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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 regulations 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.
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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.
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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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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 Gülhane Medical Journal. All Rights Reserved.

Instructions to Authors

G
Ü

LH
A

N
E 

M
ED

IC
A

L 
JO

U
R

N
A

L
G

ül
ha

ne
 T

ıp
 D

er
gi

si



Gülhane  
Medical Journal
Gülhane  Tıp Dergisi

Peer Review Policy

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

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 
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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.co/vsw7j). 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.
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Authors

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

Plagiarism: Republishing the data or intellectual material of someone else as one’s own original work.

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, 

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. 

I would like to express my gratitude to all submitting authors, reviewers, and editors for their contributions. 

Also with this opportunity, I wish our community good health, happiness and success in the new year.

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

Message from the Editor-in-Chief
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Gulhane Med J 2022;64:289-94
DOI: 10.4274/gulhane.galenos.2021.18291

Introduction
Oral candidiasis is an opportunistic fungal infection caused 

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, 

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 
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.

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.
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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 

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. It 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 

Figure 1. PRISMA flow diagram
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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 

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.



292 Asan et al. Probiotics and oral Candida

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. 

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

Study
Mycological load/cure 
Before the intervention/baseline Post-intervention

Li et al. (12) Detection of Candida in samples: 100% Detection of candida in samples: 8.21%

Ishikawa et al. (25)
Candida was detected in samples in all 30 
participants in the probiotic group.

Candida was detected in samples in only 5 participants.

Kraft-Bodi et al. (16)
Candida in saliva: 72%
Candida in plaque: 67%

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

Miyazima et al. (14)
3.5 log10 CFU/mL  
(before intervention with L. acidophilus NCFM)

2.5 log10 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

Table 1. Characteristics of the included studies

Study Probiotic used Form of 
intervention Treatment regimen Duration of 

intervention

Li et al. (12)
Mixture of Bifidobacterium
longum, Lactobacillus bulgaricus 
and Streptococcus thermophilus

Lozenges

1. Mouth gargling using 2% sodium 
bicarbonate solution for 30 seconds,
2. Application of 2% Nystatin paste, 
10 minutes after mouth gargling,
3. After one hour, four probiotic 
lozenges were held in mouths
(Procedure followed three times/
day).

4 weeks

Ishikawa et al. (25)
Lactobacillus rhamnosus HS111,
Lactobacillus acidophillus HS101,
Bifidobacterium bifidum

Lipophilized 
capsules

Local application by pouring the 
capsule content into the palatal 
region of the previously cleaned 
maxillary denture (1 capsule/day).

5 weeks

Kraft-Bodi et al. 
(16)

Lactobacillus reuteri DSM 17938,
Lactobacillus reuteri ATCC PTA 
5289

Lozenges
One lozenge in the morning,
One lozenge in the early evening  
(2 lozenges/day).

12 weeks

Miyazima et al. (14) Lactobacillus acidophilus NCFM,
Lactobacillus rhamnosus Lr-32

Supplementation 
with cheese

20 g of fresh white cheese will 
be given every 2 weeks (Daily 
consumption).

8 weeks

Hu et al. (20)
Streptococcus salivarius K12 Lozenges

One lozenge of probiotic BID
One Nystatin tablet (500,000 U) 
TID-Topical application.

4 weeks at  
1-week interval

Lee et al. (22) Lactobacillus rhamnosus
SP1

Supplementation 
with milk

Oral hygiene training before the  
start of the study was given,
200 mL of probiotic milk for 5 days  
a week.

6 months
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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

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 
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).

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 
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).
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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 

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. It is 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 

(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 
HeLa 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 

covariate, and ordinary toothpaste in another trial by Aydın 
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, 
Aydın 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. Its 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.
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Introduction
The coronavirus disease-2019 (COVID-19) outbreak has 

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). 

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 
(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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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 
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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.
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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 

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 0 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. ≥2 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, mean±SD: 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 
median±SD 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 

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, mean±SD 42.3±8.6 41.2±9.5 43.8±6.7 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 (11) 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 (11) 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 

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% 

Figure 2. The comparison of all COVID-19 symptoms percentages 
between “non-flare” and “flare groups”

COVID-19: Coronavirus disease-2019

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

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, CI: 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 

in BASDAI. 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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Introduction
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 

titanium alloys (Ti) are alternative MCR frameworks because of 
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 TiO2) layer, known 
as α-case, is formed on its surface. The surface TiO2 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 
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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 TiO2 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 TiO2 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 Al2O3 particles and applied pressure affect Ti-ceramic bond 
strength. Al2O3 particle size from 110 µm to 250 µm can be used 
to achieve an adequate bond strength between Ti and ceramic 
(21). However, surface contamination with Al2O3 can reduce Ti-
ceramic bond strength (22,23). 

LE is an acceptable alternative without the risk of Al2O3 

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-

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 α-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 µ 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 
µm aluminum oxide (Al2O3) particles (Korox® BEGO, Bremer 
Goldschlägerei 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 µ 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 µm silica-coated Al2O3 

(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 µsecs 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, 

Oberkochen, Germany), an area of 10 µm2 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 µm 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 Säckingen, 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 
(°C)

Rate of temperature rise 
(°C/min)

End of temperature 
(°C) Vacuum

Titankeramic

Bonder 600 65 795 +
1st opaque 600 65 795 +
2nd opaque 600 65 785 +
1st dentin 600 55 755 +
2nd 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 AI2O3 particles (Figure 1A-1C). 
Surface contamination with AI2O3 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-1I).

