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The temporary use of  contingent electrical stimulation with the GrindCare® device may 
offer a practical, non-invasive solution to reduce bruxism and protect restorations during 
vulnerable phases of phased dental rehabilitation.

Bruxism, whether manifesting during wakefulness or sleep, is a commonly 
encountered phenomenon in clinical dental practice. It continues to stimulate 
discussion and research due to its multifactorial nature and diverse clinical 
implications. Notably, our current understanding suggests that bruxism may 
not always be a harmful behavior; instead, it can serve as either a risk and/or 
a protective factor, depending on the individual case and context.1 This dual 
nature presents a unique challenge for clinicians tasked with discerning when, 
and how, to intervene.

Bruxism diagnostic tools are currently categorized into 3 diagnostic levels.1,2 
They are termed subject-based when they rely solely on patient self-reporting; 
clinically based when accompanied by clinical signs, such as the linea alba, 
impressions on the tongue or cheek, or tooth wear; and device-based when 
confirmed via electromyographic (EMG) or polysomnographic (PSG) record-
ings. While these definitions aid in structuring clinical evaluation, they do not 
always clarify whether bruxism is active or residual, further complicating treat-
ment decisions.

Importantly, bruxism is no longer regarded as a  disorder in itself. Instead, 
it is understood as a behavior that warrants treatment only when it results in 
negative outcomes (e.g., tooth wear, pain). One promising approach in such cases 
is contingent electrical stimulation (CES), where muscle activity is detected and 
interrupted via mild electrical impulses.2 One of CES tools is Butler® GrindCare® 
(Sunstar Suisse SA, Etoy, Switzerland), a single-channel EMG-based device that 
exemplifies this approach.2 It records activity from the temporalis muscle and, 
when in the therapeutic mode, responds to bruxism events with mild electrical 
stimulation intended to disrupt the event without causing discomfort. The 
device has utility for both diagnosis – by establishing a baseline level of activity 
–  and therapy, by  potentially reducing excessive muscle contractions during 
sleep. Following a  standard protocol, patients wear the device for a  two-week 
assessment period. If more than 15 episodes per hour are recorded, treatment is 
recommended.2,3
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As one of  the possible negative outcomes of bruxism, 
tooth wear is a multifactorial process in itself, and while 
bruxism plays a central role, other contributors must be 
acknowledged. Among these are opposing restorations, 
especially when constructed from hard materials, such as 
ceramics or metals. These can exacerbate wear patterns 
and pose additional risks during restorative treatment.

Tooth rehabilitation strategies are typically categorized 
into direct or indirect methods.4 Direct composite 
restorations offer a  conservative approach. They are 
minimally invasive, easier to repair, and generally exhibit 
mechanical properties, such as elasticity and wear resist
ance, more closely aligned with natural dentin.5 On the 
other hand, they may be prone to discoloration over time, 
and because of placing multiple restorations over several 
appointments due to time constraints, patients might 
experience an open bite. In some cases, a Dahl plateau is 
created to establish a stable raised bite following the first 
appointment. However, this may not always be feasible 
due to the existing prosthodontic restorations or perio
dontal considerations. Between the 1st and 2nd session, 
there is an elevated risk of mechanical overloading with 
limited options for protecting the teeth during this time 
interval.

In this perspective, we illustrate the above notions with 
a case where the GrindCare was utilized temporarily dur-
ing a dental rehabilitation procedure to reduce the risks 
posed by bruxism during a transitional, high-risk period 
between appointments.

A 67-year-old male patient was referred to our tertiary 
university clinic for the evaluation of severely worn lower 
anterior teeth. His primary concerns were both functional 
(lip biting during eating) and esthetic (dissatisfaction 
with the shortened appearance of  the teeth) (Fig. 1A). 
His general medical and psychosocial histories were non-
remarkable. Snoring, alcohol, caffeine and acidic beverage 
intake, obstructive sleep apnea (OSA), gastroesophageal 
reflux disease (GERD), eating disorders, medication use, 
depression, anxiety, stress, and dry mouth were assessed 
via structured interviews and validated self-report instru-
ments, including Epworth Sleepiness Scale (ESS), GERD 
Questionnaire (GerdQ), eating habits questionnaires 
(Eating disorder Screen for Primary care (ESP) and the 
Sick-Control-One stone-Fat-Food (SCOFF)), Diagnostic 
Criteria for Temporomandibular Disorders (DC/TMD), 
Perceived Stress Scale 4 (PSS-4), Trauma Screening 
Questionnaire (TSQ), and Xerostomia Inventory (XI). All 
scores were zero except XI (score: 1). Sleep bruxism was 
assessed using the GrindCare and DC/TMD question-
naires, focusing on the past month. From a dietary stand-
point, acidic intake was modest, with the patient consum-
ing one piece of fruit daily and a small glass of fruit juice 
each morning.

Intraoral examination revealed healthy periodontal 
tissues with no probing depths exceeding 3 mm, and intact 
oral mucosa without signs of clenching. Overjet was 1 mm, 

overbite was 3 mm, and the patient had Angle class 1. Yet, 
there were visible bruxopositions (i.e., visible matching 
wear facets during laterotrusion and protrusion) on incisors 
and canines. There was a significant number of existing 
prosthetic restorations present, and their materials and 
occlusal design were contributing factors in the observed 
wear. Using the Tooth Wear Evaluation System (TWES),6 
we documented localized, extreme tooth wear in the 
lower anterior region, of a mechanical nature, influenced 
by the opposing ceramic restorations.

Cold sensitivity testing revealed delayed but positive 
pulp responses in lower incisors, while radiographic 
examination showed no underlying pathology. Based on 
these findings, bruxism was classified as clinically based 
wake or sleep bruxism, although clinical signs alone were 
insufficient to determine whether bruxism was ongoing.

To further investigate whether this process was active, 
we initiated a  two-week assessment period, using the 
GrindCare.2 The collected data revealed 246–582 bruxism 
episodes per night, translating to an  hourly rate 
of  3–147 episodes – well above the clinical threshold 
of  18  events per hour.2,7 This confirmed the presence 
of active sleep bruxism.

Our treatment strategy unfolded in 2 phases:
Phase 1 involved restoring teeth 15, 14, 11, 23, and 24, 

using direct composite restorations to raise the vertical 
dimension and create space for lower anterior reconstruc
tion. We intentionally avoided pre-treatment mock-ups, 
wax-ups or guides, relying instead on direct intraoral 
assessment and real-time adaptation. The materials used 
included AP-X A3 (Kuraray Noritake Dental, Tokyo, Japan) 
for occlusal and palatal surfaces, and the Clearfil™ Photo 
Bright composite in shade UO (Kuraray Noritake Dental) 
for a  veneer on tooth 11. Adhesion followed a  standard-
ized protocol with Clearfil Photo Bond (Kuraray Noritake 
Dental), 37% orthophosphoric acid etching and Clearfil SA 
Primer (Kuraray Noritake Dental).

Following the 1st session, the patient began using the 
GrindCare in the therapeutic mode, configured to deliver 
CES during episodes of increased temporalis activity. The 
device offers 10 intensity settings. Patients are guided to 
start at the lowest level, gradually increasing every night 
until the stimulation wakes them up, and then stepping 
down by one level. During this period, bruxism episodes 
dropped to 54–240 per night, indicating a substantial 
initial reduction.

Phase 2 addressed the lower anterior segment. The 
composite was applied to the lingual surfaces, using 
AP-X A3, and veneers were layered with Clearfil Photo 
Bright in multiple opacities (UO, YO, LO). The bonding 
protocol matched the one used in the upper arch. The 
posterior occlusion remained open, relying on passive 
eruption per the Dahl principle to close vertical gaps over 
time (Fig.1B,C).8 During this phase, the patient continued 
using the GrindCare nightly, aiming to maintain reduced 
muscle activity.
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Over the next 12 months, follow-up assessment was 
performed at 3, 6 and 12 months. At 3 months, CES 
was discontinued, as the patient reported diminished 
responsiveness, and the bruxism index (BI) returned to 
baseline by week 8 (166–462 episodes/night). The posterior 
occlusion continued to re-establish, and the patient 
reported no functional limitations or eating restrictions.

At the 24-month review, molar contacts were restored 
through natural eruption, and all restorations remained 
intact. No fractures, debonding or chipping were noted. 
However, the crown on tooth 21 had begun to cause 
accelerated wear on the opposing restoration at tooth 32, 
warranting future monitoring (Fig. 1D–F).

This case highlights the pragmatic utility of  the 
GrindCare during the transitional phases of  tooth 
rehabilitation. When conventional occlusal splints are 
impractical – during occlusal instability or open-bite stages 
– devices like the GrindCare offer a non-invasive, patient-
directed alternative for short-term bruxism management. 
While the mechanism behind CES remains only partially 
understood, its ability to temporarily modulate muscle 
activity is noteworthy. However, the observed decrease in 
muscle activity during GrindCare use between sessions 
may be attributed not only to the biofeedback mechanism 
of  the device, but also to the transient occlusal changes 
induced by the interim composite restorations, which 
potentially altered proprioceptive input and reduced 
parafunctional triggers.9

Yet, our experience also underscores the temporary 
nature of CES efficacy. As in this case, initial reduction may 
not persist beyond 2 months, raising important questions 
regarding long-term viability. Further research is needed 

to explore adaptive mechanisms, such as sensory accom
modation or neuroplasticity, that may limit prolonged 
effectiveness.

In terms of  restorative choice, our decision to pursue 
direct composite restorations aligns with growing evidence 
that such materials offer repairability, biomimetic elasticity 
and acceptable esthetics in bruxism patients.4 While 
ceramic options may provide superior esthetics, they pose 
a greater risk of total failure and contribute more aggressive
ly to antagonist wear, especially in cases with the pre-
existing ceramic restorations.

Ultimately, our experience affirms that the GrindCare 
can serve as a useful adjunct, particularly during vulner
able phases of treatment. However, randomized controlled 
trials are essential to validate its long-term role and clarify 
its mechanism of action. Until then, CES should be viewed 
as a  complementary, rather than primary, modality in 
managing bruxism during complex restorative cases.

Patient consent 

Written informed consent was obtained prior to the 
submission of  this perspective. The patient authorized 
the use of clinical history, data and imagery for academic 
publication, under the condition that identifying features 
remain obscured.
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The article presents recommendations from the International Network for Orofacial Pain 
and Related Disorders Methodology (INfORM) for the management of temporomandibular 
disorders (TMD), following the article “Temporomandibular disorders: INfORM/IADR key 
points for good clinical practice based on standard of care” by Manfredini et al. The document 
was translated by Aleksandra Nitecka-Buchta, Karolina Walczyńska-Dragon and Justyna 
Sędkiewicz, and reviewed by Aleksandra Nitecka-Buchta, Stefan Baron, Małgorzata Pihut, 
Jolanta Kostrzewa-Janicka, Edward Kijak, Mieszko Więckiewicz, Magdalena Osiewicz, 
Małgorzata Gałczyńska-Rusin, Aneta Wieczorek, and Daniele Manfredini.

The Polish Association for Temporomandibular Disorders (PATMD) as the 
only organization in Poland focused on temporomandibular disorders (TMD), 
which has been involved in promoting knowledge and good clinical practice 
in the treatment of patients with TMD for 25 years already, has prepared the 
Polish language version of the 10 key points for good clinical practice based on 
standard of care.1 The official position of the International Network for Orofacial 
Pain and Related Disorders Methodology (INfORM) was prepared during the 
March 2024 meeting in New Orleans, LA, USA, hosted by the International 
Association for Dental Research (IADR). The main elements the recommenda­
tions are based on are the etiology, diagnosis and therapy of TMD, as per 
the latest data obtained from evidence-based medicine (EBM). The present 
article summarizes and indicates the promising directions in the modern 
approach to TMD. As a scientific society, PATMD sees it as its responsibility 
to introduce modern ideas to the Polish medical community, where doctors, 
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in a conscious manner, strive to develop and follow current 
trends, thereby providing the highest level of medical 
care. The translation we are presenting has been prepared 
by a group of Polish TMD specialists who have been co-
creating PATMD for many years. We have attempted to 
tailor this document to the cultural, social and healthcare 
system aspects of Poland.

Temporomandibular disorders have posed a challenge 
to clinicians worldwide for many years. The biopsycho­
social factors, including the complex anatomy and physio­
logy of  the head and neck region, can contribute to the 
development of TMD, which is sometimes attributed 
to occlusion and the temporomandibular joint (TMJ) 
structures. These complex issues and the controversies 
surrounding their solutions have led to the emergence 
of  numerous theories, not necessarily based on 
EBM. Currently, it is known that the biopsychosocial 
model provides the most probable explanation for 
the development of TMD. This publication compiles 
the most up-to-date information on diagnostic tools, 
including interviews, clinical examinations, psychosocial 
assessments, and imaging diagnostics, as well as the 
management of TMD patients, encompassing dental, 
orthopedic, neurological, psychological, and physical 
therapy approaches. The following key points also refer to 
the aspects of treatment, involving the use of neurological 
drugs and occlusal splints, and surgical interventions, 
which are reserved for selected cases. The PATMD 
translated and presented the current global concepts 
with regard to the treatment of TMD, which can prevent 
patients from inappropriate therapy, pain chronification 
and the iatrogenic effects of TMD management.

The list of the 10 key points of good clinical practice 
in the management of TMD, as stated in the current 
standards of treatment and patient needs, is presented in 
Fig. 1.

Knowledge about TMD etiology and diagnostics is 
essential for dental clinicians and physicians. The standards 
of good clinical practice in TMD management proposed 
by the INfORM group are necessary to complement basic 
dental and medical education. The 10 key points for good 
clinical practice will enable the establishment of a protocol 
for therapy and help prevent inappropriate treatment. 
They can also serve as recommendations for the future 
development of TMD diagnostics and treatment guide­
lines.
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Fig. 1. Polish translation of the 10 key points for good clinical practice, International Network for Orofacial Pain and Related Disorders Methodology (INfORM) 2025

TMDs – temporomandibular disorders; CBCT – cone-beam computed tomography.
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Abstract
Background. The examination of  pro-health behaviors is important in the assessment of  factors that 
influence the health of  the population. Despite a  constant increase in pro-health awareness observed 
within Polish society, the epidemiological picture of adult oral health remains unsatisfactory.

Objectives. The aim of the study was to assess the level of knowledge of the study population regarding 
the prevention of caries, the role of fluoride compounds, and hygiene habits. 

Material and methods. A  quantitative cross-sectional methodology was employed in the study. 
A  specially designed anonymous survey was used to ensure the confidentiality of  participants and to 
encourage truthful responses. The data was collected over a 5-month period using computer-assisted web 
interviewing (CAWI) with a Google Forms survey. The link to the survey was shared in public groups and 
on social media platforms, ensuring the collection of a diverse sample. Submitted surveys were cataloged 
and de-identified prior to analysis.

Results. The final sample size of the study was 643 participants. In the present study, only 95 respondents 
(14.77%) demonstrated sufficient knowledge about oral hygiene and declared behaviors that align with 
recommended practices. Factors such as place of residence, education and income did not have a statisti-
cally significant effect on the level of health awareness in relation to the preferred health attitude of the 
“ideal patient”. The study revealed a lack of knowledge regarding the role of fluoride in caries prevention, 
with some individuals considering it harmful and refraining from using fluoride toothpaste. Approximately 
20% of the surveyed population lacked awareness of the presence of fluoride in their toothpaste. These 
observations were comparable across both rural and urban areas.

Conclusions. The present study indicates insufficient knowledge regarding oral health among the study 
population. It is necessary to introduce more comprehensive oral health education programs targeted at 
the adult population of Poland.

Keywords: surveys and questionnaires, health education, oral hygiene, health behavior, cross-sectional 
studies
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Introduction
Maintaining proper oral hygiene is essential for ensur­

ing optimal oral health, which in turn affects the over­
all health of  the individual. Additionally, oral health has 
an  influence on self-esteem, physical and mental well-
being, as well as interpersonal contacts, thereby affecting the 
quality of life.1,2 The World Health Organization (WHO) 
defines oral health as “the state of the mouth, teeth and 
orofacial structures that enables individuals to perform 
essential functions such as eating, breathing and speaking, 
and encompasses psychosocial dimensions such as self-
confidence, well-being and the ability to socialize and 
work without pain, discomfort or embarrassment. Oral 
health varies over the life course from early life to old age, 
is integral to general health and supports individuals in 
participating in society and achieving their potential”.3 

The etiology of the majority of oral diseases, including 
caries and periodontal diseases, is determined by com­
mon etiological factors that are shared with many chronic 
diseases.4,5 These factors include lifestyle and associated 
poor nutrition, smoking, alcohol, drugs, and poor hygiene 
practices.6 The primary means of enhancing oral health 
are interdisciplinary health promotion and prevention 
strategies, targeting the needs of  the individual and the 
population.7,8 An individual’s oral health behavior is influ­
enced by a multitude of factors, including socioeconomic 
status, sex, level of  education and knowledge, and atti­
tudes toward oral health.9,10 However, consistent adher­
ence to recommended behaviors, such as brushing at least 
twice a day, cleaning interdental surfaces and using fluo­
ride, has been proven to effectively reduce the frequency 
and severity of dental caries.11 The international evidence 
base demonstrates that the use of  fluoride reduces the 
susceptibility of  teeth to caries and demineralizes early 
enamel damage, contributing to a  significant and rapid 
reduction in the incidence of caries.12–19 Despite the wide­
spread availability of modern toothbrushes, toothpastes, 
rinses, and a range of other oral hygiene products used in 
home prophylaxis, the inadequate level of health educa­
tion remains the limiting factor.20,21 

A notable increase in pro-health awareness has been 
observed among the Polish population over time. 
However, epidemiological data indicates that the oral health 
of  adult Poles remains unsatisfactory, as evidenced by 
the data presented. A  notable decline in the prevalence 

of dental caries and a reduction in the number of  tooth 
extractions due to caries among individuals aged 34–44 
years has been observed in the 2019 study compared to 
the 2010 study.22 However, the value of the decay-missing-
filled (DMF) index remained relatively high.22

Studies have indicated that the pro-health behaviors 
exhibited by the population deviate from the established 
standard.22 A  significant proportion of  respondents stated 
that their most recent dental visit was prompted by 
toothache and the necessity for immediate treatment, 
rather than routine check-ups and preventive care.22 

This phenomenon is associated with a  lack of  compre­
hension regarding the significance of  prevention, which 
consequently results in inferior health outcomes. The 
allocation of resources toward oral health education has 
the potential to reduce the financial burden associated 
with the control and management of  dental caries and 
its associated complications. Numerous studies have 
attested to the efficacy of  fluoride; however, the WHO 
announcement regarding its potential neurotoxic effect has 
led to an increasing number of patients discontinuing its 
use.23–25 Despite the clear stance of experts on the safety 
of fluoride compounds in oral care products, some indi­
viduals refrain from using them. Furthermore, there has 
been a notable increase in social media discourse addressing 
public concerns about healthy living. Consequently, 
natural and organic oral care products have become more 
popular.26 This phenomenon may contribute to the dis­
semination of  misinformation about fluoride on online 
platforms.27 Further research is necessary to evaluate the 
extent and implications of this trend.

The objective of  this study was to assess the level 
of knowledge about the etiology of dental caries, health-
promoting behaviors, and the role of fluoride compounds 
in preventing dental caries among the adult population 
residing in the Masovian Voivodeship in Poland. Addi­
tionally, the study aimed to identify factors that influence 
appropriate health-promoting attitudes among the stud­
ied population, thereby providing insights into the effec­
tiveness of current oral health education and practices.

Material and methods
The present study was conducted from December 30, 

2022, to April 27, 2023. A  quantitative cross-sectional 

Highlights

	• Knowledge of health-promoting behaviors related to oral health remains at an unsatisfactory level.
	• Preventive programs focused on dental caries are needed for more effective oral health promotion in adults.
	• Patient education and habit formation should involve dental professionals as the primary source of accurate oral 

health information.
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methodology was employed using a questionnaire. Eligi­
bility for participation in the study was determined based 
on specific inclusion and exclusion criteria. Individuals 
who met the following criteria were included in the study: 
age >18 years; possessing at least 5 permanent teeth; having 
no professional affiliation with the field of dentistry; and 
residing in the Masovian Voivodeship. Conversely, indi­
viduals under the age of 18, with fewer than 5 permanent 
teeth, those professionally involved in dentistry (e.g., den­
tists, hygienists, dental assistants, or dental students), and 
those residing outside the Masovian Voivodeship were 
excluded from the study. All individuals who met the 
inclusion criteria were considered eligible to participate 
in the study.

The survey was designed to be anonymous and con­
sisted of 21 questions (supplementary material – available 
on request from the corresponding author). The first 
5  questions were designed to collect sociomedical data 
using a  single-choice format. The subsequent 16  ques­
tions included both single- and multiple-choice options 
and focused on health awareness and attitudes, as well as 
the sources of information regarding health and hygiene 
habits of the respondents.

In addition, for the purpose of the survey, we have dis­
tinguished the attitude of the “ideal patient” based on cur­
rent medical knowledge. To qualify as the “ideal patient”, 
respondents were required to correctly answer 6 out 
of the 16 questions regarding health awareness, including 
4 key questions. The key questions posed to the respon­
dents were as follows:
1.	How often do you brush your teeth? The correct answers 

were: “twice a day” or “three times a day or more”; 
2.	Do you use toothpaste with fluoride? The correct answer 

was: “yes”;
3.	Do you floss your teeth? The correct answer was: “yes, 

regularly”; 
4.	How long do you brush your teeth? The correct answers 

were: “2 minutes” or “more than 2 minutes”.
The data was collected using the computer-assisted 

web interviewing (CAWI) method with a Google Forms 
(Google LCC, Moutain View, USA) survey. The survey 
was meticulously designed to ensure participant anonym­
ity, guarantee data confidentiality, and encourage candid 
responses. The survey link was disseminated through 
local Facebook groups specifically targeted to the Mazovian 
Voivodeship. Additionally, the participants were encour­
aged to share the survey link with their acquaintances 
residing in the Mazovian Voivodeship. The invitation to 
participate in the survey explicitly stated that only resi­
dents of the Mazovian Voivodeship were eligible to take 
part in the study. To maintain the integrity of the data, the 
Google Forms platform was configured to block multiple 
submissions from the same user, ensuring that each par­
ticipant completes the survey only once.

Ethics approval for the study was obtained from the 
Bioethics Committee of  the Medical University of Warsaw 

(No. AKBE/143/2022). The participants were informed 
about the purpose of the study and the potential benefits 
through the survey platform. Completion and submission 
of  the survey were considered consent for participation 
in the study.

Statistical analysis 

Descriptive statistics were employed to summarize the 
basic characteristics of  the study group, thereby provid­
ing the number and percentage of responses to each ques­
tion in the survey. A  subsequent comparison was made 
between the residents from rural and urban areas regard­
ing their behaviors and knowledge levels using the χ2 test. 
This analysis provided a  foundational understanding 
of the general characteristics of the survey data.

Inferential analysis was conducted using a  logistic 
regression model to explore the relationships between 
various independent variables (e.g., age, sex and socioeco­
nomic status) and dependent variables related to health-
promoting behaviors and knowledge levels. The model 
parameters were estimated using the maximum likeli­
hood estimation (MLE) method. This analysis was instru­
mental in identifying the key factors that influence the 
adoption of health-promoting behaviors among the adult 
population of  Warsaw and its surrounding areas. Odds 
ratios (ORs) were calculated for each predictor within 
the logistic regression model, along with their 95% con­
fidence intervals (CIs), thus enabling the quantification 
of the strength and precision of the observed associations.

A significance level of 0.05 was adopted for all statistical 
analyses in this study. Statistical significance was assigned 
to results with a  p-value of  0.05 or lower, indicating 
that the observed effects have less than a 5% probability 
of  being attributable to random variation. All statistical 
analyses were performed using STATISTICA v. 13.3 (TIBCO 
Software, Inc., Palo Alto, USA) under a license from the 
Medical University of Warsaw.

Results 
A total of 680 questionnaires were initially collected, with 

37 subsequently excluded for failing to meet the established 
criteria, resulting in a final sample size of 643 participants. 
The age distribution among the respondents exhibited 
variability, with the largest group being those aged 18–25, 
constituting 29.86% of the sample. A significant majority 
of  the participants were female, representing 73.56% 
of  the study group. Regarding educational attainment, 
60.19% of the respondents held higher education degrees, 
while 36.24% had completed secondary education and 
3.57% had finished primary education. The majority 
of  the participants resided in towns or cities (58.48%), 
with the remainder living in rural areas (41.52%). 
The respondents exhibited a wide range of income levels, 
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with 54.74% reporting average income, 28.77% earning 
above average, and 16.49% below average. A comprehensive 
overview of  the sociodemographic characteristics of  the 
study group is presented in Table 1.

The vast majority of respondents followed the principles 
of oral prophylaxis. It is important to note that nearly 80% 
of respondents indicated that their source of  information 
was a dentist. Statistically significant differences were iden­
tified in relation to the place of  residence of  the respon­
dents. A higher percentage of people living in cities used 
information from their family than those living in rural 
areas. The study population included individuals who had 
never received professional oral hygiene instruction. 

The research results indicate that the role of fluoride in 
caries prevention is unsatisfactory. Some individuals con­
sider it harmful and therefore do not use fluoride tooth­
paste. In the surveyed population, nearly 20% of respon­
dents lacked awareness regarding the presence of fluoride 
in their toothpaste. In addition, 40% of  respondents did 

Table 2. Responses to the survey questions regarding the oral health habits and knowledge of the study group in relation to the place of residence

Question Answer Respondents
Area of residence

rural urban p-value

What factors regarding 
oral hygiene are 
important to you? 

healthy teeth 596 (92.69) 249 (92.91) 347 (92.53) 0.856 

white teeth 249 (38.72) 91 (33.96) 158 (42.13) 0.036* 

no caries 411 (63.92) 162 (60.45) 249 (66.40) 0.121

healthy gums 414 (64.39) 153 (57.09) 261 (69.60) 0.001* 

Where do you get your 
knowledge about oral 
hygiene?

I have never received instructions 
on this subject

48 (7.47) 16 (5.97) 32 (8.53) 0.223 

from parents/family members 237 (36.86) 84 (31.34) 153 (40.80) 0.014*

from the dentist 494 (76.83) 197 (73.51) 297 (79.20) 0.092 

from advertisements 83 (12.91) 36 (13.43) 47 (12.53) 0.737 

at school 91 (14.15) 41 (15.30) 50 (13.33) 0.481 

In your opinion, what 
is the most important 
factor limiting the 
development of tooth 
decay?

brushing your teeth 196 (30.48) 75 (27.99) 121 (32.27) 

0.210
using fluoride toothpaste 21 (3.27) 12 (4.48) 9 (2.40) 

brushing your teeth and using 
fluoride toothpaste are equally 

important
426 (66.25) 181 (67.54) 245 (65.33) 

How often do you 
brush your teeth? 

less than once a day 17 (2.64) 8 (2.99) 9 (2.40) 

<0.001*
once a day 91 (14.15) 51 (19.03) 40 (10.67) 

two times a day 448 (69.67) 188 (70.15) 260 (69.33) 

three times a day or more 87 (13.53) 21 (7.84) 66 (17.60) 

What kind of 
toothbrush do you use?

manual 289 (44.95) 134 (50.00) 155 (41.33) 

0.055
electric 123 (19.13) 54 (20.15) 69 (18.40) 

sonic 138 (21.46) 48 (17.91) 90 (24.00) 

both manual and electric 93 (14.46) 32 (11.94) 61 (16.27) 

Do you use toothpaste 
with fluoride? 

yes 415 (64.54) 186 (69.40) 229 (61.07) 

0.090no 100 (15.55) 37 (13.81) 63 (16.80) 

I don’t know 128 (19.91) 45 (16.79) 83 (22.13) 

Do you floss your teeth? 

yes, occasionally 280 (43.55) 109 (40.67) 171 (45.60)

0.048*yes, regularly 155 (24.11) 58 (21.64) 97 (25.87) 

no 208 (32.35) 101 (37.69) 107 (28.53) 

Do you use oral rinses?

yes 173 (26.91) 76 (28.36) 97 (25.87) 

0.769no 230 (35.77) 93 (34.70) 137 (36.53) 

yes, occasionally 240 (37.33) 99 (36.94) 141 (37.60) 

Table 1. Sociodemographic characteristics of the study group (N = 643)

Variable Respondents, n (%)

Sex
female 473 (73.56)

male 170 (26.44)

Age  
[years]

18–25 192 (29.86)

26–35 125 (19.44)

36–45 132 (20.53)

46–65 147 (22.86)

>65 47 (7.31)

Education

primary 23 (3.57)

secondary 233 (36.24)

higher 387 (60.19)

Place of residence
village 268 (41.68)

town/city 375 (58.32)

Income

below average 106 (16.49)

average 352 (54.74)

above average 185 (28.77)
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not know which toothpaste they were currently using, 
relying on the toothpaste available at home. More than 
a third of respondents acknowledged that their purchase 
decisions were influenced by factors such as price and 
advertising. These observations were consistent across 
both rural and urban areas.

The statistical analysis demonstrated that place 
of  residence is a  significant factor in attitudes toward 

oral health priorities. Individuals residing in urban 
areas were more likely to report that having white teeth 
and healthy gums is important to them, compared to 
those living in rural areas. Similar trends were identi­
fied in the frequency of  tooth brushing, flossing and 
mouth washing after brushing. Table  2 presents the 
detailed responses to the questions included in the 
questionnaire.

Question Answer Respondents
Area of residence

rural urban p-value

What oral rinses do you 
use?

mouthwash containing fluoride 190 (29.55) 88 (32.84) 102 (27.20) 

0.372
chlorhexidine rinse 76 (11.82) 25 (9.33) 51 (13.60) 

alcohol rinse 84 (13.06) 35 (13.06) 49 (13.07) 

mouthwash with essential oils 25 (3.89) 11 (4.10) 14 (3.73) 

What influences your 
choice of toothpaste?

price 211 (32.81) 86 (32.09) 125 (33.33) 0.741 

taste 182 (28.30) 75 (28.00) 107 (28.53) 0.879 

advertisements 76 (11.82) 35 (13.06) 41 (10.93) 0.410 

I use the paste that I currently have 
at home

258 (40.12) 102 (38.06) 156 (41.60) 0.367 

I don’t know 85 (13.22) 35 (13.06) 50 (13.33) 0.920 

What is the effect of 
fluoride in toothpaste?

it cleans teeth 111 (17.26) 56 (20.90) 55 (14.67) 0.039*

it protects against caries 485 (75.43) 200 (74.63) 285 (76.00) 0.690 

it refreshes the oral cavity 70 (10.89) 27 (10.07) 43 (11.47) 0.576 

it whitens teeth 39 (6.07) 20 (7.46) 19 (5.07) 0.209

it has a negative impact on health 35 (5.44) 10 (3.73) 25 (6.67) 0.106 

I don’t know 96 (14.93) 37 (13.81) 59 (15.73) 0.499 

When do you brush 
your teeth?

before breakfast 246 (38.26) 102 (38.06) 144 (38.40) 0.930 

after breakfast 372 (57.85) 136 (50.75) 236 (62.93) 0.002*

before dinner 14 (2.18) 6 (2.24) 8 (2.13) 0.928 

after dinner 240 (37.33) 97 (36.19) 143 (38.13) 0.616 

right before bed 434 (67.50) 167 (62.31) 267 (71.20) 0.018* 

How long do you brush 
your teeth?

half a minute or less 23 (3.58) 9 (3.36) 14 (3.73) 

0.939

1 min 89 (13.84) 39 (14.55) 50 (13.33) 

<2 min 124 (19.28) 54 (20.15) 70 (18.67) 

2 min 239 (37.17) 95 (35.45) 144 (38.40) 

>2 min 168 (26.13) 71 (26.49) 97 (25.87) 

How much toothpaste 
do you use?

size of a pea 131 (20.37) 58 (21.64) 73 (19.47) 

0.108

about 0.5 cm 111 (17.26) 36 (13.43) 75 (20.00) 

about 1 cm 176 (27.37) 81 (30.22) 95 (25.33) 

about 2 cm 67 (10.42) 33 (12.31) 34 (9.07) 

I apply the toothpaste to the 
electric toothbrush once during 

a single brushing session
144 (22.40) 53 (19.78) 91 (24.27) 

I apply the toothpaste to the 
electric toothbrush twice during 

a single brushing session
14 (2.18) 7 (2.61) 7 (1.87) 

Do you rinse your 
mouth with water after 
brushing your teeth?

I don’t rinse 59 (9.18) 22 (8.21) 37 (9.87) 

0.037*
yes, occasionally 42 (6.53) 11 (4.10) 31 (8.27) 

yes, often 56 (8.71) 18 (6.72) 38 (10.13) 

yes, always 486 (75.58) 217 (80.97) 269 (71.73) 

How much water do 
you use to rinse your 
mouth after brushing 
your teeth?

a handful of water 217 (33.75) 81 (30.22) 136 (36.27) 

0.091
two handfuls of water 190 (29.55) 77 (28.73) 113 (30.13) 

half a glass of water 137 (21.31) 70 (26.12) 67 (17.87) 

a full glass of water 43 (6.69) 20 (7.46) 23 (6.13) 

* statistically significant (p < 0.05, χ2 test). Data presented as frequency (percentage) (n (%)).
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Figure  1 provides a  comprehensive overview of  oral 
hygiene practices, focusing on daily routines that con­
tribute to oral health. The analysis reveals varied adher­
ence to recommended practices, which are critical 
for maintaining a  healthy oral cavity. The majority of 
respondents (83.2%) brush their teeth twice a day or more 
often, adhering to dental recommendations, while 14.15% 
of the participants brush their teeth once a day. A mere 
2.6% of the respondents brush less than once a day, indicat­
ing a strong general compliance with the recommended 
twice-daily brushing regimen. Furthermore, the analysis 
indicates a  high prevalence of  fluoride toothpaste 
usage, with 64.5% of  the participants reporting its 
incorporation in their oral hygiene routines. Concerning 
the practice of  flossing, the data reveals that less than 
half of  the respondents (43.5%) floss occasionally, while 
24.1% engage in regular flossing. Notably, 32.3% of  the 
respondents do not floss at all. With regard to the duration 
of tooth brushing, a fundamental component of effective 
oral hygiene, 37.2% of  the participants brush for the 
recommended 2  min. However, 26.1% brush their teeth 
for more than 2 min. In contrast, 19.3% of the individuals 
brush for less than 2 min, 13.8% for only 1 min, and a small 
minority (3.6%) brush for half a minute or less.

In the present study, only 95 respondents (14.8%) 
demonstrated sufficient knowledge regarding oral 
hygiene and declared behaviors that align with recom­
mended practices. The analysis revealed that sex and 
age were significant predictors of  being an  “ideal 
patient” who adheres to recommended oral hygiene 
practices. Specifically, the likelihood of men being clas­
sified as “ideal patients” was significantly lower in com­
parison to women, with OR of 0.47 (95% CI: 0.25–0.85, 
p  =  0.013), indicating that men were about 53% less 
likely to demonstrate ideal oral hygiene behaviors than 
women. Furthermore, respondents aged 46–65 showed 
a significantly higher probability of adhering to recom­
mended oral hygiene practices, with OR of 2.90 (95% CI: 
1.49–5.64, p = 0.002), suggesting that they were almost 
3 times more likely to adhere to recommended practices 
compared to the youngest age group (18–25 years). 
Other age groups did not show significant differences 
when compared to the reference group. The analysis 
revealed that other sociodemographic variables such 
as education, place of residence and income level did 
not demonstrate a significant correlation with the like­
lihood of being an “ideal patient” (Table 3).

Fig. 1. Overview of oral hygiene practices in the study group (N = 643)
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Discussion
The survey provided valuable information regarding 

the etiology of the high incidence of caries and periodon­
tal diseases in the Polish population. The obtained results 
indicated that health awareness and related attitudes 
remain at a low level. The majority of respondents follow 
the basic rules of  oral prevention, which is limited to 
brushing their teeth twice a day without regular flossing 
or using additional measures, e.g., fluoride rinses.

Socioeconomic status is an  important determinant 
of health status, with its impact being manifested through 
dietary habits, hygiene practices and health awareness. 
The systemic changes that Poland has undergone have 
had a significant impact on the health status of the society. 
The general availability of  a  wide range of  oral hygiene 
products, the development of the private sector, increased 
health awareness, but also the collapse of  institutional 
dental care and relatively low expenditure on the medi­
cal sector create a  situation that is difficult to assess 
unequivocally. Recent studies have indicated that individuals 
from families with a higher socioeconomic status exhibit 
a significantly better health status with respect to dental 
caries and periodontal diseases.28–30 Similar trends have 
been observed in Polish society.22 Despite the improve­
ment in clinical parameters, a certain percentage of adult 
patients continue to experience the adverse effects of car­
ies, gum and periodontal diseases in their daily lives.31 In 
the present study, place of residence, reported income or 
education did not have a  significant impact on the pro-
health attitudes of respondents in the ideal patient model. 
However, the statistical analysis of the survey’s questions 

sheds light on several additional aspects. The difference 
in attitudes between urban and rural residents was partic­
ularly interesting in relation to sources of dental informa­
tion. Parents and family were statistically more frequently 
mentioned by urban residents. This finding underscores 
the important role of  the dentist as a  reliable source 
of knowledge and information for patients. Previous epi­
demiological studies have highlighted the lack of preven­
tion and hygiene education in dental practices.32 Routine 
dental visits present an  opportunity for healthcare pro­
fessionals to not only assess the risk of caries but also to 
motivate patients and update their knowledge. A  study 
by Verploegen and Schuller revealed that patients receive 
insufficient information from the dental team during 
office visits.33 Additionally, an increasing number of adults 
acquire health-related knowledge from the Internet.33 
While the Internet and social media may enhance health 
awareness, they do not necessarily motivate or increase 
self-efficacy in health promotion. This highlights the 
significance of  providing evidence-based information in 
the dental office to modify patient behavior. The results 
of  the study confirmed that dental professionals remain 
the most reliable source of  information concerning pre­
vention and oral health.34

The study respondents residing in urban areas were 
more likely to prioritize the importance of white teeth 
and healthy gums than respondents from rural areas. 
Similar trends were identified in relation to the frequency 
of brushing, flossing and mouth washing after brushing. 

A total of 473 women and 170 men participated in the 
study, indicating that women are the more active and 
health-oriented group. At the same time, women exhibited 

Table 3. Logistic regression analysis of factors influencing ideal oral hygiene behaviors in the study group

Predictor Level b OR 95% CI Z p-value

Intercept – −1.85 0.16 0.03–0.78 −2.272 0.023*

Sex
female (ref.) – – – – –

male −0.77 0.47 0.25–0.85 −2.494 0.013

Age  
[years]

18–25 (ref.) – – – – –

26–35 0.25 1.28 0.59–2.77 0.636 0.525

36–45 0.47 1.60 0.76–3.38 1.228 0.219

46–65 1.07 2.90 1.49–5.64 3.142 0.002*

>65 −1.64 0.19 0.02–1.51 −1.564 0.118

Education

primary (ref.) – – – – –

secondary −0.12 0.89 0.18–4.34 −0.151 0.880

higher 0.29 1.34 0.28–6.41 0.369 0.712

Place of residence
village (ref.) – – – – –

town/city 0.17 1.18 0.73–1.91 0.675 0.500

Income

below average (ref.) – – – – –

average −0.64 0.53 0.27–1.03 −1.883 0.060

above average −0.22 0.81 0.39–1.66 −0.588 0.557

* statistically significant (p < 0.05); b – unstandardized regression coefficient; OR – odds ratio; CI – confidence interval.
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a  higher level of  knowledge and pro-health behavior. This 
phenomenon has been observed consistently over many 
years, not only in Polish society.35–37 A  notable finding 
was obtained in relation to the age of  the respondents. 
Individuals over the age of  40 exhibited more favorable 
attitudes toward oral health maintenance. In contrast, 
an  inverse relationship was described in the study by 
Jensen et al.21 The authors observed that individuals over 
35 years of age exhibited less favorable attitudes toward 
health promotion. These behaviors were particularly pro­
nounced in the senior patient group.21

As individuals age, the importance of health increases 
due to the fact that the quality of life tends to deteriorate 
and there is an  increase in limitations in independent 
functioning. While this relationship is evident in relation 
to general health, it remains insufficiently understood 
in relation to oral health. A growing number of patients 
prioritize the aesthetic appearance of  their teeth, often 
neglecting their functional role.38 The majority of respon­
dents acknowledged the significance of healthy teeth, yet 
their responses indicated a  lack of  awareness regarding 
the progression of  caries and the condition of  the peri­
odontium, suggesting a  potential knowledge gap con­
cerning these health concerns. Notably, individuals who 
considered the condition of  their gums important and 
utilized chlorhexidine mouthwash, presumably due to 
underlying periodontal problems, presented more favorable 
pro-health attitudes. The hygienization phase of the treat­
ment of  patients with periodontal disease necessitates 
their adherence to recommendations. The prolonged 
nature of  the treatment, which includes instruction, 
motivation and repeated professional dental cleaning proce­
dures, contributes to patients’ greater awareness and 
attention to maintaining good oral hygiene. The formation 
of proper health-promoting attitudes is implemented, but 
in practice, for a considerable number of individuals, this 
process ends during early childhood and school years. 
The situation is particularly problematic for adults, espe­
cially the senior population, for whom dental prophylaxis 
is often inadequate. 

According to experts in the field, the theories regard­
ing the adverse effects of  fluoride are exaggerated and 
the concentration of  this element in oral care products 
is sufficiently low to be considered safe.39 Furthermore, 
there are no studies that associate fluoride in toothpaste 
with negative health effects. At the same time, there has 
been an increase in the number of patients who are aware 
of  the contemporary world’s demands and the transfor­
mations witnessed in recent years. Green dentistry, a con­
cept linked to sustainable development, has emerged as 
a  response to the pressing need for improvement in 
social, environmental and economic standards.26 However, 
a  paucity of  studies has been conducted on the subject 
of  organic toothpastes. Notably, none of  the studies 
included comments on this topic. This may indicate that the 
promotion of these products is still insufficient. Price and 

advertising have been identified as the most common 
determinants of toothpaste purchase.

An effective oral hygiene routine includes brushing 
teeth twice a day, cleaning the interdental spaces, rinsing 
the mouth, using sugar-free gum, and maintaining 
an  appropriate diet that limits the intake of  products 
containing carbohydrates, including hidden sources. 
A study conducted in the late 1990s sought to assess the 
oral health of  the Polish population and revealed a  lack 
of  awareness regarding health among patients.34 At the 
time, the utilization of dental floss and the proper cleaning 
of interdental surfaces were the indicators of awareness. 
The authors found that while most respondents were 
aware of  flossing, approx. 1 in 7 men and 1 in 4 young 
women actually practiced it.34 Residential environment did 
not significantly differentiate either the awareness of  the 
role of  flossing or its use. In our research, improvements 
were noted in the issue at hand. After approx. 25 years, 
regular flossing has become a  regular part of  daily oral 
hygiene for a quarter of the respondents.

Limitations 

The study’s limitations include the selection of  the 
population, which was focused on dwellings in Warsaw 
and its environs (Masovian Voivodeship). Therefore, the 
results obtained may be more favorable compared to 
the rest of  the country, especially for those with lower 
incomes living in less developed areas. 

To enhance the data collection process, it was decided 
to conduct the survey electronically. As a result, the study 
population consisted only of  individuals with Internet 
access. Moreover, the nature of the survey design may have 
encouraged responses that were intended to improve the 
subjects’ image, which could have resulted in the presen­
tation of falsified data.

Conclusions
The outcomes of this research indicate that the popula­

tion under study lack sufficient knowledge of oral health. 
The necessity for the implementation of effective domes­
tic oral hygiene care measures is underscored. This study 
emphasizes the need to introduce comprehensive oral 
health education programs tailored to the adult Polish 
population, given the absence of dedicated programs for 
this demographic.

Ethics approval and consent to participate 

Ethics approval for the study was obtained from the 
Bioethics Committee of  the Medical University of Warsaw 
(No. AKBE/143/2022). Completion and submission of the 
survey were considered consent for participation in the 
study.
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Abstract
Background. Erbium family lasers have been used as an alternative method for the treatment of dental 
caries in deciduous teeth, in comparison to traditional methods.

Objectives. The study aimed to determine the most optimal erbium-doped yttrium-aluminum-garnet 
(Er:YAG) laser settings for carious lesions in deciduous teeth on different surfaces with the evaluation 
of treatment time and pain level on a visual analog scale (VAS). 

Material and methods. The randomized clinical trial involved 66 teeth with deep caries in 33 children 
aged 3–8 years, divided into 2 study groups: Er:YAG laser (test group); and conventional treatment with 
a dental turbine (control group). The time required for caries removal and cavity preparation using both 
methods was recorded. The inclusion criteria encompassed generally healthy pediatric patients, pain-free 
subjects, first-time dental appointment, and unicuspid primary teeth with caries. Dental caries treatment 
was performed without the administration of local anesthesia.

Results. The cavity preparation time was on average 2.5 times longer when the Er:YAG laser was used 
compared to the conventional method. The study demonstrated the effectiveness of  the Er:YAG laser in 
hard tissue preparation of deciduous teeth with a pulse energy of 230 mJ for enamel preparation, mainly 
on occlusal and proximal surfaces, and with a pulse energy of 120 mJ and 150 mJ for dentin preparation. 
Optimum operating frequencies were 10 Hz and 20 Hz with corresponding water consumption. The level 
of discomfort among the laser-treated patients indicated 0 based on VAS, meaning no pain. Among 
patients treated with the traditional method, the pain level averaged 5.27.

Conclusions. The use of  the Er:YAG laser offers substantial advancements in comparison to traditional 
treatment with dental turbines by enhancing the overall comfort during caries therapy in children. It fosters 
better patient cooperation and reduces the need for intraoperative anesthetics due to its minimally invasive 
nature and the fact that it is a relatively quiet operation. This approach minimizes anxiety and discomfort 
often associated with dental procedures, making them more amenable to children.

Keywords: pain, dental caries, laser, primary teeth, Er:YAG
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Introduction
Maintaining primary dentition until its natural 

replacement by permanent teeth is extremely important. 
Unfortunately, the treatment of  primary teeth is still 
underappreciated by parents and dental practitioners. This 
phenomenon is also reflected in the limited number of sci­
entific publications addressing this subject. If dental caries 
in primary teeth progresses to apical periodontitis, it can 
impact the tooth germ of the developing permanent teeth, 
increasing the risk of caries in newly erupted permanent 
teeth. The contemporary field of restorative dentistry for 
primary teeth places a significant emphasis on the utili­
zation of minimally invasive techniques for the prepara­
tion and filling of  carious lesions. Traditionally, turbine 
drills and micromotors were used. However, the loud 
sound and intense vibrations from rotary instruments 
often diminish children’s cooperation during treatment 
and contribute to the development of  dental anxiety in 
children. Therefore, with the advancement of technology, 
there is an  increasing demand for contemporary meth­
ods of  caries treatment that do not provoke negative 
experiences in children. One such method involves the use 
of the erbium-doped yttrium-aluminum-garnet (Er:YAG) 
laser.1–4 High-power laser light is known due to its bacte­
ricidal effect.5–18 This property of laser can reduce the risk 
of secondary infections and recurrent caries, contributing 
to long-lasting restorations. Erbium family lasers operate 
through a process known as thermo-mechanical ablation, 
as they are highly absorbed by the water chromophore 
within dental carious tissue. This interaction leads to the 
precise and minimally invasive removal of  decayed tis­
sue. The water content present in primary dental tissue 
is higher than in permanent teeth due to its lower degree 
of mineralization, which results in higher energy absorp­
tion. Lasers efficiently remove decayed and infected tis­
sue without affecting the healthy parts of the tooth. Thus, 
lasers require different parameters for caries ablation in 
primary teeth compared to permanent teeth. However, 
current research has yet to establish definitive guidelines 
for the optimal physical parameters of  the Er:YAG laser 

in the minimally invasive treatment of carious lesions in 
primary teeth. These teeth have a different structure from 
permanent teeth and thus require different physical 
parameters for proper cavity preparation.19–21

The null hypothesis of  this study posits that the use 
of the Er:YAG laser for the preparation of carious lesions 
in primary teeth requires the application of  a  radiation 
beam perpendicular to the direction of  enamel prisms 
and dentinal tubules, with appropriate low voltage deliv­
ered through a  small-diameter optical fiber, along with 
significant water cooling. This approach is predicted to 
have no effect on pulp vitality and should not reduce pain 
sensations during the procedure.

The aim of the study was to determine the optimal set­
tings for the Er:YAG laser in treating advanced lesions 
in the enamel and dentin of  primary teeth on occlusal, 
interproximal and smooth surfaces. This investigation was 
conducted through the implementation of  randomized 
clinical trials. The settings were compared to conventional 
methods for treating caries in primary teeth. The time 
required to prepare the cavity using the laser and conven­
tional methods was examined. A  pulp tester (Digitest® 
Pulp Vitality Tester; Parkell Inc., Edgewood, USA) was 
used to assess the impact of  both methods on the pulp 
of  the treated primary teeth before and immediately 
after cavity preparation. Additionally, the pain perception 
of  young patients in both the laser and conventional 
groups was evaluated.22–25

Material and methods

Ethics approval 

The study was designed as a  randomized controlled 
trial. The Ethics Committee of Wroclaw Medical University, 
Poland approved the study (approval No. KB-547/2021), 
and informed consent was obtained from all participating 
subjects, as stipulated in the Declaration of Helsinki. This 
study was registered with the ISRCTN (International 
Standard Randomised Controlled Trial Number) Registry 
under the reference No. 45696-OH7CP3.

Highlights

	• The Er:YAG laser enables effective, minimally invasive cavity preparation in deciduous teeth of children aged 3–8 years, 
with reduced need for local anesthesia.

	• Patients treated with the laser reported no pain (VAS: 0), compared to moderate pain experienced in the conventional 
treatment group (VAS: 5.27).

	• Despite longer procedure time, children showed better cooperation and preferred laser treatment for future visits.
	• The Er:YAG laser preserved pulp vitality, while conventional treatment caused significant increases in post-treatment 

readings, suggesting pulpal irritation.
	• Standardized laser parameters such as the applicator type, angle, distance, and movement are essential for safe and 

effective pediatric dental procedures.
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Study sample 

Initially, a total of 47 subjects (94 teeth) were evaluated 
for eligibility. Of these, 14 patients (28 teeth with caries) 
were excluded from the study. This group included 
11  children (22 teeth) who did not participate due to 
previous dental office visits, 2 individuals (4 teeth) who 
refused to participate, and 1 patient (2 teeth) who dropped 
out of the study due to an existing systemic disease. This 
randomized, split-mouth clinical trial involved 66 teeth 
affected by deep caries (33 subjects of both sexes; age: 
3–8 years). The sample size was calculated to be 33 in 
each group using the G*Power v.  3.1 (Kiel University, 
Kiel, Germany) software, assuming 80% power, 95% 
confidence intervals, a level of significance of 0.05, and 
d  =  0.62, based on preliminary studies conducted on 
a  smaller number of  subjects. Each tooth on the test 
side (n = 33) of the maxilla or mandible was treated with 
the Er:YAG laser, while the teeth on the opposite side 
(n = 33) served as a control group and received conven­
tional treatment (Fig. 1).

The inclusion criteria encompassed children who had 
visited a dental office for the first time in their lives for 
a  dental examination and possible conservative treat­
ment, healthy children who were not taking any medica­
tion, subjects who did not report any pain when coming 
to the office, subjects aged 3–8 years, and patients with 
unicuspidal deciduous teeth with deep caries. The same 
dentist treated all patients.

The initial visit did not include caries treatment. Instead, 
the children underwent a series of adaptive visits, tailored 
to their age and individual needs. This was followed by 
a  comprehensive dental examination that included oral 
hygiene instruction, dietary guidelines, and a procedure 
to clean plaque from all teeth. The dental examination 
was conducted using the DIAGNOcam™ Vision Full HD 
diagnostic device (KaVo, Biberach, Germany) to identify 
occlusal and proximal caries in primary teeth. Patients 
presenting with carious lesions of  similar severity in 
unicuspidal teeth were eligible for inclusion in the study. 
The decision as to which tooth would be treated with the 
conventional method and which with the laser method, 
as well as the method of the initial cavity preparation were 
selected through computerized randomization (blinding). 
The computer program determined whether the initial 
preparation would be conducted using conventional 
methods or the Er:YAG laser.

The conventional treatment was initiated in 12 patients, 
and the laser was employed as the initial treatment 
modality in 21 patients. The conservative management 
of  deciduous teeth was conducted without the use 
of anesthetics (Fig. 1).

Treatment procedures 

This study evaluated the efficacy of different treatment 
modalities for the removal of  dental caries. One group 
of  patients received treatment with the Er:YAG laser 
(AdvErL Evo; Morita, Kyoto, Japan), while the other group 
was treated with a turbine featuring diamond drills, water 
and air cooling, and a slow-speed tip with rose drills and 
air cooling.

Characteristics of the conventional method 

In the traditional method, a  turbine with blue-coated 
diamond drills (19  mm long, sizes 012–018), as well as 
water and air cooling were employed to create the cavities 
and work on enamel. For dentin preparation, a slow-speed 
carbide tip (22 mm long, sizes 018–021) with air cooling 
was used. The restorative material was glass ionomer.

Laser settings 

A summary of the laser settings utilized for each group 
of  cavities is presented in Tables  1–3. The following 
Er:YAG laser parameters were employed in the enamel on 
all surfaces: a frequency of 10 Hz for cavity opening and 
20 Hz for enamel modification; a pulse energy of 160 mJ 
with a  400-μm diameter applicator and 230 mJ. The 
600-μm diameter applicator was used to develop cavities 
on the proximal and occlusal surfaces. On smooth sur­
faces (palatal and labial) of anterior teeth, a pulse energy 
of  150  mJ with a 600-μm diameter and a pulse energy 
of 180 mJ with a 800-μm diameter were applied.

Fig. 1. CONSORT (Consolidated Standards of Reporting Trials) 2010 
flowchart of the study
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In the surface modification procedure, the pulse energy 
was set at 50 mJ and 70 mJ for 400-μm and 600-μm 
diameter applicators, respectively. The water content values 
oscillated between 2.5–3.0 mL/min, and the air cooling 
was set to 7 on a scale from 1 to 10.

The parameters employed in dentin across all cavity 
classes were as follows: a  frequency of 10 Hz, a pulse 
energy of 120 mJ with a 600-μm diameter applicator, and 
150 mJ with an 800-μm diameter applicator, respectively. 
The water content was used at a rate of 2.0–2.5 mL/min, 
and the air cooling was set to 7 on a scale from 1 to 10. 
The pulse duration was maintained at 300 μs throughout 
the enamel and dentin treatment (Table 1).

Laser applicators, type of primary teeth 
and working surfaces 

The procedure was conducted in a non-contact mode, 
with the applicator positioned 1 mm from the target area 
in both enamel and dentin. The occlusal and proximal sur­
faces of the enamel in deciduous molars were treated with 

applicators that had a diameter of 400 μm and 600 μm. 
The smooth palatal and labial surfaces of  the enamel 
in incisor and canine teeth were treated with a 800-μm 
diameter applicator. Regardless of  the cavity class, dentin 
was treated with applicators having diameters of 600 μm 
and 800 μm. 

During the operation, the applicator was positioned at 
a 90° angle to the tooth surface. This angle was selected as 
the ideal impact angle for laser ablation of enamel, as it is 
perpendicular to the orientation of the prisms. The proce­
dure was performed with slow, overlapping movements, 
following the recommendations outlined in Table 2.

Pulp vitality

The Digitest® Pulp Vitality Tester was employed to 
assess the vitality of the dental pulp. The device quantifies 
pulp vitality on a scale ranging from 0 to 80 (0–40 – vital 
pulp; 40–80 – pulpitis; <80 – necrotic pulp). The pulp 
responses of  deciduous teeth were studied using both 
traditional and laser methods.

Table 2. Characteristics of laser applicators, types of primary teeth treated and working surfaces

Type 
of applicator

Diameter 
of applicator 

[μm]
Setting angle Contact/non-contact mode Type of movement 

performed

Type 
of primary 

teeth

Working 
surface

Type  
of tissue

C400F/C600F 400/600
perpendicular to the 

orientation of the prisms
non-contact mode,  

1 mm away from the target area
slow, overlapping, 

successive movements
molars occlusal

enamel 
and dentin

C600F/C800F 600/800

C400F/C600F 400/600
perpendicular to the 

orientation of the prisms
non-contact mode,  

1 mm away from the target area
slow, overlapping, 

successive movements
molars proximal

enamel 
and dentin

C600F/C800F 600/800

C600F/C800F 600/800
perpendicular to the 

orientation of the prisms
non-contact mode,  

1 mm away from the target area
slow, overlapping, 

successive movements
incisors, 
canines

palatal 
or labial

enamel 
and dentin

Table 1. Characteristics of Er:YAG laser settings (wavelength: 2,940 nm)

Type of tissue Frequency  
[Hz]

Pulse energy 
[mJ]

Type 
of applicator

Water content 
[mL/min]

Air  
cooling

Pulse duration 
[μs]

Enamel

occlusal surface 10
160 C400F

2.5–3.0 7 300
230 C600F

proximal surface 10
160 C400F

2.5–3.0 7 300
230 C600F

labial or palatal surface 
of anterior teeth

10
150 C600F

2.5–3.0 7 300
180 C800F

Dentin

occlusal surface 10
120 C600F

2.0–2.5 7 300
150 C800F

proximal surface 10
120 C600F

2.0–2.5 7 300
150 C800F

labial or palatal surface 
of anterior teeth

10
120 C600F

2.0–2.5 7 300
150 C800F

Surface modification every surface 20
50 C400F

2.5–3.0 7 300
70 C600F
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Working time 

In the preparation of carious cavities in deciduous teeth, 
the working lengths were measured using conventional 
methods and the Er:YAG laser with the aid of a stopwatch.

VAS scale 

Following the conventional and laser treatment visits, 
patients were asked to rate their pain sensations using 
emoticons according to the visual analog scale (VAS).23,24 
The results were collected and documented separately 
for the laser method and separately for the conventional 
method.

Statistical analysis 

In order to answer the research questions and test the 
hypotheses, the statistical analysis was performed using 
the IBM SPSS Statistics for Windows software, v.  26.0 
(IBM Corp., Armonk, USA). The Student’s t-test was 
employed for both dependent samples, with p < 0.05 indicat­
ing the level of statistical significance.

Results
The study’s participants included 33 subjects who 

underwent treatment with laser and conventional methods. 
The distributions for the treatment characteristics in both 
methods were examined sequentially. The laser method 

was divided into 3 stages, namely enamel treatment, dentin 
treatment and enamel modification. For each method, 
the teeth most frequently treated were molars (69.7%). 
A mere 18.2% of the treated teeth were incisors, while the 
remaining 12.1% comprised canines.

Characteristics of treatment methods 

Further characterization was related solely to the laser 
method. The most frequently selected applicator type in 
the laser method for enamel work was the C600F applica­
tor (54.5%). Over one-third (36.4%) of  the enamel work 
settings were allocated to the C400F applicator. The 
remaining parameters (9.1%) pertained to the C800F 
applicator. In the context of dentin or enamel modification, 
the majority of settings (60.6%) were associated with the 
C600F applicator. In the remaining cases (39.4%), the 
applicator type was identified as C800F.

For enamel work, the pulse energy was predominantly 
160 mJ (48.5%) and 230 mJ (33.3%). The remaining cav­
ity preparations were based on pulse energies of 150 mJ 
(9.1%) and 180 mJ (9.1%). In the case of dentin, the pulse 
energy was lower. In the majority of  cases, the energy 
level was set at 120 mJ (60.6%). The remaining studies on 
dentin employed a pulse energy of 150 mJ (39.4%), while 
enamel modification was treated with a  weaker energy 
of 50 mJ (60.6%) and 70 mJ (39.4%).

The frequency for cavity preparation on enamel and 
dentin was 100.0% at 10  Hz, while for enamel modifi­
cation, the frequency was 20  Hz (100.0%). During the 
process of  cavity preparation in the enamel area or its 

Table 3. Characteristics of the laser method and the conventional method (N = 33)

Variable
Laser method Conventional  

methodenamel dentin enamel modification

Type of primary teeth

incisors 6 (18.2) 6 (18.2) 6 (18.2) 6 (18.2)

canines 4 (12.1) 4 (12.1) 4 (12.1) 4 (12.1)

molars 23 (69.7) 23 (69.7) 23 (69.7) 23 (69.7)

Type of applicator

C400F 12 (36.4) 0 (0.0) 0 (0.0) –

C600F 18 (54.5) 20 (60.6) 20 (60.6) –

C800F 3 (9.1) 13 (39.4) 13 (39.4) –

Pulse energy  
[mJ]

50 0 (0.0) 0 (0.0) 20 (60.6) –

70 0 (0.0) 0 (0.0) 13 (39.4) –

120 0 (0.0) 20 (60.6) 0 (0.0) –

150 3 (9.1) 13 (39.4) 0 (0.0) –

160 16 (48.5) 0 (0.0) 0 (0.0) –

180 3 (9.1) 0 (0.0) 0 (0.0) –

230 11 (33.3) 0 (0.0) 0 (0.0) –

Frequency  
[Hz]

10 33 (100.0) 33 (100.0) 0 (0.0) –

20 0 (0.0) 0 (0.0) 33 (100.0) –

Water content  
[mL/min]

2.0–2.5 0 (0.0) 33 (100.0) 0 (0.0) –

2.5–3.0 33 (100.0) 0 (0.0) 33 (100.0) –

Data presented as frequency (percentage) (n (%)).
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modification, the water content was maintained at a level 
of 2.5–3.0 mL/min. In the dentin area, this value was lower 
(2.0–2.5 mL/min). The area setting for all laser prepa­
rations was set to 7, and in each case, the pulse duration 
was 300 μs. Table  3 presents the discussed data on the 
characteristics of both methods.

Subsequently, basic descriptive statistics were calculated 
for the variables of patient age, time to complete cavity 
treatment, pain as measured by the VAS, and pulp vitality 
before and after treatment. The calculations are presented 
separately for subjects treated with the laser method and 
separately for those treated with the conventional method 
(Table 4).

The analysis revealed that the average age of  the chil­
dren was 5.27 ±1.42 years. The youngest child was 3 years 
old, while the oldest was 8. The mean time to complete 
cavity preparation was 195.94 ±30.13 s among patients 
treated with the laser method. The shortest total cavity 
preparation time was recorded at 147 s, while the longest 
was 254 s. The mean time to complete cavity repair using 
the conventional method was 77.67 ±11.09 s. The short­
est amount of  time to complete cavity repair was 50  s, 
while the longest amount of  time to complete cavity 
repair was 97 s. The level of discomfort measured by the 
VAS among the laser-treated patients was 0, indicating 
no pain. Among the subjects treated with the traditional 

method, pain levels exhibited a mean of 5.27 ±2.34, with 
the lowest recorded level at 2 and the highest indicating 
maximum pain intensity. In the group that received 
laser treatment, pulp vitality remained at the same level 
before and after the intervention (25.82 ±0.85). The low­
est recorded value for pulp content in this group was 25, 
while the highest was 27. Among the children treated 
with the traditional method, differences were observed 
between the pre-operative and post-operative measure­
ments. The pre-treatment mean pulp content was found 
to be analogous to that observed in the laser group, with 
a value of 25.88 ±0.82. The lowest recoded value for pulp 
compactness was 25, while the highest was 27. Following 
treatment, the value increased to 32.30 ±2.01. The low­
est recorded value for pulp compactness was 29, while the 
highest was 35.

Descriptive statistics of the measured 
quantitative variables 

In the subsequent phase of the analysis, the distribution 
of the quantitative variables was evaluated. This objective 
was achieved by calculating basic descriptive statistics 
and applying the Shapiro–Wilk test to determine the nor­
mality of the distribution. The results of this analysis are 
presented in Table 5.

Table 4. Descriptive statistics regarding the age of children, operative time, pain, and pulp vitality in conventional and laser-treated groups

Variable M SD Min Max

Age  
[years]

5.27 1.42 3.00 8.00

Laser method

time to complete cavity treatment  
[s]

195.94 30.13 147.00 254.00

pain (VAS) 0 0 0 0

pulp vitality 
before treatment 25.82 0.85 25.00 27.00

after treatment 25.82 0.85 25.00 27.00

Conventional method

time to complete cavity treatment  
[s]

77.67 11.09 50.00 97.00

pain (VAS) 5.27 2.34 2.00 10.00

pulp vitality
before treatment 25.88 0.82 25.00 27.00

after treatment 32.30 2.01 29.00 35.00

M – mean; SD – standard deviation; Min – minimum value; Max – maximum value; VAS – visual analog scale.

Table 5. Descriptive statistics regarding pulp vitality and treatment time along with the results of the Shapiro–Wilk test

Variable M Me SD Sk Kurt Min Max W p-value

Laser method
pulp vitality

before treatment 25.82 26.00 0.85 0.37 −1.52 25.00 27.00 0.77 <0.001*

after treatment 25.82 26.00 0.85 0.37 −1.52 25.00 27.00 0.77 <0.001*

time to complete cavity treatment 
[s]

195.94 199.00 30.13 0.12 −0.64 147.00 254.00 0.96 0.331

Conventional 
method

pulp vitality
before treatment 25.88 26.00 0.82 0.23 −1.47 25.00 27.00 0.79 <0.001*

after treatment 32.30 33.00 2.01 −0.15 −1.28 29.00 35.00 0.91 0.013*

time to complete cavity treatment 
[s]

77.67 79.00 11.09 −0.28 −0.15 50.00 97.00 0.98 0.704

* statistically significant (p < 0.05); Kurt – kurtosis; Sk – skewness.
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The Shapiro–Wilk test results were found to be sta­
tistically insignificant for the time of  complete cavity 
preparation, irrespective of whether a laser or traditional 
methods were employed. This finding suggests that, when 
categorized into 2 groups, this variable approached a nor­
mal distribution. In contrast, the results of  the normal­
ity of  distribution test suggest a  distribution that does 
not align with the Gaussian curve for the other variables. 
Nevertheless, the absolute value of the skewness for each 
variable did not exceed 2, indicating a slight asymmetry 
in these distributions. Therefore, the analyses were based 
on parametric tests, provided that the remaining assump­
tions of these tests were met.

Differences in total cavity preparation 
time according to the method 

In the subsequent stage of  the statistical analysis, the 
total preparation time for 2 methods of  cavity prepara­
tion, namely the laser method and the traditional method, 
was compared using the Student’s t-test for dependent 
samples (Table 6). 

The test results were found to be statistically significant, 
indicating the presence of  a  substantial observed effect. 
This finding suggests that there are differences between 
the methods in terms of the time required to complete the 
cavity, with the laser method requiring more time than 
the conventional method.

Pulp vitality before and after conventional 
treatment 

Subsequently, the vitality of  the pulp was evaluated 
before and after treatment using the Student’s t-test for 
independent samples. This analysis was conducted exclu­
sively in the conventional treatment group. In the group 
that underwent laser treatment, the pulp vitality values 
remained consistent before and after the procedure.

The results of the test were found to be statistically sig­
nificant, indicating the presence of  notable differences 
between the measurements of pulp vitality (Table 7). The 
observed effect was of high power. In the cohort of subjects 

who received the conventional treatment modality, the 
values for pulp vitality were found to be significantly 
higher after treatment in comparison to the pre-treatment 
values. This finding suggests that the procedure may have 
had an adverse effect on the vitality of the pulp.

Discussion
The utilization of  laser technology in restorative den­

tistry remains a novel concept, not only in how it changes 
traditional treatment approaches but also in the man­
ner in which it is perceived by dental professionals and 
their patients. The utilization of the Er:YAG laser for the 
treatment of carious enamel and dentin defects provides 
a  more comfortable and safer experience for young 
patients when compared to conventional methods. The 
paucity of literature on the laser treatment of deciduous 
teeth underscores the importance of  further research in 
this area, with the aim of  developing a  protocol for the 
appropriate use of the Er:YAG laser on the hard tissue of 
deciduous teeth. The objective of this study was to identify 
the most optimal physical settings of the Er:YAG laser for 
the treatment of carious lesions in the enamel and den­
tin of deciduous teeth on occlusal, tangential and smooth 
surfaces. A  randomized clinical trial was conducted to 
compare the parameters of the Er:YAG laser settings for 
the conservative treatment of deciduous teeth in children 
with those of the conventional method.

The present study examines the reaction of  children 
to the applied treatment, with a focus on the assessment 
of pain according to the VAS. The results demonstrated 
that pediatric patients who underwent laser treatment 
did not report any pain, despite the absence of  local 
anesthesia. Conversely, the findings indicated that the 
patients participating in the study perceived the conven­
tional method to be less favorable. The children reported 
pain, as evidenced by the VAS findings. Other researchers 
have evaluated the pain experienced during the use of the 
erbium, chromium:yttrium-scandium-gallium-garnet 
(Er,Cr:YSGG) laser on permanent teeth in children24 and 
during Er:YAG laser treatment on deciduous teeth.1,25–29

Table 6. Comparison between the laser method and the traditional method based on the duration of cavity preparation

Variable
Laser method Conventional method

t p-value
95% CI

Cohen’s d
M SD M SD lower limit upper limit

Time to complete cavity treatment  
[s]

195.94 30.13 77.67 11.09 30.57 <0.001* 110.39 126.15 5.32

* statistically significant (p < 0.05, Student’s t-test); CI – confidence interval.

Table 7. Comparison of the pulp vitality before and after conventional treatment

Variable
Before treatment After treatment

t p-value
95% CI

Cohen’s d
M SD M SD lower limit upper limit

Pulp vitality 25.88 0.82 32.30 2.01 −21.76 <0.001* −7.03 −5.82 3.79

* statistically significant (p < 0.05, Student’s t-test); CI – confidence interval.
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The study also evaluated the time duration required 
for the laser treatment and the conventional treatment. 
The results indicated that operating the laser required approx. 
2.5 more time than the conventional method. Neverthe­
less, the children aged 3–8 years who participated in the 
study found the laser method more acceptable.

In conclusion, in accordance with the results of preced­
ing studies, the preparation time for laser treatment is 
approximately twice as long as that for rotary instruments. 
However, for pediatric patients, the duration of treatment 
is not the primary concern; rather, pain is the most 
important factor contributing to uncooperative behavior. 
Other studies have demonstrated that 70% of  children 
felt more comfortable during laser cavity preparation. In 
comparison, a mere 30% of children expressed a similar 
level of comfort during conventional cavity preparation. 
The study demonstrated that the utilization of laser dur­
ing tooth preparation requires more time compared to 
conventional methods. Nevertheless, children exhibit 
greater cooperation and calmness during laser treatment, 
leading to their preference for this method in subsequent 
visits.27,30,31 The aforementioned advantages of  lasers in 
pediatric dentistry result in a  less traumatic experience 
for young patients, thereby enhancing their acceptance 
of the procedure.

Eren et al. evaluated the duration of laser cavity prepa­
ration and compared it to conventional methods in sixth 
molars in patients aged 7–10 years.26 The laser preparation 
took an average of 7.4 min, while mechanical preparation 
took an average of 3.7 min. Liu et al. also investigated the 
duration of  laser cavity preparation and compared it to 
conventional methods for deciduous teeth preparation.29 
The working time with the Er:YAG laser was approx. 2.35 
times longer than that required for cavity preparation 
using conventional methods.

Laser tooth preparation entails the minimally invasive 
and selective removal of  infected carious tissue from 
cavities. The utilization of  laser techniques in hard tis­
sues yields a  minimal thermal effect or a  complete lack 
of thermal effect in the pulp of teeth undergoing prepa­
ration.31–34 This topic was also addressed in our work, 
wherein we employed the pulp tester to examine the pulp 
of the teeth under consideration. The results established 
that the laser technique does not have an influence on the 
condition of the pulp. In contrast, the utilization of rotary 
instruments has been demonstrated to enhance pulp 
viability following mechanical pulp treatment.

In the present study, a frequency of 10 Hz was employed 
for both enamel and dentin preparation, while 20 Hz was 
used exclusively for enamel modification. Upon analysis 
of other research papers and the frequency values cited 
therein, a significant discrepancy was observed, ranging 
from 2  Hz35 to 20  Hz8,36 and 25  Hz.37 The researchers 
did not differentiate between the values of  the applied 
frequency according to the work in enamel and dentin. 
In the context of laser applications, the frequency values 

of the Er,Cr:YSGG laser ranged from 20 Hz to 25 Hz,22,30,36 
while those of  the Er:YAG laser ranged from  2  Hz 
to 10 Hz.29,35,38 A review of the literature failed to reveal 
any rationale behind the significantly higher frequencies 
employed when using the Er,Cr:YSGG laser compared 
to the Er:YAG laser. Furthermore, none of the other studies 
analyzed such a relationship.

The frequency value appears to be important in the 
context of  hard dental tissues. The operational speed 
of  the Er:YAG laser is influenced not only by the laser 
beam parameters and the operator’s expertise but also by 
the chemical composition of the hard dental substance to 
be treated (enamel, dentin). Enamel is composed of 95% 
hydroxyapatite, 4% water and 1% collagen fibers, while 
dentin is composed of 70% hydroxyapatite, 20% collagen 
fibers and 10% water.39 The hard tissue of  the tooth 
affected by caries contains more water than healthy tissue, 
which means that the speed of laser treatment in dentin is 
higher than that in enamel. This allows the caries tissue to 
be removed more easily and quickly than healthy tissue. 
It is essential to control the parameters during laser cavity 
treatment in accordance with the principles of minimally 
invasive dentistry. When working in enamel, the fre­
quency parameters may exceed those employed in dentin, 
particularly within the region of the intraosseous wall.37,40

Another parameter that was assessed was the diameter 
of the applicator used. The diameter of 600 μm (C600F) 
was identified as the most frequently used applicator. The 
diameter of 400 μm (C400F) was primarily employed for 
cavity opening and enamel working, whereas the diam­
eter of 800 μm (C800F) was utilized for dentin treatment 
in cavities with a  larger surface area. The present study 
delineated the area and type of  tooth on which the 
applicator was utilized in detail. In each case, it was stated 
whether the contact or non-contact treatment was used, 
the movements executed during the treatment, the angle 
at which the applicator was positioned in relation to the 
tissue being treated, and the type of  cavity and tooth 
treated. Observations revealed that the pulse energy was 
higher when working in enamel and lower when working 
in dentin.

A review of the available research papers21,29,30,35,36,38,40–43 
revealed that it is not possible to ascertain which param­
eters were employed to treat a specific tooth surface or to 
remove caries in enamel and dentin. A single paper pro­
vided this information, stating the fluence, the applicator 
type, the diameter, the non-contact mode 1 mm from the 
target area, the type of teeth (canines), and the surface to 
be treated (class V cavity).36 The study did not specify the 
angle of the applicator in relation to the working surface 
and the type of  movement performed by the operator. 
The study by Rossi et al. appears to be one of  the most 
accurate among the works evaluated, containing the data 
necessary for determining the optimal physical settings 
of  the Er,Cr:YSGG laser for working in the enamel and 
dentin of deciduous teeth in a class V cavity.36
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The study by Valério et al. employed a 900-μm diameter 
applicator in a  non-contact mode with a  focal distance 
of  7  mm, utilizing a  non-contact head.38 In contrast, 
Johar et al. used a 600-μm diameter applicator in a non-
contact mode, yet the distance from the surface to be 
treated and the type of  applicator were not specified.30 
None of the papers provided information on the specific 
tissues that the given parameters were used for, nor did 
they indicate whether the parameters were applied to 
enamel or dentin of deciduous teeth.

Following the analysis and evaluation of  the laser set­
tings in the presented studies, it is evident that despite 
specifying the diameter of the applicator used,21,29,30,35,36,38 
only 3 publications31,42,43 described the type of applicator. 
Furthermore, none of the reviewed studies specified the 
angle of the applicator in relation to the treated tissue or 
the type of movement performed during the procedure. 
All of the evaluated studies used the non-contact mode, 
with the distance from the target area varying between 
1 mm,21,29,36 7 mm37 and 17 mm,35 with no specification 
of  the length from the working surface.30 However, the 
values provided do not elucidate the reason behind the 
selected distances, such as the rationale behind the choice 
of 1 mm in one instance and 7 mm or 17 mm in another.

In many studies, the data concerning the applica­
tor type and diameter were described in general terms, 
without linking them to the specific tissue or tooth type. 
Several publications, including those by Rossi  et  al.,36 
Valério et al.,38 and Johar et al.30 have explicitly examined 
primary dentition. However, most of the reviewed studies 
failed to specify the movements performed while oper­
ating in the hard tissue, nor did they indicate the angle 
of incidence of the laser beam, which are crucial param­
eters for standardizing laser-based protocols in pediatric 
restorative dentistry.

The studies on the treatment of permanent teeth (with 
regard to the type of tissue to be treated) revealed a more 
detailed treatment algorithm, which was not included in 
the studies on deciduous teeth. In their description of 
laser treatment of  cavities in permanent and deciduous 
teeth in children with the Er:YAG laser, Kato et al. pro­
vided detailed information on the pulse duration, type, 
and diameter of the applicator used, as well as the physi­
cal parameters of the laser applied to enamel and dentin.28 
However, the authors did not specify the movement of the 
applicator when working in hard tissue and did not dis­
tinguish between working in deciduous and permanent 
teeth. Consequently, the paper is not suitable for deter­
mining the baseline parameters of  the physical settings 
of the laser for any type of tooth.28

The analysis by Eren et al. describes the specific head 
and applicator used and is the only study to specify the 
movements of the applicator.26

Based on the published studies, it can be claimed that the 
use of erbium lasers is beneficial due to the lack of contact 
with tooth tissues and the absence of vibration.26,29,31,34,35,44–46 

A significant proportion of children (90%) accept laser 
tooth treatment, whereas patients aged 10 years and 
older show no preference between laser and conventional 
treatment methods.1,46 The reduction of  turbine noise 
is of  particular significance for children, given the 
importance of comfort during operation.26,29,31,34,35,44,45,47 
In the majority of  cases, laser treatment indicates 
the absence of  local anesthesia,20,24,29–31,34–36,38,41,42 as 
observed in the present study. In our study, the difficulty 
of removing carious lesions from the lateral walls of the 
cavity was not evaluated, as previously described by 
Valério et al.38 The removal of carious lesions from the 
lateral cavity walls is more challenging than conventional 
methods, as the laser applicator does not function in 
the same manner as a bur. Future studies should aim to 
investigate the preparation of  infected dentin from the 
lateral cavity wall.

Upon analysis of  data from our study and other 
research papers, it can be concluded that there is a pressing 
need for further laboratory and clinical studies. It is 
imperative that the data included in a research publication 
adheres to the following protocol: firstly, the laser wave­
length employed in the study should be specified; then, 
the type of  the head used, the type of  the applicator, 
the diameter of  the applicator, the mode of  operation 
(contact or non-contact), the distance of  the applicator 
from the tissue being treated, and the angle of the applicator’s 
movement should be outlined. Additionally, the position 
of  the applicator in relation to the tissue being treated, 
the type of movement performed, the type of tissue being 
treated (enamel or dentin), the type of tooth to be treated 
(deciduous, immature or mature permanent tooth), the 
surface of the tooth to be treated, and finally, the physical 
parameters of the laser (pulse duration, frequency, pulse 
energy, power, as well as water spray and air cooling) must 
be specified.

