate salts and sodium fluoride. Compendium.
1987;8:175-178.

Rosling B, Lindhe J. The anticalculus efficacy of two
commercially available anticalculus dentifrices. Compend
Suppl. 1987;8:278-282.



300

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Volpe AR, Petrone ME, De Vizio W, Davies RM, Proskin HM. A
review of plaque, gingivitis, calculus and caries clinical efficacy
studies with a fluoride dentiufrice containing triclosan and
PVM/MA copolymer. J Clin Dent. 1996;7(Suppl):1-14.

Schiff T, Dos Santos M, Laffi S, et al. Efficacy of a dentifrice
containing 5% potassium nitrate and 1500 ppm sodium
monofluorophosphate in a precipitated calcium carbonate
base on dentinal hypersensitivity. J Clin Dent. 1998;9:22-25.

Hu D, Zhang YP, Chaknis P, Petrone ME, Volpe AR, DeVizio
W. Comparative investigation of the desensitizing efficacy of a
new dentifrice containing 5.5% potassium citrate. J Clin Dent.
2004;15:6-10.

Ayad F, Ayad N, Delgado E, et al. Comparing the efficacy
in providing instant relief of dentin hypersensitivity of a new
toothpaste containing 8.0% arginine, calcium carbonate, and
1450 ppm fluoride to a benchmark desensitizing toothpaste
containing 2% potassium ion and 1450 ppm fluoride, and to a
control toothpaste with 1450 ppm fluoride: a three-day clinical
study in Mississauga, Canada. J Clin Dent. 2009;20:115-122.

Joiner A, Pickles MJ, Matheson JR, Weader E, Noblet E,
Huntington E. Whitening toothpastes: effects on tooth stain
and enamel. Int Dent J. 2002;52(Suppl 5):412-430.

Johansson |, Somasundaran P. Handbook for Cleaning/
Decontamination of Surfaces. 1st ed. Oxford, NY: Elsevier;
2007.

Khamverdi Z, Kasraie SH, Rezaei SoufiL, Jebeli S. Comparison
of the effects of two whitening toothpastes on microhardness
of the enamel and a microhybride composite resin: An in vitro
study. J Dent (Tehran). 2010;7:139145.

Tao D, Smith RN, Zhang Q, et al. Tooth whitening evaluation of
blue covarine containing toothpastes. J Dent. 2017;67:2024.

Axelsson P, Odont D. Concept and practice of plaquecontrol.
Pediatr Dent. 1981;3(Suppl):101113.

Joiner A. A silica toothpaste containing blue covarine: a
new technological breakthrough in whitening. Int Dent J.
2009;59:284-288.

Garza LA, Thompson G, Cho SH, Berzins DW. Effect of
toothbrushing on surface roughness and shade of extrinsically
stained pressable ceramic. J Prosthet Dent. 2016;115:489-
494,

Teraoka F, Hamada Y, Takahashi J. Bamboo charcoal inhibits
growth of HelLa cells in vitro. Dent Mater J. 2004;23:633-637.

Maxim LD, Niebo R, McConnell EE. Bentonite toxicology and
epidemiology: a review. Inhal Toxicol. 2016;28:591-617.

Cervini-Silva J, Ramirez-Apan MT, Kaufhold S, Ufer K,
Palacios E, Montoya A. Role of bentonite clays on cell growth.
Chemosphere. 2016;149:57-61.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Altiparmak et al. Toothpastes containing charcoal

Vaz VTP, Jubilato DP, Oliveira MRM, et al. Whitening toothpaste
containing activated charcoal, blue covarine, hydrogen
peroxide or microbeads: which one is the most effective? J
Appl Oral Sci. 2019;27:€20180051.

Tembhurkar AR, Dongre S. Studies on fluoride removal using
adsorption process. J Environ Sci Eng. 2006;48:151-156.

Janardhana C, Rao GN, Ramamurthy SS, Kumar PS, Kumar
VA, Miriyala VM. Study on defluoridation of drinking water
using zirconium ion impregnated. Indian J Chem Technol.
2007;14:350-354.

Brooks JK, Bashirelahi N, Reynolds MA. Charcoal and
charcoal-based dentifrices: a literature review. J Am Dent
Assoc. 2017;148:661-670.

Pertiwi Ul, Eriwati YK, Irawan B. Surface changes of enamel
after brushing with charcoal toothpaste. J Phys Conf Ser.
2017:884.

Franco MC, Uehara JLS, Meroni BM, Zuttion GS, Cenci MS.
The Effect of a Charcoal-based Powder for Enamel Dental
Bleaching. Oper Dent. 2020;45:618-623.

Aydin N, Karaoglanoglu S, Oktay EA, Ers6z B. Determination
of the Whitening Effect of Toothpastes on Human Teeth.
Odovtos-Int J Dent Sci. 2021;24:67-75.1;322-330.

Sulaiman TA, Camino RN, Cook R, Delgado AJ, Roulet JF,
Clark WA. Time-lasting ceramic stains and glaze: A toothbrush
simulation study. J Esthet Restor Dent. 2020;32:581-585.

Aydin N, Karaoglanoglu S, Oktay EA, Kiligarslan MA.
Investigating the color changes on resin-based CAD/CAM
Block. J Esthet Restor Dent. 2020;32:251-256.

Koc Vural U, Bagdatli Z, Yilmaz AE, Yalgin Cakir F, Altundasar
E, Gurgan S. Effects of charcoal-based whitening toothpastes
on human enamel in terms of color, surface roughness,
and microhardness: an in vitro study. Clin Oral Investig.
2021;25:5977-5985.

Torso VH, Fraga MAA, Lopes RM, Aranha ACC, Correr-
Sobrinho L, Correr AB. Charcoal-based dentifrices: Effect on
color stability and surface wear of resin composites. J Esthet
Restor Dent. 2021;33:815-823.

Dionysopoulos D, Papageorgiou S, Malletzidou L, Gerasimidou
O, Tolidis K. Effect of novel charcoal-containing whitening
toothpaste and mouthwash on color change and surface
morphology of enamel. J Conserv Dent. 2021;23:624-631.

Palandi SDS, Kury M, Picolo MZD, Coelho CSS, Cavalli
V. Effects of activated charcoal powder combined with
toothpastes on enamel color change and surface properties. J
Esthet Restor Dent. 2020;32:783-790.



ORIGINAL ARTICLE

DOI: 10.4274/gulhane.galenos.2022.93723

Gulhane Med J 2022;64:301-6

Effects of COVID-19 on axial spondyloarthritis disease flare

® Berkan Armagan’', ® Ebru Atalar', ® Bahar Ozdemir',® Ozlem Karakas', ® Esra Kayacan Erdogan’,
® Serdar Can Giiven', ® ismail Dogan?, ® Orhan Kiigiiksahin, ® Abdulsamet Erden?

1Ankara City Hospital, Clinic of Rheumatology, Ankara, Tlirkiye

2Ankara Yildirim Beyazit University, Ankara City Hospital, Clinic of Internal Medicine, Division of Rheumatology, Ankara, Tlirkiye

Date submitted:
14.01.2022

Date accepted:
24.04.2022

Online publication date:
15.12.2022

Corresponding Author:

Berkan Armagan, M.D., Ankara City
Hospital, Clinic of Rheumatology,
Ankara, Turkiye
berkanarmagan@gmail.com

ORCID:
orcid.org/0000-0003-4409-059X

Keywords: Axial spondyloarthritis,
Bath Ankylosing Spondylitis Disease
Activity Index, disease flare,
COVID-19, post-COVID-19

ABSTRACT

Aims: Rheumatological disease flares may occur after many infections. However, our knowledge
of the post-Coronavirus disease-2019 (COVID-19) axial spondyloarthritis (SpA) flares and
related factors is limited.

Methods: We retrospectively assessed the axial SpA patients who had COVID-19. Demographic
and clinical data were collected from the medical records. The Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI) was applied via telephone for pre- and post-COVID-19
SpA symptoms. An increase of >2 points in the BASDAI score or any new extra-articular
manifestations were defined as SpA flares and SpA patients were grouped as flares and no-
flare. Factors predicting SpA flare were also analyzed.

Results: A total of 48 axial SpA patients were included in the study [age, meantstandard
deviation (SD): 42.3+8.6 years; male: 65%]. Post-COVID-19 SpA flare was identified in 19
patients (40%), and new extra-articular manifestations were recorded in 6 patients (13%).
Although the diagnosis of inflammatory bowel disease was more common in the flare group,
the difference was not significant compared with that of the no-flare group. Other features
of SpA and COVID-19 disease severity were similar between the flare and no-flare groups. In
the flare group, the frequency of back pain (84% vs. 62%, p=0.091) and diarrhea (53% vs. 28%,
p=0.080), and headache (84% vs. 52%, p=0.021) were higher than the no-flare group. No risk
factor for a post-COVID-19 SpA flare could be identified.

Conclusions: Post-COVID-19 flare was common in the axial SpA, and even new extra-articular
manifestations could be reported. Although some clinical manifestations of COVID-19 were
more common in patients with a flare, any predictive factor could not be identified among the
study variables.

Introduction

The coronavirus disease-2019 (COVID-19) outbreak has

Spondyloarthritis (SpA) refers to a group of chronic
inflammatory arthritis, which can be further classified according
to the distribution of joint involvement as predominantly axial

become a major global health problem since December 2019.
COVID-19 has heterogeneous clinical features ranging from an
asymptomatic course to multi-organ failure. It is also a major
cause of morbidity and mortality in some patients. In this context,
patients with chronic diseases are more susceptible to these
effects. The cascade of inflammatory mediators in COVID-19
may lead to many systemic symptoms (1,2). Although direct
involvement of the skeletal muscles by viral agents has not been
shown, approximately 15% of the cases could have arthralgia
and myalgia at several sites (3).

(SpA) or peripheral SpA. Axial forms of SpA, which consist of
ankylosing spondylitis and non-radiographic axial SpA are the
most frequent types and usually present with chronic lower back
pain, peripheral arthritis, enthesitis, dactylitis, or in association
with extra-articular manifestations include psoriasis, uveitis,
and inflammatory bowel disease (4,5). Non-steroidal anti-
inflammatory drugs (NSAID) are frequently used in axial SpA
patients along with other immunosuppressive and biological
agents (6). Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI), often used in daily practice, is a useful clinical scale
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for both disease activation and flare determination of SpA
patients (5,6).

Viral infections may cause arthritis, but the spectrum
of these musculoskeletal symptoms is wide, ranging from
arthralgia to peripheral chronic arthritis. Additionally, viral
infections have also been linked to SpA-like disease (7).
Furthermore, chronic inflammatory arthritis can be triggered by
the Severe acute respiratory syndrome-Coronavirus-2 (SARS-
CoV-2) infection, thus indicating that viral antigens can trigger
systemic autoimmunity (8,9). Although there are some studies
investigating the course of COVID-19 in various rheumatologic
disorders, knowledge about the disease activation is scarce.
Among the reasons leading to disease activity in these studies
are disruptions in health services and drug use caused by the
pandemic, and patients’ delayed medical treatments due to
fear of COVID-19 (10-12). So little is known about the post-
COVID-19 disease activity of axial SpA patients. In this study,
we evaluated the disease activity in patients with axial SpA
following a COVID-19 diagnosis.

Methods

We conducted this retrospective, single-center, cross-
sectional study at the Ankara City Hospital Rheumatology Clinic.
Between 20 January 2021 and 10 January 2022, patients with
a record of SARS-CoV-2 polymerized chain reaction (PCR)
test results on nasopharyngeal swabs between 11 March 2021
and 01 January 2022 were screened using the Public Health
Management System. All cases with a PCR test were registered
in the database during the pandemic in the country. Among the
SpA patients who were followed up, those who had a COVID-19
history were included in the study. Patients with a change
for treating SpA in the last 6 months, coexisting rheumatic
diseases, incomplete clinical data, patients older than 18 years,
and pregnant were excluded from the study. Ethical approval
for this study was obtained from the Ankara City Hospital Ethics
Committee (approval number: E1-21-2154, date: 15.12.2021).
The study protocol conforms to the ethical standards laid down
in the 1964 Declaration of Helsinki and its later amendments.
The Turkish Ministry of Health, General Directorate of Health
Services, approved the study protocol (2021-11-26T16_36_49).

A total of 361 axial spondyloarthropathy patients with
COVID-19 were initially identified. The number of excluded
subjects was 224 due to the following reasons; changes in the
SpA-specific therapy in the last 6 months (n=130), coexisting
rheumatic diseases (n=45), incomplete data (n=37), age than 18
years (n=6) and pregnancy (n=6).

Upon verbal consent, patients were interviewed via telephone
for the post-COVID-19 symptoms, pre- and post-COVID-19 SpA
treatment, and SpA symptoms. The demographics, disease
characteristics, comorbidities, and medical therapies were
confirmed through electronic medical records. Multimorbidity
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was defined as the presence of at least 2 or more comorbidities
(13). The BASDAI was used in the clinical evaluation of SpA
patients, which consists of 6 questions (14). The patient responds
to the questions by considering events during the past week and
scores the questions between 0 and 10, with O corresponding
to “absent” and 10 corresponding to “very severe” (14). The
BASDAI score is calculated by summing the average of the
scores obtained from the fifth and sixth questions and the scores
obtained from the first four questions and dividing the latter
score by five. The validity and reliability of the Turkish version of
the scale were previously reported (15). BASDAI was fulfilled for
both pre-COVID and post-COVID SpA symptoms considering
the situation two weeks before and after the infection. 22 points
increase in the overall BASDAI score after COVID-19 was
considered a disease flare (16). Additionally, the development
of extra-articular manifestations was defined as a post-COVID
flare. Axial SpA patients with and without post-COVID SpA flares
were grouped as the “Flare group” and “No-flare group”. All data
were collected using a standardized case-report form by the
same physician (BA).

Statistical Analysis

Data were analyzed using Statistical Package for the
Social Sciences (SPSS) version 25.0 (IBM Corp., Armonk,
NY). Descriptive data are presented as means with standard
deviation (SD) and median with interquartile range (IQR). The
normality of the distribution was tested by visual (histogram and
probability graphs) and analytical (Kolmogorov-Smirnov and
Shapiro-Wilk) tests. The chi-square test and Fisher’s Exact test
were used to compare the categorical variables between the
groups. Where appropriate, Student’s t-test and Mann-Whitney
U test were used to compare the scale variables. Multivariable
logistic regression analysis was performed to identify the factors
independently associated with a post-COVID SpA flare. Hosmer-
Lemeshow goodness of fit statistics was used to assess model
fit. All tests of significance were two-sided and for statistical
significance, a total type-1 error level of 5% was used.

Results

A total of 48 axial SpA patients were included in the study
(age, meantSD: 42.3+8.6 years, male: 65%). Demographic
characteristics, comorbidities, and medical treatments for axial
SpA are shown in Table 1. The percentage of patients with only
non-steroidal anti-inflammatory drug treatment was 27% (n=13).
Immunosuppressive treatment [sulfasalazine 29% (n=14),
biological agents 38% (n=18), and sulfasalazine + biological
agent 6% (n=3)] was identified in 73% (n=35) of the subjects.

During the post-COVID period, 29% (n=14) of the patients
interrupted and/or discontinued their treatment, and 46% (n=22)
had to increase their daily NSAID dosage. The distribution of the
treatment agents in patients who interrupted and/or discontinued
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their treatment was as follows: 13% (n=8) NSAID alone, 6%
(n=3) sulfasalazine, 6% (n=3) biological agent, and 4% (n=2)
sulfasalazine + biological agent. COVID-19 pneumonia was
recorded by 10% (n=5), while 8% (n=8) of the sample was
hospitalized and 6% (n=3) required oxygen support (Table 1).
No patient was transferred to intensive care unit or died. The
mediantSD length of hospital stay was 6.0+0.7 days.