Roughness results of the two-way ANOVA determined that 
there were significant differences between production methods 
and surface treatment techniques (F(2,81)=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 

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 
surface treatment techniques (F(2,81)=9.594, p<0.01). The mean 
SBS values and standard deviations are summarized in Table 
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, µm, mean (SD) 1.069 (0.05) 0.628 (0.058) 1.254 (0.058) 336.24 <0.01*
Miling, µm, mean (SD) 1.149 (0.058) 0.687 (0.056) 0.916 (0.05) 191.40 <0.01*
Selective laser melting,  
µm, mean (SD) 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). 
µm: 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 ISO 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 (SiO2) concentration on the Ti-ceramic interface 
also affects the Ti-ceramic bond strength (31,32). To obtain the 
highest concentration of SiO2, a ceramic border was applied 
to the Ti-ceramic interface. The highest SiO2 concentration 

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 SiO2 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 Al2O3 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

Casting
SB 10 -
TSG 10 -
YFL 9 1

Milling
SB 9 1
TSC 9 1
YFL 10 -

Selective laser melting
SB - 10
TSC 7 3
YFL 10 -

SB: Sandblasting, TSC: Tribochemical silica coating, YFL: Ytterbium fiber laser etching
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in all samples supports Al2O3 contamination. However, residual 
Al2O3 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 μ secs) was also used 
as a surface treatment in this study. LE has become current for 
avoiding Al2O3 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 α-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 

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

rare lysosomal storage disorder carried on the X chromosome. 
Pathogenic mutations diminish the activity of the enzyme 
α-galactosidase A (α-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-

specific clinical findings and a relatively slow rate of progression 
make it difficult to identify the patients despite obvious clinical 
symptoms. Moreover, a study from Türkiye 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 

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

Methods: This cross-sectional, single-center study prospectively enrolled kidney transplant 
recipients regardless of the etiology of renal failure. α-galactosidase A (α-GLA) enzyme activity 
and α-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.
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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 Türkiye.

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 Türkiye, 
Diskapi Yildirim Beyazit Training and Research Hospital, 
Nephrology Clinic, Ankara, Türkiye. 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

α-GAL-A enzyme activity and α-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 α-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.

α-GAL-A enzyme activity analysis

α-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 

saturated. The paper was dried at room temperature for at least 
four h and stored at + 4 °C until reaching the Düzen Laboratories, 
Ankara, Türkiye, within five days. Later, DBS paper was 
processed by the fluorimetric method. 4-methylumbelliferyl-α-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 α-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.

α-GAL-A gene mutation analysis

α-GAL-A gene mutation analyzes were performed on 3 
cc venous blood samples collected in EDTA-containing tubes 
(stored at +4 ºC, and for a maximum of 5 days). All analyses were 
performed at the Intergen Genetic Diagnosis Center, Ankara, 
Türkiye, as described in the literature (15). DNA extracted from 
blood samples using the QIAamp 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. α-GLA gene 
sequence analysis was performed using the MiSeq NGS 
(Next Generation Sequencing) platform (Illumina, 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 mean±standard 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, α-GAL-A enzyme 
activity was detected at the lower end of the reference range 
(Case 1). α-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 c.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. α-GLA gene analysis was performed 
because the result of enzyme activity, which was the first 

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 Türkiye 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 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) 10.1±6.8
Continuous variables were expressed as mean±standard deviation

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
α-GAL-A enzyme activity 2.5 nmol/mL/hour -
α-GLA gene mutation No mutation c.937G>T (p.D313Y) heterozygote
α-GLA: α-galactosidase, α-GAL-A: α-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 Türkiye, 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 α-GLA gene analysis was performed 
because α-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 c.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 α-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 

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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Introduction
Vitamin D plays a crucial role in developing skeletal function 

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 

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

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) ≥25 mm 
high, pulmonary capillary wedge pressure ≤15 mm high, and 
pulmonary vascular resistance greater than or equal to 3 Wood 
units. Nevertheless, the 6th 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 
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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.
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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. 

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 Türkiye (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 6MWT, 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 (443.58±56.20 m vs. 483.20±58.43 m, p=0.007). When 

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 
(n=46)

1,25-dihydroxy vit D3 ≥20 ng/mL 
(n=25) p value

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/m2), 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 (103/μL), mean±SD 6.83±1.46 6.75±1.64 0.384
Platelet count (103/μL), mean±SD 261.58±52.56 243.52±59.86 0.831
1,25-dihydroxy vitamin D3 (ng/mL), 
mean±SD

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 1.99±0.14 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, 6MWD: 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 
(n=46)

1,25-dihydroxy vit D3 ≥20 ng/mL 
(n=25) p value

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 1.28±0.32 1.39±0.41 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
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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 (β=-0.280, p=0.009). Also, predictors of 
increased PAS were higher fasting glucose levels (β=0.242, 
p=0.019) and lower 6MWD (β=-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 kβ (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.

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 

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, 6MWD: Six-minute walk distance

A

B

C
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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 

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

Independent variables
Univariate analysis Multivariate analysis
ββ p ββ 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.
6MWD: Six-minute walk distance
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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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Introduction
Ameloblastoma is a benign but locally 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

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 
option.
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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 1I-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). 

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 (I), 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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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). 

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.
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