Conclusions
Er:YAG lasers offer a  promising alternative to tra­

ditional rotary instruments for treating caries in pri­
mary teeth. The best results were achieved for enamel 
preparation using the 600-μm diameter applicator with 
a pulse energy of 230 mJ, mainly on occlusal and proxi­
mal surfaces. For dentin preparation, the optimal out­
comes were obtained when using the applicator with the 
600-μm diameter, and a pulse energy of 120 mJ, or the 
800-μm diameter with a pulse energy of 150 mJ. In the 
context of  the enamel modification procedure, posi­
tive results were obtained using the 400-μm applicator 
at a  pulse energy of  50 mJ and the 600-μm applicator 
at a  pulse energy of  70 mJ. The optimal operating fre­
quencies of 10 Hz (enamel and dentin caries) and 20 Hz 
(enamel modification) were identified, with a water spray 
volume of 2.5–3.0 mL/min (enamel) and 2.0–2.5 mL/min 
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(dentin). Despite the extended treatment duration, 
the reduction in pain and the preservation of pulp vitality 
make laser treatment a  favorable option for pediatric 
patients. Further research is necessary to refine laser set­
tings and improve the efficiency of this technique.

Trial registration 
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Abstract
Background. The Montreal Cognitive Assessment (MoCA) is the most accurate cognitive screening tool for 
early diagnoses of mild cognitive impairment (MCI). However, the majority of research on the correlation 
between MCI and periodontitis has been conducted using the Mini–Mental State Examination (MMSE).

Objectives. The study aimed to determine a  possible correlation between the gingival index (GI), 
periodontitis staging and MCI as evaluated by the MoCA in adults aged ≥55 years. 

Material and methods. A total of 120 Mexican patients with or without periodontal disease who met 
the selection criteria were included in this cross-sectional study. A comprehensive clinical and radiographic 
evaluation was conducted to determine the periodontal status of all patients. The MoCA was applied to 
assess cognitive impairment. Descriptive statistics and logistic model-based multivariate statistical analyses 
were performed to identify variables associated with MCI.

Results. The cognitive status of  subjects aged ≥55 years with and without periodontitis was mildly 
impaired in more than half of  the studied sample. Thirty-four patients were diagnosed as periodontally 
healthy (group 1), 48 were diagnosed with mild to moderate periodontitis (group 2; stages I and II), and 
38 had severe periodontitis (group 3; stages III and IV); 54% of the subjects exhibited MCI, mostly in groups 
2 and 3. A negative correlation was observed between GI and MCI (p = 0.025). Other prognostic variables 
associated with MCI were loss of clinical attachment level (CAL) (odds ratio (OR) = 1.68 (95% confidence 
interval (CI): 1.06–2.68)), sex and education level.

Conclusions. These findings highlight the potential clinical relevance of gingival and periodontal param-
eters, such as GI and CAL, and their association with MCI in patients of advanced age.

Keywords: mental status, neurocognitive tests, Montreal Cognitive Assessment, chronic periodontitis
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Introduction
The process of aging in humans is frequently associated 

with an  increased prevalence of oral diseases, including 
periodontitis. There is a bidirectional link between peri­
odontitis and ischemic heart disease,1 pregnancy,2 myo­
cardial strain,3 and cognitive changes, including neuro­
degenerative diseases.4 The early detection of  cognitive 
dysfunction can be accomplished by the utilization of sev­
eral screening and evaluation instruments to identify 
affected individuals.5–7

The Montreal Cognitive Assessment (MoCA) is a brief, 
standardized, and scoring cognitive screening tool that is 
one of the most widely used screening tests in healthcare 
settings for detecting cognitive impairments that may 
not be as readily apparent on other cognitive tests.5,8,9 
It is a  freely available tool that includes extensive neuro­
psychological test batteries covering several cognitive 
conditions.7 The global score ranges from 0 to 30 points, 
and a  higher score reflects better cognitive function. 
The test’s sensitivity and specificity for the detection 
of  mild cognitive impairment (MCI) are 90% and 87%, 
respectively.7,8,10 Therefore, it is critical to early identify 
the associated risk factors for this neurological condition 
to implement opportune therapeutic interventions and 
prevent complications.6,11

Previous reports have linked temporomandibular dis­
orders (TMD), impaired masticatory function12 and 
periodontitis to an  increased risk of  MCI. Additionally, 
reduced masticatory function,12 TMD and periodontitis 
have been reported as risk factors associated with MCI. 
Temporomandibular disorders are characterized by pain 
in the temporomandibular joint and masticatory muscles, 
which decreases chewing efficiency. Chewing is a  con­
stant sensory stimulus for the brain. Impaired memory 
functions in the hippocampus, masticatory muscle loss 
and weakness are associated with systemic and central 
inflammation and dementia.12 On the other hand, masti­
cation activates various cortical regions of the brain, and 

increased cerebral blood oxygenation levels in the hip­
pocampus and prefrontal cortex facilitate learning and 
memory processes.13 Periodontitis causes structural dam­
age to the tissues surrounding the alveolar bone and peri­
odontal ligament collagen fiber-affected teeth, leading 
to tooth loss.14 The host response is a complex interplay 
between numerous cells and inflammatory mediators.14,15 
The host response to periodontal bacteria may induce 
chronic systemic inflammation, which, in turn, stimu­
lates the production of  high levels of  inflammatory 
mediators (P-selectin, receptor activator of nuclear factor 
kappa-Β ligand (RANKL), intercellular adhesion mole­
cule 1 (ICAM-1)), cytokines (tumor necrosis factor alpha 
(TNF-α), interferon gamma (INF-γ), interleukin (IL)-1, 
IL-6, prostaglandin E2 (PGE2)), prostanoids, and matrix 
metalloproteinases (MMPs).15 The evidence suggests that 
these inflammatory mediators reach all systems through 
blood circulation.15 Studies have proposed that peripheral 
inflammation and dysbiotic conditions contribute to the 
pathogenesis of MCI.14,15 Epidemiological data has dem­
onstrated an  association between the systemic inflam­
matory influence of periodontal disease and an increase 
in the neuroinflammatory response, which can result in 
cognitive impairment in elderly individuals.15 These stud­
ies have reported odds ratios (ORs) and hazard risk 
ratios within the mild to moderate range.11,16 Other stud­
ies,14,16–23 including 3 systematic reviews,14,16,17 have also 
suggested a relationship between periodontitis and cogni­
tive impairment.

The evidence presented thus far suggests that periodon­
tal disease modulates neuroinflammation and neuro­
degeneration, which may result in cognitive impairment. 
Therefore, clinicians must objectively assess the medical 
comorbidities of their patients, including possible cogni­
tive dysfunctions.24 The present analytical cross-sectional 
study aimed to find a  correlation between the gingival 
index (GI) staging, grading of periodontitis and MCI, as 
evaluated through the MoCA in Mexican adults aged 
≥55 years.

Highlights

	• Gingival inflammation (GI) and clinical attachment loss (CAL) should be assessed in patients aged 55 and older, as 
these parameters are linked to mild cognitive impairment (MCI) and serve as objective indicators within periodontal 
care.

	• Given the association between periodontitis and cognitive decline, clinicians should consider using cognitive 
screening tools such as the Montreal Cognitive Assessment (MoCA) for older patients with periodontal disease.

	• Females have nearly 3 times greater odds of developing MCI, while higher education levels are associated with 
a reduced MCI risk.

	• Effective management of periodontal disease may reduce the risk of dementia, as severe periodontal conditions or lack 
of therapy correlate with an increased risk of cognitive decline, underscoring the need for comprehensive periodontal 
treatment.
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Material and methods

Study population 

This cross-sectional study was approved by the 
Institutional Ethics Committee of the Faculty of Dentistry 
at the Autonomous University of San Luis Potosí in Mexico 
(approval No. CEI-FE-036-021). Individuals attending the 
outpatient Periodontics Clinic (Periodontics Postgraduate 
Program, University of  San Luis Potosí) from October 
2022 to June 2023, who met the inclusion criteria, were 
consecutively selected for the study (non-probability 
sampling). Prior to enrollment, written informed consent 
forms were obtained from all participants.

The inclusion criteria were as follows: participants aged 
55 years or older with at least 10 natural teeth present; 
individuals with or without periodontal disease, at dif­
ferent stages of severity, diagnosed through a full-mouth 
clinical and radiographic examination at baseline. Patients 
were excluded from the study if they had a  history 
of severe cranial trauma, cerebrovascular disease, chronic 
headache or migraine, neurodegenerative conditions, 
brain tumors, chronic subdural hematoma, cryptococcosis, 
pellagra, hypothyroidism, uncontrolled hypertension, 
current medication likely to affect the cognition level, or 
oral acute infectious process. 

The demographic information collected encompassed 
various parameters, such as age, sex, education level, diet, 
smoking or alcohol consumption, and medical history.

Clinical and radiographic intraoral 
examination 

The number of present teeth and the degree of  tooth 
mobility were recorded. Additionally, the GI was deter­
mined according to the Löe–Silness criteria.25 Then, 
an  experienced and precalibrated periodontist docu­
mented the probing pocket depth (PPD) and clinical 
attachment level (CAL) with the use of a North Carolina 
periodontal probe. These procedures were performed at 
6 sites around each tooth (mesiobuccal, buccal, distobuccal, 
mesiolingual/palatine, lingual/palatine, and distolingual/
palatine). Probing pocket depth was measured as the dis­
tance from the gingival margin to the base of the pocket. 
The CAL was determined by measuring the distance from 
the cementoenamel junction to the base of  the pocket. 
The pocket’s base was established at the level where the 
periodontal probe encountered maximum resistance.

The presence of  bleeding was evaluated through care­
ful probing around each present tooth, and the total per­
centage of  bleeding sites was recorded.26 Additionally, 
periapical radiographs were taken in all subjects to assess 
bone height loss and the pattern of  loss, as well as other 
periodontally relevant features, such as loss of cortical and 
crest bone continuity, widening of the periodontal ligament 
space, calculus deposits, and periapical/furcation lesions.26

Each subject was diagnosed according to the peri­
odontal parameters described in the current classifica­
tion of periodontal diseases26: CAL; PPD; the percentage 
of  bone loss; the presence and extent of  angular bony 
defects and furcation involvement; tooth mobility; and tooth 
loss due to periodontitis. In addition, periodontal disease 
was categorized into 3 grades according to the risk of dis­
ease progression, the anticipated treatment response, and 
the impact on systemic health,26 as follows: grade A – low 
risk; grade B – moderate risk; and grade C  –  high risk. 
This evaluation includes the assessment of  the patient’s 
general health status and the presence of additional risk 
factors, such as smoking or diabetes mellitus. The staging 
of periodontitis was determined as follows: stage I – initial 
periodontitis (no tooth loss), CAL: 1–2  mm; stage 
II – moderate periodontitis (no tooth loss), CAL: 3–4 mm; 
stage III – severe periodontitis with potential for addi­
tional tooth loss (≤4 lost teeth), CAL ≥ 5 mm; and stage 
IV – advanced periodontitis with extensive tooth loss and 
potential for loss of dentition (≥5 lost teeth), CAL ≥ 5 mm. 
The CAL was measured interdentally at the site of  the 
greatest loss. The control group consisted of patients with 
a confirmed absence of periodontal disease, as determined 
by clinical and radiographic examination.

Cognitive assessment 

A complete cognitive evaluation was conducted for 
each participant. The validated Spanish version of  the 
MoCA tool7,8,10 was used to assess the presence of cogni­
tive impairment among the study participants. The test 
took approx. 10 min to complete and evaluated multiple 
cognitive skills. Following the intraoral examination, the 
MoCA test was administered to each patient. The partici­
pant was provided with detailed instructions as they pro­
ceeded with the test. Ultimately, a single trained evalua­
tor (AMG) interpreted the individual results. The MoCA 
score ranges from 0 to 30 points. The severity of cognitive 
impairment was classified according to the final score, as 
follows: 10–17 points – moderate; 18–26 points – mild; 
and >26 points – absent.

Evaluator calibration and statistical analysis 

To ensure the quality of the measurement of clinical and 
radiographic periodontal variables, the evaluator (AMG) 
was calibrated with an expert (interobserver agreement) 
through kappa statistic (0.82). With regard to the per­
formance of  the MoCA tool, the same evaluator was 
previously trained and duly certified (MoCA Certificate 
of Completion, 2021/10/07).

A preliminary descriptive analysis was conducted on the 
collected data. It incorporated the calculation of  various 
statistical measures, including frequencies, means and 
standard deviations, medians, interquartile ranges, ranges, 
and percentages. The distribution of the data was evaluated 
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using the Shapiro‒Wilk test. Based on the results, diverse 
statistical hypothesis tests, both parametric and non-
parametric, were carried out for quantitative and categorical 
data. Initially, exploratory correlation analyses were con­
ducted between quantitative variables, reporting Pearson’s 
correlation coefficients (r and corresponding p-values), but 
only of  those with significant correlation. Then, multiple 
binary logistic regression analyses were performed, incor­
porating diverse prognostic variables in the models. The 
approach yielded respective ORs (95% confidence inter­
vals (CIs)), which were subsequently used to predict MCI. 
The statistical analysis was conducted using the GraphPad 
Prism v. 8 (GraphPad Software, Boston, USA) and STATA 
v. 14 (StataCorp LLC, College Station, USA) software. 
More than 80% of the power was achieved, indicating 
an adequate sample size to contrast the hypothesis of the 
association between the periodontal status and MCI.24 
A statistically significant value of 0.05 was set.

Results

Demographic characteristics of the 
participants 

A total of 120 participants were included in the study; 
50% were female, and 50% were male, with a  mean age 
of 63.34 ±4.86 years. Their median age was 59.5 years 
(interquartile range: 55–95 years). Regarding education level, 
46% of the participants had finished undergraduate stud­
ies, while only 6% obtained a postgraduate degree. Patients 
were divided into 3 groups according to their periodontal 
characteristics. The control group (group 1, n = 34) com­
prised periodontally healthy individuals (<10% bleeding 
on probing and PPD < 4 mm), with or without minimal 
insertion loss. The second group (group 2, n = 48) con­
sisted of patients diagnosed with stage I and II (moder­
ate) periodontitis, grades A–C. The third group (group 3, 
n = 38) consisted of patients diagnosed with stage III and 
IV (severe) periodontitis, grades A–C (Table 1).

There were 15% smokers in the sample, with the 
majority (20%) belonging to group 2. Regarding the body 
mass index (BMI), it was observed that all 3 groups were 
overweight. Additionally, the severity of periodontal dis­
ease increased along with the BMI. A comparison of the 
BMI among the 3 study groups revealed no statistically 
significant differences (p = 0.268). Regarding comorbidi­
ties, 68% of  the participants exhibited one or more sys­
temic diseases, with the highest prevalence observed 
among individuals with stage III and IV periodontitis 
(84%). Thirty different types of diseases were identified. 
The most prevalent conditions were arterial hypertension 
(33%; predominantly observed in group 3) and type 2 dia­
betes mellitus (20%). The occurrence of benign prostatic 
hyperplasia, hypothyroidism and depression was also 
documented. Furthermore, 74 different types of medica­
tions were reported, with metformin, losartan, enalapril, 
and omeprazole being the most prevalent.

Periodontal characteristics 

The clinical parameters (number of teeth, bleeding sites, 
bleeding on probing, PPD, GI, and CAL) were described 
and compared between the study groups (Table 2). 
Significant differences were identified between the groups. 
The severity of these parameters increased concomitantly 
with the severity of periodontitis, thereby validating the 
periodontal diagnosis and classification.

Cognitive assessment 

Fifty-four percent of  the participants exhibited MCI, 
with a cut-off point of 23, as established by Thomann et al.7 
When the sample was divided according to the periodon­
tal status, the percentage of MCI was obsrved to increase 
with the severity of periodontitis. Patients in groups 2 and 
3 showed a mild degree of cognition, while the overall score 
of  healthy patients corresponded to a  normal cognitive 
level. However, no statistically significant differences were 
identified between the groups (p > 0.05) (Table 3). 

Table 1. Demographic characteristics of the study sample according to the periodontal status

Variable Group 1 
(n = 34)

Group 2 
(n = 48)

Group 3 
(n = 38)

Total 
(N = 120) p-value

Age 
[years] 
Me (IQR)

56.5 (55–64) 60 (56–65) 60 (56–67) 59.5 (55–65) 0.308#

Sex, n (%)
female 20 (59) 27 (56) 13 (34) 60 (50)

0.062##

male 14 (41) 21 (44) 25 (66) 60 (50)

Education level, n (%)

elementary 12 (35) 12 (25) 12 (32) 36 (30)

0.491##
high school 7 (21) 11 (23) 8 (21) 26 (22)

bachelor 15 (44) 22 (46) 18 (47) 55 (46)

postgraduate 0 (0) 3 (6) 0 (0) 3 (2)

group 1 – periodontally healthy individuals (<10% bleeding on probing and probing pocket depth (PPD) <4 mm); group 2 – patients diagnosed with stage I 
and II (moderate) periodontitis; group 3 – patients diagnosed with stage III and IV (severe) periodontitis; Me – median; IQR – interquartile range; # Kruskall–Wallis 
test; ## χ2 test.
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Cognitive status and gingival index 

Possible relationships between different gingival and 
periodontal variables and MCI, as evaluated by the 
MoCA, were determined. Only the GI showed a signifi­
cant negative correlation with MCI (p  =  0.025) (Fig. 1). 

In light of these findings, MoCA scores were obtained for 
all participants, who were then classified into 3 groups 
according to the extent of inflammation: mild (23.28 ±3.03); 
moderate (23.29 ±3.22); and severe (21.50 ±2.86).

A correlation was identified between the GI and the 
MoCA score (coefficient = –1.01, p = 0.032) with adjust­
ments made for age, sex, BMI, education level, and 
comorbidities (arterial hypertension, diabetes mellitus and 
depression) (Table 4). Furthermore, the likelihood of pre­
senting MCI in cases of  severe gingival inflammation 
was 3.03 (p = 0.062), and the individuals with a high level 
of  education showed a  63% decrease in the likelihood 
of developing MCI compared to those with a  low level 
of education (OR = 0.37, 95% CI: 0.15–0.86, p = 0.021) 
(Table 5).

Cognitive status according to sex and age 

Based on the MoCA results, female patients with 
periodontal disease exhibited a  greater tendency for 
developing MCI than males. However, this difference was 
not statistically significant. The participants were divided 

Table 4. Multivariate linear regression analysis of the association between the Montreal Cognitive Assessment (MoCA) score and the gingival index (GI)

Variable Coefficient 95% CI Robust standard 
error t p-value

GI −1.01 −1.93–−0.09 0.47 −2.17 0.032*

Female sex −0.77 −1.92–0.38 0.58 −1.31 0.186

Age −0.07 −0.18–0.04 0.06 −1.33 0.193

Education level 1.00 −0.23–2.24 0.62 1.61 0.110

BMI

normal weight – – – – –

overweight and obesity grade I −0.79 −2.23–0.65 0.73 −1.09 0.279

obesity grades II and III −1.00 −2.63–0.61 0.82 −1.23 0.221

Comorbidities

diabetes mellitus 1.15 −0.46–2.76 0.81 1.41 0.161

arterial hypertension 0.17 −1.03–1.37 0.61 0.28 0.782

depression 2.04 −0.97–4.29 1.13 1.81 0.073

BMI – body mass index; CI – confidence interval; * statistically significant (p < 0.05).

Table 2. Periodontal parameters of the study sample according to the 
periodontal status

Variable Group 1 
(n = 34)

Group 2 
 (n = 48)

Group 3 
 (n = 38) p-value

GI 
Me (IQR)

0.995  
(0.69–1.30)

1.13  
(0.76–1.82)

1.48  
(1.20–2.46)

0.001*

CAL 
Me (IQR)

2.58  
(2.28–2.83)

2.88  
(2.68–3.30)

3.92  
(3.51–5.20)

0.001*

Bleeding sites 
Me (IQR)

28.50  
(17.00–48.00)

33.00  
(23.00–58.00)

46.00  
(33.00–70.00)

0.014*

Bleeding on probing  
M ±SD

0.26 ±0.17 0.28 ±0.18 0.44 ±0.22 0.000*

PPD 
Me (IQR)

2.12  
(2.08–2.29)

2.53  
(2.41–2.77)

3.18  
(2.95–3.70)

0.000*

Number of teeth 
Me (IQR)

23.50  
(18.00–26.00)

25.00  
(22.00–26.00)

21.50  
(15.00–24.00)

0.001*

group 1 – periodontally healthy individuals (<10% bleeding on probing and 
PPD < 4 mm); group 2 – patients diagnosed with stage I and II (moderate) 
periodontitis; group 3 – patients diagnosed with stage III and IV (severe) 
periodontitis; GI – gingival index; CAL – clinical attachment level; M – mean; 
SD – standard deviation; * statistically significant (p < 0.05, Kruskall–Wallis test). 

Table 3. Cognitive assessment of the study sample according to the 
periodontal status

Variable Group 1 
 (n = 34)

Group 2 
(n = 48)

Group 3 
 (n = 38)

Total 
(N = 120)

p-value  
(one-way 
ANOVA)

MoCA score 
M ±SD

23.15 
±3.23

22.98 
±3.52

22.76 
±3.30

22.95 
±3.33

0.889

MCI, n (%) 18 (53) 26 (54) 21 (55) 65 (54) 0.981

group 1 – periodontally healthy individuals (<10% bleeding on probing 
and PPD < 4 mm); group 2 – patients diagnosed with stage I and II 
(moderate) periodontitis; group 3 – patients diagnosed with stage III 
and IV (severe) periodontitis; MoCA – Montreal Cognitive Assessment; 
MCI – mild cognitive impairment.

Fig. 1. Correlation between the gingival index (GI) and the cognitive state 
of study participants

MoCA – Montreal Cognitive Assessment.
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into 3 age groups (55–59, 60–74, and ≥75 years). Lower 
MoCA scores were observed among the oldest partici­
pants. The presence of MCI was detected only in patients 
over the age of 60.

Association of mild cognitive impairment 
with periodontal parameters and other 
variables 

Another logistic regression model for the occurrence 
of MCI was conducted, with adjustments made for the 
number of teeth, age, BMI, sex, comorbidities (arterial 
hypertension, diabetes mellitus, depression), and education 
level. Participants with loss of CAL exhibited a 68% higher 
possibility of developing MCI than participants without 
loss of CAL (OR  =  1.68, 95% CI: 1.06–2.68, p  =  0.027). 
Female participants were 2.97 times more likely to have 
MCI than male subjects (OR = 2.97, 95% CI: 1.24–7.14, 
p = 0.015) (Table 6).

Discussion
This cross-sectional study aimed to determine the cogni­

tive state evaluated by the MoCA in Mexican adults aged 
≥55 years, with or without periodontal disease. A contem­
porary classification system for periodontal diseases was 
implemented, encompassing the general status of each 
patient and the presence of comorbidities or risk factors.25–29 
Consequently, it was determined that more than 50% of the 
subjects exhibited MCI. This finding can be explained by 
the presence of chronic inflammation caused by periodon­
tal disease and the production of inflammatory mediators 
and bacterial products. These factors may exacerbate 
neurodegeneration processes systemically or trigeminally, 
favoring the presence of MCI.20,21 However, in periodontally 
healthy subjects, MCI was present in more than half of the 
participants, which may be the result of other risk factors 
associated with systemic inflammation comorbidities, such 
as obesity, smoking and genetic alterations.15,30,31

Table 5. Multivariate logistic regression analysis of the association between mild cognitive impairment (MCI) and the severity of gingival inflammation

Variable Adjusted OR 95% CI Standard error z p-value

GI 
(inflammation level)

mild 1.00 – – – –

moderate 0.78 0.31–1.93 0.36 −0.54 0.611

severe 3.03 0.92–10.0 1.85 1.82 0.062

Sex
male 1.00 – – – –

female 2.16 0.95–4.93 0.91 1.84 0.066

Age 1.02 0.96–1.09 0.03 0.72 0.469

Education level 0.37 0.15–0.86 0.16 −2.31 0.021*

BMI

normal weight 1.00 – – – –

overweight and obesity grade I 1.46 0.54–3.94 0.74 0.74 0.456

obesity grades II and III 1.29 0.43–3.85 0.72 0.45 0.652

Comorbidities

diabetes mellitus 0.42 0.13–1.33 0.25 −1.46 0.114

arterial hypertension 0.96 0.37–2.49 0.47 −0.08 0.938

depression 0.21 0.04–1.20 0.19 −1.75 0.080

OR – odds ratio; * statistically significant (p < 0.05). A cut-off point of 23 was determined, as established by Thomann et al.7

Table 6. Multivariate logistic regression analysis of the association between mild cognitive impairment (MCI) and periodontal parameters

Variable Adjusted OR 95% CI Standard error z p-value

CAL 1.68 1.06–2.68 0.34 2.22 0.027*

Number of teeth 1.09 0.97–1.22 0.63 1.49 0.137

Sex
male 1.00 – – – –

female 2.97 1.24–7.14 1.33 2.44 0.015*

Age 1.02 0.96–1.10 0.03 0.82 0.410

Education level 0.39 0.17–0.92 0.17 −2.16 0.031*

BMI

normal weight 1.00 – – – –

overweight and obesity grade I 1.56 0.57–4.25 0.80 0.86 0.388

obesity grades II and III 1.27 0.43–3.77 0.70 0.43 0.664

Comorbidities

diabetes mellitus 0.41 0.14–1.20 0.22 −1.63 0.103

arterial hypertension 0.91 0.37–2.25 0.42 −0.19 0.846

depression 0.15 0.02–1.12 0.16 −1.84 0.065

* statistically significant (p < 0.05). A cut-off point of 23 was determined, as established by Thomann et al.7
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The evidence demonstrates that severe gingival inflam­
mation and/or chronic periodontitis are peripheral sources 
of  inflammatory cytokines. The cytokines increase the 
levels of  C-reactive protein, which favors the activation 
of  microglial cells and the production of  misfolded 
proteins. These proteins are biomarkers that contribute to 
the occurrence of dementia and accelerate neurodegen­
eration.11,31–33 Consequently, subjects with severe gingival 
inflammation show a greater tendency to MCI compared 
to those with a mild or moderate GI. Likewise, a significant 
negative correlation was observed between the MoCA 
score and the level of gingival inflammation, suggesting 
that reduced gingival inflammation is associated with 
enhanced cognitive function. This finding indicates that 
gingival inflammation may contribute to the development 
of MCI, which is consistent with the results of studies by 
Hategan et al.11 and Stewart et al.,34 who found a positive 
correlation between inflammation, IL-1β levels and MCI. 
Moreover, a  logistic regression model implemented in 
our study demonstrated a tendency toward MCI in cases 
of severe gingival inflammation. In this regard, Shin et al. 
stated in their cohort study that the presence of chronic 
periodontal inflammation (with severe gingivitis and CAL) 
is not sufficient to observe its positive association with 
cognitive decline.16 A period of persistent inflammation is 
also necessary for the cognitive status to be affected.

In the present study, a  negative correlation was 
observed between MCI and the GI. A  case–control 
study conducted on patients with active periodontitis 
reported significant cognitive impairment over a period 
of 6 months compared to patients with inactive periodon­
titis.35 This evidence suggests that the level of  disease 
activity, the amount of  bone destruction, inflammation, 
and exposure time are potential factors that activate neuro­
degeneration and trigger MCI. Yoneyama  et  al. found 
that there was an  increase in the Mini–Mental State 
Examination (MMSE) test scores in a  24-month study 
of oral care in older adults.36 The MMSE is a brief screen­
ing tool commonly used to assess dementia, orientation, 
memory, attention, language, and visuospatial skills. 
These findings demonstrated that reducing periodontal 
inflammation can reverse the progression of  MCI.36 In 
addition, clinical and animal studies have reported that 
the administration of  paracetamol, ibuprofen, and non-
steroidal anti-inflammatory drugs (NSAIDs) is associated 
with a  significant reduction in IL-1β, IL-6, TNF-α, and 
PGE2, improved cognitive function, and reduced systemic 
inflammation.37–40 It can thus be inferred that neuro­
inflammation is related to inflammatory systemic states, 
and that the modification of the related processes could 
have a positive effect on cognitive function.

Concerning clinical attachment loss, which is equally 
essential to the diagnosis of periodontitis, the present study 
identified a positive association between clinical attachment 
loss and MCI, with an  OR of  1.68 (95% CI: 1.06–2.68). 
Subjects with evident loss of CAL were 68% more likely 

to develop MCI than those without CAL loss. The 
progression of clinical attachment loss is contingent upon 
the stage of  periodontal disease. Therefore, the longer 
the periodontal disease, the greater the loss and the 
subsequent development of  chronic neuroinflammation 
and MCI. The phenomenon of  cognitive deterioration 
is preceded by a  loss of  insertion. Furthermore, Gil 
Montoya et al., in their case–control study, used cognitive 
tests (“Phototest”) in conjunction with 29 inflammatory 
biomarkers to determine the level of  peripheral 
inflammation and to establish a  potential association 
between periodontal disease and MCI or dementia.18 
The authors demonstrated that clinical attachment loss 
was significantly associated with MCI, reporting an  OR 
of 2.97 (95% CI: 1.61–5.48).18

Other periodontal variables have been linked to MCI. 
In the current study, as the severity of  periodontitis 
increased, a  greater tendency toward the condition was 
observed. Periodontally healthy subjects showed no 
impairment (with an average MoCA score of 23.15 points) 
compared to groups with periodontitis. However, this 
difference was not statistically significant, possibly due to 
the cross-sectional design of the study. The study design 
is subject to limitations, particularly due to constraints in 
sample size and the measurement of all variables at a sin­
gle time point. Nevertheless, robust evidence supports 
a link between periodontal indicators, specifically the GI 
and CAL, and cognitive deterioration.4,11,14–16

This outcome is consistent with the results of the study 
by Hategan et al., which revealed that subjects diagnosed 
with aggressive periodontitis had lower MoCA scores 
compared to those with mild periodontitis or periodon­
tally healthy subjects.11 A  lower test score was also 
observed in subjects with moderate periodontitis compared 
to those without periodontal disease. Two other studies 
have reached similar conclusions. These studies were 
conducted in 2021 by Hu et al.14 (using a cohort design) 
and Guo  et  al.41 through a  systematic review/meta-
analysis. On the other hand, a  cross-sectional study 
conducted by Naorungroj  et  al. revealed no significant 
association between severe periodontitis and MCI.42

In their meta-analysis, Guo et al. included 20 observa­
tional studies.41 When periodontitis and cognitive impair­
ment were associated, the OR was 1.77 (95% CI: 1.31–2.38), 
indicating a strong relationship between the 2 conditions. 
However, the statistical analysis revealed no significant 
effect of periodontitis on dementia, with an OR of 1.59 
(95% CI: 0.92–2.76). Additionally, Guo  et  al. stated 
that the MMSE is less sensitive and specific than 
the MoCA, and that it could generate false positive 
results. In addition, they considered the MMSE as a test 
designed specifically for dementia and not for MCI, 
as the MoCA  is.41 In this regard, and according to 
Nasreddine  et  al.,8 the MoCA is specifically designed 
to detect subtler cognitive deficits, which characterize 
MCI, earlier and more accurately.



S. Aranda Romo et al. Cognitive status and periodontitis598

Multiple chronic comorbidities, such as high blood 
pressure, hyperlipidemia, coronary heart disease, or heart 
attacks, are considered high-risk prognostic factors for 
the development of  MCI. Depression, diabetes mellitus 
and chronic obstructive pulmonary disease have been 
identified as moderate risk factors.15,18,32,43 Several chronic 
conditions were present in the studied sample, which 
were subsequently incorporated into multivariate regres­
sion models. However, a significant association could not 
be demonstrated in all 3 study groups between hyperten­
sion and type 2 diabetes mellitus with MCI. Both diseases 
are prevalent among the Mexican population and are 
considered major contributors to mortality after the age 
of 50.44 No association was identified between depression 
and MCI.

Regarding the variables of age, sex and education level, 
a  positive association was identified between MCI and 
female sex (OR = 2.97 (95% CI: 1.24–7.14)). In postmeno­
pausal women, the amount of estrogen, a vital component 
of  cognitive function, decreases. Estrogens increase syn­
aptic properties in neurons, act as antioxidants to protect 
neurons from free radicals, improve mitochondrial func­
tion in the brain, and induce DNA repair. Our results are 
consistent with several previous reports.40 The logistic 
regression model did not demonstrate a correlation between 
the age of the participants and MCI. However, as expected, 
a decline in performance was evident with increasing age, 
particularly in the 75–90 age group. This decline was not 
statistically significant. Cecato  et  al. reported analogous 
results in their cross-sectional study of 136 elderly partici­
pants with more than 4 years of education.45 The current 
study found a positive association between the education 
level and MCI (OR = 0.39 (95% CI: 0.17–0.91)), in concor­
dance with the study of Langa and Levine.46

It is important to note that a rapid growth of demen­
tia usually occurs in subjects of advanced age. Currently, 
there is no known cure for this disease. Therefore, it is 
necessary to apply diagnostic tests during the early stages 
of the condition, encompassing electrophysiological stud­
ies, magnetoencephalography, and magnetic resonance 
spectroscopy.47–49 However, these technologies are not 
available in a traditional dentist’s office. The present study 
claims that the application of the MoCA in periodontitis-
affected patients may facilitate the identification 
of an association with their cognitive status. 

According to recent research, the management of peri­
odontal disease may play a pivotal role in the prevention 
of cognitive impairment. In a recent retrospective cohort 
study, Lee et al. examined the extent and temporal aspect 
of  the relationship between periodontal disease, dental 
health and dementia.50 The participants were assigned 
to one of the 4 study groups, namely dental prophylaxis, 
intensive periodontal therapy, tooth extraction, and no 
treatment at all. Next, a comparison was made between 
the groups’ dementia incidence rates. The study found 
that the incidence of dementia was notably higher in the 

groups that did not receive treatment (0.76% annually) 
and those that underwent tooth extraction (0.57% annu­
ally) compared to the groups that received dental prophy­
laxis (0.39% annually) and underwent intensive periodon­
titis treatment (0.35% annually). The risk of dementia was 
higher in subjects with more severe periodontal disease 
or in those who did not receive any periodontal therapy.

Strengths and limitations 

This study, conducted in Mexico, is among the first to 
demonstrate a connection between periodontitis and MCI 
using the MoCA. The Montreal Cognitive Assessment is 
more precise and accurate in detecting MCI compared to 
the widely used the MMSE test. In addition, the test was 
administered by a researcher who had received certification 
for its application and interpretation of subsequent results. 
Another strength of  the study is the implementation 
of  a  new and improved classification of  periodontal 
diseases, as proposed by Tonetti et al.26 and Caton et al.30 

The study’s main limitations were the limited sample 
size and the narrow range of  selection criteria chosen. 
The following risk factors associated with MCI were not 
considered: lifestyle; intake of  NSAIDs; family history 
of  cognitive dysfunction; socioeconomic status; and 
sedentary lifestyle. There was no strict control of potential 
confounding variables. The authors propose the execution 
of future longitudinal clinical studies of higher methodo­
logical quality, with the objective of establishing whether 
periodontal treatment modifies the MoCA score.

Conclusions
The findings reported in the present cross-sectional 

study highlight the potential clinical relevance of gingival 
and periodontal parameters, such as GI and clinical 
attachment loss, and their association with MCI. 
A comprehensive periodontal evaluation is imperative for 
patients aged ≥55 years old, as it can serve as an objective 
indicator of  their cognitive status within the context 
of periodontal care.
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Abstract
Background. The effectiveness of guided tissue regeneration (GTR) has been thoroughly documented. 
Since most post-GTR complications are related to the exposure of  the membrane and its subsequent 
bacterial contamination, clinicians treat the incorporation of systemic antibiotics as an integral component 
of the standard surgical procedure. However, this approach remains controversial.

Objectives. The aim of the study was to assess the effect of postsurgical administration of antibiotics on 
early healing and patient morbidity after treatment of periodontal intrabony defects with deproteinized 
bovine bone mineral (DBBM) and a collagen membrane (GTR). 

Material and methods. The study encompassed 41 patients with 41 intrabony defects. The subjects 
were randomly assigned to either the test group (DBBM/GTR+AB (postsurgical antibiotic)) or the control 
group (DBBM/GTR). In the test group, 1 g of amoxicillin was administered twice daily for 7 days. The early 
healing index (EHI) was assessed 1 and 2 weeks after the procedure. Patient morbidity was recorded. The 
clinical attachment level (CAL), probing depth (PD) and gingival recession (GR) were measured at baseline 
and 6 months after surgery.

Results. Early healing was uneventful in both groups. No adverse events were recorded in either group. 
In the second week, EHI-defined primary flap closure was evident in 95% of the test group sites and 80% 
of the control group sites. The CAL changed significantly in both groups: from 8.7 ±1.4 mm to 4.6 ±1.7 mm 
in the DBBM/GTR+AB group (p < 0.0001); and from 8.6 ±1.9 mm to 5.7 ±1.2 mm in the DBBM/GTR 
group (p < 0.0001). The significant outcome was in favor of the test group (p = 0.010). Probing depth 
significantly decreased in both groups, without any observed intergroup differences.

Conclusions. The administration of systemic amoxicillin after regenerative periodontal surgery did not 
have any effect on early wound healing; however, it yielded a statistically significant CAL gain after 6 months 
compared to the group treated without antibiotics.

Keywords: antibiotics, intrabony defects, guided tissue regeneration, regenerative dentistry
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Introduction
The primary aim of periodontal therapy is to facilitate the 

regeneration of tissues that have been lost due to inflam­
mation. In essence, periodontal regeneration comprises the 
reconstitution of the functionally arranged collagen fibers 
inserting into the new cementum and bone. The periodon­
tium itself has exceptional natural, self-restoring properties 
that can result in regeneration after surgery, but only under 
optimal conditions. Wound stability, healing per primam 
and enhanced space provision for regeneration are the key 
factors that stimulate the healing process.1,2

The establishment of knowledge on the regenerative 
potential of the periodontal ligament, as well as a thorough 
understanding of  regeneration, fostered a  revolutionary 
change in surgery.3 Papilla-preserving incisions and 
minimally invasive surgical techniques have largely limited 
the risk of  developing postoperative complications.4–7 
Regenerative surgery has so far used barrier membranes, 
bone grafts, bone substitutes, bioactive agents, and their 
combinations. Certain surgical techniques and materials 
result in a reduced probing depth (PD) and greater clinical 
attachment level (CAL) gain. In contrast, the application 
of  flap elevation as a  standalone procedure has a  lesser 
potential for this outcome.8,9 

The effectiveness of guided tissue regeneration (GTR) 
has been documented both clinically and histologically.8,10,11 
This modality uses barrier membranes to separate the 
epithelium and gingival tissues from the root, thus 
enabling periodontal ligament cells to repopulate the 
isolated space.12 Histological studies have demonstrated 
that the primary function of the membrane is to provide 
space for regeneration and to stabilize the clot.13,14 

Although the routine administration of  systemic anti­
biotics in conjunction with periodontal surgical proce­
dures prevents postsurgical complications and optimizes 
expected outcomes, this approach is guided by practical 
experience rather than by evidence.15 Some researchers 
claim that perioperative antibiotics promote CAL gain,16,17 
while others argue that they offer no greater benefits than 
the surgery itself.18 It is also worth noting that the num­
ber of postsurgical infections is statistically low,19 and the 
uncontrolled use of  antibiotics may favor bacterial resis­
tance.20 In addition, hypersensitivity, allergic reactions and 
interactions with other drugs necessitate caution.21

Since most post-GTR complications that affect the out­
come are related to the exposure of  the membrane and 
its consequent bacterial contamination,22 some clinicians 
treat the inclusion of systemic antibiotics as inseparable 
from the standard surgical procedure.23,24 Currently, how­
ever, the routine administration of  systemic antibiotics 
after regenerative periodontal surgery using barrier mem­
branes remains controversial, with no clear protocols 
available. It is of great importance to reduce the bacterial 
and viral load before surgery, a result that can be achieved 
through initial periodontal therapy.25,26 Studies are also 
being conducted on topical agents that will be able to 
modulate healing in the periodontium. Plant preparations 
are an important focus of this research.27,28 

The process of  healing is initiated by hemostasis, 
early clot formation and inflammatory cell infiltration. 
Subsequently, epithelial cells begin to proliferate, and fibro­
blasts migrate into the wound. Wound closure is essen­
tial for periodontal wound stability in the early phase 
of healing,1,2 and the first postoperative week is deemed 
to be critical.29 Uneventful wound healing after GTR is 
a major factor for clinical success.30 Trombelli et al. have 
emphasized the importance of primary intention healing 
and have observed substantial clinical improvements in 
cases without membrane exposure.31 A number of  indi­
ces have been developed to characterize the early wound 
healing process, namely the healing index (HI),32 the early 
healing index (EHI),7 the wound healing index (WHI),33 
and the early wound healing score (EHS).34 At the same 
time, several surrogate parameters have been used to 
describe the healing process, encompassing the tissue color, 
bleeding, characteristics of incision margins, the presence 
of suppuration, the assessment of wound closure, abscess 
formation, fibrin and necrosis, edema, erythema, suppu­
ration, patient discomfort, and flap dehiscence.35

Taking into consideration the complexity of periodontal 
healing, the present study aimed to evaluate early post­
operative healing, as measured by the EHI,7 and to assess 
the possible complications that may arise after regenerative 
surgery. The assessment utilized a deproteinized bovine 
bone mineral (DBBM) and a collagen membrane, with or 
without a postoperative antibiotic regimen. The second­
ary objective of the study was to identify a possible rela­
tionship between early healing and the clinical outcomes 
measured at 6 months following regenerative surgery. 

Highlights

	• Systemic antibiotics after regenerative periodontal surgery did not result in a  substantial improvement in early 
wound healing.

	• The use of systemic antibiotics was associated with a significantly greater clinical attachment level (CAL) gain after 
6 months.

	• Strict adherence to aseptic protocols during surgery is essential to minimize postsurgical complications.
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Material and methods

Study design and participants 

The project was designed as a randomized, prospective, 
controlled clinical study. The study was approved by the 
Bioethics Committee of Medical University of Bialystok, 
Poland (approval No. R-I-002-302-2013), and was compli­
ant with the Declaration of Helsinki. Patients diagnosed 
with stage III periodontitis36 and having at least 1 intra­
bony defect were enrolled in the study, which encompassed 
41 generally healthy adults.

The patients were required to meet the following inclu­
sion criteria: age ≥18 years; at least 1 intrabony defect with 
a PD ≥ 6 mm, radiographically tested using the long cone 
paralleling technique (radiographic depth (RxD) ≥3 mm, 
radiographic width (RxW) ≥2 mm); no allergic reaction to 
the penicillin in the family history; smoking status: non-
smoker; effective plaque control (full mouth plaque score 
(FMPS) <20%); and signed informed consent.

Subjects who had received antibiotics within 3 months 
prior to the study, those diagnosed with systemic diseases 
that affect healing, as well as pregnant or breastfeeding 
women were excluded.

During the inclusion period, 99 patients with intrabony 
defects were screened. Twenty three subjects were 
excluded due to the presence of a radiological defect with 
a depth smaller than 3 mm. Fourteen individuals resigned 
without any reason. Six patients were in need of complete 
oral rehabilitation. Fourteen patients were excluded for 
the following reasons: diabetes (n  =  4); insufficient oral 
hygiene (n = 3); age <18 years (n = 2); acute endo-perio 
lesions (n = 2); pregnancy (n = 1); breastfeeding (n = 1); 
radiotherapy (n = 1). 

The random allocation software was used to 
allocate 41  patients into 2 groups: the study group 
(DBBM/GTR+AB (postsurgical antibiotic), n  =  21); and 
the control group (DBBM/GTR, n = 20).

Clinical measurements 

Prior to and 6 months after surgery, an  experi­
enced periodontist performed clinical measurements, 
including PD, gingival recession (GR) and mathemati­
cally calculated CAL. The probe was calibrated in 1-mm 
increments (PCPUNC 15; Hu-Friedy, Chicago, USA) and 
the readings were rounded up to the nearest millimeter. 
Six locations around each tooth with an intrabony defect 
were probed: the mesio-, mid- and distobuccal regions, 
as well as the mesio-, mid- and distolingual regions. The 
cementoenamel junction (CEJ) was used as a fixed refer­
ence point, unless the CEJ was not detectable, in which 
case a filling margin was used instead. The deepest value 
in the pre-surgery test was relevant for the statistical 
assessment. 

The FMPS and the full mouth bleeding on probing 
(FMBOP) were dichotomously calculated as percentages 
for the 4 surfaces of each tooth.37

At 1st, 2nd and 4th week after surgery, the sites were 
examined for signs of suppuration (absence or presence) 
and dehiscence (in mm).

Photographic documentation of  each site encom­
passed both an inner occlusal view and occlusal and non-
occlusal side views. The photographs were taken with 
a professional camera designed for intraoral photography 
(Olympus OM-D E-M10; Olympus Corporation, Tokyo, 
Japan; lens: M. Zuiko Digital ED 60mm F:2.8 Macro; 
Olympus Corporation; macro flash: Metz 15 MS-1; Metz 
Consumer Electronics GmbH, Zirndorf, Germany).

The EHI was assessed based on the photographs taken 
at the 1st (EHI1) and 2nd weeks (EHI2) post-surgery, as fol­
lows:
•	 EHI = 1: a complete flap closure with no visible fibrin 

line in the interproximal area (Fig. 1A);
•	 EHI = 2: a complete flap closure with a visible fine fibrin 

line in the interproximal area (Fig. 1B);
•	 EHI = 3: a complete flap closure with a visible fibrin clot 

in the interproximal area (Fig. 1C);
•	 EHI = 4: an incomplete flap closure with partial necro­

sis of the interproximal tissue (Fig. 1D,E);
•	 EHI  =  5: an  incomplete flap closure with complete 

necrosis of the interproximal tissue.

Fig. 1. Photographs taken at the 1st week (EHI1) after regenerative surgery

A. Tooth 36, EHI1 = 1 (test group); B. Tooth 43, EHI1 = 2 (test group); 
C. Tooth 22, EHI1 = 3 (control group); D. Tooth 23, EHI1 = 4 (test group); 
E. Occlusal photo of tooth 23, EHI1 = 4.
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Surgical procedures 

An experienced surgeon carried out all surgical proce­
dures. Mucoperiosteal flaps were elevated buccally and 
lingually via an  intrasulcular incision under local anes­
thesia (Ubistesin Forte; 3M ESPE, Seefeld, Germany). 
Vertical incisions were made exclusively in cases where 
easier access to the defect was necessary. The modified 
papilla preservation technique (MPPT) or simplified 
papilla preservation flap (SPPF)4,5 was employed within 
interdental spaces. Subsequently, the granulation tissue was 
removed, and the root surfaces were thoroughly scaled 
and root planed using conventional Gracey currettes 
(Hu-Friedy) and an ultrasonic scaler (Tip PS, Piezon EMS; 
EMS, Nyon, Switzerland). The defect was then filled with 
the gently pressed DBBM (cerabone®; botiss biomaterials 
GmbH, Zossen, Germany) and covered with a  trimmed 
collagen membrane (collprotect®; botiss biomaterials 
GmbH). Once the membrane was in place, the mucoperi­
osteal flap was coronally displaced and stabilized over 
the defect with vertical modified mattress sutures. The 
remaining papillae and vertical incisions were closed with 
loop sutures (monofilament non-resorbable Ethilon™ 
5-0; Johnson & Johnson Company, New Brunswick, USA).

Intrasurgery measurements 

The elevation of the flap and debridement allowed for 
the assessment of the extent of each intrabony defect with 
a  periodontal probe (PCPUNC 15) and its subsequent 
classification as one-, two- or three-walled according to 
the morphological criteria. In instances of evident tooth 
mobility after surgery, the tooth was immobilized. 

Postoperative care 

On the day of the surgery, patients randomized to the 
test group were instructed to take 1 g of  amoxicillin 
every 12 h for 7 days (Ospamox; Sandoz GmbH, Kundl, 
Austria). Additionally, they were advised to use mouth­
rinses containing 0.2% chlorhexidine digluconate solu­
tion for 2 weeks (Eludril; Pierre Fabre Laboratories, Paris, 
France). After that time, the sutures were removed, and 
the patients were permitted to resume brushing in the 
healing area with an ultra-soft brush. 

The 6-month observation period was a  time of  scru­
pulous periodontal care for the patients. The 1-, 2- and 
4-week postoperative appointments covered an  evalua­
tion of the patient’s general oral hygiene, polishing of the 
site, and detection of potential suppuration and/or wound 
dehiscence. In addition to supragingival scaling, the 2-, 
3- and 6-month appointments involved the assessment 
of FMPS and FMBOP. Intraoral photographs were taken 
at each appointment. No subgingival instrumentation was 
performed in the treated areas during the first 6 months 
after surgery.

Statistical analysis 

The data analysis was conducted using the Statistica™ 
13.1 software (StatSoft, Tulsa, USA), with each patient con­
sidered a  statistical unit. The primary outcome variables 
encompassed EHI characteristics and the parameters cor­
responding to suppuration, wound dehiscence and severe 
postsurgical pain. The alterations in CAL and PD, as 
determined by probing at the 6th month, and their association 
with EHI, were considered secondary variables. The analy­
sis used the maximum value of CAL recorded at baseline. 
The variables were expressed as the mean (M) and standard 
deviation (SD), as well as the median (Me) and quartiles. 
Within each group, a  statistical analysis was performed 
using the Wilcoxon matched-pairs signed-rank test, while 
between-group comparisons were conducted employing 
the Mann–Whitney rank sum test. The value of p < 0.05 
was considered statistically significant. In addition, the 
Spearman’s rank correlation coefficient was calculated to 
assess the relationship between early healing, as described 
by EHI1 and EHI2, and 6-month clinical parameters.

The sample size calculation was performed a  priori, 
under the assumption that the SD of the change in CAL 
was 1  mm, and that a  mean difference of  1  mm could 
be detected with a  test power of  80% in 32 subjects. 
However, we considered the possibility of dropouts and 
thus recruited and randomized 41 patients.

Results
The earliest outcome of  the study, in which 41 adult 

patients underwent a  surgical procedure (27 women, 
14 men, mean age: 41.78 years), revealed predominantly 
undisturbed healing in both the test and control groups. 
The only exceptions were slight, temporary dehiscences. 
Otherwise, we did not observe any signs of suppuration 
or severe swelling, and the patients did not complain of 
intense pain, fever or feeling unwell. Only 2 patients in 
the test group experienced tooth hypersensitivity, and 
1 subject in the control group reported a cold sore in the 
corner of the mouth. The characteristics of the defects at 
baseline are presented in Table 1.

One week after surgery, the mean EHI1 scores were 
2.14 ±1.2 for the DBBM/GTR+AB group, and 2.4 ±1.3 for 
the DBBM/GTR group. Two-week postoperative EHI2 
scores were 1.48 ±0.87 and 2.05 ±1.28, respectively. None 
of the sites exhibited an EHI score of 5, indicating complete 
necrosis of  the interproximal tissue. An  incomplete flap 
closure resulting in a dehiscence was observed in 4  test 
patients and 6 control patients at week 1, while at week 2, 
it was observed in 1 test patient and 4 control patients. 
After 4 weeks, dehiscence was observed in 3 test patients 
and 1 control group patient. However, the observed 
dehiscences did not exceed 2 mm. After 2 weeks, 95% of the 
DBBM/GTR+AB sites and 80% of the DBBM/GTR sites 
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demonstrated primary flap closure. The distribution of 
the EHI scores is reported in Table 2.

At baseline, no statistically significant differences were 
observed between the groups in terms of  PD, GR and 
CAL. At 6 months, a  statistically significant decrease in 
PD and CAL gain was observed in both groups. Addition­
ally, GR increased significantly in the control but not in 
the test group. The between-group comparison revealed 
statistically significant differences in terms of CAL, while 
PD and GR were not significantly different (Table 3).

The investigation revealed a modest correlation between 
EHI1 and EHI2 paired with GR and CAL in the control 
group after a 6-month period. There were no statistically 
significant correlations in the test group (Table 4). 

The patients in both groups maintained high standards 
of  oral hygiene throughout the study, as evidenced by 
FMPS < 20% and FMBOP < 20%.

Discussion
The primary aim of the present study was to determine 

the impact of  a  routine course of  antibiotic therapy on 
the early healing of  periodontal wounds after regenera­
tive surgery employing collagen membranes and DBBM. 
Early postoperative complications, such as suppura­
tion, wound dehiscence and severe postoperative pain 
were meticulously monitored to ascertain the necessity 
of  an  antibiotic regimen following regenerative surgery 
for intrabony defects. Irrespective of  the presence or 
absence of an antibiotic regimen, no cases of suppuration 
or severe inflammatory complications were observed in 
any of the study groups. 

The rationale for selecting the EHI was based on the 
fact that this index was specifically developed to monitor 

Table 2. Distribution of the early healing index (EHI) scores at the 1st week 
and 2nd week after regenerative surgery

EHI score
Test group  

(DBBM/GTR+AB)
Control group  
(DBBM/GTR)

1st week 2nd week 1st week 2nd week

1 9 (43) 15 (71) 7 (35) 11 (55)

2 4 (19) 3 (14) 4 (20) 1 (5)

3 4 (19) 2 (10) 3 (15) 4 (20)

4 4 (19) 1 (5) 6 (30) 4 (20)

5 0 (0) 0 (0) 0 (0) 0 (0)

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

Table 3. Between-group comparison of clinical parameters at baseline and 6 months after regenerative surgery

Parameter Baseline 
M ±SD

6th month 
M ±SD p-value Baseline 

Me
6th month  

Me
Difference 

M ±SD

PD 
[mm]

DBBM/GTR+AB 7.8 ±1.5 3.6 ±0.9 <0.0001 8 3 4.2 ±1.4

DBBM/GTR 7.4 ±1.3 4.0 ±0.9 <0.0001 7 4 3.4 ±1.7

p-value – NS – – – 0.053

GR 
[mm]

DBBM/GTR+AB 0.9 ±1.2 1.0 ±1.2 NS 0 1 −0.2 ±0.8

DBBM/GTR 1.2 ±1.3 1.8 ±1.4 0.020* 1 1.5 −0.6 ±0.8

p-value – NS – – – NS

CAL 
[mm]

DBBM/GTR+AB 8.7 ±1.4 4.6 ±1.7 <0.0001 9 4 4.0 ±1.7

DBBM/GTR 8.6 ±1.9 5.7 ±1.2 <0.0001 8 6 2.9 ±1.4

p-value – 0.010* – – – 0.008*

M – mean; SD – standard deviation; Me – median; * statistically significant (p < 0.05). The Mann–Whitney rank sum test was used for the between-group 
comparisons. Changes over time were assessed using the Wilcoxon matched-pairs signed-rank test.

Table 4. Results of the Spearman’s rank correlation analysis

Pair 
of variables

Control group (DBBM/GTR) 
(n = 20)

Test group (DBBM/GTR+AB) 
(n = 21)

Spearman’s r p-value Spearman’s r p-value

EHI1 + GR6 0.50 0.020* 0.16 NS

EHI1 + CAL6 0.55 0.010* 0.22 NS

EHI2 + GR6 0.45 0.049* 0.24 NS

EHI2 + CAL6 0.51 0.020* 0.21 NS

* statistically significant (p < 0.05); GR6 – gingival recession at the 6th month 
after surgery; CAL6 – clinical attachment level at the 6th month after surgery.

Table 1. Characteristics of the defects at baseline

Group 1-wall/2-wall/3-wall, n PD  
[mm]

GR  
[mm]

CAL  
[mm]

Intra  
[mm]

Test (DBBM/GTR+AB) 5/12/4 7.8 ±1.5 0.9 ±1.2 8.7 ±1.4 5.5 ±2.0

Control (DBBM/GTR) 6/9/5 7.4 ±1.3 1.2 ±1.3 8.6 ±1.9 5.0 ±1.6

p-value (Mann–Whitney rank sum test) NS NS NS NS

NS – non-significant; PD – pocket depth; GR – gingival recession; CAL – clinical attachment level; Intra – depth of intrabony component; DBBM – deproteinized 
bovine bone material; GTR – guided tissue regeneration; AB – postsurgical antibiotic.
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the healing of  surgically treated intrabony defects. The 
EHI scores correspond to 5 characteristics indicative 
of  complete or incomplete flap closure, taking into 
account the presence of fibrin and necrosis. None of the 
sites in our study displayed an  EHI of  5, which would 
indicate a  complete necrosis of  the interproximal tissues. 
However, the present study revealed that the EHI scores 
were slightly higher in comparison to those documented 
by Wachtel et al.7 In that study, EHI decreased from 1.85 
to 1.39 within 2 weeks in the enamel matrix derivative 
group and from 1.65 to 1.19 in the control group.7 The 
observed discrepancy in the results may be ascribed to 
the different surgical technique and biomaterials used 
for periodontal tissue regeneration. The surgical inter­
ventions performed in this study incorporated grafting 
materials and collagen membranes, necessitating more 
extensive flap preparation. Notably, unlike enamel matrix 
derivative, the biomaterial itself was required to preserve 
a space for regeneration under the flap. 

The importance of  primary intention healing has 
been demonstrated in the study on GTR procedures by 
Trombelli  et  al.31 The paper demonstrated significantly 
lower values of bone gain when the membrane was previ­
ously exposed.31 Wound closure for periodontal regenera­
tion enables primary intention healing and is considered 
a  prerequisite to stabilize the blood clot and promote 
a regeneration process.35 The EHI is a clinically available 
method to determine the early healing phase of periodon­
tal wounds. The relevance of  EHI as a  predictor of  the 
outcomes of  regenerative procedures has been investi­
gated by Farina et al.38 However, the study was not able 
to demonstrate the association between early healing and 
6-month clinical results, such as a CAL gain and pocket 
depth reduction. The authors hypothesized that the 
observed findings could be related to a short observation 
period, suggesting that the EHI may not be sensitive enough 
to detect significant differences in early postoperative 
healing, which could have a substantial impact on the out­
comes over a period of half a year.38 The influence of the 
EHI on 1-year CAL gain was examined by Liu  et  al.39 
Lower EHI scores positively influenced the CAL gain. 
Sites demonstrating optimal healing were more likely to 
achieve a  greater CAL gain during the 1-year observa­
tion period.39 Apart from the abovementioned success, it 
is important to acknowledge that regenerative therapy is 
multifactorial and contingent on numerous patient-related 
and site-specific factors, other than the EHI.40

The results of  the current study demonstrated that 
GTR with DBBM led to a  notable decrease in PD and 
an increase in CAL after 6 months, irrespective of whether 
the surgery was followed by a  course of  postoperative 
antibiotics. The only exception was an unchanged GR in 
the DBBM/GTR+AB group, which proved advantageous 
when the expected outcome was a CAL gain rather than 
a recession. Thus, the efficacy of both postoperative pro­
tocols has been demonstrated.

Six months after surgery, the attained gain in CAL was 
4.6 ±1.7  mm in the test group and 2.9 ±1.4  mm in the 
control group. The difference between the groups was 
statistically significant, favoring the antibiotic regimen. 
However, the statistical significance in the CAL gain was 
not confirmed after the 1-year observation period. As 
previously documented, a  1-year CAL gain in the test 
group was 3.6 ±1.6  mm, while in the control group it 
was 2.7 ±1.6 mm.41 There were no statistically significant 
intergroup differences.41 Other authors who used collagen 
membranes and xenogeneic biomaterials with antibiotics 
reported comparable gain in CAL. Camargo et al. observed 
a  mean gain of  3.2  mm after 6  months.42 Sculean  et  al. 
reported a mean gain of 4.0 mm after 1 year.43 Esposito et al. 
noted a probing attachment level (PAL) of 3.6 mm after 
1 year.44 Similar clinical studies without postsurgical 
antibiotics revealed a  mean CAL gain of  4.1  mm45 and 
3.7 mm after 1 year.46 

Histological studies in humans have confirmed the 
effectiveness of  GTR. For instance, in the study by 
Sculean  et  al., concurrently with a  mean attachment 
gain of 3.6 mm, there was 2.4 mm of new cementum and 
2.1 mm of new bone.47 Thus, it may be anticipated that 
the clinical improvements obtained in the present study 
may also reflect, at least to a certain extent, periodontal 
regeneration. However, only a  histological analysis can 
provide definite evidence regarding the quality of  the 
newly formed tissues, which, due to evident reasons, 
could not be performed in the present study.48

Postsurgical antibiotic regimens vary in type and dos­
age. They range from 250  mg tetracycline administered 
4 times daily for a week4 to 1.5 g of amoxicillin once a day 
for a week,49 200 mg of doxycycline administered daily for 
a  week,50 or 1  g of  amoxicillin plus clavulanic acid once 
a day for 8 days.51 What is more, clinicians are not unani­
mous in their views on the potential benefits of antibiotic 
treatment. The main postoperative hazards to prevent are 
membrane exposure and wound infection. A probable bac­
terial contamination of  the exposed membrane impedes 
clinical effects of  the procedure. The novel papilla pres­
ervation techniques (MPPT, SPPF)23 have led to a notable 
decrease in the incidence of such complications.23 These 
methods ensure the secure placement of the flap above the 
barrier membrane. It is, however, practically impossible to 
keep the membrane aseptic, as it becomes contaminated 
within the first 3 minutes in the oral cavity.22

Antibiotics are also frequently recommended in another 
modality of regenerative therapy that uses enamel matrix 
derivative (EMD), even though the risk of  infection is 
lower.47,52 However, the results of  randomized clinical 
studies have failed to reveal any advantages of a postoper­
ative antibiotic regimen on the clinical outcomes obtained 
after regenerative surgery with EMD, thus corroborating 
our findings.26,53

A review of  the relevant literature from 2005 to 2014 
reveals that systemic antibiotics were routinely administered 
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in 75.4% of  cases involving flap elevation despite the low 
overall proportion of  postoperative infections. These 
amounted to 0.073% when antibiotics were included and 
to 0.693% when they were not. This difference was neither 
statistically nor clinically significant.54 Previous studies have 
noted a limited occurrence of postoperative complications 
following periodontal surgery,19,55 with reported rates 
of 2.09% and 4.2%, respectively. Some of these complications 
may be related to inadequate preoperative preparation 
of the patient. A thorough execution of the hygienic phase, 
comprising subgingival mechanical debridement (i.e., scaling 
and root planing), is imperative to reduce the bacterial load 
and minimize postoperative complication rates.26 Finally, 
a  strictly executed, asepsis-oriented surgical protocol, as 
evidenced in the present study, is crucial to minimize the 
need for postsurgical antibiotic therapy.56

Conclusions
The results of the present study do not support the rou­

tine administration of antibiotics in systemically healthy 
patients treated with a  collagen membrane and DBBM 
xenograft. This type of regenerative therapy, carried out 
under aseptic conditions, ensured undisturbed healing. 
Although a supplemental 1-g dose of amoxicillin did not 
significantly influence EHI and PD reduction, it led to 
a CAL gain after 6 months. 
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Abstract
Background. Coronavirus disease 2019 (COVID-19) quickly reached the pandemic status, with 
765.22  million confirmed cases of  COVID-19 and 6.92 million COVID-19 deaths reported worldwide 
by May 2023. Due to its sudden and global nature, the COVID-19 pandemic has had a significant impact 
on the emotional and mental health of many people. A group of COVID-19 patients who frequently require 
intensive care are geriatric patients. The cognitive performance of these patients and their independence in 
instrumental activities of daily living (IADL) may be crucial to their prognosis and risk of in-hospital death.

Objectives. The present study aimed to assess the level of  independence in activities of  daily living 
(ADL), mental fitness, the level of fear of COVID-19, and cognitive functions to determine their impact on 
in-hospital mortality in geriatric COVID-19 patients. 

Material and methods. A total of 300 intensive care unit (ICU) patients with COVID-19 were included 
in the cross-sectional study, using the following questionnaires: the Lawton IADL scale, the Katz ADL index 
of independence, the fear of COVID-19 scale (FCV-19S), the abbreviated mental test score (AMTS), and the 
15-item geriatric depression scale (GDS15).

Results. Patients aged 64 or below reported significantly greater independence on the IADL scale and 
the basic ADL scale, and showed a  significantly higher level of  mental fitness (Mann–Whitney U test; 
p  =  0.001). Patient survival and in-hospital mortality were influenced by independence in basic and 
complex ADL.

Conclusions. The level of independence is an important prognostic indicator for in-hospital mortality in 
geriatric COVID-19 patients. The higher the level of mental fitness, the higher the level of independence in 
basic and instrumental activities of daily living. Patients aged ≥65 years are less independent in basic and 
instrumental activities of daily living. Moreover, they show a significantly lower level of cognitive functions.

Keywords: quality of life, depression, COVID-19, intensive care unit
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Introduction
The novel coronavirus disease 2019 (COVID-19) quick-

ly reached the pandemic status, and as of  May 3, 2023, 
765.22 million confirmed COVID-19 cases and 6.92 
million COVID-19 deaths had been reported worldwide.1

Due to its sudden and global nature, the COVID-19 
pandemic has had a significant impact on the emotional 
and mental health of  many people.2 Its influence on 
healthcare professionals and patients requiring long-term 
hospital treatment, including intensive care, has been 
particularly profound.

According to the Centers for Disease Control and 
Prevention (CDC) report, 41% of respondents in the surveys 
conducted across the United States reported at least one 
adverse mental health condition directly attributable to 
the pandemic.3 Over 50% of the respondents reported the 
symptoms of an anxiety disorder or a depressive disorder, 
or the symptoms of  a  trauma- and stressor-related dis-
order with regard to the pandemic, and as many as 11% 
reported having seriously considered suicide as a  result 
of the pandemic.3

During the COVID-19 pandemic, the number of  pa-
tients requiring intensive care increased significantly. 
COVID-19 patients hospitalized in intensive care units 
(ICUs) are under extreme psychological strain and they 
exhibit high levels of  stress, as they are aware of  how 
deadly the disease can be. In addition, an ICU stay is itself 
a  risk factor for psychological difficulties.4 Another 
factor that has an  impact on the severity of anxiety and 
depression symptoms and confusion in COVID-19 patients 
under intensive care are ICU visitor restrictions, which 
make conscious patients feel they do not receive sufficient 
psychological support.5 Isolation and the lack of contact 
due to COVID-19 negatively affect the mental health 
of  patients. Research shows that isolation has a signifi-
cant influence on the incidence of anxiety and depression, 
making patients more likely to show anger, feel lonely or 
be dissatisfied with the healthcare in the ward.5,6 In addi
tion, staff in overburdened wards are not always able to 
ensure that patients are provided with appropriate psycho
logical care, which increases patients’ stress and fear.7 The 
literature notes that women are more likely to show a fear 
of the disease.8,9 Studies also suggest that women’s greater 
sensitivity and emotionality, which are dependent on the 
level of sex hormones, may be an influencing factor.8,9 On 
the other hand, men find it more challenging to express 
fear. Therefore, women might be more vulnerable to the 
fear of COVID-19.8,9

COVID-19 patients requiring intensive care are often 
those who have developed acute respiratory distress 
syndrome (ARDS) and require prolonged mechanical 
ventilation (PMV). Prolonged mechanical ventilation is 
associated with an extended stay in ICU. It contributes to 
emotional stress and the deterioration of  patients’ well-
being, as well as enhances the possibility of  developing 

depression or even post-traumatic stress disorder (PTSD). 
The severity of the disease and the prolonged hospital stay 
negatively affect the mental well-being of  patients.10–13 
The apparatus used makes it difficult for these patients 
to communicate with others. Moreover, they suffer from 
dyspnea, chest pain and chest tightness, which increases 
their anxiety about their health and long-term progno-
sis.14–16 All these factors can lead to anxiety and depres-
sive disorders, reducing patients’ quality of life.

A common group of COVID-19 patients requiring in-
tensive care are geriatric patients. Since geriatric patients, 
in addition to the underlying disease, often suffer from 
other comorbidities, and are more likely to have their daily 
independence deteriorated or their cognitive functions 
impaired, or to feel loneliness, there is a  risk that their 
hospitalization and further prognosis may differ as com-
pared to patients below 65 years of age. Studies show that 
in-hospital mortality in geriatric patients in ICUs, apart 
from somatic disorders, is associated with the impair-
ment of their independence (in terms of activities of daily 
living (ADL) and instrumental activities of  daily living 
(IADL)), and the loss or deterioration of cognitive func-
tions.17 The presence of  cognitive dysfunction worsens 
the prognosis of patients, independently of other medical 
comorbidities.18,19 The cognitive performance of patients 
aged 65 and above and their independence in IADL may 
be crucial to their prognosis and risk of in-hospital death.

Since the above factors may influence the occurrence 
of  either depression or in-hospital mortality, the authors 
decided to use multiple scales. It was crucial to assess in-
dependence in basic and complex activities of daily living 
(the IADL and ADL scales), as well as the mental state, and 
this was done using the 15-item geriatric depression scale 
(GDS15). In the study, we used scales for evaluating the 
fear of COVID-19 (FCV-19S) and the abbreviated mental 
test score (AMTS), which assesses the cognitive functions 
of patients. Based on the existing research, our study hypo
thesizes that the loss of independence and the deteriora
tion of cognitive functions worsen the prognosis of geriat
ric patients and increase the risk of in-hospital mortality.

The present study aimed to assess the level of  indepen-
dence in activities of  daily living, mental fitness, the level 
of fear of COVID-19, and cognitive functions to determine 
their impact on in-hospital mortality in geriatric COVID-19 
patients in comparison with patients aged ≤64 years.

Material and methods
This cross-sectional study was conducted among 

300 ICU patients with COVID-19 from 2 hospitals in 
Wroclaw, Poland: the 4th Military Teaching Hospital; and 
the Independent Public Healthcare Center of the Ministry 
of  the Interior and Administration. Among the patients 
examined, 234 were from the former hospital, and 66 
from the latter one. The group was a convenient sample. 
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The data was collected from November 2020 to March 
2022. The inclusion criteria were as follows: adult patients 
(aged more than 18 years); admission to ICU; a diagnosis 
of  COVID-19; and informed consent. The exclusion 
criteria were: age under 18; admission to ICU without be-
ing diagnosed with COVID-19; being unable to complete 
the questionnaire; and the lack of consent to participate 
in the study. The following questionnaires were used: the 
Lawton IADL scale; the Katz ADL index of independence; 
FCV-19S; AMTS; and GDS15. Each of the questionnaires 
was administered to each patient only once. The patients 
were informed about the purpose of the study, and were 
made aware that they could withdraw from it at any time. 
Patient confidentiality was maintained by interview-
ing the patients in individual rooms. The questionnaires 
were not signed with the patient’s first and last name; only 
gender and age were indicated in the questionnaire. The 
conversation with the patient was always conducted in-
dividually, devoting a lot of attention to each patient and 
an  individually selected amount of  time. The interview-
er was the lead author – a qualified nurse with 25 years 
of experience with older people and considerable know
ledge of the scales used in the study. The interviewer read 
the questions to each patient. When a given question was 
incomprehensible, the interviewer explained it thorough-
ly. At the end of  the survey, the patient personally con-
firmed with their signature that all the data was correct, 
and signed informed consent to participate in the study.

If a given questionnaire was incomplete, and it was pos-
sible to talk to a particular patient, the conversation was 
repeated and the missing data was completed. If this was 
not possible, an  incomplete questionnaire was excluded 
from the study. There were 15 incomplete questionnaires. 
For the 300 patients presented in the study, all data was 
completed in full. The study was approved by the rele
vant bioethics committee (Military Medical Chamber, 
Warsaw, Poland; approval No. KB-191/22).

The Lawton IADL scale is used to assess the patient’s 
ability to carry out instrumental activities of daily living. 
There are 8 questions about the ability to use the tele-
phone, do the shopping, prepare food, do housekeeping, 
do the laundry, travel independently, take medications, 
and handle finances. In each question, the patient may 
score from 1 point to 3 points, where 3 points refers to 
full independence in a given activity, 2 points means that 
the patient needs help with an activity, and 1 point that 
the patient is almost completely dependent on another 
person’s help. The scale has a  score range of  8–24. The 
higher the score, the higher the level of  IADL indepen-
dence. A minimum score of 8 points indicates full depen-
dence, a  score of  9–23 points means that the patient is 
moderately dependent, and a maximum score of 24 points 
stands for full independence.20,21 The validity of the IADL 
scale was assessed using the Guttman and Rasch scoring 
system. The validity coefficients were consistent across 
the scoring methods.22

The Katz ADL index of independence is used to assess 
performance in basic activities of daily living. The scale 
consists of  6 questions (activities) measuring the ability 
to bathe, dress/undress, eat, and use the toilet indepen-
dently, basic mobility, and the ability to control urination 
and defecation. The patient answers positively (1 point) 
or negatively (0 points) to each question. The total score 
on the scale (0–6 points) is the number of activities the 
patient can carry out independently. A score of 2 and less 
means that patient is significantly disabled.23 The relia
bility of the Katz ADL index of independence was assessed 
with Cronbach’s alpha of  0.87. Validity was assessed as 
a coefficient of scalability of 0.6 and a correlation with the 
activity index of 0.95.24

The FCV-19S is used to assess the fear of COVID-19. It 
has a score range of 7–35. The higher the score, the higher 
the level of  fear. There are no standards as to what score 
on the scale indicates a high level of  fear and what score 
denotes a  low level of fear. However, the average number 
of points per question can be calculated and interpreted us-
ing the scoring scale for a single question, where 1 denotes 
a definite lack of fear, 2 denotes the lack of fear, 3 denotes 
a neutral response, 4 denotes the presence of fear, and 5 de-
notes the presence of a significant fear.25 The interpretation 
of  the results was adopted from the existing literature in 
Polish: 27–35 points stands for a high level of COVID-19 
anxiety; 20–26 points indicates that anxiety is at a moder-
ate level; 9–19 points means low anxiety; and <9 points in-
dicates no COVID-19 fear.26–28 In European publications, 
the cut-off point is a score of 16.5 or higher.29 It is recom-
mended not to use that cut-off point as a diagnostic value, 
but only as a value for screening for a group of patients with 
an increased risk of COVID-19 fear.27–29 The FCV-19S was 
validated in Poland by testing 708 people.26 The results 
showed high internal consistency of the scale (Cronbach’s 
alpha of 0.89), and that the criteria of scale invariance and 
correlation with other variables were met.26

The AMTS is used to assess cognitive functions. It 
comprises 10 questions. The total score on AMTS is the 
number of  correct answers to those questions. When 
answering, the patient has to supply information about their 
age, year of birth, address, the current time, the current 
year, the date of the First World War, and the name and 
surname of  the current president. The patient is asked 
to repeat and remember an address given by the doctor, 
and count backward from 20 to 1. A score of 0–3 suggests 
a severe impairment of cognitive functions, a score of 4–6 
suggests a moderate impairment, a score of 7–8 indicates 
a mild impairment, and a score of 9–10 indicates normal 
cognitive function.30 The AMTS was validated by com-
parison to 7 AMTS versions and the mini-mental state 
examination (MMSE). Based on the linear regression 
and C statistics, AMTS showed a significant correlation 
and no significant differences from the C statistic (0.87), 
which proves the usefulness of this tool for assessing cogni
tive impairment.31
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The GDS15 is used to assess the severity of  depres-
sive symptoms in the elderly. The scale consists of 
15  questions that are answered affirmatively or negatively. 
The questions focus on evaluating satisfaction with life, 
being happy, feeling bored or inferior to others, feeling 
helpless or anxious, having memory problems, and not 
wanting to leave the house. The scale has a score range 
of  0–15, where the higher the score, the higher the 
severity of depressive symptoms. A score of 0–5 indicates 
the absence of  depressive symptoms, a  score of  6–10 
indicates a  moderate severity of  depressive symptoms 
and a score of 11–15 indicates severe depression.32 The 
validity of GDS15 was assessed by meta-analysis of the 
69 studies identified.33

The following hypothesis was tested: the IADL, ADL, 
FCV-19S, AMTS, and GDS15 scores depend on age 
(24–64 years vs. 65–97 years) and gender (female vs. 
male). Other hypotheses were: the IADL and ADL scores 
correlate with the AMTS scores; the AMTS scores cor
relate with the FCV-19S results; the IADL and ADL scores 
correlate with the FCV-19S results; the FCV-19S scores 
correlate with survival; the GDS15 scores correlate with 
survival; the IADL and ADL scores correlate with sur-
vival; and the FCV-19S results correlate with the length 
of the hospital stay.

All the scales used in the study had been proved to be 
valid and reliable in the population corresponding to the 
study group of patients.22,24,26,31,33,34 

Statistical analysis 

For the assessment of  the sample size, we used 
convenience sampling. The study was conducted 
within a  specific timeframe from November 2020 
to March 2022 in the 4th Military Teaching Hospital 
and the Independent Public Healthcare Center of  the 
Ministry of the Interior and Administration, Wroclaw, 
Poland. We included all patients available at that 
time and place who met the study inclusion criteria; 
therefore, our sample was the largest possible. The 
analysis of  quantitative variables was carried out by 
calculating means and standard deviations (M ±SD), 
and medians and interquartile ranges (Me (IQR)). 
Qualitative variables were analyzed by calculating 
frequencies and percentages (n (%)). The values 
of  quantitative variables were compared between the 
2  groups (patients aged 24–64  years vs. 65–97 years) 
using the Mann–Whitney U test. Correlations between 
quantitative variables were analyzed using Spearman’s 
correlation coefficient (r). A univariate analysis of  the 
impact of  a  number of variables on a  dichotomous 
variable was carried out using logistic regression. The 
results are reported as odds ratio (OR) values with 
a  95% confidence interval (CI). Statistical significance 
was set at 0.05. Thus, all p-values of less than 0.05 were 
interpreted as indicating significant relationships.

The comparison of the values of quantitative variables in 
the 2 groups was made using the Mann–Whitney U test, 
since the data being analyzed did not have a normal distribu
tion (as checked with the Shapiro–Wilk test). Correla
tions between quantitative variables were analyzed using 
Spearman’s correlation coefficient, since the data did not 
have a normal distribution (as checked with the Shapiro–
Wilk test). A univariate analysis of the influence of many 
variables on a  binary variable was performed using the 
logistic regression method. The results are presented as OR 
parameter values with a 95% CI, as the modelled variable 
was a two-state one.

The analysis was carried out using the R software, 
v.  4.1.3 (https://www.r-project.org). Logistic regression 
was performed by entering the appropriate command 
(glm) in the R program, which then performed calcula-
tions according to the formulas.35

Results
Of the 300 patients included in the study, 161 were 

female and 139 were male. The mean age of the patients 
was 70.41 years. Eighty-one patients were aged 64 or 
below, and 219 patients were aged 65 or above. Of the 
300 patients examined, 34 died during hospitalization 
(the mortality rate was 11.33%). Among the variables 
examined, there were dependent variables, including 
death, and independent variables – the IADL, ADL, 
FCV-19S, AMTS, and GDS15 scores, which were treated 
as continuous variables, so in the analysis of their impact 
on mortality they were not divided into categories. 
Hence, there is no calculation of  the number of deaths 
in each category.

The Lawton IADL results showed that of the 300 pa-
tients included in the study, 153 (51.00%) were partially 
independent, 145 (48.33%) were fully independent, 
and 2 (0.67%) were fully dependent in IADL. The Katz 
ADL results showed that of  the 300 patients studied, 
288 (96.00%) were fully functional, 6 (2.00%) had a sig-
nificant degree of ADL disability, and 6 (2.00%) showed 
a  moderate degree of  ADL disability. The character-
istics of  the study group, including the results of  the 
IADL and ADL independence assessment, are present-
ed in Table 1.