Nineteen (40%) of the patients had a flare of SpA symptoms
in the post-COVID period. The pre-COVID median (IQR)
BASDAI score was 4.7 (7.5), while the post-COVID score
was 6.2 (p<0.001) (8). The comparison of the pre-COVID and
post-COVID median scores of each question in the BASDAI
between no-flare and flare groups is shown in Figure 1. There
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was no difference in terms of age, gender, disease duration,
extra-articular involvement, peripheral arthritis, comorbidities,
smoking, and SpA or COVID-19-specific medical treatment
between patients with and without disease flare (Table 1).
COVID-19 severity was also similar between the groups. When
COVID-19 symptoms were compared, although back pain (84%
vs 62%, p=0.091) and diarrhea (53% vs. 28%, p=0.080) were
more common in the flare group, only headache was statistically
higher in the flare group than the no-flare group. All the other
COVID-19 symptoms between no-flare and flare groups
were similar (Figure 2). In the post-COVID period, new extra-
articular manifestations were observed in a total of 6 (13%) SpA
patients including uveitis in 3, inflammatory bowel disease in

Table 1. Demographic and clinical characteristics, and medical treatment history of spondyloarthritis patients with and without

disease flare

Overall, n=48 No-flare group, n=29  Flare group, n=19 p
Age, years, meantSD 42.3+8.6 41.219.5 43.816.7 0.297
Male, n (%) 31 (65) 21 (72) 10 (53) 0.161
Disease duration, years, median (IQR) 10.3 (9.0) 10.2 (9.7) 9.8 (8.5) 0.690
Smoking, n (%) 15 (31) 11 (38) 4 (21) 0.341
Psoriasis, n (%) 2 (4) 1(3) 1(5) 1
Uveitis, n (%) 9(19) 6 (21) 3(16) 0.726
Inflammatory bowel disease, n (%) 5(10) 1(3) 4 (21) 0.072
Peripheral arthritis, n (%) 17 (35) 10 (35) 7 (37) 0.854
Comorbidity, n (%) 29 (60) 16 (55) 13 (68) 0.359
Multimorbidity, n (%) 17 (35) 12 (41) 5(26) 0.286
Hypertension, n (%) 7 (15) 4 (14) 3(16) 0.580
Diabetes mellitus, n (%) 6 (13) 4 (14) 2 (1) 1
Obesity, n (%) 13 (27) 9 (31) 3(21) 0.522
Hyperlipidemia, n (%) 3 (6) 2(7) 1(5) 0.657
Coronary artery disease, n (%) 5(10) 4 (14) 1(5) 0.635
Chronic obstructive pulmonary disease, n (%) 6 (13) 6 (21) 0 0.068
Spondyloarthritis specific treatments
Biological agent, n (%) 21 (44) 12 (41) 9 (47) 0.683
NSAIDs, n (%) 23 (48) 15 (52) 8 (42) 0.514
Sulfasalazine, n (%) 15 (31) 9 (31) 6 (32) 0.968
Corticosteroid, n (%) 3(6) 2(7) 1(5) 0.208
COVID-19 specific treatments
Hydroxychloroquine, n (%) 11 (23) 7 (24) 4 (21) 0.708
Favipiravir, n (%) 36 (75) 21 (72) 15 (79) 0.609
COVID-19 severity
Pneumonia, n (%) 5 (10) 3 (10) 2 (1) 0.376
Hospitalization, n (%) 4 (8) 1(3) 3(17) 0.343
Oxygen support, n (%) 3 (6) 1(3) 2 (11) 0.254
Patients post-COVID features
Post-COVID treatment continuation, n (%) 34 (71) 20 (69) 14 (74) 0.797
Post-COVID increased NSAID need, n (%) 22 (46) 9 (31) 13 (68) 0.011

SD: Standard deviation, IQR: Interquartile range, NSAID: Non-steroidal anti-inflammatory drugs, COVID-19: Coronavirus disease-2019
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2, and psoriasis in 1. Although post-COVID AxSpA treatment
continuation was similar between the two groups, post-COVID
NSAID need was higher in the flare group than in the no-flare
group (p=0.011).

In logistic regression analysis, male gender, presence of
multimorbidity and history of inflammatory bowel disease, and
COVID-19 symptoms such as fever, joint pain, back pain, and
diarrhea were not independently associated with axial SpA flare
(Table 2).

Discussion

In this study, 40% of patients with axial SpA had SpA flare
in the post-COVID period, and 13% of the patients had newly
emerged extra-articular manifestations. Although inflammatory
bowel disease was more common in the flare group, the
difference did not reach statistical significance. Other SpA
features and COVID-19 disease severity were similar between
the flame and no-flare groups. In comparison with the no-flare
group, the frequency of the back headache, pain, and diarrhea
was higher in the flare group; but, only the headache variable

=
o

m Non-flare

W Flare

O R, N WA U O N ® WO
P T T TR |

Figure 1. The comparison of the pre-COVID-19 and post-COVID-19
median scores (minimum-maximum: 0-10) of each BASDAI question
between non-flare and flare groups

COVID-19: Coronavirus disease-2019, BASDAI: Bath Ankylosing Spondylitis
Disease Activity Index
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showed a statistically significant difference. Logistic regression
analysis did not show any independent predictor of a post-
COVID SpA flare.

In a study, which evaluated treatment adherence of 304
SpA patients during the COVID-19 pandemic, disease activity
was observed in about 40% of patients (11). Except for the
non-adherence to treatment, it was linked to the psychological
effects of the COVID-19 pandemic and the disruption of daily
physical activity (11). In another study that evaluated 287 SpA
patients, it was observed that there was no significant increase
in disease activity during the COVID-19 pandemic (10). The
above-mentioned studies used a different methodology from
our study, but viral agents may trigger SpA group diseases or
cause flares (17,18). To the best of our knowledge, there is
only one study in the literature that has evaluated SpA disease
activity after COVID-19 (7). This study included 18 patients with
psoriatic arthritis (PsA) and COVID-19 was associated with the
PsA flares (7). Sporadic reports of cases with post-COVID SpA
have commonly concluded that axial SpA clinical findings may
be exacerbated, mostly in the form of reactive arthritis (8,19-
21). Our study confirms the knowledge in the literature, as 40%
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Figure 2. The comparison of all COVID-19 symptoms percentages
between “non-flare” and “flare groups”

COVID-19: Coronavirus disease-2019

Table 2. Results of logistic regression analysis (outcome variable: spondyloarthritis flare)

Univariate analysis

Variables OR 95% CI p

Male gender 0.306 0.073-1.274 0.104
Multimorbidity 0.400 0.089-1.787 0.230
Inflammatory bowel disease 5.531 0.480-63.774 0.170
Fever 1.247 0.273-5.686 0.776
Arthralgia 0.575 0.049-6.794 0.660
Back pain 2.690 0.287-25.238 0.386
Diarrhea 2.405 0.486-11.912 0.282

OR: Odds ratio, Cl: Confidence interval
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of axial SpA patients had SpA flare after COVID-19. Moreover,
age, extra-articular findings, presence of peripheral arthritis, and
the medical treatment options used did not differ between the
patients with and without a flare history.

COVID-19 may trigger several autoimmune pathways.
Beyond the disease flares, patients with autoimmune rheumatic
disease may also develop novel autoimmune characteristics
such as psoriasis, vasculitis, and autoimmune colitis (22-24).
Consistent with this, we found in our study that 13% of our
patients had newly-emerging extra-articular SpA symptoms in
the post-COVID period. Thus, it can be concluded that COVID-19
may cause new extra-articular manifestations in patients with
axial SpA other than a classical disease flare.

Predisposing factors in the development of any joint
involvement due to COVID-19 are still unknown. Prolonged
exposure to the virus or more severe disease may lead to the
spread of the virus to the respiratory and gastrointestinal tract,
triggering autoimmunity (25). In the current sample of patients,
headache, back pain, and diarrhea were more frequent in the
SpA flare group. Apart from inflammatory load due to both axial
SpA and COVID-19, upper respiratory tract obstruction due to
COVID-19 and psychological factors could play a major role in
the development of headache. Nevertheless, the mechanism of
increased headache complaints in SpA patients with flare needs
to be further studied.

Many reasons, such as treatment non-compliance, viral
infections, physiological factors, and psychological stress, may
cause flares in SpA patients (7,17,18). In logistic regression
analysis, some conditions that may be associated with a post-
COVID SpA flare were evaluated, but we could not find any
predictor factor. The small number of patients in our study may
be a reason why we could not find conditions related to disease
flare in previous studies. Therefore, studies involving a larger
number of patients could help us obtain clearer results in this
regard.

Study Limitations

There are limitations to our study. Firstly, this was a
retrospective study and the number of evaluable patients was
low due to the inclusion criteria of only the patients with stable
medical treatment in the last 6 months. We did not have stress,
depression, or anxiety measures in this study, suggesting the
presence of unmeasured confounding. Although the BASDAI
score is useful for identifying the disease activations or flare, it
is a patient-reported measure of disease activity and is mostly
subjective. Another limitation is that NSAID use could not be
defined and categorized objectively. The BASDAI questionnaire
was completed via phone calls, which may have caused over
or underestimation of the scores since physical examination
data and the level of acute phase reactants were lacking. Lastly,
some COVID-19 symptoms could be mixed with some questions
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in BASDAL. In order to better distinguish post-COVID SpA flare
from the COVID-19 clinical findings, we carried out a BASDAI
questionnaire considering 2 weeks previously and later. In the
original BASDAI questionnaire, each question evaluates the
previous week, so this condition precludes the generalizability
of our results as exact SpA disease flares.

Conclusion

In conclusion, post-COVID flare is common in the axial
SpA, and even new extra-articular manifestations may be
observed. COVID-19 may induce disease flares in axial SpA
patients, regardless of the ongoing rheumatological treatment.
Diarrhea, back pain, and headache during COVID-19 may be
the symptoms suggestive of a post-COVID flare in axial SpA
patients.
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ABSTRACT

Aims: This study determined the effect of three different surface treatment methods
[sandblasting (SB), tribochemical silica coating (TSC), and ytterbium fiber laser (YFL)
roughening] on surface roughness and titanium-ceramic shear bond strength using specimens
obtained using casting (CST), milling (ML) and selective laser melting (SLM).

Methods: In this in vitro study, we obtained 32 cylindrical titanium specimens for each
fabrication method and subjected them to each surface treatment method. Nine experiments
(n=11) were conducted. One specimen was randomly selected from each group for scanning
electron microscope analysis. Surface roughness was examined using a profilometer device
(n=10). Ceramic was applied to titanium specimens. A universal testing machine was used to
determine shear bond strength in megapascal (MPa).

Results: Surface roughness of CST/YFL (1.254+0.058 um), SLM/SB (1.294+0.054 um), and SLM/
YFL (1.208+0.057 um) groups were significantly higher than other groups (CST/SB, CST/TSC,
ML/SB, ML/TSC, ML/YFL, and SLM/TSC, p<0.01). Shear bond strengths of CST/YFL (20.28+6.97
MPa), SLM/SB (21.9+8.06 MPa), and SLM/YFL (29.92+5.67 MPa) were significantly lower than
other groups (p<0.01). Shear bond strength of the ML/SB group (42.40+7.52 MPa) was highest
but there were no significant differences between ML/SB and CST/SB (33.04+7.62, p=0.101),
CST/TSC (35.38+4.15, p=0.426), ML/TSC (40.03+6.42, p=0.998), ML/YFL (39.43+9.24, p=0.991)
and SLM/TSC (37.05+7.84, p=0.766).

Conclusions: This study showed that the production and surface treatment method impact
shear bond strength. Excessive roughness affects the bonding strength. The highest shear
bond strength was identified in the ML group.

Introduction

titanium alloys (Ti) are alternative MCR frameworks because of

Metal-ceramic restorations (MCRs) have been used to
combine the high resistance of metal with the high aesthetic
features of ceramic since 1960s (1). Many types of metals
and metal alloys have been tried in the fabrication of MCR
frameworks in the last five decades. Due to costs, base metal
alloys have become the most frequent alternatives (2). However,
base metal alloys, especially nickel-chrome in MCRs, may have
some biological effects (2-4). Commercially, pure titanium and

their excellent biocompatibility with lower density and thermal
conductivity, good corrosion, and fatigue resistance (5).

Ti has a strong tendency to oxidize. When Ti contacts
with oxygen, a thick titanium oxide (TiO or TiO,) layer, known
as a-case, is formed on its surface. The surface TiO, layer
shields the alloy to corrode (6). However, some disadvantages
of Ti casting (CST) such as a strong tendency to oxidize and
increased chemical reactivity at high temperatures, limit its use

©Copyright 2022 by the University of Health Sciences Tiirkiye, Gllhane Faculty of Medicine / Gllhane Medical Journal published by Galenos Publishing House.
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(7,8). Porosity and incomplete CST, especially in the margins
of the restoration, can also occur (7). Therefore, using an arc
melting pressure and a high-speed centrifugal CST machine
with an argon atmosphere are recommended to improve the
castability of Ti (9). Also, stable oxides like magnesia, alumina,
and zirconia, refractory materials of investment, are used to
control the thickness of the surface TiO, layer, which weakens
the Ti-ceramic bond (10,11). Because of CST difficulties of
Ti, milling (ML), spark erosion, laser welding, and selective
laser melting (SLM) emerged as alternative techniques for the
fabrication of more predictable Ti frameworks than CST (6,12-
14).

ML is a subtractive method that reduces the oxide formation
on the surface of Ti frameworks. However, disadvantages of this
procedure, such as a significant amount of wasted material, time
spent on production, limited production of complex specimens
and the need for manual finishing after fabrication limit its use
(15). Laser sintering is a relatively new alternative additive
technique developed for the fabrication of metal frameworks.
A high-power laser beam melts the alloy powder to form a
thin solid layer (0.02-0.06-mm thickness) on a metal bed. The
fabrication is completed by repeating the path layer by layer
(16). This procedure enables a high degree of accuracy of the
framework’s manual finishing or wasted material (17).

However, the production of mechanically and chemically
consistent frameworks does not guarantee the clinical success
of MCRs. The clinical success of MCR is related to the bond
strength between the framework and the ceramic (17). The
thickness of the TiO, layer on the Ti surface and the mismatch
of coefficients of thermal expansion Ti and ceramics reduce the
bond strength (18). To minimize the mismatch of coefficients of
thermal expansion, veneering Ti substructures with low-fusing
ceramics were recommended (15).

To improve the bonding strength between Ti-low fused
ceramic, surface treatment techniques such as airborne particle
abrasion, acid etching, pre-oxidation, tribochemical silica coating
(TSC), and laser etching (LE) applied on the adherent surface
is recommended for clinical success (19,20). Sandblasting
(SB) is the most common ST. During the procedure, the size
of ALO, particles and applied pressure affect Ti-ceramic bond
strength. Al,O, particle size from 110 pm to 250 ym can be used
to achieve an adequate bond strength between Ti and ceramic
(21). However, surface contamination with Al,O, can reduce Ti-
ceramic bond strength (22,23).

LE is an acceptable alternative without the risk of ALO,
contamination. It easily modifies the surface properties of
materials and increases the metal-ceramic bond strength (24). It
was reported that LE with Nd: Yg improved Ti-low fused ceramic
bonds as strongly as SB (25,26) and was better than acid
etching (25). Another method used to improve Ti-ceramic bond
strength is TSC. The scientific basis of TSC is that SB with silica-
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coated alumina powder forms a silicate layer on an adherent
surface (27). It was reported that TSC improved Ti-ceramic bond
strength (28,29).

