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Abstract 

Backgroung/Objectives: The liability of medical staff for malpractice in the context generated by the 
Covid-19 pandemic is a topical issue both for those who work in the medical system and for legal practitioners. 
Methods: In order to carry out this observational-prospective study, a questionnaire was drawn up consisting of 10 
closed questions with a yes or no answer, which had the role of analyzing the opinion of doctors regarding the 
incidence of malpractice allegations during the COVID-19 pandemic. After completing the completion period, the 
questionnaires were centralized and analyzed statistically. Results: The majority of doctors considered that the 
emergence of the pandemic favored an increased level of stress and anxiety among the specialized staff working in 
health facilities, a fact that inevitably led to the appearance of complaints from patients, as a result of various 
professional errors what were committed and which resulted in the prejudice of their rights, especially the right to 
health. Conclusions: The central conclusion of this study focuses on the future development of a legislation that 
should enjoy clarity and brevity, being unambiguous and adapted to various unexpected situations, as was the 
pandemic generated by the emergence of the SARS-CoV-2 virus. 

Keywords: pandemic, doctor, patient, malpractice, medical malpractice, medical error, medical mistake 
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INTRODUCTION 

The crisis brought about by the pandemic evolution of COVID-19 is a state of affairs 
which has had to be countered by vigorous measures adopted both at European Union level 
and at the level of each Member State in order to ensure the health protection of EU citizens. 
Some of these measures have had a direct impact on patients' rights and interests [1]. 

In a democratic society, it is necessary that in such situations, the application of 
punctual measures does not turn into abuse and does not lead to the violation of fundamental 
rights, under the guise of protecting superior interests, such as public health [2]. 

The period leading up to the declaration of COVID-19 as a pandemic did not seem to 
herald the adoption of any extraordinary measures that would affect or restrict patients' 
fundamental rights [3,4]. 

The issue of doctors' civil liability for malpractice in the context of the COVID19 
pandemic has been debated in various specialized studies elaborated in Romania by legal 
specialists, analyzing this topic both from a practical and theoretical point of view [5,6]. 

There is a substantial difference between the concept of medical error and medical 
mistake, and the distinction between the two concepts is such as to exonerate or incriminate 
medical personnel accused of malpractice [7]. Medical error is a complicated course of a 
disease or symptomatology with a tragic end, such that no diligent doctor could have stopped 
its unfortunate course, whereas medical malpractice is characterized by the doctor's fault in 
the exercise of his profession, manifested either in the form of imprudence or negligence [8,9]. 
More precisely, medical negligence is an unintentional act on the part of the doctor, which 
causes harm to the patient and makes the professional liable, since in the same circumstances 
another doctor, more diligent but with the same professional training, would not have caused 
the harm [10]. Negligence, on the other hand, is a failure to act in a situation in which a 
diligent professional would have acted, and can be circumscribed to haste, superficiality or 
improper performance of the duties of the profession [11,12]. 

The doctor is responsible for medical mistakes, not errors, and haste and superficiality 
are a form of medical error [13]. 

What happens, however, in a crisis situation where haste becomes the central element 
and defines medical activity, while at the same time opening the floodgates to superficiality? 
Moreover, if quantity (treating as many infected patients as possible-superficial or not) 
prevails over quality (giving each patient thorough and thorough care), is medical staff who 
have harmed some patients to save many others justified or not? In other words, if the 
superficiality would have caused harm only to the patients most affected by COVID-19 
(perhaps because of morbidities), but led to the saving of the other (significantly more 
numerous) patients, who in the absence of prompt treatment would have suffered worsening, 
can it still be considered malpractice? [14,15]. 

We appreciate that the answer to these questions is a very sensitive one, given the 
specificities of each individual situation. Overburdening medical staff, over a long period of 
time, in order to save as many patients as possible, with the risks associated with their 
superficial treatment, and moreover, with the risk of their own illness, is, if not an element 
that contributes to exonerating them from liability, a genuine cause of mitigation of civil 
liability [16]. 

In the light of the above and in the context of COVID-19, it is questionable to what 
extent the excessive workload, coupled with the lack of knowledge of the supporting 
physicians and the inability to seek a second medical opinion or to receive confirmation of the 
diagnosis and treatment of infected patients will lead to the liability of the attending medical 
staff [17]. 
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The concept of the supporting doctor is another important element in analyzing 
whether medical personnel fulfill the conditions for tort liability. At the time of the pandemic, 
any medical personnel could be delegated/ seconded to provide medical care in other 
support health facilities for the diagnosis and treatment of infected patients suffering from 
COVID-19. In these circumstances, a number of questions arise, including the question of the 
limits of the liability of support physicians for medical malpractice, given that they are not 
infectious disease specialists or pulmonary specialists [18,19]. 

At present, there are no special liability exemption rules in relation to the COVID-19 
pandemic that derogate from the common law rule contained in the Civil Code. At least at 
first sight it would seem that there is no basis for derogation from the Civil Code. If the 
medical personnel could have realized that they were committing a wrongful act by treating 
infected patients, since they were not specialized in this and as such their action harmed the 
patients, they would be obliged to compensate for the damage caused. The mere fact that he 
was acting on the orders of his superior/undertaking an activity permitted by law will not 
exempt him from liability [20]. 

Certainly, opinions will be issued both in the sense that the doctor should not be held 
accountable in the context of carrying out his work in good faith, in crisis conditions, and in 
the opposite sense, namely blaming the medical staff for any mistakes and/or medical errors 
committed. The ambiguity of the regulation will benefit the party that is able to explain 
clearly and coherently the factual situation and, consequently, the legal reality of the situation 
and the legal reality that is being analyzed. 

Aim and objectives 

The main aim of this research study is to analyze physicians' opinion on the incidence 
of malpractice allegations during the COVID-19 pandemic. We wished to analyze the extent 
to which physicians were confronted during the pandemic period with accusations from 
patients, who complained of improper performance of medical acts and harm to their rights 
and interests. Moreover, we aimed to assess physicians' views on the extent to which the 
COVID-19 pandemic has favored the increase in malpractice allegations among patients. We 
want to analyze whether they believe that the high workload and stress generated by the 
COVID-19 pandemic has influenced the way they provide medical care, exposing them to the 
risk of making mistakes in the provision of specialized care, such that patients have seen their 
rights and interests harmed and jeopardized. 

MATERIALS AND METHODS 

For the realization of this study we chose as material and method an anonymous 
questionnaire consisting of 10 closed yes or no questions addressed to physicians on the topic 
of medical malpractice in the context of the COVID-19 pandemic.  

Before starting to fill in the questionnaire, the doctors were asked to agree to their 
involvement in the study and were informed about the purpose and role of the study. The 
study participants were also provided with all the information they needed so that they were 
aware of the role and purpose of the study. The questionnaires completed by the physicians 
were anonymous and they were not required to state their first and last names when 
completing them. The group of physicians included in the study consisted of 50 people, 
working in different health units in Timis County. Physicians' participation in the study was 
free of charge and they had the right to withdraw at any time. The withdrawal of physicians 
from the study was voluntary, without them being manipulated or influenced in any way. 
The questionnaires were completed in a combined mode, distributed both in letter and 
electronically through various social networks. 
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The first question in the questionnaire addressed to the doctors aims to analyze their 
opinion on the increase in the number of malpractice cases during the pandemic due to the 
very high workload of doctors who worked in the Covid wards during that period. We 
wanted to analyze the extent to which the heavy workload and stress to which medical staff 
were subjected during the pandemic period favored the commission of various mistakes in 
practice, which caused a series of harms to patients, so that the latter had to turn to the 
competent judicial bodies to defend their rights and interests that were harmed.  

The second question in the questionnaire aims to analyze the incidence of medical 
malpractice in medical practice during the pandemic period, in order to observe to what 
extent the participants involved in the study are aware or not aware of whether or not some 
of their colleagues have been accused by patients and called to court to be held legally 
accountable for the harm caused. The aim was to assess the extent to which malpractice 
claims have increased during the pandemic period or, on the contrary, whether there is an 
increase in malpractice claims influenced by the emergence of the new virus.  

The third question addressed to the doctors who agreed to participate in the survey 
aims to highlight the level of knowledge and information they have on the Romanian 
legislation governing the civil liability of medical staff and health facilities for malpractice. 

The fourth question analyzes to what extent the physicians included in the sample of 
subjects participating in the study consider that during the pandemic the refusal of medical 
staff to treat and admit patients who did not present a medical emergency constitutes a 
violation of their rights to healthcare, discriminating against this category of patients. There 
have been countless cases of this kind, in which patients who did not present a 
symptomatology that required emergency medical intervention were sent home to treat 
themselves, without being hospitalized in health facilities. In this context, we considered it 
appropriate and of great interest to find out what the doctors' opinion is on this subject, which 
has caused a number of complaints among the population. 

The fifth question in the questionnaire seeks to analyze to what extent during the 
pandemic period doctors turned to lawyers specializing in malpractice litigation as a result of 
being accused by patients of various medical malpractice. 

Question number six examines an extremely sensitive issue that has been widely 
debated, including in various specialized studies prepared in the context of the pandemic in 
our country, namely the gaps and ambiguities in Romanian legislation that medical personnel 
had to deal with during the pandemic in terms of malpractice. In the light of the health crisis 
that has shocked the entire planet and that has set in extremely quickly, without anyone being 
prepared, not even the staff in the health units, we would like to analyze the opinion of 
doctors on the need to improve the Romanian legislation on malpractice, so that it is much 
clearer, unambiguous and adapted to the situations they encountered in practice during the 
COVID-19 pandemic.  

The purpose of the seventh question included in the questionnaire is to analyze the 
level of knowledge of physicians about the Romanian legislation on malpractice, which 
regulates the possibility of exoneration from liability of health care facilities' staff for 
disclosing patients' professional secrecy when this disclosure is motivated by the defense and 
protection of a public interest. It is precisely because this hypothesis is applicable in the 
context of the COVID-19 pandemic that we want to see to what extent healthcare 
professionals are aware of its existence in the legislation.  

Question number eight explores a highly debated topic in the media. We wanted to 
find out the opinion of the participants in this study on the role and involvement of state 
authorities during the pandemic in supporting medical staff in health facilities, so that the 
conditions for providing health care would be much safer for patients. We set out to analyze 
to what extent they consider that the Romanian authorities were involved and provided them 
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with all the conditions to ensure that the provision of medical care took place in safe 
conditions for both them and the patients, or on the contrary, things were not like this, with 
the risk of a series of situations arising that could lead to the commission of various errors in 
medical practice.  

The penultimate question in the questionnaire analyzes the opinion of doctors on the 
necessity and usefulness of having psychologists in the health units where SARS-CoV-2 
infected patients were treated, to whom the medical staff could turn to, given the extremely 
difficult period that the specialists in the field have been through, the excessive workload and 
stress that the work on the Covid wards has involved. 

The last question in the questionnaire aims to analyze the level of knowledge of the 
resident doctors involved in the study regarding the Romanian legislation in the field of 
malpractice, which regulates the exemption of medical staff from liability for damages caused 
to patients as a result of insufficient provision of diagnostic and treatment equipment or 
contact with nosocomial infections during hospitalization. 

RESULTS 

The data collected from the participating physicians in the study were centralized and 
statistically analyzed, and are presented in the form of figures. 

Question 1: Do you consider that the pandemic period has favored the increase of 
medical malpractice by staff working in health facilities on Covid wards due to the extremely 
high workload? 0-NU; 1-DA. The results showed that 40% of the physicians participating in 
the survey did not consider that the pandemic period has favored the increase in medical 
malpractice by staff working in health facilities on Covid wards due to the extremely high 
workload. In contrast, the majority of doctors, 60%, claim the opposite, believing that the 
pandemic has influenced the increase in malpractice (Figure 1). 

 

 
Figure 1. Statistical results for question 1 

 
Question 2: Are you aware of any cases in which doctors working in Covid wards 

have been accused by patients of malpractice as a result of various errors in the provision of 
medical care? 0-NU; 1-DA. The results showed that 86% of the study participants have no 
knowledge about the existence of malpractice allegations during the pandemic period against 
physicians practicing on Covid wards. The remaining 14% of the survey participants stated 
that they are aware of the existence of certain situations in which their colleagues have been 
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accused by patients of committing certain professional errors in the provision of medical care 
(Figure 2). 

 

 
Figure 2. Statistical results for question 2 

 
Question 3: Are you aware of the legislation in Romania regulating the civil liability of 

healthcare professionals and healthcare providers for professional errors committed in the 
course of the exercise of their profession? 0-NU; 1-DA. Regarding the third figure, 62% of the 
doctors who agreed to participate in the survey stated that they have no knowledge of the 
Romanian legislation that legally analyzes the institution of malpractice in the medical field. 
The opposite was true for 38% of those included in the survey, i.e. that they are aware of the 
Romanian legislation regulating the liability of medical staff for errors in specialty care, and 
that they are familiar with the content of these laws (Figure 3). 

 

 
Figure 3. Statistical results for question 3 

 
Question 4: Do you consider that during the pandemic the refusal of medical 

personnel to treat and admit patients who did not present a medical emergency constitutes a 
violation of their rights to healthcare, discriminating against this category of patients? 0-NU; 
1-DA. The results revealed that only 14% of the respondents do not consider that during the 
pandemic the refusal of medical staff to treat and admit patients who did not present a 
medical emergency constitutes a violation of their healthcare rights, discriminating against 
this category of patients. Most of the doctors included in the survey expressed the opposite 
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opinion, namely an extremely high percentage, namely 86%, consider that in this situation 
patients are discriminated against, not being granted equal treatment in the medical act 
(Figure 4). 

 

 
Figure 4. Statistical results for question 4 

 
Question 5: During the pandemic period, did you use lawyers specializing in 

malpractice litigation because patients accused you of certain malpractice related to the 
provision of medical care? 0-NU; 1-DA. According to the results obtained, 42% of the 
physicians stated that they did not need to turn to lawyers during the pandemic to defend 
themselves in malpractice litigation, since their patients did not allege that they had 
committed any errors in the performance of medical acts. In contrast, 58% of survey 
participants reported the opposite, that they had to be represented in court by malpractice 
lawyers following complaints from patients during the pandemic (Figure 5). 

 

 
Figure 5. Statistical results for question 5 

 
Question 6: Do you consider that the legislation in Romania regulating the liability of 

medical personnel for malpractice is deficient and needs to be improved and adjusted in view 
of the health crisis caused by the emergence of the pandemic? 0-NU; 1-DA. A small 
percentage of doctors, i.e. 20%, do not consider that the Romanian legislation regulating the 
liability of medical personnel for malpractice is deficient and claim that it does not need to be 
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improved and adjusted in relation to the health crisis caused by the emergence of the 
pandemic. On the contrary, most of them, namely 80%, stated the contrary, being dissatisfied 
with the way in which the malpractice legislation is enacted, requiring some changes to 
respond to the concrete needs caused by the emergence of the pandemic (Figure 6). 

 

 
Figure 6. Statistical results for question 6 

 
Question 7: Are you aware that under Romanian law, medical personnel are exempt 

from liability for disclosing patients' professional secrecy if such disclosure is prompted by 
the defense and protection of a public interest? 0-NU; 1-DA. The results showed that 62% of 
the physicians are not aware of the fact that according to the Romanian legislation, medical 
staff is exempted from liability for disclosing patients' professional secrecy if this disclosure is 
motivated by the defense and protection of a public interest, while 38% of them have 
knowledge on this subject (Figure 7). 

 

 
Figure 7. Statistical results for question 7 

 
Question 8: Do you think that during the pandemic the state authorities could have 

cooperated and supported the medical staff in health facilities much more, so that the 
conditions of health care could have been much safer for patients? 0-NU; 1-DA. The results 
showed that 88% of the doctors involved in the study believe that during the pandemic the 
state authorities could have cooperated and supported the medical staff in health facilities 
much more so that the conditions of health care would have been much safer for patients, 
while 12% of the participants said the opposite (Figure 8). 
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Figure 8. Statistical results for question 8 

 
Question 9: Do you consider that during the pandemic it was necessary for medical 

staff in health facilities to be counseled by psychologists, given the stress they were under due 
to the extremely high workload and the medical severity of some cases? 0-NO; 1-DA. Only 8% 
of the respondents do not consider that during the pandemic it was necessary for medical 
staff in health facilities to be counseled by psychologists, given the stress they were under due 
to the extremely high workload and the medical seriousness of some cases, and the remaining 
92% say that this measure is extremely beneficial (Figure 9). 

 

 
Figure 9. Statistical results for question 9 

 
Question 10: Are you aware that medical staff were exempt from liability if, during the 

pandemic, harm to patients was caused by inadequate diagnostic and treatment equipment in 
health facilities or nosocomial infections? 0-NU; 1-DA. Interpretation of the results showed 
that 26% of the doctors involved in the study were not aware of the fact that medical staff 
were exempted from liability if during the pandemic period the harm caused to patients was 
caused by insufficient diagnostic and treatment equipment in health facilities or nosocomial 
infections, but a rather high percentage, 74%, were aware of this issue (Figure 10). 
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Figure 10. Statistical results for question 10 

DISCUSSIONS 

The number of accusations of medical malpractice increased during the pandemic, as 
medical personnel were subjected to extremely high stress and an increased workload, which 
led to the favoring of committing various professional errors during the medical act. We 
believe that improving the degree of knowledge regarding the legislation in the medical field 
will help doctors to know how to correctly manage the situations they face in medical practice 
in the relationship with patients, thus avoiding the appearance of malpractice accusations 
[21]. 

Another extremely important aspect that we believe needs to be pointed out and 
emphasized is that the interdisciplinary collaboration between the medical staff who worked 
in the Covid wards and psychologists is extremely beneficial, because unfortunately the 
pandemic period has overwhelmed everyone, especially those involved in treating patients, 
generating for the latter a state of continuous stress and anxiety. 

CONCLUSIONS 

In conclusion, what is essential in malpractice cases are the factual situation, the 
careful analysis of all the elements likely to lead to a clear legal conclusion, since any nuance 
of the factual reality and the identification of its subtleties will significantly contribute to the 
shaping of a substantiated legal reality right in law. The medical personnel liability 
legislation, as it is currently corroborated with the one adopted during the pandemic, 
represents a trap into which it is easy to fall – under the appearance of general provisions, the 
vagueness, the gap and the equivocation are hidden. Although we could argue that they 
benefit legal professionals, who have thus opened the way to the interpretation and therefore 
the manipulation of the rules in favor of the interests they defend, we appreciate that they 
prejudice the parties to a dispute. 
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Abstract 

This case report describes the use of feldspathic ceramic veneers placed over prepared lithium disilicate 
restorations to address aesthetic concerns in a patient. Initially, lithium disilicate restorations were placed, but the 
patient was dissatisfied with the visible transition lines and the darker shade of the restorations compared to her 
natural tooth color. To correct these issues, the lithium disilicate restorations were prepared, and feldspathic 
ceramic veneers were applied to improve the color match and eliminate the transition lines, achieving a more 
natural and aesthetic result. The application of feldspathic veneers enhanced the overall appearance, providing a 
better color and translucency that matched the patient’s expectations. This case demonstrates the potential of 
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feldspathic ceramics to resolve aesthetic challenges in restorations, particularly in cases where the initial material 
does not meet the desired color and aesthetic outcomes. 

Keywords: feldspathic ceramic, lithium disilicate, anterior restoration, aesthetic outcomes, color mismatc 
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INTRODUCTION 

A good marginal fit and finish, combined with a sound color match, is often achieved 
through careful adjustments and multiphase finishing procedures in fixed dental restorations. 
Lithium disilicate ceramics are frequently used in laminated dental restorations due to their 
high strength and resilience, with the chemical compound being well-known in the field [1,2]. 
However, difficulties in achieving uniform color and concealing underlying substrate stains 
have been reported, particularly when the initial restoration does not yield the desired 
aesthetic outcome [1,2].   

In cases where lithium disilicate restorations show signs of color non-uniformity or 
visible substrate discoloration, feldspathic ceramic veneers can be especially useful in 
improving the overall esthetics. Feldspathic ceramics are renowned for their ability to 
replicate the optical properties of dental enamel, such as translucency and opacity, providing 
an effective means of concealing color differences and optimizing aesthetic results [3,4]. While 
feldspathic veneers are often considered more esthetic than lithium disilicate, they are also 
expected to have lower strength, which may be compromised when cemented to restorations 
that themselves might weaken the veneers [5,6].   

This case report illustrates a scenario in which lithium disilicate restorations were 
initially placed, but the patient was dissatisfied with the outcome due to unequal coloring and 
visible substrate areas. To resolve these issues, it was decided to layer feldspathic ceramic 
veneers over the disilicate restorations to enhance the esthetic appearance. By properly 
preparing and conditioning the existing lithium disilicate surfaces, and utilizing feldspathic 
veneers, the clinicians achieved a more uniform and natural-looking result [7,8].   

This approach underscores the effectiveness of feldspathic ceramics in correcting 
aesthetic issues in cases with initial unpredictable esthetics or when the initial restorations fail 
to achieve the desired color consistency. Feldspathic veneers not only addressed the color 
mismatch problem but also improved the aesthetics of the marginal areas between the 
restorations [9,10]. This case reinforces the idea that, when planned carefully, aesthetic 
treatments using feldspathic ceramics can enhance the results provided by primary 
restorative materials, matching the patient’s expectations [11,12].   

The treatment outcomes from this case highlight the success of incorporating 
feldspathic veneers in a layered approach to resolve aesthetic issues in multi-layered dental 
reconstructions. This case adds to the growing evidence supporting the use of advanced 
aesthetic techniques in restorative dentistry, leading to increased patient satisfaction [13,14]. 

Aim and objectives 

The purpose of this article is to evaluate the clinical performance of feldspathic 
ceramic veneers in esthetic anterior restorations, where the color did not meet the patient's 
expectations, and the previous restorations were made from layered lithium disilicate. The 
objectives are to assess how these veneers address uneven color distribution and to explore 
their potential applications in restorative dentistry. Additionally, the article aims to examine 
how feldspathic ceramics can provide more effective solutions to traditional limitations 
related to the extensive removal of tooth tissue. 

MATERIAL AND METHODS 

The patient, a 33-year-old woman, was dissatisfied with the esthetics of the lithium 
disilicate restorations in the anterior area. The primary issue, which varied in severity, was 
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color inhomogeneity, with dark areas visible due to the underlying dental substrate. To 
address these concerns, feldspathic ceramic veneers were used as a solution.   

The veneers were bonded on February 10, 2023, after an assessment was made to 
determine which areas of the lithium disilicate restorations needed modification. The clinical 
situation was evaluated, focusing on the unsupported dental substrate. Using a modified 
chainfrein (Wagner Dental, Germany), the feldspathic ceramic layer was carefully removed. 
The surfaces were then abraded with a diamond bur (Komet, Germany) to ensure a proper 
enamel-like shape for the subsequent feldspathic veneer. Further preparation was carried out 
in the most severely discolored zones.   

The maxillary and mandibular feldspathic layers were removed from the lithium 
disilicate crowns, and the underlying surfaces were polished to ensure optimal bonding for 
the new restorations. The feldspathic veneers were artistically planned to conceal the existing 
stains and further improve the esthetics. The patient requested a Bleach 2 shade from the 
VITA color scale, so the veneers were created to match this specific shade to achieve better 
acceptance.  The veneers were bonded using Variolink Aesthetic Light Cure Neutral (Ivoclar 
Vivadent, Liechtenstein), following a strict bonding protocol to ensure strong retention. An 
adhesive system was applied, and a rubber dam was placed to maintain isolation. The lithium 
disilicate surface was etched to provide excellent retention for the feldspathic ceramic, 
ensuring a strong chemical bond that mimics natural teeth. The result was a harmonious 
transition with well-defined margins and uniform color across the veneer surfaces.  The final 
esthetic appearance of the anterior restorations showed significant improvement, with 
smooth transition lines and consistent color throughout. This approach has demonstrated the 
effectiveness of using feldspathic ceramics to correct and enhance esthetic outcomes, even in 
complex cases, confirming their ability to provide superior visual results. To achieve optimal 
bonding between the lithium disilicate stumps and the feldspathic ceramic veneers, the 
following conditioning steps were followed: The lithium disilicate stumps were thoroughly 
cleaned to remove cement, debris, and contaminants using a non-abrasive cleaner. The 
surfaces were rinsed and air-dried. The internal surface of the feldspathic veneers was etched 
with 37% phosphoric acid (Coltene, Switzerland) for 15 seconds and rinsed. Then, 4-5% 
hydrofluoric acid (Kerr, USA) was applied to the internal surface for 20 seconds to improve 
adhesion. After rinsing and drying, a silane coupling agent was applied for 30 seconds. The 
feldspathic ceramic veneers were bonded to the prepared lithium disilicate stumps on 
February 10, 2023, using Variolink Aesthetic Light Cure Composite (Ivoclar Vivadent, 
Liechtenstein). The restoration was light-cured, excess cement was removed, and the 
restoration was polished to achieve the desired esthetic result. 