The mean score of  the patients on FCV-19S was 
18.93 ±5.61, i.e., 2.7 points per question (rounded to 3). 
The minimum score was 7, while the maximum score 
was 35 points. The mean score of 18.93 is interpreted in 
the Polish adaptation of the scale as indicating a low level 
of fear,27,28 while in the European adaptation, the score is 
above the cut-off point; therefore, these patients should 
be evaluated further to assess their mental well-being.29

The AMTS results showed that of the 300 patients in-
cluded in the study, 196 (65.33%) had normal cognitive 
function, 62 (20.67%) had mild cognitive impairment, 

https://www.r-project.org
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25 (8.33%) had moderate cognitive impairment, and 17 
(5.67%) had severe cognitive impairment (Table 1). The 
analysis showed that the level of cognitive functions in 
geriatric patients differed from that in younger patients. 
Mental performance was significantly higher in the 
under-65 age group (p < 0.001) (Table 2).

Using GDS15, the authors assessed only the group of 
geriatric patients (≥65 years old) without making a compari
son to the younger group, and this was due to the reliabil-
ity of this scale only in a geriatric group of patients. The 
GDS15 results showed that of  the 219 patients studied, 
156 (71.23%) had no depressive symptoms, 56 (25.57%) 
displayed a  moderate severity of  depressive symptoms, 
and 7 (3.20%) had severe depression (Table 1).

Our analysis showed certain statistically significant cor-
relations (p < 0.05). Based on the results, we may notice 
that age is an  important factor affecting the level of  in-
dependence among patients. Patients aged 64 or below 
reported significantly greater independence on the IADL 
scale and the basic ADL scale, and showed a significantly 
higher level of mental fitness. The correlations between 
age and independence in IADL, independence in basic 
ADL and mental fitness are collected and presented in 
Table  2. Our analysis using the Mann–Whitney U test 
showed that gender was a  factor influencing the level 
of fear of COVID-19 (p = 0.001). Female patients reported 

a significantly higher fear of COVID-19 as compared to 
male patients. The mean score on FCV-19S in the female 
group (N = 161) was 19.84 ±5.60, while in the male group 
(N = 139) it was 17.88 ±5.45.

The analysis showed statistically significant relation-
ships (p  <  0.05), indicating that the higher the level 
of mental fitness, the higher the level of IADL and ADL 
independence. The correlation between the AMTS and 
Lawton IADL scale scores was r = 0.438, whereas between 
the AMTS and Katz ADL scale scores it was r = 0.270.

Our study presents a novel, previously unpublished 
result regarding the impact of IADL and ADL independence 
on in-hospital mortality. It shows that patient survival and 

Table 1. Characteristics of the study group

Scale N Data gaps M ±SD Me (IQR) min max Score Interpretation n (%)

Lawton IADL 
scale

300 0
21.01 
±4.32

23 
(20–24)

8 25

8 fully dependent
2 

(0.67)

9–23 partially dependent
153 

(51.00)

24 fully independent
145 

(48.33)

Katz ADL index 
of independence

300 0
5.80 

±0.87
6 

(6–6)
0 6

0–2 significant degree of disability
6 

(2.00)

3–4 moderate degree of disability
6 

(2.00)

5–6 fully functional
288 

(96.00)

AMTS 300 0
8.37 

±2.13
9 

(8–10)
0 10

0–3 severe cognitive impairment
17 

(5.67)

4–6 moderate cognitive impairment
25 

(8.33)

7–8 mild cognitive impairment
62 

(20.67)

9–10 normal cognitive function
196 

(65.33)

GDS15 219 0
4.07 

±3.09
4 

(2–6)
0 14

0–5 absence of depressive symptoms
156 

(71.23)

6–10 moderate severity of depressive symptoms
56 

(25.57)

11–15 severe depression
7 

(3.20)

M – mean; SD – standard deviation. Me – median; IQR – interquartile range; min – minimum; max – maximum; IADL – instrumental activities of daily living; 
ADL – activities of daily living; AMTS – abbreviated mental test score; GDS15 – 15-item geriatric depression scale.

Table 2. Statistically significant relationships between age and 
independence in instrumental activities of daily living (IADL) and basic 
activities of daily living (ADL) and mental fitness

Variable Age [years] M ±SD Me (IQR) p-value

Lawton IADL 
scale score

≤64 (N = 81) 23.25 ±2.28 24 (24–24)
<0.001*

≥65 (N = 219) 20.18 ±4.60 22 (17–24)

Katz ADL 
scale score

≤64 (N = 81) 5.99 ±0.11 6 (6–6)
0.007*

≥65 (N = 219) 5.73 ±1.00 6 (6–6)

AMTS score
≤64 (N = 81) 9.33 ±1.13 10 (9–10)

<0.001*
≥65 (N = 219) 8.01 ±2.29 9 (7–10)

* statistically significant (Mann –Whitney U test).
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in-hospital mortality are influenced by independence in 
basic and complex activities of daily living. The dichoto-
mous variable was the variable determining whether the 
patient died or not. The FCV-19S and GDS15 scores did 
not affect the dichotomous outcome, each point on the 
Lawton IADL scale reduced the chance of death by 11.1%, 
and each point on the Katz ADL scale reduced the chance 
of death by 31% (p < 0.05). Table 3 demonstrates the cor
relations between the IADL and ADL scores and the 
likelihood of death. Therefore, the higher the IADL and 
ADL scores, the higher chance of patient survival.

No statistically significant relationships (p > 0.05) were 
found between age and the level of  fear of  COVID-19, 
between gender and the level of IADL and ADL indepen
dence, between gender and the level of  mental fitness, 
between gender and the severity of depressive symptoms, 
between mental fitness and the level of fear of COVID-19, 
between the level of fear COVID-19 as well as the severi
ty of depressive symptoms and survival, and between the 
level of fear of COVID-19 and the length of the hospital 
stay. In conclusion, gender had an  impact on the level 
of  fear of  COVID-19, but it had no significance on the 
level of independence and mental fitness, and the severi
ty of  depression. There was no significant correlation 
between age and the level of fear of COVID-19. The in-
tensity of  fear of  COVID-19 did not significantly affect 
the level of cognitive functions, the level of independence 
(IADL, ADL), survivability, and the length of the hospital 
stay. The age of the patients showed a significant correla-
tion with the level of independence and the level of cogni-
tive functions. However, age did not determine the level 
of fear of the disease. The statistically significant and non-
significant relationships and correlations are presented in 
Tables 4 and 5.

Discussion
Illnesses requiring hospital admission, and in parti

cular those requiring intensive care management, 
have a  negative impact on the well-being of  patients.36 
According to the available literature, up to 67% of hospital
ized patients suffer from symptoms of  anxiety and de-
pression, and 45% are diagnosed with PTSD,37–48 which 
has a  negative impact on their health-related quality 
of life (HRQoL).40,44,45,47

COVID-19 patients hospitalized in ICUs suffer from 
stress and anxiety. A  study by Kupeli  et  al. found that 
37.1% of  the COVID-19 patients studied showed symp-
toms of anxiety and 43.6% showed symptoms of depres-
sion in the first 24 h of  admission to ICU.49 Such a  re-
sponse to a  stressor is considered acute stress disorder 
(ASD). This disorder is associated with feelings of great 
uncertainty, vulnerability and even fear resulting from ex-
posure to a potentially fatal event.50 COVID-19 patients 
hospitalized in ICUs need to be kept isolated from other 
patients, which may increase their feelings of uncertain-
ty and vulnerability. They do not know what is going to 
happen to them next. Moreover, the personal protective 
equipment (PPE) that must be worn by health workers 
while treating patients with COVID-19 can evoke nega-
tive connotations, making patients aware of the serious-
ness of their situation.

Studies have shown that certain demographic features 
and factors relating to the hospital stay itself can have 
a  negative impact on the mental well-being of  patients. 
These include a low level of education, being unemployed, 
female gender, the duration of the stay in ICU, and disease 
severity.41,51–53 

Table 4. Comparison of scores on various scales with regard to age and gender (statistically significant and non-significant relationships)

Variable Lawton IADL scale score Katz ADL scale score AMTS score FCV-19S score GDS15 score

Age [years]
≤64 (N = 81) 23.25 ±2.28 5.99 ±0.11 9.33 ±1.13 18.48 ±4.60 –

≥65 (N = 219) 20.18 ±4.60 5.73 ±1.00 8.01 ±2.29 19.10 ±5.94 –

p-value <0.001* 0.007* <0.001* 0.675 –

Gender
F (N = 161) 20.96 ±4.09 5.75 ±0.95 8.17 ±2.30 19.84 ±5.60 4.18 ±3.11

M (N = 139) 21.07 ±4.58 5.86 ±0.76 8.60 ±1.89 17.88 ±5.45 3.94 ±3.08

p-value 0.167 0.060 0.112 0.001* 0.583

Data presented as M ±SD. 
FCV-19S – fear of COVID-19 scale; F – female; M – male; * statistically significant (Mann –Whitney U test).

Table 3. Correlations between the independence in instrumental activities 
of daily living (IADL) and basic activities of daily living (ADL) scores and the 
likelihood of death

Variable OR 95% CI p-value

Lawton IADL scale score 0.889 0.829–0.953 0.001*

Katz ADL scale score 0.690 0.522–0.914 0.010*

OR – odds ratio; CI – confidence interval; * statistically significant 
(univariate logistic regression).

Table 5. Statistically non-significant correlations with regard to the fear 
of COVID-19

Correlation r p-value

IADL vs. FCV-19S −0.043 0.460

ADL vs. FCV-19S −0.045 0.436

AMTS vs. FCV-19S 0.014 0.807

FCV-19S vs. the length of hospitalization 0.051 0.379

r – Spearman’s correlation coefficient.
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In their study, Daltaban and Aytekin showed that there 
is a strong association between female gender and an in-
creased level of fear during the pandemic.54 Similarly, the 
present study found a correlation between female gender 
and a greater fear of COVID-19. Women are more likely 
to respond more emotionally to such difficulties. More-
over, given the different life roles of men and women, the 
fear of  infection experienced by women may be due to 
their concerns that no one would replace them in taking 
care of  their children, grandchildren or living partners, 
or in carrying out their duties if they became ill. Studies 
suggest that women’s greater sensitivity and emotionality, 
which are dependent on the level of sex hormones, may 
be an  influencing factor. However, we cannot name the 
exact causes of women’s higher levels of  fear. Therefore, 
the suggested factors are the subject of research; we pro-
pose to consider them a hypothesis.8,9,55–57 

In our study, we found no relationship between age 
and the level of  fear of  COVID-19. Kaya and Bayındır 
observed a  higher level of  fear during the COVID-19 
pandemic among geriatric patients, and suggested that 
healthcare professionals should help patients normalize 
the level of fear with physical activity and social support.58 
In a study by Nino et al., the researchers noticed that the 
level of anxiety increased with age, which might be related 
to more frequent comorbidities in older people.59 How
ever, these results have not been confirmed in every ethnic 
group studied. In a study by Lin et al.25 and also one by 
Łazarz-Półkoszek  et  al.60, children and older people 
showed a  lower level of  anxiety than young or middle-
aged adults, which was attributed to their different per-
ceptions of the disease and its impact on health and social 
functioning, including financial functioning.

In addition, the mental fitness of  patients and their 
level of  IADL independence prior to hospitalization 
have an  impact on their perception of  the disease and 
their awareness of  the risk it poses. The present study 
showed that patients aged over 64 exhibited a  lower 
level of cognitive function and were less independent in 
activities of daily living as compared to younger patients. 
Moreover, the study found that the level of  mental fit-
ness and the level of independence in daily life influence 
each another, and that there is a statistically significant 
correlation between them. This also has implications for 
the patient’s hospital stay, and especially their prognosis. 
In the present study, a higher level of independence was 
found to be associated with a lower likelihood of death. 
Bruno et al. concluded in their study that the Katz ADL 
index of  independence provides additional informa-
tion that can help assess the risk of in-hospital death in 
COVID-19 patients.61 Patients with low Katz ADL scores, 
i.e., those with limitations in ADL, were found to be at 
a particularly high risk of deah.61 Similarly, Ting-Jie et al.62 
and Ocagli et al.63 noted in their studies that the Barthel 
index could be used as a prognostic indicator for mortali
ty. A study by Bo et al. confirms the assumed hypothesis 

regarding the impact of  independence and the quality 
of  cognitive function on the prognosis of  geriatric pa-
tients hospitalized in ICUs; the lower the level of  self-
reliance and high or moderate cognitive impairment, the 
higher the in-hospital mortality.17

With age, the loss of interneuronal networks and brain 
atrophy can be observed. It is often associated with a cogni
tive decline. However, cognitive impairment may also be 
associated with dementia, due to damage to the vessels, 
brain tumors, post-stroke changes, or the impairment 
of  the dopaminergic system, or with potentially revers-
ible causes, such as depression, endocrine causes, such as 
hypothyroidism, or vitamin B12 deficiency.64–67 Older age 
also affects the level of independence, but it is not the only 
important factor. Depression, a low level of social support, 
not living and participating in social relationships, as well 
as the impairment of cognitive functions, also reduce in-
dependence. There is an  age–cognition–independence 
connection, where all factors influence each other.68,69

In addition to a  low level of  independence, other risk 
factors for in-hospital death reported in the available 
literature include dementia, cognitive impairment and older 
age (>85 years).70 It has been observed that older age is 
not a sufficient indicator of  the risk of death. The inde-
pendence of the patient and their functioning in everyday 
life are more important indicators. Some geriatric pa-
tients live alone, some rely on support from their families 
or professionals, and some live in care homes. However, 
this does not mean that the impairment of  functioning 
is the main cause of  death. Independence is also influ
enced by factors such as comorbidities and the severity 
of their symptoms, as well as cognitive impairment.71 
It is these factors that are crucial in determining risk 
factors for mortality in older COVID-19 patients.72 Elderly 
COVID-19 patients under intensive care, especially those 
with impaired physical or mental function, require special 
care and support.53,62

The mental state of  patients, and their levels of  inde-
pendence and cognitive function have a significant impact 
on the course of hospitalization and treatment. Clinicians 
should pay attention to the presence of  risk factors for 
increased mortality in these patients and provide them 
with appropriate care. Based on our research and the 
literature cited, we can conclude that acute physiological 
impairment is not the most important prognostic factor. 
Despite treating the patient according to the established 
guidelines, the effect on each patient may vary. We hope 
that clinicians, especially in ICUs, will pay attention to the 
factors mentioned in the present article.

Determining these factors on admission to hospital is 
of great prognostic importance and should lead to modi-
fications in patient care so that the therapeutic effect is 
as good as possible. Our work proposes future research 
directions in searching for factors that would improve 
patients’ cognitive function and level of  independence. 
We recommend focusing on the role of social and family 
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relationships and psychological care during the ICU stay, 
as well as on minimizing the state of isolation to improve 
patients’ mental well-being. Our research suggests a wider 
use of scales (the Lawton IADL scale, the Katz ADL scale 
and AMTS) to assess the levels of independence and cogni
tive function on hospital admission. Whilst assessing 
cognitive function, we recommend keeping in mind the 
potentially reversible causes of dementia.

It is essential to approach patients holistically so that, 
in addition to the therapeutic effect, patients’ subsequent 
quality of  life would be as good as possible. It is worth 
considering what appropriate measures could be taken to 
improve the condition of patients at an early stage. The 
mental state, the level of cognitive function and the level 
of  independence of  patients seem difficult to modify. 
However, an  attempt to improve them or to implement 
appropriate treatment would contribute to a better func-
tioning of  patients, their better survival, and from a  far 
perspective, a better functioning of the wards.

Limitations 

The results of  the study were based on observations. 
A  potential limitation to this work is a  small cohort 
group and a  smaller group of  patients under 65  years. 
Due to the low expected values resulting from the in
sufficient number of patients, the conclusions presented 
in this study should be treated cautiously. Another po
tential limitation is not including dependent variables, 
such as comorbidities, disease severity, race or ethnicity, 
the socioeconomic status, medications, and the length 
of the hospital stay, in the assessment. Based on the cur
rent literature, the influence of  the level of  education, 
unemployment and disease severity on the well-being 
of  patients has been noted. Our study primarily ad
dressed factors such as independence, the level of  fear 
of COVID-19 and the level of cognitive function. A limita
tion to our work is not mentioning other possible factors 
that may affect the well-being of patients. However, as we 
could not obtain such data from all respondents, it was 
impossible to analyze those factors with due reliability. 
We suggest that future research on this topic should 
investigate the factors mentioned above. We recommend 
conducting a  larger and more age-differentiated 
population study over a longer period of time.

Conclusions
The level of independence in basic and instrumental 

activities of daily living is associated with in-hospital 
mortality in geriatric COVID-19 patients, which is a novel 
conclusion, not published in the previous literature.

A higher level of  cognitive function is positively cor-
related with higher levels of  independence in basic and 
instrumental activities of daily living.

Patients aged 65 and older are more likely to be less 
independent in basic and instrumental activities of daily 
living as compared to younger patients. Moreover, this 
cohort group exhibits a  statistically significantly lower 
level of cognitive function.

These findings highlight the importance of considering 
both cognitive function and independence in daily living 
activities when planning care and treatment strategies for 
geriatric COVID-19 patients.
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Abstract
Background. The post-coronavirus disease (post-COVID) syndrome (PCS), which occurs after severe 
acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2) infection, can manifest a variety of symptoms in 
the oral cavity. Changes to the tongue tend to persist longer than other symptoms in this area.

Objectives. The aim of the study was to present the changes and lesions that occur on the tongue after 
SARS-CoV-2 infection, as well as their healing as a consequence of the therapy used or lack thereof.

Material and methods. The study sample included 426 individuals who had contracted SARS-CoV-2 
and presented with changes on the tongue. Periodic checkups enabled to determine their variability and 
duration in response to treatment or lack thereof.

Results. The presence of various oral manifestations was reported, including strawberry tongue (women 
(F): 143; men (M): 65), depapillation (F: 86, M: 156), geographic tongue (F: 65, M: 124), vascular changes 
(F: 102, M: 46), aphthous changes (F: 106, M: 58), candidiasis (F: 89, M: 57), edema (F: 42, M: 52), herpetic 
lesions (F: 38, M: 49), ulcers (F: 38, M: 46), erosions (F: 32, M: 28), nodular lesions (F: 6, M: 19), and 
necrotic changes (F: 9, M: 7). Fungiform papillae were found to be enlarged in 189 women and 213 men. 
On average, from 3 to 5 changes were identified concurrently. In the majority of cases, the changes disappeared 
on their own and persisted from 4 weeks to 36 months. In 20% of cases, they recurred. Local therapy 
resulted in a 50% reduction in the duration of PCS.

Conclusions. Changes that manifest on the tongue require observation and basic or specialized treat-
ment. In the absence of pain, monitoring is recommended for a period of 4 weeks, after which a sponta-
neous disappearance should be expected. In the event that various changes occur in the oral cavity, the 
patient should be referred for specialized treatment.

Keywords: treatment, duration, SARS-CoV-2, long COVID, tongue changes
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Introduction
Coronavirus disease 2019 (COVID-19) manifests 

a variety of symptoms in the oral cavity1–4 and promotes 
the appearance of the post-COVID syndrome (PCS). The 
syndrome occurs in individuals who have been infected 
with the severe acute respiratory syndrome coronavirus 2 
(SARS‑CoV‑2), persists for a minimum of 2 months, and 
cannot be explained by an alternative diagnosis. A variety 
of symptoms may occur in the oral cavity during the acute 
phase of COVID-19 or after infection, and they are recur-
rent.5 Single cases of autoimmune diseases have also been 
observed in the aftermath of SARS-CoV-2 infection.6 Oral 
symptoms may also emerge following COVID-19 vacci-
nation.7 The mechanism of action of the SARS-CoV-2 is 
not known. Despite the passage of time, it is not possible 
to confirm whether the changes located in the oral cavity 
are the result of the systemic reaction to the viral infec-
tion, the congenital immune response to those infections, 
the action of cytokines,8,9 or are secondary.10,11 However, 
it has been validated that the oral cavity is the gateway 
and reservoir of the virus because the high concentration 
of angiotensin-converting enzyme 2 (ACE2) receptors in 
this area predisposes to the appearance of  pathological 
changes.12,13 The virus causes the activation of cytokines, 
leading to cell apoptosis and subsequent loss of taste buds, 
resulting in dysfunction of taste sensation. It also affects 
the trajectory of the gustatory tract by damaging cells in 
peripheral taste neurosensory chemoreceptors and/or by 
directly damaging cranial nerves (VII, IX and X) that are 
responsible for taste.14

The progression and severity of  the infection are also 
influenced by the patient’s oral hygiene, which is insep-
arably linked to their mental health.15 A  retrospective 
analysis of  patients after the SARS-CoV-2 infection has 
revealed that tongue lesions tend to persist longer than 
other changes in this area.

Initially, tongue lesions were observed in 38% of patients 
with confirmed SARS-CoV-2 infection.3 The first cases 
of tongue swelling were reported at the beginning of the 
pandemic. It affected hospitalized patients with severe 
COVID-19, intubated patients and Black individuals.16,17 

An image of a strawberry tongue was featured on social 
media in January 2021.18 Fungal lesions were also preva
lent, resulting from poor hygiene practices. Subsequent 
examinations revealed depapillation of  the tongue (red 
papilla-free areas surrounded by an  irregular white bor
der), swelling, inflammation, ulceration, nodules, and 
geographic tongue. The manifestation of these symptoms 
in conjunction with the SARS-CoV-2 infection is referred 
to as “the COVID tongue.”19,20 However, it remains 
unclear whether the COVID tongue is an early symptom 
of the disease or develops with its progression. Geographic 
tongue resulting from the SARS-CoV-2 infection persists 
for years without causing pain, only discomfort when 
consuming spicy foods. Vascular,21 drug-induced22 and 
reinfection-related23 lesions have also been documented.

A review of the available literature revealed no publica-
tions describing the occurrence, treatment and disappear-
ance of all 13 tongue pathologies that appeared through-
out the pandemic and were the result of infection with all 
known variants of the SARS-CoV-2 virus.

The objective of this study is to present the changes that 
occur on the tongue after SARS-CoV-2 infection, as well 
as their healing as a consequence of the therapy used or 
lack thereof.

Material and methods
The study was conducted according to the STROBE 

(Strengthening the Reporting of Observational Studies in 
Epidemiology) guidelines. The Bioethical Commission of 
Medical University of Warsaw, Poland, has approved the 
scope of this retrospective study (commission statement 
No. AKBE/318/2023). The medical records of  1,090 
patients aged 20–40 who had contracted the virus between 
2020 and 2023 were transferred from the IT system of the 
dentistry clinic to an external hard drive.

The data was password-protected using the AES 256 
encryption in the VeraCrypt software (https://veracrypt.
io/en/Home.html). A  random ID number was assigned 
to each patient, distinguishing between male and female 
subjects, and was not associated with their existing medi-
cal data.

Highlights

	• Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is associated with various tongue pathologies, 
with emerging variants contributing to their diversity.

	• Tongue lesions may present at the onset of infection or as a symptom of long coronavirus disease (COVID).
	• A retrospective analysis identified enlarged fungiform papillae, depapillation and strawberry tongue as the most 

frequent symptoms, with many patients exhibiting from 3 to 5 concurrent pathologies.
	• Tongue lesions may resolve spontaneously under observation or require basic to specialized therapeutic intervention.

https://veracrypt.io/en/Home.html
https://veracrypt.io/en/Home.html
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The documentation was searched using the following 
terms: “SARS-CoV-2”; “RT-PCR (reverse-transcription 
polymerase chain reaction)”; “post-COVID-19 
syndrome”; different tongue changes and treatment 
methods (“enlarged fungiform papillae”, “depapillation”, 
“strawberry tongue”, “geographic tongue”, “vascular 
changes”, “aphthous changes”, “candidiasis”, “edema”, 
“herpetic lesions”, “ulcers”, “erosions”, “nodular lesions”, 
and “necrotic changes”). After analyzing the data, the 
documentation of  426  individuals (254 women and 
172 men) who had mild forms of SARS-CoV-2 infection 
that persisted for up to 7 days and manifested with lesions 
on the tongue was included. The patients were previously 
healthy and did not exhibit any oral lesions. The exclusion 
criteria were comorbidities, pregnancy and addictions.

During the initial visit, all patients underwent a com-
prehensive examination, in accordance with the checklist 
presented in Table 1. Particular attention was paid to the 
presence of lesions on the tongue. As outlined in the doc-
umentation, periodic checkups allow to determine vari-
ability and duration of lesions, depending on the therapy 
or lack thereof.

In the case of  ulcers, erosions and aphthous changes, 
laser therapy was recommended (5 treatments every 
3 days) using a semiconductor laser (SMART; Lasotronix, 
Piaseczno, Poland). The treatment area was rinsed 3 times 
a day for 14 days with a 0.2% chlorhexidine solution or Alfa 
Implant fluid (ATOS, Warsaw, Poland), which contains 
sage, chamomile, arnica, oak bark extracts, linseed, 
xylitol, and chlorhexidine. For the treatment of  fungal 
lesions, Nystatin (Teva Pharmaceuticals Polska Sp. z o.o., 
Warsaw, Poland) at a  concentration of  100,000  IU/mL 
was applied topically to the tongue (2–3  times a  day) 
until the symptoms disappeared and for 48 h after their 
disappearance.

All patients with lesions located on the tongue were 
advised, in addition to standard hygiene practices, to brush 
their tongue twice a day and to use undiluted antiseptic 
rinses 3 times a day for at least 30 s. 

Statistical analysis 

The following variables were used for the statistical 
analysis of  quantitative data (MS Excel 365 (Microsoft 
Corporation, Redmond, USA)): the total number 
of patients (N); the number of valid observations in the 
occurrence of  different tongue pathologies divided by 
gender (n); minimum value; maximum value; arithmetic 
mean (μ); median (Me); and standard deviation (SD). 
Additionally, the percentage of patients affected by these 
changes and the duration of  symptoms relative to the 
therapy or lack thereof were calculated. The study adopted 
a significance threshold of α = 0.05.

Results
The distribution of different types of changes observed 

on the tongue is shown in Fig. 1. The most prevalent 
symptom was the enlargement of  fungiform papillae, 
which was found in 44.4% of  women and 50% of  men. 
According to the findings, 36.6% of the male population 

Fig. 1. Distribution of different types of lesions observed on the tongue in 
the study sample (total number of patients (N) = 426; median (Me) = 127; 
standard deviation (SD) = 107.1973)

Table 1. Checklist of the medical examinations conducted on patients participating in the research program

Medical examination Periodicity Description

Subjective and objective 
examination

during the first visit, as well as 1 and 2 weeks after the 
implementation of the treatment; during the first year 

of observation – every month, and in subsequent years – every 
2 months or whenever a problem occurs

RT-PCR results, oral condition, date of the appearance of the 
first and subsequent symptoms, complications, current 

ailments, systemic diseases, medications taken, addictions

Laboratory tests during the first visit, and subsequently – every 6 months
level of D-dimer and SARS-CoV-2 IgG, fungal test; in case 

of deviations from the norm – a referral to a specialist

Chest X-ray or CT scan during the first visit, and subsequently – every 12 months in smoking and COPD patients

OPG/OPT during the first visit, and subsequently – every 6 months assessment of the condition of the teeth and bone tissue

USG of the tongue during the first visit, and subsequently – every 6 months
nodular lesions, unilateral swelling of the tongue; in case 

of deviations from the norm – a referral to a specialist

RT-PCR – reverse transcription polymerase chain reaction; COPD – chronic obstructive pulmonary disease; OPG/OPT – orthopantomography; 
USG – ultrasonography; CT – computed tomography; SARS‑CoV‑2 – severe acute respiratory syndrome coronavirus 2; IgG – immunoglobulin G.
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presented with depapillation, 33.6% had strawberry 
tongue and 29.1% demonstrated geographic tongue. 
However, in the case of  women, 23.9% had vascular 
changes, 20.9% – candidiasis, 20.2% – depapillation, and 
19.7% – aphthous changes. The least common symptoms 
in men were necrotic changes (1.2%), erosions (3.8%) and 
nodular lesions (4.5%), while in women, nodular lesions 
(0.7%), necrotic changes (2.1%) and herpetic lesions 
(4.7%) were the least prevalent.

The first variants of the virus gave a characteristic pic-
ture of  strawberry tongue, which occurred in 208 ana-
lyzed patients. Subsequently, depapillation (Fig. 2) was 
identified in 86 women and 156 men. The Omicron vari-
ant caused the intensification of clinical changes on the 
tongue, which included geographic tongue in 65 women 
and 124 men with strongly marked furrows on the entire 
dorsal and lateral surfaces. Vascular changes on the ven-
tral surface (Fig. 3) were identified in 102 women and 46 
men. Large aphthous changes were found in 106 women 
and 58 men, candidiasis – in 89 women and 57 men, 
edema – in 42 women and 52 men, herpetic lesions – in 
38 women and 49 men, ulcers – in 38 women and 46 men, 
erosions – in 32 women and 28 men, nodular lesions 
(Fig. 4) – in 6 women and 19 men, and necrotic changes 
were found in 9 women and 7 men. Enlarged fungiform 
papillae were reported in 189 women and 213 men.

The number of tongue changes and their duration after 
and without treatment are presented in Table 2. On 
average, from 3 to 5 changes were identified concurrently. 
In  most cases, the changes disappeared spontaneously 

and persisted from 4 weeks to 36 months (4.69% of cases). 
In 20% of cases, they recurred.

The local therapy used resulted in a 50% reduction in 
the duration of PCS.

In 2 male patients, unilateral swelling of the tongue 
accompanied by depapillatory changes and a fungal coating 
was found to be cancerous. As indicated in the interview, the 
patients exhibited a history of good health, refrained from 
smoking, and did not consume alcohol. The first patient 
(KP), a  38-year-old male, experienced a  short-term loss 
of smell and taste, mild fever, and muscle and bone soreness 
for a duration of 4 days. The second patient (WA), a 36-year-
old male, exhibited a loss of taste for 7 days during the infec-
tion. The reverse transcription polymerase chain reaction 
(RT-PCR) test was positive in both patients. At present, 
patients are being treated in the oncology department.

Fig. 3. Example of vascular changes on the tongue, selected from the patient 
records

Fig. 4. Example of nodular lesions selected from the patient records

Fig. 2. Example of tongue depapillation selected from the patient records
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Discussion
At the onset of the COVID-19 pandemic, the predomi-

nant focus was on respiratory and systemic manifesta-
tions. In the case of  pathologies located within the oral 
cavity,1–4 only cases of single lesions on the tongue have 
been documented.24–26

A survey of 665 Egyptian patients after the SARS-CoV-2 
infection revealed that xerostomia occurred in 47.6% 
of cases, oral pain was experienced by 23% of patients, 
ulcerations were present in 20.4% of cases, 12% of patients 
reported pain in bones or joints, and 10.5% of individuals 
experienced halitosis. In 28.3% of  cases, 2–3 symptoms 
manifested concurrently.27

Based on our retrospective study, it was found that 
lesions located on the tongue are characterized by clinical 
diversity and that they undergo transformation with the 
emergence of new coronavirus variants. All patients with 
tongue lesions reported no pain symptoms, only discom-
fort when swallowing. Patients requiring consultation 
with a specialist were referred to reference centers.

The documentation of the group under study revealed 
that 94.36% of patients demonstrated enlarged fungiform 
papillae, 56.81% had depapillation, 48.82% had strawberry 
tongue, and 44.36% presented with geographic tongue.

The tongue pathologies persisted from 5 to 1,080 days. 
The shortest time after treatment concerned aphthous 
changes, herpetic lesions, candidiasis, and erosions. The 
average duration of  ulceration, necrotic changes, and 
swelling of  the tongue did not exceed 12 days, and the 
average duration of  swelling of  the fungiform papillae, 
strawberry tongue, vascular changes, depapillation, and 
geographic tongue was between 5 and 22 weeks.

Based on other research, aphthous-like lesions persist 
from 5 to 10 days, ulcerations and erosions from 5 to 21 
days, and erosions from 14 to 28 days after treatment.3 
Other authors have observed that lesions in the oral cav-
ity may disappear from 10 to 42 days after the disappear-
ance of systemic symptoms and disappear spontaneously 
or after basic treatment.14,24 The longest persisting lesion 
is geographic tongue (120–180 days).28 

A review of patient records indicated that untreated 
lesions, erosions, ulcers, aphthous changes, and herpetic 
changes exhibited the shortest duration, ranging from 10 
to 12 days. Candidiasis and edema demonstrated a dura-
tion of approx. 20 days, necrotic changes – about 11 weeks, 
and the remaining conditions – from 9 to 36 months.

Many authors have observed tongue pathologies related 
to acute SARS-CoV-2 infection, as well as the impact 
of  commonly prescribed pharmaceutical agents.1,3,22 
Some patients present with a  white infiltrative plaque 
on the dorsum of  the tongue, located centrally, that 
resembles the late stage of recurrent herpetic lesions and 
candidiasis, manifesting as multiple, small, yellowish, cir-
cular ulcers.3,29 In other cases, irregular tongue ulceration 
has been observed,2,3,29,30 accompanied by the presence 
of  many small extravasations31 or depapillation of  the 
tongue.26,32

The medical records of  the patients included in the 
study indicated that candidiasis occurred in 29.96% of 
patients, herpetic lesions – in 16.19%, ulcers – in 15.96%, 
erosions – in 11.26%, and tongue depapillation affected 
56.8% of individuals.

In a study conducted in Spain in 2020, 304 out of 666 
patients presented with mucocutaneous manifestations, 
including transient lingual papillitis (11.5%), aphthous 
inflammation (6.9%), glossitis with pitting on its lateral 

Table 2. Frequency distribution of tongue lesions and their duration after and without treatment (N = 426)

No. Tongue pathology
Patients, n

Duration  
[days]

treated patients not treated patients

treated not treated Min Max Me Min Max Me

1. Enlarged fungiform papillae 349 53 14 60 37 300 1,080 690

2. Depapillation 130 112 90 120 105 360 1,080 720

3. Strawberry tongue 144 64 60 90 75 180 360 270

4. Geographic tongue 120 69 120 180 150 300 1,080 690

5. Aphthous changes 142 22 5 7 8.5 10 14 12

6. Vascular changes 120 28 60 90 75 180 720 450

7. Candidiasis 127 19 5 7 6 14 21 17

8. Edema 82 12 10 14 12 10 30 20

9. Herpetic lesions 69 18 5 7 6 10 14 12

10. Ulcers 68 16 7 10 8.5 10 21 10

11. Erosions 48 12 5 7 6 7 14 10

12. Nodular lesions 22 3 7 21 14 300 360 330

13 Necrotic changes 14 2 10 14 12 60 90 75

Min – minimum value; Max – maximum value; Me – median.
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surface (6.6%), and glossitis with uneven depapillation 
(3.9%).31 In the current study, aphthous changes were 
found in 38.5% of the subjects.

Analyzing the data from the available literature, it 
should be stated that no clear relationship has been estab-
lished between COVID-19 and changes on the tongue.33 
Some researchers believe that these changes are a  con-
sequence of  stress,1,3,32,33 hygiene neglect,1,3 opportunis-
tic infections,1,3,8,22,23 immunosuppression,1,3,28 vascular 
changes,1,20,21 or excessive inflammatory response.34–38 
It is also suggested that systemic health deterioration, 
an  acute onset of  infection, and multidrug therapy may 
induce pathological changes in the oral cavity.33 The 
occurrence of secondary ulcers and the immune response 
are associated with the presence of viral infections.29,36,37 
Coronavirus disease may, therefore, cause the overacti-
vation of the humoral response to inflammatory factors, 
resulting in a  cytokine storm and immune exhaustion, 
which may lead to early changes in the oral cavity.35

A lack of oral hygiene among hospitalized patients con-
nected to a respirator is a probable cause of opportunis-
tic fungal infections.35An impaired immune system can 
cause recurrent herpes simplex virus (HSV-1) infections, 
non-specific ulcers and drug eruptions.37,38

In the present study, the hypothesis of hygiene neglect 
was rejected, as evidenced by good oral hygiene and over-
all health of the patients. The adequate selection of oral 
hygiene products, especially those based on natural 
ingredients, ensures adequate protection of the oral cavity.39 
Initially, it was thought that antibacterial mouthwashes 
could reduce viral load. The study on hypochlorous acid 
(HClO) and povidone-iodine (PVP-I) revealed no evi-
dence to support the hypothesis that these preparations 
reduce the viral load.40 At the beginning of the pandemic, 
73% of respondents reported feelings of fear and anxiety 
when considering a dental visit due to the possibility of 
being infected with the SARS-CoV-2.41 Isolation and anxiety 
caused deterioration of  oral hygiene in some patients, 
increased caries and inflammation of the oral cavity, and 
temporomandibular joint (47.8%) and muscle disorders, 
leading to parafunctions, bruxism (31%), headaches, and 
mental disorders.42,43 The resumption of  medical activi-
ties was permitted after the implementation of increased 
hygiene and antiseptic procedures in dental offices, based 
on the guidelines from the World Health Organization 
(WHO) and the Polish Dental Association (PDA). The use 
of the ultraviolet C (UVC) radiation, ozone, disinfectants, 
and protective equipment ensured the safety of staff and 
patients.44,45

Some studies suggest that changes in the oral cavity 
may be the direct effect of the virus.4,21,38

Published papers on tongue lesions during the SARS-CoV-2 
infection confirm the relationship with organic damage 
or complications of  thrombocytopenia, anticoagulant 
treatment, disseminated intravascular coagulation, and 
systemic inflammation. It is suggested that the presence 

of long COVID lesions results from primary or secondary 
vascular/hematological changes and lymphocytic thrombo
philic arteritis.33,38

Some authors hypothesize that prolonged manifesta-
tions of the disease may result from co-infections and/or 
secondary changes.1,8,32,35

The results of the conducted cross-sectional study indi-
cated the occurrence of erythematous spots, single ulcers 
(3%), atrophic glossitis (4.6%), and candidiasis (1%).38

The differential diagnosis of  the COVID tongue 
includes herpetic glossitis, Melkersson–Rosenthal syn
drome, lichen planus, and fungal infections.1 When 
diagnosing a  patient with PCS symptoms localized on 
the tongue, reinfection should be considered, which may 
occur many months after the initial infection with the 
SARS-CoV-2.1,3,35

In addition, there have been reports of post-vaccination 
lesions on the tongue.46 A survey conducted among vacci-
nated individuals in Poland, Italy and other EU countries 
revealed post-vaccination symptoms in the oral cavity 
after the administration of  the first dose of  the vaccine 
(3.1%) and after the second dose (5.4%). The undesirable 
post-vaccination reactions include changes in sensitivity 
and facial paresis, a burning sensation, aphthous changes, 
taste changes, xerostomia, depapillation of  the tongue, 
pain, stomatitis, cheilitis, and candidiasis.47 Many pub-
lished studies demonstrate that changes located on the 
tongue are the result of acute infection, reduced immu
nity, polypragmasia, hygiene neglect, or stress.1,3 This 
hypothesis was not confirmed in the current study.

However, the medical documentation of young patients, 
those without comorbidities and previous changes in the 
tongue, as well as the emergence of subsequent variants 
of the virus, indicate that they cannot be underestimated. 
The presence of  2 cases of  cancer lesions suggest the 
necessity for thorough diagnostics.

Research on lesions located on the tongue should also 
be continued based on other age groups, as well as those 
affected by systemic diseases or addictions.

Conclusions
The infection caused by the SARS-CoV-2 affects not 

only the general condition of the body but also the health 
of the oral cavity. Changes located on the tongue require 
observation and basic or specialized treatment. In the 
absence of pain symptoms, the patient should be moni-
tored for a period of 4 weeks, with the expectation that 
the symptoms will spontaneously resolve. In case of pain, 
a good solution is the application of laser bio-stimulation. 
If various changes co-occur in the oral cavity, it is advised 
that the patient be referred for specialized treatment. The 
findings of this study suggest that the issue of the COVID 
tongue is not acknowledged by a  considerable portion 
of the medical community.
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Abstract
Background. Odontomas are odontogenic tumors located in the jawbone, referred to by the World Health 
Organization (WHO) as hamartomatous (Greek hamartion – a bodily defect) developmental malforma-
tions. The term was first used by Brock in 1866 to refer to every odontogenic tumor. Today an odontoma is 
believed to be a congenital malformation of dental hard tissues. Odontomas can contribute to the develop-
ment of dental abnormalities and bite disorders.

Objectives. The study aimed to present tooth eruption disorders caused by the occurrence of odontomas 
in 20 patients treated at the Dental Surgery Clinic for Children. 

Material and methods. The study group comprised 20 patients (13 in good general health, 6 with 
systemic diseases and 1 with a congenital malformation), aged 2–17 years (mean age: 8.96 years), with 
jawbone odontomas diagnosed through clinical and radiological examination. These odontomas were the 
cause of disorders in the eruption of deciduous and permanent teeth. The treatment method applied in all 
patients involved the enucleation of the tumor with its capsule and sending the material for histopatho-
logical examination.

Results. Odontomas were discovered accidentally or were accompanied by such clinical symptoms as 
retained deciduous teeth, impacted deciduous and permanent teeth, missing teeth in the oral cavity, gaps, 
displaced teeth, and the distension of the alveolar process of the maxilla/alveolar part of the mandible. The 
odontomas occurred in both the maxilla and the mandible, more often in boys. The compound odontoma 
(OCp) was the most common type.

Conclusions. Odontomas are benign odontogenic tumors that do not undergo neoplastic transforma-
tion. The treatment of choice is a surgical procedure involving the complete removal of the tumor with its 
capsule, which results in full recovery.

Keywords: children, oral surgery, orthodontics, dental anomalies, tumors
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Introduction
Odontomas are among the most common odontogen-

ic neoplasm-like tumors of  the jawbone.1,2 They are not 
typical neoplasms, as they are only hamartomatous de-
velopmental malformations.3 According to the literature, 
they most frequently occur in the 2nd and 3rd decades 
of  life, though they are also not infrequent in the 1st de-
cade.4 Their etiopathogenesis has not been fully explained 
and there are a number of theories concerning the origin 
of odontomas, such as traumas, infections, genetic disor-
ders, or anomalies in the development of the tooth bud.3–5 
Odontomas are often discovered incidentally, as they 
rarely cause pain. The most common reasons for their dis-
covery are retained deciduous teeth, impacted deciduous 
and permanent teeth, missing teeth in the oral cavity, gaps, 
displaced teeth, and the distension of the alveolar process 
of the maxilla/alveolar part of the mandible. Odontomas 
usually have a diameter not exceeding 3 cm.1 Since they 
are odontogenic tumors, they contain an  epithelial and 
mesenchymal component. The World Health Organiza-
tion (WHO) divides them into 2 groups: complex odon-
tomas (OC); and compound odontomas (OCp).6–8 The 
complex odontoma is a hamartomatous developmental le-
sion in which structures such as enamel, dentin, and some-
times cementum are arranged chaotically.4 The compound 
odontoma is an  encapsulated developmental hamarto-
matous malformation containing numerous denticles – 
odontoids. In the case of OCp, structures such as enamel, 
dentin, cementum, and pulp are arranged in an organized 
fashion, so they resemble a properly formed tooth.4,9 Some 
authors distinguish another variant – erupted odontoma – 
in the past referred to as peripheral odontoma. It is a vari-
ant of OCp that erupts in the oral cavity.4,5

In histological examination, individual tooth tissues 
like enamel, dentin, cementum, and pulp can be distin-
guished.9 Diagnostic methods include radiological imag-
ing – tooth X-rays, panoramic radiography, cone-beam 
computed tomography (CBCT) and/or computed tomog-
raphy (CT). The treatment of choice is a surgical proce-
dure involving the enucleation of the tumor with the cap-
sule around it.2,4,9

The study aimed to present a type of tooth eruption dis-
orders caused by the occurrence of odontomas, as well as 
treatment methods for odontomas in children and ado-
lescents.

Material and methods
A total of  20 patients (13 (65%) boys and 7 (35%) 

girls), aged between 2.8 and 17.6 years (mean age: 
8.96 ±4.20 years), were included in the study. The study in-
volved general and local history-taking concerning chronic 
comorbidities and the medications received, dental history 
(the reason for the visit, presenting complaints), and extra-
oral (facial symmetry and lymph nodes) and intraoral (the 
number and type of erupted teeth, the assessment of  the 
shape and consistency of the alveolar process) clinical ex-
amination. All patients underwent radiological and histo-
pathological examination. Depending on the indications, 
tooth X-rays, panoramic radiography, CBCT and/or CT 
were performed. Radiological imaging was used to assess 
the location and type of  odontoma, the presence of  im-
pacted or retained teeth, gaps, and tooth displacement. 
While OCp were found in X-ray images as high-density 
radiopacities arranged as numerous small deformed denti-
cles (odontoids) surrounded by a band of radiolucency with 
an osteosclerotic border, OC were characterized by irregu-
lar radiopacities with a radiolucent edge and an osteoscle-
rotic rim. The treatment of choice for all patients was the 
enucleation of the tumor with the capsule surrounding it.

Results
Six participants (30%) had a  diagnosis of  a  systemic 

disease: nephritic syndrome; bicuspid aortic valve (BAV) 
dysfunction; epilepsy; atrial septal defect (ASD) II; au-
toimmune polyglandular syndrome (APS); and a history 
of  chemotherapy for anaplastic ependymoma. One pa-
tient (5%) had a congenital malformation – cleft lip and 
cleft palate. The remaining patients were in good general 
health. Eight children (40%) had deciduous teeth, and 12 
(60%) had permanent or mixed dentition (Table 1).

Highlights

	• Odontomas are benign tumors that do not cause neoplastic transformation. 
	• The compound odontoma is the most common type of odontoma.
	• Odontomas often cause malocclusion.
	• The treatment of choice is a surgical procedure involving the complete enucleation of the tumor with its capsule, 

which results in full recovery.
	• Orthodontic treatment is often required after surgical treatment.
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All patients were referred for diagnostic examination by 
dentists: 11 (55%) of them due to missing teeth; 3 (15%) 
due to retained deciduous teeth; 9 (45%) had limited dis-
tension of the alveolar process of the maxilla or the alveo-
lar part of the mandible; 2 (10%) had gaps between their 
teeth; 1 (5%) experienced pain; 2 (10%) had exophytic le-
sions; in 3 patients (15%), the lesion was discovered in-
cidentally in plain radiography. Some patients had 2 or 
more symptoms simultaneously, for example, gaps be-
tween the teeth and the distension of the alveolar process 
of the maxilla or the alveolar part of the mandible (1 (5%)) 
or an  impacted tooth and the distension of  the alveolar 
process of the maxilla or the alveolar part of the mandible 
(2 (10%)). Most patients reported no pain. Only one boy 
at the age of 3.6 years reported moderate pain of a dis-
tending and continuous nature. In 2 boys (aged 2.8 and 
3.6 years), changes in facial features in the form of cheek 
protrusion were observed. The buccal skin in the area 
of  the lesions was unaffected, without signs of  inflam-
mation. None of  the participants had palpable or pain-
ful submandibular lymph nodes. The most common in-
traoral symptoms included the absence of a deciduous or 
permanent tooth typical for the patient’s age despite the 
presence of a corresponding tooth on the other side, and 
alveolar process enlargement (protrusion, a gap between 
the teeth). Five of  the 9 patients with alveolar enlarge-
ment also lacked a tooth typical for their age, of which 1 
child was from the group with deciduous teeth (1/5) and 
4 children were from the group with mixed/permanent 
dentition (4/5). Nine patients were lacking a single tooth, 
the remaining 2 (each of them) were lacking 2 teeth (teeth 
71 and 81, 43 and 44). The most commonly missing teeth 
were deciduous or permanent canines. Radiological ex-
amination showed that all the missing teeth were impact-
ed. In 3 patients from the group with mixed/permanent 
dentition, the absence of a tooth was accompanied by the 

presence of retained deciduous tooth/teeth (teeth 61, 73, 
84, and 85). Lesions were more frequently observed in the 
maxilla (55%), predominantly in the area of canines (50%) 
and incisors (25%), and they were least frequent in the lat-
eral segment (25%) (Table 1, Fig. 1).

The patients had the following examination performed: 
tooth X-ray (11 (55%)); panoramic radiography (11 (55%)); 
CBCT (12 (60%)); or CT (1 (5%)). X-ray images revealed 
18 OCp (of which 2 were described as erupted) and 2 OC.

In 11 patients (55%), odontomas occurred in the maxil-
la – 4 (20%) in the midline, 5 (25%) on the left side (Fig. 2) 
and 2 (10%) on the right side, and they were all OCp, 
of which 1 (5%) on the right side was an erupted odon-
toma. Nine patients (45%) were diagnosed with lesions in 
the mandible, with 5 (25%) of them having lesions on the 
right side (including 4 (20%) OCp and 1 (5%) OC) (Fig. 3), 
3 (15%) of them with lesions on the left side (1 (5%) OCp, 
1 (5%) OC and 1 (5%) erupted odontoma) and 1 patient 
(5%) with OCp in the area of incisors.

Fig. 1. Location of the lesions in relation to the types of teeth in the maxilla 
and the mandible

Table 1. Characteristics of patients and clinical signs of odontomas

Parameter Deciduous dentition 
(n = 8)

Mixed/permanent dentition 
(n = 12)

Total 
N = 20

Male gender 7 6 13 (65)

Age [years] 4.18 ±0.98 11.62 ±2.75 8.96 ±4.20

Distention/protrusion of the alveolar process 5 4 9 (45)

Gaps between the teeth
1 (coexisting with alveolar 

protrusion)
1 2 (10)

Patients with missing teeth (impacted) teeth 4 7 11 (55)

How many teeth are missing? 5 8 13 (65)

Numbers of the missing teeth 63, 64, 65, 71, and 81
21, 21, 43, 44, and 46 

12, 33 and 43
–

Retained deciduous teeth 0 3 3 (15)

Pain 1 0 1 (5)

Lesions located in the maxilla 6 5 11 (55)

Lesions located in the mandible 2 7 9 (45)

Data presented as number, number (percentage) (n (%)) or as mean ± standard deviation (M ±SD).
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In the case of all patients, it was decided that their tu-
mors and the capsules surrounding the tumors would be 
enucleated surgically in local or general anesthesia (de-
pending on the patient’s age and cooperation). After the 
procedure, the patients received antibiotics – amoxicillin, 
or alternatively clindamycin in the case of  an  allergy to 
penicillins – at doses adjusted to the body weight (b.w.) 
and age of the child in mg/kg b.w./day, or at doses as for 
adults (more than 40 kg). The material was sent for histo-
pathological examination. On microscopic examination, 
in 16 cases (80%), the lesions were described as OCp, 2 
(10%) as OC, and 2 (10%) as erupted odontomas (visible in 
the oral cavity). Compound odontomas were described as 
fragments of the dental pulp, dentin, enamel matrix, epi-
thelium with fragments of connective tissue, or fragments 
of a  tooth with preserved histological structure, with fi-
brovascular tissue without epithelial covering and with 
foci of  chronic inflammatory granulation tissue (Fig. 4). 
Complex odontomas, on the other hand, were described 
as fragments of dentin and connective bone tissue (Fig. 5).

Follow-up appointments were arranged for patients 1 day 
after the procedure, 1 week after the procedure, 1 month 
after the procedure, and then at 3 and 6 months after the 
first follow-up. On follow-up examinations, the wounds 
were observed to heal properly. After approx. 6 months, in 

3 patients (15%), the impacted teeth were erupting or were 
situated higher as compared to their position during previ-
ous X-ray examinations. A 12-year-old girl who had 2 im-
pacted teeth (the lower right first premolar 44 and the low-
er right canine 43), after 2 years from the procedure, had 
tooth 44 erupted and tooth 43 situated higher, but impact-
ed by the crown of tooth 44. In another case of a 14-year-
old boy who had the odontoma removed when impacted 
tooth 33 had completed root development, after about half 
a year, the impacted tooth did not change its position. Both 
patients were referred to an orthodontist and in both cases, 
the impacted teeth were orthodontically inserted into the 
dental arch. In no case was a recurrence observed after the 
removal of an odontoma.

Discussion
Odontomas account for approx. 22% of  odontogen-

ic tumors.1,10 They are found mainly in deciduous and 
mixed dentition.3 Many authors claim that OCp are more 

Fig. 5. Microscopic image of a complex odontoma (OC)

Fig. 3. Complex odontoma (OC) in a 9-year-old patient

There is a visible opaque 1-centimeter mass of irregular shape, resembling 
dental tissues, above the crown of a molar on the right side of the mandible

Fig. 4. Microscopic image of a compound odontoma (OCp)

Fig. 2. Compound odontoma (OCp) in a 5-year-old patient

There are visible radiopacities with a radiodensity characteristic for dental 
tissues (enamel and dentin) sized 3 cm, arranged as characteristic small 
denticles (odontoids) with a band of radiolucency and a sclerotic rim on 
the left side of the maxilla.
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common than OC.4,9–11 On the other hand, according to 
Uma, OC are more common in older people, while OCp 
in the younger population.3 In our radiological and his-
topathological examinations, in the age group between 2 
and 17 years, the OCp was the most common lesion – it 
was found in 16 patients (80%). Two patients (10%) were 
diagnosed with OC, and in 2 boys (10%), the lesions were 
visible in the oral cavity, and thus classified as erupted 
odontomas.

Khanum  et  al. mention one more variant of  mixed 
odontoma (compound-complex odontoma), which they 
described in a 13-year-old boy.8 They reported it as an ex-
tremely rare type of odontoma, and their diagnosis was 
based on the histopathological examination showing that 
in some places, dental tissues were haphazardly arranged, 
and in other places, they presented regular, small tooth-
like structures – odontoids.8

According to some researchers, the incidence of odon-
tomas can be gender-specific.12–18 Uma in her article 
notes a predilection toward females in the case of OC, and 
OCp being more common in males,3 whereas Gedik and 
Müftüoğlu claim that odontomas of the maxilla are more 
often found in girls.11 In our study, OC were found in 1 
boy (5%) and 1 girl (5%), and OCp in 10 boys (50%) and 6 
girls (30%), which is inconsistent with the findings of Uma 
and Gredik and Müftüoğlu.3,11

With regard to the typical locations of odontomas de-
scribed in the literature, for OC, it is mainly the lateral 
section of  the mandible and the anterior section of  the 
maxilla, and for OCp, it is predominantly the anterior sec-
tion of the maxilla.3,4,10,19 In our study, similarly, OC were 
found in the posterior region of  mandible (10%), while 
OCp was diagnosed in the mandible in 6 patients (30%), 
and in the maxilla – in 10 patients (50%), which points to 
its predominance in the maxilla.

According to Kale  et  al., odontomas occur more fre-
quently on the right than on the left side (62% of OCp and 
68% of OC), regardless of whether they are located in the 
maxilla or the mandible.10 In our patients, odontomas oc-
curred on the left side – 8 (40%), on the right side – 7 
(35%), and 5 (25%) of them in the midline, which does not 
confirm the findings of Kale et al.10

Amailuk and Grubor claim that traumas are among 
the causes of odontomas.5 The authors described a case 
of  a  15-year-old boy from Sudan with OCp that was 
erupted, together with malformed crown and root of the 
upper left central incisor 21. It was decided that the odon-
toma and tooth 21 would be removed, and the crown 
of the upper right central incisor 11 reconstructed (tooth 
11 had erupted with a malformed crown). The authors re-
port that the odontoma and abnormalities in teeth 11 and 
21 were caused by a childhood trauma. In some African 
countries, in accordance with local beliefs, children aged 
from 3 months to 3 years have the buds of their decidu-
ous teeth removed by their healer for protection against 
viruses and vomiting. The authors mention 2 more cases 

of children who had their deciduous tooth buds removed 
in a  ritual in their childhood, and then were diagnosed 
with an odontoma in their adolescence.5 In one of our pa-
tients (17 years old, with nephritic syndrome), the odon-
toma was visible in the oral cavity in the region of lower 
left canine 33 and lower left first premolar 34. During 
the first appointment, the visible nodule was diagnosed 
as an erupting supernumerary tooth, and it was not until 
an X-ray was performed that the correct diagnosis of OCp 
was reached, which, due to its occurrence in the oral cav-
ity, was described as an erupted odontoma (Fig. 6). In this 
case, similarly to our other patients, the patient’s parents 
could not remember past traumas or inflammations in 
the region of the odontoma.

Custódio  et  al. report that odontomas can occur not 
only in the bone of  the jaws, but also peripherally.20 In 
their article, they describe a  case of  an  11-year-old girl 
who had on her palatal mucosa a  1.5-centimeter non-
painful nodular lesion with a  smooth surface, covered 
with an unaffected mucous membrane, which had been 
growing slowly for more than 2 years. Clinically, the pic-
ture was consistent with a peripheral ossifying fibroma or 
a peripheral giant-cell granuloma. Radiological and intra-
operative examinations revealed no erosion of  (damage 
to) the bone tissue. In was not until histopathological 
examination that a  complex odontoma was revealed. In 
their study, the authors refer to 17 publications from the 
years 1989–2014 discussing peripheral odontomas (gingi-
val odontomas/soft tissue odontomas), 15 of which were 
found in children.20

Clinically, in 18 (90%) of  our patients, the lesions oc-
curred in bones, and in 2 patients (10%), there were exo-
phytic lesions in the oral cavity (in a 3-year-old patient on 
the lingual side, near teeth 83 and 84, and in a 14-year-
old patient after cleft lip and cleft palate on the palatal 
side near tooth 13). An  erupted odontoma was discov-
ered accidentally in a 3-year-old patient during a dental 
appointment; his parents did not know how long it had 
been present in the oral cavity. The lesion was not painful, 
covered with an unchanged mucous membrane. Due to 

Fig. 6. Erupted odontoma
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the patient’s lack of cooperation, X-ray images were inac-
curate and did not indicate any pathologies. In general an-
esthesia, CT was performed, revealing a small radiopacity 
located lingually at the level of the neck of tooth no. 83, 
characteristic of OCp. A 14-year-old patient was admit-
ted to the Dental Surgery Clinic for the removal of a pala-
tal lesion. On clinical examination, tooth 12 was missing, 
tooth 13 was displaced, the alveolar process of the maxilla 
was slightly distended, and an  odontoma was erupting 
from the palatal side – it was removed in local anesthesia.

Clinical signs of odontomas described in the literature 
include retained deciduous teeth, impacted permanent 
teeth, the distension of the alveolar process of the maxilla 
or the alveolar part of the mandible, gaps, mild pain (in 
only one case), a changed shape of teeth (one patient after 
a  childhood trauma), a  nodular non-painful lesion cov-
ered with an unaffected mucous membrane (diagnosed as 
a gingival complex odontoma), discovered accidentally in 
an  X-ray image.2–10,19,20 In most of  our cases, the symp-
toms were similar: tooth eruption disorders; the protru-
sion of the alveolar process of the maxilla or the alveolar 
part of the mandible; retained deciduous teeth; impacted 
permanent teeth without abnormalities; gaps; no pain. 
Only one boy was referred to a dentist due to pain and the 
swelling of the cheek, as his tumor was large and caused 
a significant distension of the alveolar process of the max-
illa. Normal tooth eruption was observed at follow-up 
visits, with no indications for orthodontic treatment.

Radiographically, OC is a  highly dense radiopacity 
of irregular shape, surrounded by a band of radiolucency 
with a sclerotic rim,6,19 and OCp is a dense radiopacity ar-
ranged as numerous small deformed denticles (odontoids) 
surrounded by a  band of  radiolucency and a  sclerotic 
rim.6 Similar radiological pictures were obtained for our 
patients. Histopathological examination should be con-
ducted to confirm the clinical and radiological diagnosis. 
On microscopic examination, OCp is described as frag-
ments of the dental pulp, dentin, enamel matrix, epitheli-
um, and connective tissue, or as fragments of a tooth with 
preserved histological structure, with fragments of fibro-
vascular tissue. On the other hand, OC is described in his-
topathological findings as fragments of dentin and con-
nective bone tissue. The histopathological picture of OC 
is very similar to that of an ameloblastic fibro-odontoma 
(AFO).20,21 And this was the microscopic picture obtained 
for the lesions removed in our patients.

Recently, there has been improvement in X-ray diag-
nostic imaging methods, especially with regard to CBCT, 
which certainly facilitates arriving at diagnosis as early as at 
the stage of radiological examination. Jayam et al. describe 
a  case of  an  11-year-old girl with a  radiological picture 
(panoramic radiography, a tooth X-ray and a maxillary oc-
clusal radiograph) description of  impacted tooth 11 with 
an additional cusp and an extensive dentigerous cyst.2 In 
the course of  marsupialization, the dentigerous cyst was 
found to have no contact with tooth 11, while it contacted 

the adjacent additional cusp. On histopathological exami-
nation, OCp was diagnosed with a cyst. According to some 
authors, X-ray images – panoramic radiographs and tar-
geted dental X-rays – may not accurately reveal the pat-
tern of  the lesion, which is why cross-sectional CBCT is 
recommended in the case of doubts or for more accurately 
determining the location.2 In the case of 2 of our patients, 
it was not until a CBCT was performed that the adequate 
diagnosis was reached, and it was later confirmed during 
the procedure and histopathological examination. The first 
patient was a 9-year-old girl referred to an orthodontist in 
our clinic due to impacted tooth 21 for the exposure of the 
tooth and the application of a bracket to the crown of tooth 
21. The patient had with her a current panoramic radio-
graph with visible impacted tooth 21, showing a small non-
distinctive radiopacity in the tooth crown, which could be 
consistent with an additional cusp. An X-ray of  tooth 21 
was performed at our clinic, revealing a  non-distinctive 
area of radiopacity next to the crown of tooth 21 (Fig. 7). 
The patient was referred for cross-sectional CBCT. After 
verification, OCp was diagnosed and removed with its cap-
sule, and an orthodontic bracket was attached to tooth 21 
in local anesthesia (Fig. 8). Histopathological examination 
confirmed the preliminary diagnosis of OCp. The other pa-
tient was a 5-year-old girl who was admitted to our clinic 
with a missing deciduous tooth 65. The patient had a cur-
rent panoramic radiograph with her, revealing an impacted 
tooth (most probably tooth 65) with a non-distinctive area 
of radiopacity (Fig. 9). Cross-sectional CBCT was recom-
mended. In the X-ray image, the preliminary diagnosis sug-
gested OCp with the impacted deciduous tooth 65 above 
it and the tooth bud of permanent tooth 25 on the palatal 
side (Fig. 10). The procedure involved the resection of the 

Fig. 7. Fragment of a panoramic radiograph of impacted tooth 21 and 
a compound odontoma (OCp)
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impacted deciduous tooth 65 and the enucleation of  the 
odontoma with its capsule; the tooth bud of tooth 25 was 
left. Due to the child’s age and her poor cooperation, the 
procedure was carried out in general anesthesia. Histo-
pathological findings revealed OCp.

Preoteasa and Preoteasa mention the possibility 
of asymmetric resorption of the roots of deciduous teeth, 
caused not by a permanent tooth, but by a tumor, which 
may lead to tooth eruption disorders, i.e., to the occur-
rence of  an  impacted deciduous tooth and an  impacted 
permanent tooth.9 The authors describe a case of a 9-year-
old patient who was admitted with impacted upper left 
central incisor 21, ectopically located upper lateral inci-
sor, and retained deciduous incisors – left central 61 and 
left lateral 62. The X-ray image revealed OCp located be-
tween teeth 61 and 21, which caused asymmetric resorp-
tion of the root of deciduous tooth 61, which could have 
caused its delayed exfoliation.9 Other authors, Amailuk 
and Grubor, report the possibility of changes in the shape 
of the roots of permanent teeth adjacent to a tumor.5 In 
the group of our patients, there were 2 cases (10%) with 
a retained deciduous tooth above which an odontoma was 
found with a permanent tooth over it, but no changes were 
observed in the shape of the root of permanent teeth.

A 14-year-old patient, after the treatment of  com-
plete cleft lip and palate, came to us for the treatment 
of  an  odontoma. Paradowska-Stolarz and Kawala com-
pared the incidence of dental anomalies in 154 patients 
with complete cleft lip and palate and in 151 healthy pa-
tients.22 According to the authors, dental anomalies were 

much more common in patients with cleft and on the cleft 
side.22 In our case, the odontoma was on the right side and 
the cleft was on the left side.

The treatment of choice for odontomas is a surgery in-
volving the complete enucleation of  the tumor with its 
capsule. According to de Oliveira et al.4 and Qazi et al.,23 
if an  odontoma causes the impaction of  the tooth bud 
of  a  permanent tooth, the tumor should be removed as 
soon as possible, before the root of the permanent tooth 
is fully developed (e.g., before it reaches half of its length) 
to prevent its permanent impaction. According to Uma, 
in turn, if after the removal of an odontoma, the impact-
ed tooth does not erupt within 3 months of  the proce-
dure, the patient should be referred to an orthodontist.3 
In conclusion, odontomas should be removed as soon 
as possible to prevent the occurrence of  complications 
in the form of dental abnormalities. In our clinic, the tu-
mors were removed as soon as possible (within a month 
from the first appointment). In one case, the procedure 
was postponed in a 4-year-old boy (with antiphospholipid 
syndrome) who was receiving chemotherapy. On clinical 
examination, the protrusion of the alveolar process of the 
maxilla and a small gap between deciduous teeth 62 and 
63 were observed, and there were no impacted teeth. The 
procedure was performed 4 months after the first ap-
pointment, during which OCp was diagnosed.

Many authors recommend the use of  platelet-rich fi-
brin (PRF) and platelet-rich plasma (PRP) after surgical 

Fig. 9. Panoramic radiograph with impacted deciduous tooth 65 and 
a compound odontoma (OCp) in a 5-year-old patien 

Fig. 10. CBCT of a 5-year-old patient with a compound odontoma (OCp) 
and impacted tooth 65 above it, and a tooth bud of permanent tooth 25 
on the palatal side

Fig. 8. Cone-beam computed tomography (CBCT) section showing 
unerupted tooth 21 and a compound odontoma (OCp)
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procedures, presenting their benefits.24–26 Healing after 
procedures in children very often proceeds without com-
plications. In our cases, we did not observe dry sockets or 
bone inflammation. We did not perform odontoma re-
moval procedures in patients taking bisphosphonates. In 
our research, we did not use PRP and PRF, but based on 
many positive studies and opinions, we are considering the 
use of PRP and PRF after odontoma removal procedures.

The literature does not report recurrences after the 
complete enucleation of the tumor with its capsule.8,9 So 
far, we have not observed recurrences in any of our pa-
tients, either.

Conclusions
Odontomas are benign tumors that do not undergo 

neoplastic transformation. Such clinical signs as dental 
abnormalities, missing teeth, a protrusion on the alveolar 
process of the maxilla or the alveolar part of the mandible 
should prompt a  dentist to perform diagnostic imaging. 
It is very often that, due to the absence of clinical signs, 
odontomas are discovered by accident during an  X-ray 
performed before orthodontic treatment. The compound 
odontoma is the most common type of odontoma. Its ra-
diological picture is characteristic – highly dense tooth-
like radiopacities (odontoids) surrounded by a band of ra-
diolucency with a sclerotic rim. The treatment of choice 
is a surgical procedure involving the complete enucleation 
of the tumor with its capsule, which results in full recovery.
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Abstract
Background. Nasal obstruction in pediatric patients can lead to serious issues, such as facial growth 
alterations, otitis media with effusion, and sleep disorders. Diagnosing nasal obstruction is challenging 
because subjective evaluations are often inaccurate, and objective measures like rhinomanometry are 
difficult to perform in children. This study proposes using an oral screen test as a rapid and cost-effective 
diagnostic method.

Objectives. The aim of  the study is to validate the oral screen test as a  method for diagnosing nasal 
obstruction in children. This objective is based on the observation that children with nasal obstruction do 
not tolerate the oral screen test well. 

Material and methods. The validation of  the diagnostic test was assessed based on the results 
of 104 children aged 4–15 years undergoing rhinomanometry. A silicone oral screen (Forwardontics®) 
and the Spanish version of the Sinus and Nasal Quality of Life Survey (SN-5) were used.

Results. The oral screen test yielded a positive result in 78 participants (75%). The children with a positive 
test result exhibited higher nasal resistance (561.3 ±140.5%) than those with a  negative test result 
(102.0 ±3.4%), with an odds ratio (OR) of 18.5 (95% confidence interval (CI): 5.5–64.1).

Conclusions. The oral screen test is a  highly sensitive and moderately specific method for diagnosing 
nasal obstruction in children, making it a useful screening tool in clinical practice.

Keywords: rhinomanometry, nasal obstruction, rhinitis, oral screen, SN-5
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Introduction
Nasal obstruction is a  common complaint in general 

pediatric consultations, otolaryngology, as well as pediat-
ric odontology, either directly or indirectly due to its con-
sequences, such as facial growth alterations,1 otitis media 
with effusion,2 and sleep disturbances.3

However, nasal obstruction is challenging to diagnose.4 
Subjective assessment is not enough, as children and their 
parents often lack the capacity to accurately self-diagnose 
nasal patency,5 and symptoms are not always related to 
objective nasal obstruction.6 Objective measures such as 
rhinomanometry, which is considered the gold standard, are 
not universally feasible due to the need for child collabora
tion and the time-consuming nature of the procedure.4 

As children with nasal obstruction are forced to mouth 
breathe, it is supposed that they will not tolerate mouth 
taping. A  simple method to force nasal breathing is the 
use of oral screens. Oral screens are common instruments 
in orthodontic consultations. These silicone pieces are 
designed to be placed between the cheeks, the lips and 
the teeth.7 Oral screens are mainly used to prevent the 
perioral muscles from exerting forces on the teeth. The 
instruments block the oral air passage and force nasal 
breathing. Based on the observations from daily consulta
tions, children with nasal obstruction do not tolerate oral 
screens and dismantle them. In consequence, it is hypothe
sized that the oral screen test may serve as a fast screening 
test to diagnose nasal obstruction.

The present research is designed with the aim of assess-
ing the oral screen test as a  diagnostic method of  nasal 
obstruction. 

Material and methods

Study sample 

The diagnostic test validation method was followed. 
Before performing the physical examination, the parents 
were requested to provide informed consent for their 
children’s participation in the study. The data collection 
process was planned before the index test and reference 
standard were performed.

Inclusion criteria 

The inclusion criteria were as follows: 4–15 years of age; 
children attending the pediatric otolaryngology unit at the 
University Hospital Complex of Santiago de Compostela, 
Spain, and undergoing rhinomanometry.

The participants were selected consecutively from 
January 2022 to January 2023. All subjects undergoing rhino
manometry were included, irrespective of the indication 
for the procedure.

Exclusion criteria 

The exclusion criteria encompassed children whose 
parents declined to participate in the study, subjects not 
collaborating during rhinomanometry, and those for 
whom rhinomanometry could not be performed (e.g., due 
to complete nasal obstruction, septal perforation).

The age limit was set at 4 years, as children under this 
age usually do not collaborate during rhinomanometry. 
The superior age limit was established at 15 years, as in 
Spain, this is the maximum age at which a patient may be 
considered pediatric. 

The sample included healthy children undergoing 
a  health-related consultation prior to the initiation of 
pediatric orthodontics, postoperative controls, as well as 
children with symptoms of nasal obstruction due to nasal 
septum deviation, adenoid hypertrophy, or rhinitis. The 
study population comprised healthy children in order to 
encompass the entire spectrum of nasal patency for the 
external validation of the diagnostic test.

Validation 

The oral screen test was the primary evaluation, with 
rhinomanometry established as the gold standard. True 
positives were defined as cases where nasal resistance 
exceeded 100% of the normative data for the child’s age. 
True negatives (controls) were defined as children with 
an  unobstructed nose, showing nasal resistance below 
100% of the normative data for their age. For the external 
validation process, a contingency table was used to assess 
sensitivity, specificity, as well as positive and negative 
predictive values.

Highlights

	• This study is the first to validate the oral screen as a tool for pediatric nasal obstruction screening.
	• The oral screen test demonstrated high sensitivity and acceptable specificity in identifying children with nasal 

obstruction.
	• A positive oral screen test was strongly correlated with increased nasal resistance.
	• The oral screen test offers a simple, rapid and cost-effective method suitable for routine use in pediatric, 

otorhinolaryngology, and dental settings.



Dent Med Probl. 2025;62(4):637–643 639

Oral screen test

A silicone oral screen (Up-Locker Vacuum Activator; 
Forwardontics®, San Mateo, USA) was used (Fig. 1). 
It was recommended that children keep the oral screen in 
their mouth for 2 min, ensuring that their lips were firmly 
closed. The examiner observed the children, as some sub-
jects may leave their lips apart and breathe through the 
mouth even with the oral screen. The participants were 
informed that they can stop the test if they experienced 
difficulty breathing through their nose. If a child tolerated 
the test, it was marked as negative. If the test was not tol-
erated, it was recorded as positive. 

The test was performed before rhinomanometry to pre-
vent observation bias.

Physical examination 

The direct examination by nasofibroscope is currently 
considered the gold standard for the evaluation of 
adenoid and turbinate hypertrophy.8 Turbinates were classi
fied based on the study by Camacho et al.,6 while adenoids 
were classified according to the study by Cassano et al.7 
The assessment of septal deviation was determined based 
on the study by Mariño-Sánchez et al.8

Adenoid hypertrophy was defined as a  Cassano score 
greater than 2,9 turbinate hypertrophy as a full Camacho 
score greater than 4,10 and obstructive septal deviation as 
a Mariño-Sánchez score of 2.11

Sinus and Nasal Quality of Life Survey (SN-5)

In this study, the Spanish version of the Sinus and Nasal 
Quality of  Life Survey (SN-5) was used.12 The survey 
evaluates 5 clusters of symptoms, namely sinus infection, 
nasal obstruction, allergy, emotional distress, and activity 

limitations.13 Each  cluster contains symptoms that have 
been selected to assist parents in comprehending the 
nature of the assessment. Each cluster is rated on a 7-point 
Likert scale, ranging from 0 (never) to 6 (all the time). In 
addition to the symptomatic evaluation, caregivers were 
instructed to evaluate the child’s overall quality of life on 
a  visual analog scale (VAS) ranging from 0 (worst pos-
sible) to 10 (best possible).

Rhinomanometry 

The recommendations of the International Committee 
on Standardization of  Rhinomanometry were followed 
throughout the study.11 Rhinomanometry was performed 
after 30 min of acclimatization, in a room where humidity 
was constant and the temperature regulated with a ther-
mostat. The results were assessed using a reference pres-
sure gradient across the nose of 150 Pa.14 

Following the recommendations outlined in previous 
reports,15 the results of  nasal resistance were standardized 
according to pediatric reference values for each age sub-
group.16 The nasal resistance value that corresponded to the 
normative value of an age subgroup was designated as 100%. 
The results falling below 100% corresponded to children with 
unobstructed nasal passages, while the results exceeding 100% 
corresponded to subjects with increased levels of resistance. 
For the contingency table, 110% was selected as the resistance 
value of a patient with nasal obstruction. 

In cases where rhinomanometry could not be per
formed due to severe obstruction, the data was designated 
as missing.

Statistical analysis

The normality of  the quantitative variables was 
assessed through the implementation of the Shapiro–Wilk 
test. A comparison between quantitative and dichotomic 
variables was performed using the t-test for a normal dis-
tribution or the non-parametric variation rank sum test 
for a non-normal distribution. The statistical significance 
was set at p < 0.05. The statistical analysis was conducted 
using Stata 17 (StataCorp LLC, College Station, USA).

Results

Description of the study sample

After the selection process, a  total of 104 participants 
were included in the study: 75 individuals with known 
obstructive nasal disorders; and 29 healthy participants. 
Diagnosed obstructive nasal disorders included hypertro-
phic rhinitis (n = 68), adenoid hypertrophy (n = 46) and 
septal deviation (n = 5). 

The results pertaining to age, sex, nasal resistance, and 
SN-5 are summarized in Table 1.

Fig. 1. Silicone oral screen (Up-Locker Vacuum Activator; Forwardontics®, 
San Mateo, USA) 

Permission to reproduce this figure has been granted by Forwardontics®. 
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Oral screen test results

All the initially included participants underwent the 
oral screen test. The test yielded a  positive result in 78 
participants (75%).

Nasal resistance was higher in patients with a positive 
test result (561.3 ±140.5%) than those with a  negative 

result (102.0 ±3.4%), with an odds ratio (OR) of 18.5 (95% 
confidence interval (CI): 5.5–64.1) (Table 2) (Fig. 2).

The SN-5 subdomain of nasal obstruction was higher 
in subjects with a positive test result (z = −4.38; p < 0.001) 
(Table 3) (Fig. 3).

Fig. 3. Sinus and Nasal Quality of Life Survey (SN-5) subdomain of nasal 
obstruction in oral screen test subgroups

Table 3. Sinus and Nasal Quality of Life Survey (SN-5) scores in oral screen 
test subgroups

Variable
Negative oral 
screen test 

(n = 26)

Positive oral 
screen test  

(n = 78)
Statistics

Nasal resistance 
[% of the normative age value]

102.0 ±3.4 561.3 ±140.5
t = −1.8810# 

p = 0.063

SN-5 VAS score 6.7 ±0.4 5.8 ±0.2
z = 1.64## 
p = 0.101

SN-5 full score 8.7 ±1.0 11.7 ±0.6
z = −2.36## 
p = 0.018*

SN-5 obstruction score 2.5 ±0.2 4.0 ±0.2
z = −4.38## 
p < 0.001*

* statistically significant (p < 0.05); # Student’s t-test; ## Mann–Whitney rank 
sum test. Data presented as M ±SD.

Table 1. Characteristics of the study sample

Variable Healthy individuals  
(n = 29)

Patients with obstructive nasal disorder 
(n = 75)

Total  
(N = 104) Statistics

Age 
[years] 
M ±SD

9.4 ±0.5 10.4 ±0.3 10.1 ±0.2
t = −1.80# 
p = 0.075

Sex, n (%)
F: 10 (34.48) 
M: 19 (65.52)

F: 35 (46.67) 
M: 40 (53.33)

F: 45 (43.27) 
M: 59 (56.73)

χ2 = 1.26### 
p = 0.261

Nasal resistance 
[% of the normative age value] 
M ±SD

93.8 ±1.7 582.8 ±145.6 446.5 ±107.0
t = −2.08# 
p = 0.040*

SN-5 obstruction score 
M ±SD

3.1 ±0.3 3.8 ±0.2 3.6 ±0.2
z = −1.99## 
p = 0.046*

SN-5 VAS score 
M ±SD

6.1 ±0.4 6.0 ±0.2 6.0 ±0.2
z = 0.20## 
p = 0.841

SN-5 full score 
M ±SD

10.3 ±1.1 11.2 ±0.6 10.9 ±0.5
z = −0.20## 
p = 0.475

M – mean; SD – standard deviation; F – females; M – males; SN-5 – Sinus and Nasal Quality of Life Survey; VAS – visual analog scale; * statistically significant 
(p < 0.05); # Student’s t-test; ## Mann–Whitney rank sum test; ### χ2 test.