Although several studies have evaluated Ti-ceramic bond
strength, to the best of our knowledge, limited studies have
evaluated the effect of the production and surface treatment
methods on Ti-ceramic bond strength. Therefore, this study
aimed to examine the effects of different production methods
such as CST, ML, and SLM and surface treatment methods such
as SB, TSC, and ytterbium fiber laser (YFL) etching methods on
Ti-low-fused ceramic bond strength. The null hypothesis was
that various production methods and surface treatments do not
affect the surface roughness of Ti specimens and the Ti-ceramic
bond strength.

Methods

Specimen preparation

A total of 99 Ti specimens, cylindrical in shape (10 mm in
diameter and 15 mm in height) were prepared: CST (n=33), ML
(n=33) and SLM (n=33).

CST specimens were manufactured using the lost-wax
technique. A cylindrical metal mold of 10 mm diameter and
15 mm height was prepared. Inlay wax (774 Inlay wax, Dental
Direct, Spenge, Germany) was melted and poured into the mold.
Then, the wax specimen was positioned in the silicone CST ring.
Phosphate-bonded investment (Rematitan Plus, Dentaurum,
Germany) was vacuum mixed according to the manufacturer’s
recommendations (liquid/powder ration: 40 mL/250 gr) and
poured into a silicone CST ring. The ring was placed in a pre-
heating furnace and wax was eliminated (900 °C for 50 min.).
Grade 1 commercially pure titanium (Tritan, Dentaurum,
Germany) (Lot no: 161) was melted (1668 °C for 40 sec.) and
CST was prepared using a CST device (Rematitan, Dentaurum,
Germany) according to the manufacturer’s instructions. After the
removal of the investment, CST specimens were trimmed with
a carbide bur. The a-case layer was removed using a universal
grinding machine (FV-315-V/2, Tak-San, Turkey) in all CST
specimens.

For the production of Computer Aided Design/Computer
Aided Manufacturing (CAD/CAM) specimens, 10 mm in
diameter and 15 mm in height, were designed with CAD software
(RapidForm XOR3; 3D Systems Inc). The stereolithography file
was transferred to the 5 Axis Milling Machine (Deckel Maho
HSC 20 Linear, Pfronten, Germany) for the ML groups and an
SLM unit (M2, Concept Laser; Hoffmann Innovation Group) for
the SLM groups. ML specimens were prepared using grade
5 Ti blank (CopraTi-5, Whitepeaks Dental Solutions GmbH &
Co. KG, Wessel, Germany) (98.3 mm in diameter and 15 mm
in height, lot no: 0483). A 200 W fiber laser beam melted and
fused-grade 5 Ti powder (CL 41 Ti Eli, Concept Laser GmbH,
Lichtenfels, Germany) (Lot no: UK1058) into 40 u layers until the
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completion of the production. According to the manufacturer’s
instructions, the SLM specimens were transferred to a sintering
furnace (Protherm Furnaces ACF, Ostim, Ankara, Turkey). The
furnace temperature was adjusted to 850 °C for four hours.
The specimens were exposed to this temperature for two more
hours.

Ti specimens were subjected to SB, TSC, and YFL
roughening. A total of 9 experimental groups (n=11) were
assigned according to production and ST (groups CST/SB,
CST/TSC, CST/YFL, ML/SB, ML/TSC, ML/YFL, SLM/SB,
SLM/TSC, and SLM/YFL). Airborne particle abrasion with 250
pum aluminum oxide (Al,Q,) particles (Korox® BEGO, Bremer
Goldschlagerei Wilh. Herbst GmbH & Co. Bremen, Germany)
was applied to bonding surfaces of CST/SB, ML/SB, and SLM/
SB for 10 seconds at 0.2 MPa pressure and from a distance of 10
mm from the surface using an airborne particle abrasion device
(Meliodent, Heraeus Kulzer GmbH, Hanau, Germany). For
TSC, the bond surfaces of CST/TSC, ML/TSC, and SLM/TSC
specimens were cleaned and activated by blasting 110 p pure
aluminum sand (Rocatec Pre, 3M ESPE, St. Paul, MN, USA)
with a sanding device (Junior Blasting Module 3M ESPE, St.
Paul, MN, USA) at 0.2 MPa pressure from a distance of 10 mm
for 10 secs. Then, the TSC was applied to the bonding surfaces
of the specimens by sanding with 30 um silica-coated Al,O,
(Rocatec soft, 3M ESPE, St. Paul, MN, USA). TSC procedure
was performed according to manufacturer instructions. CST/
YFL, ML/YFL, and SLM/YFL specimens were treated using a
YFL (SCANLAB, Puchheim, Germany) (7 W, 140 mJ with 50-Hz
frequency with 300 psecs pulse duration) (YFL). The bonding
surfaces of the specimens were irradiated for 10 seconds by
the linear movement of a glass fiber of the YFL laser, positioned
17 cm away from the bonding surface. After applying surface
treatments, all the specimens were ultrasonically cleaned in an
ultrasonic bath (Mercury Ultrasonic Cleaner, Sozer Machine Co,
Turkey) with distilled water for 10 mins.

Determination of bonding surface property

One specimen for each group was randomly selected and
the microstructural analysis was performed using a scanning
electron microscope (SEM) (Carl Zeiss SMT, EVO® 40 Series,
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Oberkochen, Germany), an area of 10 ym? was examined at
x1000 magnification. The surface roughness values (Ra) for all
specimens (n=10) were measured using a profilometer device
(time TR 100, Surface Roughness Tester, PHYNIX GmbH &
Co. KG, Germany). Roughness measurements (0.25-mm cut-
off length, 0.05-10.0 ym measuring range, and 6 mm tracing
length) on two perpendicular measuring lines of radius length
on the treated surface of each specimen were made. A mean
of measurement was calculated and the Ra for each specimen
was obtained.

Veneering procedure

A silicone mold was prepared at 10 mm in diameter and
15 mm in height with openings of 4 mm in height and 6mm in
diameter to standardize the size of the ceramic with the manual
layering technique. Low-fusing ceramic (Vita Titankeramik, Vita
Zahnfabrick, Bad Sackingen, Germany) was applied to the Ti
specimens with the use of a silicone mold. Binder, opaque,
dentin, and glaze layers were fired using a ceramic furnace
(Programat P 300 Ivoclar Vivadent AG Schaan, Liechtenstein)
according to the manufacturer’s instructions (Table 1). After
firing procedures, a micro-measuring device (Alpha-Tools Digital
Caliper, CA, USA) with a minimum reading of +0.01 was used
to measure the exact size of bonded ceramic before the shear
bond strength (SBS) test.

SBS test

An SBS test was performed using a universal testing machine
(Instron 1195, Instron Corp, Canton, MA) at a crosshead speed
of 1 mm/min. The loading jig was positioned 1mm away from the
ceramic-metal joint line at an angle of 10 degrees. SBS at failure
was measured at Newton. The measured values were divided
by the bonding surface area of the specimens to calculate the
SBS in megapascal (MPa).

Fracture modes were classified as cohesive failure within
the veneering porcelain, adhesive failure between titanium and
porcelain, or a combination of both (13) and were identified
by a trinocular invert metal microscope (SOIF XJP-6A Boeco,
Hamburg, Germany) at x40 magnification.

Table 1. Firing schedules of the veneering porcelain according to manufacturers’ instructions

Start temperature

Rate of temperature rise

End of temperature

(°C) (°C/min) (°C) LCLETT)
Bonder 600 65 795 T
1%t opaque 600 65 795 +
) : 2" opaque 600 65 785 +
Titankeramic -
1st dentin 600 55 755 +
2" dentin 600 55 755 +
Glaze 600 55 755 -

min: Minimum
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Statistical Analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) 22.0 software package
(IBM Corp., Armonk, NY, USA). A two-way analysis of variance
(ANOVA) was used to analyze the effects of production methods
and surface treatment methods on surface roughness and SBS.
A one-way ANOVA was used to analyze the effects of surface
treatment methods on surface roughness and SBS of production
method groups. Comparisons among the roughness and SBS
values of production method groups were made using the post-
hoc Tukey’s honestly significant difference test. A p-value less
than 0.05 was considered statistically significant.

Results

The SEM images of the specimens after applying surface
treatments are presented in Figure 1. In SB specimens,
heterogeneous wide craters were imaged on bonding surfaces
in parallel with the size of the AlLO, particles (Figure 1A-1C).
Surface contamination with Al,O, particles was seen in the
SB groups. On TSC surfaces, homogeneous, narrower, and
shallow craters were imaged with partially silicated micropits
(Figure 1D-1F). In the YFL groups, molten Ti marks compatible
and smooth surfaces extending linearly between them were
observed (Figure 1G-11).

Roughness results of the two-way ANOVA determined that
there were significant differences between production methods
and surface treatment techniques (F , ;,,=196.538, p<0.01). The
mean Ra and standard deviations are summarized in Table 2.
For the CST groups, there was no significant difference between
CST/SB and CST/YFL groups (p=0.176) that was significantly
higher than the CST/TSC group (p<0.01). For the ML groups,
there were significant differences between all groups (p<0.01).
For SLM groups, there was no significant difference between
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SLM/SB and SLM/YFL groups (p=0.062) which was significantly
higher than the SLM/TSC group (p<0.01).

SBS results of the two-way ANOVA determined that there
were significant differences between production methods and
281)=9-594, p<0.01). The mean
SBS values and standard deviations are summarized in Table

surface treatment techniques (F

3. For the CST groups, no difference was found between the
mean SBS of CST/SB and CST/TSC (p=0.697) which were
significantly higher than the mean SBS of CST/YFL (p<0.01).
For the SLM groups, the mean SBS of SLM/SB and SLM/YFL
was significantly lower than SLM/TSC (p<0.01). No difference

Figure 1. SEM images of titanium surfaces at x1000 magnification: CST/
SB group (a), CST/TSC group (b), CST/YFL group (c), ML/SB group (d),
ML/TSC group (e), ML/YFL etching group (f), SLM/SB group (g), SLM/
TSC group (h), SLM/YFL etching group (i)

SB: Sandblasting, CST: Casting, ML: Milling, SLM: Selective laser melting, YFL:
Ytterbium fiber laser, TSC: Tribochemical silica coating

Table 2. Results of surface roughness values (Ra) of test groups

Sandblasting Tribochemical silica coating Laser etching F p
Casting, pm, mean (SD) 1.069 (0.05) 0.628 (0.058) 1.254 (0.058) 336.24 <0.01*
Miling, pm, mean (SD) 1.149 (0.058) 0.687 (0.056) 0.916 (0.05) 191.40 <0.01*
‘Sl:e::;‘;en'?ss;; melting, 1.294 (0.054)  0.917 (0.05) 1.208 (0.057) 135.144 <0.01*
*Indicates significant changes for intragroup comparison (one-way ANOVA).
um: Micrometer, SD: Standard deviation
Table 3. Shear bond strengths of test groups

Sandblasting Tribochemical silica coating Laser etching F P

Casting, MPa, mean (SD) 33.04 (7.62) 35.38 (4.15) 20.28 (6.97) 15.997 <0.01*
Miling, MPa, mean (SD) 42.40 (7.52) 40.03 (6.42) 39.43 (9.24) 0.404 0.671
Selective laser melting, MPa, mean (SD)  21.90 (8.06) 37.05 (7.84) 29.92 (5.67) 11.512 <0.01*

*Indicates significant changes for intragroup comparison (one-way ANOVA).
MPa: Megapascal, SD: Standard deviation
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was found between SLM/TSC and SLM/YFL (p=0.09). However,
surface treatment methods on ML specimens did not affect the
mean SBS (p>0.05).

The distribution of failure modes of groups is provided in Table
4. No cohesive-type fracture was observed in any specimen.
In the SLM/SB group, all failures were in the combined mode.
In the CST/SB, CST/TSC, ML/YFL, and SLM/YFL groups, all
failures were in the adhesive mode.

Discussion

The main purpose of the study was to evaluate the various
production (CST, ML, and SLM) and surface treatments (SB,
TSC, and YFL) on surface roughness and the bond strength
of ceramic to the Ti specimens. Surface roughness and the
bond strength results revealed that the production and surface
treatment methods affected both roughness and SBS values;
therefore, the null hypothesis was rejected.

Metal-ceramic bonding is a crucial factor that affects the
clinical performance of MCRs. According to I1ISO 9693-2019
(30), a minimum acceptable value of 25 MPa calculated using a
three-point bending test was defined for reliable clinical MCRs.
However, the stress distribution at the interface between the
ceramic and metal makes the 3-point bending test method
difficult for interpreting the bond strength measurement (25).
Smaller variations in the SBS test were identified rather than in
the three-point bending test on measuring bond strength (23).
Therefore, the SBS test was used to evaluate bond strength
between Ti and low-fusing ceramic in this study.

The mismatch of thermal expansion coefficients of Ti and
ceramics (18) and the strong tendency of Ti alloys to oxidize
limited bonding strength between Ti and ceramics. Low-fusing
ceramics with compatible thermal expansion coefficients were
recommended for the veneering of Ti frameworks (18). The
silicon dioxide (SiO,) concentration on the Ti-ceramic interface
also affects the Ti-ceramic bond strength (31,32). To obtain the
highest concentration of SiO,, a ceramic border was applied
to the Ti-ceramic interface. The highest SiO, concentration
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was achieved with the Titankeramik border (32). In this study,
low fused ceramic with a Ti border was used to eliminate the
incompatibility of the thermal expansion coefficient, to prevent
the oxidation of the Ti-ceramic interface during firing cycles,
and to obtain the highest SiO, concentration on the Ti-ceramic
interface.

Ti-ceramic bonding strength also depends on various factors
such as the production methods of Ti specimens (7) and surface
treatment procedures (19). In research (13,20,33,34) including
the presented research, different SBS values were obtained in Ti
specimens produced with different production methods. Mohsen
(35) demonstrated that the composition differences in Ti alloys
affect the bonding strength. It can be concluded that not only the
production method and surface treatment procedures but also Ti
composition (35) affects SBS values.

Ra demonstrated that surface treatment methods had
different effects on the surface roughness of CST, ML, and
SLM specimens. SLM induces rougher surfaces before surface
treatment due to the “balling phenomenon”, which is a partial
fusion of isolated powder particles during SLM (33). The
partially melted particles loosely attached to the Ti specimens
cause rougher surfaces (36). SB reduces the roughness of
SLM specimens while increasing ML ones (37). The Ra of SLM
specimens is also affected by material composition, powder
particle size, layer thickness, laser type, and power (36). The Ra
of the SLM/SB specimens differed from those of recent studies
(34,37). The reason for this difference in results may be the
differences in Ra measurement methods, as well as the factors
that affect the Ra of SLM Ti specimens, as mentioned above.

It is generally considered that Ra is imported for mechanical
locking on the metal-ceramic interface and enlarges the chemical
bonding surface (19). Excessive roughness affects the bonding
strength adversely by reducing the wetting of ceramics (37,38).
In the SLM/SB group, the main factor for lesser bonding strength
was due to excessive roughness. The surface contamination
with Al O, particles can also be considered a factor for loosening
bonding strength (22,23). The combined mode of fracture pattern

Table 4. Failure modes distribution

Production method of specimen

Surface treatment method

Adhesive failure Combined failure

SB 10 -
Casting TSG 10 -
YFL 9 1
SB 9 1
Milling TSC 9 1
YFL 10 -
SB - 10
Selective laser melting TSC 7 3
YFL 10 -

SB: Sandblasting, TSC: Tribochemical silica coating, YFL: Ytterbium fiber laser etching
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in all samples supports Al,O, contamination. However, residual
ALO, particles were observed on the surface in all SB groups in
SEM imaging, and a dramatic decrease in SBS was observed
only in the SLM/SB group. The main reason for the difference
between the SBS values obtained in the SLM/SB group and the
other SB groups can also be considered as due to the content of
the Ti powder (35) and the production method (7).