 

 
Figure 1. The initial appearance of lithium disilicate restorations after cementation 
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Figure 2. a) The guiding grooves made in the feldspathic ceramic layer of the layered lithium disilicate restorations 

on the upper arch. b) The guiding grooves made in the feldspathic ceramic layer of the layered lithium disilicate 
restorations on the lower arch 

 

 
Figure 3. a) The appearance of the single-tooth fixed prosthetic restoration made of feldspathic ceramic after 
cementation on the lithium disilicate support in the upper arch. b) The appearance of the single-tooth fixed 

prosthetic restoration made of feldspathic ceramic after cementation on the lithium disilicate support in the lower 
arch 

 

  
Figure 4. The final extraoral aesthetic appearance after the restorations have been cemented 

RESULTS 

The result of the feldspathic ceramic veneers provided a significant improvement from 
both functional and esthetic perspectives, as evaluated by the patient. The updated veneers 
resolved the initial problems of color disparity and substructure discoloration that occurred 
with the previous lithium disilicate restorations. In terms of function, the patient felt more 
comfortable and satisfied. The aesthetic improvements eliminated the perceived roughness 
and other issues with the surface of the veneers. The bite and occlusion were returned to a 
natural state, with no concerns about alignment or integration observed in the veneers.  The 
transition lines from the rebuilt teeth to natural dental functions were clear and 
indistinguishable. Discolorations and rough spots that had been present before the 
intervention were gone.  

The veneers, created to match the Bleach 2 shade, resulted in a complete look that 
blended seamlessly with the natural teeth. This marked improvement made the patient more 
satisfied with the restoration, as the greyish-white areas disappeared and surface 
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irregularities were minimized. The detailed planning and execution of the feldspathic veneers 
not only solved all esthetic and functional issues but also fulfilled the patient's high demands 
in terms of appearance and comfort. Ultimately, feldspathic ceramic veneers proved to be an 
efficient treatment option for improving the esthetic outcomes of the initial restorations, 
addressing color differences and surface irregularities, while ensuring functional 
harmonization. 

DISCUSSIONS 

Despite the large areas of unsupported dental hard tissue in feldspathic veneers, this 
case demonstrates their long-term effectiveness with acceptable cosmetic results. Keying is 
crucial for ceramic veneers due to their inherent brittleness [15, 16]. Numerous studies 
highlight the importance of bond strength between feldspathic ceramics and enamel as a 
critical factor for their longevity and resistance [17].  In this case, proper preparation of the 
lithium disilicate surfaces enabled the creation of a durable adhesive bond with feldspathic 
veneers, ensuring an ideal fit and durability under occlusal forces. Feldspathic ceramics were 
chosen over materials with higher flexural strength, like lithium disilicate or zirconia, due to 
their superior aesthetic properties, especially for anterior restorations. Their translucency and 
ability to mimic natural tooth color are vital for achieving a more natural appearance on 
visible sites [18].  This case supports other research indicating that feldspathic veneers can 
achieve excellent clinical success when following conventional preparation guidelines [19]. It 
illustrates how meticulous case selection, planning, and bonding protocols can lead to 
satisfactory results even in challenging scenarios. Modern adhesive techniques and a 
thorough understanding of material properties show that feldspathic ceramics can deliver 
predictable aesthetic outcomes, addressing issues of color disharmony and surface 
irregularities. This highlights their value as a valuable adjunct in restorative dentistry [20,21]. 

CONCLUSIONS 

Based on this case report, feldspathic ceramics can deliver the required translucency 
and color match necessary for anterior restorations as have been widely reported in previous 
studies. This case report shows that feldspathic veneers can also deliver excellent esthetic 
results in difficult situations by optimal patient selection and advanced adhesive techniques. 
With the same chairside procedure, we have described a clinical way of increasing patient 
delight as well as broadening feldspathic ceramic use on restorative dentistry offer to be in 
keeping with clinically accepting suitable performance for complex cases.   
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Abstract 

This case report describes the clinical approach in managing a chipping of the feldspathic ceramic layer in 
a zirconium oxide - supported restoration with a new feldspathic veneer; minimal intervention. The case involved 
chipping of ceramics at tooth 1.1, in which the damaged part was removed and replaced, sparing the tooth from 
further intensive preparations or changes to the zirconium oxide framework. The technique involved in the 
procedure included hydrofluoric acid etching, silanization, and resin cementation to foster a high bond strength. 
The outcomes of the study revealed an excellent aesthetic result with the replanted veneer blending properly with 
adjacent teeth. This case raises evidence for using feldspathic ceramics in zirconium oxide -based restorations and 
demonstrates that such complications can be resolved with stability of function and esthetics. The less invasive 
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treatment modality and the short time taken to restore the teeth suggest feldspathic veneers as a potential solution 
for similar long-term dentition restoration. 

Keywords: feldspathic ceramics, restoration on zirconium oxide, minimal invasive 
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INTRODUCTION 

In the contemporary dentistry the conservation of hard dental tissues during 
restorative procedures remains one of the most important problems, especially in regards to 
aesthetics. Conventional retributive procedures sometimes require a lot of tooth structure to 
be removed that may be deleterious to the stability of the tooth in question. This situation has 
shifted most clinicians towards techniques that afford the least amount of dental tissue 
removal while delivering the best functional and esthetic results [1]. In this regard, minimal 
invasive procedures have been adopted, alongside the consideration of tissuebooth while 
thinking of the structural stability of the restorations [2]. Recent developments in dental 
materials include zirconium oxide -based restorations with layered feldspathic ceramics in 
that they provide durable as well as aesthetic solutions. Zirconium oxide has excellent 
mechanical properties while feldspathic ceramics have an aesthetic of natural enamel more 
closely than any other material [3]. However, there are common problems with the ceramic 
chipping or fracture and the feldspathic layer and therefore the long-term stability of these 
restorations remains questionable [4]. Investigations have shown that the material properties 
resulting from feldspathic ceramic are prone to catastrophic failure in functional loads, 
especially in anterior cosmetic prosthetics where esthetics and occlusal forces are contest [5]. 
The treatment of such complication therefore necessitates knowledge of the stuff properties as 
well as the clinical procedures that can help to minimize these risks. Preventing the 
propensity of ceramic chipping has been approached in another method and that is the 
control of the mechanical properties of the restorative materials through the design and 
layering of the different materials used [6]. Further, minimally invasive preparation should be 
employed in as many cases as possible to allow the dentist to retain more of the tooth 
substrate for better support to the restoration and thereby minimizing mechanical failure [7]. 

That is why, despite these advances, the number of publications concerning zirconium 
oxide - supported restorations with feldspathic ceramic layering remains still small, especially 
case reports that describe individual complications and their handling. The current paper is a 
case report describing feldspathic ceramic layer chipping in the zirconium oxide supported 
restoration and adds to the list of complications and possible solutions in the context of 
utilizing these materials for anterior restorations. It is the hope of the author of this report that 
by drawing attention to the mechanical and clinical factors involved, the reader gains better 
appreciation with regard to the hazards linked to such restorations and develop pragmatic 
recommendations for handling similar cases in clinical practice [8]. 

Aim and objectives 

The purpose of this article is to assess the clinical application and effectiveness of 
feldspathic ceramic veneer as a technique for restoring zirconium oxide - supported crowns 
with chipped feldspathic layers, focusing on aesthetic outcomes and conservative 
intervention. The aim is to evaluate the bonding performance of protocols such as 
hydrofluoric acid etching, silanization, and resin cementation in achieving long-term 
adhesion to feldspathic ceramics. This study demonstrates that restorative ceramics can 
effectively retain both function and aesthetics after restoration. Additionally, this report 
discusses the role of feldspathic ceramics in zirconium oxide - based restorations, 
emphasizing their potential for managing complications in contemporary restorative 
dentistry. 
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MATERIALS AND METHODS 

A 35-year-old male patient presented with chipping of the feldspathic ceramic layer of 
a zirconia oxide - supported restoration (Zirkonzahn, Germany) at tooth 1.1.  

The restoration was a zirconia oxide framework (Zirkonzahn, Germany) veneered 
with feldspathic ceramic (Vita VM9, Germany). The goal of the treatment was to restore the 
chipped area of the feldspathic veneer with minimal intervention, preserving the existing 
zirconia oxide framework.   

The restoration process began by carefully finishing the chipped feldspathic ceramic. 
The damaged portion of the veneer was smoothed, and any sharp edges were removed, with 
no more than 1 mm of material being reduced to create a suitable bonding surface. This step 
was done to ensure the best possible adhesion for the new feldspathic veneer.   

The feldspathic ceramic of the existing restoration was then conditioned with 5% 
hydrofluoric acid (Hydrofluoric Acid, Bisco, USA) for 60 seconds to prepare the surface for 
the bond.   

Next, the new feldspathic ceramic veneer (Vita VM9, Germany) was conditioned in 
three stages. First, the veneer surface was etched with 5% hydrofluoric acid (Hydrofluoric 
Acid, Bisco, USA) for 60 seconds to ensure proper adhesion. Following the etching, 37% 
orthophosphoric acid (Ivoclar Vivadent, Liechtenstein) was applied to the veneer surface for 
30 seconds to enhance the bond strength. After rinsing and drying, a silane coupling agent 
(Monobond Plus, Ivoclar Vivadent, Liechtenstein) was applied for 1 minute to optimize the 
bond to the feldspathic ceramic. The silane was then air-dried.   

An adhesive bonding agent (Adhese Universal VivaPen, Ivoclar Vivadent, 
Liechtenstein) was applied to both the prepared tooth surface and the back of the new veneer. 
The adhesive was light-cured for 20 seconds.   

The feldspathic ceramic veneer was then bonded to the zirconia oxide framework 
using light-cured resin cement (Variolink Esthetic LC, Ivoclar Vivadent, Liechtenstein). The 
cement was light-cured on both the buccal and palatal surfaces for 40 seconds each at a light 
intensity of 1,200 mW/cm² to ensure a strong and stable bond.   

After cementation, any excess cement was carefully removed, and the restoration was 
polished with a polishing system (OptraFine Diamond Polishing System, Ivoclar Vivadent, 
Liechtenstein) to ensure a smooth, natural-looking finish that blended seamlessly with the 
adjacent teeth. 

 

 
Figure 1. a) The fracturing of the veneering ceramic on the zirconia oxide crown at tooth 1.1 from the frontal view, 

b) The fracturing of the veneering ceramic on the zirconia oxide crown at tooth 1.1 from the lateral view 
 

 
Figure 2. a) The aesthetic appearance of the gingival margin at tooth 1.1, b) Conditioning with hydrochloric acid 

(HCl), c) The appearance of the veneer after its creation (BASF). 
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RESULTS 

In this case, the fractured feldspathic ceramic on tooth 1.1 was effectively and 
smoothly restored. The entire procedure, from the removal of the fractured ceramic to the 
cementation of the new feldspathic veneer, was completed without any complications, 
adhering strictly to a minimally invasive approach. The zirconia oxide substructure remained 
intact, and the feldspathic ceramic component of the restoration was carefully finished using 
diamond burs (Brasseler USA, Savannah, GA, USA), with only minimal adjustments made to 
ensure proper seating and fit. The integration of the new veneer with the adjacent dental 
tissues was optimal.   

Aesthetically, the new feldspathic veneer closely matched the shade and opacity of the 
neighboring natural teeth, resulting in a seamless and natural appearance.  

The restoration blended well with the surrounding dentition without altering the 
patient's smile.  The bonding process was stable, with no mechanical interference during the 
placement of the new veneer. The occlusal surface was minimally adjusted to ensure 
functional stability, allowing the patient to resume normal function without issues.   

Moreover, the procedure was completed efficiently, and despite the potential 
complications, the restoration process was relatively quick. These findings suggest that such 
complications, specifically feldspathic ceramic fractures in zirconia oxide-supported 
restorations, can be successfully managed, achieving both functional and aesthetic success. 
The minimal intervention approach not only resolved the issue effectively but also optimized 
treatment time.  Immediately after treatment, the patient expressed satisfaction with both the 
aesthetic outcome and the tactile feel of the restoration.  

Follow-up appointments confirmed the stability of the veneer, as well as its strong 
adhesion to the adjacent teeth and periodontal structures.  

Additionally, at the 6-month follow-up, the restoration remained stable, with no signs 
of failure or detachment. The veneer maintained its excellent aesthetic properties, and the 
patient continued to report satisfactory function and comfort. 

DISCUSSIONS 

The current case report shows that complications associated with the fracture of 
feldspathic ceramic in zirconia oxide -supported restorations can be treated efficiently 
without significant invasions on the restoration. The swift and uneventful rewounding of this 
fractured laminate strongly suggests that when zirconia oxide - based restorations are 
veneered with feldspathic ceramics, they offer an esthetic and feasible option, chip or not. 
This procedure enabled the conservation of the zirconia oxide structure, and the structure of 
the feldspathic veneer was replaceable without much tooth preparation to maintain the 
integrity of natural dental tissues [9]. From the culmination of Aesthetic result acquired in this 
case, it heralds more recognition of feldspathic ceramic in anterior restorations. One of the key 
behaviors of this material is its appropriateness in recreating the reflectance properties of 
enamel in the most aesthetic, demanding regions of the mouth: the maxillary anterior teeth. 
Although feldspathic ceramics are found to possess good aesthetic properties, inherent 
brittleness makes them susceptible to fracture when used under functional loads. However, 
considering the above-mentioned possible disadvantage, if it is encountered it is treatable 
based on clinical guidelines and materials [10]. In the case of the damaged restoration 
therefore, the use of a feldspathic veneer was time efficient and produced good results. 
Hydrofluoric acid etching and silanization methods used during preparation of veneer were 
critical to allow bonding of ceramic material to the tooth substrate. These steps prevented 
short span and long-term adhesion, which is key importance to the restoration. It was 
important to achieve sustainable bond and these procedures were creating long-term 
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adhesion. It also evident that the incorporation of a light-cured resin cement was a major 
factor to the high predictability and stability of the veneer that favored the aesthetic and 
functional results [11]. One of the advantages identified in this study was the intact zirconia 
oxide substructure observed before the feldspathic ceramic layer cracked. This was possible 
because the zirconia oxide did not have to be replaced or significantly modified due to the 
new system that was designed. This has the merit of preserving the original substructure 
which, in addition to saving time and money for such restorations, has the potential for 
decreasing the likelihood of further problems that might follow from more destructive 
interventions. Furthermore, it preserves the perovskite structure of the zirconia oxide 
framework and offers more stability when the newly feldspathic veneer is applied so as to 
increase the strength of the crowns [12]. Based on this case, it can be concluded that, the use of 
optimum materials and technique for chipping in a feldspathic ceramic can be brought to a 
satisfactory conclusion with regard to aesthetic and functional consideration. The bonding 
protocol adopted in this case involved hydrofluoric acid etching, silanization, and the use of a 
dual-cure resin cement, and was a major factor in predictable and long-term restoration. The 
patient reported a high level of satisfaction with esthetics, and the postoperative assessments 
provided evidence of the temporal stability of the restoration [13]. While this case was 
successful more research is needed to assess the long-term prognosis of similar restorations 
with fractured feldspathic ceramics. Research on zirconia oxide - based restorations with 
feldspathic layering has offered great prospects for the restorative application, but ceramic 
chipping remains an area of contention especially with cases involving high occlusal load.     
Considering the fact that long-term follow-up data are missing from different clinical studies, 
it is evident that undertaking other long-term clinical trials would be useful in refining 
technique in order to have better outcomes and give clinicians valuable understanding of how 
to avoid ceramic fractures in future restorations [14]. However, this case report adds to the 
prior literature that shows that zirconia oxide and feldspathic ceramics can be used in 
aesthetic dentistry and complications, especially if handled in the right way, do not have to 
compromise the success of the restoration. Hence, based on this case report, it can be more 
fully understood that feldspathic ceramic fractures arising in zirconia oxide - supported 
restorations can be well handled and provide good functionality and esthetics, whilst eliciting 
minimal invasions. Such materials, with the technique of clinical accuracy and low 
invasiveness of the treatment plan, complications achieve efficient and stable treatment 
outcomes that provide satisfaction for the patient [15]. More future studies are needed to 
determine the effectiveness of such restorations in a more diverse patient population and after 
many years. 

CONCLUSIONS 

This case describes a modification in technique and the successful management of a 
feldspathic ceramic fracture in a zirconia oxide supported restoration. The procedure showed 
that such complications can be dealt with effectively and this was enhanced by the 
particularly good aesthetic and functional results. Favourable substructure preservation 
through zirconia oxide, and facilitating appropriate bonding of the veneer feldspar prevented 
extensive failure and intervention on natural dentition tissues. The absence of ceramic failures 
and minimal need for resin cement during the clinical stages led to a predictable and 
satisfactory result. This case provides further evidence for the predictability of zirconia oxide - 
supported restorations, with a layering technique of feldspathic ceramic in aesthetic dentistry, 
including in the event of complications. More research work and follow-up analysis are 
recommended to confirm these observations and enhance protocols for comparable 
situations. 
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Abstract 

In this case report, the application of complete esthetic and function-centric diagnostic approach 
employing the wax up approach for anterior and full arch rehabilitation is described. The wax-up served as a 
crucial diagnostic tool, facilitating fine adjustments and helping to prevent or correct potential clinical issues that 
could emerge during the restoration process. Thus, when the bipupillary line, the bicommissural line and the facial 
midline were connected to each other the final restorations both provided esthetic balance and biological 
compatibility. Lithium disilicate proved to be a durable material and aesthetically pleasing, both of which will 
enhance the patient’s satisfaction. This case is a good example of the use of wax-up in complex dental 
rehabilitations and reinforces the understanding as to how effective this technique can be in providing consistency 
in treatment delivery and the aesthetic outcomes. 

Keywords: wax-up, esthetic evaluation, dental restoration 
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INTRODUCTION 

By aesthetic evaluation, aesthetic analysis needs to take its proper place during the 
first phase of the dental rehabilitation at any clinic, especially using wax-up techniques since 
they are essential in both aesthetic and functional treatments in prosthetic care. Wax-up is no 
longer just a diagnostic tool in modern dental esthetic rehabilitation, but it is a map that 
outlines the whole treatment plan for the optimal accomplishment of both the patient’s 
expectation and the clinician’s standard [1]. Thus, wax-up is of great importance since it 
allows showing all the prospective alterations of the case in three dimensions, and, thus, it 
helps in the accurate planning of the position and shape of preparations and restoration in the 
mouth [2].  The evaluation of esthetics during the wax-up helps anticipate potential issues 
with tooth positioning, symmetry, balance of the newly formed dentition, and overall facial 
proportions [3]. Such identification is done before the beginning of a treatment plan, which 
means that it is easier to make corrections during the initial stage in order to improve the final 
result. In addition, by taking into account functional factors like, occlusion and bite forces, the 
wax-up guarantees that the final prosthesis is both esthetically acceptable and 
biomechanically sound [4]. However, such advantages are not without some drawbacks that 
are associated with the wax-up technique as shown below. One such area of concern however 
is the ability to achieve a perfect representation of the final design from the wax up model 
especially when working with difficult cases that require much alteration. As with the 
overbuild-up, thick wax-ups may hide vital features and affect the accuracy of tooth 
preparations and, therefore, it might be counterproductive [5]. The processes of formation of 
the model and the elimination of too many details that could be interfering with the clinical 
procedure, has to be managed well and has to be very cautiously carried out [6].  Over the 
years, technology has enhanced new approaches in carrying out dental treatments such that 
wax-up is not the only method that is used but it is more accurate. For example, computer 
generated wax-ups let the practitioner make changes as some instances in order to give out 
the desired aesthetics and planning which can be a better dynamic approach [7]. Such 
advancements demonstrate the gradual shift of the direction of aesthetic and functional 
rehabilitation in dentistry as classical methods are being developed and expanded upon 
through the use of digital technologies [8].  The present study seeks to assess the utilisation of 
aesthetic analysis in wax up of prosthetic rehabilitation. This study aims to demonstrate how 
wax-up models can enhance the likelihood of successful dental restorations by illustrating the 
close relationship between the aesthetic and functional aspects of the restoration process. 
Furthermore, the study will discuss shortcomings of current wax-up techniques and ways to 
increase the effectiveness of these maneuvers which will potentially advance the clinical 
practice in the field of restorative dentistry [9]. 

MATERIAL AND METHODS 

This case report describes the aesthetic and functional rehabilitation of a 34-year-old 
female patient through a comprehensive treatment plan supported by detailed wax-up 
analysis. The primary objective was to enhance the aesthetics and quality of her dentition, 
with the wax-up serving as a planning tool to achieve this goal effectively.  During the initial 
consultation, a thorough facial and dental evaluation was conducted to identify key 
parameters related to both beauty and function. These included the bipupillary line to check 
the symmetry of the upper dental arch and reference lines such as the bicommissural line and 
the facial midline to ensure correct positioning of dental and facial structures. Additionally, 
facial thirds—upper (trichion to ophrion), middle (ophrion to subnasale), and lower 
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(subnasale to gnathion)—were assessed as part of the analysis to ensure proper integration of 
dental restorations with the patient's facial features.   

The wax-up was designed to meet the patient’s aesthetic expectations, focusing on the 
position of the incisal edges of the maxillary incisors, the alignment of the occlusal plane with 
the commissural line, and the placement of the smile line. The buccal corridor's aesthetic 
appearance was also evaluated, alongside precise positioning of the dental midline, all of 
which contributed to optimizing both the aesthetic and functional outcomes.  In the 
functional assessment, the wax-up was used to replicate the occlusal relationship, including 
overbite and overjet measurements, while also estimating the nasolabial angle and E-line 
according to standard facial analysis. Phonetic analysis was performed to establish the correct 
position of the incisal edges and to assess anterior teeth visibility while speaking (Figure 2b). 
Additionally, the vertical dimension of occlusion was studied to ensure adequate room for 
mastication, swallowing, and speech.  The wax-up provided a framework for designing the 
shape and structure of the teeth to be prepared, ensuring that the final restorations would not 
only look natural but also function effectively. The dental preparations were carried out 
according to the form and dimensions established in the wax-up, with particular attention to 
preserving the enamel surface and avoiding excessive tooth reduction.   

For the final restorations, lithium disilicate was selected as the material due to its 
excellent mechanical properties and aesthetic qualities, closely resembling human enamel. 
The material used was e.max® lithium disilicate (Ivoclar Vivadent, Schaan, Liechtenstein). 
The preparation surfaces were etched with 37% phosphoric acid (Ultra-Etch, Ultradent 
Products, South Jordan, USA) to improve bonding, and the internal surfaces of the 
restorations were treated with a silane coupling agent (Monobond Plus, Ivoclar Vivadent, 
Schaan, Liechtenstein) to ensure a strong chemical bond to the resin cement. The final 
restorations were fixed using Variolink Esthetic Light Cure resin cement (Ivoclar Vivadent, 
Schaan, Liechtenstein), known for its excellent adhesive properties and compatibility with 
lithium disilicate.   

The final restorations were evaluated for both aesthetic and functional outcomes. Of 
particular importance was the patient’s satisfaction with the aesthetic results, as well as the 
functional coherence of the restorations. The fit and occlusion were thoroughly assessed, 
ensuring that the restorations complemented the patient’s facial features and occlusal 
dynamics. No prosthetic complications were encountered during the postoperative phase, 
and the restorations showed remarkable resistance to wear throughout the monitoring period.  
This case highlights the importance of integrating wax-up analysis into complex dental 
rehabilitations to achieve both aesthetic and functional goals. The wax-up not only facilitated 
the preparation and restoration phases but also ensured that the final outcomes met the 
patient’s expectations. 

RESULTS 

The wax-up technique employed in this case proved to be an invaluable tool, guiding 
the treatment planning process by aligning both aesthetic and functional goals. It played a 
central role in avoiding common missteps often seen in complex full-mouth rehabilitations, 
especially in maintaining a balance between occlusal function and esthetic enhancement. The 
wax-up effectively facilitated the alignment of dental structures with key facial reference 
lines, ensuring that the final restorations harmonized with the patient's natural facial features. 
This careful alignment of the bipupillary and bicommissural lines was essential in 
establishing a correct midline, contributing to an aesthetically pleasing smile.  One of the 
critical successes of the wax-up was in positioning the maxillary central incisors. Achieving 
the correct positioning of the incisal edges not only fulfilled the patient’s aesthetic goals but 
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also improved phonetic characteristics, further enhancing the overall outcome. The wax-up 
allowed for precise determination of the vertical dimension of occlusion, contributing to a 
natural and comfortable appearance of the patient's dentition.   