Table 2. Contingency table used during the external validation process

Variable
Healthy 

individuals  
(n = 29)

Patients with 
obstructive 

nasal disorder  
(n = 75)

Statistics

Negative oral screen test 
(n = 26), n (%)

19 (65.52) 7 (9.33) NPV = 73.08

Positive oral screen test  
(n = 78), n (%)

10 (34.48) 68 (90.67) PPV = 87.18

Statistics Sp = 65.52 Se = 90.67
OR =18.5 

95% CI: 5.5–64.1

Sp – specificity; Se – sensitivity; NPV – negative predictive value; 
PPV – positive predictive value; OR – odds ratio; CI – confidence interval.

Fig. 2. Nasal resistance in oral screen test subgroups
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Discussion
The present study validated the oral screen test as an 

effective tool for diagnosing nasal obstruction in children, 
obtaining high sensitivity and a moderate to high specific-
ity. The children with a positive result were found to be 
18.5 times more likely to have nasal obstruction. 

The oral screen test is not intended to substitute any 
other objective test. It has been developed as a  fast, 
inexpensive and innocuous method to identify children at 
risk of nasal obstruction. If nasal obstruction is suspected, 
a  specialist must be consulted to confirm the diagnosis 
and determine its exact cause.

For a  diagnostic test to be considered suitable for 
screening purposes, it must meet specific criteria. Firstly, 
the evaluation must be affordable, easy to perform, innoc-
uous, and have high sensitivity.17 Secondly, the illness or 
condition under investigation must be highly prevalent, 
with early treatment altering the course of  the disease. 
The oral screen test fulfills all these characteristics. 

Pediatric nasal obstruction is a prevalent symptom that 
merits attention and prompt diagnosis. The exact preva-
lence of  pediatric nasal obstruction remains unknown. 
However, some of  its most common causes have been 
well studied. In Spain, for instance, rhinitis has been doc-
umented in 39% of the population,18 while adenoid hyper-
trophy has been diagnosed in 42%.19 

Nasal obstruction has been associated with several 
conditions, including caries,20 middle ear disease, sinus-
itis, and alterations in facial growth. The early treatment 
of nasal obstruction has been related to the improvement 
in facial growth,21 middle ear ventilation,22 and the reduc-
tion of otitis media23 and sinusitis.24 

Despite its moderate specificity, the current study dem-
onstrated a  satisfactory level of  sensitivity. This finding 
indicates that the test accurately identified the major-
ity of  children with nasal obstruction; however, sev-
eral healthy children were misdiagnosed as obstructed. 
This  phenomenon is presumably attributed to the fact 
that some children were restless during the test, stating 
that they could not appropriately breathe only to be 
authorized to remove the oral screen.

Regarding the cost of the procedure, it must be noted 
that, in our practice, we sterilize the oral screens. However, 
the utilization of  single-use screens has the potential to 
result in an unacceptable level of plastic waste.

It was challenging to choose the gold standard test to 
compare against the oral screen test. Physical examina
tion is widely regarded as the preferred method for 
diagnosing nasal obstruction. However, this technique 
can diagnose causes, but not the obstruction itself. The 
diagnosis of nasal obstruction can be made on the basis 
of either a subjective complaint, or an objective method. 
The subjective assessment by parents or children has 
been proven to be inadequate, as children and their 
parents often misdiagnose their own symptoms.22 

Several  objective tests are available, each with its own 
advantages and limitations, such as rhinomanometry, 
acoustic rhinometry, rhinohigrometry, and nasal peak 
flow. Despite its limitations, the most widely accepted 
gold standard procedure is rhinomanometry.4 

Rhinomanometry is criticized due to the low rate of col-
laboration exhibited by pediatric patients. Despite being 
true in some cases, most patients over 4 years of age can 
cooperate during rhinomanometry. Rhinomanometry is 
a time-consuming test. Both of these reasons justify using 
the oral screen test.

Another critique of  rhinomanometry is that its refer-
ence values vary with age. Therefore, we have used nor-
mative data for each age subgroup in order to use relative 
values. This approach enabled the comparison of  mea-
surements of all the children despite their different ages. 

The third limitation asserts that there is a low correla-
tion between subjective measurements and rhinomano-
metric values. This claim is generally valid. However, 
in this study, we have assessed the quality of  life via the 
SN-5. The study found that children with a positive oral 
screen test exhibited worse results in the SN-5 and the 
nasal obstruction subdomain of SN-5 (Table 3). Despite 
these outcomes, the overall quality of  life assessed 
using the VAS score did not reach statistical significance. 
This is in contrast with previous studies, as most avail-
able evidence reported a  low correlation between both 
measures. This phenomenon can be attributed, at least in 
part, to the fact that a  number of  children under study 
were regular patients and were more aware of their own 
bodies and illnesses. However, the absence of an associa-
tion between the 2 measurements should not be a limita-
tion for diagnosing nasal obstruction alone, independent 
of  symptoms, as children are treated not only based on 
their self-reported symptoms. Nasal breathing is in itself 
a  favorable outcome. As previously discussed, adequate 
nasal breathing promotes optimal facial growth, dental 
health, and reduced incidence of  middle ear illnesses.24 
Therefore, the objective of diagnosing and treating nasal 
obstruction could be complementary to diagnosing and 
treating its symptoms.

Another highly debated question in pediatric rhino-
manometry is whether the procedure should be anterior 
or posterior. In the anterior rhinomanometry, the dif-
ferential pressure is measured anterior to the adenoids. 
However, in the posterior rhinomanometry, the pressure 
is measured in the oropharynx, inferior to the adenoid 
pad. Conceptually, posterior rhinomanometry is a supe-
rior method for diagnosing nasal obstruction caused by 
adenoid hypertrophy. However, we decided to use ante-
rior rhinomanometry, given that children tend to be less 
collaborative with the posterior method.25 

When assessing nasal obstruction, oral screen tests do 
not measure the severity of the obstruction but whether 
a certain cut-off value is surpassed or not. Once the nasal 
cavity is obstructed, oral breathing is forced, thereby 
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precipitating the majority of the observed complications. 
This phenomenon can be attributed to the non-linear 
relationship between nasal airflow and nasal resistance, 
which exhibits an exponential relationship to the fourth 
power (Fig. 4). Therefore, at around 0.3 Pa/mL, small 
changes in nasal resistance are related to substantial vari-
ations in nasal airflow. The oral screen test is a diagnostic 
tool that can be used to identify cases of oral breathing, 
irrespective of the extent of nasal obstruction.

The present study did not use nasal decongestants, 
which have been demonstrated to be effective in address-
ing turbinate hypertrophy26 and adenoid hypertrophy27 in 
children. Future studies will assess this topic.

Limitations 

Despite the aforementioned strengths of the study, it is 
important to acknowledge its limitations. The study was 
a validation test, and a small sample size was used. How-
ever, given the characteristics of the test, it is our inten-
tion to progressively increase this sample size in order to 
obtain more solid results. The second limitation is that 
nasal obstruction can be caused by several entities, such 
as septal deviation, allergic rhinitis or adenoid hypertro-
phy, among others.28 In this study, we have included dif-
ferent causes of  nasal obstruction in order to diminish 
the potential selection bias. Even though not all causes of 
nasal obstruction have been included, the findings of this 
study should be interpreted with caution.

Conclusions
Nasal obstruction in pediatric patients has garnered 

increasing attention from otolaryngologists, pediatricians 
and odontologists. This trend is evidenced by a notable 
increase in the number of papers addressing this subject. 
This study is the first to assess an odontologic tool, the 
oral screen, as a  screening method for diagnosing 

pediatric nasal obstruction. It demonstrated a high level 
of  sensitivity and a  positive predictive value. Given the 
characteristics of the test and the high prevalence of nasal 
obstruction, the oral screen test can be incorporated into the 
daily practice of professionals who treat pediatric patients. 
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Abstract
Background. Knowledge on the potential applications of artificial intelligence (AI) as a diagnostic instru-
ment in the domain of pediatric dentistry is imperative, as AI may significantly influence present and future 
dental practice.

Objectives. The present study aimed to evaluate the knowledge, perception and attitude of  pediatric 
dentists and postgraduate students in the pediatric specialty with regard to the employment of  AI in 
pediatric dental practice. 

Material and methods. An  online questionnaire survey was conducted among 375 participants 
(92 postgraduates, 203 faculty members and 80 private practitioners), who were provided with 19 close-
ended questions through the Google Forms link sent via email. The questions referred to the knowledge, 
perception and attitude of the participants, with 17 questions answered using a three-point Likert scale 
and 2 of them being multiple-choice questions. The responses were analyzed using the χ2, Kruskal–Wallis 
and Mann–Whitney U tests.

Results. A  total of  62% of  the participants were familiar with the term ‘artificial intelligence’, and the 
majority confirmed that AI could be used for the identification of plaque (57%) and supernumerary teeth 
(52%), the detection of early childhood caries (ECC) (68%) and the ectopic eruption of first permanent 
molars (67%), the assessment of child psychology (82%), and the estimation of chronological age (67%). 
Most participants felt that AI training should be incorporated into the postgraduate curriculum (82%) 
and were willing to introduce AI to clinical practice (87%). The barriers related to the use of AI were high 
costs (83%), the lack of training after graduation (78%), the lack of technical knowledge (77%), the fear 
of misdiagnosis (73%), and the lack of awareness (71%).

Conclusions. The present study concluded that although most pedodontists and postgraduate students 
had knowledge on AI, there were many obstacles connected with the use of AI in the field of pediatric 
dentistry. Therefore, the basic training of AI should be included in the curriculum of postgraduate studies.

Keywords: knowledge, survey, questionnaire, pediatric dentistry, artificial intelligence
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Introduction
In 1956, John McCarthy introduced the concept of arti­

ficial intelligence (AI).1 This field of study can be defined 
as the practical application of  computer science, which 
aims to replicate the cognitive abilities of humans. Arti­
ficial intelligence is focused on the development of intelli­
gent systems that possess the capacity to think and learn, 
similar to their human counterparts.1 Artificial intelli­
gence and its subcategories – machine learning (ML) and 
deep learning (DL) – have been integrated into numer­
ous facets of dentistry, encompassing the field of pediatric 
dentistry.2

Machine learning, a subset of AI, relies on algorithms to 
make predictions based on datasets. Its objective is to en­
able machines to learn from the available data and solve 
problems without human intervention. In contrast, neural 
networks consist of algorithms that process signals using 
artificial neurons. Deep learning, a subset of ML, utilizes 
a deep neural network with multiple computational layers 
to analyze the input data. The purpose is to create a neural 
network that would be able to automatically identify patterns 
and enhance feature detection. Deep learning is also 
referred to as a convolutional neural network (CNN). In the 
field of pediatric dentistry, CNNs are primarily employed 
to analyze large and intricate images, thereby improving 
the accuracy and efficiency of diagnostic processes.3

The implementation of  AI can potentially eliminate 
some laborious and time-consuming procedures so far 
performed by dental professionals. Furthermore, it is plau­
sible to enhance the health of the general population at de­
creased expenditure, provide customized, preventative and 
predictive dental treatment, and consolidate the accessi­
bility of healthcare for all. Artificial intelligence possesses the 
capability to elevate the benchmarks of dental care, refine 
the precision and efficacy of diagnostic procedures, devise 
enhanced visual aids for treatment, simulate outcomes, and 
forecast oral ailments and well-being.2

Artificial intelligence has been commonly employed in 
the field of pediatric dentistry to provide support for pedo­
dontists in improving the accuracy of  their diagnoses. 
These models prove to be immensely beneficial at both 
the individual and community levels, as they effectively 
classify children into various risk groups, at the same time 
enabling the identification and enumeration of  teeth, 

the identification of  supernumerary teeth, the diagnosis 
of  the early ectopic eruption of  first permanent molars, 
and the assessment of  age, among other functionalities. 
Furthermore, they can serve as valuable tools in the plan­
ning and evaluation of oral health programs in schools, 
thereby increasing the awareness of  dental well-being 
among children.2,4

Despite the numerous advantages of AI, its use in pedia­
tric dentistry remains significantly restricted. This can be 
ascribed to a multitude of  factors, including the limited 
knowledge and understanding of AI principles among pedo­
dontists, fear and apprehension with regard to using AI 
software, and the lack of proper knowledge, training and 
skills for using AI in clinical practice. Moreover, the public 
is reluctant to place confidence in the outcomes of AI. 
As a result, various challenges persist, necessitating a pro­
active approach to finding a resolution.5

Owing to the lack of previous studies, the present study 
was conducted to assess the knowledge, perception, 
attitude, and barriers regarding the use of  AI in the 
field of pediatric dentistry among postgraduates, faculty 
members and private practitioners.

Material and methods

Study design and setting 

The present cross-sectional, descriptive, questionnaire-
based study was conducted from July to September 2023 
at the Department of Pedodontics at Yogita Dental College 
and Hospital, Khed, India, on postgraduate students, faculty 
members and private practitioners in the field of  pedo­
dontics, who were registered with the Indian Society 
of  Pedodontics and Preventive Dentistry (ISPPD). This 
survey was approved by the institutional ethics committee 
(approval No. EC/NEW/INST/2022/2959/Y23/212), and 
was conducted in accordance with the ethical principles 
outlined in the Declaration of Helsinki.

Study participants and data collection 
procedure

A formal letter of  request was submitted to the 
administrative officers of  ISPPD, seeking authorization 
to disclose the list of  pedodontists, along with their 

Highlights

	• Faculty members and postgraduates support the integration of AI, while private practitioners remain skeptical 
about the technology.

	• Challenges in AI implementation in dentistry are high costs, the lack of proper training and insufficient technical 
knowledge.

	• Younger pediatric dentists are more knowledgeable and open to incorporating AI into their professional practice.
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corresponding email addresses, who have been duly 
registered as postgraduate students, faculty members and 
private practitioners in the field of  pediatric dentistry. 
From the list of 2,974 individuals provided by ISPPD, it 
was observed that there were 680 postgraduate students, 
694 private practitioners and 1,600 individuals who were 
faculty members. This distribution followed an approxi­
mate ratio of 1:1:2.3. Consequently, for the purpose of the 
present study, the participants were selected through 
the non-probabilistic convenience sampling technique. 
Specifically, a Google Forms link, accompanied by a set of 
instructions and consent forms, was randomly dispatched 
via email to 650 ISPPD members (150 postgraduate students, 
150 private practitioners and 350 faculty members). 
This distribution was carried out in accordance with the 
initial ratio of 1:1:2.3. The participants were afforded the 
opportunity to complete the questionnaire on a  single 
occasion, with no time restrictions. Subsequently, after 
clarifying the objective and ensuring the preservation 
of confidentiality, and after the participants had provided 
informed consent and expressed willingness to participate 
in the survey, their responses were gathered. The survey 
guaranteed the maintenance of  confidentiality, as it 
did not require the disclosure of  personal information 
regarding the participants’ identities. Additionally, it was 
explicitly stated in the participant recruitment statement 
that participation in the survey was completely voluntary. 
The responses were provided anonymously, without any 
identifying information. The principal investigator was 
the sole individual granted access to the data. Duplicated 
entries were rectified, and only responses that were fully 
completed were considered. Reminder emails to complete 
the forms were sent after 1 month.

Pedodontists employed as faculty members and in 
private practice, along with postgraduate students pursuing 
their course in the specialty of pedodontics, who agreed to 
participate in the study, were included. Undergraduates, 
participants who did not provide consent, as well as those 
who provided incomplete forms, were excluded from the 
study.

Sample size estimation 

The sample size estimator provided by Calculator.net 
(https://www.calculator.net/sample-size-calculator.html) 
was used to establish the appropriate sample size. Accord­
ing to the statistics from ISPPD, the total number of pedo­
dontists in 2023, including postgraduate students, was 
2,974. Based on this, statistical power analysis was per­
formed to calculate the sample size. The suggested sample 
size was 341, with a design effect of 50%, a margin of error 
of 5% and a confidence level of 95%. Considering a 60% 
response rate, the estimated sample size was 569. Previous 
studies yielded a fluctuating rate of response ranging from 
50% to 60%.6–8 Consequently, the current study was 
undertaken encompassing a sample size of 650 individuals.

Study instrument 

The questionnaire was divided into 4 domains. The first 
one, known as part A, focused on 6 open-ended questions 
on sociodemographic characteristics; the participants 
entered their age, gender, designation, workplace, region, 
and years of experience. Part B consisted of 8 close-ended 
questions identifying the basic knowledge of the partici­
pants on the use of AI in the field of pediatric dentistry 
(7 questions used a three-point Likert scale (agree, neutral, 
disagree) and 1 was a  multiple-choice question). Part  C 
consisted of  6 questions assessing the participants’ per­
ception with regard to the use of  AI (5 questions used 
a  three-point Likert scale and 1 was a  multiple-choice 
question). Part D comprised 5 questions on a Likert scale, 
regarding the attitude of the participants toward AI.

Pre-testing and content validity 
of the questionnaire 

The questionnaire was created through the collabora­
tive efforts of 5 professionals, including 3 pedodontists, 
one AI expert and one researcher with a  decade of  ex­
perience, who were not part of the study. Subsequent to 
the evaluation conducted by these 5 specialists, Aiken’s 
V statistic was calculated, revealing a  value of  0.92, in­
dicating a favorable level of content validity. To assess the 
dependability of the inquiries, a preliminary examination 
or pre-testing of  the questionnaire was conducted on 
35 individuals who were not involved in the study. The 
reliability of  the questionnaire was assessed by employ­
ing Cronbach’s alpha; the test yielded a value of 0.87 for 
knowledge-based questions, and 0.92 for perception- 
and attitude-based questions. To determine the level 
of agreement among the questions, the questionnaire was 
administered to the same cohort after a 2-week interval. 
Inter-observer agreement was evaluated using the kappa 
coefficient, which amounted to 0.94.

Scoring criteria 

Each question (except for questions 2 and 14) was scored 
as agree = 5, neutral = 2 or disagree = 0. The maximum 
score for knowledge was 35 (7 × 5), 25 (5 × 5) for percep­
tion and 25 (5 × 5) for attitude. The mean and standard 
deviation (M ±SD) values were calculated for knowledge, 
perception and attitude.

Statistical analysis 

The collected data was subjected to statistical analy­
sis with the use of  the IBM SPSS Statistics for Windows 
software, v. 22.0 (IBM Corp., Armonk, USA). The normal 
distribution of the data was confirmed using the Shapiro–
Wilk test. The compilation and presentation of  socio­
demographic variables and the participants’ responses 

https://www.calculator.net/sample-size-calculator.html
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were achieved using frequency distributions. To determine 
significant differences between the variables, non-parametric 
tests, including the χ2 test, were employed. The know­
ledge, perception and attitude scores were calculated and 
analyzed using the Mann–Whitney U test (for gender) and 
the Kruskal–Wallis test (for other variables), followed by 
post-hoc analysis with Dunn’s test. The correlation for 
ordinal data, such as the knowledge, perception and attitude 
scores, was calculated with Spearman’s ρ test. The level 
of significance was set at p ≤ 0.05.

Results

Demographic details of the respondents 

The baseline demographic characteristics of the partici­
pants are presented in Table  1. A  total of  375 partici­
pants completed the online survey, with a  response 
rate of  58%. A  total of  118 participants represented the 
age group of  26–30 years, and the smallest number 
of  participants were in the age group of  56–60 years. 
With regard to gender, 57% of the participants were male, 
and 43% were female. Of the 375 participants, 54% were 
faculty members, 25% were postgraduates and 21% were 
private practitioners. Of the sample, 41% had less than 
5 years of  experience, and 34% had more than 10 years 
of experience (Table 1).

Assessing the knowledge of the participants 
on AI and its applications 

A total of 62% of the participants were familiar with the 
term ‘artificial intelligence’, with a statistically significant 
difference between the groups (p = 0.001); among them, 
there were 74% of  faculty members, followed by 61% 
of postgraduates. As many as 44% of private practitioners 
were unaware of the term ‘AI’. The most common source 
of AI information was industry news (78%), and the least 
common professional organizations (45%). Most of  the 
participants agreed that AI could be used for identify­
ing plaque in children, with no significant differences 
between the participants (p > 0.05), whereas statistically 
significant differences were observed when the partici­
pants were asked about the use of AI for the identification 
of supernumerary teeth, the detection of early childhood 
caries (ECC) and the ectopic eruption of first permanent 
molars, and the assessment of child psychology (p < 0.05). 
Most faculty members agreed with the use of AI for vari­
ous purposes in the field of  pediatric dentistry. A  total 
of 67% of postgraduates expressed their agreement with 
the implementation of AI in the identification of  super­
numerary teeth, while 38% of  private practitioners held 
a different opinion. The majority of faculty members (81%) 
and private practitioners (56%) were in favor of utilizing AI 
for the detection of  EEC, although 41% of  postgraduates 

disagreed with this notion. Similarly, the majority of faculty 
members (77%) and postgraduates (71%) accepted the 
use of  AI for the estimation of  chronological age in 
children, whereas 33% of private practitioners expressed 
their disagreement. With regard to the detection of  the 
ectopic eruption of first permanent molars in early mixed 
dentition, most faculty members and private practitioners 
were supportive of employing AI, with only 59% of post­
graduates agreeing to the same. Furthermore, the major­
ity of the respondents agreed with the use of AI for assess­
ing child psychology (Table 2).

Assessing the perception of AI by the 
participants 

A total of 81% of the participants wanted to use AI soft­
ware in the future, and the highest agreement was noticed 
among the faculty members. Most of  the respondents 
(82%) felt that it should be part of  postgraduate train­
ing, with a statistically significant difference between the 
groups (p = 0.026). As many as 85% of  the participants, 
mostly faculty members (88%) and private practitioners 
(85%), wanted a  professional training course on the use 
of  AI (p  >  0.05). Also, 87% of  the participants agreed 
that AI could be used in clinical practice, and 85% of the 
participants would recommend the use of  AI to their 
fellow colleagues, with statistically significant differences 
noted (p < 0.05), where the highest agreement was noticed 
among the private practitioners and the lowest among the 
postgraduates. The barriers related to the use of  AI in 
the field of pediatric dentistry were high costs (83%), the 
lack of postgraduate training (78%), the lack of technical 
knowledge (77%), the fear of  incorrect diagnosis (73%), 
and the lack of awareness (71%), as shown in Table 2.

Table 1. Baseline characteristics of the study participants (N = 375)

Variable n (%)

Age 
[years]

26–30 118 (31.47)

31–35 78 (20.80)

36–40 42 (11.20)

41–45 52 (13.87)

46–50 36 (9.60)

51–55 28 (7.47)

56–60 21 (5.60)

Gender
M 214 (57.07)

F 161 (42.93)

Designation

postgraduate 92 (24.53)

faculty member 203 (54.13)

private practitioner 80 (21.33)

Experience 
[years]

<5 154 (41.07)

5–10 93 (24.80)

>10 128 (34.13)

M – male; F – female.
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Table 2. Comparison of the response frequencies of the participants according to their designation

Questions and answer options Postgraduates 
N = 92

Faculty 
members 

N = 203

Private 
practitioners 

N = 80

Total 
N = 375 p-value

Knowledge

1. The term ‘artificial 
intelligence’ is known 
by most of us

agree 56 (60.87) 151 (74.38) 24 (30.00) 231 (62)

0.001*neutral 15 (16.30) 18 (8.87) 21 (26.25) 54 (14)

disagree 21 (22.83) 34 (16.75) 35 (43.75) 90 (24)

2. What is the source of 
information about AI 
(multiple answers can 
be ticked)?

research papers 45 (48.91) 167 (82.27) 25 (31.25) 237 (63)

0.015*

online data 56 (60.87) 154 (75.86) 34 (42.50) 244 (65)

professional organizations 23 (25.00) 121 (59.61) 26 (32.50) 170 (45)

industry news 54 (58.70) 176 (86.70) 62 (77.50) 292 (78)

conferences 45 (48.91) 178 (87.68) 45 (56.25) 268 (71)

3. AI can be used for 
the identification of 
plaque-affected teeth 
in children

agree 56 (60.87) 123 (60.59) 34 (42.50) 213 (57)

0.056neutral 12 (13.04) 25 (12.32) 12 (15.00) 49 (13)

disagree 24 (26.09) 55 (27.09) 34 (42.50) 113 (30)

4. AI can be used for 
the identification of 
supernumerary teeth in 
children

agree 62 (67.39) 106 (52.22) 26 (32.50) 194 (52)

0.001*neutral 8 (8.70) 25 (12.32) 24 (30.00) 57 (15)

disagree 22 (23.91) 72 (35.47) 30 (37.50) 124 (33)

5. AI can detect EEC

agree 45 (48.91) 165 (81.28) 45 (56.25) 255 (68)

0.001*neutral 9 (9.78) 12 (5.91) 22 (27.50) 43 (11)

disagree 38 (41.30) 26 (12.81) 13 (16.25) 77 (21)

6. AI can estimate 
chorological age in 
children

agree 65 (70.65) 156 (76.85) 32 (40.00) 253 (67)

0.001*neutral 12 (13.04) 28 (13.79) 22 (27.50) 62 (17)

disagree 15 (16.30) 19 (9.36) 26 (32.50) 60 (16)

7. AI can detect the 
ectopic eruption of first 
permanent molars in 
early mixed dentition

agree 54 (58.70) 145 (71.43) 52 (65.00) 251 (67)

0.012*neutral 12 (13.04) 25 (12.32) 18 (22.50) 55 (15)

disagree 26 (28.26) 33 (16.26) 10 (12.50) 69 (18)

8. AI can be effectively 
used for assessing child 
psychology

agree 62 (67.39) 188 (92.61) 56 (70.00) 306 (82)

0.001*neutral 8 (8.70) 8 (3.94) 14 (17.50) 30 (8)

disagree 22 (23.91) 7 (3.45) 10 (12.50) 39 (10)

Perception

1. Will you use AI 
software on patients in 
the future?

agree 76 (82.61) 176 (86.70) 52 (65.00) 304 (81)

0.001*neutral 8 (8.70) 19 (9.36) 22 (27.50) 49 (13)

disagree 8 (8.70) 8 (3.94) 6 (7.50) 22 (6)

2. Will you go for any 
professional training 
on the use of AI in 
pediatric dentistry?

agree 72 (78.26) 178 (87.68) 68 (85.00) 318 (85)

0.247neutral 8 (8.70) 8 (3.94) 6 (7.50) 22 (6)

disagree 12 (13.04) 17 (8.37) 6 (7.50) 35 (9)

3. AI should be an 
integral part of 
postgraduate training

agree 75 (81.52) 165 (81.28) 66 (82.50) 306 (82)

0.026*neutral 5 (5.43) 25 (12.32) 12 (15.00) 42 (11)

disagree 12 (13.04) 13 (6.40) 2 (2.50) 27 (7)

4. AI can be employed 
in clinical practice after 
proper training only

agree 65 (70.65) 186 (91.63) 74 (92.50) 325 (87)

0.001*neutral 15 (16.30) 6 (2.96) 4 (5.00) 25 (7)

disagree 12 (13.04) 11 (5.42) 2 (2.50) 25 (7)

5. Do you recommend 
the use of AI in 
pediatric dentistry to 
fellow colleagues?

agree 67 (72.83) 178 (87.68) 72 (90.00) 317 (85)

0.007*neutral 6 (6.52) 8 (3.94) 6 (7.50) 20 (5)

disagree 19 (20.65) 17 (8.37) 2 (2.50) 38 (10)

6. What are the barriers 
in the use of AI in 
the field of pediatric 
dentistry? (multiple 
answers can be ticked)?

lack of awareness 56 (60.87) 154 (75.86) 56 (70.00) 266 (71)

0.010*

lack of training at the postgraduate level 52 (56.52) 178 (87.68) 63 (78.75) 293 (78)

lack of technical knowledge 65 (70.65) 167 (82.27) 56 (70.00) 288 (77)

fear of over- or underestimating the problem 32 (34.78) 176 (86.70) 64 (80.00) 272 (73)

high costs 78 (84.78) 180 (88.67) 54 (67.50) 312 (83)
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Assessing the attitude of the participants 
toward AI 

Aggregating the attitude scores for the 5  questions 
could result in biased interpretation. Therefore, each 
question was individually scrutinized to enhance com­
prehension. A  considerable number of  male faculty 
members and private practitioners aged between 26 
and 55 years demonstrated elevated mean scores and 
exhibited a  favorable disposition toward incorporat­
ing AI into the field of pediatric dentistry. They firm­
ly believed that AI had immense prospects, with the 
difference being statistically significant at p  <  0.05. 
In contrast, female postgraduate students and older 
individuals aged 56–60 years displayed comparatively 
lower mean scores and held a  less optimistic attitude 
toward the integration of  AI. The postgraduates and 
those with less than 5  years of  experience, ranging in 
age from 46 to 50 years, exhibited low mean scores 
and expressed uncertainty regarding the superior 
diagnostic capability of AI as compared to pedodontists. 
A substantial majority, constituting 66% of the academic 
faculty, conveyed a  belief that AI may generate errors 
in the treatment protocols. By contrast, 49% of  post­
graduate students maintained a  divergent perspective; 
the difference was statistically significant (p  =  0.001). 
A considerable proportion of female respondents, post­
graduates and older individuals between the age of 56 
and 60 years had low scores and held the view that AI 
is prone to committing diagnostic errors, as well as 
expressed concern over the unethical utilization of AI 
by certain institutions (Tables 2 and 3).

Mean scores for the knowledge, perception 
and attitude of the participants 

There were statistically significant gender differences in 
the mean knowledge scores of the participants, with males 
having higher scores (28.12 ±3.78) than females (26.67 
±3.12) (p < 0.05). The faculty members had the greatest 
mean perception scores (22.40 ±2.98), followed by the 
postgraduates (21.86 ±3.67) and the private practitioners 

Questions and answer options Postgraduates 
N = 92

Faculty 
members 

N = 203

Private 
practitioners 

N = 80

Total 
N = 375 p-value

Attitude

1. I am impressed by 
what AI can do

agree 62 (67.39) 168 (82.76) 67 (83.75) 297 (79)

0.033*neutral 10 (10.87) 12 (5.91) 5 (6.25) 27 (7)

disagree 20 (21.74) 23 (11.33) 8 (10.00) 51 (14)

2. AI has great future 
in the field of pediatric 
dentistry

agree 68 (73.91) 163 (80.30) 75 (93.75) 306 (82)

0.010*neutral 6 (6.52) 15 (7.39) 2 (2.50) 23 (6)

disagree 18 (19.57) 25 (12.32) 3 (3.75) 46 (12)

3. AI has better 
diagnostic ability 
than an experienced 
pedodontist

agree 56 (60.87) 123 (60.59) 56 (70.00) 235 (63)

0.269neutral 16 (17.39) 25 (12.32) 6 (7.50) 47 (13)

disagree 20 (21.74) 55 (27.09) 18 (22.50) 93 (25)

4. I think AI systems 
make many errors in 
the treatment protocol

agree 31 (33.70) 134 (66.01) 42 (52.50) 207 (55)

0.001*neutral 16 (17.39) 25 (12.32) 21 (26.25) 62 (17)

disagree 45 (48.91) 44 (21.67) 17 (21.25) 106 (28)

5. Organizations use AI 
unethically

agree 54 (58.70) 121 (59.61) 44 (55.00) 219 (58)

0.053neutral 12 (13.04) 34 (16.75) 23 (28.75) 69 (18)

disagree 26 (28.26) 48 (23.65) 13 (16.25) 87 (23)

Data presented as number (percentage) (n (%)). 
EEC – early childhood caries; * statistically significant (χ2 test).

Table 3. Mean attitude scores with regard to age, gender, designation, and 
experience

Variable A1 A2 A3 A4 A5

Age 
[years]

26–30 3.828 4.103 3.724 2.586 3.552

31–35 4.053 4.053 3.105 3.053 2.895

36–40 4.727 4.727 3.818 4.091 3.545

41–45 4.769 4.769 4.308 4.308 4.538

46–50 3.556 4.111 1.556 2.444 2.111

51–55 4.000 4.000 3.125 3.375 3.250

56–60 3.000 3.000 3.000 1.400 1.400

Gender
M 4.143 4.500 3.857 3.405 3.548

F 3.981 3.942 3.019 2.827 3.058

Designation

postgraduate 3.522 3.870 3.391 2.087 3.304

faculty member 4.176 4.176 3.275 3.569 3.294

private practitioner 4.350 4.600 3.700 3.000 3.200

Experience 
[years]

<5 4.783 4.783 3.565 3.522 3.261

5–10 3.718 3.923 3.641 2.872 3.513

>10 3.938 4.094 2.969 3.031 3.000

A1–A5 – mean attitude scores for particular questions.
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(18.56 ±2.03). The participants with less than 5 years 
of  experience had better mean knowledge scores (27.39 
±3.12), while the participants with 5–10 years of experi­
ence had better mean perception scores (23.40 ±2.32). 
The lowest mean knowledge (22.03 ±2.34) and perception 
scores (19.56 ±2.45) were noticed in the participants with 
more than 10 years of experience. Statistically significant 
age differences were observed in the participants’ mean 
knowledge and perception scores (p < 0.05). The partici­
pants aged less than 45 years had better scores than the 
participants aged more than 45 years, as shown in Table 4.

Post-hoc analysis was conducted to perform pairwise 
comparisons between different age groups. The analy­
sis revealed that there were significant differences in the 
knowledge scores between age groups 26–30 years and 
31–35 years, 36–40 years, 46–50 years, and 56–60 years. 
Furthermore, significant differences were observed be­
tween age groups 41–45 years and 46–50 years as well 
as 56–60 years. In terms of perception scores, significant 
differences were found between age groups 31–35 years and 
46–50 years, 51–55 years and 56–60 years. Additionally, 
differences were evident between age groups 36–40 years 
and 46–50 years, 51–55 years as well as 56–60 years. Lastly, 
significant differences were noted in the attitude scores be­
tween age groups 26–30 years, 31–35 years, 36–40 years, 
and 41–45 when compared to age group 56–60 years. 
Pairwise comparisons for designation demonstrated that 
significant differences were apparent between the post­
graduates and the faculty members in relation to the 
scores for knowledge and attitude. The perception scores 
of  the private practitioners were significantly different 
from those of  the faculty members and postgraduates. 

Pairwise comparisons in terms of experience indicate the 
presence of  notable disparities among individuals with 
varying levels of experience. Specifically, when examining 
the knowledge and perception scores, it was observed that 
individuals with less than 5 years of experience differed 
significantly from those with 5–10 years of experience or 
more than 10 years of experience. Conversely, in relation 
to the attitude scores, discernible differences were identi­
fied between individuals with less than 5 years of experi­
ence and those with 5–10 years of experience (Table 5).

Correlation between the knowledge, 
perception and attitude scores and the 
demographic variables of the participants 

The knowledge, perception and attitude exhibited by 
the participants showed a negative correlation with the 
age of the participants, suggesting that older individuals 
possessed less profound mindset, knowledge and inter­
pretation pertaining to the utilization of AI in the realm 
of pediatric dentistry as compared to younger individu­
als. However, there was a weak correlation between age 
and attitude, which suggests that there might be a tendency 
for attitude to decrease with an  increasing age, but 
this relationship is not strong enough to be considered 
significant. There was a  positive correlation between 
knowledge and attitude, and between knowledge and 
perception. These findings indicate that as pedodontists’ 
comprehension of AI increased, their mindset and inter­
pretation also improved. This is evident from the data 
presented in Table 6.

Table 4. Mean scores for knowledge, attitude and perception with regard to age, gender, designation, and experience

Variable N
Knowledge score 

(max = 35) p-value
Perception score 

(max = 25) p-value
Attitude score 

(max = 25) p-value
M ±SD M ±SD M ±SD

Age 
[years]b

26–30 118 23.34 ±2.12

0.029*

19.98 ±3.46

0.048*

17.34 ±1.45

0.081

31–35 78 27.23 ±3.46 21.28 ±2.45 16.98 ±2.23

36–40 42 26.12 ±3.12 22.21 ±2.78 17.78 ±2.12

41–45 52 23.34 ±3.02 21.78 ±3.12 14.23 ±1.87

46–50 36 25.23 ±2.67 19.12 ±2.65 15.29 ±1.93

51–55 28 22.31 ±2.78 17.34 ±3.23 16.23 ±2.34

56–60 21 16.23 ±1.98 17.27 ±3.12 15.34 ±1.78

Gendera
M 214 28.12 ±3.78

0.032*
20.34 ±3.89

0.068
18.67 ±3.41

0.068
F 161 26.67 ±3.12 21.21 ±2.76 19.23 ±2.78

Designationb

postgraduate 92 23.39 ±3.45

0.921

21.86 ±3.67

0.0367*

20.13 ±3.03

0.093faculty member 203 27.21 ±2.65 22.40 ±2.98 22.00 ±2.45

private practitioner 80 20.03 ±2.43 18.56 ±2.03 19.17 ±3.21

Experience 
[years]b

<5 154 27.39 ±3.12

0.029*

21.86 ±3.15

0.044*

18.13 ±3.03

0.0825–10 93 23.21 ±2.78 23.40 ±2.32 22.03 ±2.34

>10 128 22.03 ±2.34 19.56 ±2.45 17.15 ±2.11

M – mean; SD – standard deviation; max – maximum; * statistically significant (a Mann–Whitney U test, b Kruskal–Wallis test).
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Discussion
Artificial intelligence has a vast array of medical appli­

cations and has recently experienced a surge of popularity, 
necessitating the meticulous exploration of  its potential 

implementation in the field of dentistry. However, a consider­
able number of  scientists and medical professionals are 
not familiar with AI and its potential impact on both 
their personal and professional lives. To the best of our 
knowledge, this survey stands out among the existing re­
search because of its distinctive focus on the application 
of AI in the field of pediatric dentistry.

The results of the present study indicated that 62% of the 
participants, mostly faculty members, were aware of the 
existence of AI. Our findings are similar to those of previ­
ous studies.6–8 The reason behind this phenomenon may 
lie in the fact that AI encompasses a wide range of emerg­
ing technologies that have a  lasting impact on everyday 
life. Artificial intelligence enables the analysis of large sets 
of data, thus providing accurate and dependable informa­
tion, and ultimately enhancing the process of making 
informed decisions.9 The main sources of knowledge on 
AI were industry news, conferences and online data from 
both social media and academics. This is in contrast with 
the findings of  a  previous study, in which social media 
were the main source, and not academics.10

Table 5. Post-hoc analysis with Dunn’s test for pairwise comparisons (p-values)

Variable Pairwise comparisons Knowledge Perception Attitude

Age 
[years]

26–30

31–35 0.000* 0.055 0.854

36–40 0.000* 0.001* 0.858

41–45 1.000 0.008* 0.056

46–50 0.007* 0.753 0.072

51–55 0.575 0.001* 0.084

56–60 0.000* 0.004* 0.000*

31–35

36–40 0.364 0.684 0.300

41–45 0.000* 0.969 0.072

46–50 0.007* 0.009* 0.080

51–55 0.000* 0.000* 0.557

56–60 0.000* 0.000* 0.009*

36–40

41–45 0.000* 0.994 0.052

46–50 0.797 0.000* 0.231

51–55 0.000* 0.000* 0.066

56–60 0.000* 0.000* 0.000*

41–45

46–50 0.030* 0.001* 0.139

51–55 0.696 0.000* 0.000*

56–60 0.000* 0.000* 0.269

46–50
51–55 0.001* 0.236 0.442

56–60 0.000* 0.289 1.000

51–55 56–60 0.000* 1.000 0.670

Designation
postgraduate

faculty member 0.042* 0.321 0.036*

private practitioner 0.063 0.000* 0.081

faculty member private practitioner 0.167 0.000* 0.062

Experience 
[years]

<5
5–10 0.000* 0.000* 0.000*

>10 0.000* 0.000* 0.062

5–10 >10 0.005* 0.000* 0.081

* statistically significant.

Table 6. Correlation of the scores for knowledge, perception and attitude 
with the participants’ age

Variable Correlation 
parameters

Knowledge 
score

Perception 
score

Attitude 
score Age

Knowledge 
score

ρ – 0.608 0.456 −0.233

p-value – <0.001* <0.001* <0.001*

Perception 
score

ρ 0.608 – 0.585 −0.249

p-value <0.001* – <0.001* <0.001*

Attitude 
score

ρ 0.456 0.585 – −0.048

p-value <0.001* <0.001* – 0.355

Age
ρ −0.233 −0.249 −0.048 –

p-value <0.001* <0.001* 0.355 –

* statistically significant.
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Regarding the field of pediatric dentistry, AI can be used 
to identify plaque in children. An AI model demonstrated 
satisfactory clinical efficacy in the identification of dental 
plaque on primary teeth in comparison with an  experi­
enced pediatric dentist.11 The utilization of an AI model 
can potentially offer support to parents in their everyday 
existence, as it can significantly diminish the challenges 
associated with identifying dental plaque on their off­
spring’s teeth, thereby aiding in the prevention of dental 
caries.4 In our study, 52% of the participants felt that AI 
could also be used for the identification of supernumerary 
teeth. The CNN-based deep learning represents a highly 
promising strategy for identifying supernumerary teeth in 
the initial stage of mixed dentition.12

As many as 68% of  the participants felt that AI could 
detect ECC, as reported in previous studies as well.13,14 
Parents can utilize their customary smartphones to 
capture the images of  their offspring’s dentition, which 
can then be analyzed with the aid of AICaries. This en­
ables parents to proactively pursue the treatment of their 
children during the initial and remediable phases of ECC. 
The incorporation of AI has the potential to enhance the 
diagnostic acumen of dentists, primarily by augmenting 
their ability to detect enamel lesions with greater sensi­
tivity.14 In the present study, 67% of  the participants 
agreed that AI could be used for the estimation of chrono­
logical age in children. AI-supported standards can offer 
considerably more precise forecasts of  chronological 
age, with mean errors of less than 0.05 years. Conversely, 
conventional approaches have yielded inflated outcomes 
for both genders.15

Moreover, 67% of the participants agreed that AI could 
effectively detect the ectopic eruption of first permanent 
molars, which was also observed in previous studies,4,16 
and 82% of  the participants agreed upon the use of  AI 
in assessing child psychology. There are numerous 
mechanisms by which AI can assist parents, ranging from 
the provision of  tailored guidance that aligns with the 
requirements of each family to prompt intervention upon 
the detection of  the preliminary indications of develop­
mental challenges or parental strain.17

Most of the participants wanted to use AI software in 
the future and to attend professional courses to learn 
about the use of  AI in pediatric dentistry. They felt 
a strong need to include AI training during their post­
graduation years and would recommend their colleagues 
to use AI in their practice. This is in accordance with 
previous studies.10,18 These results show the interest 
of  pedodontists in learning new technologies, such as 
AI, and their willingness to incorporate it into clinical 
practice. When asked about the barriers related to the 
use of AI in the field of pediatric dentistry, the majority 
enumerated the high costs of  AI software, the lack 
of  proper training and technical knowledge, the fear 
of  misdiagnosis, and the lack of  awareness, as stated in 
previous studies as well.5,10 While 82% of the participants 

felt that AI had a promising future in the field of pediatric 
dentistry, 55% felt that AI could make errors in diagnosis 
and treatment planning. Some of them also felt that AI 
was used unethically by some organizations. Mistakes in 
the procedure or protocol within the realm of healthcare 
can potentially yield dire ramifications for the individual 
undergoing treatment, consequently serving as the un­
fortunate recipient of said errors. Currently, the absence 
of clearly established regulations hinders the resolution 
of legal and ethical dilemmas that could emerge because 
of the integration of AI within healthcare environments. 
There is an  undeniable requirement for the disclosure 
of algorithms, safeguarding data privacy and the protec­
tion of all parties who benefit from these systems while 
also ensuring the security of the vulnerabilities linked to 
cybersecurity.19

The present study revealed no significant difference 
in the attitude scores between individuals with less than 
5 years of experience and those with more than 10 years 
of experience, which suggests that the level of professional 
experience may not be a  strong predictor of  attitude 
toward AI. This might be due to fact that professionals 
with different levels of experience may possess a relatively 
homogeneous knowledge base when it comes to AI in 
pediatric dentistry. If decision-making processes within 
the field involve input from professionals of  varying 
experience levels, it could contribute to a  consensus in 
attitude toward AI. However, a  better understanding 
of  the specific reasons behind the lack of  difference in 
the attitude scores would likely involve a more in-depth 
examination, including surveys, interviews or focus group 
discussions with professionals from both experience 
groups. Although AI has shown promising results 
in specific diagnostic tasks within dentistry, it is not 
a substitute for skilled pedodontists’ comprehensive care, 
judgment and experience. The treatment protocols in 
medicine and dentistry can be highly complex and involve 
multiple factors, such as patient history, comorbidities and 
individual responses to treatment. Artificial intelligence 
systems may not yet be sufficiently sophisticated to fully 
understand and integrate all these variables as effectively 
as human practitioners.

Our study also revealed that females demonstrated 
less knowledge about AI than males. However, they were 
eager to learn about AI. The faculty members and post­
graduates had better knowledge and perception scores 
than private practitioners. Better scores, particularly 
the knowledge and perception scores, were reported for 
individuals aged 26–30 years and with less than 5 years 
of  experience, which represents a  younger population, 
mainly postgraduates, as compared to an older age group 
of 56–60 years and with more than 5 years of experience. 
This phenomenon could potentially be attributed to a rise 
in consciousness, availability and enthusiasm among 
the younger generation to acquire knowledge about the 
emerging technologies, such as AI, whereas the older 
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generations are more afraid of using AI for diagnosis, as 
they feel that a  machine cannot replace or work better 
than an experienced pedodontist; most contemporary AI 
applications offer limited information, which falls short 
of fully explaining the intricate decision-making process 
in clinical care.20 Younger individuals, particularly those 
from generations that have been immersed in technology, 
are prone to possess a greater level of knowledge and ease 
with regard to AI concepts. They might have obtained 
more up-to-date education or training, and may have been 
exposed to the most recent advancements in AI and its 
potential applications in pediatric dentistry. Generational 
perspectives toward technology, innovation and change 
may influence the way individuals perceive the integra­
tion of AI in the field of pediatric dentistry. Differences 
in the sources of information and exposure to AI-related 
content through media and educational platforms can 
also contribute to variations in the knowledge and per­
ception scores across different age groups. Despite this, 
older individuals demonstrate a strong interest in acquir­
ing knowledge about AI and express a desire to integrate 
it into clinical practice.

Limitations 

As we explored the limitations of the study, it is impor­
tant to acknowledge the presence of an age bias, as the 
concepts employed in the survey might be unfamiliar 
to older individuals. Consequently, this selection bias 
resulted in a greater representation of younger age groups 
within the sample. Considering the ease of distributing 
and accessing the survey via the Google Forms link, 
coupled with the subject matter’s appeal to a  younger 
population, these circumstances may have contributed 
to the overrepresentation of  young individuals within 
the study sample. The questionnaire was formulated in 
English, which is the dominant language in the area under 
investigation. This might have hindered the involvement 
of individuals who did not possess proficiency in English. 
The use of the Likert scale in close-ended questions may 
have hindered the generation of suggestions or concepts 
for inquiries that require a  multitude of  perspectives, 
thereby leading to misinterpretation. The novel scoring 
system used in the study needs to be tested in a diverse 
population for generalizability, external validation and 
reliability assessment.

Recommendations 

According to the findings of the current survey, most 
pedodontists generally exhibit a predominantly positive 
attitude toward AI technology. A significant proportion 
of them expressed their willingness to incorporate AI into 
their professional practice, with numerous individuals 
indicating their readiness to acquire new technological 
skills and embrace novel advancements. Nevertheless, 

the findings also revealed that these professionals harbor 
concerns regarding the financial and time investments 
required for the implementation of AI in their practice, 
as well as the lack of awareness and technical expertise. 
To address these concerns effectively, it is recommended 
that AI be seamlessly integrated into academic curricula 
for undergraduate and postgraduate students. This integra­
tion will cater to the specific needs of  pedodontists 
across disciplines. Furthermore, targeted efforts should 
be made to increase the comfort level of pedodontists in 
the age range of 45–64 years. To achieve this, it is impor­
tant to provide training programs, workshops and other 
resources that are specifically designed to assist users in 
feeling more comfortable and confident when utilizing 
AI tools.

Conclusions
The majority of  participants exhibited knowledge re­

garding the advantages of employing AI in the field of pedia­
tric dentistry and expressed confidence in its potential as 
an advantageous tool. The investigation revealed that the 
presence of  enhanced technical facilities within clinics 
and the provision of  education to professionals at both 
undergraduate and postgraduate levels could potentially 
overcome obstacles in utilizing AI within the domain 
of pediatric dentistry.
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Abstract
Background. Artificial intelligence (AI) systems have the potential to revolutionize the fields of medicine 
and dentistry by identifying solutions for managing multiple clinical problems. This greatly facilitates the 
tasks of physicians. Bibliometric studies not only provide insight into the history of a particular topic, but 
also help to determine how the work evolves over time, and to identify interesting new research.

Objectives. The aim of  the present study was to identify and analyze bibliographically recent research 
articles on the use of AI in endodontics. 

Material and methods. The search was conducted in March 2024 in the Web of Science Core Collection 
(WoS-CC), using the Clarivate™ search engine. The search strategy in all fields included in the database 
was as follows: “endodontics” was the main keyword, and the other keywords were “artificial intelligence”, 
“deep learning”, “machine learning”, “artificial neural network”, and “convolutional neural network”. The 
title, authors, institution, country, impact factor, total number of  citations, year of  publication, journal 
name, number of authors, keywords, abstracts, and other topics of  interest were recorded. Bibliometric 
networks were generated and analyzed using the Visualization of Similarities Viewer (VOSviewer).

Results.  Of the 54 articles published by the journals indexed in the WoS-CC between 2012 and 2024 that 
contained the search terms, 40 were included in this study. The article citations ranged from 0 to168, with 
an average of 18.97. The number of countries contributing to the research was 29. The country with the 
highest contribution rate in the field was the USA ranked first (27.5 %), followed by Germany (17.5 %), 
China (15.0%), and India (15.0%).

Conclusions. Based on this review, it can be concluded that a more significant research interest in AI and 
endodontics was observed in the USA. The most cited research articles dealt with dental image diagnosis 
with the use of convolutional neural networks (CNN), the radiologic diagnosis of apical lesions using AI, 
and the computer-aided diagnosis of periapical lesions using AI in computed tomography (CT) analyses.

Keywords: artificial intelligence, endodontics, citation analysis, bibliometrics
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Introduction
Planning a research idea, obtaining study data by suc-

cessfully applying an appropriate method, and analyzing 
and comparing the data with other studies in the litera-
ture are the stages that must be carefully managed in pre-
paring a scientific publication.1 Research is deemed wor-
thy of publication in a  scientific journal if it will attract 
the attention of researchers, be frequently cited and make 
a scientifically meaningful contribution to the field under 
investigation.2 Bibliometrics assesses academic produc-
tivity using quantitative measures, with the aim of  ana-
lyzing and monitoring the development and structure 
of  science.3 Bibliometric studies enable the evaluation 
of the contribution of particular countries to the scientific 
literature in certain disciplines and topics, as well as the 
assessment of journals through comparative studies.4 The 
number of citations an article receives may not reflect its 
scientific quality or impact on clinical practice, but it is 
considered an objective indicator for researchers to track 
new trends and make evidence-based decisions with re-
gard to technological development in the field.5,6

The rationale underlying bibliometric research is that 
analyzing articles on a  specific topic in peer-reviewed 
journals can provide clinicians and researchers with a his-
torical perspective on the progress of the topic. It can also 
help to identify where research is most concentrated and 
how areas of interest have changed over time.3 The first 
bibliometric analysis in endodontics addressed trends in 
endodontic research by examining the top 100 most cited 
articles.7

Artificial intelligence (AI) is a field of applied computer 
science, first defined by John McCarthy. The develop-
ment of  AI is often referred to as the “fourth industrial 
revolution” due to its ability to simulate critical think-
ing, intelligent behavior and human-like decision making 
based on computer technology.8,9 Recent interest in AI is 
due to the development of  a new generation of  special-
ized algorithms capable of analyzing and predicting, using 
large datasets.10

Artificial intelligence has found its application in ar-
eas of  medicine and dentistry, as well as in all kinds 

of  industries.11,12 Artificial intelligence systems have the 
potential to revolutionize the fields of medicine and den-
tistry by identifying solutions for managing multiple clin-
ical problems. This greatly facilitates the tasks of physi-
cians.8 Today, modern medicine is witnessing a revolution 
with the application of AI in clinical decision making. Ar-
tificial intelligence has been shown to improve efficiency 
and accuracy in a timely manner at a lower cost, with re-
sults comparable to those reached by medical profession-
als.13 However, the implementation of AI systems is be-
coming increasingly complex due to emerging potential 
risks and ethical challenges that must be considered from 
a legal standpoint.14

The application of AI has not become routine in dental 
clinical practice.15 However, pathology detection,16 caries 
diagnosis,17 robotic assistance,18 and electronic record re-
trieval19 with the use of AI have been gaining acceptance 
in dentistry.

In recent years, there has been a  significant increase 
in the number of papers reporting the application of AI 
models in endodontics. The determination of  root ca-
nal working length,20 the detection of vertical root frac-
tures,21,22 the success of  root canal treatment,23 the de-
tection of  pulp diseases,24 the detection and diagnosis 
of periapical lesions,25 the detection of unfilled canals,26 
the prediction of postoperative pain27 and case difficulty28 
are the main focus in some of  the studies conducted in 
this field.

Artificial intelligence research in endodontics has 
grown alongside other dental specialities.8 In recent years, 
bibliometric research has been conducted in many fields 
of dentistry.7,29,30 As far as we are aware, no bibliometric 
analysis of AI studies in the field of endodontics has been 
published. From this perspective, the aim of the present 
study was to bibliometrically evaluate studies using AI 
models in the field of endodontics.

Material and methods
A systematic search of the literature was conducted us-

ing the Web of Science Core Collection (WoS-CC) online 
database and the Clarivate™ search engine to identify 

Highlights

	• Artificial intelligence (AI) applications in endodontics have grown rapidly since 2019, addressing key challenges, 
such as diagnosis, treatment outcome prediction and case difficulty assessment.

	• Convolutional neural networks showed particular promise for the radiographic detection of apical and periapical 
lesions, though further improvement in sensitivity is needed for routine clinical use.

	• Bibliometric evidence underscores AI as an emerging transformative approach in endodontics, with the capacity to 
reshape both the trajectory of research and future clinical applications.
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relevant research in the field. An  electronic search was 
conducted on March 2024. The search strategy for all 
fields included in the database applied the main keyword 
“endodontics” and other keywords: “artificial intelligence”; 
“deep learning”; “machine learning”; “artificial neural net-
work”; and “convolutional neural network” [((artificial 
intelligence) OR (deep learning) OR (machine learning) 
OR (artificial neural network) OR (convolutional neural 
network)) AND (endodontics)]. A total of 54 studies pub-
lished between 2012 and March 2024 were identified in 
the scanning. Articles that were not directly related to the 
subject, or were related only to disciplines other than end-
odontics, were excluded. After a  thorough review of  all 
articles, 2 investigators excluded 6 proceeding papers, 1 
editorial material and 7 irrelevant articles. Thus, a  total 
of 40 articles were included in the study. They were then 
ranked according to the frequency of citations and were 
further analyzed.

Each article was thoroughly reviewed, and basic in-
formation, including the study design, was recorded. 
The data was imported into the application using a tab-
delimited file tool; this data included the full record and 
the cited references. The following information was re-
corded: title; authors; institution; country; impact factor; 
total number of  citations; year of  publication; journal 
name; number of authors; keywords; abstracts; and oth-
er topics. The Visualization of Similarities Viewer (VOS 
Viewer) software, v. 1.6.19 (Centre for Science and Tech-
nology Studies, Leiden University, the Netherlands), was 
used. An algorithm for automatic term data identification 
was used to map the bibliometric network of the exported 
data.31

With regard to the aim of the present study, the ques-
tions to be answered are listed below:
1.	 What is the distribution of articles written on the topic 

by years?
2.	 Which countries are the highest contributors?
3.	 Which journals publish the highest number of articles 

in the field?
4.	 Who are the most cited authors and what are the most 

cited publications?
5.	 What is the most common use of AI in endodontics?

Results
A total of 40 articles were included in the study; they 

were all published in indexed journals (WoS-CC, the 
Science Citation Index Expanded (SCIE)) between 2012 
and 2024. The distribution of the number of publications 
and citations over the years is shown in Fig. 1.

The countries of all authors (not only first authors) who 
contributed to the articles are  shown in Fig. 2. The high-
est contribution came from the USA, with 11 articles. 
The countries of origin of the authors who published the 
most articles on the topic were the USA (11) ranked first, 

followed by Germany (7), China (6), and India (6). Other 
countries with the number of articles published are as fol-
lows: Saudi Arabia (4); Iran (4); South Korea (3); Denmark 
(2); Pakistan (2); and Spain (2); and the UAE, Angola, 
Austria, Belgium, Brazil, Czech Republic, Colombia, 
England, Indonesia, Italy, Japan, Mexico, the Netherlands, 
Romania, Slovakia, Sweden, Thailand, Turkey, and Wales (1). 
Although a total of 40 articles were included in the study, 
the number of contributing countries exceeded the num-
ber of articles, since some publications had international 
co-authorship from multiple countries.

A total number of  103 contributing institutions was 
determined based on the authors’ addresses. The analy-
sis of the country of origin using VOSviewer showed that 
29 countries contributed to research and publications in 
the field, both with and without collaboration.

The citation analysis of articles was conducted by se-
lecting countries that had published at least one article 
and received at least one citation, and 24 countries were 
observed to have the most connections (Fig. 3). While 
the countries of  origin of  the most cited articles were 
Germany and the USA, the countries of origin of the au-
thors who published the most articles on the topic were 
the USA, Germany, China, and India. In terms of the total 
link strength of the countries of origin of the articles on 
the topic, the USA ranked first, Germany ranked second, 
followed by China and India. The article citations ranged 
from 0 to 168, with an average of 18.97. Two articles re-
ceived over 100 citations.

Fig. 1. Distribution of the number of publications and citations over the 
years 2021–2024

Fig. 2. Contribution to the literature by country of all authors
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The comparison of the total number of citations of the 
journals related to the subject and the number of  pub-
lications is shown in Fig. 4. The Journal of  Endodontics 
has published the highest number of articles – 14 articles 
(35%). The Journal of Dentistry with 4 articles (10%) fol-
lowed the Journal of  Endodontics. The International 
Endodontic Journal took the 3rd place with 3 articles 
(7.5%).

When examining the first authors of  the 3 most cited 
publications, Schwendicke is ranked first, followed by 
Ekert in the 2nd place and Setzer in the 3rd place. It was 
found that 217 authors were involved in articles on the 
topic of AI in endodontics. Schwendicke was the most cit-
ed author with a total of 335 citations in 3 articles. Krois 
and Golla followed, with a total number of 317 citations, 
each with 2 articles (Table 1).

Based on the scientometric evaluation, the AI applica-
tion that received the most focus in endodontics was the 
detection and segmentation of anatomical structures us-
ing AI on dental radiographs, and the diagnosis of peri-
apical lesions in radiographic and tomographic images, 
followed by the analysis of canal morphology (C-shaped 
canals and second mesial buccal (MB2) canals).

The 10 most commonly used keywords and their fre-
quency of occurrence in the included articles, as well as 
their total link strength, are shown in Table 2. The most 
cited article was published in the Journal of  Dentistry 
in 2019, the 2nd most cited article was published in the 
Journal of Endodontics in 2019 and the 3rd most cited ar-

ticle was published in the Journal of Endodontics in 2020. 
The  list of publications is presented in Table 1 in order 
from the most cited to the least cited.

When a bibliometric analysis was performed according 
to keyword, it was observed that the most frequently used 
words in studies on AI in endodontics were “artificial in-
telligence”, “endodontics” and “deep learning”, followed 
by “machine learning”. In total, 124 unique keywords 
were identified in the included studies. In Fig. 5, the size 
of a node represents the frequency of use of the word in 
the published articles.

Discussion
Bibliometric studies not only provide insight into the 

history of  a particular topic, but also help to determine 
how the work evolves over time, and to identify interest-
ing new research.32 Bibliometric studies can evaluate the 
most cited publications of a journal.33 Moreover, they can 
focus on the scientific production of  a  particular coun-
try or field of research.34 Given this background, the aim 
of  our study was to provide a  bibliometric evaluation 
of research on AI in endodontics. This is a current con-
cept in endodontics and dentistry.

The WoS-CC database was searched following the 
methodology used in another recent endodontic biblio-
metric review.35 The WoS-CC is a  popular and suitable 
database for bibliometric analysis, as it has a  large da-

Fig. 3. Citation analysis based on country
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Fig. 4. Comparison of journals in terms of the number of published articles and the total citation value

Fig. 5. Research focus according to keyword. Frequency and interaction of the main keywords associated with the study
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Table 1. List of publications on artificial intelligence (AI) in endodontics

Authors Research article Journal
Institution 

(corresponding 
author)

Times 
cited 

(WoS-CC)

Times cited 
(all 

databases)
Year Main topic Conclusion

Schwendicke 
Golla 
Dreher 
Krois

Convolutional neural 
networks for dental 

image diagnostics: A 
scoping review

Journal of 
Dentistry

Charité – 
Universitätsmedizin 

Berlin, Freie Universität 
Berlin, Humboldt-

Universität zu Berlin, 
and Berlin Institute of 

Health

168 182 2019
review 

dental diagnosis 
with AI

Convolutional neural 
networks are increasingly 

used for dental image 
diagnosis in research 

settings.

Ekert 
Krois 
Meinhold 
Elhennawy 
Emara 
Golla 
Schwendicke

Deep learning for the 
radiographic detection 

of apical lesions

Journal of 
Endodontics

CODE University of 
Applied Sciences

149 161 2019
the diagnosis of 

apical lesions

The convolutional 
neural network has 
been satisfactory in 

differentiating periapical 
lesions on panoramic 

radiographs.

Setzer 
Shi 
Zhang 
Yan 
Yoon 
Mupparapu 
Li

Artificial intelligence 
for the computer-
aided detection of 
periapical lesions in 

cone-beam computed 
tomographic images

Journal of 
Endodontics

University of 
Pennsylvania

64 68 2020
the diagnosis of 
periapical lesions

The deep learning 
algorithm trained in a 

limited CBCT environment 
showed excellent lesion 
detection accuracy and 

voxel matching accuracy.

Lahoud 
EzEldeen 
Beznik 
Willems 
Leite 
Van Gerven 
Jacobs

Artificial intelligence 
for fast and accurate 
3-dimensional tooth 

segmentation on 
cone-beam computed 

tomography

Journal of 
Endodontics

University of Leuven 55 55 2021
the diagnosis 

of tooth 
segmentation

Successfully performed 
AI-guided automatic tooth 

segmentation in CBCT 
imaging.

Li 
Ye H 
Ye F 
Liu 
Lv 
Zhang P 
Zhang X 
Zhou

The current situation 
and future prospects 

of simulators in dental 
education

Journal of 
Medical 
Internet 
Research

Peking University 
School and Hospital of 

Stomatology
37 42 2021

review 
the use of AI in 

dental education

The review was to 
provide an overview 

of current dental 
simulators on related 

technologies, advantages 
and disadvantages, the 
methods of evaluating 

effectiveness, and 
future directions for 

development.

Aminoshariae 
Kulild 
Nagendrababu

Artificial intelligence in 
endodontics: Current 

applications and future 
directions

Journal of 
Endodontics

University of Missouri 33 35 2021

review 
current 

applications and 
future directions

AI has demonstrated 
accuracy and precision 
in terms of detection, 

identification and disease 
prediction in endodontics.

Thurzo 
Urbanová 
Novák 
Czako 
Siebert 
Stano 
Mareková 
Fountoulaki 
Kosnáčová 
Varga

Where is the artificial 
intelligence applied in 
dentistry? Systematic 
review and literature 

analysis

Healthcare 
(Basel)

Comenius University 
in Bratislava

33 33 2022
systematic review 

AI applied in 
dentistry

The research confirms that 
the current use of AI in 

dentistry is concentrated 
mainly around the 

evaluation of digital 
diagnostic methods, 

especially radiology, while 
it is gradually penetrating 

all parts of the dental 
profession.

Saghiri 
Garcia-Godoy 
Gutmann 
Lotfi 
Asgar

The reliability of 
artificial neural network 
in locating minor apical 

foramen: A cadaver 
study

Journal of 
Endodontics

Azad University 28 29 2012
the evaluation of 
working length 
determination

The artificial neural 
network is an accurate 

method for determining 
the working length.
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Authors Research article Journal
Institution 

(corresponding 
author)

Times 
cited 

(WoS-CC)

Times cited 
(all 

databases)
Year Main topic Conclusion

Li S 
Liu 
Zhou Zirui 
Zhou Zilin 
Wu 
Li Y 
Wang 
Liao 
Ying 
Zhao

Artificial intelligence for 
caries and periapical 

periodontitis detection

Journal of 
Dentistry

Sichuan University 25 25 2022

the diagnosis 
of periapical 

periodontitis and 
caries

Deep learning can improve 
accuracy and consistency 

in the assessment of 
dental caries and periapical 
periodontitis on periapical 

radiographs.

Umer 
Habib

Critical analysis of 
artificial intelligence 
in endodontics: A 
scoping review

Journal of 
Endodontics

Aga Khan University 
Hospital

24 25 2022
scoping review 

the analysis of AI

AI models had acceptable 
performance, i.e., more 
than 90% accuracy, in 

various diagnostic tasks.

Agrawal 
Nikhade

Artificial intelligence in 
dentistry: Past, present, 

and future

Cureus Journal 
of Medical 

Science

Datta Meghe Institute 
of Medical Sciences 

University
21 23 2022

review 
the past, present 
and future of AI

AI can help advance 
endodontic diagnosis and 
treatment, which in turn 
can improve endodontic 

treatment outcomes.

Sherwood AA 
Sherwood AI 
Setzer 
Sheela Devi K 
Shamili 
John 
Schwendicke

A deep learning 
approach to segment 
and classify C-shaped 
canal morphologies 

in mandibular second 
molars using cone-
beam computed 

tomography

Journal of 
Endodontics

University of 
Pennsylvania

18 19 2021

the diagnosis and 
classification of 
C-shaped canal 

morphology 
in mandibular 
second molars

Deep learning can 
help detect and classify 

C-shaped canal anatomy.

Lin 
Fu 
Ren 
Yang 
Duan 
Chen 
Zhang

Micro-computed 
tomography-guided 
artificial intelligence 
for pulp cavity and 

tooth segmentation on 
cone-beam computed 

tomography

Journal of 
Endodontics

Tongji University 12 14 2021
guided AI for pulp 
cavity and tooth 
segmentation

AI has been shown to 
provide an accurate and 
automated approach for 

tooth and pulp cavity 
segmentation on CBCT 

images, applicable in 
research and clinical tasks.

Fatima 
Shafi 
Afzal 
Díez 
Lourdes 
Breñosa 
Martínez 
Espinosa 
Ashraf

Advancements in 
dentistry with artificial 
intelligence: Current 
clinical applications 

and future perspectives

Healthcare 
(Basel)

Yeungnam University 11 11 2022
systematic review 
the current clinical 
applications of AI

AI has the potential to 
improve dental care, 

disease diagnosis and 
prognosis, treatment 

planning, and risk 
assessment.

Sadr 
Mohammad-
Rahimi 
Motamedian 
Zahedrozegar 
Motie 
Vinayahalingam 
Dianat 
Nosrat

Deep learning for 
detection of periapical 

radiolucent lesions: 
A systematic review 
and meta-analysis 
of diagnostic test 

accuracy

Journal of 
Endodontics

University of Maryland 11 11 2023

systematic review 
deep learning 

models in 
detecting 

periapical lesions

Deep learning showed 
highly accurate results 
in detecting periapical 
radiolucent lesions on 

dental radiographs.

Cotti 
Schirru

Present status and 
future directions: 

Imaging techniques 
for the detection of 
periapical lesions

International 
Endodontic 

Journal
University of Cagliari 10 11 2022

review 
the detection of 
periapical lesions

All imaging techniques 
should be associated 

with a thorough clinical 
examination and good 

calibration of the operator.
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Authors Research article Journal
Institution 

(corresponding 
author)

Times 
cited 

(WoS-CC)

Times cited 
(all 

databases)
Year Main topic Conclusion

Kirnbauer 
Hadzic 
Jakse 
Bischof 
Stern

Automatic detection 
of periapical osteolytic 

lesions on cone-
beam computed 

tomography using 
deep convolutional 
neuronal networks

Journal of 
Endodontics

Medical University 
of Graz

10 10 2022
the diagnosis 
of periapical 

osteolytic lesions

Although periapical lesions 
vary in appearance, size 
and shape in the CBCT 
dataset, and there is a 

high imbalance between 
teeth with and without 
periapical lesions, the 

proposed fully automated 
method provided excellent 
results as compared to the 

relevant literature.

Yang 
Lee 
Jang 
Kim K 
Kim J 
Kim H 
Park

Development and 
validation of a visually 

explainable deep 
learning model 

for classification of 
C-shaped canals of the 

mandibular second 
molars in periapical 

and panoramic dental 
radiographs

Journal of 
Endodontics

Yonsei University 10 10 2022
the diagnosis of 
C-shaped canals

A deep learning system 
may be expected to 
effectively diagnose 

C-shaped canals and aid 
clinicians in practice and 

education.

Asiri 
Altuwalah

The role of neural 
artificial intelligence 

for diagnosis and 
treatment planning 
in endodontics: A 
qualitative review

Saudi Dental 
Journal

Majmaah University 8 8 2022

qualitative review 
endodontic 
treatment 

planning and 
diagnosis with AI

AI with different models or 
frameworks and algorithms 
can help dentists diagnose 
and manage endodontic 

problems more accurately.

Suárez 
Díaz-Flores 
García 
Algar 
Sanchez 
de Pedro 
Freire

Unveiling the ChatGPT 
phenomenon: 
Evaluating the 

consistency 
and accuracy of 

endodontic question 
answers

International 
Endodontic 

Journal 

Universidad of 
Europea de Madrid

7 7 2024

the evaluationof 
the accuracy 

and consistency 
of ChatGPT in 
endodontic 

clinical questions

ChatGPT is not capable of 
replacing dentists in clinical 

decision making.

Albitar 
Zhao 
Huang 
Mahdian

Artificial intelligence 
(AI) for detection 

and localization of 
unobturated second 
mesial buccal (MB2) 

canals in cone-
beam computed 

tomography (CBCT)

Diagnostics 
(Basel)

Stony Brook University 6 6 2022

the detection 
and localization 
of unobturated 
second mesial 
buccal (MB2) 

canals

The current AI algorithm 
has the potential to 

identify obturated and 
unobturated canals in 
endodontically treated 

teeth.

Vannaprathip 
Haddawy 
Schultheis 
Suebnukarn

Intelligent tutoring 
for surgical decision 
making: A planning-

based approach

International 
Journal of 
Artificial 

Intelligence in 
Education

Mahidol University 4 4 2022
intelligent tutoring 

for surgical 
decision making

The experts evaluating 
the results of AI in surgical 

intervention decision 
making (SDMentor) show 

that it can only predict 
which interventions come 
from SDMentor with 15% 

accuracy, as compared to a 
randomized initial accuracy 

of 9%.

Khanagar 
Alfadley 
Alfouzan 
Awawdeh 
Alaqla 
Jamleh

Developments and 
performance of 

artificial intelligence 
models designed 
for application in 
endodontics: A 

systematic review

Diagnostics 
(Basel)

King Saud Bin 
Abdulaziz University 
for Helath Sciences

4 4 2023
the design of 
AI models for 
endodontics

The models can be used 
as supplementary tools in 

clinical practice to expedite 
the clinical decision-

making process.

Ramezanzade 
Laurentiu 
Bakhshandah 
Ibragimov 
Kvist 
Bjørndal

The efficiency of 
artificial intelligence 
methods for finding 

radiographic features 
in different endodontic 

treatments – a 
systematic review

Acta 
Odontologica 
Scandivanica

University of 
Copenhagen

4 4 2023

systematic review 
finding 

radiographic 
features in 

different kinds 
of endodontic 

treatment

AI-based models have 
shown effectiveness in 
finding radiographic 

features in different kinds 
of endodontic treatment.
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Authors Research article Journal
Institution 

(corresponding 
author)

Times 
cited 

(WoS-CC)

Times cited 
(all 

databases)
Year Main topic Conclusion

Thakur 
Kankar 
Parey 
Jain A 
Jain P

Prediction of apical 
extent using ensemble 

machine learning 
technique in the 

root canal through 
biomechanical 

preparation: In-vitro 
study

Indian Journal 
of Pure and 

Applied Physics

Indian Institute of 
Technology Indore 2 2 2022

the prediction of 
the apical extent, 
using a machine 
learning model

Machine learning 
approaches can improve 

the treatment practice 
and root canal treatment 

results, and provide a 
suitable decision support 

system.

Kumar 
Ravindranath 
Srilatha 
Alobaoid 
Kulkarni 
Mathew 
Tiwari

Analysis of advances 
in research trends in 
robotic and digital 

dentistry: An original 
research

Journal of 
Pharmacy 

and Bioallied 
Sciences

Gitam Dental Collage 
and Hospital 1 1 2022

questionnaire 
study 

the evaluation of 
the awareness 

and application 
of these 

technologies by 
clinicians

The awareness of these 
advanced technologies 
and routine practices is 
low. These technologies 

show higher sensitivity and 
accuracy.

Ahlat 
Aydin 
Kaya 
Baysallar

Identification of root 
canal microbiota 

profiles of periapical 
tissue diseases using 
matrix-assisted laser 

desorption/ionization 
time-of-flight mass 

spectrometer

Anaerobe University of Health 
Sciences 1 1 2023

the classification 
of periapical tissue 
microorganisms 

by machine 
learning models

MALDI-TOF MS can be 
considered a fast and high-

throughput screening 
technique for microbial 
species identification in 

endodontics.

Alzaid 
Ghulam 
Albani 
Alharbi 
Othman 
Taher 
Albaradie 
Ahmed

Revolutionizing 
dental care: A 

comprehensive review 
of artificial intelligence 
applications among 

various dental 
specialties

Cureus Journal 
of Medical 

Science
Riyadh Elm University 1 1 2023

the use of AI in 
various specialties 

of modern 
dentistry

Dental practice also 
involves administering 
treatment to patients. 

While AI cannot replace 
dentists, a comprehensive 

understanding of AI 
concepts and techniques 
will be advantageous in 

the future.

Li 
Inamochi 
Wang 
Fueki

Clinical application of 
robots in dentistry: A 

scoping review

Journal of 
Prosthodontic 

Research

Tokyo Medical and 
Dental University 

(TMDU)
1 1 2024 scoping review 

robots in dentistry

It was revealed that there 
are still limitations and 

gaps between research 
and the application of 

dental robots.

Huang 
Farpour 
Yang 
Mupparapu 
Lure 
Li 
Yan 
Setzer

Uncertainty-based 
active learning by 
Bayesian U-Net for 

multi-label cone-beam 
CT segmentation

Journal of 
Endodontics

University of 
Pennsylvania 1 1 2024

the efficacy of 
active learning 
strategies while 

training AI models, 
using a limited 

dataset

Active learning may 
contribute to reducing 

extensive labeling needs 
for training AI algorithms 

for biomedical image 
analysis in dentistry.

Peeters 
Silitonga 
Zuhal

Application of artificial 
intelligence in a visual-

based fluid motion 
estimator surrounding 
a vibrating EDDY® tip

Giornale 
Italiano Di 

Endodonzia

Laser Research Center 
in Dentistry 0 0 2022

the AI visualization 
of sonic activation 

(Eddy)

The proposed motion 
estimation program 

supported by LiteFlowNet 
can perform detailed flow 

estimation of a non-PIV 
experiment.

Kawale 
Choudhari 
Sedani

Artificial intelligence: A 
boon to conservative 

dentistry

Journal of 
Research in 
Medical and 

Dental Science

Datta Meghe Institute 
of Medical Sciences 

(Deemed to be 
University)

0 0 2022

review 
AI in endodontics 
and conservative 

dentistry

AI is being studied for 
a range of applications, 
including the detection 
of normal and different 

structures, disease 
diagnosis and treatment 

prediction.

Lee J 
Seo 
Choi 
Lee C 
Kim S 
Lee Y 
Lee S 
Kim E

An endodontic 
forecasting model 

based on the analysis 
of preoperative 

dental radiographs: 
A pilot study on an 

endodontic predictive 
deep neural network

Journal of 
Endodontics Yonsei University 0 0 2023

the prediction of 
the endodontic 
outcome with AI

Deep convolutional neural 
networks can accurately 

detect various clinical 
features on periapical 

radiographs.
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Authors Research article Journal
Institution 

(corresponding 
author)

Times 
cited 

(WoS-CC)

Times cited 
(all 

databases)
Year Main topic Conclusion

Qu 
Wen 
Chen 
Guo 
Huang 
Gu

Predicting case 
difficulty in endodontic 

microsurgery using 
machine learning 

algorithms

Journal of 
Dentistry

Sun Yat-sen University 0 0 2023

the prediction 
of case difficulty 
in endodontic 
microsurgery

The relative feature 
importance provides a 

reference for developing 
a scoring system for case 
difficulty assessment in 

endodontic microsurgery.

Ramezanzade 
Dascalu 
Ibragimov 
Bakhshandeh 
Bjørndal

Prediction of pulp 
exposure before caries 

excavation using 
artificial intelligence: 
Deep learning-based 

image data versus 
standard dental 

radiographs

Journal of 
Dentistry

University of 
Copenhagen

0 0 2023

the investigation 
of the impact 
of providing 

dental students 
with AI-based 
radiographic 

information on 
their ability to 
predict pulp 

exposure

Although the AI model 
outperformed all groups, 

the participants only 
benefited ‘slightly’ from 

the AI predictions. While 
AI technology shows 

promise, it is important to 
provide more explainable 

AI predictions and a 
learning curve.

Pop 
Choudhary 
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The future of 
endodontics. A 

systematic review
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review 
current trends 
in endodontics 
based on the 

latest scientific 
literature

Overall, endodontic 
treatment is becoming 

more precise, leading to a 
reduction in complications. 
In conclusion, the field of 
endodontics is expected 
to experience numerous 
exciting advances in the 
coming years, some of 

which will be incremental, 
while others will be 
paradigm-shifting.
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Gehlot 
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Mariswamy

Artificial intelligence 
in endodontics: A 
narrative review

Journal of 
International 
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JSS Dental College 
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AI in endodontics

Being a potential 
game changer and the 

beginning of something 
dubbed the “fourth 

industrial revolution”, 
AI has what it takes to 

revolutionize endodontics 
over time.
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Nosrat

Validity and reliability 
of artificial intelligence 

chatbots as public 
sources of information 

on endodontics

International 
Endodontic 

Journal
University of Maryland 0 0 2024

the comparison 
of the validity 
of responses 

between chatbots

In comparison with Google 
Bard and Bing, GPT-3.5 

provided more credible 
information on topics 

related to endodontics.
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Artificial intelligence for 
detection of external 
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the evaluation 
of radiographic 

images by 
endodontists 

or 7 basic deep 
learning models as 
well as 9 contrast-

enhanced 
self-supervised 

learning models

AI can aid clinicians in 
detecting early caries 

lesions and distinguishing 
them from other lesions. 