LE with YFL (140 mJ, 50 Hz, 7 W, 300 u secs) was also used
as a surface treatment in this study. LE has become current for
avoiding Al,O, contamination on the Ti-ceramic interface with
SB (17). It was mentioned that LE enhances the SBS between
Ti and ceramics (17,26). In this study, however, the lowest SBS
values were obtained in the YFL groups. The higher pulse energy
of the YFL was evaluated to produce increased Ra and may
cause material deterioration (25,35). The adhesive failures, that
support the implication, were observed in almost all CST/YLF
and SLM/YFL specimens. However, the element distribution
on the Ti-ceramic interface was not examined for material
deterioration in this study which could be considered a limitation.
However, similar to the results of this study, Kim and Cho (25)
reported that laser-etched ML specimens demonstrated no
significant difference in the bond strength compared to ML/SB.
So it can be concluded that the YFL procedure could be applied
to milled Ti substructures to optimize the surface texture for the
wetting ability of low-fused ceramics.

SB also causes different Ra and bonding strengths on
commercially pure Ti. In previous studies (18,35,38), Ti surfaces
were polished for standardization before SB treatment. However,
in this study, to imitate clinical practice, only the a-case layer was
removed and no polishing process was applied. SB decreased
the roughness of the bonding interface of CST and other groups.
Therefore, the obtained Ra differed from those of previous
studies (35,38). The bond strength between sandblasted
commercially pure Ti and low-fused ceramics with bonded
(Titankeramik) was reported to be between 25.2 MPa (39) and
28.78 MPa (20). However, these values were obtained using the
3-point bending test. Iseri et al. (13) evaluated bonding strength
with SBS between the same Ti alloy and ceramic materials and
determined lower SBS values in the CST/SB group than in this
study. The difference between these two studies is in the SB
process. Although Iseri et al. (13) did not compare the Ra, it can
be considered that this difference in SBS values may be due to
the difference in sample roughness difference between the two
studies.

Mohsen (35) and Fukuyama et al. (40) stated that TSC
could significantly improve SBS between commercially pure Ti
and ceramics. In this study, the mean SBS of CST/TSC was
slightly higher than CST/SB. Contrary to Fukuyama et al. (40),
no significant difference was observed between the mean SBS
of CST/TSC and CST/SB. As in the CST group, the SBS values
of ML/TSC do not statistically differ from those obtained using
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ML/SB. However, the highest SBS values in SLM groups were
determined in the SLM/TSC group in this study. TSC seemed
to be an effective method on SLM specimens to form a silicate
layer like CST specimens (27). Considering the results of this
study, effective SBS values can be obtained by treating SLM
specimens with TSC. Although TSC is considered an effective
method among the surface treatment processes applied on the
Ti-ceramic interface, it was reported that a significant decrease
in SBS values in TSC groups was determined in Ti specimens
with artificial aging compared to SB groups (35). In this study,
artificial aging was not applied.

Study Limitations

This study has several limitations. Only a single brand of
ceramic was applied in this study. Therefore, the results of this
study cannot be extrapolated to similar low-fused ceramics with
a different chemical composition. Artificial aging, which may
affect SBS values, was also applied. The relationship between
the compositions of Ti alloys and ceramics requires further
studies. And, clinical studies are necessary to assess the long-
term performance of titanium-ceramic fixed dental prostheses.

Conclusion

Within the limitations of the study, the production and the
surface treatment method affected the SBS between titanium
and low-fusing ceramic. The highest SBS values could be
achieved by ML. Excessive roughness affects the bonding
strength adversely. The highest surface roughness was identified
in the YFL etc. CST group and airborne particle abraded SLM
group. In these groups, the fewest SBS values were identified.
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ABSTRACT

Aims: This study aimed to screen for Fabry disease in adult kidney transplant patients at a
nephrology clinic in Turkiye.

Methods: This cross-sectional, single-center study prospectively enrolled kidney transplant
recipients regardless of the etiology of renal failure. a-galactosidase A (a-GLA) enzyme activity
and a-GLA gene analysis were used to screen for Fabry disease. The screening was initiated by
measuring enzyme activity in males, and those with <2.5 nmol/mL/hour activity underwent
gene analysis. Females were screened directly by gene analysis, independent of the enzyme
activity.

Results: We screened 125 patients (age: 48.9+10.1, male: 70.4%). Gene analysis was performed
on a 68-year-old male patient with enzyme activity at the lower end of the reference range.
No mutations associated with Fabry disease were detected. The enzyme activity test was
considered false positive. A heterozygous c.937G>T (p. D313Y) mutation was detected in the
gene analysis of a 29-year-old female patient. However, systemic evaluation did not reveal
any clinical findings consistent with Fabry disease. Screening tests were within normal limits
in other patients. Although there were abnormal screening findings in 2 patients, none was
diagnosed with Fabry disease.

Conclusions: Screening studies for Fabry disease in kidney transplant patients may contribute
to the determination of the true prevalence.

Introduction

Fabry disease, also called Anderson-Fabry disease, is a

specific clinical findings and a relatively slow rate of progression
make it difficult to identify the patients despite obvious clinical

rare lysosomal storage disorder carried on the X chromosome.
Pathogenic mutations diminish the activity of the enzyme
a-galactosidase A (a-GAL-A) and lead to the accumulation
of substrates, such as globotriaosylceramide (Gb3) and
globotriaosylsphingosine (lyso-Gb3). Endothelial deposits that
progress over the years result in progressive organ destruction
and failure, particularly in renal, cardiac, and cerebrovascular
cells (1-3).

The prevalence of the disease is reported in the general
population between 1: 40,000 and 1: 117,000 (1,4). Non-

symptoms. Moreover, a study from Turkiye has shown that
physicians were not adequately familiar with the clinical signs
and symptoms of Fabry disease, which may cause delayed
diagnosis (5). Thus, screening studies in high-risk groups may
help identify undiagnosed patients.

The results of studies conducted on kidney transplant
patients declare that Fabry disease is detected more frequently
in this group than in the general population (6-11). In a few
studies conducted in our society, the prevalence varies from
0.09% to 0.5% (8-10). Therefore, kidney transplant patients can
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be considered a risky population. Screening these patients may
enable the diagnosis of formerly undiagnosed cases and perhaps
some patients among their family members. In all identified
cases, with or without a kidney transplant, specific treatments
such as enzyme replacement and chaperone treatments that
can offset some multisystemic effects of the disease may come
to the fore (12,13).

This study aimed to screen for Fabry disease in adult kidney
transplant patients at a nephrology clinic in Turkiye.

Methods

Study design

This was a cross-sectional, prospective, single-center
screening study designed to screen for Fabry disease in kidney
transplant patients at the University of Health Sciences Turkiye,
Diskapi Yildirim Beyazit Training and Research Hospital,
Nephrology Clinic, Ankara, Turkiye. The Local Ethics Committee
(protocol no: 64/10, date: 28.05.2019) approved the study
protocol. All participants provided written informed consent. The
study protocol followed the principles of the revised version of
the Declaration of Helsinki.

All kidney transplant patients aged 18 years or older
under follow-up with functional grafts in our institution were
deemed eligible for the study. A male patient diagnosed with
Fabry disease before the initiation of the study was excluded.
Patients who agreed to participate were included in the study
independent of signs, symptoms, or family history, even if a
primary kidney disease had already been recorded. There was
no intervention in the routine treatment and follow-up of the
patients. Demographic data included age, gender, etiology of
kidney disease, and the date of transplantation.

Screening protocol

a-GAL-A enzyme activity and a-GLA gene analysis were
used to screen for Fabry disease. The screening was started
by measuring enzyme activity in men, and gene analysis was
planned for those with <2.5 nmol/mL/hour. Since the sensitivity
and specificity of enzyme activity measurement results in females
were below 50%, screening was performed with a-GLA gene
analysis (4). A detailed clinical work-up that included cardiologic,
neurologic, dermatologic and ophthalmologic examinations was
prepared for the individuals diagnosed with Fabry disease by
screening tests.

a-GAL-A enzyme activity analysis

a-GAL-A enzyme activity was measured in dry blood samples
by the method described by Chamoles et al. (14). Peripheral
blood samples taken during the routine examination of the
patients were dropped immediately on filter paper [dry blood
samples (DBS)], and the three circles on the paper were equally
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saturated. The paper was dried at room temperature for at least
four h and stored at + 4 °C until reaching the Diizen Laboratories,
Ankara, Turkiye, within five days. Later, DBS paper was
processed by the fluorimetric method. 4-methylumbelliferyl-a-D-
galactopyranoside (TRC, M334475) was used as the substrate,
and N-acetyl-D-galactosamine (Sigma, A2795) was used as the
inhibitor. 3 mm DBS punches were incubated with substrate
and inhibitor at 37 °C for 17 h. Fluorescence was recorded in
the fluorimeter. The results were examined by constructing a
calibration curve with 4-methylumbelliferone (Sigma M1381).
For a-GAL-A enzyme activity, values of 0.6 nmol/mL/hour were
significant for deficiency, while values above 2.5 nmol/mL/hour
were normal.

a-GAL-A gene mutation analysis

a-GAL-A gene mutation analyzes were performed on 3
cc venous blood samples collected in EDTA-containing tubes
(stored at +4 °C, and for a maximum of 5 days). All analyses were
performed at the Intergen Genetic Diagnosis Center, Ankara,
Turkiye, as described in the literature (15). DNA extracted from
blood samples using the QlAamp DNA Blood Mini Kit (Qiagen
Inc.) was stored at -20 °C until the polymerase chain reaction
(PCR) step. Using PCR primers designed with Primer® - Primer
Designer v.2.0 (Scientific and Educational Software), all coding
exons of the gene and their splice junctions were amplified. The
PCR pool was purified using the NucleoFast® 96 PCR cleanup kit
(Macherey-Nagel GmbH). The purified PCR pool was measured
using a Nanodrop 1000 microvolume spectrophotometer
(Thermo Inc.) and diluted before sequencing. a-GLA gene
sequence analysis was performed using the MiSeq NGS
(Next Generation Sequencing) platform (lllumina, San Diego,
CA, USA). Data were visualized with IGV 2.3 (Broad Institute)
software.

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for Social Sciences Statistics for Windows, version
22.0 (Armonk, NY: IBM Corp., 2013). The distribution normality
for continuous variables was tested using the Kolmogorov-
Smirnov test and histograms. Normally distributed data were
presented as meantstandard deviation. Categorical variables
are shown as frequency and percentage.

Results

The characteristics of the study population are presented
in Table 1. We screened 125 kidney transplant patients with a
mean age of 48.9+10.1 years and male predominance (n=88,
70.4%). The time after transplantation was 10.1+6.8 years. The
underlying kidney disease was unknown in (56%) 70 patients.
The remaining 24 (19.2%) subjects had hypertension, 8 (6.4%)
had glomerulonephritis, 6 (4.8%) had diabetes mellitus, 6 (4.8%)
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had vesicourethral reflux disease, 5 (4%) had pyelonephritis,
3 (2.4%) had kidney stones, 2 (1.6%) had polycystic kidney
disease, and 1 (0.8%) had Alport’s disease.

The characteristics of two cases with abnormal findings are
presented in Table 2. In 1 of 88 male patients, a-GAL-A enzyme
activity was detected at the lower end of the reference range
(Case 1). a-GLA gene analysis was performed on this patient
and no mutations related to Fabry disease were detected.
Enzyme measurements of the other males were within the
normal range. All female patients (n=37) were screened by
gene mutation analysis. A heterozygous mutation of ¢.937G>T
(p.D313Y) was detected in one female patient (Case 2). Gene
analysis was normal in the remaining 36 female patients.

Case 1

A 68-year-old male patient had undergone ABO-compatible
living kidney transplant 14 years ago. The cause of kidney disease
was unknown. The serum creatinine level was approximately
1.3 mg/dL under triple immunosuppressive therapy comprising
prednisolone, tacrolimus, and mycophenolate mofetil. Urinalysis
was within normal limits. a-GLA gene analysis was performed
because the result of enzyme activity, which was the first

Table 1. Characteristics of the study population

Total patients

(n=125)
Gender (male, n, %) 88 (70.4)
Age at screening (year) 48.9+10.1
Primary cause of kidney disease (n, %)
Hypertensive nephropathy 24 (19.2)
Chronic glomerulonephritis 8 (6.4)
Diabetes mellitus 6 (4.8)
Vesicourethral reflux disease 6 (4.8)
Pyelonephritis 5 (4.0)
Nephrolithiasis 3(2.4)
Polycystic kidney disease 2 (1.6)
Alport disease 1(0.8)
Unknown 70 (56.0)
Time after transplantation (years) 10.146.8

Continuous variables were expressed as meanzstandard deviation
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screening test of this patient, was at the lower limit of normal.
No mutations associated with Fabry disease were detected. The
enzyme activity test was considered false positive.

Case 2

A 29-year-old female patient with a kidney transplantation
history from her mother at another center two months ago was
admitted to our clinic for follow-up. She had C.937G>T (p.
D313Y) heterozygous mutation on gene analysis. However,
there were no clinical finding consistent with Fabry disease for
further evaluation. Genetic analysis of her mother showed no
mutations. It was considered the mutant allele inherited from her
father who was not alive. Of her eight siblings, three had kidney
disease of unknown origin. However, they were also all abroad.
Although the findings suggested an unexplained familial kidney
disease, they were inconsistent with Fabry disease. She is still
followed up with stable kidney function and urinalysis.

Discussion

Nephropathy is one of the most frequent complications
of Fabry disease. For this reason, screening chronic kidney
disease patients as a relevant risk group for Fabry disease is
sound to manage the potential complications earlier. In this
study, we screened Fabry disease in kidney transplant patients
followed up in our institution, and identified a heterozygous
variant mutation in a female patient. However, we were unable
to substantiate its clinical implication.

The frequency of Fabry disease in kidney transplant patients
is unclear, and screening studies in this population are limited
(6-11). In two screening studies, 1 male in 673 (6) and 5 males
in 1,306 kidney transplant recipients were diagnosed with
Fabry disease (7). Only a few studies have been conducted
in Turkiye so far, which have indicated that the prevalence
of Fabry disease among kidney transplant patients is above
the general population figures. Concerning kidney transplant
patients, 1 (0.09%) in 1,095 at Ege University (8), 1 (0.33%) in
301 at Ankara University (9), and 1 (0.5%) in 200 at Haydarpasa
Numune Hospital (10) were the carriers of the specific mutation.
Although the current study sample was small, it is one of the few
studies that have screened Fabry disease in kidney transplant
patients in the country, and we have identified no mutation that

Table 2. Characteristics of the cases with abnormal findings

Case 1 Case 2
Age (year) 68 29
Gender Male Female
Donor Non-relative male Mother
Primary kidney disease Unknown Unknown

a-GAL-A enzyme activity 2.5 nmol/mL/hour

a-GLA gene mutation No mutation

c.937G>T (p.D313Y) heterozygote

a-GLA: a-galactosidase, a-GAL-A: a-galactosidase A
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would definitively confirm Fabry disease in any recipient. Existing
knowledge suggests that physician awareness of Fabry disease
is insufficient in Turkiye, which may delay the diagnosis (5). The
patient we excluded from the analysis because Fabry disease
was diagnosed before the current study may be an example
of a late diagnosis. The patient had Fabry disease diagnosis
6 years after the transplantation. Using a screening program,
he could have been accurately diagnosed with a screening test
before experiencing a cerebrovascular accident. However, with
limited data and practice, it may not be feasible to screen all
transplant cases for Fabry disease. However, screening for
Fabry disease can be feasible, particularly in kidney recipients
with an unknown etiology of kidney damage and whose family
members have kidney disease.