From a functional standpoint, the wax-up was instrumental in defining essential 
occlusal parameters, such as the overbite and overjet, which are crucial for the long-term 
stability and comfort of the restoration. In addition, the positioning of the teeth in relation to 
the nasolabial angle and the E-line were optimized, contributing to the functional success of 
the treatment.  The process also helped minimize potential errors during the tooth 
preparation stage, preserving valuable tooth structure, which is particularly important when 
working on anterior restorations or full-arch rehabilitations. By providing a detailed 
visualization of the final restorations, the wax-up allowed for adjustments during the 
preparation stage, ensuring that the final restorations would fit perfectly while maintaining 
both functional and aesthetic integrity.  In summary, the use of the wax-up was critical to the 
successful outcome of this rehabilitation. The technique not only helped in achieving the 
desired esthetic and functional results but also reduced the likelihood of errors during the 
clinical procedure, increasing the overall precision and patient satisfaction. The positive 
outcomes from this case reinforce the importance of a comprehensive approach in treatment 
planning, particularly in complex anterior or full-arch rehabilitations, where both aesthetics 
and function are essential. 

 
Figure 1. A facial analysis considering the three segments of the face divides the face into three horizontal thirds 

 

 
(a) 

 
(b) 

Figure 2a. Dentolabial analysis of the patient Figure 2b. Phonetic Analysis 
 

 
Figure 3. Gingival and Dental Analysis 
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Figure 4a. Extraoral Gingival Analysis Figure 4b. Intraoral Gingival Analysis 

 

 
Figure 5. Analysis of the Wax-Up on the Study Model: Evaluation of Esthetic and Functional Integration for 

Optimal Restorative Outcomes 

DISCUSSIONS 

The outcomes of this case shed the light on the substantial benefits of integrating an 
architectural aesthetic and functional analysis through the wax-up methodology in dental 
rehabilitation especially when dealing with more involved cases around the esthetic zone or 
total arch replacement. Waxing up actually helped to set the parameters of the treatment plan 
that had to be followed in order to achieve the needed esthetic changes as well as being 
predictable when functional changes are expected. Another informative conclusion that can 
be drawn from this case is that wax- up models are indispensable, while attempting the 
various errors are likely to occur in the restorative process. The ability to give a detailed 
visualization of the final outcome in a wax-up was useful in minimizing further adjustments 
in the course of tooth preparation. This approach was especially helpful in the anterior area 
because even a slight deviation from the midline, the mirror image or position of the incisal 
edges, holds potential to cause a cosmetically adverse effect [10,11]. In addition, the wax-up 
enabled a proper assessment and understanding of the patient’s facial and dental morphology 
to ensure that the restorations complement his features. The careful positioning of the 
bipupillary line, bicommissural line, and facial midline guaranteed that the final proportions 
of restorative treatments were esthetically attractive and conformative to the patient’s occlusal 
biomechanics. In addition, the wax-up enabled the assessment of different facial and dental 
features to create a proper integration of the restorations in the patient’s facial and dental 
framework. The following of the correct bipupillary and bicommissural lines, and facial 
division midway enable the achiving not only an esthetically satisfactory reconstruction but 
harmonized with the patient’s occlusal interplay. Such an approach is important in large-
scope rehabilitations where there are several aspects that need to be addressed to get the 
required result [12, 13]. Due to the replication of occlusal relationships, such as overbite and 
overjet, an ideal wax-up facilitated proper evaluation and modification of the vertical 
dimension of occlussion and other important interferences. This guaranteed that the 
definitive prosthesis offered both esthetic satisfaction and functional predictability during a 
finite period of time thus avoiding troubles such as occlusal disharmonies or early prosthetic 
wear [14,15]. However, as much as one can observe that wax-up technique has been beneficial 
in the indicated example, it is prudent to note some of the issues that may arise out of this 
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approach. For example, the thickness and contour of the wax-up is important in order to 
correctly use the wax up as a guide in preparing the teeth. Excessive thickness although not a 
strong factor in this context as compared to the conventional mock-ups may obstruct accurate 
tooth reduction if not carefully controlled [16, 17]. Though this is common in many other 
complex projects, the case demonstrated here proved that all of the previously mentioned 
challenges can indeed be minimized and managed to achieve highly satisfactory results. 
Moreover, lithium disilicate ceramic for the final restorations demonstrates esthetic and 
function that is enhanced the patient satisfaction and did not show any technical complication 
in the follow up period. Comparing to tooth structure lithium disilicate has high flexural 
strength and esthetic properties which makes it suitable for both the anterior and posterior 
teeth therefore has made significant contribution to the success of the treatment [18, 19]. This 
case clearly demonstrates the importance of a diagnostic wax-up, especially in complex dental 
rehabilitations where both aesthetics and function are crucial. While diagnostic wax-ups are 
valuable for their role in planning, they are even more critical as a working blueprint that 
enhances the accuracy of restorative procedures. Therefore, incorporating wax-up analysis 
into similar cases is strongly recommended to achieve optimal results. Therefore, based on the 
results obtained from the present case, one can conclude that approach described as the wax-
up technique when used in conjunction with the aesthetic and functional analysis is an 
accurate and efficient means of dental rehabilitation. Thus, this approach prevents a simple 
and elegant design from becoming overly complex or visually unappealing, and it also 
enhances the overall aesthetic and functional effectiveness of the treatment. Further work 
should be done to show the full potential of wax-up techniques in the future with special 
emphasis on digital technologies that could be applied to restorative dentistry [20,21]. 

CONCLUSIONS 

This case report demonstrates the crucial role of the wax-up technique in achieving 
accurate and aesthetically pleasing outcomes in complex dental restorations. The wax-up 
provided a valuable framework for precise planning and adjustment, ensuring that both the 
aesthetic and functional aspects of the restorations were successfully integrated. The use of 
lithium disilicate as a restorative material further reinforced the importance of selecting 
materials that closely resemble natural teeth. Overall, the findings highlight the effectiveness 
of wax-up analyses in enhancing the accuracy and success of complex dental treatments.  
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Abstract 

The Regenerative Medicine has become a contemporary reality, which is why the current research in this 
field is no longer and attractive idea, but a veritable demonstrated truth. It includes a number of technologies 
based on the biology and physiology of embryonic stem cells and human amniotic membrane (hAM) 
transplantation. Aim and objectives: The aim of the study is to summarize the way in which pathologies with oral 
manifestations were treated by applying different forms of hAM. The properties of the hAM described over time 
and subject to many contradictions of interpretation, thus acquire a practical foundation, being supported only by 
the results extracted from clinical studies carried out on human subjects. Material and Methods: Following the 
research, 20 scientific articles were included. After applying the exclusion criteria, 9 articles remained. The 
following parameters were monitored postoperatively: secondary inflammation, the return degree of the sensory 
response of the tissues to physiological parameters, secondary allergic reactions, the coverage degree of the root 
surfaces and the epithelization effect. Results: hAM was used in 82 patients with variable age ranges (20-85 years 
old). After the surgery, there were identified: the absence of secondary inflammation, a physiological sensory 
response of the tissues and the absence of allergic reactions in all cases. The degree of root coverage was 100%. The 
epithelization effect was good. The galenic form of hAM identified in all 9 studies was represented by the tissue 
film (patch). Conclusions: hAM has been successfully used in reconstructive surgery protocols. It`s properties can 
be defined as theories with a proven medical foundation, even if the number of relevant studies in this study is not 
large and the number of patients is relatively small. 

Keywords: human amniotic membrane, reconstructive surgery, regenerative medicine 
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INTRODUCTION 

Today, the regenerative medicine includes a number of technologies based on the 
biology and physiology of the human amniotic membrane. This offers hope for the 
preservation of the functions of the organ systems and mainly the functions of the 
stomatognathic system. 

The human amniotic membrane is defined as the internal layer of the fetal membranes, 
making up, by its extension and distribution, the internal wall of the amniotic sac [1]. The 
human placenta can be easily collected from natural births or during caesarean surgery. 

Over time, studies have demonstrated that the amniotic membrane possesses a series 
of characteristics of utmost importance, these being divided into 2 large categories:  

biological properties and mechanical properties [2]. 
 

Table 1. Biological and mechanical properties of hAM 

Biological properties  Mechanical properties  

◘ Immunogenic capacity ◘ Elasticity 

◘ Antifibrotic effect ◘ Rigidity 

◘ Anti-inflammatory effect ◘ Dimensional stability  

◘ Epithelization effect ◘ Permeability 

 

The first attestation regarding the use of amniotic membrane in the medical field dates 
back to 1910 when Davis and his collaborators [3] used hAM as a graft to restore an area of 
skin. In the field of oral medicine, the application of the amniotic membrane was mentioned 
only in 1985 by Lawson et al. who described a specific protocol for tissue reconstruction of the 
oral mucosa by a histological combination of autogenous striated muscle tissue from the 
pectoralis major muscle and amniotic membrane graft [4]. Subsequently, hAM subjected to 
electron microscopy studies was quickly introduced on the list of oral mucosa substitutes, to 
which it resembles cellularly and molecularly [5].  

A number of in vivo or in vitro studies on laboratory animals have been carried out 
over time, but the results obtained over time have been contradictory. Moreover, the data 
from the literature were supplemented with results obtained on human cells but through in 
vitro procedures. Thus a large number of contradictions considering the regenerative 
capacities of the tissues and the effectiveness of hAM have appeared. 

Aim and objectives 

Starting from the discrepancies encountered in preclinical studies, with minor 
statistical relevance, this article brings to light the results obtained by using amniotic 
membrane in clinical studies on human subjects. Over time, hAM has been successfully used 
in the surgical treatment of numerous mucosal and muco-gingival conditions and 
deformities: precancerous lesions [6], benign tumors and malignant tumors. Moreover, the 
inclusion of hAM allograft in the plasty of defects resulting from tonsillectomy represented an 
important step in ENT (ear, nose and throat) surgery [7].  

The purpose of our review consists in presenting some data from the literature, in 
which the properties of hAM are theoretically strengthened by its practical applicability on 
different lessions in oral cavity. 
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MATERIAL AND METHODS 

Data collection 
A number of articles were searched in the most widely used medical content databases 

worldwide. Among the databases used we list: PubMed, Wiley Online Library, Google 
Scholar and Scopus. In order to obtain an up-to-date documentation, articles and specialized 
magazines published between the years 2013-2024 were researched. Thus, notions such as: 
("human amniotic membrane","properties of amniotic membrane", „amniotic stem cells”) 
AND ("amniotic membrane in dentistry", "amnion in oral pathology", ”amniotic membrane in 
oral surgery”) were introduced. Following the research, in the current study, 20 scientific 
articles were taken into account in the first stage.  

 
Inclusion / exclusion criteria 
The inclusion criteria included three categories of clinical trials: prospective clinical 

trials, retrospective clinical trials and case-report studies. Regarding the diagnostic category, 
the inclusion criteria strictly included primary oral pathologies or with secondary 
manifestations in the human oral cavity. Exclusion criteria applied to the 20 articles were: 
research on laboratory animals, in vitro research and studies on the use of amnion allografts 
in other medical specialties. As such, from the total number of studies, 5 articles were 
excluded with reference to the study on laboratory animals, 4 studies with the applicability of 
amnion allografts in pathologies without manifestations in the oral cavity and 2 studies 
carried out in vitro.  

The information collected from the 9 publications is summarized in: the number of 
human subjects involved in the study and/or their sex, the oral pathology of the patients and 
the evaluation criteria of the effectiveness of the allograft over a certain period of time. 

RESULTS 

In order to achieve a logical approach to extracting the necessary information, the 
studies were divided into 5 different diagnostic areas belonging to specialties such as oral and 
maxillofacial surgery and periodontal surgery: benign (and/or cystic) oral lesions, malignant 
oral lesions, oro-sinusal pathological communication, jaw induced osteonecrosis and gingival 
recessions. 

ORAL AND MAXILLO-FACIAL SURGERY  
◊ Benign (and/or cystic) oral lesions 

In the study conducted on a number of 5 subjects with an average age between 36-75 
years, Amemya et al. investigated for a postoperative period of up to 12 months the 
possibility of infection, secondary hemorrhages and the degree of immunological rejection 
following the application of hAM after the excision of 3 mucous cysts located at the labial 
level and a pleomorphic adenoma of the upper lip. The results obtained were impressive, 
with patients not complaining of symptoms characteristic of secondary inflammation or 
bleeding at the site of membrane application [7]. 

The clinical study of Srikant et al. was carried out on a group of 15 patients (12 men 
and 3 women) aged between 23-65 years. They followed the degree of epithelialization of the 
oral mucosa after the application of the amniotic membrane on the postexcisional defects of 
some lesions, one of the patients presenting a capillary hemangioma of the labial mucosa [9]. 
In addition to the degree of epithelialization identified as variable and in the study by 
Amemiya et. al, Shrikant et al. follow in their research a number of other parameters such as: 
the pain, the sensory response of the affected area, the opening degree of the oral cavity and 
the cicatricial contraction phenomenon. The postoperative pain was imperceptible a few days 
after the surgical interventions and the sensory response of the tissues became physiological 
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again in 100% of the cases. Moreover, the degree of physiological opening of the oral cavity 
obtained a high percentage at 7 days (85% of cases) and a score of 100% at two weeks 
postoperatively. Scar contraction, from the mentioned data, was identified in only one case, 
which could be attributed to a larger lesion [9]. 

 
◊ Malignant oral lesions 

In the prospective clinical study carried out by Bijan Khademi et al., amniotic 
membrane patches were sutured to tissues after the removal of primary malignant tumors 
located on the tongue, hard and/or soft palate, as well as in the mandibular retromolar space. 
The study included a number of 50 patients (40 men and 10 women), with an average age 
between 20 and 80 years, who underwent partial glossectomy interventions, partial oral floor 
resections or even partial mandibular bone resections [10]. Following the histo-pathological 
examination, the cancerous lesions proved to be squamous cell carcinomas. 

No patient suffered allergic reactions, which demonstrates the immunomodulatory 
capacity of hAM [11,12,13]. 

Deep tumors of the oropharyngeal space, with invasion of the mandibular bone 
surfaces, were also identified at patients in the study published by Ann Kakabadze et al. in 
2017. In their retrospective clinical study, 4 subjects diagnosed with malignant tumors of 
conjunctival origin (osteoblastoma and osteosarcoma with osteoblastic cells), underwent 
resection interventions between 2008 and 2015, reconstructive plasty being subsequently 
performed through different clinical protocols [14]. By comparison, the patients were treated 
as follows: 3 patients benefited from the application of a biomaterial composed of bone 
allograft (autogenous graft) from the rib with a mediator substrate of amniotic allograft and 
one patient benefited from the application of a biomaterial with the same type of mediator 
substrate but with a base consisting of biologically active bone graft taken from bovine femur 
[14]. It is noteworthy that the mediation between these addition biomaterials and the recipient 
tissues is nevertheless accomplished by hAM. This fact strengthens the immunomodulating 
property of the amnion upon contact with the host tissue, which was also demonstrated in 
Bijan Khademi et al. study [10]. 

In order to create a biologically active bone, which shows the ability of osteogenesis in 
the host area, the researchers (Ann Kakabadze et al.) composed a biomaterial from two 
components: a three-dimensional biological base of cancellous bone tissue taken from the 
bovine femur and a superficial component represented by stem cells of hematogenous red 
bone marrow harvested by aspiration from the patient's anterior superior iliac spine. The 
biomaterial was applied indirectly to the site of the injury, the interface between the acceptor 
area and the biomaterial being represented by hAM allograft. The idea of mediating interface 
through allograft also started from the researchers` precaution to cancel in any way the 
possible appearance of fibrous tissue at the transplant site. Thus, the antifibrotic capacity of 
the amniotic membrane was once again demonstrated [14]. 

 
Table 2. hAM aplications  in the surgery of benign and/or malignant tumors 

The 
authors 
Year 

Number 
of patients 
/ Average 
age 

Therapeutic 
indication 
(Pathology) 

Parameters for 
evaluating the 
effectiveness of hAM 

Results during the 
follow-up period 

Amemya 
et al.  
2015 

5 patients 
/36-75 
years old 

Mucosal defects 
after excision of 
benign (and/or 
cystic) tumors 

‣ Degree of 
epithelialization  
‣ Hemostatic status  
‣ Degree of 
immunological 
rejection 

‣ Complete 
epithelialization at 1 
month in all cases  
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Kakabadze 
et al.  
2017 

4 patients 
/38-55 
years old 

Muco-osseous 
defects after excision 
of malignant tumors 

‣ Radiologically 
detectable osteolysis 

‣ Absence of 
complications in all 
cases 
‣ Radiologically 
detectable bone 
maintenance at 5 
months 

Shrikant et 
al.  
2019 

15 patients 
/23-65 
years old 

Mucosal defects 
after extirpation of 
benign / 
premalignant 
tumors 

‣ Analgesia 
‣ Sensory response 
‣ Scar contraction 

‣ Complete analgesia 
at 2 weeks 
‣ Normal sensory 
response in all cases 
at 6 months 

Bijan et al. 
2013  

50 patients 
/20-80 
years old 

Mucosal defects 
after extirpation of 
malignant tumors 

‣ Alergic reaction ‣ Lack of adverse 
effects in all cases 

 

◊ Oro-sinusal pathological communication 
Published in 2015, the study by Subha et al. describes an innovative method of plasty 

of an oro-sinus communication defect with dimensions of approximately 6 mm. Abandoning 
muco-periosteal flap therapy, the oro-antral communication that occurred after the extraction 
of a second upper molar in a 29-year-old female patient was resolved by suturing a patch of 
amniotic membrane stored at low temperatures of about 4 degrees Celsius [15]. The patient 
underwent a control period at intervals of 3, 5 and 7 days, tracking the amount of granulation 
tissue formed at the intervention site. After a period of two weeks, the epithelialization of the 
area was complete, the oro-sinus communication being closed. 

 
◊ Jaw induced osteonecrosis 
Bisphosphonates are widely used both in bone tissue pathology and as adjuvant 

medications in the chemotherapy of various malignant tumors [16]. The main disadvantage of 
using bisphosphonates is the occurrence of osteonecrosis of the jaw bones. 

In the case-report study by Mirko Ragazzo et. al, a new therapeutic method is 
described, in which, the remaining defects after the debridement of areas with bone necrosis, 
were covered with hAM. The study included 2 patients of both sexes, aged 85 years, 
diagnosed with bisphosphonate-induced osteonecrosis in different regions of the facial massif 
and oral cavity. After surgery, patients were called for reevaluation at 180 days. Clinically 
asymptomatic, they did not show signs of local inflammation nor the appearance of 
secondary abscesses [16]. 

 
PERIODONTAL SURGERY 
◊ Gingival recessions 
Several authors wanted to demonstrate that hAM use in plastic techniques of denuded 

areas will have the effect of obtaining improved anatomical and structural configurations of 
the periodontal support apparatus. Among them, Mario Martelonni, Sonia Sheety and 
Anamika Sharma brought data to light. 

In the case-report study published in 2015, Anamika Sharma and Komal Yadav look at 
the effectiveness and predictability of plasty of isolated areas of superficial-moderate root 
exposure using hAM. The study was carried out on a limited group of 3 patients, non-
smokers, without associated pathologies, subjected to the preoperative scaling and root 
planing (SRP) procedure. They were classified according to Miller's classification in grade II 
canine gingival recession (at maxillary level). The denuded areas were treated by creating 
mucosal flaps (not including the periosteum), which covered amniotic membrane patches 
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placed in contact with the exposed areas. The values of parameters such as CAL (clinical 
attachment level) or RD (recession depth) decreased considerably for all 3 subjects 
participating in the study [17]. 

In the case report study published by Sonia Sheety et al. in 2014, gingival recessions 
due to root exposure were surgically treated by covering with hAM allograft and adjacent 
mucosal flap. The gingival recessions of the patient participating in the study were classified 
as Miller class I and were located at the level of several dental units (1.5 and 1.6, respectively 
2.5 and 2.6). The study was carried out by comparison, the right side gingival recessions being 
surgically treated by plasty with Platelet-Rich Fibrin membrane (PRF) and covering mucosal 
flap and the left side recessions by plasty with hAM allograft and neighboring mucosal flap 
[18]. The comparative results between the methods indicated a maintenance of the degree of 
root coverage of 100% in both cases, highlighting a better dimensional stability of the 
postoperative areas for hAM allograft technique.  

In the study published by Martelloni et.al, the case of a 40-year-old patient, classified 
in the same Miller class (class I), is presented. For 1.3 and 1.4 gingival recessions, the same 
bilaminar plasty technique was proposed (by covering with hAM allograft and relaxed and 
coronally translated vestibular flap). The results were identical to those presented by Sharma 
and Yadav [19]. 

The results obtained with using hAM as a tissue graft were satisfactory. The patients 
were not complaining of symptoms characteristic of secondary inflammation or infection at 
the site of hAM application (in all cases). The sensory response of the tissues became 
physiological again after the surgery (100%). Moreover, the degree of physiological opening 
of the oral cavity obtained a score of 100% at two weeks postoperatively. The values of 
parameters such as CAL or RD decreased considerably. A better dimensional stability of the 
postoperative areas was obtained when hAM allograft was used. No patient suffered allergic 
reactions. 

DISCUSSIONS 

The purpose of this systematic review was to present how hAM allograft has been 
successfully used in a number of areas belonging to oral medicine. 

Amniotic membranes were compared (in terms of effectiveness) with different 
biomaterials, existing in the pharmaceutical field at the time. Parallels were also made 
between the application of hAM allografts and the application of autogenous grafts from 
neighboring tissues. 

hAM allograft, through its various uses, has virtually eliminated any doubt or 
uncertainty about its efficacy. This fact reinforces the idea that the biological and mechanical 
properties of hAM are not just formulated on paper, but are supported by a strong practical 
foundation. The anti-inflammatory effect was also promoted by Ragazzo et al. [16]. Moreover, 
this study also supports the theory of the analgesic and antimicrobial effect of hAM.  The 
antifibrotic effect of hAM was found in the study by Shrikant et al., when hAM allograft 
opposed secondary fibrosis of the oral epithelium in patients suffering from submucosal 
fibrosis [9,20,21]. Bijan Khademi et al. complement the theories supporting the 
immunomodulatory property of hAM [10]. In their research, no subjects undergoing hAM 
reconstructive plastic surgery suffered allergic reactions [10,11,12,13]. In addition to the 
antifibrotic capacity, the study by Shrikant et.al, also highlights the analgesic effect of hAM 
[6]. 

The mechanical properties of the amniotic membrane played an equally important 
role, elasticity, tensile strength and dimensional stability being decisive in regaining the initial 
anatomical configuration of all tissues. 
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With all the progress made to date, the tissue engineering of amniotic membrane 
allografts deserves and needs to be further deciphered. We know that there is always hope for 
an even more resounding evolution in this field, considering the fact that, new applications of 
hAM in temporomandibular joint surgery and post-traumatic head surgery (orbital zone) 
have been described. 

CONCLUSIONS 

Human Amniotic Membrane has been successfully used in reconstructive surgery 
protocols, being an easily accessible, biocompatible and qualitative graft from all points of 
view. This can function as a biological barrier against the aggression of antigens, thus 
increasing the chances of success of the restitutio ad integrum process. hAM stimulates 
postoperative wound healing by functioning as a protective, young and biologically 
integrated covering epithelium. The costs of collecting, processing and storing this allograft 
are minimal. 

Although few in number, the disadvantages of using amniotic membrane should be 
remembered. The inconveniences of the amniotic membrane allograft collection process relate 
to the possibility of cross-infections in the presence of undiagnosed or unscreened donors for 
infectious pathologies, or to treatment and preservation procedures that do not respect the 
principles of asepsis and antisepsis. 

In conclusion, the properties of the amniotic membrane can be defined as theories 
with a proven medical foundation, even if the number of relevant studies in our study is not 
large and the number of patients is relatively small.  
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Abstract 

1.Background/Objectives: This study evaluates the accuracy of maximum intercuspation analysis using 
both conventional articulating paper and three digital intraoral scanners. The goal was to determine the reliability 
and equivalency of traditional and digital methods in recording occlusal contact points. 2. Methods: Ten subjects 
underwent occlusal contact point analysis using articulating paper, 3Shape® Trios 3, Omnicam Cerec®, and Medit 
i700® intra-oral scanners. Results were compared visually and statistically to evaluate method equivalence. 
3.Results: Analysis revealed no statistically significant differences in the accuracy of occlusal contact points among 
the four methods tested, confirming the reliability of both traditional and digital approaches. 4.Conclusion: 
Articulating paper remains a reliable tool for occlusal analysis, even with the advent of advanced intraoral 
scanners. The findings support the feasibility of using any of the tested scanners for accurate occlusal contact 
analysis. This study underscores the potential for integrating both conventional and digital methods, depending 
on clinical needs and available technology, without compromising diagnostic accuracy. 