Furthermore, self-
supervised learning has 

been introduced as a 
means of detecting early 

caries lesions.
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Clinically oriented 
CBCT periapical lesion 
evaluation via 3D CNN 

algorithm

Journal 
of Dental 
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Wuhan University 0 0 2024

the detection and 
segmentation 
of periapical 

lesions associated 
with apical 

periodontitis on 
CBCT images, 
called PAL-Net

PAL-Net can enhance 
dentists' diagnostic 

performance and speed 
when working with 

CBCT images, provide 
clinically relevant 

volume information, 
and potentially be used 
in dental clinics without 
the need for expert-level 
dentists or radiologists.

WoS-CC – Web of Science Core Collection; AI – artificial intelligence; CBCT – cone-beam computed tomography; MALDI-TOF MS – matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometer; PIV – particle image velocimetry.
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tabase of  publications dating back to 1945.36 However, 
other similar scientometric or bibliometric studies in 
the field have used other databases, such as Scopus or 
MEDLINE/PubMed®, to obtain data.34,37 After comparing 
the available evidence in this area, it was decided to con-
duct an individual search in a single database (WoS-CC) 
for the current study. Although the use of more than one 
database for search may have made more studies avail-
able, at this stage, there could have been duplicate pub-
lications needing to be removed manually. The presence 
of duplicate records would alter all the quantitative bib-
liometric parameters, potentially leading to the misinter-
pretation of the relationships between different research 
components. Thus, only one database was included.

Although it has been claimed that bibliometric analysis 
should be carried out on topics that have been studied for 
many years, it is confirmed that the articles published and 
cited in journals tend to be current topics.33,38 Artificial 
intelligence in endodontics is a  hot topic. Therefore, in 
this study, the authors do not consider the fact that the 
research was conducted on a current issue as a limitation.

The combined data analysis with the use of the biblio-
metric and network tools of WoS-CC provided many re-
sults referring to endodontics and AI. Publications on AI 
in endodontics continued to increase from 2021 to 2022, 
peaking in 2022, and decreasing slightly in 2023. This 
could be an indication that AI is becoming more popular 
as technology advances, while the topic is becoming more 
interesting and worthy of  discussion through research 
publication.

The analysis of country of origin and the research in-
stitution was conducted using VOSviewer; it showed that 
29 countries contributed to research and publications in 
this field, either collaboratively or non-collaboratively. 
The country that contributed the most in the field of AI 
and endodontics was the USA, which can be attributed 
to the fact that this country has experienced an increase 
in the number of researchers and working groups in the 
field of endodontics, and it has followed the technological 
development.

It is also important to identify the most influential 
journals for the publication and dissemination of AI and 
endodontics research. This can help researchers to fol-
low specific journals and aim to publish their research in 
sources that show specificity in a scientific field.37 Com-
paring the number of articles n AI published in scientific 
journals, the Journal of Endodontics had the highest num-
ber of  publications in the categories of  “Dentistry” and 
“Endodontics”, with 14 articles. As a result of  the analy-
sis, the Journal of Endodontics was also found to be the 
journal with the highest total number of citations of ar-
ticles related to AI in the field of endodontics. One of the 
reasons for this may be that this journal has published 
the highest number of articles on the topic and that the 
journal closely follows current topics in the field of end-
odontics, and finds them worthy of publication. Addition-
ally, as the journal is in the Q1 quartile of the “Dentistry, 
Medicine and Oral Surgery” category, its citation rate is 
high and very popular. The fact that the journal follows 
all advances in endodontics and that it is indexed in SCIE 
may be attractive factors for researchers when choosing 
a  journal. The Journal of Dentistry followed the Journal 
of Endodontics, with 4 articles. The journal International 
Endodontic Journal took the 3rd place, with 3 articles. 
An important observation about journals is that, although 
AI is mostly about diagnostics and radiology, diagnostic 
and radiological reviews in endodontics are more likely to 
be published in endodontic journals rather than in gen-
eral dentistry or radiology journals.

The most cited articles on AI in endodontics play a cru-
cial role in the field. Their knowledge draws public at-
tention to researchers who have influenced the growth 
and development of the work.7 According to the analysis 
conducted in our study, Schwendicke was the most cited 
author on the topic. In a 2019 review, Schwendicke et al. 
reported studies on the detection and segmentation 
of anatomical structures in different areas of dentistry us-
ing AI on dental radiographs.39 The 2nd most cited article 
was that of Ekert et al., who detected apical lesions on ra-
diographs using AI, and found that AI gave satisfactory 
results in diagnosing apical lesions on panoramic radio-
graphs.40 In the 3rd most cited article, Setzer et  al. used 
AI to detect apical lesions on cone-beam computed to-
mography (CBCT) images and reported that, in the long 
term, the addition of automated image analysis based on 
three-dimensional (3D) imaging could assist clinicians in 
lesion detection and the differential diagnosis of periapi-
cal lesions (pathological and/or non-odontogenic lesions) 
in combination with previous examinations.41 In this con-
text, it can be concluded that the most cited articles have 
paved the way for dental diagnosis, the detection of den-
tal pathology, and even differential diagnosis using AI in 
endodontics. Dental diagnosis using AI may also help to 
reduce the time spent by clinicians on making a diagnosis.

Although the most cited article on AI is a review article 
analyzing general dentistry fields, including endodontics, 

Table 2. Article keywords with the frequency of occurrence and their total 
link strength

Serial No. Keyword Frequency Total link strength

1 artificial intelligence 22 103

2 endodontics 19 84

3 deep learning 14 74

4 machine learning 11 50

5 dentistry 5 25

6 artificial neural network 4 23

7 diagnosis 3 18

8 root canal treatment 3 17

9 periapical lesion 3 16

10 convolutional neural network 3 15
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the 2nd and 3rd most cited articles are about the use of AI 
in the diagnosis of apical lesions in panoramic radiogra-
phy and on CBCT images, published in a  journal in the 
field of endodontics. We can say that the number of ci-
tations of publications on AI in the field of endodontics 
competes with publications on the use of AI in dentistry.

The keyword co-occurrence analysis can be an insight 
into the development patterns of a particular area of sci-
entific research.35 As shown in Table 2, the first 10 key-
words were often repeated, and the most often repeated 
keyword among them was “artificial intelligence”. This 
was followed by the keywords “endodontics” and “deep 
learning”. However, it was also observed that keywords 
such as “machine learning”, “artificial neural network” and 
“convolutional neural network” were used as well. Arti-
ficial intelligence is a general term that comprises more 
specific topics, including deep learning, machine learning 
and artificial neural networks. The results of our keyword 
analysis show that studies using the concept of  AI have 
begun to specialize in the branches of AI, leaving the gen-
eral concept behind over time.

One limitation could be a small number of articles in-
cluded in our study. This was due to the fact that the con-
cept of  AI is a  current topic, and studies using AI have 
recently been undertaken in the field of endodontics, as 
in almost all fields.

Conclusions
The use of AI in dental research has steadily increased 

since the first applications were reported in 2012, but 
the “explosion” of  research occurred in 2019.39 Indeed, 
the number of papers reporting on AI models applied in 
endodontics has raised significantly in recent years. The 
determination of root canal working length,20 the detec-
tion of vertical root fractures,21,22 the success of root canal 
treatment,23 the detection of  pulp diseases,24 the detec-
tion and diagnosis of  periapical lesions,25 the detection 
of unfilled canals,26 the prediction of postoperative pain27 
and case difficulty28 are some of the issues covered by the 
studies conducted in this field. In the years that followed, 
the use of AI in endodontics expanded. Studies were con-
ducted on its use in preclinical education.42 To date, AI in 
endodontics has had many applications, which we have 
analyzed bibliometrically. For example, the use of a con-
ventional neural network to detect apical lesions based 
on panoramic radiographs can help dentists in their diag-
nostic efforts. However, for such approaches to be widely 
used in clinical settings, their sensitivity needs to be im-
proved via further studies.

The present bibliometric analysis reviewed cur-
rent trends, as well as leading countries and journals in 
terms of research focusing on the use of AI applications 
in endodontics. Our study considered publications re-
lated to AI in endodontics to highlight the bibliometric 

characteristics of a specific topic. Further research could 
focus on AI in endodontics in a broader context.
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Abstract
Background. The preparation of model teeth for prosthetic crowns plays a crucial role in preclinical dental 
education. Its primary objective is to ensure optimal conditions for training students to function in clinical 
settings.

Objectives. The aim of the study was to assess the quality of dental students’ education regarding the 
preparation of model teeth for cast metal-ceramic crowns. An additional objective was to compare the 
agreement between measurements made by examiners on the model teeth prepared by the students.

Material and methods. A total of 180 model premolar teeth (KaVo) were used for the tests. The teeth 
were prepared by the third-year dental students, who created a shoulder finish line on the buccal surface 
and a chamfer finish line on the palatal surface. Two examiners assessed the convergence angles of walls, 
the margin width of surfaces, the reduction in the height of functional and non-functional cusps, the extent 
of the preparation, the smoothness of the preparation, and the continuity of the finish line using simple 
measuring tools.

Results. The students’ most proficient parameters were margin width, the extent of  the preparation, 
and the finish line continuity. The least accurate results were observed in the wall convergence angles 
and the reduction in the height of functional and non-functional cusps. The interexaminer reliability was 
considerable for convergence angles, the margin width and the reduction in the height of cusps (intraclass 
correlation coefficient (ICC) >0.75). The examiners demonstrated moderate agreement (kappa: 0.60–0.79) 
for parameters such as the extent of the preparation, wall smoothness and finish line continuity.

Conclusions. The exercises provided a  solid foundation for the students. However, practice and more 
targeted feedback are necessary to improve performance in the more challenging aspects of  tooth 
preparation. The traditional analytical approach that uses simple measuring tools to assess the tooth 
preparation procedure is a reproducible method that examiners can use to effectively evaluate students’ 
work.

Keywords: dental students, evaluation, dental education, prosthodontic tooth preparation
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Introduction
The quality of education in dentistry is contingent upon 

numerous factors, including a well-organized curriculum, 
effective teaching methods, modern educational tools, 
and appropriate academic support. A well-designed cur-
riculum should cover a wide range of topics and be regu-
larly updated. The efficacy of teaching methods and tools 
is paramount in ensuring that students can thoroughly 
master both theoretical and practical issues. Teach-
ers play a crucial role in education, as their approach to 
delivering knowledge, assessing students and providing 
feedback significantly influences students’ skills. These 
elements contribute to the training of skilled dentists who 
can provide patients with a high standard of dental care. 
Prosthodontics is a  field of dentistry that requires theo-
retical knowledge and high practical skills. Students ini-
tially develop their precision and manual skills through 
preclinical exercises, followed by clinical exercises.1,2

Preparing simulated model teeth for prosthetic crowns 
plays a  crucial role in preclinical dental education in 
the field of prosthodontics. Its primary objective is to 
ensure optimal conditions for training students to function 
in clinical settings. The preclinical training assumes the 
form of  practical sessions that offer dental students the 
opportunity to engage with a novel learning environment. 
Besides providing theoretical knowledge, these classes 
are designed to develop the students’ manual skills and 
foster an understanding of “spatial vision”.2,3 Initially, stu-
dents are required to complete a series of theoretical ses-
sions, encompassing seminars and lectures, that prepare 
them for practical exercises. Subsequently, they perform 
activities demonstrated to them beforehand on specially 
prepared simulated models, and only after successfully 
completing these sessions they can transition to working 
with actual patients. Preclinical sessions introduce stu-
dents to deviations from the ideal (standard) preparation 
and encourage them to identify their shortcomings and 
to work on improvements. The evaluation of  students’ 
performance at the preclinical stage is a pivotal aspect 
of education, as it serves to reinforce the learning process. 
It enables early error detection and guides students in their 
work. Furthermore, it provides teachers with insights into 
the specific work stages or parameters that pose the greatest 

challenges for students and require special attention 
or repetition. All these factors translate into easier, less 
stressful, and improved patient care.4,5 There is a positive 
correlation between students’ grades in preclinical and 
clinical exams, indicating that appropriate preparation 
in the earlier stages of education can positively influence 
clinical competencies of students.6 

The identification and implementation of  effective 
methods for assessing students’ performance remains 
a significant challenge for academic teachers and educa-
tors.7,8 There are noticeable differences in tooth prepara-
tion assessments, with discrepancies noted both between 
assessors and between the assessments made by the 
same examiner evaluating the same procedure at differ-
ent times.9 The development of objective approaches to 
evaluating tooth preparation is a critical aspect of dental 
education. Current methods for the assessment of tooth 
preparation can be divided into traditional and digital 
techniques.4

The traditional approach is the most often adopted by 
examiners experienced in a  specific field, who compare 
the work of students with a standard model. In traditional 
practice, researchers distinguish between a global assess-
ment (inspection and evaluation) method and an analyti
cal (using rubrics) method. The former is a  straight
forward visual technique in which the examiner provides 
a comprehensive grade for the student’s work. This subjec-
tive method rarely produces consistent results.10 Accord-
ing to some researchers, examiner fatigue is a particularly 
important factor contributing to inconsistencies between 
ratings.9 Conversely, the analytical method involves the 
creation of rubrics, based on textbooks and publications, 
to assess individual components of  tooth preparation. 
Specific parameters are evaluated by measuring certain 
distances and angles using basic measuring tools such as 
a ruler, a compass and a protractor. The parameters that 
are frequently measured in this manner include the con-
vergence angles between the walls, the width of the pre-
pared margin, the reduction in the height of  the occlu-
sal surface, the extent of the prepared finish line, and the 
smoothness of  the preparation.4 In this method, proper 
calibration of the assessors is vital. This process involves 
the formulation of  the objective assessment criteria for 
the preparations, so that the latter are easy to measure, 

Highlights

	• Dental students need practical exercises and well-targeted feedback from instructors to enhance their clinical skills.
	• In supervising crown preparations, dentists should closely evaluate wall convergence and the reduction height 

of functional and non-functional cusps.
	• The traditional analytical approach using basic measuring tools remains a reliable and reproducible method for 

assessing the quality of students’ tooth preparations.
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interpret and reproduce. This approach enhances accu-
racy and precision, thereby mitigating the risk of  sub-
jectivity and inconsistency in evaluations. For students 
engaged in the learning process, consistent, definite and 
repeatable feedback from educators regarding the quality 
of their work is of the utmost importance. Such feedback 
enables students to absorb knowledge in a  specific field 
more rapidly and to focus on the learning process rather 
than on wondering whether the grade they have received 
is fair or accurate.8 Research suggests that the reliability 
of student assessments can be increased by employing 2 
assessors, as opposed to the traditional method in which 
a single examiner is involved.8,11 Without assessor calibra-
tion, there is a risk of diverging assessments made by dif-
ferent teachers.

In recent years, more advanced evaluation meth-
ods have been introduced, such as digital assessments 
of  tooth preparations that employ various scanners and 
computer-aided design software. The efficacy of  these 
methods is primarily attributable to their accuracy. They 
can also serve as an  additional educational approach in 
preclinical sessions.12,13 While digital technologies facili-
tate the acquisition of manual skills, there is no evidence 
regarding the long-term impact of digital training meth
ods on clinical outcomes and student competencies.14 

Despite the immediate feedback provided by these methods, 
studies have demonstrated that students prefer receiving 
feedback from a teacher during sessions and also benefit 
from digital methods. Similarly, during exams, they seek 
evaluation from both human examiners and computers. 
Students perceive digital methods as an objective source 
of feedback and a valuable addition to teaching practical 
skills. Yet, they do not want to entirely abandon traditional 
assessment methods in favor of  newer technologies.15,16 
Sometimes, students achieve low or inconsistent results 
when first interacting with a digital assessment system.3 
The implementation of these methods requires appropri-
ate training, and due to their relatively high cost and the 
need for special maintenance, they remain unavailable 
in most academic centers for use in preclinical sessions. 
As a result, the primary educational approach continues 
to rely on the traditional method for assessing students’ 
readiness.15,16

The aim of the study was to assess the quality of dental 
students’ education regarding the preparation of  model 
teeth for cast metal-ceramic crowns. An  additional 
objective was to compare the agreement between measure
ments made by examiners on the model teeth prepared 
by the students. 

Material and methods
The present study was based on 180 models of maxil-

lary right first premolars provided by KaVo (Biberach, 
Germany) and prepared by third-year dental students 

at  the Jagiellonian University Medical College 
(Krakow, Poland). A  total of  180 students, with 
an  average age of  22 years, participated in the study. 
The study  protocol  followed the ethical guidelines 
established by the 1975  Declaration  of  Helsinki  and 
was approved by the  Institutional  Ethics  Committee 
at  Jagiellonian  University  Medical College (approval 
No. 118.6120.109.2023). Prior to their involvement in 
the study, each student provided informed consent.

The preparation stage was preceded by a  series 
of theoretical lessons, including lectures and seminars. 
The students attended a total of 3 h of lectures, which 
were delivered by a  professor and included a  range 
of subjects, such as the definition of prosthetic crowns, 
the various types of prosthetics crowns and the indi-
cations for their use. Additionally, the lectures cov-
ered the general principles of  tooth preparation. The 
seminars were led by academic teachers and consisted 
of 2 sessions, each with a duration of 45 min. During 
these sessions, students were acquainted with the prin-
ciples for properly preparing the maxillary right first 
premolar for a  cast metal-ceramic crown (Table 1). 
The students received instructions verbally and in the 
form of  an  instructional video. The preparation pro-
cess involved creating a shoulder margin on the buccal 
surface, a chamfer margin on the palatal surface, and 
a smooth transition between these finish lines on the 
proximal surfaces. Directly after the second seminar, 
the students began the practical exercises. The partici-
pants had 2 h and 30 min to perform the preparation. 
This task constituted the students’ first experience 
with a  tooth preparation procedure. A  specific bur 
set, designed by Prof. Stanisław W. Majewski and Prof. 
Bartłomiej W. Loster (Olident, Cologne, Germany) and 
intended for a crown with a step-type finish line prepa-
ration was used. To mimic the natural conditions of the 
oral cavity, the model teeth were mounted on partial 
dentition study models (OK T12; KaVo) and then on 
dental patient simulators (KaVo). The practical part 
was supervised by academic teachers. During the prepa
ration phase, the students did not communicate with 
each other. Once the exercises were completed, the 
teeth were extracted from the study models, collected 
and numbered by the examiners. Figure 1 presents the 
premolar tooth 14 mounted on the partial dentition 
study model before and after preparation.

The authors adopted an analytical method for evalu
ating the prepared teeth, wherein each parameter 
was assessed individually. The measurements were 
made by 2 independent examiners (examiner  A and 
examiner B) who were dental practitioners and academic 
teachers with over a  decade of  professional experience. 
The examiners familiarized themselves with the prepa
ration assessment criteria (Table 1), and they were 
calibrated before proceeding with their evaluations. 
The calibration was performed on a model of an ideal 
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preparation, indicating how deviations from the standard 
model should be assessed. After the calibration and before 
the evaluation, the examiners assessed a random sample 
of  15 prepared teeth to ensure the consistency of  the 
evaluations and the comprehension of  the assessment 
criteria. Each examiner independently evaluated 15 prepa
rations, after which the results were analyzed and discussed 
collectively.

The authors assessed the convergence angles mesio
distally and buccopalatally, the width of the margin at the 
midpoint of the mesial (m), distal (d), buccal (b), and pala-
tal (p) surfaces, the reduction in the height of functional 
and non-functional cusps, the extent of  the preparation 
from the mesial, distal, buccal, and palatal sides, the 
smoothness of the preparation, and the continuity of the 
finish line. The convergence angles were measured using 
a white sheet of paper, a pencil (Faber-Castell Grip 2001 
“H”; Faber Castell, Stein, Germany), a plastic ruler (Herlitz, 

Hanover, Germany), and a  plastic protractor (Herlitz). 
The analysis involved placing and stabilizing the tooth 
on a  piece of  paper, marking 2 lines using a  pencil and 
a ruler along the prepared tooth surfaces, and measuring 
the angle at which the lines intersected using a protractor. 
This procedure was repeated twice for each tooth – first 
for the mesiodistal angle and then for the buccopalatal 
angle after the tooth was flipped. The margin widths were 
measured at the midpoint of each surface with an analog 
calliper (Högert Technik GmbH, Pruszków, Poland) after 
which they were remeasured with a ruler. 

The height of the cusp reduction was measured using 
a  calliper, with the measurement extending from the 
cementoenamel junction to the highest point of  each 
cusp. The actual value was then determined with 
a  ruler  [mm]. The remaining parameters were visually 
assessed by the examiners, according to the established 
criteria (Table 1). Each examiner had 3 min to complete 
a single tooth assessment. The examiners were instructed 
to perform this task independently, that is, without 
consulting one another.

Statistical analysis 

The continuous variables were presented as medians 
and interquartile ranges, while the categorical variables 
were expressed as frequencies and percentages. The 
interexaminer reliability in the case of convergence angles, 
margin width and reduction height was assessed by means 
of the intraclass correlation coefficient (ICC). In the case 
of finish line continuity, Cohen’s kappa was used, while for 
the extent and smoothness of the preparation, the weighted 
kappa was the method of choice. The significance level 
was set at p < 0.05. The calculations were performed using 
the IBM SPSS Statistics for Windows software, v. 26.0 
(IBM Corp., Armonk, USA).

Fig. 1. Premolar tooth 14 mounted on the partial dentition study model 
before (A) and after (B) preparation

Table 1. Assessment criteria for a maxillary right first premolar prepared for a cast metal-ceramic crown

Type of parameter Standard parameter Assessment method

Reduction in the height 
of the functional cusp

1.5 mm measurement from the cementoenamel junction to the highest point of the palatal cusp

Reduction in the height 
of the non-functional cusp

1 mm measurement from the cementoenamel junction to the highest point of the buccal cusp

Wall convergence angle
4–6 degrees (ideal)  

7–16 degrees (acceptable) 
measurement of the mesiodistal and buccopalatal angles

Width of the chamfer margin 0.5–0.8 mm measurement of the palatal margin

Width of the shoulder margin 1.0–1.2 mm measurement of the buccal margin

Extent of the preparation supragingival
visual assessment from the mesial, distal, buccal, and palatal sides  

(supragingival/above the gingiva, epigingival/to the gingiva, subgingival/under the gingiva)

Smoothness of the walls and 
the margin

high finish line and margin are continuous, clearly defined, and smooth; walls are smooth

medium finish line and margin are continuous but not smooth; walls are moderately smooth

low
finish line and/or margin are not continuous, considerable roughness of the finish line and/or 

walls and/or margin is noted

Finish line continuity
yes margin is continuous throughout

no margin is interrupted
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Results
For examiners A  and B, the mesiodistal (m-d) walls 

exhibited median convergence angles of 22.5 (IQR: 17–28) 
and 20.5 (IQR: 15–28) degrees (ICC = 0.821), and for the 
buccopalatal (b-p) walls, the angles were 23 (17–30) and 
22 (16–29) degrees (ICC = 0.938), respectively. The dif
ferences in the margin width, as measured by examiners 
A  and B, yielded the following medians: for the mesial 
margin – 0.50 (0.25–0.75) mm and 0.50 (0.25–0.50) mm, 
respectively (ICC  =  0.774); for the distal margin – 0.75 
(0.50–1.00) mm and 0.50 (0.25–1.00) mm, respectively 
(ICC = 0.866); for the buccal margin – 1.00 (0.75–1.00) 
mm and 1.00 (0.50–1.00) mm, respectively (ICC = 0.818); 
for the palatal margin – 1.00 (0.75–1.25) mm in the case 
of both examiners (ICC = 0.858). The median values for 
the functional cusp reduction height were 1 (IQR: 1–1.5) 
mm for examiner A and 1 (IQR: 1–2) mm for examiner B 
(ICC = 0.830). For the non-functional cusps, the medians 
were 2.0 (1.5–2.3) mm and 2.0 (1.5–2.5) mm, respectively 
(ICC  =  0.893). With regard to the agreement between 
the doctors on the students’ measurements of the extent 
of  the preparation, the values were as follows: mesial 
kappa = 0.694; distal kappa = 0.600; buccal kappa = 0.728; 
and palatal kappa = 0.616. The smoothness of the wall and 
finish line continuity yielded kappa values of  0.726 and 
0.617, respectively. 

There was considerable agreement between the exam-
iners (ICC > 0.75) regarding aspects such as the m-d and 
b-p wall convergence angles, margin widths, and the 
reduction heights of both the functional and non-functional 
cusps. Moderate interexaminer reliability was observed 
for the extent of  the preparation, wall smoothness, and 
finish line continuity, with the kappa values ranging from 
0.600 to 0.728. The most significant discrepancy between 
the examiners’ measurements concerned the extent of the 
preparation on the distal side, while the b-p convergence 
angle exhibited the least variance (Table 2).

Table 2 presents the number of students who met the 
optimal benchmarks for individual preparation parame-
ters, segmented by each evaluator’s assessment. Accord-
ing to examiner A, only 6 (3.3%) students achieved the 
optimal m-d wall convergence angle, whereas examiner 
B identified 4 (2.2%) such students. For the b-p angle, 
examiners A and B identified 6 (3.3%) and 8 (4.4%) stu-
dents, respectively. In the case of the acceptable m-d wall 
convergence angle, they found 37 (20.7%) and 50 (27.8%) 
students meeting the criteria, respectively. The cor-
responding numbers for the b-p angle were 37 (20.7%) 
and 46 (25.6%). With regard to the ideal shoulder margin 
width, 89 (49.4%) students satisfied the criteria according 
to examiner A and 113 (62.8%) according to examiner B. 
The optimal chamfer margin width was achieved by 
152 (84.4%) students for examiner A and 136 (75.6%) for 
examiner B. Only 25 (13.9%) students achieved the cor-
rect reduction height for functional cusps in examiner 

A’s assessment, while 39 (21.7%) did so according to 
examiner B. Examiner A reported that 26 (14.4%) students 
attained the correct reduction height for non-functional 
cusps, while examiner B noted this achievement in only 
15 (8.3%) individuals. One area in which the students 
excelled was the extent of the preparation on specific tooth 
surfaces. According to examiners A and B, the supragin-
gival preparation was accomplished by 85.6–96.1% and 
75.0–93.3% of the students, respectively, and depended 
on the tooth surface. A majority of the students, namely 
80 (44.4%) students in the case of  examiner A  and 89 
(49.4%) according to examiner B, produced a  prepara-
tion with average wall smoothness. According to exam-
iners A and B, a high degree of surface smoothness was 
achieved by only 61 (33.9%) and 46 (25.6%) students, 
respectively. The majority of  the students managed to 
maintain the finish line continuity of the maxillary right 
first premolar, e.g., 112 (62.2%) of the students evaluated 
by examiner A and 94 (52.2%) of those assessed by exam-
iner B. The students’ most proficient parameters were 
the shoulder and chamfer margin widths, the extent 
of  the preparation, and the finish line continuity. Con-
versely, the most challenging areas were the wall con-
vergence angles and the reduction heights of  both the 
functional and non-functional cusps. 

Discussion
Preparing a  tooth for prosthetic crowns is one of  the 

most challenging manual procedures that students 
encounter during their dental training. In a study conducted 
by Hattar et al., the confidence levels of fifth-year students 
were evaluated by a questionnaire when performing vari
ous dental procedures.17 The students felt most compe­
tent and assured when performing direct restorations and 
endodontics, and least confident when dealing with fixed 
prosthodontics. In the context of fabricating indirect res
torations, they exhibited a notable decrease in confidence 
during the preparation of tooth crowns when compared 
to taking impressions or trying in the prosthetic 
restoration.17 Appropriate training during preclinical 
sessions is of the utmost importance in enhancing student 
skills and bolstering their confidence in the field of fixed 
prosthodontics. 

The present study identifies specific areas in dental 
education that require improvement to enhance students’ 
practical skills in tooth preparation for prosthetic crowns. 
It also highlights the importance of detailed and consis-
tent assessments in education.

The students demonstrated the highest level of  skills 
in achieving optimal margin widths on various surfaces, 
the extent of the preparation, and maintaining finish line 
continuity.

A high percentage of students met the criteria for optimal 
shoulder and chamfer margin widths. Specifically, from 
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Table 2. Comparison between the ratings of the 2 examiners for each variable with the corresponding agreement measure

Variable
Examiner A Examiner B

Agreement measure
n % n %

m-d convergence angle

0–6° 6 3.3 4 2.2

0.821 (0.760–0.867)7–16° 37 20.6 50 27.8

>16 137 76.1 126 70.0

b-p convergence angle

0–6° 6 3.3 8 4.4

0.983 (0.915–0.954)7–16° 37 20.6 46 25.6

>16 137 76.1 126 70.0

m width

<0.5 mm 80 44.4 76 42.2

0.774 (0.697–0.832)0.5–1 mm 97 53.9 101 56.1

>1 mm 3 1.7 3 1.7

d width

<1 mm 105 58.3 115 63.9

0.866 (0.810–0.904)1–1.5 mm 71 39.4 61 33.9

>1.5 mm 4 2.2 4 2.2

b width (shoulder)

<1 mm 73 40.6 46 25.6

0.858 (0.806–0.896)1–1.5 mm 89 49.4 113 62.8

>1.5 mm 18 10.0 21 11.7

p width (chamfer)

<0.5 mm 7 3.9 20 11.1

0.818 (0.741–0.871)0.5–1 mm 152 84.4 136 75.6

>1 mm 21 11.7 24 13.3

Reduction in the height 
of the functional cusp

<1 mm 30 16.7 16 8.9

0.830 (0.630–0.906)

1 mm 103 57.2 78 43.3

1.5 mm 25 13.9 39 21.7

2 mm 16 8.9 39 21.7

>2 mm 6 3.3 8 4.4

Reduction in the height 
of the non-functional cusp

<1 mm 5 2.8 2 1.1

0.893 (0.756–0.943)

1 mm 26 14.4 15 8.3

1.5 mm 43 23.9 37 20.6

2 mm 61 33.9 58 32.2

>2 mm 45 25.0 68 37.8

m preparation extent

above 154 85.6 140 77.8

0.694 (0.548–0.841)to 17 9.4 27 15.0

under 9 5.0 13 7.2

d preparation extent

above 160 88.9 135 75.0

0.600 (0.437–0.763)to 12 6.7 32 17.8

under 8 4.4 13 7.2

p preparation extent

above 164 91.1 150 83.3

0.616 (0.430–0.803)to 14 7.8 25 13.9

under 2 1.1 5 2.8

b preparation extent

above 173 96.1 168 93.3

0.728 (0.531–0.925)to 5 2.8 5 2.8

under 2 1.1 7 3.9

Preparation smoothness

low 39 21.7 45 25.0

0.726 (0.640–0.812)medium 80 44.4 89 49.4

high 61 33.9 46 25.6

Finish line continuity
yes 112 62.2 94 52.2

0.617 (0.503–0.730)
no 68 37.8 86 47.8

m-d – mesiodistal; p-b – buccopalatal; m – mesial; d – distal; p – palatal; b – buccal; above – above the gingiva; to – to the gingiva; under – under the 
gingiva. The agreement measure values are presented as kappa (95% confidence interval (CI)) for the preparation extent and smoothness, weighted kappa 
(95% CI) for the continuity of the finish line, and intraclass correlation coefficient (ICC) (95% CI) for the remaining variables. 
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49.4% (examiner A) to 62.8% (examiner B) of  students 
achieved the ideal shoulder margin width, and from 75.6% 
(examiner B) to 84.4% (examiner A) achieved the optimal 
chamfer margin width. Maintaining finish line continuity 
was achieved by more than half of  the students. This 
finding aligns with the conclusions of  other authors. 
In a study by Sadid-Zadeh et al., 75% of the cases attained 
the desired width and continuity for the given crown type.18 
Al-Omari and Al-Wahadni reported an  average margin 
width of  0.86 mm buccally, 0.74 mm palatally, 0.7  mm 
mesially, and 0.66 mm distally.19 These values were lower 
than the recommended 1.0–1.2 mm for a shoulder-type 
margin. An excessively wide margin violates the biological 
principles of tooth preparation. Conversely, a margin that 
is too narrow may result in an aesthetically pleasing tooth 
restoration, especially when it comes to less translucent 
materials. The presence of a discontinuous finish line may 
compromise the marginal adaptation of the restorations.

One parameter in which students achieved good results 
was the location of the finish line relative to the gum line. 
In over 75% of  the prepared specimens, the required 
supragingival margin was achieved. This adequate tooth 
preparation, which approaches the standard, is instru
mental in maintaining proper hygiene and sealing pros
thetic restorations. This finding is consistent with the 
research, wherein students also obtained favorable results 
for this parameter.4

Most students achieved an  average level of  smooth
ness of  the prepared tooth stump surface. A  lack of wall 
smoothness can reduce the fit of  the prosthetic restora
tion. Smoothness is particularly important at the gingival 
level of the finish line, as its absence in this area can cause 
the prosthetic restorations to leak. In addition, the findings 
of other authors indicate that this is not an easy parameter 
to achieve.18 The required smoothness of  the prepared 
stumps was achieved by less than half of the students.18

In the present study, the students were the least pre-
cise in their preparation of the convergence angles of the 
mesiodistal and buccopalatal walls, greatly exceeding the 
presumed margins of  error (optimal values). The stan-
dard guidelines for wall convergence angles during the 
crown preparation procedure consider an  angle within 
the range of  4–6 degrees as ideal, and 7–16 degrees as 
acceptable.20,21 The more the opposing prepared walls lie 
parallel to one another, the greater the retention of the 
final prosthetic restoration. However, achieving these rec
ommendations in clinical practice can present challenges 
as it requires a high level of precision and clear visibility 
in the operative field. Factors such as the position of the 
tooth within the dental arch, anatomical structure and the 
practitioner’s experience all play significant roles. Achiev
ing almost parallel walls without the risk of undercuts in 
the tooth preparation is challenging. Excessive reduction 
of the tooth stump, resulting in an increased convergence 
angle, may compromise the retentive properties of  the 
abutment.20,22 Numerous researchers have noted overly 

high convergence angles among dental students practic
ing on model teeth. In a  study by Ayad  et  al., no more 
than 47% of  the teeth prepared by dental students had 
acceptable convergence angles.21 Al-Omari and Al-Wahadni 
examined 157 tooth samples prepared for metal-
ceramic crowns, finding average convergence angles 
of  22.4  degrees and 25.3 degrees for buccopalatal and 
mesiodistal walls, respectively.19 Strain  et  al. analyzed 
articles from 11 countries, published between 1978 and 
2014, encompassing a  total of  2,306 preparations.23 In 
these studies, students failed to achieve wall convergence 
angles between 4 and 14 degrees. Most papers reported 
angles ranging from 10 to 20 degrees.23

Another challenging parameter in the study was the 
reduction in the height of both functional and non-functional 
cusps. Less than one-fourth of  the students achieved 
correct results in these parameters. Excessive reduction 
of the occlusal surface may lead to poorer retention of the 
prosthetic restoration. Insufficient occlusal reduction 
necessitates thinner layers of restorative materials, which 
can potentially affect the crown’s resilience, longevity 
and aesthetics. Sadid-Zadeh  et  al. found optimal cusp 
reduction values difficult to achieve.18 Out of  223 teeth 
prepared by students in preclinical sessions, only 53.7% 
obtained optimal cusp reduction values.18 Al-Omari and 
Al-Wahadni reported occlusal surface reduction ranging 
from 1.8 mm to 2.2 mm, with an average reduction of 2 mm. 
These values are slightly above the ideal but nevertheless 
still ensure crown durability and good aesthetics.19

Achieving the correct convergence angle and cusp 
height reduction values is challenging for the majority 
of  dental students and requires vigilant oversight from 
supervising clinicians. Students should prioritize refining 
their skills in areas in which they received lower scores 
from the examiners.

In the present study, the work of  the students was 
assessed using the traditional analytical method. To further 
increase the credibility of the assessments, 2 independent 
examiners participated in the research. Each examiner 
evaluated the work of the students separately. The tradi-
tional analytical method of evaluation has been used in the 
field of dentistry for many years, and it is considered reli
able and repeatable.24 A validated and properly executed 
assessment process can reduce students’ stress levels and 
have an  impact on achieving better results in exercises. 
Studies indicate that the most significant sources of stress 
for students include assessments, exams, and the atmo-
sphere created by clinical professors.25,26 According to the 
literature, the level of specialist knowledge did not influence 
preclinical assessments based on the analytical method. 
Both younger and older lecturers reported similar results. 
Differences in assessments were only observed in groups 
with no prior experience in fixed prosthodontics.9,27 Thus, 
it can be regarded as a  universal method of  assessment 
that can be successfully applied by less experienced indi-
viduals in the event of a shortage of senior training staff. 
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However, the criteria for individual parameters should be 
precisely defined and the evaluators properly calibrated. 
Esser et al. observed significant discrepancies between the 
correlations of maxima and medians when examiners visually 
assessed students’ individual preparation parameters, thus 
indicating insufficient calibration of  the evaluators.5 They 
emphasized that both targeted calibration and more precisely 
formulated criteria could improve the quality of results.5 The 
study noted a very high level of interexaminer reliability in 
the case of the wall convergence angle, cusp reduction height 
and margin width, as assessed using simple measuring tools. 
These results demonstrate that when an  examination is 
correctly prepared, even simple methods and instruments 
such as a compass and a ruler may suffice to properly assess 
students’ work in preclinical classes. There was a moderate 
agreement between the evaluators with regard to parameters 
such as the extent of the preparation, surface smoothness, 
and finish line continuity. These parameters were assessed 
visually based on the established criteria. The evaluation 
of parameters that were not quantifiable was more difficult 
despite the existence of precise criteria and the calibration 
of examiners.

The conducted study emphasizes the importance 
of standardizing dental curricula across educational insti-
tutions as a pivotal component of dental education. This 
would ensure the uniformity of  educational standards 
and enhance its quality. Additionally, the quality of dental 
education can be improved by the adoption of innovative 
teaching methods such as simulation-based training, for-
mative assessments and other interactive techniques, as 
well as by the establishment of robust feedback systems to 
provide students with regular and constructive critiques 
of their work. There is a clear need for longitudinal stud-
ies assessing the long-term impact of  educational inter-
ventions on clinical competency.

The strengths of the present study include comprehen-
sive assessment, combining both quantitative and quali-
tative data. Moreover, a diverse sample provided a broad 
perspective on educational quality. The study also offers 
practical recommendations based on empirical evidence 
for conducting preclinical dental preparation courses.

Limitations 

The present research was subject to certain limitations. 
It was conducted in a single educational center and only 
by 2 examiners. In the future, it would be beneficial to 
expand the research to include other university dental 
schools and increase the number of examiners. The cri
teria adopted for the study were not assessed by any 
independent external institution. Another limitation is the 
possibility of bias in the self-reported qualitative data, as 
well as the cross-sectional nature of the study, which lacks 
long-term outcome assessment. The present research was 
limited to the domain of tooth preparation and may not 
be generalized to other aspects of dental education. 

Conclusions
A combination of  theoretical and practical exercises 

allowed students to acquire basic knowledge and skills in 
the preparation of  teeth for prosthetic crowns. In order 
to improve their performance during the more difficult 
stages of preparations, students need practical exercises 
and well-targeted feedback from instructors. Dentists 
who supervise students should pay particular attention 
to the parameters in which students achieved their low-
est scores in terms of precision, namely the degree of wall 
convergence and the reduction in the height of both func-
tional and non-functional cusps.

The traditional analytical approach to assessing the 
tooth preparation procedure is a  reproducible method 
that examiners can use to effectively evaluate students’ 
work. Targeted calibration of  the evaluators is essential 
to ensure more accurate results. Parameters that are not 
easily quantifiable are more challenging to evaluate. 
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Abstract
Background. Probiotics, known for their anti-inflammatory properties and ability to balance the oral 
microbiome, show promise in enhancing wound healing, particularly through topical application, in oral 
healthcare.

Objectives. The main objective of the present study was to investigate the topical application of probiotics 
to accelerate oral wound healing, focusing on key indicators, like collagen density, angiogenesis, the re-
epithelization rate, the wound area, and the wound length. 

Material and methods. Palatal wounds were induced in 60 male Sprague–Dawley® rats, which were 
divided into 4 groups. Probiotics, including Streptococcus salivarius K12 (BLIS K12®) and Lactobacillus 
reuteri (Interlac® Pro-D and Interlac®), were topically administered. The rates were sacrificed on days 3, 7 
and 14 to evaluate the early, middle and late proliferation phases. Histopathological examinations assessed 
collagen density, angiogenesis, the re-epithelialization rate, the wound area, and the wound length.

Results. Probiotics showed beneficial effects on the oral wound healing indicators examined in this 
study. This study demonstrates the significant benefits of applying probiotics in enhancing wound healing 
throughout various proliferation stages. Our findings consistently highlight their positive impact across key 
indicators. With 3 different probiotic types, we observed improvement in all aspects of wound healing, from 
early to late stages.

Conclusions. The study underscores the potential of probiotics as effective agents in promoting wound 
repair and regeneration, offering promising avenues for enhanced clinical outcomes.

Keywords: Streptococcus salivarius, angiogenesis, probiotics, wound healing, Limosilactobacillus reuteriCite as
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Introduction
Oral and maxillofacial surgeons deal with surgeries in 

the mouth, jaw and face, which involves the intricate pro-
cess of oral wound healing.1,2 Oral wounds pose unique 
challenges due to the warm oral environment and the 
presence of  abundant microorganisms. Wound healing, 
a  complex physiological process involving various cell 
types, can be influenced by multiple factors. Understand-
ing these intricacies is crucial for addressing the complex-
ities of healing oral wounds within this surgical domain.3

The wound healing process in the oral cavity, especially 
in the proliferation phase, relies on several critical factors. 
In this phase, which is part of the 4 accurately programmed 
stages of  wound healing – hemostasis, inflammation, 
proliferation, and remodeling or maturation, specific bio-
physiological mechanisms are activated.4 These include 
collagen production, the development of new blood ves-
sels through angiogenesis, and the restoration of the pro-
tective epithelial layer via re-epithelialization. The inter-
actions between these elements are intricately tied to the 
size and morphology of  the oral wound, amplifying the 
complexity of the overall healing process.3

Advancement in wound care has led to the develop-
ment of materials specifically designed for wound dress-
ing. These materials not only aim to expedite the healing 
process, but also address the unique challenges posed by 
mucosal wounds within the oral cavity. Such advances 
offer promising avenues for enhancing the management 
and treatment strategies for oral wounds, marking a sig-
nificant progression in oral cavity care and wound man-
agement.5

In recent years, research delving into the potential 
of probiotic agents in oral healthcare has seen a signifi-
cant surge. Probiotics, renowned for their role in fos-
tering a  balanced and healthy oral microbiome, have 
demonstrated considerable promise due to their notable 
anti-inflammatory properties. This particular attribute 
presents an opportunity to potentially alleviate inflamma-
tory responses, thereby potentially enhancing the subse-
quent stages of wound healing. Studies conducted in the 
field have validated that both the oral administration and 

injection of probiotics can yield benefits in wound heal-
ing, particularly observed in rat models, where these in-
terventions have stimulated the inflammatory processes, 
aiding in the healing of  wounds.6,7 This revelation has 
sparked interest and optimism in leveraging probiotics 
as a therapeutic approach for wound management in oral 
healthcare. Furthermore, investigations have highlighted 
the superiority of  topical treatment over systemic ap-
proaches in addressing the physical traumas and chemical 
injuries of the oral mucosa.8 This finding emphasizes the 
potential efficacy of  localized application in the wound 
healing process within the oral cavity.

A deliberate push for further research in oral health-
care revolves around the topical application of probiotics 
to enhance the healing of oral wounds. This investigation 
aims to unravel the specific mechanisms through which 
topically applied probiotics can positively impact and ex-
pedite oral wound healing. By focusing on indicators like 
collagen density, angiogenesis and re-epithelialization, 
this research endeavors to deeply explore the interplay 
between probiotics and the intricate mechanisms govern-
ing oral wound healing. The ultimate goal is to develop in-
novative strategies that could revolutionize the manage-
ment and treatment of  oral wounds, offering promising 
new avenues in oral healthcare.

Material and methods
This research was conducted at the Veterinary and Bio-

medical Sciences Hospital and the Faculty of Veterinary 
Medicine and Biomedical Sciences of IPB University (In-
stitut Pertanian Bogor), Bogor, Indonesia, from May to 
July 2023.

Probiotics 

In this research study, 3 commercially available pro-
biotics were employed: the Streptococcus salivarius K12 
lozenge containing 1 billion colony-forming units (CFU) 
(BLIS K12®); Lactobacillus reuteri ATCC PTA 5289 
at 1  ×  108 CFU (Interlac® Pro-D) in lozenge form; and 
Lactobacillus reuteri DSM 17938 at 1 × 108 CFU provided 

Highlights

	• The study demonstrates that probiotics significantly improve wound healing throughout various stages of the pro-
liferation phase.

	• Improvement was observed in 5 critical aspects of healing – collagen density, angiogenesis, the re-epithelialization 
rate, the wound area, and the wound length.

	• All 3 tested probiotic strains contributed to enhanced wound repair, indicating broad therapeutic potential.
	• The findings suggest probiotics could be effective agents in wound management, highlighting the need for further 

research to understand mechanisms and refine clinical application.
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in powder sachet form. It is worth noting that the prepa-
ration of  BLIS K12 and Interlac Pro-D formulations in-
volved grinding down in a mortar, leading to the trans-
formation of all tested probiotics into a powdered state, 
which facilitated the experimental procedures.

Rats 

Based on the Federer formula, it was determined that 
the minimum sample size per intervention is 3. In this 
study, 5 rats were used per intervention; therefore sixty 
8-week-old Sprague–Dawley® male rats weighing be-
tween 200–300 g were utilized. The rats were randomly 
assigned to 4 distinct groups, with each group consisting 
of 15 rats: group 1, receiving treatment with BLIS K12; 
group 2, treated with Interlac Pro-D; group 3, adminis-
tered with Interlac; and finally, group  4 as the control 
group. During the adaptation period lasting 7 days, the 
rats were given the prophylactic deworming medication 
albendazole at a dosage of 30 mg/kg body weight (b.w.) 
orally. This was aimed at ensuring the health of the rats 
and eliminating any parasitic infestation before com-
mencing the research. The 60 rats were housed in 30 
cages, with each cage accommodating 2 rats. The cages 
were plastic boxes measuring 30 × 40 cm, equipped with 
wood shavings as bedding. The rat housing was situated 
within a specially regulated room maintained at a tem-
perature of 25 ±2°C, with humidity levels set at 55 ±10% 
and a lighting cycle of 12 h of bright light, followed by 12 
h of darkness.

Wound model 

Under sterile conditions, surgical wounds were cre-
ated on the rats’ palates. Anesthesia for the experimental 
animals was induced by an intraperitoneal (i.p.) injection 
of Ketamine-Hameln® as the primary anesthetic, dosed at 
95 mg/kg b.w. Additionally, xylazine was administered at 
5 mg/kg b.w. to promote muscle relaxation and prolong 
the anesthesia. Both medications were injected into the 
rat’s abdominal area, using a 1-cc syringe equipped with 
a 30G needle, allowing approx. 5 min for the drugs to take 
effect. Following successful anesthesia, the rat’s palate was 
sterilized using gauze, forceps and 70% alcohol. A 5-mm 
diameter punch biopsy was then performed at the mid-
line of the rat’s hard palate to create a wound, followed by 
swabbing the wound site until bleeding ceased. Notably, 
no analgesics or antibiotics were administered to the rats 
after the creation of the wound.

Application of treatment 

After creating the wounds on the rats’ palates, the test 
groups were administered probiotics in powdered form, 
applied evenly to the wounds at a dosage of 4 mg, using 
a cotton pellet. Subsequently, a mucosal patch, Curatick™, 

was placed over the wounds. In the control group, only 
the mucosal patch was applied directly onto the wounds. 
This treatment was administered daily throughout the ex-
perimental period, and the mucosal patch was replaced 
daily. Then, 5 rats from each group were anesthetized and 
sacrificed on days 3, 7 and 14, using the exsanguination 
technique.

Observation of wound healing 

Tissue samples were excised and fixed in Bouin’s fixa-
tive solution for 24 h. Subsequently, they were sectioned 
into pieces measuring 2 × 1 mm with a thickness of 2 mm, 
using a No. 12 surgical blade knife. Dehydration followed 
using 100% alcohol before embedding the tissue blocks 
in paraffin of a temperature of 70°C within a base mold. 
After setting, the tissues underwent cryotome sectioning 
and were placed on glass slides for subsequent staining. 
The excised wound areas were then fixed and subjected 
to histopathological examination involving hematoxylin 
and eosin (H&E) staining, as well as Masson’s trichrome 
staining. Quantitative analysis of  collagen density, an-
giogenesis, re-epithelialization, the wound area, and the 
wound length was performed utilizing the ImageJ soft-
ware (https://imagej.net/ij/index.html).

The method employed for assessing collagen density 
areas involved Masson’s trichrome staining, with the 
areas being identified by distinctive bluish coloration, 
and characterized by thick, wavy cytoplasm with trans-
verse fibers and the absence of a nucleus. Quantification 
of  the collagen density area [mm2] was accomplished 
by determining the total collagen area relative to the 
overall wound area in 6 distinct regions. Angiogenesis, 
visualized through H&E staining, showcased purple en-
dothelial cells and red-colored erythrocytes. The mea-
surement of angiogenesis was based on the total count 
of  blood vessels identified in the 6 specified regions. 
The microscopic wound length was measured using the 
H&E-stained slides by calculating the distance between 
both wound edges, relying on the examination of  the 
epithelial tissue under a microscope with ×4 magnifica-
tion. The wound area was measured macroscopically by 
calculating the clinical wound area based on the clini-
cal photographs of  the rat wounds. A ruler was placed 
next to the wound in the photographs as a size reference, 
which was then used to measure the wound area accu-
rately. Finally, the re-epithelialization rate was computed 
using a specific formula (Equation 1):

 (1)

where:
St – residual wound area at the indicated time; and
S0 – initial wound area.

https://imagej.net/ij/index.html
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Blinding 

Blinding was implemented during the allocation, out-
come assessment and data analysis phases of  the study. 
This approach was used to minimize bias, and ensure that 
the allocation of participants, the evaluation of outcomes 
and the interpretation of data remained objective and un-
influenced by the knowledge of the treatment groups.

Statistical analysis 

The data was statistically analyzed using the IBM SPSS 
Statistics for Windows, v. 26.0 (IBM Crop., Armonk, 
USA). The normality of data distribution was tested us-
ing the Shapiro–Wilk test (p > 0.05), and the multivariate 
analysis of  variance (MANOVA) with Tukey’s post hoc 
honestly significant difference (HSD) was performed to 
compare differences between the groups and across the 
necropsy days.

Results
The data pertaining to collagen density, angiogenesis, the 

re-epithelialization rate, the wound area, and the wound 
length is displayed in Table 1. In a  descriptive analysis 
of the collagen density variable, it was observed that there 
was an increase in collagen density across all groups, corre-
sponding directly with the necropsy/observation days. The 
group of rats serving as controls and necropsied on the 3rd 
day exhibited the lowest collagen density value, whereas the 
group treated with the probiotic Interlac and necropsied 
on the 14th day showed the highest collagen density value, 
suggesting enhanced wound healing over time (Fig. 1). This 
increase in collagen density corresponds with the body’s 
natural healing process, where collagen deposition plays 
a critical role in strengthening the wound.

Regarding the dependent variable angiogenesis, there is 
a pattern of an initial increase followed by a slight decline; 
the lowest angiogenesis values appeared on day 3, gradu-
ally increasing by day 7, and slightly decreasing by day 14 
(Fig. 2). This trend likely reflects the peak of new blood 

Fig. 2. Comparison of angiogenesis between the study groups over 3 time 
points (days 3, 7, and 14)

Table 1. Collagen density, angiogenesis, re-epithelialization rate, wound area, and wound length for all groups across various necropsy days

Group Necropsy day Collagen density 
[mm2]

Angiogenesis 
n

Re-epithelialization rate 
[%]

Wound area  
[mm2]

Wound length  
[mm]

Group 1

day 3 19.95 ±1.40 7.85 ±1.04 71.88 ±4.65 4.07 ±0.25 3.35 ±0.60

day 7 26.07 ±2.51 8.55 ±1.43 78.31 ±16.85 2.47 ±0.98 2.74 ±0.36

day 14 29.65 ±6.88 7.15 ±0.53 90.68 ±18.64 0.23 ±0.45 1.17 ±0.45

Group 2

day 3 15.49 ±3.20 8.45 ±2.11 57.77 ±8.16 3.92 ±2.39 4.16 ±0.36

day 7 22.92 ±1.27 9.50 ±1.37 67.15 ±16.05 1.63 ±1.40 3.63 ±1.08

day 14 25.54 ±1.27 11.90 ±2.31 94.26 ±11.48 0.22 ±0.43 3.18 ±0.59

Group 3

day 3 31.92 ±9.49 6.90 ±1.62 56.30 ±11.25 3.55 ±0.26 3.64 ±1.19

day 7 33.30 ±9.14 9.55 ±4.75 87.46 ±15.63 0.89 ±1.35 2.46 ±0.49

day 14 38.86 ±4.47 7.70 ±2.87 82.06 ±21.53 0.55 ±0.68 2.14 ±0.72

Group 4 

day 3 12.98 ±4.58 4.20 ±0.59 42.95 ±7.33 7.76 ±2.49 4.37 ±1.06

day 7 16.53 ±2.80 4.70 ±0.58 45.17 ±6.27 5.24 ±6.49 2.90 ±0.59

day 14 24.14 ±3.41 4.45 ±0.68 43.61 ±10.58 2.00 ±0.91 6.77 ±1.21

Data presented as mean ± standard deviation (M ±SD). 
Groups: group 1 – BLIS K12; group 2 – Interlac Pro-D; group 3 – Interlac; group 4 – control.

Fig. 1. Comparison of collagen density [mm²] between the study groups 
over 3 time points (days 3, 7, and 14)
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vessel formation necessary for tissue repair, and subse-
quent stabilization as healing progresses. The Interlac 
Pro-D group exhibited the highest angiogenesis by day 14, 
indicating a robust vascular response that supports tissue 
regeneration.

The dependent variable re-epithelialization rate logi-
cally shows an  inverse relationship with the dependent 
variables wound area and wound length. Initially, a  low 
re-epithelialization rate is expected, increasing gradually 
in subsequent days (Fig. 3). Conversely, in the early days, 
the wound area and the wound length are expected to be 
large, gradually decreasing in the following days (Fig. 4 
and 5). For the re-epithelialization rate, the lowest value 
was in the control group necropsied on the 3rd day, while 
the highest was in the group of rats treated with the pro-
biotic Interlac Pro-D and necropsied on the 14th day. Re-
garding the wound area, the lowest value was in the group 
of rats treated with the probiotic Interlac Pro-D and nec-
ropsied on the 14th day, while the highest was in the con-
trol group necropsied on the 3rd day. As for the wound 
length, the lowest value was in the group of rats treated 
with the probiotic BLIS K12 and necropsied on the 14th 
day, while the highest was in the control group necropsied 
on the 14th day.

The Shapiro–Wilk test indicated that the data was 
normally distributed (p  >  0.05). To compare the wound 
healing variables (collagen density, angiogenesis, the rate 
of  re-epithelialization, the wound area, and the wound 
length) between the groups and across the necropsy days, 
MANOVA with Tukey’s post hoc HSD test was employed. 
The results of these analyses are presented in Tables 2–4.

Table 2 presents the results of  the MANOVA test 
aimed at evaluating the effects of 2 independent variables, 
namely the groups and the necropsy days, on 5 depen-
dent variables: collagen density; angiogenesis; the re-epi-
thelialization rate; the wound area; and the wound length. 
The analysis also assessed the interaction between the in-
dependent variables and their impact on the dependent 
variables. The MANOVA test revealed that all the de-
pendent variables were significantly affected by different 
groups. Additionally, with the exception of angiogenesis, 

Fig. 3. Comparison of the re-epithelization rate [%] between the study 
groups over 3 time points (days 3, 7, and 14)

Table 2. Results of the MANOVA test with regard to differences in collagen 
density, angiogenesis, the re-epithelialization rate, the wound area, and 
the wound length between the groups and the necropsy days

Comparison F p-value

Between the 
groups

collagen density 25.026 0.000*

angiogenesis 15.211 0.000*

re-epithelialization rate 18.095 0.000*

wound area 5.660 0.003*

wound length 19.870 0.000*

Between the 
necropsy days

collagen density 14.175 0.000*

angiogenesis 1.600 0.216

re-epithelialization rate 9.451 0.001*

wound area 13.189 0.000*

wound length 5.822 0.006*

Interaction 
between the 
groups and the 
necropsy days

collagen density 0.405 0.063

angiogenesis 1.251 0.173

re-epithelialization rate 2.279 0.275

wound area 0.415 0.065

wound length 10.812 0.643

* statistically significant.
Fig. 5. Comparison of the wound length [mm] between the study groups 
over 3 time points (days 3, 7, and 14)

Fig. 4. Comparison of the wound area [mm²] between the study groups 
over 3 time points (days 3, 7, and 14)
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all the dependent variables show significant differences 
across different necropsy days. However, the interaction 
between the groups and the necropsy day did not have 
a significant effect on any of the dependent variables. The 
lack of a significant interaction between the groups and 
the necropsy days suggests that while each factor individ-
ually affected the healing outcomes, their combined influ-
ence did not further alter the patterns observed.

Table 3 shows the results of Tukey’s post hoc HSD test for 
intergroup comparisons. It reveals significant differences 
in all the dependent variables when comparing group  4 
(the control group) with the other treated groups (groups 
1–3), except for collagen density when comparing group 4 
(control) with group 2 (Interlac Pro-D). Interestingly, when 

comparing between the treated groups, most of  the de-
pendent variables showed no significant differences. How-
ever, there are exceptions: collagen density showed signifi-
cant differences when comparing group 1 (BLIS K12) with 
group 3 (Interlac), as well as group 2 (Interlac Pro-D) with 
group 3 (Interlac). Additionally, the wound length exhib-
ited significant differences when comparing group 1 (BLIS 
K12) with group 2 (Interlac Pro-D), and when comparing 
group 2 (Interlac Pro-D) with group 3 (Interlac).

Table 4 displays the outcomes of Tukey’s post hoc HSD 
test for comparisons among the necropsy days. The anal-
ysis indicated significant differences in collagen density 
between each pair of necropsy days (day 3 and day 7, day 
3 and day 14, and day 7 and day 14). However, angiogen-
esis did not exhibit any significant differences between 
the various necropsy day pairs. Notably, the re-epitheli-
alization rate and the wound area demonstrated signifi-
cant differences between necropsy day 3 and day 7, as well 
as between necropsy day 3 and day 14, but not between 
necropsy day 7 and day 14. Similarly, the wound length 
displayed a  significant difference between necropsy day 
3 and day 7, but no significant differences were observed 
between necropsy day 3 and day 14, or between necropsy 
day 7 and day 14.

Discussion
Intraoral wounds, prone to bacterial contamination, of-

ten result in postoperative complications, such as wound 
dehiscence, infection and pain.1 However, effectively 
managing these problems remains a  challenge. While 
conventional treatment, like silver dressings, have been 
historically used, recent research questions their effec-

Table 3. Results of Tukey’s post hoc HSD test for intergroup comparisons

Variable Comparison p-value

Collagen density

group 4 
(control group)

group 1 (BLIS K12) 0.005*

group 2 (Interlac Pro-D) 0.352

group 3 (Interlac) 0.000*

group 1 
(BLIS K12)

group 2 (Interlac Pro-D) 0.245

group 3 (Interlac) 0.000*

group 2 
(Interlac Pro-D)

group 3 (Interlac) 0.000*

Angiogenesis

group 4 
(control group)

group 1 (BLIS K12) 0.001*

group 2 (Interlac Pro-D) 0.000*

group 3 (Interlac) 0.001*

group 1 
(BLIS K12)

group 2 (Interlac Pro-D) 0.072

group 3 (Interlac) 0.995

group 2 
(Interlac Pro-D)

group 3 (Interlac) 0.119

Re-epithelialization 
rate

group 4 
(control group)

group 1 (BLIS K12) 0.000*

group 2 (Interlac Pro-D) 0.000*

group 3 (Interlac) 0.000*

group 1 
(BLIS K12)

group 2 (Interlac Pro-D) 0.554

group 3 (Interlac) 0.796

group 2 
(Interlac Pro-D)

group 3 (Interlac) 0.977

Wound area

group 4 
(control group)

group 1 (BLIS K12) 0.025*

group 2 (Interlac Pro-D) 0.010*

group 3 (Interlac) 0.005*

group 1 
(BLIS K12)

group 2 (Interlac Pro-D) 0.983

group 3 (Interlac) 0.916

group 2 
(Interlac Pro-D)

group 3 (Interlac) 0.992

Wound length

group 4 
(control group)

group 1 (BLIS K12) 0.000*

group 2 (Interlac Pro-D) 0.015*

group 3 (Interlac) 0.000*

group 1 
(BLIS K12)

group 2 (Interlac Pro-D) 0.003*

group 3 (Interlac) 0.747

group 2 
(Interlac Pro-D)

group 3 (Interlac) 0.036*

* statistically significant.

Table 4. Results of Tukey’s post hoc HSD test for comparisons among 
the necropsy days

Variable Comparison p-value

Collagen density
necropsy day 3

necropsy day 7 0.035*

necropsy day 14 0.000*

necropsy day 7 necropsy day 14 0.026*

Angiogenesis
necropsy day 3

necropsy day 7 0.217

necropsy day 14 0.392

necropsy day 7 necropsy day 14 0.923

Re-epithelialization 
rate

necropsy day 3
necropsy day 7 0.035*

necropsy day 14 0.000*

necropsy day 7 necropsy day 14 0.212

Wound area
necropsy day 3

necropsy day 7 0.019*

necropsy day 14 0.000*

necropsy day 7 necropsy day 14 0.072

Wound length
necropsy day 3

necropsy day 7 0.005*

necropsy day 14 0.120

necropsy day 7 necropsy day 14 0.370

* statistically significant.
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tiveness in promoting wound healing. Topical antibiotics, 
though frequently prescribed, can lead to resistance and 
skin irritation. Similarly, iodine has been associated with 
cellular toxicity. Conversely, topical probiotics offer broad 
antimicrobial activity with minimal systemic side effects 
and effectively inhibit biofilm formation. Both human and 
animal studies have shown promising results in using pro-
biotics to enhance wound healing.9

Probiotics and their byproducts are gaining attention 
for their ability to help the body heal by regulating vital 
biological processes. Probiotics can be applied directly to 
the wound or taken orally.6 However, using active ingre-
dients systemically, either through the mouth or by injec-
tion, has drawbacks, like needing higher doses for effec-
tiveness.10 Recent studies show that applying probiotics 
directly to wounds can reduce bacterial growth and speed 
up tissue repair.6 Based on these reasons, this study was 
undertaken utilizing probiotics applied topically.

The hypothesis that probiotics L. reuteri and S. salivarius 
K12 can enhance the wound healing process is based on 
their ability to inhibit the formation of pathogenic bacte-
rial biofilms.11,12 Biofilms often act as a  physical barrier 
that hinders the migration of epithelial cells, which is es-
sential for wound closure. This delayed epithelialization 
is a hallmark of chronic wounds, contributing to slower 
healing.13 Additionally, the presence of biofilms can trig-
ger an excessive inflammatory response, leading to pro-
longed inflammation and subsequent tissue damage. 
Chronic inflammation further impedes the wound heal-
ing process.14 By inhibiting biofilm formation, L.reuteri 
and S. salivarius K12 may help reduce inflammation and 
promote faster epithelialization, ultimately enhancing the 
overall wound healing process.13,14

The use of  antibiotics and analgesics can significantly 
influence the wound healing process. Antibiotics have 
been shown to suppress key inflammatory mediators, 
such as interleukin 1 beta (IL-1β), C-C motif chemokine 
ligand 2 (CCL2) and interferon alpha/beta (IFN-α/β), po-
tentially leading to delayed wound healing. Moreover, al-
though studies on non-steroidal anti-inflammatory drugs 
(NSAIDs) have yielded mixed results, it is well-estab-
lished that NSAIDs inhibit the COX pathway, which plays 
a critical role in the proliferation phase of wound healing. 
To avoid potential bias, no antibiotics or analgesics were 
used in this study. The absence of these medications did 
not affect the wound healing process, as normal wound 
healing morphology was observed in both groups, and 
none of  the rats exhibited signs of  secondary infection. 
Ethical considerations were strictly adhered to, ensur-
ing that the well-being of the rats was monitored closely 
throughout the study.10

One notable limitation of  this study is its reliance on 
Sprague–Dawley rats as the experimental subjects, which 
may not fully reflect the physiological responses of  hu-
mans. Despite the differences between humans and 
Sprague–Dawley rats in oral wound healing, this rat strain 

remains a valuable model for pilot studies. Their biologi-
cal processes, particularly the fibroblast growth factor 
(FGF) pathways, closely resemble those of  humans and 
provide useful insights into oral wound repair.15,16 How-
ever, the inherent differences in metabolism, immune re-
sponses and the speed of wound healing between rats and 
humans can influence the outcomes, and these variations 
may affect the generalizability of findings to human sub-
jects. While Sprague–Dawley rats are practical for under-
standing the basic mechanisms of tissue regeneration and 
wound contraction, further research on human subjects is 
crucial to confirm the applicability and clinical relevance 
of these results.17

Additionally, the presence of outliers in the data intro-
duces the potential for bias in the analysis of certain vari-
ables, which could influence the interpretation of results. 
However, it is essential to emphasize our commitment 
to transparently and honestly reporting the data within 
this study, ensuring that the findings presented reflect the 
genuine observations made during the research process. 
Despite these limitations, this study lays valuable ground-
work for future investigations aimed at understanding the 
potential effects of probiotics in wound healing.

Given the potential of  probiotics and notwithstand-
ing the aforementioned limitations, further research into 
probiotics as alternative, safe antimicrobial agents for 
wound care is still imperative. This study aims to explore 
the effects of commercially available probiotics on wound 
healing, particularly focusing on the proliferation phase. 
Assessment at the 3rd, 7th and 14th days post-application 
provides insight into their impact during the early, mid 
and late stages of proliferation, respectively.

The statistical analysis demonstrated that the interac-
tion between the treatment groups and the necropsy days 
did not exert a significant effect on any of the dependent 
variables, encompassing collagen density, angiogenesis, 
the re-epithelialization rate, the wound area, and the 
wound length. This suggests that the influence of differ-
ent treatment groups remained consistent throughout the 
evaluation days, indicating stable effects regardless of the 
assessment time. This underscores the reliability and 
consistency of  the observed outcomes across the study 
timeline. However, the application of probiotics still sig-
nificantly impacted these variables, as evidenced by the 
findings. Therefore, each variable will be discussed in de-
tail in the following subsections.

Collagen density 

Notably, group  4 (control group) exhibited the lowest 
collagen density across all evaluation days, suggesting 
a discernible effect of probiotics on this metric. Statisti-
cal analysis revealed significant differences between the 
control group and both group 1 (BLIS K12) and group 3 
(Interlac), indicating their effectiveness in enhancing col-
lagen density. Surprisingly, while group 2 (Interlac Pro-D) 
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demonstrated a  tendency toward higher collagen densi-
ty as compared to the control group, the difference was 
not statistically significant, suggesting limited efficacy in 
this context. Of particular interest is the observation that 
group 3 (Interlac) displayed the highest collagen density 
among all groups, with a statistically significant difference 
as compared to other groups. This underscores the supe-
rior effectiveness of Interlac in promoting collagen den-
sity during wound healing within the scope of this study.

A previous study conducted by Moraes  et  al. investi-
gated the effects of both live probiotic and paraprobiotic 
forms of  Interlac Pro-D on the collagen levels in peri-
odontitis-induced rats.18 Their findings indicated that 
the live probiotic Interlac Pro-D did not significantly alter 
collagen amounts, while the paraprobiotic forms contain-
ing non-viable L reuteri DSM 17938 and ATCC PTA 5289 
showed a  significant increase in collagen production.18 
This aligns with the results of our study, which also found 
that Interlac Pro-D did not significantly affect collagen 
density. Furthermore, previous research by Garcia et  al. 
demonstrated improvement in the collagen levels in the 
probiotic-treated group using Interlac as compared to 
both the control group and those treated with systemic 
saline solution.19 These findings parallel our own, high-
lighting the potential of  Interlac in enhancing collagen 
production. Our research revealed that the topical ap-
plication of L. reuteri DSM 17938 can enhance collagen 
production, although combining this strain with others, 
such as ATCC PTA 5289, may yield different results. Ad-
ditionally, the potential influence of S. salivarius K12 on 
collagen deposition remains largely unexplored. However, 
the results of  this study serve as a  foundational or pilot 
project, providing insight into the notion that the probi-
otic S. salivarius K12 may indeed enhance collagen pro-
duction in oral wound healing.

The findings of  this study indicate a  progressive in-
crease in collagen density over time, particularly in the 
early, middle and late proliferation phases. Statistical 
analysis further corroborates these results, demonstrat-
ing significant differences in collagen density among all 
evaluation days. This observed temporal variation sug-
gests a  dynamic process of  collagen deposition during 
the course of wound healing. The underlying mechanism 
driving this phenomenon can be attributed to the height-
ened fibroblast activity essential for tissue repair, particu-
larly during the granulation phase.20

Angiogenesis 

The benefits of  probiotic bacteria for wound healing, 
including their potential role in promoting angiogenesis, 
have been suggested in previous research.20 Angiogenesis, 
a  crucial aspect of  the wound healing process, involves 
a  meticulously orchestrated series of  biological events. 
These events facilitate the recruitment of  inflammatory 
cells and the production of cytokines, matrix-degrading 

enzymes, and chemokines, ultimately leading to the for-
mation of new capillaries from the existing ones.21 This 
research provided a  valuable perspective on the impact 
of various probiotics on angiogenesis during the prolifera-
tion phase of wound healing. The findings indicate that 
the angiogenesis levels in the control group were consis-
tently lower as compared to all other groups across all 
evaluation days.

Statistical analysis further confirms substantial differ-
ences in angiogenesis between the control group and all 
other groups, suggesting that the topical application of the 
3 types of probiotics investigated in this study does indeed 
influence angiogenesis. However, intriguingly, there were 
no statistically significant differences observed among the 
probiotic groups themselves. This implies that each of the 
3 probiotics utilized in this research yields similar out-
comes in enhancing angiogenesis during the proliferation 
phase of wound healing.

Consistent with the findings of  this study, Zhou et al. 
reported in their research that the utilization of the probi-
otic L. reuteri led to an increase in the CD31 and vascular 
endothelial growth factor (VEGF) levels, both of  which 
are proteins associated with angiogenesis.22 Moreover, 
their study revealed that the application of  metal-phe-
nolic self-assembly shielded L. reuteri in a reinforced hy-
drogel further enhanced the expression of these proteins 
as compared to using L. reuteri alone. These results sug-
gest that the incorporation of probiotics, particularly in 
novel delivery systems such as hydrogels, holds promise 
for augmenting angiogenesis and potentially improving 
wound healing outcomes.22

Limited in vivo and in vitro studies have suggested that 
certain probiotics, whether in live form or in a bacterial 
culture supernatant, can locally stimulate angiogenesis. 
They have been shown to induce the production of VEGF, 
thereby promoting endothelial cell growth and migra-
tion.23 However, no study on the influence of S. salivarius 
K12 on angiogenesis has been found. This research can 
provide foundational knowledge that the effect of enhanc-
ing angiogenesis by S. salivarius K12 is comparable to that 
of L. reuteri, which has been previously researched.

Moreover, the lack of  significant differences in angio-
genesis across time points may be due to the nature of an-
giogenesis itself, which typically peaks early in the wound 
healing process, around days 3 to 7, when new blood ves-
sels are formed to support tissue regeneration. By day 14, 
angiogenesis may have already stabilized, meaning that 
further changes in blood vessel formation are minimal, 
which could explain why no significant differences were 
observed at the later necropsy days.10

Re-epithelialization rate, wound area 
and wound length 

The wound area and length exhibit an inverse relation-
ship with the level of  re-epithelialization and fibroblast 
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activity. Therefore, it is unsurprising to observe in this 
research that there is an inverse correlation between the 
re-epithelialization rate and both the wound area and the 
wound length. This is because a higher rate of re-epithe-
lialization leads to smaller wound areas and lengths.10 In 
this study, statistically significant differences were found 
in the re-epithelialization rate, the wound area and the 
wound length between the control group and the 3 treat-
ment groups receiving different types of probiotics. This 
indicates that the topical application of the 3 types of pro-
biotics on oral wounds can enhance re-epithelialization 
and expedite wound closure, as evidenced by the reduced 
wound area and shorter wound length over time.

This study revealed that all 3 types of probiotics showed 
no significant differences in enhancing re-epitheliali-
zation and reducing the wound area. However, notable 
variations emerged regarding the wound length, with sig-
nificant differences observed between group  2 (Interlac 
Pro-D) and both group 1 (BLIS K12) and group 3 (Inter-
lac). This suggests that Interlac Pro-D may be less effec-
tive in reducing wound length as compared to BLIS K12 
and Interlac. Conversely, no statistical differences were 
observed in the effect of reducing the wound length be-
tween group 1 (BLIS K12) and group 3 (Interlac), indicat-
ing comparable effects for both these probiotics.

The difference in outcomes between the wound area 
and length measurements could be due to the meth-
odology employed for wound assessment. The wound 
length is determined by measuring the longest linear 
dimension within the wound, which may not offer such 
a precise measurement as in the case of the wound area 
in fully capturing the overall dimensions of  the wound. 
This discrepancy arises because, even if the wound area 
seems small, variations in the wound width could result 
in a greater length measurement.24

Moysidis et  al. in their study concluded that their ex-
perimental findings support the notion that the manipu-
lation of  the wound environment using beneficial bac-
teria, such as probiotics, positively impacts the healing 
process.25 In their research, they utilized Lactobacillus 
plantarum UBLP-40, as well as a combination of Lactoba-
cillus rhamnosus UBLR-58 and Bifidobacterium longum 
UBBL-64. The authors further stated that probiotics op-
erated through various, potentially unique mechanisms 
that are specific to each strain, yet collectively lead to 
faster wound healing.25 These findings align with our own 
research, which demonstrates that the topical application 
of 3 probiotic strains on oral wounds enhances re-epithe-
lialization and expedites wound closure.

On the other hand, Öhnstedt et al. demonstrated the 
efficacy and tolerability of the novel drug candidate re-
sulting from the significant development of Limosilacto-
bacillus reuteri R2LC.26 This strain has been genetically 
modified to encode human CXCL12 1 alpha, leading to 
the creation of the drug candidate ILP100. This innova-
tive approach has facilitated the development of ILP100 

in a  freeze-dried formulation. Their research revealed 
that topical treatment with ILP100 significantly accel-
erated the healing process of  full-thickness wounds in 
minipigs.26

Conclusions
In conclusion, the present study demonstrates the 

significant benefits of  probiotics in enhancing wound 
healing across various timing of the proliferation phase. 
Through the analysis of 5 key aspects, including colla-
gen density, angiogenesis, the re-epithelialization rate, 
the wound area, and wound length, our findings reveal 
a consistent positive impact of probiotic use. Utilizing 3 
distinct types of  probiotics, we observed improvement 
in all aspects of  wound healing, from the early to late 
stages of  proliferation. This underscores the potential 
of  probiotics as effective agents in promoting wound 
repair and regeneration, offering promising avenues for 
enhancing clinical outcomes in wound management. 
Further research and clinical trials are warranted to elu-
cidate the specific mechanisms underlying the therapeu-
tic effects of probiotics, and to optimize their utilization 
in clinical practice.
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Abstract
Background. A variety of firing protocols are available for the IPS e.max lithium disilicate (LD) and can be 
used for new, ‘advanced’ LD (ALD). However, the impact of firing protocols on the optical properties of ALD 
is still unknown.

Objectives. The aim of  the present study was to evaluate the color difference (ΔE00), the translucency 
parameter (TP00) and the whiteness index for dentistry (WID) for both LD glass ceramics after the processes 
of firing/glazing. 

Material and methods. Fifty disk-shaped specimens, with a  diameter of  10 mm and a  thickness 
of  1.2  mm, were fabricated from IPS e.max CAD (LD; Ivoclar) and another 50 from CEREC Tessera™ 
(ALD; Dentsply Sirona). The specimens from each group were further divided into 5 subgroups (n = 10) 
according to the firing/glazing protocol applied: crystallization (c); one-step crystallization and glazing (cg); 
crystallization and refiring (c-r); two-step crystallization and glazing (c-g); or long-firing crystallization 
(lfc). The ΔE00, TP00 and WID were assessed. The statistical analysis of  ΔE00 was performed using the 
one-way analysis of variance (ANOVA) and Tukey’s post hoc test, while TP00 and WID were analyzed with 
the two-way ANOVA and Tukey’s post hoc test at a statistical significance level of 0.05. The cg groups were 
designated as the reference.

Results. The ANOVA showed that the firing procedures had no effect on ΔE00, TP00 and WID in the case 
of LD. In addition, LD exhibited greater translucency and brightness as compared to ALD. For ALD, all color 
changes observed in relation to the reference firing protocol were clinically unacceptable. The ALD speci-
mens which underwent 1 standard firing cycle showed higher TP00 and WID values than other ALD groups.

Conclusions. The choice of the firing protocol has no impact on the color, TP00 or WID of LD. Additionally, 
LD presents higher WID values than ALD, irrespective of the firing protocol used. Alternative firing protocols 
result in clinically unacceptable color variations when compared to the manufacturer-recommended 
protocol for ALD. Advanced LD is more sensitive to different firing protocols with regard to its optical properties, 
which makes the workflow less predictable in comparison with LD.

Keywords: CAD/CAM, optical properties, dental materials, glass ceramics
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Introduction
In recent years, glass ceramics have become widely used 

due to their adequate bond strength, mechanical behavior 
and excellent optical properties.1,2 For instance, the trans­
lucency of lithium disilicate (LD) is higher as compared to 
the majority of  zirconia ceramics.1 Therefore, LD is one 
of the most commonly used ceramics for anterior veneers, 
posterior inlays, onlays and overlays, crowns, and bridges.3

When considering the specific needs of  each clinical 
case, the satisfaction of the patient depends on providing 
a  functional restoration whilst mimicking natural tooth 
appearance. Translucency, along with color, texture, size, 
and shape, determine the appearance and optical proper­
ties of  restorations.4–6 These esthetic parameters are 
affected by various factors, including the thickness of the 
restoration, surface treatment, the firing temperature, 
the number of firing cycles, the type of substructure, and 
differences in the manufacturing process.5 Despite the 
favorable characteristics of the well-known LD, its esthetic 
properties can be altered, depending on the firing/glazing 
protocols applied,5,7–9 which reduces the predictability 
of the treatment outcome.

Consequently, alternative materials have been deve­
loped to address the limitations of LD.10 The manufacturer 
of  CEREC Tessera™ (Dentsply Sirona, Charlotte, USA) 
refers to this new material as ‘advanced’ LD (ALD), and 
claims ALD has increased its mechanical strength as com­
pared to conventional LD while maintaining high esthetic 
parameters. Advanced LD consists of a zirconia-enriched 
glass matrix and lithium aluminum silicate (LAS) crystals 
called virgilite.11 The material is indicated for single-unit 
crowns, inlays, onlays, and veneers. Despite sharing 
several indications with LD, the firing protocol differs. 
According to the manufacturer, the use of  a  glaze layer 
as a finishing protocol is a mandatory step to achieve the 
desired mechanical properties. Yet, the effects of using or 
not using this protocol on the esthetic parameters of color, 
translucency and whiteness remain unknown.