In this study, one of the two patients with an abnormal result
was a male patient whose a-GLA gene analysis was performed
because a-GAL-A enzyme activity was at the lower limit of
normal. No pathological mutation was detected in the gene
analysis of this patient. A similar finding was previously found
in a screening study on hemodialysis patients, in which no gene
mutations were detected despite low enzyme activity in 29 of
526 patients (16). The authors suggested that malnutrition and
chronic inflammation, common in dialysis patients, have led to
false positive test results by impairing protein synthesis (16). In
our study, only one of 88 patients had a false-positive result.
This patient was on antibiotic therapy for a urinary tract infection
when the blood sample was collected, suggesting that acute
inflammation affected the test result. Performing enzyme activity
analyses in stable periods can prevent unnecessary loss of time
and cost.

In this study, the ¢.937G>T (p.D313Y) mutation was detected
in the genetic analysis of a female patient. This is a variant whose
pathogenicity was questioned after a second mutation was
detected in further analysis of the genetic material of the patient
in which it was first identified (17). It has been shown that the
activity of the enzyme in patients carrying this mutation is reduced
at neutral pH (7.4) but stabilized at lysosomal pH (4.6). With this
finding, it was interpreted that this mutation may cause a false
deficiency in plasma a-GAL-A activity (18). These data are also
supported by a meta-analysis of 35 recent clinical studies. High
residual enzyme activities and normal lyso-Gb3 concentrations
were detected in patients with the D313Y genotype without Gb3
deposits. A striking point is the higher prevalence of this variant
in patients with neurological disorders (19). However, more
studies are needed to clarify its relationship with neurological
findings. The prevalence of D313Y in the general population
is around 0.5% (18). In this study, it was detected in only one
patient and its prevalence was calculated as 0.79%. However,
in this study, male patients were initially screened with enzyme
activity analysis. Considering that enzyme activity may not be
decreased in D313Y carriers, male patients with mutations may
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have been overlooked. As a result, D313Y was classified as a
neutral variant of unknown significance based on the available
data. There were no additional findings consistent with Fabry
disease in the patient we display in this study. Although a native
kidney biopsy could not be performed, the obtained data did not
support the diagnosis of Fabry disease.

Study Limitations

This study has some limitations. Since it was a single-center
study, the number of participants was limited. Also, the family
members of patient 2 remained unexamined except for the
mother.

Conclusion

In conclusion, screening studies for Fabry disease in kidney
transplant patients may contribute to the determination of the
true prevalence and allow diagnosis before some complications
develop.
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ABSTRACT

Aims: Vitamin D plays a role in controlling the function of vascular smooth muscle and
endothelial cells, even in the pulmonary artery. We hypothesized that pulmonary artery
elasticity were comprimised in individuals with relatively low vitamin D levels.

Methods: Adult individuals with the complaint of shortness of breath were enrolled. They were
divided into 2 groups according to vitamin D levels, with a cut-off of 20 ng/mL. Pulmonary
artery stiffness (PAS) was calculated using the following formula: PAS (kHz/sec) = maximal
frequency shift/pulmonary acceleration time. The six-minute walk distance (6MWD) was used
to assess the functional exercise capability of subjects.

Results: A total of 71 individuals (male: 31%) were enrolled. Subjects with low vitamin D
levels had lower 6MWD than subjects with higher vitamin D levels (443.58+56.20 m vs.
483.20+58.43 m, p=0.007). The PAS was significantly higher in individuals with vitamin D level
<20 ng/mL compared with subjects with vitamin D level > 20 ng/mL (11.65+3.76 vs. 9.46+2.53,
respectively, p=0.011). Multiple regression showed that vitamin D level was inversely associated
with PAS ($=-0.280, p=0.009).

Conclusions: We found that PAS was associated with lower vitamin D levels. Vitamin D
deficiency might involved in the dynamics of the pulmonary artery vasculature, even in the
absence of significant pulmonary artery pressure elevation.

Introduction

Vitamin D plays a crucial role in developing skeletal function

diseases (5). Nevertheless, low vitamin D levels were associated
with significant deterioration in respiratory functions, exercise
capacity, and related quality of life (6).

and integrity by controlling calcium homeostasis and bone
mineralization. The deficiency of vitamin D is a foremost public
health problem worldwide. Its overall incidence is about 30-
50% (1), exceeding 50% in some studies (2). Vitamin D has
functions other than bone metabolism, and vitamin D deficiency
is involved in autoimmune disorders, infectious diseases,
inflammatory diseases, metabolic diseases, and certain types of
cancer types (3,4). Additionally, recent studies have shown that
vitamin D levels are associated with cardiovascular risk factors
(age, obesity, diabetes mellitus, chronic kidney disease) and,

thereby, may contribute to the development of cardiovascular

Pulmonary hypertension (PH) is a heterogeneous disorder
described by a progressive increase in pulmonary artery pressure
and pulmonary vascular resistance leading to right heart failure
and reduced cardiac output (7). This hemodynamic definition of
PH includes mean pulmonary artery pressure (mPAP) 225 mm
high, pulmonary capillary wedge pressure <15 mm high, and
pulmonary vascular resistance greater than or equal to 3 Wood
units. Nevertheless, the 6" World Symposium, held in Nice,
France, in 2018, suggested taking mPAP >20 mmHg for the
definition and treatment of PH (8). While the clinical significance

©Copyright 2022 by the University of Health Sciences Tiirkiye, Gllhane Faculty of Medicine / Gllhane Medical Journal published by Galenos Publishing House.
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of those with PAP >20 mmHg is obvious, it is unclear how the
pathophysiology and clinical course are affected in those with
shortness of breath and PAP <20 mmHg.

Pulmonary arterial stiffness (PAS) is a novel echo parameter
used to guess the pulmonary arterial vasculature’s elastic
properties. In this technique, the elasticity of the pulmonary
artery is computed using a method for defining aortic stiffness (9).
Although there are a restricted number of studies investigating
the relationship between vitamin D levels and respiratory
functions in the literature, there is no study investigating the
relationship between PAS and vitamin D levels.

Since vitamin D is involved in the regulation of vascular
smooth muscle and endothelial cell functions, we assumed
that the elasticity of the pulmonary artery might be disturbed in
adults individuals with relatively low levels of vitamin D. Hence,
this study aimed to investigate the PAS changes with varying
degrees of vitamin D levels in adult individuals with dyspnea but
no PH (mPAP <20 mmHg at rest).

Methods

Patient selection

Adult individuals admitted with complaints of shortness of
breath and who agreed to participate in this study were enrolled.
The baseline demographic, clinical, and biochemical data
were obtained from the hospital registry system. Individuals
with abnormal hemogram and biochemical parameters (such
as anemia, kidney, and liver function abnormalities), coronary
artery disease, congenital heart disease, heart failure (ejection
fraction below 50%), prominent valvular heart disease,
previous history of any heart surgery, atrial fibrillation, diabetes
mellitus, hypertension, mPAP higher than 20 mmHg, chronic
thromboembolic PH, chronic obstructive pulmonary disease,
chronic liver and renal failure, bone mineral disorders, systemic
inflammatory disease, and medication may affect vitamin D
level were excluded from the study. Also, elderly patients were
excluded from this article to avoid the effect of comorbidities and
possible vascular aging outcomes on shortness of breath.

We divided 71 individuals into 2 groups according to their
vitamin D levels. A 20 ng/mL cut-off of plasma 1,25-dihydroxy
vitamin D3 levels was decided. Group 1 consisted of individuals
with a 1,25-dihydroxy vitamin D3 <20 ng/mL, while group 2
consisted of individuals with a 1,25-dihydroxy vitamin D3 =20
ng/mL.

Echocardiography

We peroformed transthoracic echocardiography using a
Vivid S70 ultrasound system (GE Healthcare) using a 3.5 MHz
transducer in the left lateral decubitus position at the end of
the expiration. Echocardiographic images were saved digitally
and analyzed offline by two separate blinded investigators.
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Echocardiography measurements were obtained according to
the standard criteria. Subsequently, the next steps were made
to measure PAS. First, pulse-wave Doppler sample volume
was placed just 1 cm distal to the pulmonary valve annulus at a
speed of 100 mm/sec from the parasternal short axis view and
the Doppler flow trace of the pulmonary artery was recorded.
Second, Doppler frequency shift, acceleration time (AcT),
maximum flow velocity (MFV), and velocity time integral of the
pulmonary artery Doppler flow trace were measured. Later, PAS
was computed according to the formerly defined formula as the
ratio of MFV to pulmonary AcT: PAS (kHz/sec) = MFV/AcT (9).

The study was conducted in accordance with the guidelines
of the Declaration of Helsinki and Good Clinical Practice/
International Conference on Harmonization and was approved
by the Non-Interventional Research Ethics Committee of the
University of Health Sciences Ttrkiye (protocol number: 19/280,
date: 25.06.2019). Informed consent was obtained from the
participants before enrolling in the study.

Six-minute walk test

The six-minute walk test (6MWT) according to the instructions
of the American Thoracic Society is measured to estimate
the functional exercise capacity of individuals (10). A suitable
hospital corridor was selected for a safe test. Subjects were
warned to walk as fast as they could, and a six-minute walking
distance (6MWD) was calculated at the end of the test. Also,
pulse, respiratory rate, blood pressure, and perceived fatigue on
Borg’s scale were measured before the test and at the end of
the test. Chest pain, severe shortness of breath, dizziness, and
sudden pallor was determined as test interruption criteria.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) program
for Mac, version 26.0 (Chicago, IL, USA) was used for all
statistical analyses and calculations. All the data are transferred
to a computer. Numeric variables are presented as means
(standard deviation) and categorical variables as percentage
values. The distribution of data was assessed graphically and
statistically by the Kolmogorov-Smirnov test. For quantitative
data with normal distribution Student’s t-test was used and
the Mann-Whitney U test was used for data without normal
distribution. The chi-square test or Fisher’s Exact test was used
for categorical variables. Pearson’s correlation analysis was
used for univariate correlation with PAS and, subsequently, a
multivariate linear regression model with backward selection
was performed to ascertain independent predictors of PAS. A p
<0.05 agreed to be statistically significant.

Results

A total of 71 individuals (males: 31%) were enrolled
in this study. Group 1 consisted of 46 individuals with a
1,25-dihydroxy vitamin D3 level <20 ng/mL (13 men, 28.3%),
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and group 2 consisted of 25 individuals with a 1,25-dihydroxy
vitamin D3 level >20 ng/mL (9 men, 36%). There were no
significant differences between the study groups concerning the
demographic characteristics and laboratory findings (Table 1).
During the 6BMWT, the average distance achieved by subjects
with 1,25-dihydroxy vitamin D3 level <20 ng/mL was lower
than subjects with a 1,25-dihydroxy vitamin D3 level >20 ng/
mL (443.58456.20 m vs. 483.20+58.43 m, p=0.007). When
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we evaluated the individuals according to their smoking status
and gender, there was no significant difference between the
groups concerning 1,25-dihydroxy vitamin D3 levels and 6DWM
(p>0.05 for all).

There was no significant difference between the two groups
in terms of conventional echocardiography variables except
PAS (Table 2). PAS was considerably increased in individuals

Table 1. Baseline characteristics

1,25-dihydroxy vit D3 <20 ng/mL

1,25-dihydroxy vit D3 220 ng/mL

(n=46) (n=25) DTN

Age, years, mean+SD 28.1+7.5 31.5+8.2 0.083
Male, n (%) 13 (28.3) 9 (36) 0.501
BMI, (kg/m?), mean+SD 24.39+4.98 24.26+3.76 0.908
Smokers, n (%) 29 (63) 12 (48) 0.384
SBP (mmHg), mean+SD 116.60+12.99 115.64+8.91 0.741
DBP (mmHg), mean+SD 73.28+8.92 75.24+7.82 0.361
Fasting glucose, (mg/dL), mean+SD 92.32+36.14 88.92+14.18 0.653
LDL-C, (mg/dL), mean+SD 106.76+25.15 109.54+30.80 0.686
HDL-C, (mg/dL), mean+SD 50.93+11.91 50.29+10.71 0.825
Total-C, (mg/dL), mean+SD 169.80+46.49 178.45+41.25 0.446
Triglyceride, (mg/dL), mean+SD 118.84+76.50 105.29+44.21 0.427
eGFR (mL/min), mean+SD 101.50+13.54 96.71+25.65 0.306
Hemoglobin (g/dL), mean+SD 13.53+1.43 13.84+1.34 0.393
White blood cell count (10%uL), mean+SD 6.83+1.46 6.75+1.64 0.384
Platelet count (10%/uL), mean+SD 261.58+52.56 243.52+59.86 0.831
;’ig:i'ggjroxy vitamin D3 (ng/mL), 11.24+4.77 37.85+16.71 <0.001
Calcium (mg/dL), mean+SD 9.40£0.32 9.43+0.43 0.732
Magnesium (mg/dL), mean+SD 1.9910.14 1.98£0.14 0.785
6MWD (m), mean+SD 443.58+56.20 483.20+58.43 0.007
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, LDL-C: Low-density lipoprotein-cholesterol, HDL-C: High-density lipoprotein-cholesterol,
eGFR: Estimated glomerular filtration rate, BMWD: Six-minute walk distance, SD: Standard deviation, vit D3: Vitamin D3, BMI: Body mass index
Table 2. Comparison of echocardiography variables

1,25-dihydroxy vit D3 <20 ng/mL 1,25-dihydroxy vit D3 220 ng/mL

(n=46) (n=25) RRales
LVIDd (mm), mean+SD 42.34+4.87 43.08+4.55 0.539
LVEF (%) 67.52+4.49 66.48+2.98 0.302
IVSd (mm), mean+SD 8.39+1.27 7.88+1.12 0.098
LA (mm), mean+SD 29.45+3.31 29.64+3.38 0.826
Aod (mm), mean+SD 24.78+3.14 25.76+3.39 0.228
Mitral E/A, mean+SD 1.51£0.39 1.50£0.38 0.890
Mitral E/E’, mean+SD 5.02+£1.97 4.89+2.18 0.799
Tricuspid E/A, mean+SD 1.2840.32 1.3940.41 0.227
Tricuspid E/E’, mean+SD 4.86+1.56 4.94+1.61 0.854
TAPSE (mm), mean+SD 23.45+2 .41 22.40+2.51 0.087
PAS (kHz/sec), mean+SD 11.65+3.76 9.46+2.53 0.011

LVIDd: Left ventricular internal diameter end diastole, LVEF: Left ventricular ejection fraction, IVSd: Interventricular septal thickness in diastole, LA: Left atrium,
Aod: Aortic root diameter, TAPSE: Tricuspid annular plane systolic excursion, PAS: Pulmonary artery stiffness, SD: Standard deviation, vit D3: Vitamin D3




Gulhane Med J 2022;64:320-6

with 1,25-dihydroxy vitamin D3 level <20 ng/mL compared
with subjects with 1,25-dihydroxy vitamin D3 level <20 ng/mL
(11.65+£3.76 vs. 9.46+2.53, p=0.011) (Table 2). There was a
significant correlation between 6MWD, 1,25-dihydroxy vitamin
D3, fasting glucose level, hemoglobin level, serum calcium
level, and PAS (for 6MWD and PAS r=-0.483, p<0.001; for
1,25-dihydroxy vitamin D3 and PAS r=-0.375, p=0.001; for
fasting glucose level and PAS r=0.316, p=0.007; for hemoglobin
level and PAS r=-0.266, p=0.025; for serum calcium level and
PAS r=-0.303, p=0.010). Also, there was a statistically moderate
correlation between 1,25-dihydroxy vitamin D3 level and 6MWD
(r=0.339, p=0.004) (Figure 1A-1C). In multiple regression
analysis using the backward method entering the independent
variables likely to affect the PAS (age, gender, body mass index,
systolic blood pressure, estimated glomerular filtration rate,
1,25-dihydroxy vitamin D3, fasting glucose, serum calcium,
hemoglobin, 6MWD, mitral EA ratio, tricuspid EA ratio, systolic
blood pressure), 1,25-dihydroxy vitamin D3 levels were inversely
associated with PAS ($=-0.280, p=0.009). Also, predictors of
increased PAS were higher fasting glucose levels ($=0.242,
p=0.019) and lower 6MWD (p=-0.293, p=0.010) (Table 3).