Keywords: articulating paper, maximum intercuspation, CEREC®, MEDIT®, and 3Shape® Trios 3 
intraoral scanning 
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INTRODUCTION 

Reliable occlusal registration with appropriate occlusal contacts is critical in 
restorative procedures [1]. Accurate registration and effective transfer of this occlusal 
information to the dental technician are key components in prosthetic and restorative 
procedures [2,3].  A functional occlusal relationship is capital, as it will significantly impact 
the masticatory performance, the prevention of occlusal trauma and dysfunction, and the 
effectiveness of orthodontic treatments. Understanding these aspects is essential for 
maintaining oral health and achieving successful dental interventions. 

Studies showed that increased chewing cycles power improved performance 
regardless of the occlusal patterns [4], dysfunctional syndromes of the stomatognathic system 
can arise from poor occlusal relationships, leading to pain and other complications [5]. The 
absence of proper occlusal contacts can result in occlusal trauma, which may manifest as joint 
and muscle pain, and periodontal issues, abnormal dental wear and abfractions, emphasizing 
the need for monitoring intermaxillary relations [6]. 

Occlusal trauma is closely linked to periodontitis, showing significant correlations 
with factors like amalgam restorations and pathogenic occlusion through logistic regression 
analysis (7). Although it does not initiate periodontitis, occlusal trauma can exacerbate 
connective tissue loss, especially when combined with plaque-induced periodontitis [7]. 
Patients with chronic periodontitis who experience high occlusal forces may exhibit deeper 
probing depths and increased bleeding on probing, suggesting a potential for enhanced 
periodontal destruction [8]. Diagnostically, confirming occlusal trauma is challenging as it 
relies on histological confirmation and is marked by a lack of consensus regarding its role in 
the onset and progression of periodontal diseases, further complicated by the unsupported 
link between abfraction and gingival recession [7]. Clinically, occlusal therapy plays a critical 
role in periodontal treatment by reducing tooth mobility, improving patient comfort, and 
enhancing masticatory function [9]. Comprehensive management strategies involving 
orthodontic and prosthodontic interventions are crucial for managing pathologic tooth 
migration linked to occlusal trauma, underscoring the importance of effective occlusal 
therapy in improving outcomes for periodontal patients [7-9]. 

Conventionally, occlusal contacts in patients and on plaster models have been 
assessed using articulating paper and shim stock (8-micron aluminum foil), with various 
thicknesses available. Research suggests that the tactile sensitivity of natural teeth can range 
from 8 to 10 μm, making 8 μm paper more suitable than thicker options such as 40 or 200 μm, 
thus often being regarded as the gold standard for accurately detecting interocclusal contacts 
[10-15]. Despite its widespread use, articulating paper has several limitations, such as: it 
requires patients to bite multiple times to capture full arch contacts, while results can be 
compromised by saliva, which may lead to false positives and negatives. Nevertheless, no 
method has yet been scientifically validated as the ideal technique for occlusal analysis [10]. 

The increasing integration of digital technology in dentistry is enhancing the way 
occlusal contacts are recorded. Intraoral scans are notably more time-efficient than traditional 
methods, improving workflow significantly when clinicians are adequately trained [13,16–18]. 
This technological advancement not only enhances patient comfort but also streamlines data 
processing and storage [19,20]. Additionally, digital scans used for individual restorations 
and some bridge elements yield more accurate and meaningful data compared to traditional 
physical casts [13]. However, for long-span restorations, conventional impressions remain the 
preferred method [21]. Thus, further refinements in software accuracy are required to 
improve the reliability of these digital measurements [22].  
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In addition, the development of digital occlusion technologies has had a major impact 
on dental practice by improving diagnostic capabilities and treatment planning. Systems such 
as T-scan® (Tekscan, Boston, MA, USA), Zebris® (Amman Girrbach, Germany) and 
Modjaw® (Villeurbanne, France) have been at the leading edge of these advances, providing 
sophisticated tools for both static and dynamic occlusal analysis. While all three systems 
improve clinical outcomes, their efficacy and limitations warrant further investigation 
[11,13,14]. 

When comparing these systems, studies often evaluate the accuracy and consistency of 
the data they provide.  Furthermore, further analysis is required to fully understand the 
capabilities of these systems in different clinical scenarios, although the predictive values and 
accuracy of these systems, such as those reported for Accura, confirm their potential [24]. 

Methodological approaches to occlusal assessment, including conventional, 
photographic and computerized techniques, have shown varying degrees of correlation. This 
variability highlights the need for critical evaluation of these methods, as no single approach 
has emerged as the definitive standard. While conventional methods are currently adequate 
for many clinical settings, the integration of advanced systems such as T-scan, Zebris and 
Modjaw could potentially provide more accurate and reliable measurements, provided their 
methodologies are continually refined and validated through research [24-25].  

Over the past decade, the use of chairside intraoral scanners to take digital 
impressions has become more widespread. These scanners use digital maxillary and 
mandibular models in Standard Triangle Language (STL) format. To accurately position the 
maxillary and mandibular files, a third file capturing the buccal view of the intermaxillary 
articulation is generated using reference points analyzed by a mathematical algorithm 
[11,13,14]. This process allows accurate simulation of a patient's occlusal contacts and allows 
virtual models to be placed in the desired intercuspal position, typically maximum 
intercuspal position or centric occlusion. This technique bypasses the need for an interocclusal 
record using elastomers and scanning, overcoming concerns about the dimensional stability 
of traditional interocclusal record materials and simplifying the overall process [2]. The 
benefits of Computer-Aided Impression (CAI) include reducing time-consuming clinical 
steps, improving patient comfort, streamlining data storage, eliminating time spent casting 
and pinning models in the laboratory, reducing inaccuracies in manual trimming, and 
eliminating the need for mechanical articulators and facebows [14]. 

Aim and objectives 

The primary aim of this observational study is to determine whether the analysis of 
occlusal contact points using the software of intraoral scanners (CEREC®, MEDIT®, and 3-
SHAPE®) is equivalent to the traditional method of marking occlusion using articulating 
paper. This aim seeks to assess whether modern digital methods can provide the same 
accuracy and reliability as the conventional approach, which has been a longstanding method 
in dental practice.  

The secondary aim of the study is to evaluate whether there are any notable disparities 
in the occlusal analysis capabilities among the three specified intraoral scanners: CEREC®, 
MEDIT®, and 3-SHAPE®. This part of the study looks to identify if one scanner shows 
superior performance over the others or if all scanners operate with comparable effectiveness 
in a clinical setting. 

The primary null hypothesis states that there is no difference between the occlusal 
contact point analysis obtained using the software of intraoral scanners (CEREC®, MEDIT®, 
and 3-SHAPE®) and the traditional occlusion marking method with articulating paper.  The 
secondary null hypothesis asserts that there are no significant disparities in occlusal analysis 
among the three intraoral scanners (CEREC®, MEDIT®, and 3-SHAPE®). 
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MATERIAL AND METHODS 

Study design and participants 
This prospective study was approved by the Ethical Committee of the “Iuliu 

Hatieganu” University of Medicine and Pharmacy, Cluj Napoca, Romania (no.15/21.05.2024). 
The research was performed in accordance with the Declaration of Helsinki from 1975 and 
subsequent revisions and written informed consent were obtained from every subject before 
collecting data. 

The participants were recruited from students at the Faculty of Dental Medicine, 
“Iuliu Hatieganu” University of Medicine and Pharmacy, Cluj Napoca, Romania.  

Subjects were considered eligible according to the following inclusion criteria: full 
permanent dentition, except for the third molar; age between 20 and 25 years, with no 
restrictions regarding the sex or ethnicity; normal mouth opening; presence or absence of 
direct dental restorations using composite resins or glass ionomer materials; presence or 
absence of single-unit indirect restorations (crowns, inlays, onlays, or overlays). 

The exclusion criteria were.  as follows – anterior or posterior open-bite, 
temporomandibular joint disorders, missing teeth, or previous orthodontic extractions. 

According to the aforementioned criteria, 10 subjects were enrolled in the study group. 
For each participant, photographs of articulating paper marks and digital scans were collected 
and analyzed by two operators (B.D. and P.O). 

The study analyzed maximum intercuspation in the participants using four different 
occlusal relationship assessment methods, starting conventionally with marking with 200 µm 
calibrated articulating paper and digitally using three different intra-oral scanners: Cerec 
Omnicam® (Dentsply Sirona, North Carolina, USA), 3Shape® Trios 3 (3Shape, Denmark), 
and Medit® i700 (Medit corp., South Coreea). 

The data collected underwent both descriptive and comparative analysis. Each 
participant was subject to a clinical examination along with an occlusal assessment. The 
clinical occlusal analysis was conducted, and maximum intercuspation (IM) was recorded 
using Bausch® articulating paper. Subsequently, on the same day, intraoral scans were 
performed using three distinct scanners, mentioned above. For the same subject, all activities 
were carried out during the same day at the Department of Prosthodontics, Faculty of Dental 
Medicine, Cluj-Napoca. 

Protocol for occlusal examination 
The protocol for dental occlusion examination consisted of four different analyses: 

using articulating paper, and three different types of intraoral scanners. The occlusal contacts 
were recorded using a 200 µm blue articulating paper (200 μm Arti-Fol; Dr. Jean 
BauschGmbH & Co KG, Köln, Germany). The equipment and materials used during the 
study were: (1) dental examination kit (including a No. 6 probe, a dental mirror, and surgical 
tweezers); (2) OptraGate® ( Ivoclar Vivadent, Schaan, Liechtenstein) buccal retractors in 
regular and small sizes; (3) translucent blue plastic cheek retractors; (4) salivary cotton rolls; 
(5) 200µm Bausch® blue articulating paper; (6) Apple® iPhone Xr camera; (7) dental 
photography mirrors; (8) Cerec Omnicam® (Dentsply Sirona, North Carolina, USA) intraoral 
scanner; (9) 3Shape® Trios 3 (3Shape, Denmark) intraoral scanner; (10) Medit® i700 (Medit 
corp., South Coreea) intraoral scanner. 

Each subject was seated in an upright position and instructed to close his/her mouth 
in a natural occlusion, repeating the movement until the operator was sure that the patient 
was able to reproduce a correct intercuspation. The analysis of occlusion in maximum 
intercuspation using articulating paper (figure 2) was performed according to the following 
protocol: (1) the patient was instructed on how to close their mouth in maximum 
intercuspation - the patient was asked to repeat the movement several times to ensure they 
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were in the correct position; (2) occlusal surfaces of the teeth were dried using an air spray; (3) 
blue 200 µm articulating paper was placed between the left and right side in the same 
moment so that the patient does not deviate and closing/opening movements were 
performed several times. -this step was performed 3 times to be sure that the same contact 
points were marked; (4) occlusal markings on the surfaces were checked for accuracy; (5) an 
image of the maxillary and then mandibular arch was captured using an occlusal dental 
photography mirror with an Apple® iPhone Xr camera and a Smile lite® (Smile Line, 
Switzerland) device; the markings were removed using cotton rolls for the patient’s aesthetic 
comfort following their participation. 

 

 
Figure 1. The maxillary and mandibular arches, marked using blue 200 µm articulating paper in maximum 

intercuspation 

 
The analysis of occlusion in maximum intercuspation using Omnicam Cerec® 

(Dentsply Sirona, North Carolina, USA) intra-oral scanner was performed according to the 
following protocol, following the manufacturer’s recommendations: (1) before scanning, 
ensuring the scanner is calibrated, and the tip was cleaned - the subject’s teeth were dried 
thoroughly to reduce glare and improve scanning accuracy; (2) starting with the upper arch, 
scanning from one posterior molar across the occlusal surfaces to the opposite side, capturing 
the buccal and palatal/lingual surfaces; the lower arch was examined afterwards, following 
the same sequence; finally, the buccal surfaces were scanned with the two arches in maximal 
intercuspation; (3) during scanning, the scanner was held 5–15 mm from the tooth surface and 
maintain steady, smooth movements, using the live feedback on the software to verify that all 
surfaces are captured; (4) to record the occlusal relationship, the patient was asked to close 
their mouth in maximal intercuspation and instructed to keep their teeth in contact but 
without clenching: then, four digital recordings were taken – at the level of the left first 
molars, left canines, right canines, and right first molars – starting from the occlusal surface 
and moving the intraoral scanner head first cranially and then caudally, until the upper and 
lower scans were recognized by the software and properly matched after scanning, the 3D 
model was checked in the software for any missing areas, and rescanning was performed 
only where necessary.  

The analysis of occlusion in maximum intercuspation using Medit i700® (Medit corp., 
South Coreea) intra-oral scanner was performed by the same operator, following the 
manufacturer’s recommendations: (1) before scanning, the scanner was calibrated, and the tip 
was cleaned and properly attached; the patient’s teeth were dried thoroughly to improve 
scanning accuracy and minimize reflections, removing any debris or saliva from the surfaces; 
(2) starting with the upper arch, from one posterior molar and moving systematically across 
the occlusal surfaces to the opposite side, ensuring the capture of buccal and palatal/lingual 
surfaces; the same process was repeated for the lower arch, and the buccal surfaces were 
scanned afterwards with the patient in occlusion to record the bite; (3) the scanner was held at 
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a consistent distance of 10–15 mm from the tooth surface, maintaining smooth and steady 
movements, following the live scan feedback on the software to ensure complete coverage of 
all areas; (4) after completing the scan, the 3D model was reviewed for missing regions and 
perform rescanning only where necessary; (5) the patient was instructed on how to close their 
mouth for the occlusion impression; the patient was asked to close their mouth in a normal 
occlusal position, avoiding an edge-to-edge bite; (6) the occlusion impression was performed 
by vestibular scanning with the mouth closed in maximum intercuspation. 

The analysis of occlusion in maximum intercuspation using 3Shape® Trios 3 (3Shape, 
Denmark) software was performed following the manufacturer’s recommendations: (1) 
dental surfaces were dried using an air spray; (2) the maxillary impression was taken, starting 
posteriorly from the second quadrant; a "zig-zag" scanning motion was performed (buccal → 
occlusal → lingual) until reaching the posterior end of the first quadrant; (3) non-recorded 
areas were corrected with a new impression; (4) the mandibular impression was taken, 
starting posteriorly from the third quadrant; a "zig-zag" scanning motion was performed 
(buccal → occlusal → lingual) until reaching the posterior end of the fourth quadrant ; (5) 
non-recorded areas were corrected with a new impression; (6) the scanner was held at a 
consistent distance of 10–15 mm from the tooth surface, maintaining smooth and steady 
movements, following the live scan feedback on the software to ensure complete coverage of 
all areas; (6) the patient was instructed on how to close their mouth for the occlusion 
impression; the patient was asked to close their mouth in a normal occlusal position, avoiding 
an edge-to-edge bite; (7) the occlusion impression was performed by vestibular scanning with 
the mouth closed in maximum intercuspation. 

After performing each of the digital scanning, the operator evaluated the occlusal 
contacts through a specific function of each intraoral scanner software, where the contacts are 
shown as a colored map depicting the intensity of the contact (the color codes are variable, 
depending on the software used for evaluation) (figures 2-7). 

 

 
Figure 2. Screen capture of maxillary and mandibular scans using Omnicam Cerec® (Dentsply Sirona, North 

Carolina, USA) (in the contact point analysis mode) 
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Figure 3. Screen capture of STL file created with Omnicam Cerec® (Dentsply Sirona, North Carolina, USA) (a) 

right view (b) front view (c) left view 
 

 
Figure 4. Screen capture of maxillary and mandibular scans with Medit i700® (Medit corp., South Coreea) (in the 

contact point analysis mode) 
 

 
Figure 5. Screen capture of STL file created with Medit i700® (Medit corp., South Coreea) (a) right view (b) front 

view (c) left view 
 

 
Figure 6. Screen capture of maxillary and mandibular scans with 3Shape® Trios 3 (3Shape, Denmark) (in the 

contact point analysis mode) 
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Figure 7. Screen capture of STL file created with 3Shape® Trios 3 (3Shape, Denmark) (a) right view (b) front view 

(c) left view 

 
Data collection 
All records - articulating paper examination photographic records and intraoral scans 

STL images - were reviewed by two experienced operators to verify the accuracy of the 
occlusal contact points.  Any discrepancies or unclear recordings required a re-assessment to 
confirm the findings. The data from the articulating paper and each of the scanners were then 
digitally processed to create a comprehensive occlusal map for the patient, highlighting 
contact points and their intensity.  

Upon completion of all four examinations for each enrolled subject, the number of 
contact points marked on each tooth was recorded and entered into an Excel file to facilitate 
statistical analysis and comparison of contact points between different occlusal analysis 
methods. This organized data collection allowed for efficient aggregation, sorting and visual 
presentation. This helped to identify patterns, discrepancies and the overall effectiveness of 
each method used in the study.  

Statistical analysis 
After collecting the data, a statistical analysis was performed to test the null 

hypothesis that there is no difference in the evaluation of the occlusal contacts detected using 
articulating papers and intraoral scanner, as well as differences between different types of 
intraoral scanners. Descriptive statistics for the count of occlusal contacts evaluated from 
digital scan and photographs of articulating paper marks were calculated. The t-test was 
performed to evaluate the presence of differences between the number of occlusal contacts 
evaluated via the four methods. 

RESULTS 

All contact points were recorded for each subject. The results follow a normal 
distribution (Table 1). The average contact points obtained for the 10 subjects of the study 
using each method were calculated (Table 2). 

 
Table 1. Total number of contact points observed in 10 subjects with each method 

Subject no. 
No. of contacts 

3Shape® Trios 3 

No. of contacts 

Omnicam Cerec® 

No. of contacts 

Medit i700® 

Articulating 

paper 

1 36 41 35 41 

2 59 69 58 68 

3 44 63 48 56 

4 67 65 54 55 

5 57 58 49 62 
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6 46 43 40 53 

7 56 54 46 52 

8 47 50 35 45 

9 27 66 67 52 

10 38 55 51 44 

Total contacts 477 564 483 528 

 
Table 2. Average number of contact points obtained on both opposing arches for each method 

3Shape® Trios 3 Omnicam Cerec® Medit i700® Articulating paper 

47,7 56,4 48,3 51,8 

 

Considering that not all dental offices are equipped with intraoral scanners, we 
consider the paper to be the gold standard for analyzing occlusal contact points. We decided 
to assign a 100% contact point analysis rate with the articulating paper. This way, it can 
observe the variations between each scanner and between the scanners and the articulating 
paper (Table 3). 

 
Table 3. Percentage of contact points obtained with intraoral scanners compared to articulating paper 

3Shape® Trios 3 Omnicam Cerec® Medit i700® Articulating paper 

92,08% 108,90% 93,24% 100% 

 

By performing a statistical test (t-test) we determined whether there is a statistically 
significant difference between each scanner and the paper, as well as between the scanners 
themselves (Table 4 and Table 5). 

 
Table 4. t-test results comparing intraoral scanners to paper 

t-test  Significance level (p) 

3Shape® Trios 3 vs articulating paper 0,285826 

Omnicam Cerec® vs articulating paper 0,380973 

Medit i700® vs articulating paper 0,905812 

 
Table 5. t-test results comparing intraoral scanners to each other 

t-test  Significance level (p) 

3Shape® Trios 3  vs Omnicam Cerec® 0,094248 

3Shape® Trios 3  vs Medit i700 0,905769 

Medit i700 vs Omnicam Cerec® 0,082672 

 

For each p-value < 0.05 from a t-test, a significant difference is considered. The results 
based on gathering the data from 10 subjects demonstrated that there was no statistically 
significant difference between any of the methods employed. 
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DISCUSSIONS 

The findings of our study confirmed both null hypotheses, indicating that there were 
no statistically significant differences between the occlusal contact point analyses obtained 
through the use of intraoral scanner software (CEREC®, MEDIT®, and 3-SHAPE®) and the 
traditional method using articulating paper. Additionally, our results showed no significant 
disparities in the occlusal analysis capabilities among the three tested intraoral scanners. This 
study explored the comparative effectiveness of articulating paper and intraoral scanners for 
occlusal contact analysis, revealing no significant differences in accuracy among the tested 
methods. These findings align with the current discourse in dental diagnostics, where 
traditional methods continue to hold relevance alongside advancing digital technologies.  

Recent literature supports our observation that while intraoral scanners offer rapid 
data collection and enhanced patient comfort, their accuracy in occlusal analysis can be 
variable. Mangano et al. (2017) highlighted that subjective interpretation using traditional 
methods like articulating paper often fails to differentiate between high and low occlusal 
forces effectively, suggesting a shift towards more quantitative, measurement-based methods 
might be beneficial [26]. 

Furthermore, studies have shown that factors such as paper thickness, operator 
experience, and the patient's biting force significantly influence the outcomes of traditional 
occlusal contact assessments [27]. This variability underscores the need for standardized 
procedures in occlusal analysis, regardless of the method employed. 

Digital methods, particularly those involving complete-arch intraoral scans, have 
demonstrated varying levels of precision. For instance, the Trios 3 system was noted for its 
superior accuracy in full arch scans, suggesting that the choice of scanner could critically 
impact clinical outcomes [28]. However, discrepancies in scanner performance, as evidenced 
by the underestimation of occlusal contacts by the Medit i500 compared to more accurate 
systems like the Trios 3, indicate that not all digital solutions provide equivalent results 
[28,29]. 

The integration of digital technologies in dental practice, as discussed by Alghazzawi 
(2016), provides significant advancements in the diagnostic and design capabilities of 
prosthodontic care [30]. Nevertheless, the potential for inaccuracies, particularly in the 
context of whole arch scans, remains a concern that necessitates further refinement of these 
technologies [31]. 

The research, while comprehensive, has several limitations that must be 
acknowledged: 

1. Sample size: the study was conducted with a limited number of participants (10 
subjects). This small sample size may not provide a representative cross-section of 
the population, which could affect the generalizability of the findings. 

2. Operator dependency: the results could potentially be influenced by the operators’ 
proficiency and technique. Although efforts were made to standardize the 
examination process, individual differences in handling the intraoral scanners and 
articulating paper could introduce variability in the data. 

3. Technology-specific limitations: each scanner has its own set of technological 
nuances and limitations, which might have affected the accuracy and efficiency of 
occlusal contact recordings. These device-specific factors were not controlled for, 
which could skew comparisons between devices. 

4. Lack of longitudinal data: the study was conducted in a single session per 
participant, which does not account for potential changes in occlusal contact over 
time. Longitudinal studies could provide a more detailed understanding of the 
stability and reliability of occlusal recordings. 

https://pubmed.ncbi.nlm.nih.gov/11203632/
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5. Exclusion of complex cases: the exclusion criteria removed individuals with 
certain dental conditions that could have provided additional insights into the 
performance of the occlusal recording methods under varied clinical 
circumstances. 

However, our research has several strengths, such as the use of a comprehensive 
methodology, comparing traditional occlusal contact analysis using articulating paper with 
three different digital intraoral scanners. All occlusal examinations were performed under 
standardized conditions, which minimizes variability due to procedural differences. By 
incorporating three different intraoral scanners (3Shape® Trios 3, Omnicam Cerec®, Medit 
i700®), the study offers a broad evaluation of current digital technologies. The operators 
performing the scans and analyses were well-trained, which reduces the risk of operator-
induced discrepancies and enhances the reliability of the findings.  
 

Futures perspectives  
Given these limitations, future research directions could include increasing participant 

diversity to improve robustness and applicability across populations, and longitudinal 
studies to track changes in occlusal contacts over time. Further research could also explore the 
use of advanced technology, such as the latest intraoral scanners and digital occlusal analysis 
tools, possibly incorporating machine learning to help interpret the data. Furthermore, 
implementation in restorative or orthodontic clinical trials could provide valuable insights 
into clinical efficacy. A detailed comparison of each scanner's technological capabilities and 
limitations could provide clearer guidance on their optimal clinical use, ensuring more 
targeted and effective dental solutions. 

The clinical implications of this research underscore the usefulness of both traditional 
and digital methods of occlusal contact analysis. It shows that articulating paper and intraoral 
scanners provide comparable results, allowing clinicians to choose based on availability, cost 
and preference without sacrificing accuracy. This allows practices to make confident choices 
to improve workflow and patient satisfaction. It also highlights the need for continued 
training and calibration in using these technologies to maintain high standards of care. As 
digital dental technologies continue to evolve, ongoing research and adaptation in clinical 
practice is essential to ensure that the benefits of these tools are fully realized and that patient 
outcomes are improved through precise occlusal adjustments and well-fitting prosthetic 
solutions. 