The color evaluation of a natural-looking tooth is not 
easy, since the internal build-up is layered and complex. 
In addition, visual color assessment can be subjective due 
to both psychological and physiological aspects.12 There­
fore, instruments such as colorimeters and spectrophoto­
meters are commonly used to evaluate color changes 
in dental materials.13 To calculate the color difference 
(ΔE00), the International Commission on Illumination 
(Commission internationale de l’éclairage – CIE) recom­
mends the use of the CIEDE2000 color difference formula, 
which is currently the standard and most commonly 
used equation in the dental field to quantify color.12 To 
define translucency, specimens should be evaluated over 
a  black-and-white background. The difference between 
the reflected colors (the translucency parameter – TP00) 
provides a value corresponding to the human visual per­
ception of translucency.14 Another parameter determined 

to assess the esthetic performance of a dental material is 
the whiteness index for dentistry (WID), which is crucial 
in terms of the patient’s demands.15 Since ALD requires 
the application of a glaze layer, dentists and dental tech­
nicians need to know if and how this layer can affect the 
optical properties of the material in comparison with LD. 
Additionally, it is important to investigate the impact 
of  different firing protocols and processing methods on 
the esthetic outcome.16

Therefore, the present study investigated the impact 
of different firing/glazing protocols on the optical proper­
ties of LD and ALD. The null hypotheses were as follows: 
different firing protocols would not affect the (1) color, 
(2) translucency and (3) WID of both LD and ALD, and 
(4) no difference would be observed between the tested 
materials.

Material and methods
In the present study, 2 different reinforced glass-ceramic 

systems were tested. Their brand names, composition and 
manufacturer information are summarized in Table 1.

Fifty disk-shaped (10 mm in diameter and 1.2 mm in 
thickness) LD and ALD specimens were fabricated from 
each ceramic in the A2 shade in accordance with the VITA® 
classical shade guide (VITA Zahnfabrik, Bad Säckingen, 
Germany). Then, the ceramic disks from each group were 
further divided into 5 subgroups (n = 10) according to the 
evaluated firing/glazing protocols: crystallization (c); one-
step crystallization and glazing (cg); crystallization and 
refiring (c-r); two-step crystallization and glazing (c-g); or 
long-firing crystallization (lfc) (Fig. 1, Table 2). As indicated 
by the ALD manufacturer, the recommended firing protocol 
is crystallization with glazing in one step. This firing 
protocol was also adopted for LD as the reference.

The sample size was calculated using statistical soft­
ware (OpenEpi, v. 3.01; https://www.openepi.com/Menu/
OE_Menu.htm) to achieve 80% statistical power per­
formed with a  95% confidence interval (CI). The mean 
(M) and standard deviation (SD) values from a previous 
report that evaluated the relative translucency of LD and 
ALD17 were employed.

Table 1. Characteristics of the ceramic dental materials evaluated in the study

Material Brand name Chemical composition Manufacturer

LD IPS e.max CAD

SiO2: 57–80% 
Li2O: 11–19% 
K2O: 0–13% 
P2O5: 0–11% 
ZrO: 0–8% 

ZnO2: 0–8% 
coloring oxides: 0–8%

Ivoclar, Schaan, 
Liechtenstein

ALD CEREC Tessera
Li2Si2O5: 90% 

Li3PO4: 5% 
Li0.5Al0.5Si2.5O6 (virgilite): 5%

Dentsply 
Sirona, 

Charlotte, USA

LD – lithium disilicate; ALD – advanced lithium disilicate.

https://www.openepi.com/Menu/OE_Menu.htm
https://www.openepi.com/Menu/OE_Menu.htm
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Ceramic blocks of both materials were shaped into cylinders 
with a  diamond drill of  an  internal diameter of  10  mm 
(Diamant Boart, Brussels, Belgium), connected to a bench 
drill (SBE 1010 Plus; Metabo, Nürtingen, Germany) under 
constant water cooling. All specimens were cut and polished 
with #800, #1,000 and #1,200 grit sandpaper (CarbiMet® 
SiC abrasive paper; Buehler, Lake Bluff, USA) in a polish­
ing machine (EcoMet® 30; Buehler) until the final thickness 
of 1.20 ±0.09 mm was achieved. The disks were divided into 
5 subgroups (n = 10) according to the firing protocol. The 
IPS e.max CAD Crystall Glaze Spray (Ivoclar) was used for 
LD, and the Universal Spray Glaze (Dentsply Sirona) was 
used for ALD. All firing cycles for the 5 subgroups were pre-
programmed in a ceramic oven (Programat® P300; Ivoclar) 
according to the manufacturers’ instructions.

Fig. 1. Schematic illustration of the evaluated firing protocols, applied 
to both lithium disilicate (LD) and advanced lithium disilicate (ALD) 
specimens

Table 2. Distribution of the study groups according to the ceramic material and the firing protocol (as per the manufacturers’ instructions)

Glass ceramic Subgroup Step 1 Step 2

IPS e.max CAD 
(LD)

LDc

LD firing crystallization: 
– closing time: 6 min 
– stand-by temperature: 403°C 
– heating rate: 60°C/min 
– firing temperature: 770°C 
– holding time: 10 s 
– heating rate: 30°C/min 
– firing temperature: 850°C 
– holding time: 10 min 
– vacuum 1: 550–770°C 
– vacuum 2: 770–850°C 
– long-term cooling: 700°C/min

–

LDcg –

LDc-r another LD firing crystallization

LDc-g

IPS e.max CAD Crystall Glaze Spray firing: 
– closing time: 6 min 
– pre-heating temperature: 403°C 
– heating rate: 90°C/min 
– firing temperature: 820°C 
– holding time: 10 s 
– heating rate: 30°C/min 
– firing temperature: 840°C 
– holding time: 3 min 
– vacuum 1: 550–820°C

LDlfc

LD long-firing crystallization: 
– closing time: 6 min 
– stand-by temperature: 403°C 
– heating rate: 60°C/min 
– firing temperature: 770°C 
– holding time: 10 s 
– heating rate: 30°C/min 
– firing temperature: 850°C 
– holding time: 13 min 
– vacuum 1: 550–770°C 
– vacuum 2: 770–850°C 
– long-term cooling: 700°C/min

–

CEREC Tessera 
(ALD)

ALDc ALD firing crystallization: 
– closing time: 2 min 
– pre-heating temperature: 400°C 
– heating rate: 55°C/min 
– firing temperature: 760°C 
– holding time: 2 min 
– vacuum 1 and vacuum 2: off 
– long-term cooling: 0°C/min

–

ALDcg –

ALDc-r another ALD firing crystallization

ALDc-g Universal Spray Glaze firing

ALDlfc

ALD long-firing crystallization: 
– closing time: 2 min 
– pre-heating temperature: 400°C 
– heating rate: 55°C/min 
– firing temperature: 760°C 
– holding time: 4 min 
– vacuum 1 and vacuum 2: off 
– long-term cooling: 0°C/min

–

Firing protocols: c – crystallization; cg – one-step crystallization and glazing; c-r – crystallization and refiring; c-g – two-step crystallization and glazing; 
lfc – long-firing crystallization.
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The color was measured with a  spectrophotometer 
(VITA Easyshade®; VITA Zahnfabrik), which provided 
the lightness (L*), red–green axis (a*) and yellow–blue 
axis (b*) values from the CIELab color space for the 
specimens against white, black and grey backgrounds, 
using box-blocking harsh lighting (Table 3). Before each 
measurement session, the spectrophotometer was cali­
brated according to the manufacturer’s instructions. 
Each specimen was measured 3 times consecutively 
on each background, and the average was calculated 
to give the final value. The values obtained against the 
grey background were used to calculate the difference 
in color perception (ΔE00), using the CIEDE2000 formula 
(Equation 1)12:

(1),

where DL, DC and DH refer to the differences in 
lightness (L’), chroma (C’) and hue (H’) among the 
specimens. The weighting functions SL, SC, and SH 
adjust the overall color difference to account for varia­
tions in the position of the color difference in the L*a*b* 
coordinates. Meanwhile, the parametric factors kL, kC 
and kH serve as correction terms for the experimental 
conditions. RT is the rotation function that compen­
sates for the interaction between the chroma and hue 
differences, specifically in the blue region.13 For ΔE00, 
the acceptability threshold (AT) is 1.77, while the per­
ceptibility threshold (PT) is 0.81.12 Thus, values under 
0.81 can be considered irrelevant and negligible. Values 
between 0.81 and 1.77 are visible to the untrained eye, 
yet clinically acceptable, whereas values above 1.77 are 
clinically unacceptable.

Additionally, TP00 was calculated using the L*a*b* values 
from the white and black backgrounds (Equation 2):

 (2)

where:
TP00 – transparency parameter;
other parameters – as defined above;
W refers to the white background, and 
B refers to the black background.

The TP00 values closer to 100 indicate more transparent 
specimens, and the TP00 values closer to 0 indicate more 
opaque specimens.18

The L*a*b* coordinates were obtained over the black 
background and WID was calculated according to the fol­
lowing equation (Equation 3)15:

 (3)

where:
WID – whiteness index for dentistry;
L* – lightness;
a* – value on the red–green axis; and
b* – value on the yellow–blue axis.
Higher WID values indicate whiter specimens, while 

lower WID values indicate less white specimens.

Statistical analysis 

To evaluate the color differences for the ceramic 
groups, the visible and clinical acceptability thresholds 
were determined, and no further statistical analysis was 
performed. The cg groups were used as a point of refer­
ence in comparison to other methods, in accordance 
with the indication set forth by the ALD manufacturer. 
The ΔE00 was analyzed using the one-way analysis 
of  variance (ANOVA) with α  =  0.05 and Tukey’s post 
hoc test within each ceramic. The TP00 and WID were 
evaluated using the two-way ANOVA (α  =  0.05) and 
Tukey’s post hoc test, based on the firing protocol and 
the ceramic used.

Results
Table 4 presents the mean L*, a* and b* values against 

the white, black and grey backgrounds. The mean 
values of  L*, a* and b* on the grey background were 
used to calculate ΔE00 for different protocols within the 
same material group (Table 5). For LD, when consider­
ing LDcg as the reference for the firing protocol, there 
were no discernible color differences as compared to 
other protocols (ΔE00 < 0.81; p > 0.05). However, when 
comparing the firing protocols with each other, there 
were perceptible and acceptable color differences be­
tween LDc-r and LDc-g, between LDc-g and LDc, and 
between LDc-g and LDlfc (0.81  <  ΔE00  <  1.77). For 
ALD, unacceptable color variations were encountered 
in all comparisons to ALDcg (the recommended crystal­
lization protocol), with ΔE00 > 1.77. Additionally, ALDc 
and ALDc-r were significantly different from each other 
(p = 0.041).

For TP00, the two-way ANOVA showed significant dif­
ferences with regard to the type of ceramic (p < 0.001), 
the firing protocol (p  <  0.001), and their interaction 
(p  <  0.001). Lithium disilicate was more translucent 

Table 3. L*a*b* parameters for the backgrounds used

Background L* value a* value b* value

White 16.90 ±0.62 0.40 ±0.00 4.87 ±0.21

Black 1.23 ±0.19 24.60 ±0.94 45.63 ±6.30

Grey 13.00 ±1.72 0.50 ±0.08 3.97 ±0.49

Data presented as mean ± standard deviation (M ±SD). 
L* – lightness; a* – value on the red–green axis; b* – value on the yellow–
blue axis.
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(12.40 ±0.07) than ALD (10.76 ±1.41). Regarding the firing 
protocol, the highest mean TP00 values were found in the 
cg (12.38 ±0.03) and c (12.23 ±0.08) groups, followed by 
the lfc (11.32 ±1.55), c-g (11.11 ±1.94) and c-r (10.88 ±2.20) 
groups. Considering the interaction of  factors, no 
statistical differences in translucency were observed be­
tween the LD firing protocols. In the case of ALD, the cg 
and c groups showed the highest translucency, showing 
similar values. Protocols lfc, c-g and c-r showed the low­
est values, with no significant differences between them. 
The statistical outcomes are summarized in Table 6 and 
graphically depicted in Fig. 2.

The two-way ANOVA revealed differences in terms 
of  WID, based on the type of  ceramic, the firing 
protocol, and the interaction of factors (p < 0.001 in all 
cases). The LD specimens exhibited greater whiteness 

Table 4. L*a* b* parameters for the backgrounds used according to the 
study groups

Background Group L* value a* value b* value

White

LDc 93.08 ±0.32 −0.83 ±0.07 14.20 ±0.35

LDcg 92.91 ±0.42 −0.83 ±0.10 13.82 ±0.48

LDc-r 92.99 ±0.20 −0.74 ±0.13 14.30 ±0.63

LDc-g 92.80 ±0.33 −0.89 ±0.10 13.05 ±0.48

LDlfc 93.06 ±0.43 −0.79 ±0.07 14.28 ±0.30

ALDc 84.65 ±1.52 −0.67 ±1.45 37.85 ±5.43

ALDcg 85.64 ±1.72 −0.88 ±1.87 37.30 ±7.09

ALDc-r 85.91 ±1.20 4.93 ±1.90 52.63 ±4.82

ALDc-g 87.10 ±0.55 4.09 ±2.19 50.14 ±5.73

ALDlfc 85.63 ±0.56 2.76 ±2.12 48.54 ±5.95

Black

LDc 75.56 ±0.24 −1.67 ±0.05 8.50 ±0.23

LDcg 75.24 ±0.38 −1.66 ±0.07 8.21 ±0.40

LDc-r 75.24 ±0.46 −1.56 ±0.10 8.63 ±0.39

LDc-g 74.99 ±0.52 −1.68 ±0.07 7.67 ±0.35

LDlfc 75.36 ±0.26 −1.62 ±0.06 8.52 ±0.26

ALDc 70.72 ±2.14 −4.72 ±1.23 24.13 ±5.67

ALDcg 71.35 ±2.81 −4.81 ±1.47 23.54 ±6.88

ALDc-r 74.61 ±0.85 0.16 ±1.78 40.16 ±5.16

ALDc-g 75.32 ±1.09 −0.64 ±2.07 37.25 ±6.67

ALDlfc 73.52 ±1.03 −1.80 ±1.72 34.93 ±5.88

Grey

LDc 86.31 ±0.29 −1.19 ±0.05 12.07 ±0.32

LDcg 86.07 ±0.21 −1.18 ±0.09 11.69 ±0.53

LDc-r 85.99 ±0.28 −1.15 ±0.10 12.10 ±0.48

LDc-g 85.89 ±0.34 −1.25 ±0.09 10.97 ±0.46

LDlfc 86.26 ±0.38 −1.16 ±0.07 12.15 ±0.24

ALDc 79.04 ±1.67 −2.13 ±1.33 32.57 ±5.40

ALDcg 79.97 ±1.95 −2.27 ±1.66 32.14 ±6.75

ALDc-r 80.99 ±1.16 2.93 ±1.85 46.85 ±5.43

ALDc-g 82.25 ±0.60 2.20 ±2.06 44.35 ±5.86

ALDlfc 80.49 ±0.44 1.09 ±1.94 43.27 ±5.71

Data presented as M ±SD.
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(34.08 ±0.64) than the ALD specimens (–10.74 ±13.85). 
The highest WID values could be noticed in groups cg 
(19.49 ±20.81) and c (18.52 ±21.70), while the lowest 
values were encountered in the lfc (8.82 ±35.16), c-g 
(7.49 ±39.09) and c-r (4.02 ±41.69) groups. Different 
protocols did not significantly affect the WID of  LD. 
However, for ALD, the lfc, c-g and c-r exhibited dark­
er values. The statistical analysis of  the WID values 
is summarized in Table 6 and graphically depicted in 
Fig. 3.

Discussion
The present study investigated ΔE00, TP00 and WID for 

2 types of LD after subjecting the materials to different 
firing/glazing protocols. For LD, all color differences were 
either not visible or negligible and acceptable. All ALD 
groups presented visible and clinically unacceptable color 
differences in relation to the reference firing protocol 
(cg), which leads to the partial acceptance of the 1st hypo­
thesis. It is well established that the color remains stable 
under different conditions for conventional LD.17,19–21 In 
general, the mean ΔE00 values were below the perceivable 
threshold, indicating that the firing times and tempera­
tures, combined or not with glazing, do not affect the 
color of  LD.1 For ALD, all ΔE00 values were clinically 
unacceptable when compared to the reference group, in­
dicating that ALD is highly susceptible to the evaluated 
firing protocols. When observing the alternative firing 
protocols, the highest ΔE00 values relative to the reference 
protocol were observed for the c-r group, which under­
went 2 standard firing cycles without glazing.

Considering translucency, LD exhibited comparable 
behavior across different firing protocols, indicating that 
the processing protocol also does not affect translucency, 
which disagrees with previous literature.19 Conversely, 
the translucency of  the ALD samples was affected, 
which partially supports the 2nd hypothesis. In a study by 
Miranda et al., translucency changes occurred in most LD 
groups after more than 2 firing sessions,20 which exceeds 
the number of sessions conducted in the present study. On 
the contrary, ALD has only recently become available, and 
variations among different firing protocols are still being 
verified.22 Lithium disilicate showed higher TP00 values 
as compared to ALD, which differs from a previous study 
that reported similar and higher relative TP00 for LD and 
ALD.17 The authors used similar specimen dimensions to 
those utilized in the present study; however, the measure­
ment was performed using a different device. The authors 
claimed that different chemical composition and crystal­
line structures had a greater influence on translucency.17 

Table 6. Translucency parameter according to the CIELab color space (TP) 
and CIEDE2000 (TP00), and the whiteness index for dentistry (WID) with 
regard to the ceramic material and the firing protocol

Group TP TP00 WID

LDcg 18.56 ±0.57BC 12.40 ±0.39A 34.21 ±0.86A

LDc 18.44 ±0.39BC 12.29 ±0.26A 33.87 ±0.57A

LDc-r 18.65 ±0.43BC 12.44 ±0.31A 33.50 ±0.96A

LDc-g 18.62 ±0.34BC 12.48 ±0.26A 35.13 ±0.75A

LDlfc 18.63 ±0.35BC 12.42 ±0.22A 33.69 ±0.64A

ALDcg 20.25 ±1.01A 12.36 ±1.54A 4.78 ±11.31B

ALDc 19.98 ±0.83A 12.17 ±1.18A 3.18 ±8.69B

ALDc-r 17.56 ±1.12C 9.33 ±0.68B −25.45 ±9.97C

ALDc-g 18.10 ±1.42BC 9.74 ±1.13B −20.15 ±11.41C

ALDlfc 18.81 ±0.75B 10.23 ±1.03B −16.05 ±11.63C

Data presented as M ±SD. Different capital letters show statistically significant 
differences between the groups (ANOVA, Tukey’s post hoc test; p < 0.05).

Fig. 2. Column charts of the translucency parameter according to the 
CIELab color space (TP) and CIEDE2000 (TP00) with regard to the ceramic 
material and the firing protocol

Fig. 3. Column chart of the whiteness index for dentistry (WID) with regard 
to the ceramic material and the firing protocol
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The present results corroborate the existing literature, in­
dicating that the grain size also has a considerable effect 
on translucency23; LD with larger crystals than ALD,24,25 
exhibits greater translucency.23

Similar WID values were found for the LD groups, 
while the ALD groups presented differences among the 
firing protocols, which leads to the partial acceptance 
of the 3rd hypothesis. 

When comparing both materials, variations in translu­
cency and WID were noted, rejecting the 4th hypothesis. 
The WID for ALD presented statistically significant 
differences as compared to LD, regardless of  the firing 
protocol.

A similar effect in terms of  color changes can be ob­
served for TP00 and WID, wherein the ALDc-r group 
exhibited lower mean values as compared to the ALDcg 
group. It was previously reported that the crystallization 
temperature can alter the optical properties of  the 
material8 and ALD appeared to be more susceptible to the 
firing protocols than LD. There is a wider variety of  fir­
ing protocols for LD offered by the manufacturer: 1 firing 
cycle without glazing (c); 1 firing cycle with glazing (cg); and 
1 crystallization cycle followed by another firing cycle with 
glazing (c-g). It seems that this variety of  firing protocols 
cannot be implemented in ALD if its optical properties are 
taken into consideration. When compared to the protocol 
indicated by the manufacturer (cg), the color difference 
of the c-g specimens was greater. However, no statistical 
difference was observed in comparison with the c-r 
protocol. This suggests that the glaze serves as a protec­
tion layer against optical degradation in case of  firing 
cycles longer than the one indicated by the manufacturer 
of  ALD. Similar behavior could be noticed regarding 
the translucency and WID parameters. The refiring 
of ceramics can result in alterations to their mechanical 
and optical properties.22,26 Moreover, esthetic degrada­
tion is notable relative to groups with a  single standard 
firing protocol for the ALD samples.

Nevertheless, for the ALD samples, crystallization 
alone (c) promoted the lowest ΔE00, and did not result in 
significant differences in TP00 and WID when compared 
to the cg protocol. One similarity between these groups 
is that they underwent just one firing cycle at the same 
parameters, which seems to have had a less harmful effect 
on the esthetic outcome. It appears that ALD behaves 
better with a single firing cycle applied in accordance with 
the parameters set forth by the manufacturer, differing 
from those for the lfc group. The lfc protocol was used to 
observe whether the effects found for groups c-g and c-r 
would be withdrawn due to the elimination of the tempera­
ture drop between the firing cycles. This would eliminate 
material cooling, which is a relevant factor influencing the 
optical properties of  the material.26 Unacceptable color 
changes, and differences in the TP00 and WID values were 
observed upon comparison with the reference protocol, 
indicating that longer firing cycles than the one indicated 

by the manufacturer impair the optical properties of ALD, 
reinforcing the idea that ALD is highly susceptible to 
firing protocols. The WID is an  important parameter, 
especially when considering restorations in esthetic areas 
and the necessity for matching the bleached teeth.15 
Translucency represents the degree of light transmittance 
through an  object and is determined by its characteris­
tics, such as the reflection and/or scattering of light and 
the absorption of  radiation. Interestingly, a  recent study 
has demonstrated a significant increase in roughness for 
LD and ALD when applying a glaze layer, which would be 
expected to affect the esthetic parameters.22 In the pre­
sent study, however, the glaze did not seem to be a deter­
minant of color changes and translucency, contrary to the 
one-step glaze application protocol (cg), since another 
firing decreased translucency and WID.

When working in collaboration with a dental laboratory, 
it is common for the clinician to receive the final restora­
tion without being aware of  the firing protocol that has 
been employed. Moreover, the advent of new restorative 
materials has brought processing variations. For instance, 
some studies have advised additional firing for ALD to 
increase its strength and decrease or eliminate micro­
fissures.22,24 Ultimately, clinical decisions should be 
made based on the best scientific evidence available, 
the clinician’s expertise and the patient’s perceptions. 
Notably, the colorimeter device used to assess the color in 
the present study has an average accuracy of ΔE < 0.5, and 
performs equally well in laboratory and clinical settings, 
making it suitable for clinically relevant interpretation.27 
The human eye starts to detect color differences at 
different values.12 The perceptibility and acceptability 
thresholds for color differences are, therefore, a  point 
of  discussion in the literature. The conclusions derived 
from these values are subjective, given that color 
perception can be influenced by external stimuli, or even 
memory.15 Furthermore, it is important to ensure that the 
documentation is well conducted, and that the patient’s 
needs and expectations are taken into account.

One of  the main physical aspects that influence the 
optical properties of the material is its surface roughness.28 
As reported by Lu  et  al., the surface roughness of  LD 
and ALD was not affected by an additional firing cycle, 
but by glazing.22 Although the 2nd firing cycle with glaze 
application impaired the fracture resistance of  LD, the 
same strategy improved the mechanical behavior of ALD. 
In addition, scanning electron microscopy (SEM) in­
dicated that refiring could not alter the surface morphology 
of  the material, while glaze application led to smoother 
surfaces. Thus, it was suggested that the glassy phase 
on the ceramic could be partially molten during the 
2nd  firing, leading to better mechanical behavior, which 
implies the formation of different internal and superficial 
structures.22 Nonetheless, what is beneficial for ALD 
in terms of  its mechanical properties has proven to be 
a critical problem when optical properties are considered. 
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When examining its mechanical behavior, ALD benefited 
from the 2nd firing cycle with glaze application (the c-g 
protocol), whereas the manufacturer’s protocol (cg – 1 fir­
ing cycle with glaze application) resulted in lower flexural 
strength, which was still superior to that obtained with 
a  single firing cycle without glazing (c).22,26 This study 
revealed that only the c protocol promoted similar trans­
lucency and whiteness, although this was accompanied by 
an unacceptable color change. Therefore, to maintain the 
optical properties of ALD indicated by the manufacturer, 
the cg protocol is advocated. Dental restorations require 
a  balance between mechanical and optical properties. 
Thus, if a modification to the ALD firing protocol were 
to be implemented with the objective of  improving 
mechanical properties, this would result in alterations to 
the optical properties of the restoration.

Limitations 

Although the study provides valuable insights into the 
optical properties of ALD under various firing protocols, 
several limitations should be acknowledged. Firstly, the 
study did not investigate the potential influence of differ­
ent kinds of surface treatment on the optical outcomes, 
which could have impacted the results.29,30 Additionally, 
variations in the restoration thickness and design were 
not accounted for, which could have affected light trans­
mission and color perception.31 Moreover, the absence 
of  fatigue testing limits the understanding of  the long-
term performance and durability of the materials under 
different firing conditions.32 Furthermore, the study 
did not explore the effects of bonding to different sub­
strates, which could have influenced the overall optical 
behavior of  the restorations.33 Addressing these limita­
tions in future research would provide a more compre­
hensive understanding of the optical behavior of LD and 
ALD restorations. The use of only one measuring device 
(VITA Easyshade) and only one specimen thickness 
can also be considered as the limitations of  this study. 
To imitate clinical use, varying disk thicknesses should 
be investigated. Future research should employ differ­
ent measuring devices, and consider the use of esthetic 
characterization and pigment solutions.34 Additionally, 
there are dipping glazes which can influence the studied 
outcomes, and researchers are encouraged to explore 
them in future studies.

Conclusions
Advanced LD is highly susceptible to changes in color, 

translucency and WID, whereas LD demonstrates sta­
bility in the evaluated optical properties. All alternative 
firing protocols for ALD result in clinically unacceptable 
color variations when compared to the manufacturer-
recommended protocol (cg).
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Abstract
Background. In the oral cavity, restorations and teeth are subject to occlusal stresses, as well as physio-
logical and chemical wear processes. The consumption of alcoholic and non-alcoholic beverages is popular 
among adolescents, and this habit often persists into adulthood, contributing to tooth erosion. The erosive 
potential of these beverages is influenced by various factors, including the pH, acid type, buffer capacity, 
adhesion, chelating effect, and phosphate or calcium or fluoride content of the drink. Several studies have 
confirmed that the excessive consumption of alcoholic and non-alcoholic beverages reduces the micro-
hardness and flexural strength of composites.

Objectives. The purpose of this study is to compare the compressive strength (CS) of 3 core build-up resin 
composite materials in the presence of different alcoholic and non-alcoholic beverages. 

Material and methods. A total of 135 specimens (blocks measuring 5 mm × 4 mm) made from different 
composites (NexCore™, spee-dee™ build-up, and Ecosite Bulk Fill) were divided into 3  experimental 
groups (n  =  45). The experimental liquids used in each group were artificial saliva, Kingfisher® beer 
(an alcoholic beverage) and Thums Up® (a non-alcoholic beverage), which were maintained for 24 h at 
37°C. The compressive strength of the samples was measured with the use of a universal testing machine.

Results. Nexcore™ and Ecosite Bulk Fill exhibited the highest fracture resistance among the tested liquid 
mediums. The mean CS for NexCore™ was significantly higher after immersion in alcohol compared to 
saliva and non-alcoholic medium (p < 0.0001).

Conclusions. The immersion medium affects the CS of  bulk-fill composites. Moreover, NexCore™ and 
Ecosite Bulk Fill composites exhibited substantial CS, while spee-dee™ build-up demonstrated the lowest 
CS among the tested media.

Keywords: compressive strength, beverages, compositeCite as
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Introduction
A root canal-treated tooth with extensive loss of the 

coronal tooth structure is susceptible to fracture.1 A  sig
nificant reduction in the remaining tooth tissue repre
sents a major restorative challenge. It has been established 
that the quality of coronal restoration affects the outcome 
of  endodontic therapy.2 According to the guidelines 
and treatment standards established by the American 
Association of Endodontists (AAE), endodontically treated 
teeth (ETT) should be restored with a  core build-up 
(optionally, a  root canal post) and a  full crown to ensure 
the longevity of the tooth–restoration complex.3 Moreover, 
the quality of  the coronal restoration is equally or more 
important for the outcome of endodontic treatment than 
the quality of the actual root canal treatment.4 Therefore, 
root canal treatment cannot be successful without timely 
and adequate definitive restoration.3,4 However, most of the 
ETT undergo full coverage crown restorations, which lead 
to the removal of tooth structure.5,6 The restorations should 
always be designed conservatively with the aim of retaining 
as much sound residual tooth structure as possible. 

In recent years, advancements in the field of adhesive 
restoration and a shift toward minimally invasive access 
cavity preparation have led to a preference for direct or 
indirect bonded restorations of ETT with intact proximal 
walls.7 In clinical practice, direct restorations offer sev-
eral advantages, including time efficiency, conservation 
of tooth structure, and cost efficiency compared to labo-
ratory restoration.8 

Light-cure or dual-cure composite resins are com-
monly used with or without posts as a restoration mate-
rial for ETT. Dual-cure materials can be further catego-
rized into those with higher viscosity (paste-like) or those 
more flowable.9 The composites intended to be used as 
a  core build-up demonstrate higher levels of  inorganic 
filler content, increased molecular weight per reactive 
group and reduced shrinkage.9,10 The resin core build-up 
can be executed through either the conventional multi-
increment fill or the bulk-fill technique. Recent advance-
ments in bulk-fill composites have enabled incremental 
filling of up to 4–5 mm, exhibiting adequate polymeriza-
tion.11,12 This enhancement can be attributed to the high 
color translucency of  the composites, which increases 
the depth of cure, and a more innovative initiator system, 
which shortens the light-curing time.13 

Within the oral cavity, both restorations and teeth are 
subject to occlusal stresses, as well as physiological and 
chemical wear processes. The consumption of alcoholic 
and non-alcoholic beverages is popular among adoles-
cents, and the habit often persists into adulthood, contrib-
uting to tooth erosion.14,15 The erosive potential of these 
beverages is influenced by various factors, including 
the pH, acid type (phosphoric acid or citric acid), buffer 
capacity, adhesion, chelating effect, and phosphate, calcium 
or fluoride content of the drink.14,15 Several studies have 
confirmed that the excessive consumption of  alcoholic 
and non-alcoholic beverages reduces the microhardness 
and flexural strength of  composites.14–18 A  potential 
explanation for this phenomenon is that polymer materials 
absorb water, while coupling agents cause hydrolysis, 
resulting in the loss of chemical bonds between filler par
ticles and the resin matrix.14,17,19,20 Filler particles dislodge 
from the outer surface of  the material, causing surface 
roughness and decreasing hardness. The effect on the 
resin matrix, the degradation of the resin–filler interface, 
and the inorganic fillers may also play a role in the reduc-
tion of surface hardness.17–19

Given the paucity of data on the influence of beverages 
on the compressive strength (CS) of  core build-up 
materials, the authors decided to investigate this area. The 
aim of the study was to evaluate the CS of 3 core build-up 
materials after exposure to alcoholic and non-alcoholic 
liquids. The null hypothesis (H0) states that there is no 
difference in the CS of core build-up bulk-fill resin mate-
rials after immersion in alcoholic beverages compared to 
non-alcoholic beverages.

Material and methods

Sample preparation 

The study evaluated 3 core build-up materials: 
NexCore™ (Meta Biomed, Cheongju-si, South Korea) 
(NC group), spee-dee™ build-up (PULPDENT 
Cooperation, Watertown, USA) (S-D group), and Ecosite 
Bulk Fill (DMG, Hamburg, Germany) (E group). The 
characteristics of the materials are presented in Table 1. 
In each study group (NC, S-D and E), 45 samples were 
prepared using cylindrical Teflon molds measuring 5 mm 
in diameter and 4 mm in thickness. The molds were filled 

Highlights

	• The immersion medium affects the compressive strength (CS) of bulk-fill composites.
	• NexCore™ demonstrated the highest CS values in alcoholic media.
	• Ecosite Bulk Fill showed superior CS in artificial saliva.
	• Spee-dee™ build-up exhibited the lowest CS values across all tested media.
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with core build-up material using a composite instrument 
(PF21; GDC Fine Crafted Dental Pvt. Ltd., Punjab, India). 

Photoactivation was performed for 20 s, in accor-
dance with the manufacturer’s instructions, using a light-
emitting diode (LED) curing unit (Bluephase; Ivoclar 
Vivadent, Schaan, Liechtenstein) operating in a continuous 
high-power mode. The light tip was positioned in con-
tact with a  glass slide placed on the top surface of  the 
specimen. A calibrated LED radiometer (DB686 NANO; 
COXO Medical Instrument Co., Ltd., Foshan, China) was 
used to verify the light intensity output of the curing unit 
before each sample preparation. Next, the mold and any 
excess material were removed.

Storage solutions 

The study groups were divided into 3 subgroups 
of   5  specimens each, based on the storage fluid. 
Within each subgroup, the samples were immersed in 
an  experimental fluid: a  saliva substitute (Wet Mouth; 
ICPA Health Products Ltd, Mumbai, India); Kingfisher® 
Strong Premium beer (United Breweries, Mangaluru, 
India) (an alcoholic beverage); or Thums Up® (Coca-Cola 
Company, Bengaluru, India) (a non-alcoholic beverage) 
(Table 2). Containers with specimens and solutions were 
secured to prevent evaporation and maintained at 37°C 
for 24 h.

Compressive strength calculation

Next, all samples were individually mounted on a computer 
control universal testing machine (Model No. 8801; Instron, 
Norwood, USA) with a loadcell of 5 kN (Fig. 1). The data 
was recorded using the WaveMatrix™3 Dynamic Testing 
Software and Bluehill Universal® software (Instron, 
Norwood, USA). All samples were subjected to a  com-
pressive load at the center of the machine, at a crosshead 
speed of  1  mm/min, until fracture of  each specimen. 

Fig. 1. Sample placed in a universal testing machine (Model No. 8801; Instron, 
Norwood, USA)

Table 1. Characteristics of the composite materials used in the study

Study 
group

Product name 
(manufacturer) Type of material Adhesive procedures Composition Filler load 

[wt%]
Filler size 

[µm]

NC
NexCore™ (Meta Biomed, 
Cheongju-si, South Korea)

dual-cure core 
build-up composite

etching/conditioning of enamel, 
followed by the universal 

adhesion procedure

barium glass, ytterbium (III) 
fluoride, pyrogenic silicic acid, 

Bis-GMA, TEGDMA
70–75 0.1–1.5

S-D
spee-dee™ build-up 

(PULPDENT Cooperation, 
Watertown, USA)

fluoride-releasing, 
dual-cure core 

build-up composite

self-adhesion/self-etching to dentin 
(etching and bonding agents are 

optional)

two-part uncured acrylate ester 
monomers, amorphous silica 
and glass (BPA/Bis-GMA-free)

54.5
0.012 

(silica), 
4 (glass)

E
Ecosite Bulk Fill (DMG, 
Hamburg, Germany)

light-cure core 
build-up composite

etching/conditioning of enamel, 
followed by the universal 

adhesion procedure
Bis-GMA, barium glass 82 0.02–0.70

NC – NexCore™; S-D – spee-dee™ build-up; E – Ecosite Bulk Fill; Bis-GMA – bisphenol A-glycidyl methacrylate; TEGDMA – triethylene glycol dimethacrylate; 
BPA – bisphenol A.

Table 2. Characteristics of the storage media used in the study

Storage medium Type Composition pH

Wet Mouth  
(ICPA Health Products Ltd, 
Mumbai, India) 

saliva substitute
water, glycerin, sorbitol, propylene glycol, PEG-40-HCO, poloxamer,  

sodium benzoate, sodium CMC, flavor, cetylpyridinium chloride, parabens, xylitol, 
xanthan gum, disodium hydrogen phosphate, sodium dihydrogen phosphate

7

Kingfisher® Strong Premium  
(United Breweries,  
Mangaluru, India)

alcoholic beverage (beer)
alcohol content: 7.2 vol% 

prenylated flavonoids, phenolic acids, simple phenols, flavanols, hydroxycoumarins, 
flavones, proanthocyanidins, tannins, amino-phenolic compounds

3.94

Thums Up®  
(Coca-Cola Company, 
Bengaluru, India)

non-alcoholic beverage
carbonated water, sugar, acidity regulator (E338), caffeine, natural color (150d), 

flavors
2.68

PEG-40-HCO – polyethylene glycol-40-hydrogenated castor oil; CMC – carboxymethyl cellulose.



S. Tete et al. Influence of beverages on the CS of build-up materials704

The load required to fracture the specimen was recorded 
in kN, and the CS was calculated according to the following 
formula (Equation 1):

 (1)

where: 
F	– force [N], calculated as load [kN] × 103;
A	– cross-sectional area [mm2], calculated as π × r2 (r – radius 

of the specimen) or as π × (d/2)2 (d – diameter).

Power analysis 

The post hoc power analysis for the comparison of 2 dis-
tributions with the Mann–Whitney U test and analysis 
of  variance (ANOVA) in 3 groups was conducted using 
the G*power v. 3.1.9.4 software.21 The power exceeded 
0.90 for the various tests conducted in the study. 

Statistical analysis 

The data analysis was performed using the IBM SPSS 
Statistics for Windows software, v. 25.0 (IBM Corp., 
Armonk, USA). The variables obtained from the 3 fluid 
groups were subjected to the Shapiro–Wilk test of  nor-
mality. The saliva data in the NC and S-D groups, alcohol 
data in the S-D and E groups and data on all liquids in the 
E group did not conform to a normal distribution. Hence, 
the comparison of distribution was conducted using the 
non-parametric Kruskal–Wallis and Mann–Whitney U 
tests. The non-alcoholic liquid data for the 3 material 
groups conformed to normality, enabling a  comparison 
of  mean fracture resistance. This comparison was per-
formed using parametric ANOVA and the Bonferroni 
post hoc test. 

Results

Compressive strength in artificial saliva 

For the saliva, the CS values were the highest in 
the E group (median (Me) (interquartile range (IQR)): 275.1 
(259.8–295.5)  MPa) and the lowest in the S-D group 
(203.8 (163.0–219.1) MPa). The CS values for Ecosite Bulk 
Fill were significantly higher than those for NexCore™ 
and spee-dee™ build-up. The significant differences were 
observed in the distributions across the 3 material groups, 
as evidenced by a pairwise comparison (p = 0.000) (Table 3). 

Compressive strength in an alcoholic liquid 

For the alcoholic liquid, the highest CS values were 
observed in the NC group (285.3 (270.0–295.5) MPa) and 
the lowest values were noted in the S-D group (224.2 
(198.7–239.4)  MPa). In the NC group, the values were 

significantly higher when compared to the other groups. 
The significant differences were observed in the distribu-
tions across the 3 material groups, as demonstrated by the 
results of the pairwise comparison (p < 0.05) (Table 4). 

Compressive strength in a non-alcoholic 
liquid

For the non-alcoholic liquid, the highest CS values 
were noted in the E group (254.7 (214.0–295.5) MPa) and 
the lowest values were observed in the S-D group (234.3 
(193.6–275.1) MPa). However, the distribution of the CS 
across 3 materials did not show any significant differ-
ences, as evidenced by a pairwise comparison (p > 0.05) 
(Table 5).

Table 5. Comparison of the compressive strength (CS) between the groups 
after immersion in a non-alcoholic liquid

Study 
group

CS 
[MPa] p-value 

(ANOVA)
M ±SD Me (IQR) range

NC 246.2 ±21.1 244.5 (229.2–264.9) 214.0–285.3

0.396S-D 233.3 ±41.2 234.3 (193.6–275.1) 173.2–295.5

E 252.0 ±47.0 254.7 (214.0–295.5) 168.1–315.8

The results of the pairwise comparison (Bonferroni post hoc test) were as 
follows: NC vs. S-D: p = 1.000; NC vs. E: p = 1.000; S-D vs. E: p = 0.559.

Table 4. Comparison of the compressive strength (CS) between the groups 
after immersion in an alcoholic liquid

Study 
group

CS 
[MPa] p-value

M ±SD Me (IQR) range

NC 282.2 ±17.3 285.3 (270.0–295.5) 254.7–305.7

0.0001*S-D 218.4 ±33.3 224.2 (198.7–239.4) 122.3–249.6

E 236.7 ±44.0 254.7 (203.8–264.9) 117.2–285.3

* statistically significant (p < 0.05, Kruskal–Wallis test). The results of the pairwise 
comparison (Mann–Whitney U test) were as follows: NC vs. S-D: p = 0.0001; 
NC vs. E: p = 0.0001; S-D vs. E: p = 0.036.

Table 3. Comparison of the compressive strength (CS) between the groups 
after immersion in saliva

Study 
group

CS 
[MPa] p-value

M ±SD Me (IQR) range

NC 244.2 ±14.9 249.6 (235.4–255.7) 217.5–258.8

0.000*S-D 199.7 ±25.6 203.8 (163.0–219.1) 163.0–234.3

E 279.4 ±22.6 275.1 (259.8–295.5) 251.2–322.0

* statistically significant (p < 0.05, Kruskal–Wallis test); M – mean; SD – standard 
deviation; Me – median; IQR – interquartile range. The results of the 
pairwise comparison (Mann–Whitney U test) were as follows: NC vs. S-D: 
p = 0.000; NC vs. E: p = 0.000; S-D vs. E: p = 0.000.
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Comparison of the compressive strength 
of composites across different subgroups 

The mean CS values were compared between the liq-
uids within each of  the 3 materials (Table 6,7) (Fig. 2). 
The mean CS for the NC group was the highest for 
alcohol (282.2 ±17.3 MPa) and the lowest for saliva (244.2 
±14.9 MPa). These values were significantly higher after 
storage in alcohol than in saliva and non-alcoholic liquid 
(p = 0.0001). 

In the S-D group, the CS was the highest for the non-
alcoholic liquid (233.3 ±41.2 MPa) and the lowest for saliva 
(199.7 ±25.6 MPa). These values were significantly higher 
after exposure to the non-alcoholic liquid compared to 
saliva (p = 0.029). 

In the E group, the CS was the highest for saliva (279.4 
±22.6 MPa) and the lowest for the alcoholic liquid (236.7 
±44.0  MPa). Compressive strength was significantly 
higher after storage in saliva in comparison to alcohol 
(p = 0.015).

Discussion
Composite resin materials are being increasingly 

applied in modern reconstructive dentistry. However, 
despite the improvement in their physical and chemical 
properties, the long-term clinical performance in the oral 
cavity remains a challenge.

The present investigation demonstrates that the type 
of  immersing liquid affects the CS of  the bulk-fill com-
posites applied as core build-up restorations. Therefore, 
the null hypothesis should be rejected. These findings are 
consistent with those of  previous studies that evaluated 
the physical properties of different core build-up materi-
als when immersed in food-simulating liquids.22,23

The duration of  sample fabrication and storage were 
chosen based on the literature.23–29 The storage time of 12 h 
simulated a 1-year exposure of 2 min/day. Consequently, 
the calculated time equaled 2 years of clinical service.24,30 
Compressive strength is a  vital parameter for the 
performance and longevity of  core build-up materials. 
It influences the ability to withstand functional loads and 
prevent fractures, ultimately contributing to better clinical 
outcomes.31 Core build-ups are subject to occlusal forces 
due to load transfer from the crown to the supporting 
material during function.

A substantial body of  research has indicated that the 
mechanical properties of  resin materials deteriorated 
after immersion in solutions such as coffee, tea and 
juices.14–17,22–25,28,30,32–45 However, only few studies 
investigated the influence of alcoholic and non-alcoholic 
beverages on core build-up bulk-fill materials.14,22 None 
of  the studies have evaluated the CS of  NexCore™ 
and spee-dee™ build-up after storage in beverages. 
Additionally, in the present study, a salivary substitute was 
used as a control to imitate the oral cavity environment, 
as recommended by literature.46 Beer was chosen as one 
of  the liquids, due to its status as the most ancient and 
frequently consumed alcoholic beverage in the world.41 
Likewise, one of the most popular brands of soft drink was 
selected for the non-alcoholic beverage.43 Moreover, both 
Kingfisher® beer and Thums Up® are popular products.41

Table 6. Comparison of the impact of liquids on the compressive strength 
(CS) of composites within study groups

Study 
group Medium M ±SD 

[MPa] p-value

NC

saliva 244.2 ±14.9

0.0001*alcohol 282.2 ±17.3

non-alcoholic beverage 246.2 ±21.1

S-D

saliva 199.7 ±25.6

0.033*alcohol 218.4 ±33.3

non-alcoholic beverage 233.3 ±41.2

E

saliva 279.4 ±22.6

0.017*alcohol 236.7 ±44.0

non-alcoholic beverage 252.0 ±47.0

* statistically significant (p < 0.05, ANOVA).

Table 7. Results of the Bonferroni post hoc test

Group Medium p-value

NC
saliva

alcohol 0.0001*

non-alcoholic beverage 1.000

alcohol non-alcoholic beverage 0.0001*

S-D
saliva

alcohol 0.419

non-alcoholic beverage 0.029*

alcohol non-alcoholic beverage 0.705

E
saliva

alcohol 0.015*

non-alcoholic beverage 0.191

alcohol non-alcoholic beverage 0.883

* statistically significant (p < 0.05).

Fig. 2. Compressive strength (CS) of different materials after 24-h immersion 
in artificial saliva, alcohol and non-alcoholic liquid

NC – NexCore™; S-D – spee-dee™ build-up; E – Ecosite Bulk Fill. 
Statistically significant values within the groups are denoted by an “A” 
(p < 0.05), and the highest values within the groups are marked with 
an asterisk (*).
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The current study revealed a  significantly higher CS 
of  Ecosite Bulk Fill when immersed in the salivary sub
stitute and of  NexCore™ after storage in the alcoholic 
fluid when compared to the other liquids tested. Spee-dee™ 
build-up demonstrated the lowest CS after storage in 
both salivary substitute and alcohol. However, in the non-
alcoholic fluid, no statistically significant differences in 
CS were observed between the investigated materials. 
It is worth mentioning that the materials under investigation 
exhibited CS within the average range, demonstrating 
sufficient performance for clinical purposes.47,48

Several studies have demonstrated that liquids have 
an  impact on the physical and mechanical properties 
of  composites.14,22,23,25,28,37,49–54 It has been shown that 
composites aged in distilled water exhibit reduced micro
hardness and flexural strength values when compared to 
dry samples.17,44,55 The increased content of  triethylene 
glycol dimethacrylate (TEGDMA) in the resin matrix 
may result in an  increased water uptake due to the higher 
hydrophilicity of  this monomer compared to bisphenol 
A-glycidyl methacrylate (Bis-GMA) and urethane 
dimethacrylate (UDMA).56 This increased hydrophilicity 
could be a  contributing factor to the lower CS of  the 
TEGDMA-containing composite, NexCore™. Water 
immersion causes hydrolytic degradation of the filler surface 
and erosion of resin composite by filler matrix debonding.54 
Sorption, as a co-existing process, results in the swelling 
of the matrix and a subsequent formation of pores inside 
the material.54 Additionally, unbound monomers and 
additives may be eluted by solvents after setting. The 
second mechanism causing mass loss is surface erosion, 
which leads to the long-term release of components.43,49 
The type of  inorganic filler may influence the material’s 
properties after immersion in water. Specifically, zinc, 
barium glass and zirconia/silica fillers have been found to 
modify the material’s properties in comparison to those 
containing quartz fillers.36,52

The most frequently investigated and consumed 
alcoholic beverage is wine. A  high risk of  dental erosion 
has been identified in individuals with a  predilection 
for wine.42 However, beer is the second most widely 
consumed alcoholic beverage worldwide.42 In the pres-
ent study, it was noted that beer (7.2 vol%) reduced the 
CS of  Ecosite Bulk Fill and spee-dee™ build-up com-
posites. These findings are consistent with the conclu-
sions of  previous studies, which demonstrated that the 
presence of alcohol leads to a reduction in the physical 
properties of composites.14,57,58 Due to their low pH and 
ethanol content, alcoholic beverages can cause erosion 
and modify the properties of composites.30 The ethanol 
component of  alcoholic beverages and the citric acid 
present in non-alcoholic beverages induce plasticization, 
increase surface roughness and solubility, and decrease 
flexural strength and flexural modulus.35,54,59–61 However, 
some studies have reported no changes in the surface 
roughness of  composite materials following exposure 

to alcoholic and non-alcoholic liquids.35,52 The investigators 
of these studies have posited that the absence of marked 
changes in pH over time in the stored solutions, in com-
parison to freshly prepared solutions, may be a contrib-
uting factor. Secondly, the filler components (zirconia or 
silica) of the composites used were more inert in differ-
ent solutions. 

Interestingly, beer was found to increase surface rough
ness when compared to strong alcohols.49 This phenom
enon can be attributed to the higher acidity levels of beer 
compared to vodka. In other words, an increase in the acidic 
concentration of  beverages corresponds to an  increase 
in the surface roughness of  composite materials.51,62 
Moreover, low pH leads to the degradation of  calcium, 
aluminum and silicon ions present in restorative resins, 
consequently resulting in an  increased roughness of  the 
material. Acids penetrate the resin matrix, triggering the 
release of  unreacted monomers into the environment.63 

The increased surface roughness may result in staining 
of  resin restoration and bacterial adherence, leading to 
the formation of secondary caries. 

It is worth mentioning that the majority of  in vitro 
studies focus on the erosive potential of  beverages and 
disregard the protective properties of  saliva, which 
are attributable to buffer substances that facilitate pH 
neutralization. However, it should be noted that clinical 
performance of composite materials, apart from erosive 
factors, is influenced by occlusal forces, endogenic acids, 
eating disorders, diet and hygienic habits, smoking, and 
the use of drugs.64 

Additionally, NexCore™, after immersion in beer, 
exhibited statistically higher CS than other study groups. 
NexCore™ core build-up contains a  filler matrix com-
posed of  barium glass, ytterbium (III) fluoride and 
pyrogenic silicic acid, and a resin matrix of Bis-GMA with 
TEGDM.65 The alcoholic liquid increases the ductility 
of composites by acting as a plasticizer of the polymeric 
matrix.59 Moreover, ethanol can contribute to the reduc-
tion in the bond between the resin matrix and inorganic 
fillers, causing a decrease in mechanical properties.38

All investigated bulk-fill composites exhibited com
parable CS after immersion in non-alcoholic beverage 
(Thums Up®). A potential explanation for this phenom
enon is that the major component of  this beverage is 
citric acid (pH  =  2.5). However, this component did 
not cause significant changes in the flexural strength 
of both silorane- and methacrylate-based composites.19,66 
In other studies, citric acid immersion resulted in a signifi-
cant reduction in flexural strength and hardness, and 
an increased roughness of methacrylate-based materials.26,53 
The reduced values of these parameters could be attrib
uted to the high acidic and low fluoride and calcium levels 
of Thums Up® cola drink, which exerts a softening effect 
on Bis-GMA.45,66 Bis-GMA constitutes the main resin 
matrix component of NexCore™ and Ecosite Bulk Fill. These 
findings align with those reported in previous studies.14,37 
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In the present study, a  significantly higher CS of  the 
dual-cure core build-up material (spee-dee™ build-up) 
was observed after immersion in the non-alcoholic bev-
erage compared to artificial saliva. According to the lit-
erature, the consumption of  non-alcoholic beverages 
(i.e., Coca Cola) may increase surface roughness and 
decrease microhardness of microhybrid and hybrid resin 
composites.18,37,55

Spee-dee™ build-up exhibited the lowest CS in all liquids. 
It is a hydrophilic material based on the Embrace monomer 
that is believed to be more hydrophilic than UDMA- or 
Bis-GMA-based composites.19 Moreover, the low CS value 
may be due to high water sorption of spee-dee™ build-up 
when compared to other composites.66 

The tested composite materials differ in terms of their 
filler content and size. In the present study, NexCore™ 
and Ecosite Bulk Fill had higher filler content (75  wt% 
and 82 wt%) than spee-dee™ build-up (54.5 wt%). Filler 
loading affects the flexural strength, modulus of elasticity, 
fracture toughness, microhardness, and surface roughness 
of composites.56 Increasing the filler load beyond 55% 
results in the crack browning effect, when crack branching 
occurs or the matrix around the filler plastically deforms. 
This could explain why both NexCore™ and Ecosite Bulk 
Fill have higher CS than spee-dee™ build-up.

Limitations 

There are some limitations of the study that should be 
acknowledged. First, the study design did not fully rep-
licate the multifactorial oral environment (saliva flow, 
different types of  saliva composition released by glands, 
plaque, temperature changes, and occlusal load). Artificial 
saliva lacks the full range of proteins and enzymes pres-
ent in natural saliva. Therefore, it does not provide anti-
bacterial properties and buffering capacity. Moreover, the 
utilization of composites and beverages was restricted, and 
the study did not evaluate the tooth–restoration complex 
samples. Another limitation is the non-normal distribu
tion, which is attributable to the relatively small sample 
size. It is therefore recommended that the sample size be 
increased in future studies. Another aspect that affects 
the normality of  distribution are outliers, which mainly 
influence the average.67 The results of  the present in 
vitro research cannot be extrapolated to clinical conditions. 
Therefore, further studies should be carried out to evalu-
ate other types of beverages and their influence on vari-
ous resin composites. Additionally, pH cycling simulation, 
microhardness, three-point bending, and diametral ten-
sile strength testing of bulk-fill composites should be car-
ried out. Furthermore, a comprehensive evaluation of the 
tooth–restoration complex and interface is imperative to 
ascertain their quality and longevity. Subsequent studies 
should also incorporate the complexity of oral cavity con-
ditions to fully investigate the influence of  beverages on 
the tooth–restoration complex in clinical settings. 

Conclusions
The immersion medium affects the CS of  bulk-fill 

composites. Moreover, NexCore™ and Ecosite Bulk Fill 
exhibited significant CS, while the CS for spee-dee™ 
build-up was the lowest after storage in the tested liquids. 
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Abstract
Background. Effective cleaning protocols are crucial for controlling biofilm formation on oral prostheses 
and preserving the oral health of patients relying on removable partial dentures (RPDs).

Objectives. The present study aimed to investigate the antibiofilm efficacy of 4 cleansing protocols on 
a cobalt-chromium (Co-Cr) alloy surface, which is commonly used as the base-metal framework material 
in dental prosthodontics. 

Material and methods. Cobalt-chromium specimens were contaminated with isolated strains 
of Candida albicans, Candida glabrata, Staphylococcus aureus, and Streptococcus mutans to form mono-
species biofilms. For a  multi-species biofilm, all strains were grown simultaneously on the surfaces 
of the specimens. After biofilm maturation, the specimens were immersed in different solutions: Ricinus 
communis 2%; R. communis 10%; Cepacol™; NitrAdine™; and distilled water (control). After applying the 
hygiene protocols, the viability of the microorganisms and the amount of residual biofilm were assessed.

Results. Immersion in R. communis-based solutions did not significantly alter the viability of  the mi-
croorganisms. Cepacol reduced the viability of C. albicans, C. glabrata and S. aureus in the mono-species 
biofilms, as well as C. glabrata in the multi-species biofilm. NitrAdine demonstrated effectiveness in reduc-
ing the viability of C. glabrata and S. mutans in both the mono- and multi-species biofilms. However, its 
efficacy against S. aureus was only observed in the mono-species pattern. NitrAdine also reduced the area 
covered by the living biofilm.

Conclusions. The studied cleansing protocols exhibited reduced antimicrobial efficacy on the multi-
species biofilm as compared to the mono-species model. NitrAdine showed potential as a complementary 
agent for controlling biofilm formation on removable partial dentures.

Keywords: removable partial denture, cleansers, antimicrobial action, cobalt-chromium alloyCite as
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Introduction
Oral biofilms are composed of  bacteria and yeast-like 

fungi, which adhere and grow on biotic and abiotic sur-
faces.1 Biofilms, with an  inadequate hygiene of prosthe-
ses, constitute a  source of  microorganisms and act as 
a gate to systemic diseases.2 Although it is known that the 
control of biofilm formation on oral prostheses is crucial 
for maintaining general health, there is no consensus re-
garding a suitable solution for removable partial dentures 
(RPDs).3–5

Compatibility with constituent materials is a  requisite 
for an  ideal RPD cleanser.4,5 Additionally, other aspects, 
such as a  low cost, easy manipulation and antibiofilm 
activity, are desirable.6,7 There is evidence that diluted 
sodium hypochlorite is efficient in controlling biofilm 
formation; however, it is not recommended for to clean-
ing RPDs, taking into consideration their metal compo-
nents.3,8 Mouthwashes are popular in oral care and are 
frequently used as prosthesis cleansing solutions,9 even 
though there are no specific guidelines regarding their 
use. Generally, these formulations include chlorhexidine, 
chlorine dioxide, cetylpyridinium chloride, and essential 
oils (e.g., eucalyptol, menthol, thymol, and methyl sa-
licylate).10 Besides mouthwashes, effervescent tablets are 
also largely used, partly due to their pleasant taste and 
odor characteristics. They are composed of different ac-
tive ingredients, such as titanium dioxide, sodium lauryl 
sulfate and ethylenediaminetetraacetic acid (EDTA).11 
Both mouthwashes and effervescent tablets are complex 
chemical combinations that can damage the dental alloy 
as a result of ion release in the presence of oxidizing com-
pounds.12 According to previous studies, the NitrAdine™ 
effervescent tablet acts against oral biofilms13,14 and may 
be indicated as an RPD cleanser, as its 5-year use did not 
induce deleterious effects to the dental alloy.4,5 Nonethe-
less, given different characteristics of  dental materials, 
it is fundamental to verify the antibiofilm activity of the 
cleanser on a metallic surface.

Broadening the knowledge about the antimicrobial prop-
erties of natural substances can have an impact on the se-
lection of appropriate products to deal with the resistance 
of microorganisms.15 Furthermore, it has been suggested 
that natural products do not have adverse effects inherent 

to synthetic compounds, and contribute to environmen-
tal and economic sustainability.16 The Ricinus communis 
or castor oil plant belongs to the Euphorbiaceae family 
and is easily found in tropical zones. The R. communis 
oil has been used since antiquity, and has been demon-
strated in medical and dental research to bring significant 
benefits.17 Regarding its biological effects, the literature 
reports its healing, antioxidant, anti-inflammatory,18 and 
antimicrobial properties.19–21 In dentistry, previous stud-
ies indicated its potential use for prothesis hygiene22,23 
and the improvement of  clinical conditions of  denture-
related stomatitis.24 Even though the scientific literature 
has pointed out the compatibility of R. communis with the 
cobalt-chromium (Co-Cr) alloy,5 its antibiofilm effect on 
a metallic surface has not been investigated.

Considering that inconsistent RPD hygiene can favor 
the manifestation of opportunistic pathologies,25 new hy-
giene solutions should be investigated. Given this point, 
it is important to advertise that the presence of Candida 
spp. on a denture surface is an etiological factor for den-
ture-related stomatitis.26 In addition, the presence of other 
species, such as Staphylococcus aureus and Streptococcus 
mutans, may contribute to the pathogenicity of  the bio-
film.2,27 The physical interactions of  Candida albicans 
with various species go beyond simple synergistic and 
antagonistic associations. These interactions significantly 
influence the expression of virulence factors, directly im-
pacting colonization and tissue invasion.26 Staphylococcus 
aureus, S. mutans, C. albicans, and Candida glabrata are 
common species colonizing the abutment and non-abut-
ment teeth in RPD wearers.28 The presence of  respira-
tory pathogens in the denture biofilm has already been 
investigated, and prostheses seem to act as a reservoir for 
S. aureus.29 It is evident that the oral environment in RDP 
wearers is the habitat a  polymicrobial community that 
interacts and forms a  structured biofilm within a  short 
period after clinical rehabilitation. However, the major-
ity of studies refer to hygiene protocols only with regard 
to mono-species biofilms. Therefore, it is crucial that the 
antimicrobial analysis of  RPD cleansers should explore 
different biofilm models.

For the aforementioned reasons, the present study 
analyzed the antimicrobial activity of cleansing solutions 
(mouthwash Cepacol™, effervescent tablet NitrAdine, 
and experimental solutions of R. communis (2% and 10%)) 

Highlights

	• The cleansing protocols were less effective against the multi-species biofilm as compared to the mono-species 
biofilms.

	• NitrAdine™ showed potential as a complementary agent for controlling biofilm on removable partial dentures.
	• None of the tested solutions could significantly reduce both microbial viability and the biofilm-covered areas.
	• NitrAdine™ reduced the viability of the most species, but had no effect on the Candida albicans microbial load.
	• Cepacol™ was effective in the mono-species biofilms, but performed poorly in the multi-species biofilm.
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against mono- and multi-species biofilms (C. albicans, 
C. glabrata, S. aureus, and S. mutans) grown on a Co-Cr 
surface. The null hypothesis of this study was that the vi-
ability of the microorganisms and the biofilm-covered ar-
eas would be influenced by the cleansing protocols.

Material and methods

Experimental solutions 

Castor oil was extracted from seeds, using the cold 
pressing method (Chemical Institute of  São Carlos, 
University of  São Paulo, São Carlos, Brazil). Initially, to 
formulate the R. communis solution, an  esterification 
reaction with alcohols was performed. Afterward, the 
ester-containing solution was diluted in distilled water at 
final concentrations of 2% (RC02) and 10% (RC10) (v/v). 
The commercial mouthwash Cepacol (Reckitt Benckiser, 
São Paulo, Brazil) (CPC) was directly applied without di-
lution. The peroxide-based solution (Ni) was prepared by 
diluting one NitrAdine effervescent tablet (Bonyf, Vaduz, 
Liechtenstein) in 150 mL of water at 37°C, as directed by 
the manufacturer (Table 1).

Specimen manufacturing 

A total of 244 Co-Cr disks were manufactured using the 
lost-wax casting method. Circular wax patterns (Ø 12 × 
3 mm) were made using a metal matrix. The wax patterns 
were covered with the Micro-fine 1700 phosphate coating 
(Talladium Brazil, Curitiba, Brazil) and casting was per-
formed using the Neutrodyn Easyti electronic machine 
(F.Lli Manfredi, Turin, Italy) by vacuum electroinduction. 
The disks were deflated and blasted with 100-microm-
eter aluminum oxide particles (Aluminum Oxide 100; 
Asfer Indústria Química, Sao Caetano do Sul, Brazil) at 
a pressure of 3 bar, using the Microjet III device (EDG, 
São Carlos, Brazil) for cleaning. After being separated 
from the feed channel, the opposing surfaces were pro-
gressively polished with 220-, 400-, 600-, and 1,200-grit 
sandpaper (Norton Abrasivos Brasil, Guarulhos, Brazil). 
The surface roughness of the specimens was standardized 

in the range of 0.04–0.10 μm.5 The specimens were pack-
aged in envelopes and sterilized with ethylene oxide.

Culture conditions 

Four strains from the American Type Culture Col-
lection (ATCC) were used for biofilm development: 
C. albicans (ATCC 10231); C. glabrata (ATCC 2001); 
S. aureus (ATCC 25923); and S. mutans (ATCC 25175). 
The experiment was carried out in 3 biological replica-
tions with 3 technical repetitions each, totaling in 9 speci-
mens per group.

Biofilm growth was conducted under aseptic condi-
tions, following the protocol described previously.11 
Briefly, the strains kept at −80°C in a glycerol stock were 
thawed and streaked out on a selected agar culture medi-
um: for C. albicans and C. glabrata – Sabouraud Dextrose 
Agar (SDA) (HiMedia Laboratories, Mumbai, India); and 
for S. aureus and S. mutans – Brain Heart Infusion (BHI) 
broth (HiMedia). The plates were incubated at 37°C for 
24  h. Subsequently, a  microbial colony was transferred 
to its respective broth medium and re-incubated at 37°C 
for 24 h to obtain cells in the exponential growth phase. 
The cultures were then centrifuged at 4,200 g for 5 min. 
The resulting pellet was washed twice with phosphate-
buffered saline (PBS). Candida spp. counting was per-
formed in the Neubauer chamber (Kasvi, Curitiba, Brazil) 
due to the variable morphology of  the genus. To adjust 
the cell concentration (108 colony-forming units per milli
liter (CFU/mL)), the bacterial suspension was read on 
a spectrophotometer (Multiskan GO; Thermo Scientific, 
Waltham, USA) at 625 nm.

For mono-species biofilms, the inoculum was sepa-
rately prepared in Sabouraud Dextrose Broth (SDB) 
(HiMedia) (C. albicans and C. glabrata) and BHI Broth 
(HiMedia) (S. aureus and S. mutans) at a cell concentra-
tion of 106 CFU/mL. The specimens were randomly as-
signed into 12-well cell culture plates (TPP Techno Plastic 
Products, Trasadingen, Switzerland) and filled with 2 mL 
of the inoculated culture media. In this model, each speci-
men was contaminated with only one species.

For a multi-species biofilm, the inoculum was prepared 
with the mixture of  the 4 evaluated microorganisms for 
the specimens to be simultaneously contaminated with 

Table 1. Characteristics of the hygiene solutions

Hygiene solution Active ingredients* Directions for use

Ricinus. communis  
2%

castor oil rich in fatty acids, of which C18:1OH-ricinoleic is predominant (~85.0%) 20 min19,20,22

Ricinus communis  
10%

Cepacol™ water, alcohol denat. 14%, glycerin, cetylpyridinium chloride (Ceepryn) 0.05%, flavors, sodium phosphate, disodium 
phosphate, Polysorbate 80, saccharin, disodium EDTA, FD&C Yellow No. 5 (tartrazine)

10 min3,12

NitrAdine™ citric acid, sodium lauryl sulfate, lactose monohydrate, sodium bicarbonate, sodium chloride, potassium hydrogen 
monopersulfate

15 min**

EDTA – ethylenediaminetetraacetic acid; * according to the manufacturer’s information; ** according to the manufacturer’s instructions.
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the Candida spp. and bacteria. The inoculum was pre-
pared in BHI Broth at a cell concentration of 107 CFU/mL 
for bacteria and 106 CFU/mL for Candida spp. As in the 
case of  the mono-species biofilms, the specimens were 
randomly assigned into 12-well cell culture plates and 
filled with 2 mL of the inoculated culture medium.

To attest the sterility of  the experiment, one addi-
tional specimen received a  sterile culture medium. The 
specimens were kept in an  incubator (Shaker Incubator 
CE-320; Cienlab, Campinas, Brazil) at 37°C for 90  min 
under agitation (75  rpm) for the adhesion period. After 
this period, the specimens were washed twice with PBS 
and the same volume of  a  sterile culture medium was 
added to the wells. The plates were re-incubated for 48 h. 
After 24 h, 1 mL of the culture medium was removed, and 
the same volume of a fresh culture medium was added to 
the wells. All cultivation steps were performed in a micro-
aerophilic environment.

Hygiene protocols

The specimens were transferred to sterile perforated 
stainless-steel baskets30 and placed inside containers with 
150 mL of a cleanser solution, remaining fully immersed. 
An adapted stainless-steel wire allowed the baskets to re-
main suspended and not touch the bottom of the contain-
er. Immersion in the R. communis-based solutions and 
CPC was performed for 20 min and 10 min, respectively. 
The immersion times were chosen based on the results 
of previous studies, which demonstrated both antibiofilm 
effects and the absence of adverse effects for the hygiene 
solutions.3,12,19,20,22 Immersion in Ni was performed for 
15 min, according to the manufacturer’s instructions. Im-
mersion in distilled water for 20 min was used as a con-
trol, and the rationale for the immersion time was based 
on the longest evaluated period. The specimens of nega-
tive control (without contamination) were also immersed 
in distilled water for 20 min. At the end of the immersion 
periods, the specimens were rinsed 3  times with sterile 
PBS to eliminate cleanser residues.

Viability assay 

After immersion, the specimens were transferred to 
a tube containing 10 mL of the Letheen Broth medium (BD 
Difco™, Sparks, USA). The tubes were sonicated (200W, 
40 KHz) (Clean 9CA; Altsonic, Ribeirão Preto, Brazil) for 
20 min to detach the remaining microorganisms. The re-
sulting suspension was vortexed for 30  s, and serial di-
lutions (10−1 to 10−4) were seeded in a  selected culture 
medium: for C. albicans and C. glabrata – CHROMagar 
Candida Medium (CAC) (BD Difco); for S. aureus – Man-
nitol Salt Agar (MSA) (HiMedia), supplemented with ny-
statin (200 U/mL); and for S. mutans – Mitis Salivarius 
Agar (HiMedia), supplemented with nystatin (200 U/mL) 
and bacitracin (0.2 U/mL). The plates were incubated at 

37°C for 48 h. The incubation of S. mutans was performed 
in microaerophilic conditions. The number of  colonies 
was registered and expressed in log10CFU/mL.

Biofilm removal capacity 

Since elevated resistance to the hygiene protocols was 
observed in the multi-species biofilm, an  evaluation 
of  the biofilm removal capacity was performed in this 
case. Thus, the specimens with the multi-species biofilm 
were analyzed by visualizing the amount of live and dead 
cells on the surfaces of  the specimens. After conduct-
ing the hygiene protocols, 2 specimens from each group 
were transferred to a new 12-well plate and stained with 
1.5  mL of  LIVE/DEAD BacLight™ Kit (Invitrogen Mo-
lecular Probes, Eugene, USA), prepared according to the 
manufacturer’s instructions. Briefly, the working solution 
was prepared by adding 3 μL of  the SYTO® 9 stain and 
3 μL of  the propidium iodide stain to 1 mL of distilled-
sterilized water.

The plates were incubated for 15  min at room tem-
perature, protected from light. The surfaces of the speci-
mens were subsequently washed with PBS and analyzed 
under an  inverted fluorescence microscope (Carl Zeiss, 
Oberkochen, Germany) with the appropriate filters. 
Twenty random fields were captured at ×630 magnifica-
tion to quantify the total area occupied by green and red 
cells. Images were captured with the ZEN Lite software, 
v.  2.3 (Carl Zeiss), and the biofilm-covered areas [µm2] 
were quantified with the AxioVision software, v. 4.8.2 
(Carl Zeiss). Since all cells are dyed green, the area was 
considered as the total biofilm (live and dead cells). Red 
staining indicated dead cells. The area of  the living bio-
film was calculated as the difference between the green-
stained cell area and the red-stained cell area.14

Statistical analysis 

At first, the data was tested to check for normal and ho-
mogeneous distribution by the Shapiro–Wilk and Levene 
tests, respectively. According to distribution, the Kruskal–
Wallis test, followed by Dunn’s post-test, or the analysis 
of variance (ANOVA), followed by Tukey’s post-test were 
used to compare the results. Statistical analysis was per-
formed using the IBM SPSS for Windows software, v. 21.0 
(IBM Corp., Armonk, USA), at a significance level of 0.05.

Results

Viability of microorganisms 

Based on the analysis of the biofilm viability, Ni showed 
the strongest antimicrobial action. In comparison with 
the control group, immersion in Ni reduced the micro-
bial load of  C. glabrata (2.18  log; p  <  0.001), S. aureus 
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(1.37  log; p = 0.012) and S. mutans (4.38  log; p = 0.002) 
when grown singly. The solution was also effective against 
C. glabrata (1.20 log; p = 0.006) and S. mutans (4.67 log; 
p = 0.010) when grown in association with other species. 
Cepacol promoted reduction in the viability of C. albicans 
(1.08 log; p = 0.018), C. glabrata (1.82 log; p = 0.001) and 
S. aureus (4.14  log; p  <  0.001) grown in the mono-spe-
cies biofilms. Regarding the multi-species biofilm, anti-
microbial action was observed only against C. glabrata 
(1.34  log; p  =  0.035). The experimental hygiene solu-
tions RC02 and RC10 were not effective in reducing the 

viability of  microorganisms grown in different biofilm 
patterns (Fig. 1 and Table 2).

Growth in association with different species seems to 
have increased the resistance of  C. albicans and S. aureus, 
since CPC and Ni did not reduce the viability of the mi-
croorganisms in the multi-species biofilm, as happened 
for single biofilms. In contrast, this behavior was not ob-
served for C. glabrata and S. mutans (Table 2).

Biofilm removal capacity

With regard to the biofilm removal capacity, lower rates 
of live biofilm (green-stained cells) could be observed in 
comparison with the rates of total biofilm (green- and red-
stained cells) (p < 0.001). In agreement with the viability 
results, Ni promoted a considerable reduction of the liv-
ing biofilm (p < 0.001). Cepacol, RC2 and RC10 presented 
moderate efficacy in reducing the amount of  the living 
biofilm. When the total biofilm areas were compared, 
it was found that Ni resulted in a greater removal of the 
biofilm than other solutions (Table 3). After immersion in 
all different hygiene solutions, a large amount of the ag-
gregated dead biofilm (red-stained cells) remained, cover-
ing an extensive portion of the surfaces of the specimens 
(Fig. 2). This finding indicates that, although Ni and CPC 
reduced cell viability (green-stained cells), they could not 
widely eliminate the biofilm from the surfaces of the spec-
imens.

Fig. 1. Comparative analysis of microorganism viability [log10CFU/mL] in 
the mono-species (I) and multi-species biofilms (II) after immersion in 
different hygiene solutions

A – Candida albicans; B – Candida glabrata; C – Staphylococcus aureus; 
D – Streptococcus mutans. 
Groups: RC02 – Ricinus communis 2%; RC10 – Ricinus communis 10%; 
CPC – Cepacol™ ; Ni – NitrAdine™. Different lowercase letters indicate 
a statistically significant difference.

Fig. 2. Representative fluorescent microscopy micrographs of the multi-species 
biofilm grown on the cobalt-chromium (Co-Cr) surfaces immersed in different 
hygiene solutions (the cells were stained with the LIVE/DEAD BacLight™ Kit)

×630 magnification.
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Table 2. Biofilm viability [log10CFU/mL] after immersion in different hygiene solutions

Biofilm model Microorganisms Hygiene solutions M ±SD (Me) 95% CI (range) p-value Pairwise comparisons

Mono-species 
biofilm

C. albicans

control 5.15 ±0.51 (5.03) 4.82; 5.49 (4.56–6.30)

0.007** control vs. CPC: 0.018

R. communis 
2% 4.23 ±0.83 (4.12) 3.59; 4.87 (3.32–5.59)

R. communis 
10% 4.49 ±1.06 (4.55) 3.67; 5.30 (2.64–6.00)

Cepacol 4.07 ±0.71 (4.29) 3.60; 4.53 (2.75–4.89)

NitrAdine 4.48 ±0.60 (4.54) 4.02; 4.93 (3.08–5.03)

C. glabrata

control 6.41 ±0.91 (5.59) 4.64; 6.03 (3.00–6.14)

0.004**
control vs. CPC: 0.001 
control vs. Ni: <0.001 

RC02 vs. Ni: 0.010

R. communis 
2% 5.33 ±0.49 (5.29) 4.96; 5.72 (4.62 – 6.08)

R. communis 
10% 4.76 ±0.68 (5.06) 4.23; 5.28 (3.64–5.70)

Cepacol 4.59 ±0.37 (4.64) 4.31; 4.87 (4.00–5.19)

NitrAdine 4.23 ±0.82 (4.31) 3.60; 4.85 (3.03–5.38)

S. aureus

control 5.99 ±0.43 (6.21) 5.65; 6.32 (5.28–6.54)

0.014*

control vs. CPC: <0.001 
control vs. Ni: 0.012 
RC02 vs. CPC: 0.014 
RC10 vs. CPS: 0.015

R. communis 
2% 5.28 ±0.62 (5.16) 4.80; 5.75 (4.00–6.12)

R. communis 
10% 5.24 ±0.41 (5.27) 4.92; 5.56 (4.61–5.89)

Cepacol 1.85 ±1.57 (2.30) 0.60; 3.11 (0.00–3.51)

NitrAdine 4.62 ±1.16 (5.05) 3.73; 5.51 (3.26–6.15)

S. mutans

control 6.41 ±1.27 (6.42) 5.43; 7.38 (4.43–7.84)

<0.001*

control vs. Ni: 0.002 
RC02 vs. Ni: 0.005 
RC10 vs. Ni: 0.001 
CPC vs. Ni: 0.033

R. communis 
2% 6.41 ±1.82 (7.61) 5.01; 7.80 (3.64–7.90)

R. communis 
10% 6.40 ±1.01 (6.73) 5.62; 7.18 (4.80 – 7.43)

Cepacol 6.02 ±0.98 (6.26) 5.27; 6.78 (4.70–7.60)

NitrAdine 2.03 ±2.00 (2.81) 0.49; 3.57 (0.00–4.53)

Multi-species 
biofilm

C. albicans

control 6.42 ±0.42 (6.52) 6.10; 6.75 (5.85–6.97)

0.463* –

R. communis 
2% 6.05 ±0.54 (6.19) 5.64; 6.47 (4.86–6.61)

R. communis 
10% 5.70 ±1.28 (5.99) 4.72; 6.68 (3.36–6.74)

Cepacol 6.05 ±0.62 (6.24) 5.58; 6.53 (4.55–6.65)

NitrAdine 5.96 ±0.68 (5.92) 5.44; 6.48 (4.56–6.78)

C. glabrata

control 6.40 ±0.39 (6.48) 6.10; 6.70 (5.54–6.92)

0.004*
control vs. CPC: 0.035 
control vs. Ni: 0.006

R. communis 
2% 6.08 ±0.38 (6.17) 5.78; 6.37 (5.18–6.56)

R. communis 
10% 5.58 ±1.07 (5.83) 4.76; 6.40 (2.78–6.27)

Cepacol 5.06 ±1.39 (5.76) 3.99; 6.14 (2.60–6.45)

NitrAdine 5.20 ±0.88 (5.45) 4.52; 5.87 (3.90–6.45)

S. aureus

control 4.13 ±0.70 (3.97) 3.59; 4.67 (3.19–5.49)

0.349*

control vs. Ni: 0.010 
RC02 vs. Ni: 0.003 
RC10 vs. Ni: 0.010 
CPC vs. Ni: 0.001

R. communis 
2% 4.35 ±0.78 (4.37) 3.75; 4.95 (3.49–5.76)

R. communis 
10% 3.13 ±1.74 (3.72) 1.79; 4.47 (0.00–5.61)

Cepacol 3.89 ±1.15 (4.27) 3.01; 4.77 (1.91–5.39)

NitrAdine 3.20 ±1.72 (2.88) 1.88; 4.52 (0.00–5.84)

S. mutans

control 6.94 ±0.48 (7.01) 6.58; 7.31 (5.98–7.57)

<0.001* –

R. communis 
2% 7.09 ±0.33 (7.13) 6.83; 7.35 (6.60–7.47)

R. communis 
10% 6.75 ±0.97 (7.12) 6.00; 7.50 (4.37–7.51)

Cepacol 7.02 ±0.57 (7.11) 6.59; 7.46 (6.00–7.55)

NitrAdine 2.27 ±2.75 (0.00) 0.16; 4.39 (0.00–6.30)

M – mean; SD – standard deviation; Me – median; CI – confidence interval; * Kruskal–Wallis test and Dunn’s post-test; ** ANOVA and Tukey’s post-test.
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Discussion
The scientific literature has demonstrated that biofilm 

development is a  remarkable issue in medical device-
associated infections.31 This study was carried out us-
ing mono- and multi-species biofilms in order to clarify 
if biofilms developed by single strains have greater sus-
ceptibility to hygiene solutions than those developed by 
multiple strains. The species association seems to have in-
creased the resistance of C. albicans and S. aureus, since 
CPC and Ni had no effect when the microorganisms grew 
in a multi-species biofilm model.