Discussion

This study revealed that the pulmonary artery’s elastic
properties tend to be compromised (as initial vascular alterations)
in individuals with low 1,25-dihydroxy vitamin D3 levels.

Vitamin D receptors are present all throughout the human
body in several tissue types (11). Since the detection of vitamin
D receptors in the cardiovascular system, such as vascular
endothelial cells, vascular smooth muscle cells, and cardiac
myocytes, there is increasing interest that vitamin D deficiency
might be an independent risk factor for cardiovascular and
pulmonary disease. Vitamin D may affect the cardiovascular
system in a few means. Several pathophysiological pathways
have been suggested to explain the relationship between low
vitamin D levels and poor cardiovascular function. Vitamin D
deficiency may have adverse effects on vascular functions by the
expression of inflammatory mediators, such as IL-6, or nuclear
factor kB (12). Low levels of vitamin D have also been associated
with endothelial dysfunction, accelerated cellular calcium influx
and vascular calcification, smooth muscle proliferation, reduced
production of matrix metalloproteinase 2 and 9, increased
arterial stiffness and decreased vasoreactivity, expression
of LDL receptors on vessels and atherosclerosis, increased
oxidative stress, cytokine secretion, thromboembolism,
decrease in vascular endothelial growth factor and left
ventricular hypertrophy (13-23). Consequently, although it can
be said that there is a relationship between vitamin D deficiency
and vascular impairment, whether this association is a cause, or
a result is still controversial.
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Additionally, it has been suggested that vitamin D deficiency
has an unfortunate consequence on the pulmonary vascular
structure and function, aggravating endothelial dysfunction
with reduced NO-dependent relaxation to acetylcholine and
increased contractile response to 5-HT (24,25). This situation has
been explained by various studies. Downregulation of TASK-1
channels known to be expressed in the lung in pulmonary artery
smooth muscle cells, pulmonary endothelial, and epithelial cells
is a key event in PH pathogenesis (26,27). Also, in their animal
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Figure 1. A) Correlations graphs between PAS and 1,25-dihydroxy
vitamin D3 level. B) Between PAS and a six-minute walk distance. C)
1,25-dihydroxy vitamin D3 level and six-minute walk distance

PAS: Pulmonary artery stiffness, vit D: Vitamin D, 6BMWD: Six-minute walk distance



324

Taskan et al. Vitamin D and pulmonary function

Table 3. Univariate and multivariate regression analysis based on independent variables likely to affect the pulmonary artery

stiffness

Univariate analysis

Multivariate analysis

Independent variables

B p B p*
6MWD -0.483 <0.001 -0.293 0.010
1,25-dihydroxy vitamin D3 -0.375 0.001 -0.280 0.009
Fasting glucose 0.316 0.007 0.242 0.019
Serum calcium -0.303 0.010 -0.116 0.271
Hemoglobin -0.266 0.025 -0.180 0.080

*p-value at the last step in which the independent variables remained in the model.

6MWND: Six-minute walk distance

study, Callejo et al. (24) showed that a vitamin D-free diet caused
pulmonary artery muscularization, increased hyperreactivity to
5-HT, worsened endothelial function, reduced TASK-1 currents,
decreased KCNK3 mRNA expression and thus a moderate but
statically significant increase in mean PAP (24). Furthermore,
vitamin D may also act as an endogenous inhibitor of renin
biosynthesis, which has been reported as one of the important
mechanisms of PH by affecting the concentration of calcium in
juxtaglomerular cells (28).

Taken together, it can be considered that a low vitamin D
level may induce/accelerate/deteriorate pulmonary artery elastic
properties. To the best of our knowledge, there are no studies
have examined the role of vitamin D levels in PAS, although
there are a limited number of reports about the relationship
between vitamin D deficiency and PH. Consequently, bearing
in mind this evidence demonstrating the direct effect of vitamin
D on the endothelial function and vascular smooth muscle cells,
in our study, we examined the different levels of vitamin D on
PAS in subjects without PH to delineate the effects of vitamin
D on pulmonary vascular structure in detail. Our study is of
significance in this aspect. We found that decreased vitamin
D level was significantly negatively correlated with PAS in
individuals without overt PH.

The description of vitamin D status is debatable, with different
levels used throughout the literature. A wide variety of threshold
values have been used for vitamin D deficiency, but no definite
assumptions have been reached. Generally, a level of 20-30 ng/
mL is acceptable to indicate relative vitamin D deficiency and a
level >30 ng/L is acceptable to indicate adequate vitamin D (29).
For this study, we have considered plasma vitamin D levels <20
ng/mL as a severe deficiency.

Vitamin D replacement therapy is a low-cost treatment
method and has no notable adverse effects. While the exact
doses and duration of vitamin D are still uncertain, it is important
to maintain the circulating vitamin D value >30 ng/mL to observe
the beneficial effects on arterial stiffness (16). Although limited
data from small clinical studies have shown that vitamin D
therapy improves vascular markers such as endothelial function
and cardiovascular parameters, it is not exactly known whether

it improves pulmonary functions. Higher vitamin D status has
been found to be associated with good lung function through
an improvement in inspiratory muscle strength and maximum
oxygen uptake both in the general population and specifically
in patients with chronic obstructive pulmonary disease in
whom vitamin D deficiency is also common (30,31). Moreover,
Mirdamadi and Moshkdar (6) showed that vitamin D replacement
therapy was accompanied by significant improvement in right
ventricular size, 6MWD, and mPAP. Although the positive
effect of vitamin D treatment on pulmonary functions has been
demonstrated, albeit limited, we did not investigate the effects
of vitamin D treatment on PAS or other echo parameters in
our study. But still, we can speculate that vitamin D deficiency
might be considered a modifiable risk factor in individuals with
shortness of breath.

Study Limitations

First, the relatively small number of subjects is the main
limitation of our single-center study. These might be ambiguous
regarding the effect of vitamin D on PAS. Since our study
coincided with the Coronavirus disease-2019 outbreak, we
could not include the planned number of patients in the study.
However, we believe that our findings may inspire further
studies to clarify the effect of vitamin D on PAS. Second, since
we included adult individuals with atypical complaints, clinically
relevant biochemical parameters such as parathyroid hormone
level, brain natriuretic peptide level, and inflammatory markers
were not studied. Third, there is no agreement about the
average range of PAS by this technique. However, our results
were consistent with those of previous studies.

Conclusion

In conclusion, in our study, we found that PAS measured
echocardiographically might seem to be affected by the low level
of vitamin D. The measurement of vitamin D might be used to gain
insight into the mechanics of the pulmonary artery vasculature
and might be an early marker of pulmonary artery wall’s elastic
disruption, even in the absence of significant pulmonary artery
pressure elevation. Considering the high prevalence of vitamin
D deficiency in the general population, care to screen and
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treatment of vitamin D deficiency in individuals presenting with
shortness of breath is important. Further prospective studies with
long-term follow-up periods, preferably randomized controlled
trials, must clarify whether vitamin D deficiency is a causal and
reversible factor for increased PAS.
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Ameloblastoma is a benign but locally aggressive tumor that can invade the brain. A 75-year-
old male patient admitted with massive exophthalmos and a tumor protruding from his
nose. Magnetic resonance imaging revealed a giant mass lesion occupying the entire ventral
skull base. The tumor was removed with endoscopic endonasal surgery. The patient was
stable in the postoperative period, and there was no recurrence during the 5-year follow-up.
Ameloblastoma may reach a huge size despite its benign character. Surgical treatment can
prevent serious complications, and an endoscopic approach can be considered a treatment

Introduction

Ameloblastomais abenign butlocally aggressive odontogenic
epithelial neoplasm that presents as a slowly growing painless
swelling of the jaws and accounts for approximately 1% of
all mandibular tumors and cysts (1). Although histologically
benign, ameloblastoma can be locally destructive, spreading to
the base of the skull, paranasal sinuses, infratemporal fossa,
pterygopalatine fossa, parapharyngeal space, therefore causing
severe facial deformity and functional impairment (2,3).

The treatment of ameloblastoma varies based on clinical,
histopathologic, and radiographic characteristics (4). Surgery is
the first line of treatment recommended to prevent recurrence
and metastasis, and the goal should be complete surgical
resection (5). Several surgical approaches have been used in
its treatment, with varying success.

With the development of technology recently, new
approaches have been added to surgical treatment techniques
for ameloblastoma, and one of them is the endoscopic
endonasal approach (EEA). The main advantage of EEAs is
not only providing more direct access to the anterior and central
skull base while avoiding craniofacial incisions commonly used
in open surgical approaches but also increasing the range of the
endoscopic visual surgical field with the angled lenses (6,7). EEA
precisely determines the areas of tumor attachment by improving
access, allowing complete tumor removal while minimizing the
size of the maxillary defect and the associated morbidity as well
as allowing brainstem and optic nerve decompression with less
risk of damage to nervous and vascular structures (8,9).

The case described in this report is the second patient
treated with a pure endoscopic approach. Additionally, it is one
of the huge ameloblastomas published in the literature

©Copyright 2022 by the University of Health Sciences Tiirkiye, Gllhane Faculty of Medicine / Gllhane Medical Journal published by Galenos Publishing House.


https://orcid.org/0000-0002-7519-8985
https://orcid.org/0000-0003-2208-5239
https://orcid.org/0000-0003-0578-5225
https://orcid.org/0000-0001-7537-0055
https://orcid.org/0000-0002-2210-9539

328

Case Presentation

A 75-year-old male patient admitted with massive
exophthalmos in the left eye and a tumor protruding from his
nose (Figure 1A,1B). He had anosmia, headache, tingling
sensation in the left half of his face, and swallowing difficulty
with frequent choking for two months. His symptoms had rapidly
progressed in the last two weeks. Neurological examination
revealed a Glasgow Coma scale of 15, low visual acuity in
the left eye, left facial hypesthesia, hearing impairment, and
absence of vomiting reflex.

Magnetic resonance imaging (MRI) showed a slightly
enhanced giant mass occupying the entire ventral skull base
extending into cavernous sinuses, left pterygopalatine, and
infratemporal fossae (Figure 1C-1E).

Computed tomography (CT) showed that all bony
structures of the ventral skull base were invaded by the lesion
(Figure 1F-1H).

CT angiography showed that the tumoral tissue was fed by
both external carotid artery branches, more prominently on the
right. Bilateral internal carotid arteries were surrounded by the
tumor and displaced superiorly.

Initially, an excisional biopsy was performed. The endonasal
part of the tumor was markedly removed for diagnostic
purposes. Histological examination showed ameloblastoma,
and the patient was referred to the neurosuregery diviison for
further management where tumor excision was planned using
the endoscopic skull base approach.

General anesthesia was performed by percutaneous
tracheotomy due to the difficult intubation of the patient. After
induction of anesthesia, head was fixed in a Mayfield clamp,
head position was adapted to the tumor location and then
registered with the navigation system (StealthStation System,
Medtronic, USA). Initially, the tumor remaining in the nasal
cavity was resected. After major decompression, with the help of
endoscopic endonasal surgery, the tumor was removed from the
clival, sellar, suprasellar, frontobasal regions, both cavernous
sinuses, and the pterygopalatine and infratemporal fossa. After
the hemostasis was obtained, skull base repair was performed
with fascia lata and subcutaneous fat tissue obtained from the
anterolateral of the left femoral region. Additionally, a lumbar
drain was placed.

Histopathological examination was reported as plexiform
type ameloblastoma (Figure 2A-2D).

The postoperative course was safe and stable. Neurological
examination findings also remained stable. A CT scan on
postoperative day 1 showed gross total resection of the tumor
(Figure 11-1K). Lumbar drain was removed on postoperative
day five. A permanent dental prosthesis was placed in the
dentistry service. During follow-up, annual MRI showed no
signs of residual disease or recurrence for five years as of the
submission of this report (Figure 1L-1P).

Evleksiz et al. Giant ameloblastoma

Figure 1. Preoperative (A, B) and postoperative photographs (O,
P) of the patient. Preoperative axial (C), coronal (D), and sagittal (E)
contrast-enhanced MRI showing a slightly enhancing, large, huge mass
occupying the entire ventral skull base. The left side infratemporal fossa,
pterygopalatine fossa, and base of the middle cranial fossa have been
invaded by the tumor. Both cavernous was also involved by the tumor
displacing both intracavernous internal carotid arteries superiorly and
laterally. Axial (F), sagittal (G), and coronal (H) CT scans of the patient
demonstrated that all ventral skull base bony landmarks were devastated
by the expansile, lytic tumor. Axial (l), sagittal (J), and coronal (K) CT
scans were obtained on the first postoperative day demonstrating
the gross total resection of the tumor including the temporobasal
component. Axial (L), coronal (M), and sagittal (N) contrast-enhanced
MRI five years after the intervention, showing the continuous integrity of
the skull base and no signs of recurrence. Both internal carotid arteries
are in their normal anatomical location and are free from compression
(white arrows=tumor)

MRI: Magnetic resonance imaging, CT: Computed tomography
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Figure 2. Solid/multicystic type, infiltrative ameloblastoma of the
sinonasal tract: (A) cysts and follicular islands (black arrow) of
odontogenic epithelium in the myxoid and edematous stroma, protruding
to the nasal cavity as a polypoid mass (inlet) [hematoxylin-eosin (H-E),
x20], (B) immunohistochemically, strong cytokeratin (CK) 19 expression
(x40), (C) p63 expression of all cells (x20), and (D) a few mitoses (black
arrow) with Phosphohistone H3 (PHH3) at the ameloblastic epithelium
(x40)

Discussion

Ameloblastoma is a locally invasive benign epithelial origin
tumor that may originate from the rest of the dental lamina,
enamel apparatus, the epithelial lining of an odontogenic
(dentigerous) cyst, or from the basal epithelial cells of the oral
mucosa (10). They are rare neoplasms with a global incidence
of 0.5 cases per million person-years most common between
30 to 60 years of age with an average of 36 years and a peak
around the fifth decade (11).

The main approved treatment for ameloblastoma is surgery,
and overall aim is complete resection. The literature describes
two surgical therapy strategies to achieve wide surgical
resection; 1) conservative surgical methods like decompression,
enucleation, or curettage, and 2) radical procedures like marginal
or segmental resection (4,12).

Recently, EEA has emerged as a new option for treating
ameloblastoma, as the optics of endoscopes have improved,
along with angled scope options. Its main advantages are
direct visualization, enhanced magnification, avoidance of skin
incisions, no external deformity, as well as less brain retraction,
and less soft tissue damage resulting in cranial nerve deficits
(13,14). Another advantage of the endoscopic surgical approach
is that it reduces the operation time and has significant cosmetic
benefits (15).
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Conclusion

Ameloblastoma with intracranial invasion is very rare. To
the best of our knowledge, the current patient is one of the few
reported cases of ameloblastoma with intracranial involvement
and was treated by pure endoscopic approach despite its
hugeness. Endoscopic intervention may be an alternative to the
conventional treatment of ameloblastoma.

Ethics

Informed Consent: Written informed consent was obtained
from the patient to publish this case report anonymously.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: G.D., A.M.K., Concept:
G.D., M.O.D., AM.K., Design: M.O.D., M.C.E., AMK., Data
Collection or Processing: D.E., Analysis or Interpretation: D.E.,
M.O.D., M.C.E., Literature Search: D.E., Writing: D.E., M.O.D.,
M.C.E.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Ram H, Mohammad S, Husain N, Gupta PN. Ameloblastic
Carcinoma. J Maxillofac Oral Surg. 2010;9:415-419.