CONCLUSIONS 

The analysis of occlusal contact points in the maximal intercuspation position shows 
equivalent results with these four methods of analysis. Indeed, no statistically significant 
difference is observed between the use of articulating paper and the three intra-oral scanners. 

The use of articulating paper remains reliable despite the introduction of intraoral 
scanners. However, these four analysis methods are empirical, and it would be interesting to 
incorporate the use of other digital occlusal examination (e.g. T-scan® - Tekscan, Boston, MA, 
USA) in order to visualize the intensity of the contact points. 

This study demonstrates that it is entirely feasible for a practitioner equipped with any 
of these three scanners to perform an analysis of occlusal contact points with the software. For 
the diagnosis and treatment of occlusal equilibration, it is preferable to correlate the 
conventional occlusal analysis method with the digital method if the software provides 
distorted values. 

The advantages of these methods of analysis come from exploiting the benefits of each 
method and using them in combination for a complete occlusal diagnosis. 
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Abstract 

Dental anxiety negatively influences children's behaviour in the dental office. Aim and objectives: This 
study aims to compare anxiety level of children during cavity preparation done by conventional rotary method vs. 
an atraumatic method. Material and methods: 24 patients treated in the University Clinic of Pediatric Dentistry 
from Timisoara for dental caries, aged between 6 and 12 years, of both sexes, in which cavity preparation was done 
via conventional method, using rotary instrumentation, or by atraumatic method, using chemo-mechanical 
manual instrumentation, participated to the study. The patients were asked to complete the DFS (Dental Fear 
Survey) questionnaire following the procedure, to assess dental anxiety. The answers, representing a numerical 
scale, were statistically analysed using the Mann-Whitney U and Kolmogorov-Smirnov tests. Results: The results 
of the statistical analysis revealed significant differences (p < 0.05) between the treatment groups regarding dental 
anxiety. However, there were no statistically significant differences among different age groups or between sexes 
(p > 0.05). Conclusions:  The findings of this study suggest that the use of the chemo-mechanical method for cavity 
preparation reduces dental anxiety in children, while patient's age and gender do not influence significantly dental 
anxiety levels. 

Keywords: dental anxiety, cavity preparation, rotary, chemo-mechanical 
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INTRODUCTION 

Dental anxiety negatively influences children's behaviour in the dental office, 
therefore behaviour management of anxious patients is a real challenge in everyday 
pedodontic practice. It is well known that one of the main reasons why a parent postpones a 
child's visit to the dentist is the fear generated by the dental environment, both for the parent 
and the child. The main fears related to dental treatments are triggered by pain, loud sounds 
and specific smells of materials or solutions used [1,2]. Anxiety and fear responses are 
common in dental settings, with varying levels of intensity. Approximately 5% of individuals 
in studied populations experience phobic reactions, which may lead them to avoid dental 
treatment despite having oral health issues [3,4]. Dental anxiety is frequently seen among 3- 
to 18-year-olds globally, occurring more frequently in school-aged and preschool children 
compared to adolescents [4]. 

The widespread interest in the complex correlation between dental conditions and 
dental anxiety reflects the significant psychosocial impact that fear-related factors can have on 
a child's behaviour during dental treatments. These fears are psychological, emotional and 
cognitive in nature and can even be linked to physiological changes in children as they go 
through different stages of development [1,5-7].The nature of these fears does not depend 
only on the age of the child, but can be correlated with intrinsic and extrinsic factors 
associated with the family and socio-cultural environment such as the influence and 
experiences of the parents, especially their anxiety, education and socioeconomic status, 
ethnicity and culture, or the number of siblings. Furthermore, the clinical environment, 
personal traits, general anxiety and psychological status play a role in manifesting dental 
anxiety [8-10]. On the other hand, dental anxiety is also in close connection to previous 
experiences in a dental office. High levels of dental anxiety are noted among children on their 
first visit to the dentist, which are then expected to decrease with more dental visits, hence 
having experienced more dental treatments [10,11]. Moreover, the time-frame between the 
last dental visit and the current one may have a significant impact on maintaining a dental 
fear and anxiety state during appointments, especially when they are at a long time apart. 
Armfield et al. observed that children who attend sporadically, often presenting with pain 
and requiring urgent dental care, report elevated levels of dental anxiety. This pattern of 
irregular attendance and reactive care can create a vicious cycle, perpetuating and 
exacerbating long-term anxiety issues [12]. Poor oral health also plays a significant role in 
initiating dental fear and anxiety in children, especially pre-school children and pre-
adolescents [13]. Taking all the above-mentioned aspects into consideration, we can state that 
the ethology of dental anxiety is multifactorial. Therefore, specialists who treat children and 
adolescents must carry out a complex assessment of the patient in relation to personal, social 
and environmental aspects, to gain more knowledge about the individual patient [12] in order 
to select appropriate behaviour management techniques as well as treatment methods that 
would minimize discomfort.  

Behavioral management is widely recognized as a key element in providing dental 
treatments for pediatric patients. Before starting the actual pediatric dental treatment, 
assessing the level of fear and anxiety can aid in managing behavioral issues associated with 
dental care and make the visit more efficient [14,15]. Tracking the prevalence of dental anxiety 
is highly beneficial for organizing dental services that prioritize patient comfort and well-
being [4].  When managing anxious children, dentists and other professionals need to 
evaluate the child’s condition and identify the intensity and source of their anxiety, to devise 
an effective management strategy that facilitates the necessary dental treatment. The initial 
steps in this process include carefully observing the child’s behavior and physical state, 
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asking sensitive questions about their feelings and past experiences, and interviewing parents 
as an additional source of information. This multi-faceted approach aligns with established 
diagnostic principles, leveraging various methods to improve the accuracy of assessments 
and minimize misjudgements. In this regard, many reviews emphasize self-report 
questionnaires as the gold standard for assessing dental anxiety in pediatric patients [16]. 

Globally, dental caries is an ongoing public health problem, still considered the 
chronic disease with a high prevalence affecting the majority of children [17]. The use of 
rotary instruments and dental burs in the treatment of dental caries is a well-known source of 
dental anxiety, due to the vibrations and noise triggered by the handpiece, and potentially 
also pain. In recent decades, advances in cariology and dental materials have brought new 
approaches in dentistry to the treatment of caries [18,19]. Chemo-mechanical caries removal 
(CMCR) is a minimally invasive method that uses a chemical agent to remove infected dentin. 
This technique avoids pulp irritation and patient discomfort while removing infected tissue 
and maintaining healthy tooth structure. This method of caries removal uses dissolution 
instead of rotary drilling and chemical agents along with atraumatic mechanical force to 
remove the infected dentin [19,20]. In clinical practice, CMCR was proven effective in 
diminishing anxiety in children treated by this method [21]. 

Aim and objectives 

The present study aims to assess the anxiety level in 6-12 years old children, during 
treatment of dental caries. The anxiety of children treated by two different methods of cavity 
preparation – the conventional rotary method and the chemo-mechanical atraumatic method 
is assessed in relation to sex and age of the children. 

MATERIAL AND METHODS 

The target population of the study was represented by paediatric patients aged 
between 6 and 12 years, treated for dental caries in the Pediatric Dentistry University Clinic of 
the” Victor Babeș” University of Medicine and Pharmacy from Timișoara, Romania. Inclusion 
criteria were: patients aged 6-12 years, both sexes, patients with simple caries in primary 
and/or permanent teeth, patients in which caries excavation was done by conventional rotary 
method, and/or by atraumatic chemo-mechanical method, patients with dental anxiety, 
patients who have the ability to understand the questions from the given questionnaires. 
Exclusion criteria were: patients outside the mentioned age range, patients with complicated 
caries, totally uncooperative patients, patients that could not comprehend the questions from 
the given questionnaires.  

The present work is a non-interventional, observational study that analyses the 
relationship between dental anxiety and the two preparation techniques, considering two 
variables: age and sex of the children. A total of 24 patients, 13 girls and 11 boys participated 
in the study. They were divided in two groups, based on the cavity preparation method used: 
Group 1 – patients in which the cavity preparation was done via the conventional method, 
using rotary instrumentation – low speed handpiece and round carbide burs, and Group 2 – 
patients in which the cavity preparation was done atraumatically, via the chemo-mechanical 
method, using enzymatic gels and manual excavation. The preparation method used was 
selected for the patient by the attending pediatric dentist, based on behaviour assessment 
from previous dental visits, uninfluenced by the present study. Following the procedure, the 
patients were asked to complete a questionnaire regarding anxiety felt during the treatment. 
Informed consent was obtained from the parents of the respondents for the application of the 
questionnaire.   
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Data collection was performed by applying a questionnaire, based on the Dental Fear 
Survey (DFS) imagined by Ronald A. Kleinknecht.  The DFS was translated to romanian and 
adapted for the target population, for an easy understanding. The DFS is composed of 12 
questions, out of which 7 assess fears of specific stimuli/situations and the remaining 5 assess 
patients' physiological arousal. Each question has 5 answer options, which represent a scale 
from 1 to 5 with the following significance:  ”never” – 1,  ”once or twice – 2, ”a few times” – 3, 
”often” – 4,  ”nearly every time” – 5 (22).  

The research assumed the validation of the following research hypotheses: 
1: The chemo-mechanical preparation method significantly reduces dental anxiety compared to 

the conventional method. 
2: Dental anxiety levels are lower in older children, regardless of the preparation method used. 
3: Girls present higher levels of dental anxiety compared to boys, regardless of the preparation 

method used. 
In this study, the statistical analysis of data was performed with IBM SPSS v.20 

statistical software. Two statistical tests were used: Mann-Whitney U and Kolmogorov-
Smirnov to evaluate and compare the impact of the chemo-mechanical method and the 
conventional method of carious cavity preparation on dental anxiety in children. The 
statistical significance level was considered to be the p-value of 0.05. 

RESULTS 

In the first stage of the statistical analysis, the homogeneity of the research groups was 
verified, by applying Levene's test. This test is most commonly used to assess the 
homogeneity of variances between two or more groups. The results indicate that the 
variances for all categories are homogeneous in both groups (G1 and G2) – Figure 1. This 
suggests that the distributions of anxiety responses are similar in terms of variances between 
groups, allowing a valid comparison between groups within the performed statistical 
analyses. 

 

 
Figure 1. Variance of the answers to the 12 questions between the two groups:  

 Group 1 – conventional rotary preparation method, Group 2 – chemo-mechanical manual preparation method 
 
The results of the comparative analyses between the responses of the patients in the 

two groups, performed using the Mann-Whitney U și Kolmogorov-Smirnov statistical tests, 
indicate that for most categories (excepting the score 3 - "A few times"), there are statistically 
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significant differences (p < 0.05) – Table 1 and 2. This suggests that the perception of the 
preparation method differs significantly between Group 1 and Group 2. Regarding the 
considered variables – age and sex of the subjects, there are no statistically significant 
differences between the answers to the questions analyzed, neither according to the age 
categories (p > 0.05), nor according to sex categories p > 0.05), for both groups (Group 1 and 
2). 

 
Table 1. Results of Mann-Whitney U test 

Category U Statistic p-value 

a) Never 10.0  0.000169   
b) Once or twice  1.0   0.000034 
c) A few times 42.0   0.080216   
d) Often 144.0   0.000023  
e) Nearly every time 138.0   0.000032  

 
Table 2. Results of Kolmogorov-Smirnov test 

Category D Statistic p-value 

a) Never 0.75  0.001497  
b) Once or twice  0.916667   0.000018   
c) A few times 0.416667  0.255775   
d) Often 1.0  0.000001  
e) Nearly every time 0.916667   0.000018  

DISCUSSIONS 

In this study, the impact of two different preparation methods (conventional and 
chemo-mechanical) on the dental anxiety in children was evaluated comparatively. The 
influence of age and gender on the levels of dental anxiety in this context was also analysed.  

Regarding the first research hypothesis, according to which the chemo-mechanical 
preparation method significantly reduces dental anxiety compared to the conventional 
method, the results showed statistically significant differences between the responses of the 
two groups for most categories (Table 1 and Table 2) This suggests that the chemo-mechanical 
method has a significant positive impact on reducing dental anxiety. Thus, this hypothesis is 
validated by the obtained data. 

For the second hypothesis, which states that the levels of dental anxiety are lower in 
older children, regardless of the treatment method, results of the Mann-Whitney U test were 
not statistically significant for any of the questions analysed, across all ages. This suggests 
that age does not significantly influence levels of dental anxiety, contrary to the original 
hypothesis and to other studies that found increased anxiety levels in younger children [23]. 
In contrast, some authors suggest that dental anxiety tends to increase with age [24,25]. This 
finding may be attributed to confounding factors, such as a higher likelihood of previous 
painful dental experiences over time [10]. 

Regarding the third hypothesis, which assumes that girls show higher levels of dental 
anxiety compared to boys, regardless of the treatment method used, the results of the gender-
specific Kolmogorov-Smirnov test for both groups showed no statistically significant 
differences between children's responses by gender for each response category. This suggests 
that gender does not significantly influence the perception of dental anxiety, contrary to the 
original hypothesis, and to other studies that reported increased anxiety levels in female 
patients [26,27], or in male patients [23], but in accordance with Popescu et al. [28] who 
reported no differences between genders for a Romanian population as well.  

Within this research, several limitations were identified that could influence the 
interpretation of the results and their applicability in clinical practice. The small sample size 
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limits the extrapolation of the results to a wider population. Future studies should include a 
larger number of participants to obtain more robust and representative data. Participants 
were selected from a single clinic, which may introduce a selection bias. Extending the study 
to multiple locations and including a diverse sample could improve the external validity of 
the results. Assessment of dental anxiety was based on patient self-report questionnaires, 
which may introduce subjectivity and variability in responses. Especially in young children, 
the level of understanding and ability to accurately communicate their emotions can vary 
considerably. Using additional objective methods, such as measuring heart rate or cortisol 
levels, could provide a more accurate assessment of anxiety. By addressing these limitations, 
future research can contribute to a better understanding of dental anxiety in children and to 
the development of more effective strategies for its management in pediatric dental practice. 

In today’s pediatric dentistry, there is an increased preoccupation for the patient’s 
comfort during the procedures. In this regard, minimally invasive techniques are gaining 
more and more interest. The CMCR method is comfortable for patients, reducing pain and 
anxiety, as well as the need for local anaesthetic. In current pediatric dental practice, the 
CMCR method considered a viable alternative to the conventional caries removal method, 
despite the longer duration of the treatment and higher costs [20]. 

A study published in 2019 [29] evaluated and compared the difference between the 
chemo-mechanical method (with Brix 3000) and the rotary method (with a ceramic bur) for 
the removal of dental caries. The mentioned study included an anxiety rating scale (during 
and after treatment). The study examined a sample of thirty children between the ages of 
eight and twelve who had bilaterally cavitated carious permanent molars. During treatment 
with the rotary tool (ceramic bur), the children showed a deterioration in their behaviour 
from positive to negative. In contrast, in the Brix 3000 group there was no change in the 
children's behaviour during treatment.  The results of this study showed that the chemo-
mechanical method had a beneficial impact on the behavioural management of the 
participating children, being consistent with the results obtained in the present study. 
Another study, published in 2021 by Lazarova et al. [30], concluded that children's age does 
not determine differences in the level of fear; Similar to our results, they found that cavity 
excavation in combination with enzyme-based gel reduces fear of dental treatment in children 
compared with conventional treatment by drilling with rotary instruments. 

CONCLUSIONS 

The findings of this study suggest that the use of the chemo-mechanical method for 
cavity preparation reduces dental anxiety in children, while patient's age and gender do not 
influence significantly dental anxiety levels. 

Widespread implementation of the chemo-mechanical method in pediatric dental 
practice could significantly contribute to the reduction of dental anxiety, thus improving the 
experience of children in the dental office. Further research is also recommended to better 
understand the factors influencing dental anxiety and to develop tailored interventions for 
different patient groups. 
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Abstract 

In the past psychosomatic illnesses have been seen as the consequences of primary psychological 
disorders. Lacking confidence in this causal model, many prefer Engel's biopsychosocial model which refers to the 
circular interaction between body, soul and environment. This model is in agreement with 
neuropsychoimmunological theories of the body's feedback loops that include emotions and behavior. 

Many clinicians re-frame somatization as a psychopathology and use the biopsychosocial model as a basis 
for directing attention to the patient's personality traits and life context. Some consider that the role of the clinician 
is to emphasize the links between symptoms and external stressors and how these lead to psychophysiological 
changes. 

Keywords: somatization, COVID – 19, pandemic, students 
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INTRODUCTION 

Somatization is defined as a wide range of somatic complaints that lead patients to 
believe that they are suffering bodily, despite demonstrable emotional or psychosocial 
problems, and that it is not possible to define clearly under these conditions. The patient's 
belief is that their suffering has its origin in a definable illness which causes them to seek 
medical help and which induces disability and handicap [1;2]. 

The DSM-IV manual emphasizes as a common feature of somatoform disorders the 
existence of physical symptoms, which indicate an internal medicine disorder, but which 
cannot be fully explained by a general medicine illness, another mental disorder, or the direct 
effects of a substance. In contrast to simulation, somatic symptoms are not under voluntary 
control. The difference between somatoform disorders and mental symptoms from a medical 
pathology is the lack of a medical condition responsible for the patient's symptoms. The 
common denominator of this condition is considered to be undue bodily discomfort that is 
produced by psychological, psychiatric or social problems. In a bizarre way the functional 
symptoms of somatization are a considerable public health problem because they are among 
the leading causes of work and social disability. Equally problematic is that these patients 
with relapsing symptoms and no medical explanation are thoroughly investigated, 
hospitalized and exposed to invasive diagnostic procedures, costly treatments that can lead to 
iatrogenic illnesses possibly more serious than the illnesses they previously suffered from [2]. 

 In the general population, the frequency of somatization is estimated to be in the 
range of 0.1-0.5%, with a female to male ratio of 5 to 20, with the possibility that the male sex 
is under-diagnosed by physicians, resulting in an indicative ratio [3]. 

Some studies report more frequent reports of somatoform symptoms in isolated rural 
individuals working in modest or unsupportive institutions [2]. 

While the ethology of somatization disorders remains unclear, several possible risk 
factors have been uncovered, including female gender, low socioeconomic status, financial 
problems, substance use, neuroticism, and a link to other mental illnesses (especially 
depression) [4]. Often a patient with somatization will refuse to accept the possibility that 
they are depressed or anxious or that their emotional distress is based in physical distress or 
disability. The patient's accusations should not be considered sufficient for a diagnosis and 
therefore evidence should be sought to support the diagnosis of depression and associated 
symptoms such as: loss of interest and pleasure in daily activities, poor eating and libido, 
insomnia, lack of energy, initiative and ambition, difficulty concentrating and memory, 
underestimation, pessimism and feelings of guilt and failure. Anxiety disorders present as 
marked and unfounded worry in varying degrees and can occur at any time or only in 
specific situations that the patient avoids. Common physical symptoms accompanying 
anxiety may include: retrosternal pain, dizziness, shortness of breath, palpitations, fatigue, 
tingling sensations, trembling. Some symptoms may be the result of hyperventilation, a 
common symptom in both acute and chronic forms of anxiety [5]. 

Somatization can amplify any of the symptoms outlined above, leading to fear or 
belief that the patient has a condition such as heart disease. This belief may be so strong that it 
remains even after thorough investigations have ruled out the diagnosis of heart disease [5]. 

Typically, patients with somatization disorders tend to change doctors frequently due 
to lack of diagnosis and lack of credibility. In the case of a single doctor, this may also be the 
family doctor. The doctor should empathize with the patient and give the patient the 
opportunity to present their symptoms, but in short pre-scheduled and regular visits with the 
examination focused on the newly emerging symptoms. In principle, paraclinical 
investigations should be avoided due to lack of relevant findings [3]. 
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Adjuvant modalities include individual psychotherapy, psychodynamic or cognitive-
behavioral therapy, or group therapy. In addition to risk factors including psychological 
strain and stressful life events, not only a high frequency of somatization, but also a link 
between somatization and academic stress, as well as an intensification of somatization and 
academic stress in the pre-exam period, was observed among medical students. The main 
factors mentioned by students include: fear of failure, inability to catch up if they fall behind, 
the amount of information they have to retain, competition between students, academic 
overload, financial problems, performance pressure and lack of time for learning. In addition 
to these, a high frequency of depression, anxiety and burnout has been found among medical 
students in many countries around the world [4]. 

To test whether somatization has an impact on general medical students or affects 
other categories of students, we also studied dental students. Studies have found a higher 
prevalence of anxiety, depression, burnout, depersonalization, exhaustion and high alcohol 
consumption in dental students than in general medical students [4].  

Often a patient with somatization will refuse to accept the possibility that he or she is 
depressed or anxious, or that the emotional distress is based on physical distress or disability 
[5,6]. Anxiety disorders present as marked and unfounded worry in varying degrees and can 
occur at any time or only in specific situations that the patient avoids. Common physical 
symptoms accompanying anxiety may include: retrosternal pain, dizziness, shortness of 
breath, palpitations, fatigue, tingling sensations, trembling. Some symptoms may be the result 
of hyperventilation, a common symptom in both acute and chronic forms of anxiety [7]. 

Typically, patients with somatization disorders tend to change doctors frequently due 
to lack of diagnosis and lack of credibility. In the case of a single doctor, this may also be the 
family doctor [8].  

Adjuvant modalities include individual psychotherapy, psychodynamic or cognitive-
behavioral therapy, or group therapy. In some cases, psychotropic drug therapy may be 
particularly helpful in the presence of a concurrent anxiety or depressive disorder [9]. 

Stress-related somatization among medical students may be exacerbated by the large 
amount of clinical knowledge they accumulate during their undergraduate studies [10,11]. To 
test whether somatization has an impact on general medical students or affects other 
categories of students, we also studied dental students. Studies have found a higher 
prevalence of anxiety, depression, burnout, depersonalization, exhaustion and high alcohol 
consumption in dental students than in general medical students [4]. 

Research conducted in China, at the height of COVID-19, showed an increased 
prevalence of psychological distress in society. Levels of indicators of somatization, anxiety 
and distress showed moderate increases after the onset of COVID-19-specific clinical 
symptoms, suggesting the experience of severe illness [12]. The study revealed that even 
young COVID-19 patients with attenuated symptoms and a modest course could experience 
side effects such as anxiety, discomfort, somatization and other complaints [13].  

Management of somatization has been difficult due to the impact that the pandemic 
has brought with increased psychological stress, which has been maintained by factors such 
as isolation at home, social distancing, financial problems, reduced physical activity, etc. The 
approach to this situation is cognitive-behavioral therapy which has proven helpful in 
eliminating harmful habits, an evolution of self-care and self-compassion [14,15]. 
Pharmacological therapy involves the use of antidepressants, hypnotics and sedatives, with 
benzodiazepines proving effective. In addition to those mentioned above, meditation, 
mindfulness-based cognitive therapy sessions, positive emotions and relaxation training are 
also indicated [16,17]. 
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MATERIAL AND METHODS 

To conduct the study, we disseminated an online questionnaire with a total of 22 
single and multiple choice questions. The interval in which it could be completed was from 
March 13, 2024 to May 17, 2024. 

The study included a total of 91 people, the selection criterion being the affiliation to 
the Faculty of Medicine of the "George Emil Palade" University of Medicine, Pharmacy, 
Science and Technology "George Emil Palade" in Târgu Mureș. 

RESULTS 

The predominant age of those who filled in the questionnaire is 24 years of age, 29.7% 
of them. The second highest percentage is 19.8% for 25 year olds, followed by 23 year olds 
(18.7%), then those over 25. 

The response variants were structured into individual years in order to differentiate 
individuals according to their possible age in college due to the inclusion criterion of student 
status. 

The final results reveal the female gender as predominant in a percentage of 59.3%, 
while men are only 40.7%. 

 

 
Figure 1. Distribution of responses by age 

 

The prevalence of somatization is known to be higher among women than men. 
Most of those who took part in the study are in the sixth year of university (41.8%), 

followed by the fifth year (35.2%), and the fourth year (8.8%), the first year (5.5%), and finally 
the third and second years are equal (4.4%). 

 

 
Figure 2. Distribution of responses by academic year 

 

80.2% of the participants reported the presence of symptoms of a disease, while 19.8% 
denied the presence of symptoms of a pathology. 

The predominance of algic symptoms in a percentage of 54.9% are followed by 
gastrointestinal symptoms which are in a proportion of 45.1%. These two groups were the 
most representative symptom groups in the study being followed by the other groups that 
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had a much lower prevalence: sexual symptoms (25.3%), pseudoneurological symptoms 
(14.3%) and other symptom groups (18.7%). 