Promising biological findings involving R. communis 
suggest that the ethanolic, methanolic or hexane fractions 
obtained from its leaves and seeds can be an alternative 
source of  therapeutic substances.17,18,21 Previous studies 
showed that the solutions obtained by the esterification 
of ricinoleic acid were beneficial for the control of biofilm 
formation on acrylic resin and silicone surfaces.19,20,22,23 
Nonetheless, the scientific literature has brought to light 
a cascade of controversial results regarding the concen-
tration of  the R. communis solution capable of  exerting 
biological effects. The investigated concentrations ranged 
from 2% to 10%; however, until now, no ideal concentra-
tion has been established, leaving researchers struggling 
with conflicting evidence.8,19,20,22 Therefore, in this study 
2  extreme concentrations were evaluated. What should 
also be taken into account is the fact that RPDs are com-
posed of artificial teeth, acrylic resin and the dental alloy. 

Since cell adhesion and biofilm formation depend on the 
composition of the surface,32 one cannot assume that hy-
giene solutions will have the same effect on all surfaces.

The antibiofilm activity of  the R. communis solutions 
was slightly disappointing. The solutions only promot-
ed a  modest reduction of  the viability of  C. albicans, 
C. glabrata and S. aureus in both the mono- and multi-
species biofilms, yet the reduction was not statistically 
significant. Andrade et  al., investigating the 2% concen-
tration, indicated that the solution had an  intermediate 
antibiofilm action, comparable to the that of an efferves-
cent tablet (Polident).19 The authors concluded that single 
immersion was insufficient for broadly promoting biofilm 
removal and suggested that association with mechanical 
brushing would be suitable for better results.19 Some clin-
ical studies showed biofilm removal capacity, the reduc-
tion of the microbial load and the remission of denture-
related stomatitis after using R. communis solutions.8,22,24

The antimicrobial effect of  R. communis is probably 
linked to its toxicity, which is attributed to the protein ri-
cin. The seeds have ricin at a percentage of up to 5%; the 
biological function of the protein is inhibiting protein syn-
thesis.33 Worbs et al. indicates that ricin removes adenine 
from the so-called sarcin-ricin loop of 28S rRNA, thereby 
preventing the binding of elongation factors and further 
protein synthesis.33 As reviewed by Yeboah  et  al., the 
composition and properties of castor oil vary with respect 
to the method of  extraction, geographical location and 
the type of cultivar.34 Thus, in view of these statements, 
we suggest 2 different reasons to explain the insufficient 
antimicrobial effect of  R. communis in this study. First, 
the discrepancy of results presented by the literature, as 
well as the absence of antibiofilm activity presented here, 
might be associated with extraction methods and oil pu-
rity. Second, as the antimicrobial effect seems to be at-
tributed to the inhibition of protein synthesis, one single 
20-minute application would not alter protein synthesis 
to the point of presenting reduction in the microbial load.

The mouthwash Cepacol was more effective against 
the mono-species biofilms. In the multi species biofilm 
pattern, it only reduced the viability of C. glabrata. These 
findings are in line with microscopy evaluations. The 
images obtained from the CPC group showed a  mod-
est reduction of the multi-species biofilm-covered areas, 
suggesting a limited disaggregating capacity. Cepacol has 
0.05% of cetylpyridinium chloride as an active ingredient. 
This is a  quaternary ammonium compound that affects 
cell integrity by interfering with osmoregulation and ho-
meostasis. Diverse in vitro studies report the antibacte-
rial activity of Cepacol against planktonic bacteria.35 The 
apparent discrepancy between our findings and those 
of  other researchers can be related to the antimicrobial 
susceptibility of microorganisms in biofilm- and non-bio-
film-associated states. Biofilm tolerance to antimicrobial 
agents is about 100–1,000 times greater as compared to 
that of the planktonic form.36

Table 3. Biofilm-covered areas [%] after immersion in different hygiene 
solutions

Biofilm Hygiene 
solutions M ±SD (Me) 95% CI (range)

Living

control 41.81 ± 10.34 (40.56)a* 37.10; 46.51 (22.38–61.66)

R. communis 
2%

20.62 ±7.41 (21.16)b* 17.25; 24.00 (8.43–32.44)

R. communis 
10%

16.94 ±6.28 (17.08)b* 14.09; 19.80 (5.61–32.66)

Cepacol 17.55 ±11.56 (17.45)b* 12.29; 22.81 (4.63–43.82)

NitrAdine 7.42 ±5.56 (6.40)c* 4.89; 9.96 (0.00–21.31)

Total

control 64.96 ±12.08 (67.36)A 59.46; 70.46 (32.07–81.49)

R. communis 
2%

46.16 ±9.43 (45.27)B 41.87; 50.46 (27.55–65.09)

R. communis 
10%

36.70 ±12.77 (32.74)B 30.89; 42.51 (19.88 – 65.77)

Cepacol 45.24 ±11.05 (44.35)B 40.21; 50.27 (27.08–66.44)

NitrAdine 20.33 ±9.15 (18.56)C 16.17; 24.50 (10.08–45.47)

Comparisons of the biofilm-covered areas were conducted using the two-
way ANOVA with independent levels (the living and total biofilm and the 
hygiene solutions) and the Bonferroni post-hoc test. Different lowercase 
letters indicate statistically significant differences among the hygiene 
solutions in the living biofilm area. Different uppercase letters indicate 
statistically significant differences among the hygiene solutions in the total 
biofilm area. * statistically significant difference between the living biofilm 
area and the total biofilm area for the same hygiene solution (p < 0.05).
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NitrAdine presented the best antibiofilm action against 
the largest number of  species evaluated. In both the 
mono- and multi-species biofilms, Ni reduced the viabil-
ity of S. mutans and C. glabrata in about 4 log and 1 log, 
respectively. The S. aureus mono-species biofilm was 
also reduced in about 1  log after immersion in Ni. The 
antimicrobial effect of  Ni is attributed to sodium lauryl 
sulfate and sodium bicarbonate that act through injur-
ing the microbial cell membrane.37,38 In addition, another 
active ingredient of Ni, citric acid, is associated with the 
capability of disturbing the microbial metabolism.39 Con-
troversies about the antibiofilm effectiveness of efferves-
cent tablets emerge in the scientific literature. Supporting 
our findings, Coimbra  et  al. reported that Ni exhibited 
satisfactory antibiofilm activity, reducing the microbial 
load and metabolic activity, and the area covered by the 
multi-species biofilm composed of C. albicans, S. aureus 
and Pseudomonas aeruginosa.14 Effective antibiofilm 
activity of  Ni against the S. mutans biofilm in a  multi-
species biofilm model was demonstrated by Lopes 
Vasconcelos et al.11

In agreement with the viability reduction observed in 
CFU counts, the microscopy images indicated a  signifi-
cant reduction of  the living biofilm after immersion in 
Ni. The reaction between sodium bicarbonate and citric 
acid, the active ingredients of Ni, in the presence of water 
leads to the liberation of carbon dioxide, promoting the 
effervescent aspect. It has been postulated that the release 
of effervescence can induce a mechanical effect that dis-
rupts biofilms, which could explain the superior ability 
of effervescent tablets in removing microbial deposits.40 
Nonetheless, despite significant antimicrobial activity, 
about 31% of the surfaces of the specimens remained cov-
ered by the residual aggregated biofilm after immersion 
in Ni. This can be interpreted as evident antimicrobial 
action of Ni, but also as its incapability to completely re-
move all aggregates. It was suggested by the Council on 
Dental Materials, Instruments, and Equipment that the 
release of  bubbles from effervescent tablets might pro-
mote a  mechanical action favoring the detaching of  the 
biofilm from the surface of the prosthesis.40

The current study was limited by the fact that bio-
films were grown considering only ATCC samples. It is 
recognized that hygiene solutions should be tested on 
clinical samples employing multidrug-resistant strains. 
In addition, single short-time immersion was applied. In 
light of future studies, we believe that investigating dis-
tinct multi-species biofilms is essential, considering the 
high diversity of the buccal microbiome. Combinations 
involving members of  both Gram-positive and Gram-
negative groups, as well as other Streptococcus spp. or 
anaerobic rods, could better represent the microbiome 
of RPDs. Evaluating the clinical effect of RPD immersion 
in the tested solutions in association with mechanical 
biofilm removal is another important aspect to be con-
sidered in further studies.

Conclusions
Considering the limitations of  the study, the findings 

clearly illustrate that none of the evaluated solutions was 
able to widely reduce the viability of  the microorgan-
isms and the biofilm-covered areas. Although NitrAdine 
reduced the viability of the largest number of species, it 
did not alter the microbial load of  C. albicans. Cepacol 
reduced the viability of microorganisms in the mono-spe-
cies biofilms; however, its action was unsatisfactory in the 
multi-species biofilms.

Ethics approval and consent to participate 

Not applicable.

Data availability 

The datasets supporting the findings of  the current 
study are available from the corresponding author on rea-
sonable request.

Consent for publication 

Not applicable.

Use of AI and AI-assisted technologies 

Not applicable. 

ORCID iDs
Priscilla Neves Raile  https://orcid.org/0000-0002-3296-7887
Patricia Almeida Curylofo  https://orcid.org/0000-0003-4015-5990
Viviane de Cássia Oliveira  https://orcid.org/0000-0002-0734-0652
Ana Paula Macedo  https://orcid.org/0000-0002-7716-106X
Glenda Lara Lopes Vasconcelos  https://orcid.org/0000-0003-0793-9099
Helena Freitas Oliveira Paranhos  https://orcid.org/0000-0001-5766-6100
Valéria Oliveira Pagnano  https://orcid.org/0000-0002-3907-191X

References
1.	 O’Donnell LE, Millhouse E, Sherry L,  et  al. Polymicrobial Candida 

biofilms: Friends and foe in the oral cavity. FEMS Yeast Res. 
2015;15(7):fov077. doi:10.1093/femsyr/fov077

2.	 Yumoto H, Hirota K, Hirao K, et al. The pathogenic factors from oral 
streptococci for systemic diseases. Int J Mol Sci. 2019;20(18):4571. 
doi:10.3390/ijms20184571

3.	 Borges Felipucci DN, Davi LR, Oliveira Paranhos HF, Bezzon OL, 
Silva RF, Pagnano VO. Effect of  different cleansers on the surface 
of  removable partial denture. Braz Dent J. 2011;22(5):392–397. 
doi:10.1590/s0103-64402011000500008

4.	 Lopes Vasconcelos GL, Curylofo PA, Raile PN, Macedo AP, Oliveira 
Paranhos HF, Pagnano VO. Effect of  alkaline peroxides on the 
surface of  cobalt chrome alloy: An  in vitro study. J Prosthodont. 
2019;28(1):e337–e341. doi:10.1111/jopr.12789

5.	 Curylofo PA, Raile PN, Lopes Vasconcelos GL, Macedo AP, Pagnano VO. 
Effect of  denture cleansers on cobalt-chromium alloy surface: 
A simulated period of 5 years’ use. J Prosthodont. 2020;29(2):142–150. 
doi:10.1111/jopr.12996

6.	 Jose A, Coco BJ, Milligan S, et al. Reducing the incidence of denture 
stomatitis: Are denture cleansers sufficient? J Prosthodont. 
2010;19(4):252–257. doi:10.1111/j.1532-849X.2009.00561.x



Dent Med Probl. 2025;62(4):711–719 719

7.	 de Lucena-Ferreira SC, Ricomini-Filho AP, da Silva WJ, Cury JA, 
Del Bel Cury AA. Influence of  daily immersion in denture cleanser 
on multispecies biofilm. Clin Oral Invest. 2014;18(9):2179–2185. 
doi:10.1007/s00784-014-1210-9

8.	 Ferraz de Arruda CN, Salles MM, Badaró MM, et al. Effect of sodium 
hypochlorite and Ricinus communis solutions on control of  denture 
biofilm: A  randomized crossover clinical trial. J Prosthet Dent. 
2017;117(6):729–734. doi:10.1016/j.prosdent.2016.08.035

9.	 Axe AS, Varghese R, Bosma M, Kitson N, Bradshaw DJ. Dental health 
professional recommendation and consumer habits in denture 
cleansing. J Prosthet Dent. 2016;115(2):183–188. doi:10.1016/j.pros-
dent.2015.08.007

10.	 Linde N. Mouthwash. In: Wexler P, ed. Encyclopedia of  Toxicology. 
2nd ed. Amsterdam, the Netherlands: Elsevier/Academic Press; 
2005:162–163.

11.	 Lopes Vasconcelos GL, Curylofo PA, Targa Coimbra FC,  et  al. In 
vitro antimicrobial activity of  effervescent denture tablets on 
the components of  removable partial dentures. Int J Prosthodont. 
2020;33(3):315–320. doi:10.11607/ijp.6436

12.	 de Freitas Oliveira Paranhos H, Bezzon OL, Davi LR, Borges 
Felipucci  DN, Lovato da Silva CH, Pagnano VO. Effect of  cleanser 
solutions on the color of  acrylic resins associated with titanium 
and nickel-chromium alloys. Braz Oral Res. 2014;28:S1806-
83242014000100234. doi:10.1590/1807-3107bor-2014.vol28.0017

13.	 Silva-Lovato CH, de Wever B, Adriaens E,  et  al. Clinical and 
antimicrobial efficacy of  NitrAdine™-based disinfecting cleaning 
tablets in complete denture wearers. J Appl Oral Sci. 2010;18(6):560–565. 
doi:10.1590/s1678-77572010000600005

14.	 Coimbra FC, Rocha MM, Oliveira VC,  et  al. Antimicrobial activity 
of  effervescent denture tablets on multispecies biofilms. 
Gerodontology. 2021;38(1):87–94. doi:10.1111/ger.12500

15.	 Wu SC, Liu F, Zhu K, Shen JZ. Natural products that target virulence 
factors in antibiotic-resistant Staphylococcus aureus. J Agric Food 
Chem. 2019;67(48):13195–13211. doi:10.1021/acs.jafc.9b05595

16.	 Atanasov AG, Waltenberger B, Pferschy-Wenzig EM,  et  al. 
Discovery and resupply of pharmacologically active plant-derived 
natural products: A  review. Biotechnol Adv. 2015;33(8):1582–1614. 
doi:10.1016/j.biotechadv.2015.08.001

17.	 Hussein HM, Hameed RH, Hameed IH. Screening of  bioactive 
compounds of  Ricinus communis using GC-MS and FTIR and 
evaluation of  its antibacterial and antifungal activity. Indian 
J  Public Health Res Dev. 2018;9(5):463–469. doi:10.5958/0976-
5506.2018.00488.6

18.	 Abdul WM, Hajrah NH, Sabir JS,  et  al. Therapeutic role of  Ricinus 
communis L. and its bioactive compounds in disease prevention 
and treatment. Asian Pac J Trop Med. 2018;11(3):177–185. 
doi:10.4103/1995-7645.228431

19.	 de Andrade IM, de Andrade KM, Pisani MX, Silva-Lovato CH, de 
Souza RF, de Freitas Oliveira Paranhos H. Trial of an experimental 
castor oil solution for cleaning dentures. Braz Dent J. 2014;25(1):43–47. 
doi:10.1590/0103-6440201302327

20.	 Salles MM, de Cássia Oliveira V, Souza RF, Silva-Lovato CH, de Freitas 
Oliveira Paranhos H. Antimicrobial action of sodium hypochlorite 
and castor oil solutions for denture cleaning – in vitro evaluation. 
Braz Oral Res. 2015;29:1–6. doi:10.1590/1807-3107BOR-2015.
vol29.0104

21.	 Umaarasu T, Padmavathy K, Thirunavukkarasu D, Rajesh SV, 
Govindaraj  J, Shanmugam G. Evaluation of  the antimicrobial 
activity and phytochemical investigation of  the leaf extracts 
of  Ricinus communis Linn. against drug-resistant bacterial patho-
gens. Drug Invent Today. 2019;11(6):1299–1303.

22.	 Badaró MM, Salles MM, Fagundes Leite VM, et al. Clinical trial for 
evaluation of Ricinus communis and sodium hypochlorite as denture 
cleanser. J Appl Oral Sci. 2017;25(3):324–334. doi:10.1590/1678-7757-
2016-0222

23.	 Pinheiro JB, Vomero MP, do Nascimento C,  et  al. Genomic 
identification of  microbial species adhering to maxillofacial 
prostheses and susceptibility to different hygiene protocols. 
Biofouling. 2018;34(1):15–25. doi:10.1080/08927014.2017.1403591

24.	 Pinelli LA, Montandon AA, Corbi SC, Moraes TA, Fais LM. Ricinus 
communis treatment of  denture stomatitis in institutionalized 
elderly. J Oral Rehabil. 2013;40(5):375–380. doi:10.1111/joor.12039

25.	 Neppelenbroek KH. The importance of daily removal of  the den-
ture biofilm for oral and systemic diseases prevention. J Appl Oral 
Sci. 2015;23(6):547–548. doi:10.1590/1678-77572015ed006

26.	 Lohse MB, Gulati M, Johnson AD, Nobile CJ. Development and 
regulation of single- and multi-species Candida albicans biofilms. 
Nat Rev Microbiol. 2018;16(1):19–31. doi:10.1038/nrmicro.2017.107

27.	 Schlecht LM, Peters BM, Krom BP,  et  al. Systemic Staphylococcus 
aureus infection mediated by Candida albicans hyphal invasion 
of mucosal tissue. Microbioliology (Reading). 2015;161(Pt 1):168–181. 
doi:10.1099/mic.0.083485-0

28.	 Costa L, do Nascimento C, Pagnano de Souza VO, Pedrazzi V. 
Microbiological and clinical assessment of the abutment and non-
abutment teeth of  partial removable denture wearers. Arch Oral 
Biol. 2017;75:74–80. doi:10.1016/j.archoralbio.2016.11.002

29.	 O’Donnell LE, Smith K, Williams C,  et  al. Dentures are a  reservoir 
for respiratory pathogens. J Prosthodont. 2016;25(2):99–104. 
doi:10.1111/jopr.12342

30.	 Oliveira Paranhos HF, Silva-Lovato CH, de Souza RF,  et  al. Effect 
of  three methods for cleaning dentures on biofilms formed in 
vitro on acrylic resin. J Prosthodont. 2009;18(5):427–431. doi:10.1111/
j.1532-849X.2009.00450.x

31.	 Stewart PS, Bjarnsholt T. Risk factors for chronic biofilm-related 
infection associated with implanted medical devices. Clin Microbiol 
Infect. 2020;26(8):1034–1038. doi:10.1016/j.cmi.2020.02.027

32.	 Zhou Y, Xiao Y, Qiu Y, et al. Adhesion and proliferation of cells and 
bacteria on microchip with different surfaces microstructures. 
Biomed Tech (Berl). 2016;61(5):475–482. doi:10.1515/bmt-2015-0075

33.	 Worbs S, Köhler K, Pauly D, et al. Ricinus communis intoxications in 
human and veterinary medicine – a summary of real cases. Toxins 
(Basel). 2011;3(10):1332–1372. doi:10.3390/toxins3101332

34.	 Yeboah A, Ying S, Lu J, et al. Castor oil (Ricinus communis): A review 
on the chemical composition and physicochemical properties. 
Food Sci Technol. 2020;41(2):399–413. doi:10.1590/fst.19620

35.	 Silva VC, de Cássia Oliveira V, Lopes de Sousa AF, et al. Prevalence 
and susceptibility profile of Candida spp. isolated from patients in 
cancer therapy. Arch Oral Biol. 2020;119:104906. doi:10.1016/j.archo-
ralbio.2020.104906

36.	 Macià MD, Rojo-Molinero E, Oliver A. Antimicrobial susceptibility 
testing in biofilm-growing bacteria. Clin Microbiol Infect. 
2014;20(10):981–990. doi:10.1111/1469-0691.12651

37.	 Pellizzaro D, Polyzois G, Machado AL, Giampaolo ET, Sanitá PV, 
Vergani CE. Effectiveness of  mechanical brushing with different 
denture cleansing agents in reducing in vitro Candida albicans 
biofilm viability. Braz Dent J. 2012;23(5):547–554. doi:10.1590/s0103-
64402012000500013

38.	 Dhamande MM, Pakhan AJ, Thombare RU, Ghodpage SL. 
Evaluation of efficacy of commercial denture cleansing agents to 
reduce the fungal biofilm activity from heat polymerized denture 
acrylic resin: An  in vitro study. Contemp Clin Dent. 2012;3(2):168–172. 
doi:10.4103/0976-237X.96820

39.	 Izumi S, Ryu M, Ueda T, Ishihara K, Sakurai K. Evaluation 
of  application possibility of  water containing organic acids for 
chemical denture cleaning for older adults. Geriatr Gerontol Int. 
2016;16(3):300–306. doi:10.1111/ggi.12467

40.	 Council on Dental Materials, Instruments, and Equipment. Denture 
cleansers. J Am Dent Assoc. 1983;106(1):77–79. PMID:6574171.





Address for correspondence
Valéria Oliveira Pagnano
E-mail: valpag@forp.usp.br

Funding sources
This study was funded by the Coordenação de Aperfeiçoamento 
de Pessoal de Nível Superior (CAPES), Brazil (finance code 001).

Conflict of interest
None declared

Acknowledgements
None declared

Received on November 24, 2023
Reviewed on January 18, 2024
Accepted on January 20, 2024

Published online on August 29, 2025

Abstract
Background. Cleaning overdentures is challenging due to their complex metallic structures, which often 
create small and irregular areas that are difficult to clean. Thus, it is necessary to find an effective and safe 
method for their maintenance.

Objectives. The aim of  the study was to evaluate the effects of hygiene methods on the dimensional 
changes and retention force of the O-ring system over a simulated two-year period. 

Material and methods. A total of 54 specimens with 2 O-rings each were distributed into 9 groups: 
control – no cleaning; brushing – blue®m toothpaste (BM); brushing – Trihydral toothpaste (TR); immer-
sion – NitrAdine® (Ni); immersion – 5 mg/mL chitosan solution (Ch); and combined methods: BM+Ni, 
BM+Ch, TR+Ni, TR+Ch. The deformation and retention force were evaluated every 6 months for 2 years. 
The statistical analysis was performed using two-way analysis of variance (ANOVA) and Pearson’s correla-
tion test (α = 0.05).

Results. The BM+Ch group exhibited smaller changes in diameter after 6 months (Δ(T1–T0)) than the 
control and BM+Ni groups, both internally and externally (p < 0.001). In addition, the BM+Ch group 
demonstrated greater retention forces at 6 months (p = 0.024) and 18 months (p = 0.028) in comparison 
to the TR+Ch group. The TR+Ch group exhibited a  negative correlation with changes in the external 
diameter (r = −0.334, p = 0.021), while BM+Ch showed a negative correlation with changes in the internal 
diameter (r = −0.334, p = 0.021). The Ni group demonstrated a negative relationship with changes in 
both the internal (r = −0.296, p = 0.041) and external diameters (r = −0.405, p = 0.004).

Conclusions. A combination of brushing with blue®m toothpaste and immersion in the chitosan solution 
demonstrated satisfactory results in maintaining the retention force of the O-ring system.
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Introduction
Edentulism remains a  prevalent condition affect-

ing a  significant portion of  the population. Among the 
available options for oral rehabilitation, the use of over-
dentures has emerged as an excellent alternative to con-
ventional complete dentures. Overdentures offer various 
advantages, including the prevention of  soft tissue inju-
ries, enhanced retention, stability, masticatory function, 
phonetics, and esthetics. Success rates for overdentures 
range between 94% and 100%.1

The O-ring system comprises an attachment connected 
to the implant and a metallic capsule with an internal sili-
cone ring that is retained in the prosthesis.2 This system 
effectively distributes masticatory forces among the sup-
porting structures and is favored by patients due to its 
ease of insertion and removal.2

Proper hygiene of overdentures is crucial for the suc-
cess and longevity of  the treatment.3–5 Regular recalls 
and maintenance of  gingival health are also essential.6 
The literature describes various hygiene protocols, with 
mechanical hygiene (brushing) being the most commonly 
used method, and the combined approach involving both 
mechanical and chemical methods as the most effective 
in eliminating biofilm and preventing periodontal dis
ease.7–16 Therefore, the significance of denture cleansers 
and toothpastes in maintaining oral health cannot be 
neglected.17,18

Given the absence of  conventional toothpastes 
designed for the maintenance of overdentures, the present 
study focuses on products such as Trihydral and blue®m, 
which are suitable for both prosthesis and oral cavity 
hygiene without causing metal degradation. Effervescent 
tablets for dentures, particularly NitrAdine®, have been 
frequently recommended as a chemical hygiene method. 
NitrAdine® has demonstrated effectiveness in cleaning 
removable partial dentures containing metal, as well as 
overdentures.19–21 However, since overdentures are com-
posed of  various materials, and few studies have exam-
ined the effects of cleansers on these prostheses,8,22–26 it 
is necessary to evaluate the efficacy of denture cleansers 
to recommend an effective and safe method for patients 
with overdentures. A recent systematic review indicated 

that hygiene solutions have the most significant impact 
on retention for the bar–clip attachments in different 
materials.27

To explore alternative immersion solutions that are nat-
ural, easy to use, accessible, and cost-effective, research-
ers have investigated the potential of chitosan. Chitosan, 
a natural biopolymer with proven antimicrobial proper-
ties, is found in abundance in nature and has been applied 
in various fields, including pharmaceuticals, foods, cos-
metics, and chemicals.28–32

Despite the significance of overdenture hygiene, a con-
sensus on the most effective hygiene method remains elu-
sive.33 Studies have reported conflicting outcomes with 
the use of  effervescent tablets,5,21 sodium bicarbonate/
sodium perborate,34 mouthwash containing cetylpyri-
dinium chloride and fluoride, and sodium hypochlorite, 
with consequent changes in the surface of the O-ring cap-
sules.24,25,35 However, while the combined mechanical and 
chemical hygiene method is regarded the most suitable 
for the hygiene of dentures, there is a paucity of literature 
addressing its application in overdentures.36–38

The present study aims to evaluate the effects of  iso-
lated and combined hygiene methods on the dimensional 
changes and retention force of  the O-ring system over 
a  simulated two-year period. The null hypothesis posits 
that the utilization of these methods will not have a sig-
nificant influence on the O-ring diameters or retention 
force.

Material and methods

Experimental design 

Fifty-four specimens of  acrylic resin simulating pros
thetic bases, with 2 O-rings each, were obtained39 and 
articulated. Each base contained 2 implants (grand morse™; 
Neodent Serviços Odontológicos LTDA, Curitiba, Brazil). 
In a previous study, the data indicated that the difference 
in the response of matched pairs is normally distributed 
with a standard deviation (SD) of 0.88.35 If the true differ-
ence in the mean response of matched pairs is 1.38, 5 pairs 
of subjects would be needed to reject the null hypothesis 

Highlights

	• Cleaning methods influence dimensional changes and retention force of O-rings in implant-supported overdentures.
	• Brushing with blue®m toothpaste combined with immersion in chitosan solution provided satisfactory hygiene and 

retention outcomes.
	• Further studies are required to confirm clinical applicability and assess long-term effects of these cleaning methods 

on overdentures.
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that this response difference is 0 with a probability (power) 
of  0.8. The type I error probability associated with this 
test of the null hypothesis is 0.05. Thus, 6 specimens per 
group were selected based on the sample size of studies 
employing the same methodology.35–37 

The specimens were divided into 9 groups (Table 1). Each 
group, encompassing 6  samples, underwent a  hygiene 
process and had outcomes measured at 4 different times. 
The selected O-ring contains the pink O-ring rubber 
(code 102.107), which the manufacturer specifies as 
having low retention. The resin bases with the implants 
(Fig. 1) were obtained from condensation silicone 
impressions (Perfil; Vigodent SA Indústria e Comércio, 
Rio de Janeiro, Brazil) of  metallic bases. The O-ring 
retainers were installed over the implants with a torque 
of 20 Ncm.35

Initial measurements 

Before simulation, measurements were obtained 
through stereomicroscopic analysis (SMZ800; Nikon, 
Melville, USA). The O-rings were subjected to a  visual 
examination, and images were captured using the 
NIS-Elements for Basic Research software (Nikon) at 
a  magnification of  ×20 to evaluate any dimensional 
changes that occurred due to the cleaning procedures. 
The horizontal and vertical distances of  the internal 
and external diameters of the O-rings were measured as 
demonstrated in Fig. 2.

The specimens were also subjected to the reten-
tion force analysis using a  mechanical testing machine 
equipped with a 196-N load cell. The machine performed 
20 insertion/removal cycles per minute,38 resulting in 
216 readings (9 groups × 4 times × 6 repetitions). The 
base that simulated the mandible was fitted and fixed 
in an acrylic container filled with water at 37°C. Subse-
quently, the testing machine performed the insertion and 
removal of the specimen in the base. 

The experimental design of  the study is presented in 
Fig. 3.

Fig. 1. Resin bases used in the study

A. Base with implants and fittings; B. Capsule base with specimens. 

Fig. 2. Measurement of the internal and external diameters of the O-rings

A. Outer circle; B. Inner circle; C. External horizontal distance; D. Internal 
horizontal distance; E. External vertical distance; F. Internal vertical distance.

Table 1. Distribution of the evaluated groups

Intervention Group

No cleaning control

Mechanical brushing
blue®m 

Trihydral

Chemical immersion
NitrAdine®

chitosan

Combined (brushing + immersion)

blue®m + NitrAdine®

blue®m + chitosan

Trihydral + NitrAdine®

Trihydral + chitosan
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Cleaning 

Mechanical hygiene 

The mechanical cleaning method involved the use of 
an  artificial brushing machine to standardize the strength 
and frequency of the brushing (MAVTEC Brush Simulator; 
Mavtec Comércio de Peças Acessórios Serviços Ltda ME, 
Ribeirão Preto, Brazil). Additionally, soft-bristle toothbrushes 
(Colgate Slim Soft; Colgate-Palmolive Company, Rio de 
Janeiro, Brazil) were utilized. Two types of toothpaste were 
used: blue®m (Bluem Brazil, Curitiba, Brazil); and Trihydral 
(Perland Pharmacos Ltda, Cornélio Procópio, Brazil). The 
toothpastes were suspended in distilled water at a ratio of 1:1 
(Table 1).18,40 To calculate the brushing time at the frequency 
of  356 rotations per minute, 8,600 cycles were performed, 
which corresponded to 6 months of brushing exposure. This 
cycle was repeated until 2 years of use. The toothbrushes and 
toothpaste solutions were replaced at the conclusion of each 
6-month cycle.12,39 

Chemical hygiene 

Two methods for the chemical hygiene of overdentures 
were employed. The first technique involved the immer
sion of  the specimens for 12 h in a  solution containing 
effervescent tablets (NitrAdine®; MST Laboratories AG, 
Vaduz, Liechtenstein) diluted in 150 mL of  water at an 
average temperature of 37°C.41 This exposure is equivalent 
to a routine use of the product twice a week for 15 min, 
according to the manufacturer’s instructions, thereby 

simulating a period of 6 months. During the immersion, 
the solution was not changed because studies on the deg
radation curve of  the tablet indicated that the product 
remains highly effective within the specified time frame.35

The second immersion method entailed the use 
of an experimental solution of chitosan at a concentration 
of 5 mg/mL.28 For this purpose, low molecular weight chi
tosan (Sigma-Aldrich, St. Louis, USA) was utilized. A daily 
15-min immersion routine was simulated for a  period 
equivalent to 6 months (42 h) (Table 2). 

Combined hygiene methods 

In the combined hygiene protocols, mechanical meth
ods were first used, followed by chemical methods, as 
described in the methodology.38

Outcomes of interest 

After each 6-month simulation period, measurements 
were conducted once more using stereomicroscopy 
(SMZ800; Nikon) as previously described. 

The specimens were also subjected to the retention 
force analysis using a mechanical testing machine. A total 
of  720 cycles were performed to simulate 6 months 
of denture use, based on the assumption of 4 insertions 
and removals of  the prosthesis by the patient per day.40 
The force required for each insertion/removal cycle was 
recorded using the LabVIEW 8.0 software (National 
Instruments, Austin, USA) connected to the load cell 
of the testing machine.

Table 2. Products used the study

Commercial name Manufacturer Composition

NitrAdine® MST Laboratories AG,  
Vaduz, Liechtenstein

citric acid, sodium lauryl sulfate, lactose monohydrate, sodium bicarbonate, sodium chloride, potassium 
monopersulfate, sodium carbonate, mint flavor, PVP

Chitosan
Sigma-Aldrich,  
St. Louis, USA

water, low molecular weight chitosan (5 mg/mL), and negligible amounts of peracetic acid and calcium 
hydroxide

blue®m
Bluem Brazil,  

Curitiba, Brazil

glycerin, water, hydrated silica, honey, silica, PEG-32, aroma, cocamidopropyl betaine, cellulosic gum, 
magnesium sulfate, sodium sulfate, sodium citrate, lactoferrin, sodium saccharin, xylitol, methyl salicylate, 

sodium chloride, sodium perborate, sodium methylparaben, citric acid, limonene, CI 42090

Trihydral
Perland Pharmacos Ltda,  
Cornélio Procópio, Brazil

1500 ppm of fluoride, monofluorophosphate, chloramine-T (0.2%), calcium carbonate, propylene glycol, 
sorbitol, hydroxyethylcellulose, tetrasodium, pyrophosphate, sodium lauryl sulfate, decyl polyglucoside, 

methylparaben, sodium saccharin, flavor, water, sodium monofluorophosphate

PVP – polyvinylpyrrolidone; PEG – polyethylene glycol.

Fig. 3. Experimental design of the study
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Statistical analysis 

The data analysis was performed using the IBM SPSS 
Statistics for Windows software, v. 21.0 (IBM Corp., 
Armonk, USA). The mean values, which exhibited 
a  normal distribution as indicated by the Shapiro–Wilk 
test, were compared using two-way analysis of  variance 
(ANOVA) and Tukey’s tests with Bonferroni correction. 
The Pearson’s correlation (r) test was applied to verify 
the correlation between the dimensional changes of  the 
diameters and the retention force (α = 0.05 for all tests). 

Results
The results of this study demonstrated that the dimen-

sional changes of  the internal (ID) and external diam-
eters (ED) of the O-ring system were affected by immer-
sion (p < 0.05), time (p < 0.001) and brushing techniques 
(p  <  0.001). Likewise, the retention force was found to 
be time-dependent, exhibiting interactions with both 
immersion and brushing techniques (p = 0.005). 

Immersion treatments demonstrated a better preserva-
tion of  the ID (p = 0.012) in comparison to the absence 
of immersion, with the use of NitrAdine® yielding a smaller 
change in ID (26.2  μm (SD  =  54.2)) after 6  months 
(Δ(T1–T0)) compared to the no immersion group, which 

exhibited a mean change of 40.4 µm (SD = 7.8) (p = 0.009). 
Similarly, changes in the ED were significantly less pro
nounced in the presence of  NitrAdine®, with a  mean 
change of −19.3 µm (SD = 12.3), in contrast to the no 
immersion group’s mean change of 12.0 µm (SD = 22.5) at 
Δ(T1–T0) (p = 0.004). 

The brushing method analyses revealed distinct dimen-
sional alterations. The application of Trihydral brushing 
without immersion led to an increase in the ID (p < 0.001), 
contrasting with the stabilizing effects of NitrAdine® and 
chitosan immersion. Brushing with blue®m without 
immersion resulted in a decrease in diameter measurements 
at Δ(T1–T0). Moreover, when used in conjunction with 
chitosan immersion, it exhibited a  reduction trend in 
diameters in the ED (p ≤ 0.001) (Table 3).

The retention force analysis revealed a  significant 
variation over time (p  <  0.0001). The initial force (T0) 
of  the O-rings, without immersion or brushing, was 
14.41 ±2.69  N. In the subsequent temporal analyses, 
both NitrAdine® and chitosan immersions demonstrated 
enhanced retention forces compared to the non-immersion 
condition (p  =  0.006 and p  =  0.005, respectively). By the 
final time point (T4), the retention force in the chitosan 
immersion group exhibited less variance than that of  the 
NitrAdine® group (p = 0.001). The application of Trihydral 
brushing demonstrated no significant differences between 
immersion types across all temporal frames (Table 4).

Table 3. Differences in the dimensions of the internal and external diameters of the O-rings over time

Diameter Immersion Brushing Δ(T1–T0) 
[µm]

Δ(T2–T0) 
[µm]

Δ(T3–T0) 
[µm]

Δ(T4–T0) 
[µm]

Internal

no immersion

no brushing 40.4 ±7.8αaA −49.6 ±21.5αaB −45.4 ±24.4αaB −44.8 ±23.6αaB

Trihydral 29.6 ±9.1αaA 34.5 ±9.3αbA 42.9 ±8.2αbAB 44.5 ±10.3αbB

blue®m 44.8 ±53.3αaA −16.5 ±20.6αaBC −18.5 ±25.5αaB −9.7 ±30.8αaC

NitrAdine®

no brushing 26.2 ±54.2αaA 22.2 ±52.2βabA 29.5 ±48.8βaA 26.4 ±53.0βabA

Trihydral −19.3 ±12.3βbA −12.7 ±17.3βbA −11.8 ±17.6βbA −7.8 ±18.0βbA

blue®m 54.9 ±17.0αaA 52.6 ±18.1βaA 52.8 ±16.4βaA 59.8 ±15.8βaA

chitosan

no brushing 44.4 ±20.8αaAB 38.4 ±20.5βaA 48.2 ±19.4βaB 46.4 ±19.1βaAB

Trihydral −18.0 ±34.3βbA −12.6 ±31.0βbA −1.3 ±29.5βbB 2.9 ±32.2βbB

blue®m −29.2 ±45.2βbA −22.1 ±50.8αbAB −15.9 ±52.0αbAB −14.1 ±51.7αbB

External

no immersion

no brushing 12.0 ±22.5αβaA −130.9 ±25.7αaB −141.9 ±28.5αaB −145.5 ±27.4αaB

Trihydral −4.4 ±13.5αaA 13.5 ±10.7αbA 6.8 ±18.9αbA 16.6 ±18.8αbA

blue®m 29.9 ±95.6αaA −112.2 ±63.5αaBC −125.2 ±50.7αaB −92.1 ±59.1αaC

NitrAdine®

no brushing 10.9 ±64.1αaA −27.2 ±54.7βabA −18.1 ±42.4βabA −24.7 ±44.8βabA

Trihydral −76.2 ±27.7βbA −76.2 ±27.2βaA −70.4 ±17.9βaA −63.2 ±27.6βaA

blue®m 38.1 ±27.3αaA 13.9 ±22.0βbA 17.8 ±24.5βbA 14.9 ±16.5βbA

chitosan

no brushing 54.3 ±29.7αaAB −0.4 ±60.8βaA −10.1 ±63.5βaB 2.1 ±53.0δaB

Trihydral −72.2 ±50.4βbA −76.9 ±46.9βbA −72.9 ±48.4βbA −60.8 ±48.6βbA

blue®m −66.6 ±50.4βbA −92.8 ±67.3αbA −82.9 ±63.6αbA −55.4 ±66.6αbA

T0 – 0 months; T1 – 6 months; T2 – 12 months; T3 – 18 months; T4 – 24 months. Data presented as mean ± standard deviation (M ±SD). The same Greek 
letters (α, β, δ) indicate statistical similarity between immersion techniques for the same brushing method and time. The use of the same lowercase letters 
indicates statistical similarity between brushing methods for the same immersion technique and time. The same capital letters denote statistical similarity 
between time points for the same immersion technique and brushing method. The mean values, which exhibited a normal distribution as indicated by the 
Shapiro–Wilk test, were compared using two-way ANOVA and Tukey’s test with Bonferroni correction.
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The correlation analysis between dimensional changes 
and retention force indicated a  weak negative correla
tion among specimens immersed in NitrAdine®, where 
less dimensional change was associated with higher 
retention force (Table 5). These complex interactions were 
supported by the statistical analysis, according to the data 
provided in Tables 3–5.

Discussion
The present study aimed to evaluate the dimensional 

changes in the internal and external diameters of  the 
O-rings and the retention force before and after the 
application of different hygiene methods for overdentures. 
The results indicated that the null hypothesis was not 
accepted, as the evaluated hygiene methods promoted 
deformations in the capsules and changed the retention 
force at the different times analyzed. This highlights 
the influence of  the hygiene method on the properties 
of O-rings. The present study focused on the evaluation 
of O-ring systems, which are widely accepted by patients 
because they are easy to insert and remove, simple to clean, 
improve quality of life, and allow for effective distribution 
of forces.3–5 Previous studies have demonstrated that the 
retention of systems can be affected by different hygiene 
solutions.4,21,24,25,27,34,42 Additionally, color changes in the 
retentive elements have also been reported.25,42–44

Regarding the retention force, the combination 
of blue®m toothpaste and chitosan solution demonstrated 
optimal outcomes. This combination proved effective in 
preserving the dimensions and the retention force of the 
O-ring system. The use of a 5 mg/mL chitosan solution 
as a  complementary chemical method, in addition to 
brushing, appears to be a promising approach. Chitosan, 
an abundant and affordable substance of animal origin, has 
been considered a  favorable option for denture hygiene 

due to its non-toxic nature, biopolymer properties, and 
proven antimicrobial action.30,33 The necessity for easily 
accessible products, coupled with the prevalence of chi-
tosan in nature, has led to the development of  blue®m, 
a  product that is free from chemical components such 
as triclosan and fluoride. This toothpaste contains active 
oxygen and biological honey derivatives, and is character
ized by a  neutral pH, as reported by the manufacturer. 
It is recommended for oral cavity hygiene and for use with 
overdentures, as it is purported to not cause adverse 
effects, such as oxidation, on prosthetic components. 

Table 5. Correlation between retention force and dimensional change in 
diameters

Factor Group Variable
Diameter

internal external

Retention 
force

control
Pearson’s correlation 0.162 0.039

p-value 0.272 0.790

Trihydral
Pearson’s correlation 0.074 0.214

p-value 0.618 0.144

blue®m
Pearson’s correlation −0.003 0.136

p-value 0.987 0.356

NitrAdine®
Pearson’s correlation −0.296 −0.405

p-value 0.041* 0.004*

NitrAdine® + Trihydral
Pearson’s correlation 0.186 −0.055

p-value 0.205 0.709

NitrAdine® + blue®m
Pearson’s correlation −0.013 0.033

p-value 0.928 0.826

chitosan
Pearson’s correlation −0.238 −0.22

p-value 0.104 0.134

chitosan + Trihydral
Pearson’s correlation −0.148 −0.334

p-value 0.315 0.021*

chitosan + blue®m
Pearson’s correlation −0.334 −0.275

p-value 0.021* 0.058

* statistically significant (p < 0.05).

Table 4. Correlation between retention force values in different groups over time

Immersion Brushing
Retention force 

[N]

T1 T2 T3 T4

No immersion

no brushing 12.14 ±4.53αaA 7.72 ±1.92αaA 7.81 ±1.89αaA 9.16 ±2.42αβaA

blue®m 10.93 ±3.13αaAB 14.70 ±3.15αbA 15.37 ±3.71αβbA 9.62 ±3.58αaB

Trihydral 9.65 ±3.84αaA 13.70 ±3.50αbA 12.37 ±1.42αbA 10.77 ±2.38αaA

NitrAdine®

no brushing 12.73 ±3.68αaA 14.48 ±4.34βaA 10.63 ±3.82αβaA 12.32 ±1.76αaA

blue®m 11.37 ±3.38αaA 11.83 ±3.67αaA 11.97 ±1.60αaA 9.78 ±1.32αaA

Trihydral 10.60 ±4.09αaA 13.29 ±2.37αaA 9.70 ±4.91αaA 11.27 ±2.96αaA

Chitosan

no brushing 10.20 ±2.93αabAB 14.58 ±3.58βaA 14.68 ±2.18βabAB 5.99 ±2.03βaB

blue®m 13.46 ±4.57αbB 13.18 ±4.15αaA 16.38 ±1.86βbB 7.54 ±3.30αabAB

Trihydral 7.58 ±2.43αaA 11.93 ±4.64αaA 11.89 ±2.22αaA 11.32 ±3.99αbB

Data presented as M ±SD. The same Greek letters (α, β) indicate statistical similarity between immersion techniques for the same brushing method and 
time. The use of the same lowercase letters indicates statistical similarity between brushing methods for the same immersion technique and time. The same 
capital letters denote statistical similarity between time points for the same immersion technique and brushing method. The mean values, which exhibited 
a normal distribution as indicated by the Shapiro–Wilk test, were compared using two-way ANOVA and Tukey’s test with Bonferroni correction.
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The denture retention is directly related to patient satis-
faction and chewing difficulties, which can necessitate the 
replacement of the retaining component of the prosthesis 
and frequent returns to the dental office for maintenance.

In relation to the dimensional changes, brushing with 
Trihydral in conjunction with immersion in NitrAdine® 
as well as brushing with blue®m followed by the immer-
sion in a chitosan solution resulted in the smallest dimen-
sional changes in the O-ring diameter. Trihydral tooth-
paste does not contain highly abrasive particles that could 
cause prosthesis wear. Its active ingredient, chloramine-T, 
has antiseptic and biocidal properties, and has been used 
as a  periodontal surgical adjuvant.43 It exhibits excellent 
biofilm-penetrating properties and effectively neutralizes 
bacteria, while also inhibiting gum inflammation and pro
moting tissue regeneration and repair.43,44 Martinez et al. 
conducted a systematic review and meta-analysis to evalu
ate the effectiveness of effervescent tablets in cleaning and 
sanitizing removable dentures compared to other chemical 
and physical methods.45 The authors assessed biofilm 
reduction, microbial levels and material stability. The study 
concluded that the combination of brushing with the use 
of  an  effervescent tablet yielded significantly better 
results.45 According to many studies, the NitrAdine® effer-
vescent tablet has antimicrobial properties and is compat-
ible with cobalt–chromium metal alloy.19,20,35

A study by de Campos  et  al. stated that overdentures 
are subject to loss of retention when undergoing continu-
ous insertion and removal of the prosthesis.46 The authors 
highlighted several factors that can influence the efficacy 
of  overdentures, including implant angulation, implant 
type, connector size, retainer depth, and retainer material. 
However, they did not evaluate the impact of  cleaning 
agents.46 Overdentures are considered to be relatively easy 
to clean; nevertheless, there is currently no ideal product 
that could be recommended for their hygiene.47–49

The results of this study demonstrate that the retention 
values of  the control group were less satisfactory, sug-
gesting that the hygiene method played a crucial role in 
maintaining adequate retention force. Even with the wear 
resulting from the insertion and removal of the prosthe-
sis, the efficacy of the cleansers in protecting the retainers 
likely contributed to the enhanced retention observed in 
these cases. All groups exhibited higher retention force 
in comparison to the control group. A  comprehensive 
analysis of  the temporal dimension, coupled with the 
examination of the internal and external diameters of the 
O-rings, revealed that all groups, including the control 
group, exhibited dimensional changes over time, charac-
terized by an increase or decrease in diameter. In a study 
by Ayyıldız  et  al., the effect of  effervescent tablets was 
evaluated.23 The results indicated that their use resulted 
in lower changes compared to the control group.23 
Effervescent tablets have been proposed for patients with 
implant-retained overdentures.19,20 These findings are 
consistent with the results of  other studies that have 

demonstrated the preservation of retainer system character
istics by cleansers.22 Varghese et al. showed that the use 
of Polident for 5 min did not significantly alter the proper-
ties of the O-ring, while Fittydent and chlorhexidine glu-
conate resulted in an increase in its retention force when 
compared to the control group.22 

In the present study, a  weak negative correlation 
was observed between the dimensional changes of  the 
internal and external diameters and the retention force 
after immersion in NitrAdine®. However, the mechanisms 
of retention loss cannot be solely explained by dimensional 
and surface changes, as not all groups that experienced 
retention loss exhibited significant dimensional changes. 
These results corroborate the findings of Rutkunas et al., 
who used scanning electron microscopy to evaluate the 
effects of  wear on overdenture retainers and concluded 
that not all groups exhibiting retention loss demonstrated 
substantial dimensional changes.47 The changes in the 
physical and mechanical properties of the O-ring, such as 
decreased flexibility, may contribute to maintaining the 
retention force during the use of prosthesis.

Limitations 

This study was subject to certain limitations, as it was 
conducted in vitro and did not evaluate the effect of chew-
ing cycles on the retainers. In clinical settings, chewing 
forces, as well as patient forces and the insertion axis 
involved in prosthesis removal and insertion, can undergo 
changes. Additionally, thermal cycling was not performed, 
and it is acknowledged that the conditions of the oral cav-
ity can influence the results, as thermal and pH changes 
can alter the retention force.23 The present study is a pio-
neering analysis of  the combination of  mechanical and 
chemical methods for the hygiene of overdentures, aim-
ing to provide guidelines for improving denture hygiene 
and informing professionals about the safety of overden
ture hygiene. The evaluated methods had satisfactory 
effects, as they ensured the stability of the O-ring properties 
within acceptable limits. However, further studies, partic-
ularly clinical trials, are necessary to evaluate not only the 
antimicrobial activity, but also the potential deleterious 
effects on different surfaces of overdentures.

Conclusions
This study contributes to the understanding of the effects 

of different cleaning methods on the dimensional changes 
and retention force of  O-rings in implant-supported 
overdentures. The findings suggest that the combination 
of  brushing with blue®m toothpaste and immersion in 
a  chitosan solution can yield satisfactory results in terms 
of overdenture hygiene and retention force. Further research 
is warranted to explore the clinical applicability and long-
term effects of these hygiene methods on the overdentures.
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Abstract
Background. Chitosan prepared with acetic acid is commonly used as an endodontic irrigant. However, 
the chitosan solution prepared with distilled water has not been evaluated for endodontic usage.

Objectives. The present study aimed to compare the effects of ethylenediaminetetraacetic acid (EDTA), 
fumaric acid, and the chitosan solutions prepared with distilled water (C-DW) and acetic acid (C-AA) on 
dentin microhardness and dentinal tubule penetration. 

Material and methods. Eighty maxillary central incisors were endodontically instrumented and 
randomly divided into 2 main groups (n = 40) for the evaluation of dentin microhardness and tubular 
penetration, with 4 subgroups in each main group (n = 10) according to the final irrigation solutions used 
(EDTA, fumaric acid, C-DW, and C-AA). The C-AA solution was prepared by diluting medium-molecular-
weight chitosan in acetic acid. The C-DW solution was prepared with distilled water and chitosan 
ammonium salts, which were synthesized using trichloroacetic acid and low-molecular-weight chitosan. 
After irrigation, the roots were sectioned horizontally 2 mm (the apical third) and 5 mm (the middle third) 
from the apex. The microhardness measurements were taken at depths of 500 µm and 1,000 µm from the 
canal lumen. The sections were examined for tubular penetration using confocal laser scanning microscopy. 
The data was analyzed using the analysis of variance (ANOVA), with a significance level set at p < 0.05.

Results. The microhardness values were statistically similar at either depth for each third (p  >  0.05), 
except for the 1,000-µm depth in the apical third, where the use of the C-AA solution resulted in lower 
microhardness as compared to fumaric acid (p < 0.05). No significant differences were observed in tubular 
penetration with regard to each third (p > 0.05).

Conclusions. All solutions showed a similar penetration ability in each third. At the 1,000-µm depth in 
the apical third, the fumaric acid solution provided a higher microhardness value than the C-AA solution.

Keywords: chitosan, chelating agents, confocal laser scanning microscopy, fumaric acid
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Introduction
The success of  endodontic treatment depends on the 

effective chemo-mechanical preparation and three-
dimensional (3D) filling of the root canal system.1 Chemo-
mechanical preparation aims to shape and clean the root 
canals. Mechanical preparation is insufficient to reach 
root canal irregularities and dentinal tubules, and it can-
not eliminate microorganisms from those untouched sur-
faces.2 Mechanical preparation promotes the formation 
of the smear layer, which consists of organic and inorganic 
tissue remnants, microorganisms, and their by-products.3 
The smear layer negatively affects the penetration of irriga
tion solutions and the adhesion of  the filling material.4 
The irrigation solutions used for chemical preparation 
mainly aim to reach and eliminate microorganisms in 
the uninstrumented areas, and dissolve the components 
of the smear layer.5 The efficiency of irrigants is affected 
by their ability to penetrate into dentinal tubules, the 
irrigation method and root canal structures.6

Irrigation solutions may act similarly on the smear layer 
and root canal dentin.7 Irrigants can cause changes in the 
chemical and mechanical properties of dentin by affecting 
its mineral content.8 The determination of microhardness 
shows mineral changes in root canal dentin.9 A decreased 
microhardness value may indicate the dissolution or deterio
ration of dentin composition,10 which adversely affects 
the adhesion of the sealer.11

Several irrigation solutions are preferred for smear layer 
removal, e.g., ethylenediaminetetraacetic acid (EDTA), 
maleic acid, QMix®, MTAD, fumaric acid, and chitosan.7,12–14 
EDTA is the most widely used irrigation solution for 
this purpose. Irrigation with a  0.7% concentration 
of  fumaric acid has been considered efficient in smear 
layer removal.13 Fumaric acid is a trans isomer of maleic 
acid and is produced in a citric acid cycle.15 Its esters have 
been successfully used for the treatment of psoriasis and 
multiple sclerosis.16

Recently, 0.2% chitosan has been applied in irrigation 
procedures.17 Chitosan is a  natural polysaccharide ob-
tained from crab and shrimp shells.18 Its use in the bio-
medical and dentistry fields is highly popular due to its 
good biocompatibility, biodegradability, antimicrobial 
properties, and chelating activity toward metal ions.19 

The 0.2% chitosan solution prepared using medium-
molecular-weight chitosan and acetic acid (C-AA) has 
been found effective in removing the smear layer from 
root canal walls.20 However, chitosan dissolves in acidic 
conditions and has poor water solubility, which limits its 
further industrial applications.21 To overcome this draw-
back, chitosan derivatives have been synthesized from 
halogens and low-molecular-weight chitosan to provide 
good water solubility. These chitosan ammonium salts 
are considered to have better antifungal and antibacterial 
properties than chitosan itself.21,22 The chitosan solution 
with distilled water (C-DW) is prepared by dissolving 
chitosan ammonium salts in distilled water.

Previously, EDTA and 0.2% chitosan solutions were 
compared with regard to dentin microhardness changes 
and the ability of  the irrigant to penetrate into dentinal 
tubules.4 A  literature review showed that fumaric acid 
and the C-DW solution had not been evaluated in terms 
of their effects on dentin microhardness and tubular penetra
tion ability. Thus, the present study aimed to compare 
the effects of  different final irrigation solutions, includ-
ing EDTA, fumaric acid, and the C-DW and C-AA solu-
tions, on dentinal tubule penetration capacity and dentin 
microhardness changes. The null hypothesis stated that 
no differences would be observed in the effects of  vari-
ous irrigants on dentinal tubule penetration and dentin 
microhardness.

Material and methods
This study was approved by the ethics committee 

of  Ankara Yıldırım Beyazıt University, Turkey (research 
code: 2020-149; decision date and No. of  approval: 
09.07.2020/39). Eighty extracted human maxillary central 
incisor teeth with full apex formation were selected. The 
teeth were visually and radiographically examined to have 
one single root and root canal, and to have no caries, re-
sorptions or calcifications. The teeth were decoronated 
at the cemento-enamel junction (CEJ) under water cool-
ant to obtain a 17-mm root length. The working length 
was determined as 16  mm. The root canals were pre-
pared using the ProTaper Next X4 instruments (Dentsply 
Maillefer, Ballaigues, Switzerland) with an  endodontic 

Highlights

	• All the tested irrigation solutions (EDTA, fumaric acid, chitosan prepared with distilled water (C-DW), and chitosan 
prepared with acetic acid (C-AA)) demonstrated comparable ability to penetrate dentinal tubules in both the apical 
and middle thirds of the root canals.

	• While the microhardness values were similar across most conditions, fumaric acid showed superior preservation 
of dentin microhardness at the 1,000-μm depth in the apical third as compared to C-AA.

	• C-DW and C-AA performed similarly in terms of tubular penetration and microhardness, indicating that C-DW is 
a viable alternative to C-AA for clinical use in root canal treatment.
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electronic torque-controlled motor. The root canals were 
irrigated with 2 mL of 2.5% NaOCl irrigation solution at 
each instrument change. The roots were equally divided 
into 2 main groups to evaluate the effects of  the tested 
irrigants on dentin microhardness and dentinal tubule 
penetration. The tested irrigants were as follows: EDTA; 
fumaric acid; C-DW; and C-AA.

Preparation of irrigation solutions 

The EDTA solution: 17% EDTA solution was used.
The fumaric acid solution: The solution was prepared at 

a 0.7% concentration by mixing fumaric acid with distilled 
water.

The C-DW solution: Chitosan ammonium salts 
with halogens were prepared according to the method 
of a previous study,22 using trichloroacetic acid and low-
molecular-weight chitosan. The solution was prepared 
by dissolving the chitosan-trichloroacetate compound in 
distilled water at a concentration of 5 mg/mL.

The C-AA solution: Chitosan with a  deacetylation 
degree of  70–85% (Sigma-Aldrich, St. Louis, USA) was 
dissolved in 1% acetic acid solution to obtain 0.2% chitosan 
solution.7 The acetic acid solution was added to the 
weighed amount of chitosan and the mixture was stirred 
overnight with the help of  a  magnetic stirrer. Then, the 
solution was filtrated through Whatman 42 filter paper to 
remove the undissolved material.

Evaluation of dentin microhardness 

The 40 roots were randomly divided into 4 subgroups 
(n  =  10) for microhardness evaluation: EDTA; fumaric 
acid; C-AA; and C-DW. The roots were irrigated using 
5 mL of the solution for 1 min. Afterward, irrigation with 
5 mL of distilled water was performed to prevent the re-
sidual action of  the solutions on dentin. The roots were 
embedded into acrylic resin blocks. The roots were sec-
tioned vertically along the long axis under distilled water 
coolant, using a  low-speed saw (Micracut 151; Metkon 
Instruments Inc., Bursa, Turkey), and 2.0-millimeter-
thick slices were obtained at 2 mm (the apical third) and 
5 mm (the middle third) from the root apex.

A Vickers microhardness testing machine (HMV-700; 
Shimadzu Corporation, Tokyo, Japan) was used at a load 
of 100 g for 10 s. Three indentations were made at 500 µm 
and 1,000 µm from the canal lumen, with 100 µm between 
the indentations, under a  stereomicroscope integrated 
into the microhardness testing machine at ×40 magnifica-
tion. The arithmetic mean of the Vickers microhardness 
values was calculated for each distance.

Evaluation of dentinal tubule penetration 

All final irrigants were mixed with 0.1% fluorescent 
rhodamine B isothiocyanate (Merck, Darmstadt, Germany) 

to visualize dentinal tubules under confocal laser 
scanning microscopy. Root surfaces were sealed with 
nail polish. The apical foramina of  the roots were 
covered with wax. The group was randomly divided 
into 4 subgroups (n = 10) according to the final irriga
tion solution: EDTA; fumaric acid; C-AA; and C-DW. 
All groups were irrigated with 5 mL of the solution for 
1  min. The roots were embedded in acrylic resin and 
sectioned vertically along the long axis under distilled 
water coolant, using a  low-speed saw (Micracut 151). 
At 2 mm (the apical third) and 5 mm (the middle third) 
from the root apex, 1.0-millimeter-thick slices were ob
tained. The coronal sides of the slices were polished with 
silicon carbide abrasive paper. The samples were fixed 
on glass coverslips, with the apical sides of the slices 
contacting the coverslips.

The specimens were scanned and photographed using 
a  confocal laser scanning microscope (Zeiss LSM 510; 
Carl Zeiss, Jena, Germany) under the Ar/HeNe laser 
excitation, with a  wavelength of  543  nm (Fig.  1). The 
images were evaluated using the ImageJ software, v. 1.48 
(https://imagej.net/ij; National Institutes of Health (NIH), 
Bethesda, USA), to analyze the irrigant penetration areas. 
In each image, the outline of the penetration area and the 
circumference of  the root canal were marked. The per-
centage of irrigant penetration was calculated by dividing 
the outlined area by the root canal area.

Statistical analysis 

Statistical analysis was performed using IBM SPSS 
Statistics for Windows, v. 22.0 (IBM Corp., Armonk, 
USA). The normal distribution of  the data in each 
group was evaluated using the Shapiro–Wilk test. The 
data showing a normal distribution was evaluated using 
the one-way analysis of  variance (ANOVA), post-hoc 
Tukey’s test and t test. The significance level was set at 
p < 0.05.

Results

Evaluation of dentin microhardness 

The results regarding Vickers microhardness are shown 
in Table 1. No significant differences were found between 
the tested irrigants in the 500-µm and 1,000-µm depth 
microhardness values for the middle third (p  >  0.05), 
and in the 500-µm depth microhardness values for the 
apical third (p > 0.05). C-AA provided a statistically signifi­
cantly lower microhardness value than fumaric acid at the 
1,000-µm depth for the apical third (p < 0.05). Regardless 
of the irrigant used, the irrigation procedure resulted in 
a statistically significantly lower microhardness values in 
the middle third than in the apical third at either depth 
(p < 0.05) (Table 2).

https://imagej.net/ij
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Evaluation of dentinal tubule penetration 

No significant differences were observed between 
the tested irrigants in terms of dentinal tubule penetra-
tion in the apical and middle thirds (p > 0.05) (Table 3). 

The  penetration ratio obtained in the middle third was 
statistically higher than that in the apical third, regardless 
of the irrigant used (p < 0.05) (Table 2).

Table 2. Comparison of the apical and middle thirds with regard to the dentin microhardness values and the irrigant penetration ratios, regardless of the type 
of irrigant

Part of the root 
canal

500 µ 
(n = 40)

1,000 µ 
(n = 40) Penetration 

ratio 
(n = 40)

t p-valueVickers 
microhardness 

[HV]
t p-value

Vickers 
microhardness 

[HV]
t p-value

Apical third 78.52 ±6.94
2.382 0.020*

82.42 ±5.07
0.054 0.003*

7.94 ±4.97
2.690 0.009*

Middle third 74.75 ±7.22 78.49 ±6.38 11.61 ±7.03

Data presented as M ±SD. 
* statistically significant (t test).

Table 1. Comparison of the irrigants with regard to the Vickers microhardness values obtained at depths of 500 µm and 1,000 µm from the canal lumen for 
the apical and middle thirds of the root canals

Irrigant

Apical third Middle third

500 µm 1,000 µm 500 µm 1,000 µm

Vickers 
microhardness 

[HV]
F p-value

Vickers 
microhardness 

[HV]
F p-value

Vickers 
microhardness 

[HV]
F p-value

Vickers 
microhardness 

[HV]
F p-value

EDTA 
(n = 10)

76.99 ±9.38

1.601 0.206

83.33 ±6.42a,b

5.405 0.004*

75.56 ±7.62

1.436 0.248

82.22 ±3.75

1.620 0.202

Fumaric acid 
(n = 10)

76.57 ±5.12 86.01 ±3.66a 75.47 ±4.61 83.98 ±4.52

C-DW 
(n = 10)

76.04 ±4.85 82.08 ±3.78a,b 77.10 ±6.25 81.65 ±3.34

C-AA 
(n = 10)

71.71 ±3.43 78.27 ±2.81b 70.87 ±9.14 78.87 ±8.08

Data presented as mean ± standard deviation (M ±SD). 
* statistically significant (ANOVA and post hoc Tukey’s test). Different superscript letters indicate significant differences within each column.

Fig. 1. Representative confocal laser scanning microscopic images for each irrigation solution at the middle and apical thirds

EDTA – ethylenediaminetetraacetic acid; C-DW – chitosan prepared with distilled water; C-AA – chitosan prepared with acetic acid.



Dent Med Probl. 2025;62(4):731–737 735

Discussion
An irrigation solution should have the abilities of smear 

layer removal and dentinal tubule penetration without 
promoting a  decrease in dentin microhardness. In this 
study, the effects of the EDTA, fumaric acid, C-AA, and 
C-DW solutions on dentin microhardness and dentinal 
tubule penetration were evaluated. The effects of  the 
solutions in terms of  dentinal tubule penetration were 
similar in the apical and middle thirds of the root canals. 
Dentin microhardness values for the solutions were similar 
at the 500-µm and 1,000-µm depths in the middle third, 
and at the 500-µm depth in the apical third. However, in 
the apical third, C-AA showed a  lower microhardness 
value than fumaric acid at the 1,000-µm depth. Thus, the 
null hypothesis was partially accepted.

The dentin microhardness measurement is a  non-
destructive method that indirectly proves mineral loss 
or gain in dental hard tissues.9 A positive correlation has 
been proven between dentin mineralization and micro-
hardness.23 The Vickers indenter method has been found 
to be more sensitive for evaluating deep dentin micro-
hardness than the Knoop method.24 In this study, Vickers 
indentation was preferred.

Chitosan irrigation solutions prepared with different 
concentrations were previously evaluated. Chitosan solu
tions diluted with acetic acid at 0.2% and 0.5% concentra
tions were similar in terms of the Ca/P ratio changes and 
smear layer removal in root canal dentin.25 Chitosan solu
tions at 0.37% and 0.2% concentrations were similar with 
regard to removing the smear layer, but 0.37% chitosan 
caused a  much greater erosive effect.26 Therefore, in 
this study, the 0.2% concentration was preferred for the 
preparation of the C-AA solution. A 0.7% concentration 
of fumaric acid was used, as this concentration represents 
the maximum dissolution rate of  fumaric acid at room 
temperature.13

The chelating feature of EDTA reduces dentin micro
hardness. EDTA causes demineralization by binding 
the Ca ions of  dentin, thus softening the intraradicular 
dentin.27 The effect of the 0.2% chitosan solution prepared 

with medium-molecular-weight chitosan and acetic acid 
on dentin microhardness was found to be similar to that 
of 17% EDTA solution,7,28 which is in accordance with the 
results of this study. Supporting these results, the C-AA 
solution prepared with acetic acid and the C-DW solution 
prepared with distilled water similarly affected dentin 
microhardness in each third and at either depth in this study. 
The chelating mechanism of chitosan is not yet clear, but 
the chelating process is considered to occur between the 
amino group of chitosan and metallic ions.7 Using acetic 
acid or distilled water for a  chitosan solution similarly 
affected dentin microhardness. Further studies should be 
conducted to evaluate the effect of C-AA and C-DW on 
the physical and chemical properties of dentin.

Regardless of  the irrigant used, higher microhardness 
values were found in the apical third at either depth. 
The intraradicular dentin in the apical third was more 
sclerosed and the concentration of non-collagenous proteins 
decreased. Thus, the level of  demineralization in the 
apical third area of the root canal also decreased.29 In the 
apical third at the 1,000-µm depth, fumaric acid showed 
the highest microhardness value, although the differ
ence was statistically significant only in comparison with 
C-AA. Fumaric acid has also been found to be more 
effective in smear layer removal than EDTA due to 2 carbo
xylic groups opposite each other in its molecular form, 
which provides a greater binding ability to Ca ions.13 In 
this study, fumaric acid also showed a similar penetration 
ability to that of other irrigation solutions.

Scanning electron microscopy (SEM) is a  widely used 
method to evaluate dentinal tubule penetration. However, 
this technique has some drawbacks, such as the require-
ment for the vacuum and gold sputtering procedures, pro-
moting artifacts, a  limited number of  analyzed surfaces, 
and the subjective examination of images.30 Confocal laser 
scanning microscopy does not require any specimen pre
paration and provides fewer artifacts.31 In the present study, 
confocal laser scanning microscopy was used for the evalu
ation of irrigant penetration. A fluorescent dye, rhodamine B, 
in a  low concentration (0.1%) was used to detect the 
irrigant. The sections were obtained 2 mm and 5 mm from 
the apical foramen, as observed in previous studies.32–34 

Table 3. Comparison of the irrigants with regard to the percentage of dentinal tubule penetration

Irrigant
Apical third Middle third

dentinal tubule penetration 
[%] F p-value dentinal tubule penetration 

[%] F p-value

EDTA 
(n = 10)

7.625 ±5.864

0.629 0.601

11.497 ±5.556

2.435 0.081

Fumaric acid 
(n = 10) 

6.687 ±3.083 8.321 ±4.890

C-DW 
(n = 10)

9.699 ±5.491 10.477 ±6.351

C-AA 
(n = 10)

7.764 ±5.251 16.128 ±9.107

Data presented as M ±SD (ANOVA).
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Regardless of  the irrigant used, tubular penetration was 
lower in the apical third, as dentinal tubules are more 
sclerosed and fewer there than in the middle third.35

Better penetration of  the irrigant can be achieved by 
better smear layer removal. The similar penetration ability 
of the solutions shows that they have a similar smear layer 
removal ability. The dentinal tubule penetration of irriga-
tion solutions not only improves the flow of the sealer, but 
also provides better antimicrobial activity. The dentin wet-
tability depends on the viscosity and surface tension of the 
irrigant, which both affect the tubular penetration of  the 
irrigants.36 Similar mean values of tubular penetration were 
observed for all irrigation solutions, regardless of the root 
canal third assessed. The tested solutions could also have 
similar viscosity. Further studies comparing the viscosity 
patterns of these solutions would be beneficial. In the apical 
third, C-DW showed a better penetration ability than C-AA. 
C-DW was prepared with low-molecular-weight chitosan. 
The lower weight may provide a  deeper diffusion ability, 
thus enabling the irrigant to penetrate deeper into the 
narrow tubules involved in the apical third.

The 0.2% chitosan solution prepared with medium-
molecular-weight chitosan and acetic acid was evaluated for 
the smear layer removal effect. A chitosan solution pre-
pared with low-molecular-weight chitosan and distilled 
water has not been evaluated as an  irrigation solution 
in the literature. The C-DW solution manifested similar 
penetration ability, as well as the microhardness values at 
the 500-µm and 1,000-µm depths, as the C-AA solution in 
each third. However, the lowest microhardness values at 
the 1,000-µm depth were observed for the C-AA solution. 
Therefore, the C-DW solution can be considered an alter-
native to the C-AA solution.

Conclusions
All the tested irrigation solutions showed a  similar 

tubular penetration ability in the apical and middle thirds. 
The microhardness values were also similar for the 500-µm 
depth for each third. At the 1,000-µm depth in the apical 
third, the fumaric acid solution provided an  increased 
microhardness value as compared to the C-AA solution.
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Abstract
Childhood cancer survivors report many health issues related not only to the disease itself but also to post-
treatment complications. Dental problems in these patients are irreversible, as they mostly concern the 
permanent dentition. This systematic review and meta-analysis is aimed at determining the prevalence 
of hypodontia in cancer survivors. The research strategy was implemented using multiple databases, such 
as PubMed®, Scopus, Web of Science, and Embase. The literature search was performed on February 21, 
2023. A  total of  576 articles were screened. Of those, 72 full-text articles were assessed for eligibility, 
and 31 articles were ultimately selected for inclusion in the meta-analysis. The prevalence of  tooth 
agenesis in pediatric cancer patients was found to be 22% (random effects model; 95% confidence 
interval (CI): 14–25%, p < 0.001). Pooled analyses of 15 unadjusted relative risk estimates demonstrated 
a  significantly higher prevalence of  tooth agenesis in cancer patients compared to healthy individuals 
(unadjusted odds ratio (OR): 3.12; 95% CI: 2.01–4.83; p < 0.00001). Factors reported in the literature as 
contributing to the incidence of hypodontia include younger age at diagnosis, the utilization of multiple 
cytostatic drugs, high-dose radiotherapy (RTX), hematopoietic stem cell transplantation (HSCT), and the 
presence of other dental abnormalities. Patients who underwent cancer therapy during childhood are 
more prone to hypodontia.
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Introduction
Childhood cancer survivors suffer from many health 

problems related not only to the disease itself but also 
to post-treatment complications. These include cardio-
metabolic diseases,1 chronic kidney impairments2,3 and 
endocrine disorders.4 It is estimated that around 10% 
of  children who survive cancer will experience hearing 
loss within several years following the disease.5 

The curative cancer therapy in children may affect most 
of  the growing and developing tissues, including those 
of the head and face, such as the teeth. Long-term com
plications, including hypodontia, microdontia, impaired 
development of  the tooth roots, or demineralization 
of  enamel, may not pose a  direct threat to the patient’s 
life. However, they may adversely affect their health and 
aesthetics in the future.6,7 Cancer survivors may also suffer 
from delayed or accelerated dental development,8,9 which, 
in turn, influences the development of the jaws and dental 
occlusion. The cancer patients were more likely to report 
at least 1 dental health problem after controlling for 
socioeconomic factors, age at last follow-up and diagnosis, 
other treatment exposures, and access to dental services. 
Consequently, long-term orthodontic or prosthodontic 
treatment could be necessary.7,10

The formation of deciduous teeth begins at 4 months 
of  pregnancy, while the first signs of  mineralization 
of the first permanent tooth become apparent at the time 
of childbirth.11 The cancer treatment can be initiated dur-
ing the first months or years of the child’s life, when the 
most active mineralization of  permanent tooth buds 
occurs.12 Therefore, the majority of  dental complications 
become evident later in life of  patients with permanent 
dentition. It has been proven that both chemotherapy 
(CT) and radiotherapy (RTX) may cause direct or indi
rect irreversible changes in developing tooth buds. 
Radiotherapy may directly interfere with the mitotic activity 
of odontoblasts in developmental patients, resulting in the 
formation of “osteodentin” rather than the normal dentin 
and indirectly affecting the process of enamel formation, 
leading to severe demineralization.6 Cytostatics were also 
proven to disrupt the metabolic processes and cell cycle 
of ameloblasts and odontoblasts, thus directly influencing 
the processes of amelogenesis and dentinogenesis.8,11

Chemotherapeutic drugs applied in cancer therapy, 
namely vincristine, doxorubicin, cyclophosphamide, 

or  actinomycin D, exert particularly harmful effects on 
tooth buds.12 Some cytotoxic antibiotics administered to 
cancer patients may present relative risks of hypodontia.13 
There is evidence demonstrating a relationship between 
RTX and dental damage, indicating that the dose of RTX 
correlates with the severity of  changes.14 Other studies 
indicate a  relationship between mutations of  certain genes 
and the occurrence of cancer and tooth agenesis.15 

Hypodontia, defined as a  lower-than-normal number 
of  permanent teeth, results from a  complete devastation 
of tooth buds and is one of the most severe and frequent 
complications among dental abnormalities experienced by 
childhood cancer survivors.6,13,16 Therefore, the aim of the 
study was to systematically review the literature to deter
mine the prevalence of  hypodontia in pediatric cancer 
patients and to compare it with the prevalence of the condi
tion in healthy individuals. The null hypothesis stated that 
the prevalence of tooth agenesis would be comparable in 
childhood cancer survivors and healthy individuals.

Material and methods
The present systematic review and meta-analysis was 

conducted according to the PRISMA (Preferred Reporting 
Items of Systematic Reviews and Meta-Analyses) guide-
lines in order to follow a uniform and transparent meth-
odology.17 The study was registered with PROSPERO 
(registration No. CRD42022308068). The following 
PICOS (Population, Intervention, Comparison, Outcome, 
and Study design) framework was employed: Population 
– pediatric patients; Intervention – cancer patients; 
Comparison – healthy patients; Outcome – prevalence 
of hypodontia. The research question was: “What is the 
prevalence of hypodontia in pediatric cancer patients?”

Literature search 

The systemic research strategy was implemented 
using multiple databases, namely PubMed®, Scopus, Web 
of  Science, and Embase. The literature search was per-
formed on February 21, 2023. The search strategy used in 
PubMed® and adapted in other database searches is pre-
sented in Table 1. After the search, all articles were imported 
into the Mendeley Desktop v. 1.17.11 software (Glyph & Cog, 
LLC, Petaluma, USA) to eliminate duplicates.

Highlights

	• Childhood cancer treatment is linked to a higher incidence of tooth agenesis.
	• Children undergoing cancer treatment typically exhibit at least 2 dental disorders.
	• The severity of dental abnormalities is primarily influenced by the child’s age, cancer type and the specific treatment 

protocol used.
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Study selection 

The articles were imported into the Rayyan online tool,18 

and the titles and abstracts were initially screened to iden-
tify studies that potentially met the following eligibility 
criteria: human experimental studies (cross-sectional and 
longitudinal, retrospective, and prospective) investigating 
the prevalence and patterns of tooth agenesis in pediatric 
patients with cancer; studies with at least 3 subjects with 
dental anomalies per group. Only manuscripts published 
in the English language were considered. Case series, case 
reports, pilot studies, and reviews were excluded from 
the analysis. The full texts of the articles were reviewed, 
and a systematic methodology was employed to label all 
the relevant information for the exclusion or inclusion of 
individual papers. The decision process was performed by 
2 independent reviewers (PP and MLS). In the case of dis-
agreement between the authors, the final decision was 
made through consultation with a third reviewer (CECS), 
a senior experienced researcher.

Data extraction 

The relevant data from the included studies was 
extracted independently by 2 authors (PP and MLS) using 
a  Microsoft Excel spreadsheet (Microsoft Corporation, 
Redmond, USA). In instances where information was 
incomplete or unclear, the authors of the included reports 
were contacted via e-mail for clarification. The following 
data was recorded for each included report: study design 
and sample size; age of participants during examination; 
age at diagnosis; cancer type; length of  therapy; preva-
lence of hypodontia in cancer patients; and other dental 
anomalies. 

Risk of bias 

The risk of bias for all the included clinical trials was 
assessed by 2 independent reviewers (PP and MLS), and 
discrepancies were resolved by discussion and in consul-
tation with a third reviewer (CECS). All included studies 
were evaluated using specific tools for each experimental 
design: the ROBINS-I (Risk Of Bias In Non-randomized 
Studies – of  Interventions) for non-randomized clini-
cal trials; the Newcastle–Ottawa Scale (NOS) for cohort 
studies; and the Joanna Briggs Institute (JBI) critical 
appraisal tool for cross-sectional and case–control studies.17

Statistical analysis 

The data regarding the prevalence of  tooth agenesis 
was pooled, and the risk difference with a 95% confidence 
interval (CI) was used as the effect size. Subsequently, the 
inverse variance method was selected to calculate the pooled 
effect. When data from the control patients was available, 
information regarding the prevalence of  tooth agenesis in 
both cancer and non-cancer patients was used to gener
ate unadjusted odds ratios (ORs) and 95% CIs of the tooth 
agenesis for the cancer vs. non-cancer group. The hetero
geneity (I2) index and Cochran’s Q test were used to examine 
the heterogeneity between the studies. For the Cochran’s 
Q test, the p-value was significant at <0.05. All analyses 
were performed using the MedCalc® statistical software, 
v. 20.027 (MedCalc Software Ltd, Ostend, Belgium).