2. Auluck A, Shetty S, Desai R, Mupparapu M. Recurrent
ameloblastoma of the infratemporal fossa: diagnostic
implications and a review of the literature. Dentomaxillofac
Radiol. 2007;36:416-419.

3. Gravvanis A, Koumoullis HD, Anterriotis D, Tsoutsos D,
Katsikeris N. Recurrent giant mandibular ameloblastoma in
young adults. Head Neck. 2016;38(Suppl 1):1947-1954.

4.  Kim SW, Jee YJ, Lee DW, Kim HK. Conservative surgical
treatment for ameloblastoma: a report of three cases. J Korean
Assoc Oral Maxillofac Surg. 2018;44:242-247.

5. Dissanayake RK, Jayasooriya PR, Siriwardena DJ, Tilakaratne
WM. Review of metastasizing (malignant) ameloblastoma
(METAM): pattern of metastasis and treatment. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2011;111:734-741.

6. Hanna EY, Holsinger C, DeMonte F, Kupferman M. Robotic
Endoscopic Surgery of the Skull Base: A Novel Surgical
Approach. Arch Otolaryngol Head Neck Surg. 2007;133):1209-
1214.

7.  Verillaud B, Bresson D, Sauvaget E, et al. Endoscopic
endonasal skull base surgery. Eur Ann Otorhinolaryngol Head
Neck Dis. 2012;129:190-196.

8. Ferreira TSH, Pimentel IMF, de Albuquerque LAF, Gondim
JA. Pure endoscopic transsphenoidal treatment of skull base



330

10.

1.

12.

ameloblastoma with intracranial extension: Case report and
literature review. Surg Neurol Int. 2020;11:228.

Jain K, Hsu J, Goyal P. The utility of a combined endoscopic
and transoral resection of maxillary ameloblastoma. Int Forum
Allergy Rhinol. 2013;3:762-765.

Dhanuthai K, Chantarangsu S, Rojanawatsirivej S, et al.
Ameloblastoma: a multicentric study. Oral Surg Oral Med Oral
Pathol Oral Radiol. 2012;113:782-788.

Kreppel M, Zdller J. Ameloblastoma-Clinical, radiological, and
therapeutic findings. Oral Dis. 2018;24(1-2):63-66.

Zemann W, Feichtinger M, Kowatsch E, Karcher H. Extensive
ameloblastoma of the jaws: surgical management and

13.

14.

15.

Evleksiz et al. Giant ameloblastoma

immediate reconstruction using microvascular flaps. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 2007;103:190-196.

London SD, Schlosser RJ, Gross CW. Endoscopic
Management of Benign Sinonasal Tumors: A Decade of
Experience. Am J Rhinol. 2002;16:221-227.

Robinson S, Patel N, Wormald PJ. Endoscopic Management
of Benign Tumors Extending Into the Infratemporal Fossa:
A Two-Surgeon Transnasal Approach: Laryngoscope.
2005;115:1818-1822.

Ferretti C, Reyneke J, Heliotis M, Ripamonti U. New technique
for endoscopically-assisted particulate graft reconstruction of
the mandible. Br J Oral Maxillofac Surg. 2018;56:430-432.



2022 Referee Index

Abdulsamet Erden
Abdurrahman Simsek
Adem Dogan

Ahmet Bolat

Ahmet Cosar

Ahmet Kasapkara
Ahmet Kokurcan
Ahmet Omma

Ajay Bhat

Ali Mohamed Ali Ismail
Ananya Madiyal
Aniekan Monday Abasiattai
Arif Aslaner

Arzu Kaya Mumcu
Ayse Saatci Yasar
Bahadir Ezmek

Berna Eren Fidanci
Bilal Katipoglu

Burcu Buzkan

Burcu Erbaykent Tepedelen
Busra Kibar Kurt
Cahit Kural

Can Hizmeli

Canan Culha

Cansu Koseoglu Secgin
Cem Haymana
Cemile Ozsiirekci
Cengiz Beyan
Cenkhan Bal
Drmariyam Zehra
Duray Seker

Duygu Mert

Duygu Turker

Eda Unal

Edis Colak

Elif Gller Kazanci

Emine Oksliz

Emre Ata

Emre Tekg6z

Fatma ilknur Cinar
Fatma Yildirnm

Fatma Yurdakul
Ferhat Ciice

Fevzi Demirel
Francesk Mulita
Gokay Taylan

Gokhan Ozkan

Glgin Guler Simsek
Gllsah Kaner

Gurkan Celebi

Hadim Akoglu

Hamit Kiiguk

Hasan Huiseyin Kozak
Hiseyin Ayhan
Huseyin Kaya

i. Oskay Kaya
Jasmine Shanthi Kamath
Karan Pongpanit
Kubra Tel Adiguzel
Levent Kilig

Mahipal S. Sachdev
Mehmet Ayhan Céngdloglu
Mehmet Burak Eskin
Mehmet Cabalak
Mehmet Pamir Atagliindiiz
Merve Aksoy

Merve Tuncer
Mohamed Faizal Asan
Murat Buyuksekerci
Nilglin Seremet Kurkli
Nuket Buyuikgeng
Nurdan Akgay Didisen

Nurten Baysal
Oguzhan Yildiz
Okkes Hakan Hminiksar
Omer Ergen

Ozlem Karasimav
Ozlem Kilig

Rahsan llikgi Sagkan
Ramazan Acar
Razieh Mirsafaei
Recep Alanli

Sacide Duman

Sait Yesillik
Sangeeta Paul

Seda Colak

Sedat Yilmaz

Serdar Akdeniz
Serkan Asil

Seving Mersin
Shruthi Hegde

Siti Nazihahasma Hassan
Soner Yasar

Sonika Achalli

Suat Doganci

Sahin Bodur

Temel Ceyhan

Thara Chandran
Tripthi Shetty
Tuluhan Yunus Emre
Umut Safer

Vahit Onur Gl
Yaprak Dénmez Cakil
Yusuf izci

Zafer Atbasi



2022 Author Index

Abdulsamet Erden ... 301
Addisu Assefa Tadesse...........ccceceiiiiiiiiiiiccc 178
Aditya AGNINOT ... 197
Adnan Burak AKGaY ...........cociiiiiiiiiiiiii e 40
ARMET AKGI ... 40
Ahmet Burak CiftCi.......ccuuvreriiiieieiiee e 164
Ahmet Can Sart ..o 164
Ahmet Ertem ... ..o 40
Ahmet Murat Kutlay ... 327
AKIN AIDET ..ttt e e e e et e e s nnaeeaeenns 159
Ali Can OZKaAN..........oovoieieieieieeeeeeceeeeeeee e 40
Ali Cem YEKAES......eiiiiiiiiie et 240
Al FUBE CIGEK. ..t eiiiiie et 240
ALTKIFTK <ot 240
Al TUrhAN Caglar........cocueie e e 79
AIPEr SONMEZ ...t 240
ANilKUMAr DeSai.........cccuiiiiiiiiii e 197
Aslihan UzunKulaogIu ..........cccueveiiiiieeiiiee e 169
AL BUIUF ... 60
AYDEIK SEIEK....ceeiiiiie e 201
AYCAG YOTGANC....uiiiiiiieiiiieeie ettt 67
AYAIN ASIAN ... 96
AYKAN YUCEL ..ot 222
AYIIN GUGIU ..o 189
Ayse Caglar Sarilar.............oooveiee e 84
AYSE KIS ... e 79, 222
Ayse Sebnem IINaN.........c.ccoiieeieeeeeeeeeeee e 136
AySENUr BOtSAlI.......iiiiiieiiie et 96
Babak Sayad .........ccooiiiii e 208
Bahadir EZmek ... 307
Bahar OZAEMIN............ccovoviieieieeeeeeeeeceeee e 301
Bahri AYAIN ..ot 255
Bediye OZtaS ....o.voveveeeeeeeeeeeeeeeeeeeeeee e 189
Belgin Selam.........ooiiiiii e 235
Berkan Armagdan ..........coeooiiiee i 301
Berke Aras ........cooiiiiiiiiieiie e 89
Betlil Seher Uysal.........ccooouiiiiiiiiieecee e 255
][ 1= = T 4P 159
Bilgin Bahadir Baggoz ..o 47
Birol YIAIZ.....oooi e 103
Burak Bayraktar...........cccoooiiiiiiiii e 73

BUrak BEKGOZ .....ceeeiiiiieiiiiiee et 110

Burak Sezeniz ... 32
Burcu Candemir....... ..o 32
Blsra S. Arica Polat............oooiiiiiiieiiee e 84
CaGr YaYIa .o 40
Cemal NUF EFGiN.......cciiiieiiie e 240
Ceren GOIDASI.......uuiiiiiiiee e 73
Cigdem GUIEr MESCi .........couiiiiiiiiicie e 6
Cumhur Osman SiPahi ......c..evviiiiiiieeeee e 307
Damla Bayrak ...........cocoiioiiiiiiiiii e 12
Deepthi Shetty .......cocveiieie e 197
Demet EVIEKSIZ ........oooiiiiiieeie e 327
Dilek Sahin. ... 222
Dinesh U.S.. ... 197
Duygu AGaglndUz ..........cccooeiiiiiiiiiiiicce e 189
Ebru Atalar....... ..o 301
ECE OMMNEK...evieiieie e 229
Eda BaSmISIFI ...oooiiiiieieciiee e 152
=L T U o7 123
Elif Aybala OKEay.......cccoiiiiiiiiiiiie e 159, 295
Elif Tugba AlIparmak...........oooeiivirieeiiee e 295
Elzem Bolkan GUNaydin ..........ccocoveiiiieiiiciieeeeeee e 169
EMre TEKGOZ.....uviieeiiiiee et 103
Ender Murat ... 204, 320
Enes Seyda Sahiner..........ccooiiiiiiiiii e 274
Ercan CaliSKan ........ccoeviiiiiiie e 96, 281
Eren USUl......oooie e 110
Erika Marfiani.........c.oooiiii e 128
ErSaN IMIAL......oiviveieieiccieee e 268
Esra Kayacan Erdogan.............ccccooiiiiiiiiiiiiii 301
EVIEN YaSar ...c.vviiieiiiie et 89, 123
Farid BaghiroV ........ccociiiiiiiie e 320
Farid Najafi ........cooooiieiii e 208
Fatma [IKNUF CINAT .......oeeicececeeeee s 12
Fulya KaylKGIOGIU .........ooiiiiiiiiii e 6
FUNA@ AKDINAT ..ottt e e e e 6
Funda Muserref TUrKMEeN ..........cooiiiiiieiiiiiee e 217
Gizem KiliNG KamMAC! ......cuviiiiiiiiec et 54
Gul Sema KesKin ..........ccoviiiiiiiie e 229
Gulay Ulusal OKYay .........cccereiiiiiiiiiiiieeee e 315
Gllsah AynaogIu YIldIZ........ccoeiieireeiiiieee e 222
Gllsah Dagdeviren ..........cceeeveeeiiieiie e 6, 79, 222
GUlgah KaNEr......cooiiiiiee e 152



2022 Author Index

GUISEN AKOGIU. ....eeeeie e 19
GUrkan Gelebi........c.ooiii 240
GUZIN DBVECH ... 327
HaKan GOIDAST ...ceueieiiiiiiie et 73
HAIE ALES oottt 274
HALI GENG .. 240
HaNde YeSil.... ..o 307
Hasan GUrel..... ... 240
Hasan Kutsi Kabul ..., 204
Hatice Tagkan .......ccveviiiiiiec e 320
HelmMUt KIOOS ..o 178
Houshang Nemati...........cccoooiiiiiiii e, 208
HUIYA ZENGIN...ceeiiiiee e 189
IShani Saluja .......cccuiiiiiiiiii e 120
11 - Y=Y TP 47
ISWaNO ISWaNTO ..o 128
Ivana Purnama Dewi ... 128
ISNAK S@N ..o 110
ISMAI DOGAN........voviieieieieieeecaeie e 301
ISMAI EFLUIK . ...cvcvviceeeieeeeee e 103, 229
Jale Karakaya..........ccccooiiiiiiiiii e 6
Kadir Gokhan AtIlgan............oooiviiieiiiiee e 315
Kamil Bilginan ........oooeiiee e 255
Kazim Emre Karasahin..........ccccoooiiiiiiiice 285
KONUI MUFSEL......coiiiic e 67
Koray AYAEMIT ..o e 54
KOray DEMIMAS .....cciuviieeiieee et 40
Kristin Purnama Dewi ............ccccciiiiiiiiiiii e 128
KUbra AKIIOFIU ...cooiiiiie e 136
Klbra Tel AdIQUZEI.......ooooeiiiieeeee e 262
Kiirsad UnlURIZArC! .........covoveveeeeeeeeeeeeeeeeeeeeeeee e 152
Mamatha Shetty........coeiiiiiiei e 1
Masoud Sadeghi.........cooeiriiiiiiiee e 208
Mazaher Ramezani............cccoooiiiiiiiiii 208
Mehmet AKif Erdol............oocooiiii e 40
Mehmet Can EzZgU .........coooiiiiiiiiiiiie e 327
Mehmet CINCIK.......c.ooiiii e 235
Mehmet Clneyt OZMEN..........ccccoveieveveeeeeeeeeeeeeeee e 255
Mehmet Deniz Ayli.........coooiiiiiii 315
Mehmet Erdogan .........oooviiieeiiiee e 40
Mehmet Ozan DUMMAZ..........cccoooiiiiiiiiiiiccee e 327

Mehmet Sadik Karpat..........cooeoviiieiiiiiiieeee e 320

Melike Arslan ...........ccoioiiiiiii e 201
Melikgah KesKin..........ooiiiiiiiiii e 268
Merve OrUCU ALAI...........ouiureeirieeieicieeieeee e 54
Miyase Gizem Bayraktar............ccccoeeiieiiiiiiiiiiccecee e 73
Mohamed Faizal Asan ...........ccoccoiiiiiiiiiic e 289
Muhammad AMIN..........ccooiiii 128
Muhammet CINar.........ccoiii i 103
Mubhittin Cenk AKbOStaNCI ............cccoiiiiiiii e 84
MUNEVVET AKSOY .....ooiiiiiiiiieiiie e 79
Murat Caglayan ..........eoeeeeiiieeeiee s 268
MuUrat CeliK.......ueieeiiee e 204, 320
MUrat SEVMIS ......eiiiiiiie e 60
Murat YOKSE.......oooi e 255
Musa Barig AyKan.........coocueeiiiiiiiiiiiie e 103, 229
Mustafa Cagri OCalan...........cccoovevieoreeeeeeeeeeeeeeeee e 169
Mustafa Candemir ..ot 32
Mustafa Karanfil...........c.coooii e 40
Mustafa Mahir Ulgl..........ccoveeeeeiveeiereeeeeeeeeeeeese e 268
Mustafa OZDAY..........coovririiirieiieieieieiee et 40
NaIM AL .. 268
Nazmi Liana AZMi......oooeiiiiieeeiee e 117
Necati Balamtekin............ocoooii e, 201
Neeta Shetty .......oooiiee e 120
NEMMAN INANG ...t 152
Neslihan Demirel OGit..........cooveveviveereeieeeeeeeeeeeeeee e 281
Nesrin Karahan ... 84
Nezaket KadiogIu ........ccoouiiiiiiiiiee e 67
Nihat Bugra AGaogIU........cueeveiiiiiee e 144
Niranjan Kumar ... 197
NUMAN AYAIN e 159
NUrbanu Bursa..........cooiiiiiiiiii e 268
NUrdan Korkmaz........ccoooveeiiiiiieeieeeeeeeee et 54,123
Nuri Karadurmus.........ooeeiiiieeeieee e 103, 229
Orhan GUISEl ........couiiiiiiiiie s 201
Orhan KUGUKSANIN ........coieiiiie e 301
OSMAN CeliK ..o 268
OSMAN YIIMAZ ..o 222
Ozan KBKSAl .........ooiiiiiiiiiice e 320
OMer LU TAPISIZ.....vevieeeeeeeeeeeeeeeee e 6
Ozge YUCEl CeIIK ...vvvveeriieeeeeeceeeee e 79, 222
OZGU IN@I oo 89
OZKAN EFAVC ...t 320