 

 
Figure 3. Distribution of responses by symptom groups 

 

Of those with symptoms 72.5% used the internet to search for the symptoms they were 
experiencing in order to define a pathology they considered they were suffering from, and the 
other 27.5% did not use external sources for self-diagnosis. Due to the discomfort and stress 
induced by the symptoms almost three quarters of the study participants self-examined their 
body while 26.4% did not do so. Taking into account that the participants are medical 
students we assumed that having contact with various pathologies may be a cause of turning 
information into physical symptoms. 52.7% of them stated as the cause of the symptoms the 
disease studied in the faculty and the remaining 47.3% said no. In the end, the two answers 
are in similar proportions which cannot substantially confirm, but neither substantially 
disprove the hypothesis of the cause of symptoms in medical students, however, the balance 
is tipped more towards an endorsement of the hypothesis. Almost two thirds (62.6%) denied 
a dissatisfaction/ lack of confidence in the medical act for a diagnosis that encompasses the 
symptoms manifested, and 37.4% were not reconciled with the medical evaluation that was 
performed. Among those who disagreed with the medical act in view of their symptoms 
43.6% had performed tests and investigations more than once, 41% had asked for the 
expertise of several doctors for their allegations, 15.4% had performed a prolonged treatment 
beyond the period prescribed by the attending physician, and 5.1% had used other 
medication without prescription in the hope of a different outcome. Dissatisfaction with the 
medical evaluation caused various negative feelings in patients. The feeling with the highest 
prevalence was insecurity with a percentage of 58.7%, followed by frustration with 41.3%, 
anxiety with 39.1%, fear with 23.9%, anger with 13%, injustice with 10.9% and 
disappointment with 2.2%. 

 

 
Figure 4. Distribution of responses by emotions following dissatisfaction 
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36.3% of those who filled in the questionnaire felt misunderstood by others around 
them, while 63.7% did not experience this problem.47.3% of those who filled in the 
questionnaire had difficulties in exposing their emotions to others, while the other 52.7% 
denied this. One third of the participants (36.3%) refused to believe that the symptoms they 
have are psychologically created, while the other two thirds, 64.7%, accepted that the 
symptoms are psychologically caused. Nearly three quarters (73.6%) of those surveyed had 
been stressed recently due to personal problems, while the remaining 26.4% had not 
experienced any significant stress recently. The main cause of stress among the people in the 
study was exams for 83.8% of them, followed by family problems with 30.9%, problems in 
intimate life with 29.4% and illness/ death in the family. To a lesser extent we have 
friendships, career orientation, degree and high number of responsibilities as causes of stress, 
all of them with 1.5% each. 

Stress is known to be a precipitating factor in the onset of somatization because the 
person will turn their negative feelings and emotions into physical symptoms in the absence 
of a present pathology. 

In order to estimate the stress level at that time, we proposed five variants for stress 
staging. 

The level of stress during that period that had the highest prevalence was level 3 
which had 37.4% of people, then level 4 had 30.8%, followed by level 2 with 18.7%, level 5 
with 9.9% and level 1 with only 3.3%. 

During the pandemic, 30.8% of participants experienced COVID19 specific 
symptoms19 in the absence of a positive test for the virus, and 69.2% did not. The main source 
of symptoms during the pandemic was considered to be isolation at home with 40.7%, 
followed in descending order by the internet (34.1%), family/friends/acquaintances (26.4%), 
social networking (18.7%), other respiratory pathology (2.2%), and finally college stress, 
sedentary lifestyle and congenital pathology each with 1.1%. 

DISCUSSIONS 

Somatization is the presence of physical symptoms that many patients report to the 
doctor who, following a clinical examination, laboratory tests and other investigations cannot 
find a pathological cause to explain their origin. This situation increases the patient's feelings 
of anxiety, frustration and insecurity, resulting in frequent changes of doctor, frequent tests 
and investigations and investigations, which turn out to be useless because of a negative 
unsatisfactory outcome and additional resources and costs. 

Psychological stress has a noticeable effect on people and in some individuals it can 
translate into physical symptoms. Students are prone to significant stress due to exams, the 
sheer volume information, fear of failure, academic overload, competition between pressure 
to perform and lack of time allocated to learning. 

The pandemic had a marked impact on the population through the stress caused by 
information about the COVID-19 virus, a newly emerging virus that highly infectious with 
person-to-person transmission and which untreated. The specific symptoms of this virus were 
emphasized so that all people showing symptoms would be tested as soon as possible and 
self-isolate. Isolation at home, social distancing, lifestyle, limitation of physical, recreational 
and social activities and fear of the virus or passing it on to loved ones have been at the root 
of anxiety, personal discomfort and somatization. 

A total of 91 people participated in the study by completing an online questionnaire. 
The objective was to follow the frequency of somatization disorders in the students in the 
period following the COVID-19 pandemic. Following the results 80.2% of the participants 
presented symptoms of which algic symptoms were predominant, followed by those 
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gastrointestinal and sexual symptoms. About three quarters used the internet to self-diagnose 
themselves on the basis of symptoms and self-examined their bodies. The 37.4% who were 
dissatisfied with their medical care chose to change doctors frequently and have repeated 
tests and investigations. Feelings predominant feelings developed were insecurity, 
frustration, anxiety and fear. Of those involved in the study 73.6% reported stress due to 
exams, family problems, couple problems and people sick/deceased family members. During 
the pandemic the potential sources leading to somatization symptoms were isolation at home, 
the internet, social networking and family and friends. 

The presence of somatic symptoms among students which are a result of the 
transformation of psychological stress gathered both from both the academic sphere and the 
pandemic experience. 

CONCLUSIONS 

Somatization disorders still remain under-diagnosed due to the lack of clinically 
relevant evidence for a diagnosis following clinical examination and investigations based on 
self-reported symptoms. An appropriate response is for the clinician to empathize with the 
patient, to understand the patient's problem, and to explain the real situation in a friendly 
manner. If the patient does not accept that his or her symptoms have a psychological source, 
regular short appointments can be made to give the patient a chance to express his or her 
newly-emerging symptoms without further investigation. This method can reduce these 
patients' habit of going from one doctor to another and of having unnecessary tests and 
investigations, while cutting costs. 

The study found that students are susceptible to mainly moderate stress, which may 
underlie the onset and maintenance of somatic symptoms. Exams, family and marital 
problems are the predominant causes of stress encountered during their studies, together 
with the information that medical students have acquired about various pathologies, but 
which they have not yet mastered sufficiently to distinguish accurately.  

The COVID-19 pandemic has had a considerable impact on the entire population by 
inducing high psychological stress and heightened everyone's attention to the specific 
symptoms of the coronavirus and the fear of becoming ill for oneself or one's loved ones. The 
main causes of the onset of somatic symptoms during the pandemic period were isolation at 
home, the internet, social networks and those around (family, friends, acquaintances) 
disseminating information about the symptoms, effects, spread and number of people 
infected with the new virus. 
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Abstract 

1.Background/Objectives: Diabetes mellitus (DM) is a chronic, non-communicable disease with 
significant systemic and oral health complications. Early, non-invasive diagnostic approaches, such as salivary 
biomarker analysis, could improve management and reduce associated complications. Salivary alpha-amylase has 
emerged as a promising biomarker due to its role in glycemic control and stress-related sympathetic activation. 
This study aims to evaluate salivary alpha-amylase levels as potential biomarkers for type 2 diabetes mellitus 
(T2DM) and explore their correlation with clinical parameters.2. Methods: A cross-sectional study was conducted 
involving 40 participants (20 T2DM patients and 20 controls). Saliva samples were collected and analyzed for 
alpha-amylase using ELISA. Data on oral health, body mass index (BMI), glycated hemoglobin (HbA1c), and total 
cholesterol were also collected.3. Results: Salivary alpha-amylase levels were significantly higher in T2DM patients 
(mean: 177.86 μ/L) compared to controls (mean: 90.98 μ/L, p = 0.001). Poorer oral health, higher BMI, and 
increased cholesterol levels were observed in diabetic participants. HbA1c levels revealed suboptimal glycemic 
control in a subset of patients.4. Conclusions: Salivary alpha-amylase shows potential as a non-invasive biomarker 
for T2DM diagnosis and monitoring. The findings emphasize the need for integrated medical and dental 
management to address systemic and oral health challenges in diabetes. Further research is needed to validate and 
standardize salivary diagnostic tools. 

Keywords: diabetes, salivary amylase, oral health, saliva, biomarker 
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INTRODUCTION 

Diabetes mellitus is a chronic, non-communicable disease that is progressing at an 
accelerated rate worldwide. The morbidity and mortality associated with diabetes are due to 
the persistent increase in hyperglycemia and the manifestation of associated complications, 
such as cardiovascular disorders, nephropathy, retinopathy, neuropathy, and lower limb 
amputations. Regular testing for prevention, early diagnosis, and decisive management of 
diabetes have become critical to reducing the global incidence of the disease. Additionally, 
people with diabetes are at a significantly higher risk of developing infections, which greatly 
reduces life expectancy. In the oral cavity, complications such as xerostomia, gingivitis, 
periodontitis, dental caries, and delayed healing of all oral lesions are commonly observed. 
According to recent data from the International Diabetes Federation (IDF), 463 million adults 
are living with diabetes. This represents 9.3% of the global adult population. The total number 
is projected to reach 578 million by 2030 and 700 million by 2045 [1].  

The intricate connections between oral health and systemic diseases, including 
diabetes mellitus, emphasize the critical role of maintaining periodontal health for overall 
well-being. Diabetes, as a chronic and rapidly escalating global condition, exacerbates the risk 
of periodontal disease by altering the oral environment through mechanisms such as 
impaired immune response, increased inflammation, and delayed healing. Factors such as 
age, systemic conditions, and tobacco use further compound this vulnerability, intensifying 
both periodontal and systemic disease manifestations. These shared risk factors also create 
common pathways linking periodontal disease with major noncommunicable diseases, 
including cardiovascular disease, cancer, chronic respiratory disease, and diabetes itself. 
Recognizing the oral cavity as a “window to general health” underscores the undeniable 
relationship between oral and systemic health. Improving oral health literacy and promoting 
preventive behaviors are essential for mitigating oral diseases and their systemic implications. 
Given the shared risk factors between oral and systemic diseases, studying salivary 
biomarkers offers valuable insights into health parameters, particularly in populations 
affected by Type 2 diabetes [2]. 

Blood analysis is considered the only conventional method for evaluating biological 
control. However, blood sampling is invasive, which can lead to complications such as 
psychological stress and anxiety for most patients. Currently, research is focusing on non-
invasive techniques, such as diagnosing type II diabetes mellitus using saliva. Saliva 
collection is a safe and low-risk method that reduces the potential for virus transmission. As a 
result, saliva stands out as an innovative, non-invasive, and simple tool for disease diagnosis. 
It holds the promise of becoming a practical alternative to conventional diagnostic methods, 
such as serum or urine tests, in the future [3]. Saliva analysis offers several advantages: it is 
cost-effective, easy to collect, transport, and store. Saliva is a heterogeneous oral fluid 
composed of numerous constituents that play a crucial role in maintaining oral health 
homeostasis. Studies show that both the composition and function of saliva are influenced by 
local and systemic changes. Therefore, salivary molecules could serve as strong indicators for 
predicting, monitoring, and diagnosing systemic and local disorders. Early diagnosis can 
prevent or delay long-term health complications in individuals with type II diabetes. If 
undiagnosed and/or untreated, diabetes significantly impacts quality of life. Consequently, 
various biochemical parameters of saliva can be investigated, such as glucose, salivary 
amylase, and immunoglobulin A [4].  

The validation of salivary biomarkers in terms of accuracy, sensitivity, specificity, and 
reliability is essential for advancing personalized approaches to the prevention and treatment 
of systemic comorbidities, such as type 2 diabetes mellitus (T2DM). This validation could also 
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impact oral health and host response parameters. T2DM is a chronic metabolic disorder 
associated with various oral manifestations, including poor periodontal health and changes in 
salivary composition. Altered protein concentrations detected in the saliva of individuals with 
diabetes have been proposed as useful tools for identifying T2DM. However, it remains 
unclear whether salivary protein biomarkers can reliably differentiate between a 
periodontally healthy T2DM individual and one with periodontitis as part of routine clinical 
diagnosis [5]. 

Traditional methods for monitoring glycemic levels, such as measuring blood glucose 
and glycated hemoglobin (HbA1c), rely on invasive techniques like venous puncture and 
capillary blood sampling. While accurate, these methods are time-consuming, potentially 
stressful, and less practical for frequent or immediate use. Point-of-care (POC) testing offers a 
faster alternative by enabling specimen analysis directly at or near the site of patient care, 
reducing delays in clinical decision-making. However, invasive procedures may still induce 
stress, particularly in younger populations or those with neuropsychiatric disorders, which 
can exacerbate hyperglycemia. Non-invasive approaches, such as salivary diagnostics, 
provide a promising solution for overcoming these limitations. Salivary glucose levels, 
typically ranging from 0.5 to 1 mg/dL, increase after food intake and correlate well with 
blood glucose and HbA1c levels under both stimulated and unstimulated conditions. Other 
salivary markers, such as fructosamine glycated proteins and salivary amylase, also show 
strong associations with glycemic control. Salivary amylase, a key enzyme in starch digestion, 
plays an important role in postprandial glucose regulation. Higher salivary amylase activity 
is linked to lower blood glucose levels following starch intake, likely due to increased insulin 
secretion. Furthermore, salivary amylase is sensitive to stress, serving as a marker of 
sympathetic nervous system activation, and may reflect stress-related glycemic changes in 
diabetes patients. Despite these advantages, salivary glucose testing can be influenced by 
factors such as oral bacterial flora, hydration, and certain medications, potentially affecting 
accuracy. This underscores the need for further exploration of alternative salivary biomarkers 
for diabetes management. Advances in salivary diagnostics hold significant potential for non-
invasive, accessible, and efficient monitoring of glycemic control, but additional research is 
required to validate these methods and address their current limitations [6]. 

Aim and objectives 

This study aims to explore the potential of salivary alterations as a diagnostic tool for 
type 2 diabetes mellitus by analyzing the composition and characteristics of saliva in 
individuals with diabetes and comparing these findings to a control group. The primary 
objective is to assess salivary amylase levels to evaluate their potential as biomarkers for type 
2 diabetes diagnosis, while secondary objectives include correlating salivary markers with 
clinical and laboratory parameters such as glycated hemoglobin, body mass index (BMI), and 
total cholesterol. By integrating demographic and clinical data collected through 
questionnaires, the study also investigates the influence of lifestyle factors and medical 
history on salivary changes. This research aspires to propose a non-invasive, efficient 
alternative to traditional blood glucose testing, advancing accessible diagnostic methods and 
improving clinical management to reduce complications associated with diabetes. 

MATERIAL AND METHODS 

The investigation of salivary amylase alterations in patients with type 2 diabetes was 
conducted as part of a comprehensive research project at the Oral Health Clinic, Faculty of 
Dentistry, Timișoara, between 2023 and 2024. To ensure the scientific integrity and ethical 
compliance of the study, the research protocol underwent a thorough review by the 
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University’s Ethics Committee. This cross-sectional study was carried out at the Translational 
and Experimental Clinical Research Center for Oral Health, within the Clinic of Preventive, 
Community Dentistry and Oral Health at the "Victor Babeș" University of Medicine and 
Pharmacy, Timișoara, Romania. The study involved the collection of saliva samples from 40 
participants under standardized conditions. 

The study adhered to the ethical guidelines set forth in the Declaration of Helsinki 
(1964) by the World Medical Association. Ethical approval was granted by the Ethics 
Committee of the "Victor Babeș" University of Medicine and Pharmacy, Timișoara, Romania 
(approval number 34/2018). Participation in the study was entirely voluntary, and informed 
consent was obtained from all participants. As the study involved the completion of a 
questionnaire containing personal data and the collection of biological samples, written 
consent was obtained from all participants before their inclusion in the research.  

Initially, a group of 53 patients was selected for inclusion in the study. Subsequently, 
after applying the appropriate exclusion criteria, the number of participants was reduced to 
40, who served as the source of data for the present study. Careful consideration was given to 
selecting subjects within the same age group and from the same geographical area to ensure 
the consistency of the data analyzed (Figure 1). 

 

 
Figure 1. Schematic diagram of the workflow 

 

The inclusion and exclusion criteria were established in accordance with the objectives 
and purpose of the research. To be eligible for inclusion in the study, participants had to meet 
the following inclusion criteria: they needed to be within a predefined age range, diagnosed 
with type 2 diabetes mellitus according to relevant international criteria, and willing to 
provide informed consent for participation in the study. 

The exclusion criteria included the presence of other metabolic or endocrine disorders 
that could affect salivary composition, the use of medications that might influence salivary 
secretion, or any other conditions that could interfere with the collection and interpretation of 
salivary data. 

By applying these criteria, it was ensured that the participants selected for the study 
represented a homogeneous group, suitable for the evaluation of salivary changes associated 
with type 2 diabetes.  
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To collect general information about the subjects, such as age, sex, type of diabetes 
diagnosis, and disease duration, a questionnaire was used in the first stage of the study. 
Additionally, the presence of other systemic conditions, ongoing treatments, and the subjects' 
smoking history was investigated, thus supplementing the obtained data with relevant 
information regarding their lifestyle and general oral health status. Furthermore, body mass 
index (BMI) was determined and blood analyses were performed to assess glycated 
hemoglobin, blood glucose levels, and total cholesterol. These additional data allow for a 
more comprehensive understanding of the participants' health status and the potential 
correlations between the various variables investigated. 

In the second stage, the experimental phase, saliva samples were collected to 
determine salivary amylase levels. The collection took place between 06:00 and 08:00 in the 
morning, before performing oral hygiene and without prior consumption of food or liquids. 
Special containers, called Salivettes, were used for saliva collection, with a minimum sample 
volume of 1 ml required for each sample. The collection process involved opening the 
Salivette container to expose the internal absorbent pad, which was not touched by hand 
(Figure 2). The pad was then placed directly in the oral cavity by gently tilting the container 
and chewed lightly for 2 minutes to allow it to become saturated with saliva. Afterward, the 
pad was placed back into the container without being touched and the container was securely 
sealed. Subsequently, the samples are stored in a cryogenic environment at low temperatures 
before being transported to a specialized laboratory for analysis. Saliva was then analyzed 
using the ELISA method, a biochemical test that employs a solid-phase enzyme immunoassay 
to detect a ligand in a liquid sample, utilizing antibodies specific to the protein to be 
measured. ELISA is widely used as a diagnostic tool in medicine. 

 

 
Figure 2. Salivette – containers for saliva sample collection 

 

The data were entered into a computer (MS Office 2010, Excel spreadsheet) and 
subjected to statistical analysis using the SPSS statistical software package (version 23). To 
measure statistically significant differences between the two groups, the independent samples 
t-test and the Chi-square test were used. 

RESULTS 

The study cohort consisted of 40 participants, divided equally into two groups: 20 
individuals with type 2 diabetes and 20 non-diabetic controls. Within the diabetic group, 12 
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participants were women, with an average age of 45.3 years, and 8 were men, with an average 
age of 41.7 years. In comparison, the non-diabetic group included 11 women, with an average 
age of 44.4 years, and 9 men, with an average age of 45.1 years. The age distribution between 
the two groups was relatively similar, with no significant differences in average age, ensuring 
comparability for further analyses. The balanced gender distribution and similar age ranges 
across both groups helped minimize demographic variability, allowing for a more focused 
assessment of the specific parameters being studied. This alignment strengthens the validity 
of the comparisons drawn between diabetic and non-diabetic individuals, particularly when 
examining salivary biomarkers, clinical metrics, and other related health parameters. The 
demographic characteristics of the diabetic and control groups, based on responses collected 
from questionnaires, are presented in Table 1.  

The duration since diagnosis of diabetes was 11 ± 8 years. Blood glucose levels were 
261 ± 131 mg/dL. Data obtained from the diabetic patients were compared with a control 
(non-diabetic) group consisting of 20 subjects, including 11 women and 9 men. The mean 
(±SD) blood glucose levels in this group were 92 ± 9 mg/dL. 

Table 1 shows the distribution of study subjects, indicating that 20 subjects with 
diabetes and 20 subjects in the normal group were included. 

 
Table 1. Distribution of study subjects in the Diabetes and Non-Diabetes group 

No. Study Group Type 2 Diabetes  Average Age Non-diabetes Average Age 

1. Women 12 45.3 11 44.4 

2. Men 8 41.7 9 45.1 

Total  20  20  
 

In the studied sample, two distinct groups were analyzed: one consisting of 
individuals with diabetes and the other of individuals without diabetes. The average age of 
the diabetic group is 43.5 years, with a standard deviation of 1.8 years, indicating moderate 
variability in ages within this group. In contrast, the non-diabetic group recorded a slightly 
higher average age of 44.7 years, but with a significantly smaller standard deviation of only 
0.35 years. This suggests greater homogeneity in terms of age within the non-diabetic group. 
These data indicate that, although the average age is similar between the two groups, the age 
variability is considerably lower among individuals without diabetes (Table 2). 

 
Table 2. Descriptive table with age and standard deviation for the studied sample 

No. Sample Average Age Standard deviation 

1. DIABETIC 43,5 1,8 

2. NON DIABETIC 44,7 0,35 
 

Table 3 presents the comparison of salivary alpha-amylase levels between diabetic 
patients and healthy subjects, showing a statistically significant difference between the two 
groups (p < 0.05). 

 
Table 3. Comparison of salivary alpha-amylase levels between diabetic patients and healthy subjects using the 
independent samples t-test 

No. Sample Mean Standard Deviation p Value 

1. DIABETIC 177.86 72.17 0.001* 

2. NON-DIABETIC 90.98 44.17 0.001* 
 

Another important factor that was analyzed based on the questionnaire was the oral 
health. The results show that diabetic patients mostly visit the dentist 2-3 times, or even 4 
times a year, while healthy subjects typically visit the dentist 1-2 times a year. This suggests 
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that oral health is poorer among diabetic patients. One reason for this is the reduced salivary 
flow, which consequently increases the incidence of dental caries. Regarding the frequency of 
dental hygiene, the majority of diabetic patients brush their teeth once a day; 4 out of 20 
reports brushing twice a day. In contrast, among the healthy subjects, 10 brush once a day, 
and 10 brush twice a day. All diabetic patients, as well as healthy subjects, use fluoride 
toothpaste and auxiliary hygiene tools, either a water flosser or dental floss. 

As is well known, type 2 diabetes is associated with certain oral manifestations, such 
as dry mouth, halitosis, dental mobility, spontaneous or brushing-induced gum bleeding, 
fungal infections, and taste alterations. Based on the responses from diabetic patients, we find 
that 11 of them report experiencing dry mouth and bad breath, 6 have dental mobility, and 16 
patients complained of gum bleeding, with the majority occurring during brushing, and only 
a few spontaneously (Figure 3). When comparing these responses with those of healthy 
subjects, we find that only 7 out of 20 healthy subjects report minor gum bleeding, which is 
exclusively caused by tooth brushing. Among healthy subjects, xerostomia (dry mouth) is 
present in 2 individuals, while dental mobility is absent (Figure 4). 

 

 
Figure 3. Description of the diabetic patient sample based on oral manifestations 

 

 
Figure 4. Description of the non-diabetic patient sample based on oral manifestations 

 

The age, weight, and height of both diabetic patients and healthy subjects were 
recorded, allowing for the calculation of Body Mass Index (BMI) for each participant. A graph 
was generated to facilitate a comparative analysis of the results. The data revealed a 
significant difference in BMI values between the groups. Notably, none of the diabetic 
patients had a BMI below 25, which is considered within the normal range. Within the BMI 
range of 25-30, six individuals were identified, comprising four women and two men. The 30-
35 BMI range showed the highest prevalence, with 13 individuals classified as overweight, 
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including eight women and five men. Only one individual was observed with a BMI 
exceeding 35 (Figure 5). 

Among the healthy subjects, a distinct distribution of BMI values was observed, 
highlighting notable lifestyle differences compared to diabetic patients. In the BMI category 
below 25, 50% of the healthy subjects, totaling 10 individuals, were classified. Within the BMI 
range of 25-30, nine individuals were identified, while one subject fell within the 30-35 BMI 
range. No individuals in the healthy group had a BMI exceeding 35 (Figure 5). 