Results

Literature search 

The literature search yielded a  total of  917 records 
(Fig. 1). After removing duplicates, 576 articles were 
screened, resulting in the exclusion of 504 papers based 
on the eligibility criteria. A  total of  72 full-text articles 
were assessed for eligibility. Of these, 39 were not selected 
for the qualitative analysis. Nine of them did not present 
complete data, 7 were based on studies conducted exclu-
sively on adults, 6 were case reports, 4 were published 
in a  language other than English, 4 did not provide the 
full text, 3 were performed on non-cancer patients only, 
2 evaluated data on third molars only, 2 were reviews, one 
of the studies included patients who did not complete the 
treatment, and 1 was a pilot study. A total of 33 studies 
were included in the qualitative analysis. However, 
2 additional articles were excluded: one due to missing data; 
and the second one because it employed the same sample 
as another article. Finally, 31 studies were included in the 
single-arm meta-analysis.3,6,8,9,16,19–45 Only 14 studies pre-
sented data for a control group and were included in the 
proportion meta-analysis.6,12,19–22,29–34,36,44,45

The characteristics of the included articles are summa
rized in Table 2. Several types of  clinical studies were 
included, such as cross-sectional, cohort and case–control 
studies. In the investigated groups, the number of cancer 
patients ranged from 10 to 9,308. The subjects suffered 

Table 1. Search strategy

Search No. Keywords

1
cancer patients OR pediatric cancer survivors OR pediatric stem cell transplantation OR blood transplantation OR marrow transplantation OR 

radiotherapy adverse effects OR chemotherapy adverse effect OR cervico-facial irradiation OR colorectal polyposis OR cancer

2 dental agenesis OR tooth agenesis OR hypodontia OR oligodontia OR anodontia

3 #1 and #2

The 3 searches were implemented across all databases (PubMed®, Scopus, Web of Science, and Embase).
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Table 2. Characteristics of the included studies

Study Type of study Cancer patients, n Cancer patients with 
hypodontia, n (%) Age at examination Age at cancer diagnosis Cancer type Follow-up period Therapy 

received Other dental anomalies evaluated

Alpaslan et al.19 
1999 cross-sectional 30 15 (50.0) 4–15 years ND non-Hodgkin lymphoma (17); Hodgkin lymphoma (13) 17 months  

(3–58 months) CT enamel discoloration; hypoplasia; 
unerupted teeth; premature apexification

Atif et al.20 
2022 cross-sectional 120 6 (5.0) >12 years <8 years

acute lymphocytic leukemia (54); Hodgkin lymphoma (24); retinoblastoma (10); 
sarcomas (4); acute myeloid leukemia (9); medulloblastoma (1); Langerhans cell 

histiocytosis (2); PNET (3); non-Hodgkin lymphoma (13)
ND CT developmental defects of enamel

Bica et al.8 
2017 cohort 36 12 (33.3) 10–12 years 1–6 years (n = 20);  

7–12 years (n = 16) ALL ND CT tooth eruption disorders (71%); 
hypoplasia (17%)

Çetiner et al.21 
2019 cohort 53/31 who underwent 

dental examination 21 (39.6) 10 years ±4 months ND Hodgkin lymphoma (10); non-Hodgkin lymphoma (36); neuroblastoma (2); Wilms 
tumor (1); retinoblastoma (2); RMS (1); nasopharyngeal carcinoma (1)

1–5 years  
(M: 2 years ±4 months) CT enamel discoloration; enamel hypoplasia; 

unerupted teeth

Cubukcu et al.45 
2012 case–control 37 6 (16.2) ND 2.7 ±0.6 years

non-Hodgkin lymphoma (8); Wilms tumor (8); soft tissue sarcoma (4); medulloblastoma (3); 
optic glioma (1); neuroblastoma (4); Hodgkin lymphoma (3); retinoblastoma (2); Langerhans 

cell histiocytosis (2); other (hepatoblastoma and germ cell tumor) (2)

>5 years  
(M: 6.7 ±1.5 years) CT and RTX ND

Estilo et al.23 
2003 cohort 10 4 (40.0) 10 years ±4 months 4.5 years (10 months–19.5 years) RMS of the neck 12.2 years CT and RTX

enamel defects; bony hypoplasia/facial 
asymmetry; trismus; velopharyngeal 

insufficiency; radiographically 
underdeveloped mandible; tooth agenesis; 

root agenesis; root stunting/tapering; 
arrested/incomplete root development

Flandin et al.24 
2006 cohort 32 (TBI + CT);  

30 (CT only)
TBI + CT: 1 (3.1);  

CT: 19 (63.3)
TBI + CT: 181 (130–240) months;  

CT: 198 (147–247) months 
TBI + CT: M: 37 months; 

CT: M: 37 months neuroblastoma TBI + CT: 157 months 
CT: 145 months

CT, RTX of the 
head or neck, TBI ND

Hölttä et al.43 
2005 cross-sectional 52

16 (31) patients without third 
molars;  

77% (<3 years), 40% (3–5 years), 
and 0% (>5 years)

11.7 (4.7–25.7) years 10 years at the time of SCT neuroblastoma; ALL; AML; chronic myeloid leukemia; myelodysplastic syndrome; 
severe aplastic anemia; RMS, yolk sac tumor 7.4 (1.0–20.6) years CT, RTX of the 

head or neck, TBI ND

Immonen et al.25 
2021 cross-sectional 178 1.4–3.8% ND 5.0 (2.5–16.8) years ALL 6.3 (3.0–11.6) years CT, RTX of the 

head or neck, TBI ND

Jodłowska et al.26 
2019

non-randomized 
clinical trial 37 5 (13.5) <18 years 3 years and 2 months (range: 4 

months–8 years and 6 months) solid tumor (29); leukemia (8) 24–36 months CT and RTX ND

Kang et al.3 
2018 cross-sectional 196 40 (20.4) 14.9 (4.6–33.9) years 4/7 years (0–16.4 years) ALL (71); AML (7); lymphoma (23); brain tumor (22); sarcoma (18); abdomen (37); 

others (18) 6.9 (2.1–22.5) years CT and RTX enamel hypoplasia

Kaste et al.27 
1995 cross-sectional 22 11 (50.0) ND 5 years and 1 month RMS of the head or neck 9 years and 5 months  

(5–16 years) CT and RTX severe facial deformity; severe 
malocclusion; extensive caries

Kaste et al.28 
1998 cross-sectional 52 9 (17.3) ND 1.5 years (range: 3 days–7.2 years;  

M: 1.9 years) neuroblastoma 5.0 (1.9–19.3) years  
(M: 6.4 years) CT and RTX enamel hypoplasia (17%);  

excessive caries (29%)

Kaste et al.44 
2009 cross-sectional 8,522 698 (8.2) ND 6.0 (0–20) years

leukemia (2,910 (34.2%)); CNS tumor (1,076 (12.6%)); Hodgkin lymphoma (1,086 (12.7%)); 
non-Hodgkin lymphoma (628 (7.4%)); Wilms tumor (794 (9.3%)); neuroblastoma (575 (6.8%)); 

soft tissue sarcoma (750 (8.8%)); bone cancer (702 (8.2%))
22.0 (15–34) years CT and RTX enamel hypoplasia; gingivitis; xerostomia

Kılınç et al.29 
2019 case–control 93 21 (22.6) 9.54 ±1.25 years  

(range: 8–13 years) 9 months–7 years
lymphoproliferative tumors; leukemia; lymphoma; Langerhans cell histiocytosis; solid 

tumors; neuroblastoma; renal tumor; soft tissue sarcoma; germ cell tumor; hepatic 
tumor; CNS tumor; retinoblastoma

5–8 years CT and RTX enamel defects (22 (23.7%))

Krasuska-Sławińska et al.30 
2016

non-randomized 
clinical trial 60 16 (26.7) 11.81 ±3.87 years 5.9 ±4.0 years

Burkitt’s lymphoma (15.0%); nephroblastoma (13.0%); neuroblastoma (10.0%);  
histiocytosis (8.3%); RMS (6.7%); Ewing sarcoma (6.7%); medulloblastoma (5.0%);  

neurofibromatosis type I (5.0%); others (30.3%) 
4.9 ±3.4 years CT root resorption (36 (60.0%));  

enamel defects (53 (88.3%))

Lauritano and Petruzzi31 
2012

non-randomized 
clinical trial 52 7 (13.5) 8–15 years <15 months ALL (39); AML (13) 60 ±24 months CT and RTX enamel hypoplasia (9 (17.3%))

Lopes et al.32 
2006 cross-sectional 137 8 (5.8) 0–6; 6–12 years 5 years and 6 months leukemia/lymphoma (61%); solid tumors (39%) 3–58 months  

(M: 17 months) CT and RTX
microdontia (10 (7%)); taurodontism 

(19 (14%)); macrodontia (7 (5%)); blunted 
root (2 (2%)); tapered root (5 (4%))

Nemeth et al.33 
2013

non-randomized  
clinical trial 38 4 (10.5) without third molars;  

18 (47.4) with third molars 12.2 ±0.5 years 31 months–6 years;  
M: 4.29 ±1.71 years ND 6.9 ±2 years CT, RTX of the 

head or neck, TBI
macrodontia (2–2.6%);  

unerupted teeth (6–15.8%)

Oğuz et al.34 
2004

non-randomized 
clinical trial 36 16 (44.4) 10.0 (4.2–17.6) years 7.1 years (range: 3.2–15 years) non-Hodgkin lymphoma 2.6 (1–6.2) years CT

enamel discoloration (24 (66.7%)); enamel 
defects (20 (55.6%)); unerupted teeth 

(7 (19.4%)); premature apexification (2 (5.6%))

Owosho et al.35 
2016 cross-sectional 13 7 (53.8) ND 5 years (range: 19  

months–13 years) RMS 9 (1–13) years CT
facial asymmetry and jaw hypoplasia; 

trismus and hyposalivation/xerostomia; 
enamel malformation

Pedersen et al.22 
2012 cohort 150 14 (9.3) 12–18 years 1–7 years

lymphomas and other reticuloendothelial neoplasms; CNS, intracranial and intraspinal 
neoplasms; sympathetic nervous system tumors; retinoblastoma; renal and hepatic 

neoplasms; bone and soft tissue sarcoma; gonadal neoplasms
ND CT ND

Proc et al.6 
2016 case–control 61 19 (31.1) 5–18 years (56–213 months) 1–196 months ALL; ANLL; B-cell non-Hodgkin lymphoma; PNET; germinal tumor; brain tumor; 

hepatoblastoma; neuroblastoma; RMS; Wilms tumor
4.9 years  

(58.9 ±4.3 months) CT and RTX ND

Quispe et al.36 
2019 case–control 111 11 (9.9) M: 160.1 months <192 months; M: 83.2 months various M: 18.3 months CT, RTX of the 

head or neck, TBI various but not significant

Ruyssinck et al.37 
2019 case–control 42 51.3% ND <12 years

primitive neuroectodermal tumor (1); ALL (9); AML (2); juvenile myelomonocytic leukemia 
(2); neutropenia (severe, congenital) (1); neuroblastoma (9); Wilms tumor/nephroblastoma 

(2); anaplastic large cell lymphoma (1); juvenile metachromatic leukodystrophia (1); X-linked 
adrenoleukodystrophy (2); myelodysplastic syndrome (4); secondary myelodysplastic 
syndrome (1); chronic myeloid leukemia (2); aplastic anemia (2); thalassemia major (1); 

hemophagocytic lymphohistiocytosis (1); Burkitt’s lymphoma (1)

>1 year  
(M: 7 years) CT and TBI ND

Shum et al.38 
2020 case–control 59 9 (15.3) 14–16 years; M: 14.9 ±0.80 years <10 years; M: 4.1 ±2.9 years various ND CT and RTX ND

Singh et al.39 
2021 case–control 29 3 (10.3) 37.3 (24.2–219.5) months 2.9 (0.8–14) years neuroblastoma ND CT hypocalcification of enamel; trismus

Sonis et al.40 
1990 case–control 97 5 (5.2) 8 year and 1 month–16 years and 

2 months <10 years ALL 5 years CT and RTX enamel hypoplasia

Stolze et al.16 
2021 cross-sectional 154 21 (14.3) 32.4 (16.8–56.6) months 5.2 (0.3–16.1) years hematological malignancy (111); brain tumor (7); solid tumor (36) 25.2 (15.9–48.8) months CT, RTX of the 

head or neck, TBI
peg-shaped teeth; hypomineralization; 

persistent deciduous teeth

Tanaka et al.41 
2017 cross-sectional 56 9 (16.1) 13.9 (4.6–32.7) years 1.9 (0.0–13.7) years 

ALL (30 (53.6%)); AML (11 (19.6%)); juvenile myelomonocytic leukemia (1 (1.8%)); 
malignant lymphoma (4 (7.1%)); neuroblastoma (4 (7.1%)); Wilms tumor (2 (3.6%)); 

hepatoblastoma (1 (1.8%)); Langerhans cell histiocytosis (1 (1.8%));  
retinoblastoma (1 (1.8%)); germinoma (1 (1.8%))

3 years from the 
completion of cancer 

treatment or 5 years from 
the time of the diagnosis

CT enamel defects/hypoplasia (6 (10.7%))

Welbury et al.42 
1984 cross-sectional 64 12 (18.8) 3–20 years ND leukemia (37); solid tumor (27) ND CT hypoplastic teeth (36%)

ALL – acute lymphoblastic leukemia; ANLL – acute non-lymphoblastic leukemia; AML – acute myeloid leukemia; CNS – central nervous system; CT – chemotherapy;  
HSCT – hematopoietic stem cell transplantation; M – mean; ND – no data; PNET – primitive neuroectodermal tumor; RMS – rhabdomyosarcoma; RTX – radiotherapy;  
SCT – stem cell transplantation; TBI – total body irradiation.
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Table 2. Characteristics of the included studies

Study Type of study Cancer patients, n Cancer patients with 
hypodontia, n (%) Age at examination Age at cancer diagnosis Cancer type Follow-up period Therapy 

received Other dental anomalies evaluated

Alpaslan et al.19 
1999 cross-sectional 30 15 (50.0) 4–15 years ND non-Hodgkin lymphoma (17); Hodgkin lymphoma (13) 17 months  

(3–58 months) CT enamel discoloration; hypoplasia; 
unerupted teeth; premature apexification

Atif et al.20 
2022 cross-sectional 120 6 (5.0) >12 years <8 years

acute lymphocytic leukemia (54); Hodgkin lymphoma (24); retinoblastoma (10); 
sarcomas (4); acute myeloid leukemia (9); medulloblastoma (1); Langerhans cell 

histiocytosis (2); PNET (3); non-Hodgkin lymphoma (13)
ND CT developmental defects of enamel

Bica et al.8 
2017 cohort 36 12 (33.3) 10–12 years 1–6 years (n = 20);  

7–12 years (n = 16) ALL ND CT tooth eruption disorders (71%); 
hypoplasia (17%)

Çetiner et al.21 
2019 cohort 53/31 who underwent 

dental examination 21 (39.6) 10 years ±4 months ND Hodgkin lymphoma (10); non-Hodgkin lymphoma (36); neuroblastoma (2); Wilms 
tumor (1); retinoblastoma (2); RMS (1); nasopharyngeal carcinoma (1)

1–5 years  
(M: 2 years ±4 months) CT enamel discoloration; enamel hypoplasia; 

unerupted teeth

Cubukcu et al.45 
2012 case–control 37 6 (16.2) ND 2.7 ±0.6 years

non-Hodgkin lymphoma (8); Wilms tumor (8); soft tissue sarcoma (4); medulloblastoma (3); 
optic glioma (1); neuroblastoma (4); Hodgkin lymphoma (3); retinoblastoma (2); Langerhans 

cell histiocytosis (2); other (hepatoblastoma and germ cell tumor) (2)

>5 years  
(M: 6.7 ±1.5 years) CT and RTX ND

Estilo et al.23 
2003 cohort 10 4 (40.0) 10 years ±4 months 4.5 years (10 months–19.5 years) RMS of the neck 12.2 years CT and RTX

enamel defects; bony hypoplasia/facial 
asymmetry; trismus; velopharyngeal 

insufficiency; radiographically 
underdeveloped mandible; tooth agenesis; 

root agenesis; root stunting/tapering; 
arrested/incomplete root development

Flandin et al.24 
2006 cohort 32 (TBI + CT);  

30 (CT only)
TBI + CT: 1 (3.1);  

CT: 19 (63.3)
TBI + CT: 181 (130–240) months;  

CT: 198 (147–247) months 
TBI + CT: M: 37 months; 

CT: M: 37 months neuroblastoma TBI + CT: 157 months 
CT: 145 months

CT, RTX of the 
head or neck, TBI ND

Hölttä et al.43 
2005 cross-sectional 52

16 (31) patients without third 
molars;  

77% (<3 years), 40% (3–5 years), 
and 0% (>5 years)

11.7 (4.7–25.7) years 10 years at the time of SCT neuroblastoma; ALL; AML; chronic myeloid leukemia; myelodysplastic syndrome; 
severe aplastic anemia; RMS, yolk sac tumor 7.4 (1.0–20.6) years CT, RTX of the 

head or neck, TBI ND

Immonen et al.25 
2021 cross-sectional 178 1.4–3.8% ND 5.0 (2.5–16.8) years ALL 6.3 (3.0–11.6) years CT, RTX of the 

head or neck, TBI ND

Jodłowska et al.26 
2019

non-randomized 
clinical trial 37 5 (13.5) <18 years 3 years and 2 months (range: 4 

months–8 years and 6 months) solid tumor (29); leukemia (8) 24–36 months CT and RTX ND

Kang et al.3 
2018 cross-sectional 196 40 (20.4) 14.9 (4.6–33.9) years 4/7 years (0–16.4 years) ALL (71); AML (7); lymphoma (23); brain tumor (22); sarcoma (18); abdomen (37); 

others (18) 6.9 (2.1–22.5) years CT and RTX enamel hypoplasia

Kaste et al.27 
1995 cross-sectional 22 11 (50.0) ND 5 years and 1 month RMS of the head or neck 9 years and 5 months  

(5–16 years) CT and RTX severe facial deformity; severe 
malocclusion; extensive caries

Kaste et al.28 
1998 cross-sectional 52 9 (17.3) ND 1.5 years (range: 3 days–7.2 years;  

M: 1.9 years) neuroblastoma 5.0 (1.9–19.3) years  
(M: 6.4 years) CT and RTX enamel hypoplasia (17%);  

excessive caries (29%)

Kaste et al.44 
2009 cross-sectional 8,522 698 (8.2) ND 6.0 (0–20) years

leukemia (2,910 (34.2%)); CNS tumor (1,076 (12.6%)); Hodgkin lymphoma (1,086 (12.7%)); 
non-Hodgkin lymphoma (628 (7.4%)); Wilms tumor (794 (9.3%)); neuroblastoma (575 (6.8%)); 

soft tissue sarcoma (750 (8.8%)); bone cancer (702 (8.2%))
22.0 (15–34) years CT and RTX enamel hypoplasia; gingivitis; xerostomia

Kılınç et al.29 
2019 case–control 93 21 (22.6) 9.54 ±1.25 years  

(range: 8–13 years) 9 months–7 years
lymphoproliferative tumors; leukemia; lymphoma; Langerhans cell histiocytosis; solid 

tumors; neuroblastoma; renal tumor; soft tissue sarcoma; germ cell tumor; hepatic 
tumor; CNS tumor; retinoblastoma

5–8 years CT and RTX enamel defects (22 (23.7%))

Krasuska-Sławińska et al.30 
2016

non-randomized 
clinical trial 60 16 (26.7) 11.81 ±3.87 years 5.9 ±4.0 years

Burkitt’s lymphoma (15.0%); nephroblastoma (13.0%); neuroblastoma (10.0%);  
histiocytosis (8.3%); RMS (6.7%); Ewing sarcoma (6.7%); medulloblastoma (5.0%);  

neurofibromatosis type I (5.0%); others (30.3%) 
4.9 ±3.4 years CT root resorption (36 (60.0%));  

enamel defects (53 (88.3%))

Lauritano and Petruzzi31 
2012

non-randomized 
clinical trial 52 7 (13.5) 8–15 years <15 months ALL (39); AML (13) 60 ±24 months CT and RTX enamel hypoplasia (9 (17.3%))

Lopes et al.32 
2006 cross-sectional 137 8 (5.8) 0–6; 6–12 years 5 years and 6 months leukemia/lymphoma (61%); solid tumors (39%) 3–58 months  

(M: 17 months) CT and RTX
microdontia (10 (7%)); taurodontism 

(19 (14%)); macrodontia (7 (5%)); blunted 
root (2 (2%)); tapered root (5 (4%))

Nemeth et al.33 
2013

non-randomized  
clinical trial 38 4 (10.5) without third molars;  

18 (47.4) with third molars 12.2 ±0.5 years 31 months–6 years;  
M: 4.29 ±1.71 years ND 6.9 ±2 years CT, RTX of the 

head or neck, TBI
macrodontia (2–2.6%);  

unerupted teeth (6–15.8%)

Oğuz et al.34 
2004

non-randomized 
clinical trial 36 16 (44.4) 10.0 (4.2–17.6) years 7.1 years (range: 3.2–15 years) non-Hodgkin lymphoma 2.6 (1–6.2) years CT

enamel discoloration (24 (66.7%)); enamel 
defects (20 (55.6%)); unerupted teeth 

(7 (19.4%)); premature apexification (2 (5.6%))

Owosho et al.35 
2016 cross-sectional 13 7 (53.8) ND 5 years (range: 19  

months–13 years) RMS 9 (1–13) years CT
facial asymmetry and jaw hypoplasia; 

trismus and hyposalivation/xerostomia; 
enamel malformation

Pedersen et al.22 
2012 cohort 150 14 (9.3) 12–18 years 1–7 years

lymphomas and other reticuloendothelial neoplasms; CNS, intracranial and intraspinal 
neoplasms; sympathetic nervous system tumors; retinoblastoma; renal and hepatic 

neoplasms; bone and soft tissue sarcoma; gonadal neoplasms
ND CT ND

Proc et al.6 
2016 case–control 61 19 (31.1) 5–18 years (56–213 months) 1–196 months ALL; ANLL; B-cell non-Hodgkin lymphoma; PNET; germinal tumor; brain tumor; 

hepatoblastoma; neuroblastoma; RMS; Wilms tumor
4.9 years  

(58.9 ±4.3 months) CT and RTX ND

Quispe et al.36 
2019 case–control 111 11 (9.9) M: 160.1 months <192 months; M: 83.2 months various M: 18.3 months CT, RTX of the 

head or neck, TBI various but not significant

Ruyssinck et al.37 
2019 case–control 42 51.3% ND <12 years

primitive neuroectodermal tumor (1); ALL (9); AML (2); juvenile myelomonocytic leukemia 
(2); neutropenia (severe, congenital) (1); neuroblastoma (9); Wilms tumor/nephroblastoma 

(2); anaplastic large cell lymphoma (1); juvenile metachromatic leukodystrophia (1); X-linked 
adrenoleukodystrophy (2); myelodysplastic syndrome (4); secondary myelodysplastic 
syndrome (1); chronic myeloid leukemia (2); aplastic anemia (2); thalassemia major (1); 

hemophagocytic lymphohistiocytosis (1); Burkitt’s lymphoma (1)

>1 year  
(M: 7 years) CT and TBI ND

Shum et al.38 
2020 case–control 59 9 (15.3) 14–16 years; M: 14.9 ±0.80 years <10 years; M: 4.1 ±2.9 years various ND CT and RTX ND

Singh et al.39 
2021 case–control 29 3 (10.3) 37.3 (24.2–219.5) months 2.9 (0.8–14) years neuroblastoma ND CT hypocalcification of enamel; trismus

Sonis et al.40 
1990 case–control 97 5 (5.2) 8 year and 1 month–16 years and 

2 months <10 years ALL 5 years CT and RTX enamel hypoplasia

Stolze et al.16 
2021 cross-sectional 154 21 (14.3) 32.4 (16.8–56.6) months 5.2 (0.3–16.1) years hematological malignancy (111); brain tumor (7); solid tumor (36) 25.2 (15.9–48.8) months CT, RTX of the 

head or neck, TBI
peg-shaped teeth; hypomineralization; 

persistent deciduous teeth

Tanaka et al.41 
2017 cross-sectional 56 9 (16.1) 13.9 (4.6–32.7) years 1.9 (0.0–13.7) years 

ALL (30 (53.6%)); AML (11 (19.6%)); juvenile myelomonocytic leukemia (1 (1.8%)); 
malignant lymphoma (4 (7.1%)); neuroblastoma (4 (7.1%)); Wilms tumor (2 (3.6%)); 

hepatoblastoma (1 (1.8%)); Langerhans cell histiocytosis (1 (1.8%));  
retinoblastoma (1 (1.8%)); germinoma (1 (1.8%))

3 years from the 
completion of cancer 

treatment or 5 years from 
the time of the diagnosis

CT enamel defects/hypoplasia (6 (10.7%))

Welbury et al.42 
1984 cross-sectional 64 12 (18.8) 3–20 years ND leukemia (37); solid tumor (27) ND CT hypoplastic teeth (36%)

ALL – acute lymphoblastic leukemia; ANLL – acute non-lymphoblastic leukemia; AML – acute myeloid leukemia; CNS – central nervous system; CT – chemotherapy;  
HSCT – hematopoietic stem cell transplantation; M – mean; ND – no data; PNET – primitive neuroectodermal tumor; RMS – rhabdomyosarcoma; RTX – radiotherapy;  
SCT – stem cell transplantation; TBI – total body irradiation.
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from various forms of  cancer, including solid tumors, 
leukemias and lymphomas. They were most often treated 
with CT alone; however, some patients also received RTX 
(including head and neck RTX), total body irradiation 
(TBI) and hematopoietic stem cell transplantation 
(HSCT). At the time of diagnosis, the majority of patients 
were under 10 years of  age, with the youngest subject 
being 1 month old.

Various teeth were affected by agenesis. Most often 
missing teeth were second premolars, second molars 
and lower incisors.6,8,16,19,21,22,28,30,35–37,43 Risk factors 
associated with a  higher incidence of  agenesis in cancer 
survivors were: younger age at diagnosis or treatment 
(1–7 years)3,8,16,19,20,23,27,29,32,34–37,40,43,44,46–48;  use of multiple 
(>4) classes of chemotherapeutic agents, particularly alkyl
ating agents in high doses, and prolonged duration of 
therapy3,16,30,37,38; use of heavy metal compounds in CT2; RTX 
dosage greater than or equal to 2,200 cGy32,44; head and neck 
radiation therapy (RTX)23,35,40; history of HSCT3,37,38,43; and 
the presence of other dental anomalies.16

Risk of bias 

For cross-sectional studies, the average quality score 
ranged between 4 and 6 (Table 3). The criteria that 
exhibited the highest failure rate pertained to the iden
tification of  confounding factors. For cohort studies, 
the quality score ranged between 4 and 6 (Table 4). 

Table 3. Assessment of the quality of studies using the Joanna Briggs Institute (JBI) critical appraisal tool for cross-sectional studies

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Score

Alpaslan et al.19 
1999

N Y U Y N N Y Y 4

Atif et al.20 
2022

Y Y Y Y N N Y Y 6

Hölttä et al.43 
2005

Y Y Y Y N N Y Y 6

Immonen et al.25 
2021

Y Y U Y U N Y Y 5

Kang et al.3 
2018

U U Y Y N N Y Y 4

Kaste et al.27 
1995

Y Y Y Y N N Y N 5

Kaste et al.28 
1998

Y Y Y Y N N Y N 5

Kaste et al.44 
2009

Y Y Y Y N N Y Y 6

Lopes et al.32 
2006

Y Y Y Y N N Y Y 6

Owosho et al.35 
2016

N Y Y Y N N Y N 4

Stolze et al.16 
2021

Y Y Y Y N N Y Y 6

Tanaka et al.41 
2017

Y Y Y Y N N Y Y 6

Welbury et al.42 
1984

N Y Y Y N N Y N 4

Y – yes; N – no; U – unclear. 

Fig. 1. Flowchart of the selection process
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The  studies under review  failed to complete the inde
pendent blind assessment. Non-randomized clinical 
trials were catalogued as having a  high risk of  bias in 
domains of confounding and selection of participants into 
the study (Table 5). For case–control studies, the quality 
score ranged from 5 to 8. However, all studies failed to 
meet the criteria related to the identification and man-
agement of confounding factors (Table 6).

Meta-analysis 

Figure 2 presents the results of  the single-arm meta-
analysis, which revealed that the prevalence of tooth agen-
esis in pediatric cancer patients was 22% (random effects 
model; 95% CI: 14–25%, p < 0.001). Pooled analyses of 15 
unadjusted relative risk estimates demonstrated a statisti
cally significant 2.94-fold increase in the prevalence 

Table 4. Assessment of the risk of bias using the Newcastle–Ottawa Scale (NOS) for cohort studies

Study

Selection Comparability Outcome

Totalrepresentativeness 
of the exposed 

cohort

selection of the 
non-exposed 

cohort

ascertainment 
of exposure

outcome 
of interest not 
present at the 

start of the study

comparability 
of cohorts on 

the basis of the 
design or analysis

assessment 
of outcome

duration 
of follow-up

adequacy 
of follow-up

Bica et al.8 
2017

1 1 1 1 0 0 0 0 4

Çetiner et al.21 
2019

1 1 1 1 1 0 0 0 5

Estilo et al.23 
2003

1 1 1 1 0 0 1 0 5

Flandin et al.24 
2006

1 1 1 1 0 0 1 1 6

Pedersen et al.22 
2012

1 1 1 1 1 0 0 0 5

Table 5. Assessment of the risk of bias using the ROBINS-I (Risk Of Bias In Non-randomized Studies – of Interventions) tool for non-randomized studies

Study Bias due to 
confounding

Bias in selection 
of participants 
into the study

Bias in 
classification 

of interventions

Bias due to deviations 
from intended 
interventions

Bias due to 
missing data

Bias in 
measurement 
of outcomes

Bias in selection 
of the reported 

result

Jodłowska et al.26 
2019

high high low some concerns low low low

Krasuska-Sławińska et al.30 
2016

high high low high low low low

Lauritano and Petruzzi31 
2012

high high low high low low low

Nemeth et al.33 
2013

high high low high low low low

Oğuz et al.34 
2004

high high low some concerns low low low

Table 6. Assessment of the quality of studies using the Joanna Briggs Institute (JBI) critical appraisal tool for case–control studies

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Overall score

Cubukcu et al.45 
2012

Y Y Y Y Y N N Y Y Y 8

Kılınç et al.29 
2019

Y Y Y Y Y N N Y Y Y 8

Proc et al.6 
2016

Y Y U Y U N N Y Y Y 6

Quispe et al.36 
2019

Y Y Y Y Y N N Y Y Y 8

Ruyssinck et al.37 
2019

Y Y U Y U N N Y Y Y 6

Shum et al.38 
2020

Y Y U Y U N N Y Y Y 6

Singh et al.39 
2021

Y Y U Y U N N Y Y N 5

Sonis et al.40 
1990

Y Y U Y U N N Y N Y 5
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of  tooth agenesis in cancer patients compared to non-
cancer patients (unadjusted OR: 3.12; 95% CI: 2.01–4.83; 
p < 0.00001) (Fig. 3). Dental abnormalities were found to 

be more common among cancer patients than in healthy 
controls in most of  the reviewed studies.6,19,21,30–31,33,44,45 
All the details are provided in Table 2.

Fig. 2. Results of the single-arm meta-analysis presenting the prevalence of tooth agenesis in pediatric cancer patients

The study by Flandin et al. involved 2 types of patients: patients in the first group received radiation therapy, and the second group received chemotherapy.

Fig. 3. Forest plot for the prevalence of tooth agenesis in cancer patients compared to non-cancer patients

CI – confidence interval; df – degrees of freedom.
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Figure 4 presents an exemplatory panoramic radiograph 
of a 15-year-old male patient diagnosed with neuroblas-
toma at the age of 3. The patient underwent a 21-month 
treatment regimen consisting of  combination therapy, 
which included high-dose and conventional CT, bone 
marrow transplantation and RTX. The patient suffers 
from hypodontia, short roots of teeth and microdontia. 

Discussion
This systematic review was aimed at assessing the prev-

alence of  tooth agenesis in childhood cancer survivors 
and healthy individuals. The findings revealed that the 
occurence of hypodontia was higher in children who had 
undergone cancer treatment compared to their healthy 
peers. The null hypothesis stating that childhood cancer 
survivors and healthy individuals would have the same 
prevalence of tooth agenesis was rejected. The presence 
of  defects depended on various factors, including both 
individual characteristics of the child and the applied treat
ment. According to the peer-reviewed articles, hypodon-
tia was estimated to affect between 1.4% and 66.42% 
of  cancer patients.3,6,8,16,19,20–39,40–46 In the healthy group, 
the prevalence of hypodontia ranged from 0% to 25%.29,34 
The number of missing teeth in the cancer groups ranged 
from 6 to 69.6,19,27,33,35,36,46 It was also found that 15–85% 
of third molars were missing in cancer patients.19,21 

The teeth most frequently affected by agenesis were 
second premolars and second molars. In healthy individ-
uals, the most often missing teeth were lateral incisors. 

The prevalence of  specific groups of  microdontic teeth 
depended on the time of the treatment and the conditions 
of  the most active mineralization.13 A similar trend was 
observed with respect to the prevalence of  hypodontia 
in particular tooth groups; however, the difference was 
not statistically significant. This phenomenon can be 
explained by the observation that, when exposed to particu
larly strong external factors, tooth buds undergo complete 
degradation, irrespective of their development stage.

Moreover, the overall dental development, as expressed 
by dental age, varied in cancer survivors and depended on 
the type of  cancer and the implemented therapy.5 In the 
majority of cases, the dental age of  cancer survivors was 
accelerated, predominantly due to premature closure of root 
apices. The dental age was significantly delayed in patients 
with familial adenomatous polyposis (FAP)-associated 
hepatoblastoma. However, the changes in dental age were 
independent of sex, age, or the duration of treatment.9,49 

Numerous factors can influence the occurrence of 
hypodontia, with the most prevalent one being the age of the 
patient at the time of diagnosis and therapy. The younger 
the age of the child at the time of diagnosis, the earlier the 
stage of tooth development and the greater the risk of more 
serious dental defects. The significant age limit varied in 
different publications, although it was consistently below 
7  years of  age.3,8,16,19,20,23,27,29,32–37,40,43,44,46,47 This is in line 
with the time of the most active development of tooth buds, 
which is considered to be the age between 6 and 8 years.6

The age at diagnosis correlated not only with the frequency 
but also with the severity of dental abnormalities. The 
patients in the youngest group presented with tooth agenesis 

Fig. 4. Panoramic radiograph of a 15-year-old male patient diagnosed with neuroblastoma at the age of 3 years, who suffers from hypodontia, short roots of 
teeth and microdontia
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or microdontia, while those in the oldest group demonstrated 
the most prevalent occurrence of abnormal root develop
ment.6,20,23,26,27,29,34 Additionally, the prevalence of combined 
disturbances was significantly lower in the youngest group 
compared to the other groups.2 The co-occurrence of differ
ent dental defects was frequently observed, as most of the 
cancer survivors suffered from more than one type of 
abnormality.5 Apart from hypodontia, the most frequently 
reported complications were microdontia, root deformation 
with premature apexification, enamel discoloration, and 
unerupted teeth. Patients with rhabdomyosarcoma of  the 
head or neck who underwent treatment, including RTX, 
suffered from oral diseases, i.e., bony hypoplasia/facial 
asymmetry, trismus, velopharyngeal insufficiency, radio-
graphically underdeveloped mandible, severe malocclusion, 
caries, hyposalivation/xerostomia, and gingivitis.23,27,35 On 
the other hand, factors like malocclusion, trauma, severe 
pain stimuli, parafunctional activities, and psychological ele-
ments, including stress, anxiety and depression can lead to 
temporomandibular disorders (TMD).50

It is worth noting that the dose, type and number of 
cytostatic drugs administered were identified as risk fac
tors for hypodontia and other dental defects. The use 
of  more than 4 different chemotherapeutic agents and 
heavy metals has been identified as a significant risk fac-
tor for severe dental disturbances.2 Additionally, chemo-
therapeutic drugs such as vincristine, cyclophosphamide, 
doxorubicin, ifosfamide, etoposide, and cisplatin signifi-
cantly increased the risk of tooth agenesis.5 Interestingly, 
it has been reported that equivalent doses of cyclophos-
phamide above 8,000 mg/m2 are associated with a higher 
number of teeth missing due to agenesis.6 

Total body irradiation is performed in cancer patients 
to suppress the immune system and prevent the rejection 
of bone marrow transplantation (BMT).7 The side effects 
of TBI are most pronounced in terms of height and weight 
delay, while other complications of  TBI include hypo
thyroidism, cataracts and a high incidence of secondary 
tumors.6 However, dental complications, such as tooth 
agenesis, were not found more frequently in the group 
of patients who had undergone TBI treatment.24,43 As for 
patients treated with TBI, agenesis was more frequent in 
individuals receiving busulfan (63.2%) than in those treated 
with other chemotherapeutic agents (37.5%).7 

On the other hand, some studies have documented 
a  significantly higher prevalence of  tooth agenesis in 
children treated with HSCT (similarly to BMT).2 The 
prevalence of agenesis and microdontia affecting at least 
1 permanent tooth in cancer patients who had undergone 
HSCT treatment was much higher when compared to the 
controls. Moreover, 92.3% of children aged ≤3 years old 
at the time of HSCT treatment exhibited tooth agenesis.5 
The condition manifested more prominently in certain 
tooth groups, including first and second premolars in 
the maxilla and mandible, as well as second molars in the 
mandible (all p-values <0.001).6

The relationship between the application of  head 
and neck RTX and the occurrence of  dental changes 
was also investigated.23,35,40 The radiation exposure of 
≥20 Gy to the dentition was significantly associated with 
an  increased risk of  1 or more dental abnormalities.6 
After RTX, the frequency of  dental changes reached 
from 80% up to 100% among children under 5  years 
of age.23,40 

Impaired tooth development constitutes a complication 
that arises subsequent to cancer treatment. Tumor-
induced osteomalacia has been widely described in 
patients ranging in age from 9 months to 90 years, with 
a broad spectrum of tumor types. In adults, the primary 
concern is a  decreased level of  serum phosphate, while 
in children (aged <18 years), it is a  low or improperly 
circulating concentration of  1,25-dihydroxyvitamin D.51 
The 1,25-dihydroxyvitamin D, in turn, belongs to the 
group of  interacting circulating hormones and their key 
receptors that regulate the state of calcium homeostasis.52 

Calcium and phosphate play a key role in the mineralization 
of  teeth and bones. Disturbances in the levels of  these 
minerals during the developmental phase of an organism 
may partially account for the increased occurrence 
of dental defects in childhood cancer survivors. 

Tooth agenesis is more prevalent among cancer survi-
vors in comparison to healthy controls. There are several 
factors related to cancer and its treatment that contribute 
to the occurrence of agenesis. Given the high risk of com-
plications in cancer patients, increased dental attention 
and care are required.

Conclusions
Patients who underwent childhood cancer treatment 

may experience dental complications more frequently 
compared to the general population. The dissemination 
of knowledge on this subject among clinicians is neces-
sary to ensure the provision of specialized dental care to 
such patients, thereby facilitating their recovery and 
enhancing their quality of life.

Trial registration 

The study was registered with PROSPERO (registration 
No. CRD42022308068).

Ethics approval and consent to participate 

Not applicable.

Data availability 

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on 
reasonable request.
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Abstract
Gingivitis is defined as the inflammation of  the gums. The condition may spread to other parts of  the 
periodontium, including the periodontal ligament and alveolar bone, and lead to bony defects. Melatonin 
has a positive impact on the bone healing process, a phenomenon attributable to its antioxidant properties, 
as well as its capacity to regulate bone cells and promote angiogenesis. The present meta-analysis aimed to 
evaluate the effect of melatonin as an adjunct to non-surgical periodontal therapy (NSPT) in the treatment 
of periodontitis. A thorough electronic search of  the PubMed®/MEDLINE and Google Scholar databases 
was conducted, in addition to a manual search of the reference lists of archived articles published until May 
2023. Among the 8 reviewed articles, 3 studies that evaluated probing depth (PD) and had a 6-month 
follow-up period were considered for the meta-analysis. After extracting the relevant information, the 
risk of bias was estimated. A summary of the estimates for standardized mean differences (SMDs) from 
fixed-effects and random-effects models was obtained based on the mean treatment differences reported 
in the selected studies. The results demonstrated the overall estimated effect from the fixed-effects model 
(SMD  =  0.862, 95% confidence interval (95% CI):  0.517–1.207, p  <  0.001) and the random-effects 
model (SMD  =  0.869, 95% CI:  0.499–1.238, p  <  0.001), with minimal inconsistency as indicated by 
the Q statistic and I2, respectively. Thus, it can be concluded that melatonin may be used as an adjunctive 
medication with NSPT for the management of periodontitis.

Keywords: melatonin, periodontitis, periodontal disease, bone defects, chronic gingivitis
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Introduction
Periodontitis, a  chronic inflammatory disease that 

affects the supporting structures of the teeth, poses a sig-
nificant oral health challenge worldwide. The condition 
is characterized by the destruction of  the periodontal 
ligament and alveolar bone, leading to tooth loss if left 
untreated.1 In recent years, researchers have been explor-
ing alternative therapeutic approaches to complement 
conventional periodontal treatments. One such avenue 
of investigation involves the role of melatonin, a hormone 
primarily known for regulating sleep–wake cycles,2 in the 
management of periodontitis.

Melatonin, a hormone synthesized by the pineal gland 
in the brain, exhibits diverse physiological functions 
beyond sleep regulation.3 It possesses powerful antioxidant, 
anti-inflammatory and immunomodulatory properties, 
making it an attractive candidate for periodontal therapy.4 
Periodontitis is a multifactorial disease, and as it is also 
driven by an  imbalanced host immune response5 and 
oxidative stress,6,7 targeting these pathological factors is 
crucial for effective treatment. 

Understanding the role of  melatonin in periodontal 
health and disease progression may pave the way for 
innovative therapeutic strategies that target the underlying 
mechanisms of  periodontitis. Melatonin can potentially 
enhance the outcomes of conventional periodontal treat-
ment, that is, non-surgical periodontal therapy (NSPT), 
and contribute to improved oral health outcomes in 
individuals affected by this prevalent chronic inflammatory 
condition.

Melatonin can be administered systemically or locally, 
depending on the desired therapeutic effect and the spe-
cific needs of the patient.8

Systemic administration involves the oral ingestion 
of the hormone, typically in the form of tablets or capsules. 
Upon ingestion, melatonin is absorbed into the blood-
stream and distributed throughout the body. Systemic 
administration of melatonin enables its potential systemic 
effects, including its antioxidant and immunomodulatory 
properties.5,6 Moreover, it may influence sleep patterns, 
which can indirectly impact the overall health and healing 
processes in individuals with periodontitis.9

On the other hand, local administration of  melatonin 
involves applying the hormone directly to the affected 
periodontal tissues. This objective can be achieved 
through the use of  melatonin-containing mouthwashes, 
gels, or local drug delivery systems.10 Local administration 
allows for targeted delivery of  melatonin to the site 
of inflammation and infection in the periodontal pockets. 
Consequently, the hormone may exert its anti-inflammatory 
and tissue regenerative effects directly in the periodontal 
tissues, potentially enhancing the efficacy of conventional 
periodontal treatments.

By maximizing the potential of  melatonin as an 
adjunctive therapy, we can improve patient outcomes, 
reduce the progression of  periodontal disease, and 
promote overall oral health. 

The objective of  this systematic review and meta-
analysis was to evaluate the effectiveness of both systemic 
and local administration of melatonin in the management 
of  periodontitis. The study aimed to provide a  compre-
hensive overview of  the current understanding of  the 
effect of melatonin in periodontitis. A review of  studies 
that have explored the potential benefits of  melatonin 
as an  adjunctive treatment in periodontitis has been 
conducted.

Material and methods
The PRISMA (Preferred Reporting Items for Systematic 

reviews and Meta-Analyses) guidelines11 implemented by 
the Cochrane Collaboration12 were used for reporting the 
present analysis. The protocol of this study was registered 
in PROSPERO, the International Prospective Register 
of Systematic Reviews (ID: CRD42023438265).

Focused question 

The research question for this systematic review and 
meta‑analysis was specifically framed based on the PICO 
criteria, as follows: Population (P) – patients with chronic 
periodontitis; Intervention (I) – systemic and local 
administration of melatonin; Control (C) – administration 
of placebo; Outcome (O) – probing depth (PD).13,14

Highlights

	• Melatonin, with its antioxidant and bone-regenerative properties, shows potential as an adjunct to non-surgical 
periodontal therapy (NSPT).

	• Adjunctive use of melatonin with NSPT significantly improved probing depth reduction, with both fixed- and 
random-effects models showing consistent outcomes and minimal heterogeneity.

	• Melatonin may enhance periodontal healing and serve as a supportive therapy in periodontitis management.
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Information sources and search strategy 

A comprehensive literature search of  the PubMed®/
MEDLINE and Google Scholar databases was performed 
to identify relevant studies. In addition, a  manual 
search of  the reference lists of  archived articles was 
conducted. The search strategy included a  combination 
of  the following keywords: “periodontitis”; “periodontal 
diseases”; “non-surgical periodontal therapy”; “melatonin”; 
“randomized controlled trial”; “RCT”; and “clinical trials”. 
The search was limited to studies published up to May 2023.

Inclusion criteria 

The inclusion criteria encompassed randomized con-
trolled trials (RCTs) and controlled clinical trials inves-
tigating the use of  melatonin as an  adjunct to NSPT in 
patients with periodontitis, which reported clinical 
parameters such as PD.

Exclusion criteria 

Studies written in languages other than English, as well 
as in vitro and animal studies, case reports, case series, 
reviews, and conference abstracts were excluded from the 
analysis.

Selection process 

Three reviewers (PAK, SR and PR) independently 
screened the titles and abstracts of  the articles based 
on the established inclusion and exclusion criteria. 
Subsequently, the abstracts of all relevant studies and their 
possible significance were independently reviewed by 
the investigators. To resolve any discrepancies, an addi
tional reviewer (SU) was consulted. The full-text articles 
of potentially eligible studies were obtained and assessed 
for inclusion. At this stage, discrepancies among the 
reviewers were resolved through discussion and consensus. 
Studies were selected based on the pre-defined inclusion 
and exclusion criteria, as stated earlier.

Outcome measures 

Probing depth, referred to as pocket depth if periodon
tal disease is present, is  defined as the distance from 
the gingival margin to the apical portion of  the gingival 
sulcus.15 The present meta-analysis analyzed PD reported 
in the included articles.

Software for meta-analysis 

The present meta-analysis was performed in the 
MedCalc® statistical software v. 20.118 (MedCalc 
Software Ltd, Ostend, Belgium).

Data extraction 

The data from the included studies was extracted using 
a standardized data extraction form. The extracted data 
included characteristics of the study (authors, year of pub-
lication, study design), characteristics of the participants 
(sample size, demographics), intervention details (dosage, 
duration), and outcome measures (PD). Disagreements in 
data extraction were resolved through discussion or by 
consulting the 3rd reviewer (SU).

Assessment of the methodological quality 
and risk of bias 

The quality of  the included studies was evaluated 
independently by 2 reviewers (PAK and SR) using the 
Cochrane Risk of  Bias tool for RCTs. The tool assessed 
the risk of bias in the domains of random sequence gen-
eration, allocation concealment, blinding, incomplete 
outcome data, selective reporting, and other biases. 
During the judgment process, each “yes” or “no” indicated 
a  low or high risk of  bias, respectively, while “unclear” 
meant an uncertain risk of bias. The study was grouped as 
“low risk of bias” when all the aspects were deemed to be 
of a low risk of bias. Conversely, it was classified as “high” 
or “uncertain risk of  bias” when one or more aspects 
indicated a high or unclear risk of bias. Discrepancies in 
the quality assessment were resolved through discussion 
or involvement of the 3rd reviewer (SU).

Data synthesis 

The meta-analysis was performed using appropriate 
statistical methods. In 2 of  the 3 included studies, 
melatonin was administered systemically,16,17 while in 
the remaining study, local administration of the hormone 
was implemented.18 The effect sizes (mean difference, 
odds ratio) and the respective 95% confidence intervals 
(95%  CIs) were calculated for the outcome measure. 
The statistical heterogeneity of  the included studies 
was assessed using the I2 statistic. In instances where 
substantial heterogeneity was detected, a random-effects 
model was used; otherwise, a  fixed-effects model was 
applied. Subgroup analyses and sensitivity analyses were 
conducted as appropriate. The presence of  publication 
bias was assessed using funnel plots and statistical tests 
(Egger’s test and Begg’s test).

Data interpretation and reporting 

The findings of  the systematic review and meta-
analysis were interpreted and discussed. The strengths, 
limitations and implications of  the included studies 
were considered. The results were reported following the 
PRISMA guidelines.
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Several studies have been conducted to evaluate the 
effectiveness of  different interventions in the treatment 
of  patients with periodontitis, particularly involving the 
use of melatonin. These studies provide evidence on the 
effectiveness of  various interventions in treating peri
odontitis patients, with outcomes such as PD, clinical 
attachment level (CAL), bleeding on probing (BOP), plaque 
index (PI), gingival index (GI), biochemical parameters, 
and bone fill being evaluated at different time points rang-
ing from baseline to 8 weeks or 6 months.16–23 The present 
meta-analysis was performed on only 3 studies with the 
same control group, a 6-month follow-up period, and PD 
as the outcome variable.

Results

Study selection 

The initial search yielded a  total of  513 studies, 
of  which 405 were duplicates and were thus removed 
(Fig. 1). The titles and abstracts of the 108 studies were 
screened by 2 independent reviewers who removed 100 
articles deemed to be irrelevant. The papers excluded 
from the analysis encompassed animal studies, case 
series, review articles, and studies published in languages 
other than English. The systematic review was con-
ducted based on 8 full-text articles. Five of these papers 
were excluded due to insufficient data available. The 
number of  subjects included in these studies exhibited 
variability in terms of assessment parameters, the pres
ence of a control group and the duration of the follow-up. 
Finally, 3 studies analyzing PD were included in the 
meta‑analysis.

Study characteristics 

Table 1 presents a  comprehensive overview of  the 
8  studies considered for this systematic review. Three 
studies were included in the meta-analysis (Table 2). The 
data from 70 test group participants from 3 RCTs was 
compared to that of  68 patients in the control groups. 
The minimum and maximum numbers of  participants 
per group were 10 and 38, respectively. In the test groups, 
melatonin was administered either locally in the form 
of a gel or systemically as capsules. In the control groups, 
a placebo drug was supplied. A 6-month follow-up period 
was designated in all 3 studies.

Type of interventions 

The 3 studies included the same test (scaling and root 
planing (SRP) + melatonin) and control (SRP + placebo) 
groups in the experimental design. In one of these articles, 
melatonin was administered locally, while in the remain-
ing studies, participants were given oral capsules.

Melatonin and PD 

The estimated overall effect (i.e., pre–post reduction 
in PD) expressed as standardized mean difference (SMD) 
for the aggregate sample of  70 subjects from 3 studies 
was 0.862 for the fixed-effects model and 0.869 for the 
random-effects model (Table 2).

Both estimates were comparable, with overlapping 95% 
CIs. However, the estimate for the fixed-effects model 
was reported due to the non-significant heterogeneity 
(p > 0.331) and minimal inconsistency, as indicated by the 
Q statistic and I2, respectively (Table 3). The forest plot 
presents individual and overall estimated SMD values 
for fixed-effects and random-effects models, along with 
respective 95% CIs (Fig. 2).

Publication bias 

In the present meta‑analysis, both Begg’s funnel plot 
and the Egger’s test were used to evaluate the publication 
bias. The funnel plot revealed no effect of the publication 
bias on the summary measure (i.e., SMD in PD from 
baseline to 6 months) plotted versus respective standard 
errors from all 3 studies (Fig. 3). The results of  the 
Egger’s test (p = 0.823) and Begg’s test (p = 0.602) were 
non-significant (p  >  0.05), indicating an  absence of  the 
publication bias (Table 3).

Fig. 1. PRISMA (Preferred Reporting Items for Systematic reviews and Meta-
Analyses) flow diagram
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Table 2. Results of the meta-analysis

Study Study 
group, n

Control 
group, n Total, n SMD SE 95% CI t p-value

Weight [%]

fixed random

El-Sharkawy et al.  
201916 38 38 76 0.697 0.234 0.231–1.164 – – 55.66 53.17

Tinto et al.  
202017 10 10 20 0.696 0.442 −0.233–1.625 – – 15.59 16.94

Gonde et al.  
202218 22 22 44 1.271 0.326 0.614–1.928 – – 28.75 29.89

Total  
(fixed-effects model)

70 70 140 0.862 0.175 0.517–1.207 4.938 <0.001* 100.00 100.00

Total  
(random-effects model)

70 70 140 0.869 0.187 0.499–1.238 4.644 <0.001* 100.00 100.00

* statistically significant (p < 0.05); SMD – standardized mean difference; SE – standard error; CI – confidence interval.

Table 3. Evaluation of the heterogeneity and publication bias

Variable Result

Heterogeneity test

Q 2.2109

df 2

p-value 0.331

I2 (inconsistency) 9.54%

95% CI for I2 0.000–96.971

Publication bias

Egger’s test

intercept 0.9407

95% CI −41.038–42.919

p-value 0.823

Begg’s test
Kendall’s Tau 0.3333

p-value 0.602

df – degrees of freedom.

Fig. 2. Forest plot presenting individual and overall estimated standardized 
mean difference (SMD) values for fixed-effects and random-effects models 
along with respective 95% confidence intervals (95% CIs)

Table 1. Characteristics of the studies included in the systematic review

Study Population Test group Control group Outcome variables Follow-up

Chitsazi et al.  
201719

periodontitis 
patients

1. SRP + melatonin capsules  
(orally, 2 mg/day for 4 weeks)  

2. SRP + melatonin capsules + vitamin C  
(orally, 60 mg/day for females and 
75 mg/day for males for 4 weeks)

SRP PD, CAL, GI
baseline, 3 and 

6 months

Bazyar et al.  
201920

patients with 
diabetes and chronic 

periodontitis

SRP + melatonin tablets  
(orally, two 250-mg tablets/day containing 
3 mg of net melatonin each for 8 weeks)

SRP + placebo tablets
PD, CAL, BOP, PI, 

biochemical parameters
baseline and 

8 weeks

El-Sharkawy et al.  
201916

periodontitis 
patients

SRP + melatonin capsules  
(orally, 10 mg/day before bedtime for 

2 months)
SRP + placebo capsules

PD, CAL, BOP, 
biochemical parameters

baseline, 3 and 
6 months

Tinto et al.  
202017

periodontitis 
patients

SRP + melatonin capsules  
(orally, 1 mg/day for 30 days)

SRP + placebo capsules PD, PI, BOP
baseline and 

6 months

Ahmed et al.  
202121

periodontitis 
patients

SRP + 5% melatonin gel SRP + placebo gel
PD, CAL, PI, GI, 

biochemical parameters
baseline and 

3 months

Anton et al.  
202122

patients with 
diabetes and chronic 

periodontitis

SRP + melatonin capsules  
(orally, two 250-mg tablets/day containing 

3 mg of melatonin each for 8 weeks)
SRP + placebo capsules

PD, CAL, BOP, 
biochemical parameters

baseline and 
8 weeks

Gonde et al.  
202218

periodontitis 
patients

SRP + 1% melatonin gel SRP + placebo gel PD, CAL, PI, mSBI, bone fill
baseline and 

6 months

Dhande et al.  
202423

periodontitis 
patients

PRF + 1% melatonin gel PRF
PD, CAL, DV, HPD, bone 

fill
baseline and 

6 months

SRP – scaling and root planing; PD – probing depth; CAL – clinical attachment loss; GI – gingival index; PI – plaque index; mSBI – modified sulcus bleeding 
index; DV – defect volume; HPD – horizontal probing depth; PRF – platelet-rich fibrin.
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Discussion
Periodontitis is a  chronic inflammatory disease that 

affects the supporting structures of the teeth, including the 
gingiva, the periodontal ligament and the alveolar bone.1 
The primary treatment approach for periodontitis is 
NSPT, which includes scaling and root planing. However, 
the use of adjunctive therapies to enhance the outcomes 
of  NSPT has been explored in recent years. Melatonin, 
a  hormone primarily involved in regulating sleep–wake 
cycles, has been identified as a  promising adjunctive 
therapy due to its anti-inflammatory and antioxidant 
properties.2

The present systematic review and meta-analysis aimed 
to evaluate the effect of melatonin as an adjunct to NSPT 
in the treatment of  periodontitis. The meta-analysis 
included 3 studies that measured periodontal parameters 
at baseline and after 6 months of  treatment, comparing 
a melatonin-treated group to a control group.

The included papers showed variation in the patient 
population, as well as in the dosage and route of admin-
istration of melatonin. However, all studies assessed the 
clinical parameters of periodontitis, including PD, as well 
as biochemical parameters.

The baseline or pre-treatment PD measurements of the 
included studies ranged from 3.4 mm to 7.45 mm in the 
test group and from 3.00 mm to 6.95 mm in the control 
group. After 6 months of  treatment, the PD measure-
ments ranged from 2.3 mm to 3.95 mm in the test group 
and from 2.67 mm to 4.55 mm in the control group. The 
mean differences in PD between baseline and 6 months 
varied across the studies, with the test groups demon-
strating generally greater reductions in comparison to the 
control groups.

A meta-analysis of the mean differences in PD between 
baseline and 6 months revealed that the use of melatonin 

as an  adjunct to NSPT was associated with statistically 
significant improvements in periodontal parameters. 
El-Sharkawy et al. reported a mean difference of 2 mm in 
PD reduction in the test group compared to 1.4 mm in the 
control group.16 Tinto et al. demonstrated a mean differ-
ence of 1.37 mm in the test group compared to 0.73 mm 
in the control group.17 Gonde et al. noted a mean differ-
ence of 3.5 mm in the test group compared to 2.4 mm in 
the control group.18

These findings suggest that the adjunctive use of mela-
tonin in NSPT may contribute to better clinical outcomes 
in terms of  PD reduction. The anti-inflammatory and 
antioxidant properties of melatonin are believed to play 
a  role in reducing periodontal inflammation and pro-
moting tissue healing.4 Additionally, the positive effect 
of melatonin on sleep quality may indirectly contribute to 
better periodontal health, as poor sleep has been associated 
with increased susceptibility to periodontal disease.2,3

It is important to note that the studies included in this 
meta-analysis had some limitations. The sample sizes 
were relatively small in some studies. Additionally, the 
heterogeneity of  the study designs and patient popula-
tions makes it challenging to draw definitive conclusions. 
Well-designed RCTs with larger sample sizes are required 
to validate the findings of  this meta-analysis and deter-
mine the optimal dosage and route of melatonin adminis-
tration in periodontal therapy.

Based on the available evidence, the adjunctive use 
of  melatonin in NSPT appears to have a  positive effect 
on periodontal parameters, particularly in terms of  PD 
reduction. However, further research is necessary to 
establish the optimal protocol for melatonin administration 
and to further explore its mechanisms of action in peri-
odontal disease.

Limitations 

The current evidence is derived from a limited number 
of  RCTs and controlled clinical trials. Additional high-
quality studies with larger sample sizes and longer follow-
up periods are warranted to further validate these find-
ings and determine the long-term effects of melatonin in 
periodontal therapy. Future research should focus on elu-
cidating the optimal dosage, duration and timing of mela-
tonin administration, as well as investigating its effects on 
other relevant clinical and inflammatory parameters. 

Conclusions
The findings of this systematic review and meta-analysis 

provide evidence that the adjunctive use of melatonin in 
NSPT has a  beneficial effect in the treatment of  peri
odontitis. The analysis of  the 3 included studies 
demonstrated that the addition of  melatonin to NSPT 
resulted in significant improvements in PD compared 

Fig. 3. Funnel plot for the assessment of publication bias

SE – standard error. 
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to NSPT alone. The results of the study suggest that the 
incorporation of  melatonin into the treatment regimen 
has the potential to enhance the outcomes of NSPT and 
contribute to the management of periodontal disease. 

Ethics approval and consent to participate 

Not applicable.

Data availability 

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

Consent for publication 

Not applicable.

Use of AI and AI-assisted technologies 

Not applicable. 
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Abstract
Gingival recessions are a  common disease and one of  the most frequently used method for managing 
them is the tunnel technique (TUN). Although more and more articles are addressing the problem, few 
are adequately structured, usually without following the standard protocols. Many checklists have been 
developed for this purpose. Among them, the Template for Intervention Description and Replication 
(TIDieR) checklist is commonly used. Therefore, the present review analyzed trials based on it. The 
completeness of registration of the trial protocol data was assessed using the TIDieR checklist with regard 
to the coronally advanced tunnel technique (CAT) with subepithelial connective tissue graft (sCTG) (CAT 
+ sCTG) and CAT alone. The review also investigated the consistency of  the research description in the 
published articles.

A total of  37 records were gained from ClinicalTrials.gov and the corresponding publications, including 
32 studies employing CAT + sCTG and 5 studies using only CAT.

The description of intervention in ClinicalTrials.gov was inadequate for all analyzed trials, and there were 
also differences between the registered and published studies.

The present analysis showed that the description of  the registered trials is often incomplete and that 
detailed data is not pro-vided. It is essential that clinical research is well documented and properly 
described, so that the findings can be easily implemented in daily clinical practice without confusion.

Keywords: checklist, reporting, database, gingival recessions
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Introduction
Gingival recession is described as an  apical displace-

ment of  the gingival margin, which can be associated 
with root caries, dentin hypersensitivity and esthetic 
outcomes.1 It is a very common condition that can affect 
people regardless of the level of oral hygiene, and its in-
cidence increases with age.2 This disorder can be a tough 
issue to treat and manage.3

Over the years, several surgical techniques have been 
developed to treat gingival recessions.4,5 Evidence shows 
that the coronally advanced flap (CAF) method and the 
tunnel technique (TUN) lead to satisfying results.6 Many 
modifications to those procedures have been introduced 
to improve the final outcome.7

The tunnel technique is known as a minimally invasive 
procedure to treat gingival recessions. This method elimi-
nates vertical releasing incisions, leaving the interdental 
papillae intact.8 Therefore, this treatment leads to a great-
er blood supply and faster healing, and reduces post-op-
erative morbidity.9 Over the years, TUN has gained pop-
ularity due to its high effectiveness in treating multiple 
gingival recessions.10

The short- and long-term outcomes in terms of  gain 
of keratinized tissue depend on using subepithelial con-
nective tissue graft (sCTG).11,12 Although potential alter-
natives to harvesting a  graft from the palate have been 
proposed, such as enamel matrix derivatives,13 collagen 
porcine dermal matrix,14 concentrated growth factors,15 
or titanium-prepared platelet-rich fibrin (T-PRF),16 sCTG 
is still considered the gold standard.17 On the other hand, 
research confirms that in many cases, using the coronally 
advanced tunnel technique (CAT) alone results in the 
complete coverage of the recession and is stable over time.

In order to properly apply a  specific method in prac-
tice, scientific research should be adequately described 
in detail. Various checklists have been developed for this 
purpose, for example the Standard Protocol Items: Rec-
ommendations for Interventional Trials (SPIRIT) 2013 
statement,18 the Consolidated Standards of  Reporting 

Trials (CONSORT) 2010 statement19 and the Template 
for Intervention Description and Replication (TIDieR).20

The TIDieR checklist regarding the description of  in-
tervention21–23 should be implemented not only in the 
published articles, but also in trial registries, since usually, 
all the information about the conducted trials is included 
there.

The present review is the first to analyze published ar-
ticles on gingival recession treatment in terms of consis-
tency and transparency. Moreover, it advises researchers 
to adhere to established guidelines when preparing schol-
arly articles. It is important for young scientists to write 
according to certain standards to maintain consistency 
and clarity in their articles.

So far, there has been no research on the use of specific 
standards while writing articles on the coverage of  gin-
gival recessions. This is an  important issue, taking into 
account the prevalence of gingival recessions and the in-
creasing number of studies conducted on this topic.

The aim of  the present study was to assess the com-
pleteness of  the description of  gingival recession treat-
ment procedures in the clinical trial protocols registered 
in ClinicalTrials.gov, as well as the consistency of  the 
research description in the published articles. It can be 
a  useful guide for inexperienced researchers to include 
necessary details in the conducted studies.

Material and methods

Sample and inclusion criteria 

The search for clinical trials registered in ClinicalTrials.
gov was conducted on October 20, 2023. It was decided to 
analyze the research posted in ClinicalTrials.gov, as this 
online database provides information about the results 
of clinical research studies. The term “gingival recession 
treatment” was used in advanced search. Then, all trials 
regarding gingival recession treatment were reviewed, 
and studies using the CAT method, with or without 
sCTG, were selected for analysis. Then, another screening 

Highlights

	• Many gingival recession treatment trials lacked complete descriptions of the interventions.
	• Notable inconsistencies were found between the registered and published versions of studies, particularly regarding 

participant numbers and the reported outcomes.
	• These discrepancies contribute to the lack of  consistency across research studies, undermining the reliability 

of findings.
	• Poor documentation and missing details reduce the ability to effectively translate research findings into clinical 

practice.
	• The analysis emphasizes the need for thorough and accurate reporting in clinical trials to enhance usability and 

trust in clinical settings.
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of studies was conducted based on the inclusion criteria: 
articles that referred to gingival recession treatment in 
one or more fields in ClinicalTrials.gov (Brief Title, Of-
ficial Title, Brief Summary, or Intervention); those with 
a  National Clinical Trial (NCT) number; described as 
completed, recruiting, withdrawn, active non-recruiting, 
or terminated; and registered in October 2023 or earlier. 
Trials that used other techniques to treat gingival reces-
sion than CAT were excluded.

Data extraction 

In order to fully register trials, the World Health Orga-
nization (WHO) prepared a checklist – WHO Trial Reg-
istration Data Set – with 24 items. Of these, the following 
21 items were taken into account in our research: the trial 
identifying number (ID); the NCT number, the source(s) 
of monetary or material support; primary and secondary 
trial sponsors; the public title; the scientific title, the coun-
tries where the trial was conducted; the health condition(s) 
studied; the intervention(s); the inclusion criteria; the study 
type; the date of first enrollment; the sample size; the re-
cruitment status; the primary outcome; the key secondary 
outcomes; the date of study completion; summary results; 
and the individual participant data (IPD) sharing state-
ment. Contact for public queries, contact for scientific que-
ries and the ethics review were excluded.

To assess the completeness of the description for each 
intervention in gingival recession treatment, we used the 
12-item TIDieR checklist.20 The trials included in the 
analysis referred to either CAT alone or CAT + sCTG. The 
interventions employing other techniques than CAT were 
excluded from the analysis and need further investigation. 
The trials from ClinicalTrials.gov were verified, and key 
data from a random 10% sample were independently ex-
tracted by an experienced periodontologist and a general 
dentist (PhD student). Some unclear studies were identi-
fied and reviewed in collaboration with another reviewer, 
a final-year dental student working under supervision. At 
the end of the analysis, all authors reviewed the included 
studies and resolved any disagreement through discus-
sion.

All the information was obtained from the Descriptive 
Information section in ClinicalTrials.gov. None of the pa-
pers provided data related to points 9, 10 and 12 of  the 
checklist, so we referred to 9 items only in the analysis. 
The interventions were checked for data consistency in 
the PubMed® and Google Scholar databases. The infor-
mation from ClinicalTrials.gov was compared with the 
corresponding publications. After checking 157 interven-
tions, we excluded 119 of them, since they used other type 
of  technique to treat gingival recessions. Most data re-
garded CAF coronally advanced flap,6 as it leads to excel-
lent results. Fifteen studies did not mention the method 
used, and 3 papers did not provide the name of the meth-
od, but the description indicated the use of CAF.

Results
The study included 37 trials retrieved from ClinicalTri-

als.gov. on October 20, 2023, as shown in Fig. 1. As many 
as 32 (86%) reported using CAT + sCTG, and 5 (14%) 
used CAT alone.

The registration numbers of  the trials qualified 
for analysis, using CAT with sCTG: NCT05688293; 
NCT04291963; NCT02632240; NCT05270161; 
NCT03791554; NCT02642887; NCT03657706; 
NCT05122468; NCT04133298; NCT06000228; 
NCT03163654; NCT04028037; NCT04104087; 
NCT05819515; NCT05568732; NCT04561947; 
NCT05045586; NCT03354104; NCT03162016; 
NCT06044870; NCT04966208; NCT05823415; 
NCT03676088; NCT06030947; NCT02916186; 
NCT02814279; NCT04016493; NCT04198376; 
NCT05976451; NCT02774967; NCT03690635; and 
NCT05436002.

The registration numbers of  the trials qualified for 
analysis, using CAT without sCTG: NCT04513041; 
NCT04225351; NCT0565247; NCT03619096; and 
NCT04802473

At first, the general research characteristics were ana-
lyzed for both group of trials (Table 1). We collected data 
about the status – unknown, recruiting, active not re-
cruiting, or completed. Most of the papers (n = 34; 92%) 
did not provide any data on the study phase, 3 trials (8%) 
declared phase 2 (n = 1; 3%) or 4 (n = 2; 5%).

Almost all trials (n = 36; 97%) were described as inter-
ventional, and only one paper (3%) as observational. The 
majority of articles (n = 34; 92%) applied randomized al-
location, 1 trial used non-randomized allocation, and 2 
studies (5%) stated “not applicable”. The most frequent-
ly used interventional model was parallel assignment 
(n  =  33; 89%). Trials also applied a  single-group model 
(n = 3; 8%), crossover assignment (n = 1; 3%) and 1 paper 
(3%) used the term “other”, but did not mention the type.

The included trials applied different types of masking: 
none (open-label) (n = 5; 14%); single-blind (n = 12; 32%); 
double-blind (n = 10; 27%); triple-blind (n = 9; 24%); and 
quadruple-blind (NCT02916186; n = 1; 3%). The majority 

Fig. 1. Flowchart of the study

CAT – coronally advanced tunnel technique; sCTG – subepithelial connective 
tissue graft.
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of  trials mentioned treatment as the primary purpose 
(n = 36; 97%); only 1 study did not provide the aim of the 
study (Table 1).

The next step was the comparison of  the participant 
characteristics (Table 2). All studies included volunteers 
of  both genders, provided their age and enrollment. 
Most of the trials accepted healthy participants (n = 25; 
68%). Fifteen papers (41%) did not apply the IPD sharing, 
10 studies (27%) stated “undecided” and 12 trials (32%) 
claimed “not provided”.

Quality of description of the main 
interventions in ClinicalTrials.gov 

All the 32 trials using CAT + sCTG briefly described the 
intervention, and provided information about materials, 
procedures and the location where the intervention was 
applied (Table 3).

The majority of these studies (n = 30; 94%) mentioned 
the goal of  treatment, which was determining the effect 
of  root coverage. A  total of  19 included trials (59%) re-
ported a  periodontist as a  person responsible for treat-
ment, 3 studies (8%) provided unclear information and 
10 papers (31%) did not mention the investigator.

Only 6 studies (19%) provided information with regard 
to TIDieR item 6, specifying that the participants received 
verbal or written instructions. All the trials provided the 
time frame of  the study, and 24 papers (75%) also men-
tioned the number of sessions.

In our article we included 5 studies using CAT to treat 
gingival recessions (Table 4). All papers provided a short 
description, and information about materials and proce-
dures. Most of the studies (n = 4; 80%) mentioned the aim 
of the study. The expertise provider as well as the inves-
tigation center were mentioned in 100% trials. Similar to 
the intervention reporting in the trials using CAT with 
sCTG, 20% papers described indications for volunteers.

For only one trial out of  32 (3%; NCT03676088), we 
identified accordance with the CONSORT criteria.

Comparison of the registry data and the 
corresponding publications 

For the 37 registered papers analyzed in the study, 
we were able to identify 10 corresponding publications, 
searching PubMed and Google Scholar. The number 
of participants, and the primary and secondary outcomes 
were compared (Fig. 2). In 6 cases, the number of volun-
teers in the published article was different from that in 
the registry.

The primary outcomes were the same in ClinicalTrials.
gov. and in the published articles. In the case of  1 trial 

Table 2. Characteristics of participants in 37 trials on gingival recession 
treatment using the coronally advanced tunnel technique (CAT), registered 
in ClinicalTrials.gov

Participants’ characteristics Trials 
n (%)

Gender

male 0 (0.0)

female 0 (0.0)

both 37 (100.0)

Minimum age 
[years]

provided 
Me: 18 

range: 18–45
33 (89.2)

not provided 4 (10.8)

Maximum age 
[years]

provided 
Me: 60 

range: 40–75
24 (64.9)

not provided 13 (35.1)

Enrollment
provided 

Me: 30 
range: 6–68

37 (100.0)

Conditions provided 37 (100.0)

Healthy volunteers accepted
yes 25 (67.6)

no 12 (32.4)

IPD sharing statement 

yes 0 (0.0)

no 15 (40.5)

undecided 10 (27.0)

not provided 12 (32.4)

Me – median; IPD – individual participant data.

Table 1. Characteristics of 37 trials on gingival recession treatment using the 
coronally advanced tunnel technique (CAT), registered in ClinicalTrials.gov

Research characteristics Trials 
n (%) NCT number

Status

unknown 10 (27.0) –

recruiting 5 (13.5) –

active non-recruiting 7 (18.9) –

completed 15 (40.5) –

Phase

phase 2 1 (2.7) NCT06044870

phase 4 2 (5.4)
NCT03690635 
NCT04104087

not applicable 34 (91.9) –

Study type
interventional 36 (97.3) –

observational 1 (2.7) NCT04016493

Allocation

randomized 34 (91.9) –

non-randomized 1 (2.7) NCT06000228

not applicable 2 (5.4)
NCT04513041 
NCT04802473

Interventional 
model

single-group 3 (8.1) –

crossover assignment 1 (2.7) –

parallel assignment 33 (89.2) –

Masking

none (open label) 5 (13.5) –

single-blind 12 (32.4) –

double-blind 10 (27.0) –

triple-blind 9 (24.3) –

quadruple-blind 1 (2.7) NCT02916186

Primary 
purpose

treatment 36 (97.3) –

not provided 1 (2.7) –

NCT – National Clinical Trial.
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Table 3. Quality of reporting 12 items from the Template for Intervention 
Description and Replication (TIDieR) checklist for the coronally advanced 
tunnel technique (CAT) with subepithelial connective tissue graft (sCTG)

TIDieR item Intervention description component Trials 
n (%)

1. Brief name
provided 32 (100)

not provided 0 (0)

2. Why

noted precisely 30 (94)

noted, but insufficiently described 1 (3)

not provided 1 (3)

3. What 
(material)

provided 32 (100)

not provided 0 (0)

4. What 
(procedure)

provided 32 (100)

not provided 0 (0)

5. Who 
provided 
expertise

periodontist 19 (59)

unclear data provided 3 (9)

not provided 10 (31)

6. How
provided* 6 (19)

not provided 26 (81)

7.Where
recruitment/investigator institution noted 32 (100)

not provided 0 (0)

8. When and 
how much

provided 24 (75)

not provided 8 (25)

11. How well 
(planned)

provided** 1 (3)

not provided 31 (97)

N = 32; * NCT02814279, NCT03676088, NCT04016493, NCT04028037, 
NCT05568732, NCT06000228; ** NCT03676088 (Consolidated Standards 
of Reporting Trials (CONSORT)).

Table 4. Quality of reporting 12 items from the Template for Intervention 
Description and Replication (TIDieR) checklist for the coronally advanced 
tunnel technique (CAT)

TIDieR item Intervention description component Trials 
n (%)

1. Brief name
provided 5 (100)

not provided 0 (0)

2. Why

noted precisely 4 (80)

noted, but insufficiently described 0 (0)

not provided 1 (20)

3. What 
(material)

provided 5 (100)

not provided 0 (0)

4. What 
(procedure)

provided 5 (100)

not provided 0 (0)

5. Who 
provided 
expertise

periodontist 5 (100)

unclear data provided 0 (0)

not provided 0 (0)

6. How
provided* 1 (20)

not provided 4 (80)

7.Where
recruitment/investigator institution noted 5 (100)

not provided 0 (0)

8. When and 
how much

provided 5 (100)

not provided 0 (0)

11. How well 
(planned)

provided 0 (0)

not provided 5 (100)

N = 5; * NCT04802473.

Fig. 2. Comparison of the registry data and the corresponding publications
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(3%) (NCT02916186), there were 2 more secondary out-
comes provided in the released paper, i.e., patient esthetic 
satisfaction and postoperative pain on a  visual analog 
scale (VAS). Another published article (NCT03163654) 
contained different and more secondary outcomes in 
comparison with the registry data, which was the root 
coverage esthetic score, keratinized tissue width and gin-
gival thickness gain, whereas in the corresponding trials, 
gingival recession width, keratinized tissue width, gingi-
val thickness, and clinical attachment level (CAL) were 
provided.

Only one included study (NCT02814279) reported the 
results in ClinicalTrials.gov.

Discussion
The tunnel technique is recognized by periodontal spe-

cialists as one of  the easiest and at the same time effec-
tive methods of covering gingival recessions, having many 
advantages in terms of dentin hypersensitivity reduction 
and esthetics, producing a  significant gain in CAL and 
decreasing gingival recession.1 However, with regard to 
clinical trials, there is a  need to establish the most pre-
dictable surgical approach for the treatment of this condi-
tion. The present study shows that the description of the 
registered trials is often incomplete and that detailed data 
is not provided. It is concluded, after comparing the reg-
istered papers with the published ones that there exist 
substantial differences between the provided information 
and instructions. Discrepancies concern mainly the num-
ber of participants and the reported outcomes.

A key limitation of our analysis is that over 60% of the 
trials posted in ClinicalTrials.gov were not linked to the 
corresponding publications, and only one study report-
ed the results in ClinicalTrials.gov. Study data should be 
shared via ClinicalTrials.gov, as usually this is the only 
source of  information on ongoing research. Moreover, 
the information should be transparent, detailed and easily 
available to the public; only then studies have a scientific 
value. For this reason, it is recommended to post the ob-
tained results in ClinicalTrials.gov.24

Considering the high prevalence of gingival recessions, 
it is essential that clinical trials are well documented and 
properly described, so that the findings can be easily imple-
mented in the treatment. Moreover, nowadays significantly 
more clinical trials are being carried out in periodontology 
over the years, wherefore all those studies should be ad-
equately reported.25 In order to properly apply a  specific 
method in practice, scientific research should be properly 
described in detail. Scientists should use the TIDieR guide-
lines to adequately report the studies.

Gingival recession treatment became predictable, with 
satisfactory results. Therefore, in our opinion, the on-
going research should be carried out according to spe-
cific guidelines, e.g., SPIRIT, CONSORT or TIDieR.18–20 

To improve the quality of interventions and to allow ad-
equate translation into clinical practice, clinical research-
ers and also journal editors should concentrate on pre-
cisely described papers.

The analysis focused on one of the most frequently used 
methods, i.e., TUN.6 To provide complete data on the on-
going trials regarding gingival recession treatment, we 
plan to analyze other methods, for example CAF.

Conclusions
Our review showed that the descriptions of  interven-

tion in gingival recession treatment trials were incom-
plete, and there were also differences between the reg-
istered and published studies. The main discrepancies 
concerned the number of  participants, and the primary 
and secondary outcomes. This leads to the lack of consis-
tency in research, and can also reduce the value of transla-
tion of the procedures into clinical practice.
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