2022 Author Index

Ozlem AKGUN DOJAN.........cceeeeeeeeeeeeeeeeeeeeeeee e 144
Ozlem EVIiyaogIu BozKUM...........coveveeiceees e 67
OZIEM Karakas ........covoueoeee oo 301
OZIEM KBFOGIU ... 262
OZIEM MUSIU ..o 189
Pelin ESME.....cieiii e 19, 281
Prasanna Kumar RA0 ...........ccoiciiiiiiiiiieieceeee e 126
Raghavendra Kini..........ccccieiiiiiiieiciiee e 126
RAMAZAN ACAT ..o 103, 229
RIAVAN AlGCA. ... 89
Rozitah Razman ...........cociiiiiiiii e 27
SAIME AY .. it 169
Sanem Aslihan AyKan ... 248
Saurav Bhaduri...........ccoooiiiiii 197
Seda COolaK ..o 103
Sedat YIIMaz ..o 103
Sefa GUMITK ASIAN......ccooeeiiieeeeeeeeeeeeeeee e 54,123
Selen ESKi...ooiiiiiiiiiii e 204, 320
Sema NUr Coban ..o 19
Senan AllRhVETdIYEV .......ccccviieiiiiie e 320
Serdar Can GUVEN........cccoiiiiiiiiii e 301
Serdar GOKNaN NUIKOG .........uvveiiiiie e 32
Serdar Kaymaz........c..cooiiiiiiiiiiieiiee e 248
Serdar Kesikburun ... 89
Serkan ASil........oooiiiiiiiii e 204
Serkan TaP@N........eviiiiiieee et 240
Serkan TopalogIu ........c.coviiiiiiiiieiee e 40
Serpil Karaoglanoglu ..........cccceeviieiieiiiiiee e 159, 295
Seval YIIMaz Ergani .......cccoceeuiiiiiiiiiiecee e 6
Seyhan Demir Karabulut............ccccoeiiiiiiiiiiieeee e 287
Siti Latifah Azirah Mohd NOOF .........c.coviiiiiiiiceece 27

SONMEZ OCAK ......eviiiiiiiiiieeee e 164

Sreelakshmi Prad@ep ......oocvvveiiiiiieeeieee e 120
Srikala Bhandary ............ccooiiiiiiiiiee e 1
Subhas Babu G ..o 289
Sultan TUrEl ... 240
Supriya Bhat ........oooiiiiie e 289
Suzana Mustafa..........ccoooiiiii e 27
SUIEYMAN AKAISU.......ccouiiiiiiieiie ettt 189
SUIEYMAN BAS.....eeiiiiiiiiieeciie et 217
Sadiman Kiykag AltINDAS........cccooiiiiiiiiiceeeee e 6
Senay Kanaat.........cooceeeieiiiiiee e 235
Senay Savag Erdeve ... 268
SEVKI CIBN.....coiiiiiieeeee s 79
Seyma Merig AKEAS .......cueiiiiieiiieeie e 315
SUAYIP BiliNCi ..o 268
SUIE OZE ... 67
Tamer Selen........ocoiiiii 315
Tayfun VUral ..o 73
TEOMAN DOGIU ... ettt e e et e e e snaeaeeennes 240
TUGDA KINAY ... 6
Tugba Kiglikkasap COMErt ........cccueeeiiiiiieeiiiiie e 189
Ujwala Shetty.......cocoviiiiiiiii e 126
Vijayendranath Nayak...........ccccceoviiiiiiiiiie e 126
Wan Nazirah Wan YUusUf ... 27
Wan Nor Aina Ar-Mardiyah Wan Jeffery ..........ccccoevveiiiinnennns 117
Yaprak DONmez Cakil........cocoiiiriiiiiiieiieeceee e 235
Yaprak ENGin UStUN ......ooveuriiieee e 67
Yasin DemIr ..c..oooiiiii e 54
Yeshumnesh Belete Gebrewold ................cccoooiiiiiiii 178
Zehra Beyza DUzZGUN .........cociiiiiiiiiici e 235
W= o] - Y O o) SRR 136
ZUIIKar AKEIMA ..ot 268



2022 Subject Index

25-hydroxyVvitamin D ........cocciiiiiiiiee e 268
25(0OH)D e 152
Acute respiratory distress ..........covceeriiiiiiee i 128
Adult ObESIty ...
Adult patient........ooeeee e
AAVEISE BVENTS ...
AMDUIANCE ...
AmMElobIastoma ........coooiiiiiie e
AMPULALION. ...
ANGPNYIAXIS ...eeeeeiiiiie e
ANGIOBAEMA... ..ot
ANGIOENSIN 1 ..eeieiiiieeee e
Anti-inflammatory drug therapy....
Anti-vaccination ...........ccoceiiiiiii
ANTVAXXET ...ttt
Antioxidant Capacity...........ceoieiieiiiiiii e
ANXIELY .
Atherogenic index of plasma .........cccccooviieeiiciiie e
ALNErOSCIEIOSIS ...
Axial spondyloarthritis............cccceiiiiiiiiii
Bacteremia........cuooiiiiii
Bardet-Biedl syndrome ...........ccccociiiiiiiiiiiiii

BarTiers ..o

Bath Ankylosing Spondylitis Disease Activity Index................... 301
Bioethics
Birth time

Body COMPOSItION ...
Bone mineral densitometry
Brain injury

BUllOUS CeIIUIITIS ..o
CaffeiNe ..o
Candida albiCans ............ccuueiiieeeiiie e
CaNAIdIBSIS .. .eeieieeiie e s

Carboplatin ...

Cardiac autonomic dysfunction............ccccocveiiiiinciicinicee 32
Cardiac resynchronization therapy .........ccccccveiiiiiee i 40
Cellular leiomyoma

Charcoal ..........cccoeenee.
Chemokine
Children ... e
Cholelithi@sis. .......cccuiiiiieiiei e

Chronic kidney disease

ChrONIC PAIN...ciiiee e

Chronic renal insSUfficienCY ...........ccceeiiiiiiiii 47
ClINICAL ... 60
Cone-beam computed tomography ...........cccoceveeriiiienecnnennen. 126
Conotruncal heart anomalies............coccoiiiiiiiiiieciiic e 222
Constrictive pericarditiS...........cooovvieriiiiie e 204
CONSUIALION ...t 19

Contrast-induced nephropathy ..........cccccviiiiiiiii e, 40
COVID-19 it 126, 128, 169, 208, 301
(3171 (0] (13 = 208
Dapagliflozin ..........cooiiiii e 217
Dens invaginatus .........cooeiiiiieiiie e 159
Dental anomaly ... 159
Denture stomatitis..........coooeiiiiiiiiiii 289
Denudation .........oooiie e 235
Dermatology ........ccoiueieieiiiee et 19
Diabetes Mellitus ..o 248
Direct-acting antiviral ..., 201
Disease flare.........ooeiiiiiiiii
Down syndrome

Drug side effectS......c..evviiiiiiieiiee 274
Dual-energy X-ray absorptiometry............ccocoviiiiiiiiiiinnnnn. 262
DX A e 262
Echocardiography...........cocoiiiiiiiieeee 320
Elderly patient..........ccoeiiioiiiieice e 164
EMDBryo QUality ......cooieeeeeeee e 235
Emergency medical Services............ccccoooiiiiiiiiiiiiiiiiic e 110
= Lo [T o] o VS 327
Endothelial dysfunction............cccoooiiiiiiiiceeee 240
ENdothelium ........ooii 136
Epithelium-off crosslinking ...........ccccooveiiiiiiiiiii e, 255
Ethiopia......eeeeii e
Etoposide............

Fabry disease

Familial Mediterranean fever............ccocoviiiiniiic e 32
Feasibility ...
Female urinary incontinence

Fertilization ...
Fetal echocardiography .........ccceveeiiiiieiiiiiee e
Fetal SEX .oiiiiiiiiie e
GENTAMICIN. ... e
Germ cell tumor testicular cancer............ccocoveiieenceiiiieence 229
Glomerular filtration rate ...........ocoeiiieiiie e 47
Gluten-free diet........oooiiiiii 268
Grip Strength ..o 248
Growth factors ..........ooiiiiiec e 1
Guided bone regeneration ...........ccccooveiiiiiiiiiiie e 1
Hand disability ..........cccooiiiiiiei e 248
Heart failure ..o 40
Heart rate turbulence .32
Heart rate variability ..........ccccooiiiieeiie e 32
Hematology........c.ooiiii 19
Hepatitis C infection..........cccveiiiiiie e 201
HENC e e 128
Hidradenitis suppurativa ...........cccccoviieieiiiiie e 281
High-flow nasal cannula...............cccooiiiiiiiiiii 128

Histopathological ............cccveiiiiiiiieice e 60



2022 Subject Index

HUVEGS ...ttt 136
Hydrodissection ..o 123
Hypersensitivity reaction...........ccccooeieeiiine e 274
Hypo-osmolar riboflavin............ccociiiiiiiiie e 255
LC S s 235
fOSTAMIAE ... 229
Immune checkpoint inhibitors ..o 103
IMMUNOLNEIAPY ... 103
INCENTIVES.....ciiieee e 12
Individual @autONOMY ......cuviiiiiiiiee e

INAOMELNACIN ..o
Inflammatory arthritis
Keratoconus

Kidney transplant patients ............ccccociveeeiiiee i 315
KNOWIEAGE ... 12
LactobaCIlIUS ...........ccuiiiiiiiieiie e 289
Laparoscopic cholecystectomy............cccceeiieniiiiiiiinienee 164
Lateral INCISOIS. ......c.eiiiiieiiie et 159
Leiomyoma Variant ..........cceeeieiiiiieeeiiee e 6
Leiomyoma with bizarre nuclei .................ccooi 6
Length of diSEASE .......covviiiiiieiiee e 84
Lipoid ProteiNOSIS........cviiiiiiiiiiiiiiie e 96
Liver transplantation ...........ccccoociieiiiie e 60
MaligNaNCY......cocuiiiiiii

MEdIaN NEIVE .......oeeiiiiiiiiiceee e
Mehran risk score

Meta-analySes ..ot
Metabolic associated fatty liver disease ..........ccccccvevviiveeennnnen. 240
MIGraiNe ..o
Mitotically active leiomyoma.....
MUCOCULANEOUS .......ooiiiiiiiiiiiii e
MURINUCIEALION.....coiiieiie e
MUIRISYSTEMIC ...
NEONALES ...
Neurogenic dysphagia........ccoeoiiiieiiiie e

Neuroimaging ..o
NEUIOMA ...
NeuropsychiatriC..........ccccoviiiiiiiiiii e
Neutrophilto-lymphocyte ratio
Nevus sebaceous Jadassohn

Next-generation SEQUENCING...........coviiiiieriiiiee e
NIfFEAIPINE ...eeeeeee e e
Older adults ...

L@ 73 To] oo )RS
Oral and dental health ... 295
Oste0arthritis ..........c.ooiiiiiii 248
(@ Yot o 1T o1 = PSP 262
(@3] (=TT o To 011 -SSR 262
OXIdAtiVe SIrESS ...oeiiiiiiee e 136
PN 54

PandemiCs ........c.oiiiiiiiice 126
Parathyroid hormone .............cccoooiii 152
PericardieCtomy ..........ooviiiiiee e 204
Periodontal regeneration ... 1
Peripheral arterial diS€ase...........ccevvivieiiiiiee e 47
Phenotype-genotype correlation............ccccocoiiviiiiiiiiiine, 144
PISQ12 . 67
Platelet.......oooei e 1
PSS e 189
Polymyalgia rheumatica............ccccvveviieiieiiiee e 103
POSt-COVID-19 ...t 301
POSt-term pregnancy ........c.coveiceeiee i 73

Potential stem cell donors............. .12
PregnancCy.....ccoueiii i 235
Pregnancy outCome..........ccccoouiiiiiiiiiiii e 73
Prenatal diagnosis ........ccoociiieiiiiiie e 222
Preterm [abor..... ..o 79
ProbiotiCS ... 289
Prolonged pregnancy........eeeeeeceeeee et 73
PSOFASIS ...t 281
Pulmonary artery stifffess ........ccccveviiiieiiee e 320
Quality Of Ife ..o 67
Radiography .......oooo i 54
RaIOIOGY ......eiiiiiiiiii e 126
Radiology dentistry ........ccccuiiiiiiiie e 126

Recurrence
Rehabilitation ...,
Remineralization ............ccccoviiiiiiiie e

Resin infiltration ...
Restless legs syndrome...
Risk and benefits ...........coocviiiiiiiiie e

Shear bond strength ........ccceviiiii e
Skin lesions

Soft tissue root COVErage .........coviiiiiiiiiiiieeie e 1
Stem cell donation .
SHIDIFN e
SHIOKE .o
SUrface rOUGNNESS........coiiiiiiie et 307
Surface treatment ... 307
S0 o =Y oSS 327
SUMGICAL ... s 60

SWalloOW thErapy......ccccviieeieiiiee e 89



2022 Subject Index

Transepithelial iontophoresis-assisted cross-linking..................

Transglutaminase antibody
Transient constriction
Treatment outcome
Treatment success rate

TUDEICUIOSIS .t 178
Type 2 diabetes mellitus ... 217
Ultrasonography

Ultrasound .
Urban Wiethe diSease .........ccoocuvvveiiiiiie e 96
VaCCINAtION ...eeieieiiiiie e
AT 22 1= 0L £ S SSSS
Vascular involvement
Vitamin D defiCiency ........ccooeiiiiiiiieiiceeeee e
Vitamin D level ...
White SPOL I€SION ....eeiiiiiie e
Whitening toothpaste

WIllINGNESS. ..ttt e e e



NOTES




CONTENTS

289

295

217

307

315

320

327

REVIEWS

Effect of probiotics on oral Candida-a review
Mohamed Faizal Asan, Subhas Babu G, Supriya Bhat; Mangalore, India

Charcoal-containing toothpastes
Elif Tugba Altiparmak, Elif Aybala Oktay, Serpil Karaoglanoglu; Ankara, Tuirkiye

ORIGINAL ARTICLES

Effects of COVID-19 on axial spondyloarthritis disease flare
Berkan Armagan, Ebru Atalar, Bahar Ozdemir, Ozlem Karakas, Esra Kayacan Erdogan, Serdar Can Giiven, ismail Dogan, Orhan Kiiciiksahin,
Abdulsamet Erden; Ankara, Tirkiye

Effects of surface treatment methods on shear bond strength of ceramic to cast, milled and
laser-sintered titanium frameworks
Hande Yesil, Bahadir Ezmek, Cumhur Osman Sipahi; Ankara, Tiirkiye

Fabry disease screening in kidney transplant patients: A single-center study in Tiirkiye
Seyma Meri¢ Aktas, Giilay Ulusal Okyay, Tamer Selen, Kadir Gokhan Atilgan, Mehmet Deniz Ayli; Ankara, Turkiye

The relationship between vitamin D level and echocardiographically detected pulmonary artery stiffness in young adult
patients presenting with dyspnea

Hatice Taskan, Ender Murat, Ozkan Eravel, Mehmet Sadik Karpat, Ozan Kdksal, Selen Eski, Farid Baghirov, Senan Allahverdiyev, Murat Celik;
Ankara, Tirkiye

CASE REPORT

Giant ameloblastoma with intracranial invasion treated with a pure endoscopic approach
Demet Evleksiz, Giizin Deveci, Mehmet Ozan Durmaz, Mehmet Can Ezgi, Ahmet Murat Kutlay; Ankara, Tirkiye