 

 
Figure 5. Description of the diabetic and non-diabetic patient sample based on body mass index 

 
Glycated hemoglobin was analyzed in diabetic patients, as this test is routinely 

conducted as part of their clinical management. Glycated hemoglobin serves as a critical 
marker for assessing long-term glycemic control in individuals with diabetes. Normal values, 
indicative of well-controlled diabetes, range between 6-7%. Values exceeding 7% suggest 
inadequate glycemic control, potentially due to factors such as non-adherence to prescribed 
antidiabetic medication or dietary recommendations. A comparative graph was generated 
based on the results obtained from the diabetic patients. The analysis revealed that the 
majority of patients (17 individuals) had glycated hemoglobin levels within the target range 
of 6-7%. Conversely, three patients were found to have glycated hemoglobin levels exceeding 
7%, reflecting suboptimal glycemic control (Figure 6). 

 

 
Figure 6. Description of the diabetic patient sample based on glycated hemoglobin levels 
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Total cholesterol levels were analyzed in both diabetic patients and healthy controls to 
compare values between the groups and explore the potential influence of type 2 diabetes on 
this parameter. The aim was to assess whether diabetes impacts cholesterol levels and to 
correlate these findings with health status. Among the diabetic patients, six individuals were 
found to have total cholesterol levels within the range of 200-240 mg/dL, which is considered 
borderline normal. However, 14 patients exhibited cholesterol levels exceeding 240 mg/dL, 
indicating hypercholesterolemia. In contrast, the healthy control group presented markedly 
different results: five individuals had cholesterol levels in the range of 200-240 mg/dL, while 
the majority, 15 individuals, had cholesterol levels below 200 mg/dL, considered optimal. 
These findings highlight a significant disparity in cholesterol levels between diabetic and 
healthy individuals. 

 

 
Figure 7. Description of the diabetic and non-diabetic patient sample based on total cholesterol levels 

DISCUSSIONS 

This study highlights the potential of salivary diagnostics as a non-invasive, cost-
effective, and practical approach to evaluating type 2 diabetes mellitus (T2DM) and 
associated complications. The analysis of salivary alpha-amylase levels revealed significantly 
higher concentrations in diabetic patients compared to healthy controls, supporting the 
hypothesis that salivary biomarkers can serve as reliable indicators of glycaemic status. These 
findings align with previous research, demonstrating that salivary amylase levels correlate 
with blood glucose and glycated haemoglobin (HbA1c) levels, thereby offering a non-invasive 
alternative to traditional blood-based diagnostic methods [7,8]. Importantly, the observed 
increase in salivary amylase levels among diabetics underscores its potential utility in routine 
clinical monitoring and early detection of diabetes. 

Salivary amylase begins the hydrolysis of starch in the mouth, accounting for no more 
than 30% of the total hydrolysis of starch. Since salivary amylase is inactivated by an acidic 
pH, no significant carbohydrate hydrolysis occurs in the stomach. Acinar cells, which 
produce salivary amylase, are innervated by both sympathetic and parasympathetic 
pathways. Activation of the sympathetic nervous system increases amylase synthesis, thereby 
increasing the concentration of amylase in saliva, while parasympathetic activity increases the 
rate of salivary flow with little or no effect on amylase synthesis. Salivary amylase is 
associated with the autonomic system and is involved in glycemic digestion, making it a 
promising biomarker for evaluating and monitoring diabetes mellitus [9]. Blood glucose 
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levels after starch consumption are influenced by genetic differences in salivary amylase, an 
enzyme that breaks down dietary starch. Higher salivary amylase activity is associated with 
lower blood glucose levels. In fact, individuals with high salivary amylase concentrations 
have had significantly lower blood glucose responses after starch ingestion compared to 
individuals with low enzyme concentrations, with this difference being mediated by 
increased plasma insulin concentrations in individuals with high enzyme levels [9]. 

Salivary alpha-amylase has been identified as a marker of sympathetic nervous system 
activity and stress. Its activity increases under sympathetic autonomic stimulation, making it 
a potential indicator for evaluating glycemic control in pathological conditions like diabetes 
mellitus (DM), where stress plays a role in glycemic fluctuations. Measuring salivary amylase 
provides a non-invasive method for monitoring stress-mediated changes in diabetic patients 
[10,11]. Key techniques for measuring salivary amylase include enzyme-linked 
immunosorbent assays (ELISA) and colorimetric methods, with the Phadebas® method being 
particularly accurate and user-friendly. Saliva collection methods can significantly influence 
the results, as factors like diurnal variations, saliva collection schedules, and techniques (e.g., 
cotton swabs vs. flow collection) affect amylase measurements. Studies have reported 
conflicting results regarding salivary amylase levels in diabetic patients, with some showing 
reduced levels due to autonomic neuropathy and microvascular complications, while others 
found increased levels linked to altered glucose regulation mechanisms. These discrepancies 
may stem from variations in sample collection, disease duration, comorbidities, and 
medication use. Hyperglycemia impacts salivary gland function, reducing salivary flow and 
altering composition, leading to oral health issues such as dry mouth, infections, caries, and 
mucosal changes. Saliva's biochemical profile, including glucose, proteins, electrolytes, and 
enzymes like amylase, reflects systemic changes in diabetes and can be used for disease 
diagnosis and management [12-16].  

The present study observed higher salivary alpha-amylase levels in diabetic patients 
compared to healthy controls, supporting its potential as a biomarker. The increase is likely 
due to glucose regulation mechanisms involving the pancreas and salivary glands, 
highlighting the interconnectedness of systemic and oral health in diabetes. Further research 
is needed to standardize methodologies and validate salivary biomarkers for clinical use. In 
this study, the mean total salivary alpha-amylase level in diabetic subjects was 177.86 μ/L, 
while in normal subjects it was 90.98 μ/L, a difference that was statistically significant 
(p=0.001). These results are consistent with the study conducted by Panchabhai AS and 
colleagues, who measured salivary glucose, salivary alpha-amylase, total salivary proteins, 
and salivary flow rate in diabetic patients in India. The results of that study showed a 
decrease in salivary alpha-amylase levels in patients with controlled diabetes who were under 
treatment, compared to normal subjects [17]. In the present study, an increase in salivary 
alpha-amylase levels was found in patients newly diagnosed with diabetes mellitus. This 
finding could explain why an increase in salivary alpha-amylase levels was observed in our 
study. The results are in line with those of the study by Pal and colleagues, who 
demonstrated a significant positive correlation between salivary alpha-amylase levels and 
total proteins in diabetic patients. Furthermore, the present study aligns with the research 
conducted by Malathi and colleagues, who investigated salivary alpha-amylase as a 
diagnostic tool for early-stage diabetic patients. In that study, the average salivary alpha-
amylase level in diabetic patients was 2739.48 μ/L, compared to 1740.38 μ/L in the normal 
group. In our study, newly diagnosed diabetic patients were evaluated for salivary alpha-
amylase levels, and the results showed that the level of salivary alpha-amylase was higher in 
men than in women [16].  

Salivary alpha-amylase is a component of saliva whose level does not change with 
age. Ben-Aryeh and colleagues found lower levels of alpha-amylase in older individuals, 
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while others observed no significant differences or even reported elevated levels of this 
enzyme. Salivary alpha-amylase is primarily produced by the parotid glands and is 
considered a marker of parotid saliva. It has been reported that these glands can maintain 
their secretory function throughout human life, which may explain the results obtained in our 
study, where no significant differences in alpha-amylase levels were found between younger 
and older individuals. Differences in results may be attributed to varying methodologies, 
different age groups, and/or whether saliva was collected in a stimulated or unstimulated 
state. Another factor that may influence results is stress, which is inherently present in dental 
practice and can be induced in patients by routine dental procedures or even by regular 
check-ups. It is known that stress increases salivary alpha-amylase levels [18]. 

The replacement of blood tests with other non-invasive samples, such as saliva, is 
increasingly being proposed for a variety of pathologies and is especially useful for patients 
with neurocognitive disorders or children, for whom blood collection is very stressful. This is 
primarily due to the fact that saliva tests are cheaper than blood tests, they are non-invasive 
and easy to store. Additionally, saliva is less infectious than blood, easier to handle in 
diagnostic procedures, and does not coagulate [19].  

The study also explored the broader implications of T2DM on oral health. Diabetic 
participants reported significantly higher rates of oral manifestations, such as xerostomia, 
gum bleeding, halitosis, and dental mobility, compared to their non-diabetic counterparts. 
These symptoms are consistent with the well-documented impact of hyperglycemia on 
salivary gland function and periodontal health, which predispose individuals with diabetes to 
oral infections and delayed wound healing [20,21]. The reduced salivary flow observed in 
diabetic patients contributes to an increased risk of dental caries and periodontal disease, 
further emphasizing the interconnectedness of systemic and oral health. Notably, the frequent 
dental visits among diabetic patients, as opposed to the healthy controls, highlight the 
heightened need for oral healthcare interventions in this population. 

BMI and cholesterol levels provided additional insights into the systemic health 
disparities between diabetic and non-diabetic individuals. None of the diabetic participants 
had a BMI below 25, with the majority falling within the overweight or obese categories. This 
contrasts sharply with the non-diabetic group, where a substantial proportion maintained a 
normal BMI. These results underscore the strong association between obesity and diabetes, 
with obesity acting as a significant risk factor for insulin resistance and glycemic 
dysregulation [22]. The cholesterol analysis revealed a similar trend, with a high prevalence 
of hypercholesterolemia among diabetic patients, further corroborating the increased 
cardiovascular risk associated with diabetes. This highlights the need for comprehensive 
management strategies that address not only glycemic control but also lipid profile 
optimization and weight management [23]. 

Glycated hemoglobin analysis provided a valuable measure of long-term glycemic 
control among diabetic participants. While most individuals achieved HbA1c levels within 
the target range of 6-7%, a subset exhibited levels exceeding 7%, indicative of suboptimal 
glycemic control. This finding points to potential challenges in treatment adherence, dietary 
regulation, or medication efficacy, necessitating a personalized approach to diabetes 
management. The significant variability in glycemic control observed in the study population 
underscores the importance of early detection and continuous monitoring of diabetes to 
mitigate long-term complications [24].  

Oral manifestations of type 2 diabetes can be prevented through several approaches, 
including ensuring proper brushing and flossing behaviors, encouraging patients to visit the 
dentist for routine check-ups, and controlling blood glucose levels. Many patients with 
diabetes are unaware of the relationship between diabetes and oral health. There is a lack of 
awareness about the importance of maintaining among diabetic patients. Furthermore, only a 
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small percentage of patients diagnosed with diabetes visit the dentist for regular periodontal 
checks. It is assumed that every diabetic patient is at risk for periodontal disease and should 
be referred for periodontal screening and educated about the importance of oral health and 
regular dental visits. It has been reported that more than 90% of patients with diabetes 
mellitus (DM) experience oral manifestations due to the lack of regular dental check-ups. It 
has been suggested that individuals with higher educational levels are more concerned about 
the prevention and control of the disease. Therefore, providing education will increase 
awareness, which will help prevent oral complications of diabetes [25,26]. Involvement of oral 
health professionals in the strategies for identifying individuals at risk of diabetes mellitus 
will strengthen the preventive and screening efforts needed to prevent oral diseases. 
Treatment outcomes can be improved if dental practitioners are aware of the dental 
implications and risk factors of diabetes mellitus. Diabetic patients should be encouraged to 
visit the dentist to reinforce and educate them on oral health information through diabetes 
and dental care centers. Systemic health is closely linked to oral health, especially in diabetic 
individuals, which increases the need for collaborative dental and medical management of the 
patient. To improve the general and oral health of diabetic patients, a collaborative 
relationship should be developed between patients, physicians, and dentists [27,28].  

Finally, the study demonstrated the utility of integrating demographic, clinical, and 
lifestyle data to provide a holistic understanding of the interplay between systemic and oral 
health in diabetes. The use of questionnaires to collect data on oral hygiene practices, medical 
history, and systemic health parameters further enriched the analysis, providing a 
comprehensive picture of the multifaceted impact of T2DM. The promising results obtained 
from salivary diagnostics suggest a shift toward non-invasive diagnostic modalities, which 
could improve patient compliance and accessibility, particularly in resource-limited settings 
[29]. 

Further research is warranted to validate these findings across larger populations and 
diverse settings, as well as to address potential limitations, such as the influence of oral 
bacterial flora and hydration status on salivary marker accuracy. 

CONCLUSIONS 

In conclusion, this study supports the viability of salivary biomarkers as diagnostic 
and monitoring tools for T2DM while highlighting the broader systemic and oral health 
challenges faced by individuals with diabetes. The findings underscore the importance of a 
multidisciplinary approach to diabetes management, integrating medical, dental, and lifestyle 
interventions to improve patient outcomes. 
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Abstract 

1.Background/Objectives: Nowadays, when aesthetic appeal holds unprecedented significance, a 
paramount aspect is a radiant, healthy smile. The purpose of the study was to demonstrate the influence of 
different whitening toothpastes on tooth-colour. 2.Methods: 25 caries-free premolars, extracted for periodontal 
reasons, after signing informed consent, were randomly divided in 5 groups after soaking them into. Using a  
spectrophotometer the cervical tooth colour was measured. Each group was soaked into espresso coffee, for 72 
hours. Each group was underwent a cleaning procedure using 3 different kinds of whitening toothpastes, 
professional airflow and sodium bicarbonate powder. 3.Results: All sample teeth lightened up by at least one 
nuance. Group 1 has stained from the initial color 2 shades up. After brushing with Colgate Advanced white the 
color has improved one shade down.  Group 2 was brushed with Colgate Max. improving the initial color by 1 
shade. Group 3 has gained approximately its initial color with the Splat extreme white toothpaste. Groups 4 and 5 
were not treated with conventional toothpaste but with sodium bicarbonate and airflow. Group 4 stained up 2 
shades and improved one shade after brushing with sodium bicarbonate. 4.Conclusion: All whitening substances 
had a direct whitening effect on the tooth color. 

Keywords: tooth-whitening, airbrushing, airflow, enamel, spectrophotometer 
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INTRODUCTION 

Nowadays, in an era where aesthetic appeal holds unprecedented significance, a 
paramount aspect is a radiant, healthy smile. It frequently stands out as the initial point of 
attention during conversations. A luminous smile plays a pivotal role in crafting a favourable 
first impression, thereby exerting a profound influence on one's social interactions. The 
outward appearance serves as a symbolic introduction to society. Numerous methods can be 
employed to fulfil this desire. Among the most prevalent options are whitening toothpastes, 
which aid in brightening the shade of teeth and eliminating discolouration. Their popularity 
stems from their widespread availability, user-friendly nature, easy accessibility, and 
affordability. [1] Most of the whitening toothpastes make use of mild abrasive particles that 
help to polish the enamel surface. [2] They remove surface stains caused by highly pigmented 
food and drinks like red wine or tea. Habits such as smoking or chewing tobacco can tarnish 
teeth with frequent use. The fine particles in whitening toothpaste are more delicate 
compared to those in regular toothpaste, allowing for a gentle removal of surface stains 
without causing harm to the tooth enamel. 

Enamel being the outermost layer of the tooth, serves as a barrier and is a protective 
component. It is the strongest tissue in the human body, but it is incapable of regenerating. So 
once it's lost, it cannot rebuild.  

Whitening toothpastes have several ways of reacting. As already mentioned, one of 
the most used processes is the use of abrasives (mechanical mechanism). [2] These small 
particles work by physically polishing the tooth surface to remove extrinsic stains that make it 
appear in a brighter shade. [1;2] 

Another technique makes use of chemical agents or enzymes that help to break down 
and dissolve surface stains. Also, some pastes help to prevent stain build-up. The ingredients 
work by creating a protective barrier on the tooth surface which makes it more difficult for 
new stains to adhere to the enamel [3]. 

Tooth whitening through toothpaste is not compatible with everybody and can even 
worsen the situation. The appearance of the tooth color has multiple factors. It depends on the 
thickness and the translucency of the enamel, in the case of having thin enamel and then 
brushing your teeth with abrasive whitening toothpastes, the enamel thinners even more 
through abrasion [3]. The teeth can get even more yellowish and teeth can start to develop 
sensitivity. Other important factors that influence the color of teeth are genetics, age, lifestyle 
and general dental health. 

Aim and objectives 

People from all over the world consider white healthy teeth are desirable and 
beautiful, making it an important international topic. White teeth are a sign of health and 
youthfulness and reflect attractiveness. In this study different whitening tooth paste are 
compared as well as the professional air flow system and the home remedy sodium 
bicarbonate to see which method has the greatest impact on the tooth appearance. 

The purpose of the study is to demonstrate the influence of different whitening 
toothpastes on the color of extracted teeth. 

MATERIAL AND METHODS 

The experimental study shows a comparison between the effectiveness of different 
whitening tooth pastes and between professional dental hygiene performed by airflow versus 
the popular home remedy baking powder. The results were evaluated using a 
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spectrophotometer under natural light. For this study 25 extracted premolars were randomly 
divided in 5 groups. These caries free teeth were extracted from patients who had to undergo 
dental extraction due to severe periodontitis and previously gave the informed consent to use 
the teeth for research purposes. With the help of the spectrophotometer the tooth color was 
measured on the cervical part of the tooth. The teeth were cut along the long axis with a 
diamond-coated conical bur, from coronal to apical between the cusps. Both halves of each 
tooth were placed in espresso coffee (Julius Meinl) for a time of 72 hours. After being stained 
in coffee, the color was measured again with the spectrophotometer. One half of each stained 
tooth was selected to conduct the brushing experiment.  The contra-angle hand-piece was 
used for brushing the samples for 30 seconds with the respective whitening medium. Finally, 
a new measurement was taken with the spectrophotometer under natural light.The teeth have 
been treated with 3 different kinds of whitening toothpastes (Colgate, splat), professional 
airflow and sodium bicarbonate powder. Each product was tested on 4 extracted teeth that 
were previously soaked in espresso coffee, for 72 hours, followed by brushing for 30 seconds. 
The following products were used for whitening: 

1. Colgate Advanced White. Promises whiter teeth in 10 days, (fluoride content 
1450ppm). Ingredients: Aqua, hydrated silica, sorbitol, PEG-12, Aroma, Sodium Lauryl 
sulfate, xanthan gum, potassium hydroxide, cellulose gum, tetrasodium pyrophosphate, 
phosphoric acid, sodium fluoride, benzyl alcohol, sodium saccharin, sodium bicarbonate, 
volcanic ash, charcoal powder, limonene, Cl 74160 

2. Colgate Max White purple reveal (fluoride content 1450ppm). Promises to instantly 
correct yellow tones effect is temporary. Ingredients: Aqua, Sorbitol, Hydrated Silica, PEG-12, 
Sodium Lauryl Sulfate, Aroma, Cellulose Gum, Potassium Hydroxide, Tetrasodium, 
Pyrophosphate, Phosphoric acid, cocamidopropyl betaine, Sodium fluoride, Sodium 
Saccharin, Xanthan Gum, Hydroxypropyl Methylcellulose, Eugenol, Cl 17200, Cl 42090, Cl 
73360, Cl 74160. 

3. Splat special – extreme white. Promises intensive teeth whitening, protection against 
tooth decay and effective cleaning and polishing (fluoride content 600ppm). Ingredients: 
Aqua, Hydrogenated starch hydrolysate, Hydrated silica, Dicalium Phosphate Dihydrate, 
PEG-8, Sodium Lauryl sulfate, Hydrogenated palm oil, aroma, xanthan gum, zinc citrate, PEG 
– 200, Sodium methyparaben, Sodium Saccharin, Tetrasodium Glutamate Diacetate, Urea 
peroxide, Lecithin, PVP, Cl 77891, sodium fluoride, Cl 73360, Sodium hydroxide, Ananas 
Sativus Fruit extract, Maltodextrin, Limonene, Cl 16255. 

4. Sodium Bicarbonate (baking powder). Sodium Bicarbonate (NaHCO3) is commonly 
known as baking powder. It has a high solubility, which means an easy penetration through 
the dental biofilm and can neutralize acids. Additionally, it is known for its abrasiveness 
which makes it not recommendable. 

5. Airflow - the KaVo PROPHYfelx 4. The Kavo Prophyflex is known for its balanced 
and ergonomically designed handle and its efficiency. The product evenly distributes the 
airflow powder on the tooth surface, which makes it effective but at the same time is gentle to 
the enamel, being non-aggressive and protective. Different heads are available on the market 
for different treatment purposes. 

The “before and after” color measurements were compared with a spectrophotometer 
under natural light. A spectrophotometer is a digital device that establishes colours and 
shades. In this study the VITA Easyshade V by the German company VITA Zahnfabrik is 
used. It can be used on natural teeth but also on ceramic restorations. The producer claims 
that the determination of the tooth shade is precise, reliable and reproducible due to the LED 
technology. It has an OLED color touch display and offers wireless communication via 
Bluetooth and using VITA Assist PC software. It is an efficient and easy-to-use device with an 
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ergonomic design which makes working with this spectrophotometer very enjoyable. (4) The 
color shade was established with VITA Easyshade V on the dry cervical surface of the tooth. 

RESULTS 

After taking into consideration the initial, before and after brushing color results 
(Table 1), the results can be seen in table 1. All sample teeth lightened up by at least one 
nuance. 

 
Table 1. Comparison of shades between the procedures 

GROUP INITIAL STAINED COLOR BRUSHED 

1 A1; A2; A1; B2; B1 A3,5; A4; A3,5; B4; A3,5 A2; A3; A2; B2; B2 

2 A3; A2; A4; A3; A3 A3,5; A3; A3,5; A4; A3,5 A2; A1; A3; A2; A1 

3 A1; A2; B1; A2; A2; A3 B3; B2; B3; A3; A3,5 A1; A1; A2; A2; A2 

4 B2; B1; B2; A2; A3 B3; C4; C4; B3; A3,5 C3; B2; C3; B2; C3 

5 B1; A2; B1; B2; A1 B2; A3; B2; C3; A3 A1; A1; A2; B1; A1 

 

Group 1 has stained from the initial color 2 shades up. After brushing with Colgate 
Advanced white the color has improved one shade down. The toothpaste was not able to 
regain the initial color. Group 2 was brushed with Colgate Max. white. This toothpaste was 
able to whiten the initial color by 1 shade. Group 3 has gained approximately its initial color 
with the Splat extreme white toothpaste.  

Groups 4 and 5 were not treated with conventional toothpaste but with sodium 
bicarbonate and airflow. Group 4 stained up 2 shades and improved one shade after brushing 
with sodium bicarbonate. This shows how big the impact of coloured food and beverages is, 
that it is possible to affect the base tooth color in just as little time in which the teeth were kept 
in coffee. Sodium bicarbonate has been known for many years to be a useful home remedy to 
whiten teeth, but at the same time, it has a significant impact on tooth health, specifically on 
its enamel surface. It can lead to tooth hypersensitivity induced by the abrasive particles, 
which scratch the enamel and open dentinal tubules, making the tooth sensitive. New stains 
will stick more easily to the surface and make the tooth appear darker. Group 5 was treated 
with the professional airflow that is used in the dental office. After airbrushing the shades 
improved one number. 

DISCUSSIONS 

A more aesthetically pleasing smile has long been a common aspiration for many 
patients seeking dental procedures. The color of the teeth is widely regarded as a key 
determinant of dental attractiveness, especially in the front portion of the upper set of teeth. 
Tooth discolouration can stem from either extrinsic or intrinsic sources. Intrinsic 
discolourations arise from endogenous chromogens present within the enamel and dentin, 
whereas extrinsic discolourations are the result of exogenous chromogens binding to the 
enamel surfaces [5].  

Different techniques have been proposed for the removal of discolourations, including 
micro-abrasion, macro-abrasion, and bleaching. An optimal whitening solution should 
effectively eliminate surface deposits and stains while minimizing any adverse effects on the 
integrity of tooth enamel and restorations. However, studies have shown that toothpastes 
containing whitening agents and abrasives may lead to elevated levels of calcium release 
rates and morphological lesions on enamel [6,7]. Furthermore, dental hypersensitivity and 
enamel demineralization resulting from the low pH of certain bleaching agents have been 
documented as prevalent side effects of tooth whitening procedures [8-12]. 
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The present study refers only to the tooth color and does not give any information on 
the abrasiveness. The impact and how much the tooth surface is affected cannot be 
determined by visual appearance. The Vita Easyshade spectrophotometer utilized in this 
investigation proves to be a dependable, consistent, and quantitative instrument for 
evaluating modifications in tooth discolouration under both controlled laboratory settings 
and real-life scenarios [13]. The magnitude of ΔE signifies the comprehensive alteration in 
color, with thresholds of at least 3.3 being acknowledged as visually discernible and clinically 
identifiable by the human eye [13]. 

It is essential to note that the tooth shade does not definitively reflect its actual health 
and condition. A brighter color does not necessarily equate to better health. Moreover, this 
study only focuses on specific teeth selected for analysis, making it challenging to evaluate 
certain parameters due to variations in their initial tooth color, thus presenting a limitation. 

Sodium bicarbonate (NaHCO3) or baking soda is commonly incorporated in 
toothpaste due to its abrasive properties, which aid in removing stains. Sodium bicarbonate, 
in the form of a white powder with a pH value of approximately 8, has been found to be 
effective in whitening teeth. Some researchers suggest that abrasives like silica and sodium 
bicarbonate can eliminate surface stains but may not penetrate deeper intrinsic stains [14] and 
other studies noted a visible reduction of inherent discolourations following the utilization of 
sodium bicarbonate-infused toothpastes during mechanical brushing [5]. It is postulated that 
the utilization of CPP-ACP toothpastes mitigates the deleterious effects of whitening agents 
on tooth structure [15-20]. Some investigations posit that mineral compounds containing 
calcium and phosphate ions are more preferable than fluoride-containing compounds for use 
in bleaching products. This is due to the fact that fluoride ions tend to precipitate on the 
enamel surface, thereby obstructing further ion penetration into the subsurface lesion, 
consequently restricting deeper remineralization [15,21,22]. Interestingly, de Vasconcelos et 
al. [17] suggested that the gel containing "CPP-ACP" alone demonstrated efficacy in 
eliminating tooth discolouration. They posited that the remineralizing properties of CPP-ACP 
result in enhanced lustre and translucency of enamel, thereby contributing to a subtle 
enhancement in tooth color [17]. 

CONCLUSIONS 

Within the limitations of the present study, the conclusion that can be drawn is that all 
whitening substances that have been used have a direct whitening effect on the tooth color. 
Summarizing, the whitening effect of the toothpastes is only a change in the superficial outer 
layer of the tooth, which is achieved by mechanical abrasion of stains. 
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Abstract 

The impact of screen time on children's health is a growing concern, particularly with regard to its 
association with dietary habits and oral health. This cross-sectional study investigates the relationship between 
daily recreational screen time and the consumption of cariogenic foods, including sweets, soft drinks, fast food, 
and snacks, among Romanian children aged 1 to 6 years. A total of 121 children were enrolled, but after applying 
inclusion and exclusion criteria, 74 participants (39 boys and 35 girls) were included in the final analysis. Parents 
provided data on their children's screen time and dietary habits through a structured questionnaire. Results 
indicated a significant correlation between increased screen time and higher consumption of sugary snacks and 
beverages, contributing to the risk of dental caries. This study highlights the need for early interventions to 
promote healthy screen time and eating behaviors to improve children's oral health outcomes. 

Keywords: Toddler, Oral Health, Screen-time, Food Habits, Added sugar 
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INTRODUCTION 

The triple burden of malnutrition, comprising undernutrition, hidden hunger, and 
overweight, poses a serious threat to children's growth and development. While the 
prevalence of infant undernutrition has notably decreased, there has been a rapid increase in 
cases of overweight and obesity [1]. This suggests that malnutrition has emerged as the 
primary nutritional concern for children worldwide. The toddler stage (1-3 years) is crucial 
for shaping eating habits and food preferences [2]. The nutritional well-being of infants and 
toddlers can profoundly influence long-term health outcomes [3]. Following a nutritious diet 
can significantly mitigate the risk of malnutrition [4]. 

Childhood overweight and obesity represent significant global public health concerns 
at present. In 2019, approximately 38 million children under the age of 5, and in 2016, over 
340 million children and adolescents aged 5–19 years were affected by overweight or obesity 
worldwide [5]. In Europe, during the period spanning 2016 to 2017, the statistics remained 
equally concerning. The prevalence of overweight and obesity among children aged 6 to 9 
years ranged from 10% to 21%, with the highest rates observed in Southern European nations 
[6]. It is crucial to note that obese children are at a higher risk of experiencing health 
complications both during their childhood and later in adulthood [7-9].  

Childhood overweight and obesity stem from a blend of genetic, behavioral, and 
environmental influences [9]. These factors lead to an energy imbalance where calorie intake 
exceeds calorie expenditure [10]. The nutritional quality of children's diets is influenced by 
various factors, including gender, geographical location, parental education levels, 
socioeconomic status (SES), levels of physical activity, and duration of sleep [11,12]. 
Furthermore, children's screen time has experienced a significant surge during the COVID-19 
pandemic [13]. In recent decades, the widespread availability of various electronic media 
devices worldwide has brought attention to the complexity of recreational screen time. While 
television (TV) viewing remains prevalent among schoolchildren, activities such as video 
gaming, computer (PC) use, and ownership of devices like tablets and smartphones have 
become ingrained in daily life from an increasingly young age. 

 Nonetheless, there is a growing concern regarding the impact of screen time on the 
health of children and adolescents [14]. The screen time observed in children and adolescents 
is linked to negative health outcomes and physiological effects, such as diminished physical 
fitness and adverse impacts on both psychosocial and physical well-being [15]. The American 
Academy of Pediatrics advises that children and adolescents should limit their screen time to 
no more than 2 hours per day [16].  

Excessive screen time often correlates with poor dietary choices, including the 
consumption of high-fat, high-sugar foods and beverages, while decreasing intake of fruits 
and vegetables. These dietary patterns, coupled with metabolic disorders, can contribute to a 
higher incidence of dental caries and increased plaque accumulation. Moreover, the sedentary 
lifestyle associated with excessive screen viewing may impact oral health behaviors such as 
frequency of tooth brushing, regular dental check-ups, and overall oral hygiene practices [17]. 

The duration spent on screens could influence snacking behavior through various 
channels, including increased parental working hours leading to reduced supervision time, 
overlooking the negative impacts of poor dietary choices, and resorting to convenient options 
like mobile devices for entertainment and junk food for quick feeding [18,19]. 

 Oral health issues represent substantial concerns that not only affect the dental well-
being of children but also influence their psychosocial welfare, encompassing dental 
discomfort, anxiety, and absenteeism from school. These consequences extend beyond 
impacting individuals and families, potentially leading to increased stress and strain on 
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healthcare resources required for treatment provision [20]. Dental caries, classified by the 
World Health Organization as a significant global public health issue and the most prevalent 
non-communicable ailment, shares common risk factors like diet with other conditions such 
as obesity [21]. 

Aim and objectives 

Hence, the aim of this study is to examine the association between daily recreational 
screen time and the consumption frequency of sweets, soft drinks, fast food, and snacks 
among a group of Romanian children aged 1 to 6 years. 

MATERIAL AND METHODS 

1.1. Ethic Approvals 
The research procedures were conducted in accordance with the principles outlined in 

the Declaration of Helsinki, following the guidelines established in 2008 and the most recent 
amendment in 2013. Parental consent was obtained prior to the participation of the children 
in the study. Ethical approval was granted by the Research Ethics Committee of the Faculty of 
Medicine and Pharmacy at the University of Victor Babeș, Timișoara (IRB No. CEFMF/10, 
dated 30 May 2024). 

1.2. Study Design and Participants 
This study was conducted at the Pedodontics Dentistry Clinic, Faculty of Dentistry, 

University of Medicine and Pharmacy Victor Babeș, Timișoara, and involved a sample of 
children aged 1–6 years. Data were collected using a questionnaire administered to the 
parents, which assessed various aspects of their children's diets and screen time habits. The 
questionnaire gathered information on the duration of screen exposure—including television, 
computers, and phones—and the frequency of consumption of potentially cariogenic foods 
such as sweets, soft drinks, fast food, and snacks. This methodology aimed to explore the 
association between screen time and dietary habits within the specified age group, with a 
focus on potential implications for oral health. 

Inclusion criteria required parents to have the ability to read and fully comprehend 
the questionnaire, while children had to fall within the specified age range. Children with 
developmental disorders or medical conditions affecting dietary habits were excluded. 
Initially, 121 children aged 1–6 years were enrolled in the study; however, 47 were excluded 
due to non-compliance with inclusion criteria (e.g., developmental disorders or incomplete 
questionnaires) or missing data. This resulted in a final sample size of 74 children (39 boys 
and 35 girls). The study utilized a cross-sectional design, collecting data on screen time and 
cariogenic food consumption through a structured parental questionnaire. 

1.3. Data Collection 
Data were collected using a questionnaire divided into three sections: demographic 

and anthropometric data, screen time, and eating behavior. The questionnaire was distributed 
to parents for completion after obtaining their informed consent. It collected information on 
general demographic details, children's screen time, eating behaviors, and specific 
characteristics of the children. 

1.3.1. Demographics and Anthropometrics 
General demographic information, including gender, age, the respondent's 

relationship to the child, and their level of education, was collected through the 
questionnaire. 

1.3.2. Screen Time Assessment:  
The time children spent on various screen-based activities, including television 

watching, playing video games, and using a computer, tablet, or smartphone, was reported 
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by parents. Screen time was categorized into levels based on the World Health Organization's 
recommendations for preschool-aged children, which suggest limiting screen time to less than 
one hour per day. 

The frequency of cariogenic food consumption, including sweets, sugary drinks, and 
fast food, was assessed through the questionnaire using a 5-point Likert scale. Responses 
ranged from 1 ("never") to 5 ("always"). 

1.3.3. Cariogenic Food Consumption Assessment:  
Cariogenic food consumption was assessed using a series of questions that asked 

about the frequency of consuming various cariogenic foods and drinks, including: 
● Sugary snacks (e.g., candy, cookies, chips) 
● Sweetened beverages (e.g., soda, juice, sports drinks) 
● Refined carbohydrates (e.g., white bread, pasta, rice) 
● Processed meats (e.g., hot dogs, sausages, bacon) 
Parents were asked to report the frequency of consuming each food item, using a 5-

point scale (1 = never, 2 = rarely, 3 = sometimes, 4 = often, 5 = always). 
1.3.4. Data Analysis:  
Descriptive statistics summarized demographic data, screen time, and food 

consumption habits. Pearson’s correlation was applied to explore the relationship between 
screen time and cariogenic food intake. Children were divided into two age groups (<4 years, 
>4 years) to examine age-related differences. All analyses were conducted using R 4.3.1 
software. 

1.3.5. Age-Related Analysis:  
To examine age-related differences in the relationship between screen time and 

cariogenic food consumption, the study population was divided into two age groups: 
children younger than 4 years (n = 35) and children older than 4 years (n = 39). Separate 
correlation analyses were conducted for each age group to examine the relationship between 
screen time and cariogenic food consumption. 

1.3.6. Statistical Software: 
All data analyses were conducted using R 4.3.1 software. 

RESULTS 

The final study sample consisted of 74 children, of which 39 (52.7%) were boys and 35 
(47.3%) were girls. Among these, 65% of children exceeded the recommended screen time 
limits of less than one hour per day. Table 1 provides a summary of demographic 
characteristics, screen time habits, and dietary behavior patterns across the study population. 
Children aged 4 years and older exhibited higher screen time and a greater frequency of 
consuming sugary snacks and drinks compared to younger children. 

 
Table 1. Summary of demographic characteristics and behaviors 

 
 
The first figure (Figure 1) explores the frequency of sugary drink consumption among 

children aged ≤4 years in relation to whether they are allowed to eat during screen time. 
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Among children not allowed to eat during screen time, 6 children consume sugary drinks 
once a week, another 6 children never consume sugary drinks, 4 children consume them less 
than once a week, and 1 child consumes them several times a week. In contrast, among 
children allowed to eat during screen time, 7 children consume sugary drinks less than once a 
week, 2 children never consume sugary drinks, 2 children consume them several times a 
week, and 1 child consumes them once a week. These findings suggest a slightly higher 
frequency of sugary drink consumption among children permitted to eat during screen time. 

 

 
Figure 1. Association Between Eating Habits During Electronic Device Use and the Presence of Dental Caries in 

Children Aged ≤4 Years 

 
The second figure (Figure 2) illustrates the frequency of sweet snack consumption 

among the same groups of children. Among those not allowed to eat during screen time, 8 
children never consume sweet snacks, 6 children consume them less than once a week, 2 
children consume them once a week, and 1 child consumes sweet snacks several times a 
week. Among children allowed to eat during screen time, 9 children never consume sweet 
snacks, 1 child consumes them less than once a week, 1 child consumes them once a week, 
and 1 child consumes sweet snacks several times a week. Overall, the majority of children, 
regardless of whether they are allowed to eat during screen time, do not consume sweet 
snacks. 

 

 
Figure 2. Association Between Screen-Time Eating Habits and Sugary Drink Consumption in Children Aged ≤4 

Years 
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The third figure (Figure 3) examines the relationship between screen-time eating 
habits and the occurrence of cavities. Among children not allowed to eat during screen time, 
13 children have never had a cavity, while 4 children have had at least one cavity. Among 
children allowed to eat during screen time, 11 children have never had a cavity, and 1 child 
has had at least one cavity. These results reveal a notable difference in cavity occurrence, with 
a higher prevalence of cavities observed in children who are allowed to eat during screen 
time. 

 

 
Figure 3. Relationship Between Screen-Time Eating Habits and Sweet Snack Consumption in Children Aged ≤4 

Years 

 
For children aged > 4 years, the figures analyze the potential impact of using electronic 

devices during meals on dental health and dietary habits: Children not allowed to eat with 
devices show an equal distribution of cavity cases, with 11 having cavities and 11 not. In 
contrast, among those permitted to eat with devices, 6 have cavities, while only 3 do not. This 
indicates a potential association between eating with electronic devices and a slightly higher 
prevalence of cavities (Figure 4).  

Figure 5 highlights that children not eating with devices most often consume sugary 
drinks "less than once a week" (8) or "never" (8). On the other hand, children allowed to eat 
with devices show a higher frequency of sugary drink consumption, with 5 drinking them 
"once a week" and 3 "several times a week," suggesting a possible link between device use 
and increased sugary drink intake. Figure 6 illustrates that children not eating with devices 
tend to consume sweet snacks at moderate frequencies (6 at level 1, 8 at level 2). In 
comparison, children eating with devices are more likely to consume sweet snacks at higher 
frequencies, with fewer at the lowest level (3 at level 1) and more at the highest level (4 at 
level 4). 

Overall, these findings suggest that eating while using electronic devices among 
children aged > 4 years may be linked to unhealthier dietary habits, including increased 
sugary drink and snack consumption, as well as a heightened risk of cavities. Further research 
is needed to confirm these associations and establish causation. 
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Figure 4. Association Between Eating Habits During Electronic Device Use and the Presence of Dental Caries in 

Children Aged > 4 Years 

 

 
Figure 5. Association Between Screen-Time Eating Habits and Sugary Drink Consumption in Children Aged >4 

Years 
 

 
Figure 6. Relationship Between Screen-Time Eating Habits and Sweet Snack Consumption in Children Aged >4 

Years 
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A significant positive correlation was identified between screen time and the 
frequency of sugary snack consumption (r = 0.56, p < 0.05). This relationship was particularly 
pronounced among children older than 4 years, who were more likely to engage in unhealthy 
eating habits as screen time increased. The correlation analysis underscores that prolonged 
screen exposure is associated with higher consumption of cariogenic foods, such as sugary 
snacks and drinks. 

DISCUSSIONS 

The results of this study are consistent with prior research indicating that screen time 
is linked to unhealthy eating behaviors, including the preference for sugary snacks and 
beverages. These behaviors contribute to a higher risk of developing dental caries, which is 
one of the most prevalent chronic conditions in children. Given the increasing screen time 
among young children, especially following the COVID-19 pandemic, there is an urgent need 
for public health interventions aimed at reducing screen time and promoting healthier eating 
habits. Moreover, the role of parents in monitoring both screen time and dietary habits is 
crucial. Parental education on the impact of screen time on children’s overall health, including 
oral health, should be emphasized in health promotion campaigns. Furthermore, this study 
suggests the importance of implementing national guidelines on screen time and nutrition in 
early childhood to prevent long-term health issues.  

According to the American Academy of Pediatrics (AAP), the guidelines for screen 
time are well-defined: no screen exposure for children under 18 months, a maximum of one 
hour per day for children aged 2-5 years, and for children aged 6 and older, restrictions 
should be imposed on both the duration of screen use and the type of media accessed. 
Similarly, the WHO recommends that preschoolers should spend less than one hour per day 
in front of electronic screens [22].This study reveals that 65% of children exceed the American 
Academy of Pediatrics (AAP) and WHO recommendation by spending more than 1 hour per 
day on screens, aligning with findings from a UK survey, where 79.4% of 5-year-old 
preschoolers reported using electronic screens for more than 1 hour daily [23]. Preschoolers in 
various regions around the world exhibit differing amounts of screen time, likely due to 
variations in economic levels. This suggests that particular attention should be given to 
children's screen time in economically developed regions [24]. 

Our study identified a significant positive correlation between screen time and the 
consumption of snacks and sugar-sweetened beverages (SSBs), which is consistent with 
findings from earlier research [25]. One potential explanation for this phenomenon is that 
preschool children may inadvertently consume energy-dense, nutrient-poor foods, such as 
snacks and SSBs, while interacting with electronic screens [26]. Numerous studies have 
indicated that extended exposure to screen time is associated with a reduced intake of fruits 
and vegetables, along with an increased consumption of snacks and sugar-sweetened 
beverages (SSBs) [25]. Additionally, research conducted on Canadian children demonstrated a 
positive correlation between television viewing and the consumption of energy-dense foods 
and beverages, as well as fast food, while showing a negative correlation with fruit and 
vegetable intake [27]. Therefore, the risk of developing dental caries is significantly higher 
due to the increased consumption of sugar-sweetened foods and beverages, as indicated by 
various studies [28]. Dental caries are not the only negative effects associated with sugar 
consumption; weight gain, type 2 diabetes, and certain cancers have also been linked to 
excessive sugar intake [29]. However, the majority of these studies have concentrated on 
school-aged children and adolescents [30], or have aimed to investigate the dangers 
associated with excessive screen time [31], Only a limited number of studies have attempted 
to examine the relationship between screen time and food consumption in preschoolers [32]. 
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The preschool years are a critical stage for developing healthy eating behaviors and habits 
that play a key role in promoting long-term health into adulthood [25]. Therefore, it is 
essential to understand the current patterns of screen time in preschool children and how it 
relates to their food consumption. In Romania, there are few studies investigating the 
relationship between the use of electronic devices and eating behavior. In the future, further 
research on this topic is needed within the national context. 

CONCLUSIONS 

This study highlights a significant association between increased screen time and the 
consumption of cariogenic foods, which elevates the risk of dental caries in young children. 
As the prevalence of excessive screen time continues to rise, targeted interventions focusing 
on reducing screen time and promoting healthier dietary choices are essential. Dental health 
professionals should incorporate advice on screen time management and nutritional 
counseling into routine pediatric care to help mitigate the risk of dental caries and other 
related health conditions in children. Further research is needed to explore the long-term 
effects of early screen exposure on dietary habits and oral health outcomes. 
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Abstract 

1.Aim and objectives: The objective of this evaluation was to assess data regarding the frequency, 
guidelines, and products associated with oral hygiene (OH) in orthodontic patients. 2.Material and methods: This 
study was a analysis conducted among orthodontic patients. Thirty patients, comprising twenty-five in the fixed 
orthodontic appliance and five in the removable orthodontic cohort, satisfied the inclusion criteria. A paired t-test 
was performed on all tested variables to evaluate intra-group and inter-group differences at each observation. p 
value of < 0.05 was considered statistically significant. 3.Results: All of the patients in the control and study groups 
were comparable regarding age, gender and initial plaque and gingival indices values (p > 0.05). The eighth week 
plaque and gingival indices of the test group were also significantly lower than those of the control group (p < 
0.001). 4.Conclusions: Our findings indicate that conventional verbal and written instructional treatments are more 
effectively complemented by hands-on assisted training programs, contingent upon the orthodontist's limitations. 
A longer educational intervention correlates with improved preservation of plaque and gingival indices. 

Keywords: oral hygiene, biofilm, prevention, orthodontic patients 
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INTRODUCTION 

Malocclusion is frequently regarded as detrimental to an individual's physical, social, 
and mental health, as well as their self-esteem [1-3]. Consequently, patients seek orthodontic 
treatment to improve their aesthetics, oral functionality, psychological health, and overall 
quality of life. The primary motivation for adult patients pursuing orthodontic treatment is 
aesthetic enhancement [4]. 

Reports indicate that 40–62.4% of the population requires orthodontic treatment [5]. 
The heightened awareness of the advantages of orthodontic treatment has led to a rise in 
individuals pursuing such treatment during the past two decades [5]. The increasing demand 
for orthodontic treatment, coupled with the government's restricted capacity to provide such 
services, has facilitated the establishment of private orthodontic practices in Romania [6].  

Orthodontic patients may necessitate either detachable or fixed appliance therapy 
depending on the diagnosis and severity of their issue. The elements of fixed orthodontic 
appliances, like as brackets, may provide an aesthetically displeasing appearance, impose 
functional limitations, and cause discomfort and agony during treatment, thereby impacting 
patients' oral health-related quality of life [7]. Previous research has delineated the 
distinctions between removable and fixed orthodontic treatment devices in terms of 
aesthetics, cost, technical and dental health considerations, and patient experiences [8]. The 
pain and discomfort levels experienced by patients receiving removable and fixed dental 
appliance therapy differed among the groups [9] Furthermore, certain studies indicated a 
greater prevalence of eating disturbances in patients undergoing treatment with conventional 
fixed braces compared to those receiving detachable appliance therapy [10]. 

Orthodontic appliances will likely adversely affect oral hygiene indices due to the 
configuration and placement of both detachable and fixed devices. Nonetheless, prior studies 
yielded incongruous findings on the effects of removable and fixed braces modalities on 
dental health-related quality of life [10] The conflicting results may be linked to the limited 
sample size, necessitating studies with bigger samples. Moreover, it remains uncertain if 
patients undergoing detachable appliance therapy experience less oral health implications 
compared to those receiving fixed appliance orthodontic therapy [11].  

Dental caries and periodontal disease, the most prevalent oral disorders, are classified 
as behavioural diseases due to the essential role of adopting healthy oral habits in their 
management [12]. Literature indicates that orthodontic appliances affect the maintenance of 
oral hygiene [13]. The uneven surfaces of brackets, bands, wires, ligatures, and other 
orthodontic appliances have been demonstrated to enhance plaque accumulation and impede 
the teeth's natural cleansing processes, including the movement of the cheek muscles and 
salivary flow [14]. It is essential to acknowledge the heightened plaque accumulation induced 
by orthodontic appliances, as microbial plaque is the principal etiological factor in tooth caries 
and periodontal disorders, notwithstanding the varying pathogenic mechanisms implicated 
[15]. The literature indicates a correlation between fixed orthodontic treatment and various 
adverse conditions, including white spot lesions (WSL) resulting from dental plaque, carious 
lesions exhibiting cavitation alongside the advancement of WSL, and periodontal issues such 
as gingivitis, bleeding, and alveolar bone loss [16]. Such difficulties may extend or even 
conclude the orthodontic treatment process. The inability to mitigate the detrimental 
consequences of inadequate oral hygiene during orthodontic treatment may pose a 
considerable public health issue. Consequently, individuals receiving orthodontic treatment 
must maintain excellent oral hygiene practices and be cognizant of potential complications 
that may arise during the process.  
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Reports indicate that issues arising from plaque accumulation during orthodontic 
treatment can be mitigated with the application of appropriate dental hygiene education, 
patient awareness, and motivation tactics [15]. It is essential to assess the patient's 
perspective, disposition, and degree of compliance during the treatment process when 
evaluating the management system and the efficacy of orthodontic therapy. Patients have 
varying degrees of understanding and viewpoints concerning oral hygiene practices and the 
accompanying treatment risks. These disparities may stem from cultural shifts, accessibility of 
oral health care, and varying demographics [17]. To formulate effective oral hygiene 
programs in orthodontic treatment, it is crucial to assess the oral hygiene practices and the 
perceptions of treatment risks and attitudes towards orthodontic care among the target 
demographic. 

Aim and objectives 

This study aims to assess patients' opinions and perspectives regarding the correlation 
between orthodontic treatment and oral hygiene, as well as their oral hygiene practices. The 
comparison of oral health effects between removable and fixed orthodontic treatments 
remains a problem and requires additional evidence to inform the selection of orthodontic 
component therapy in clinical practice. This study posited that restrictions in daily activities, 
dietary intake, and mouth discomfort varied between patients undergoing detachable versus 
fixed orthodontic treatment. The study's aims can be summarized as follows: to evaluate 
patients' understanding of oral hygiene practices and potential oral health issues related to 
orthodontic treatment, to examine patients' perceptions regarding oral hygiene and 
orthodontic treatment, and to identify the factors that affect patients' attitudes and behaviours 
regarding oral hygiene throughout fixed orthodontic treatment. 

The first null hypothesis was that none of the oral hygiene education methods would 
affect oral hygiene. 

MATERIAL AND METHODS 

The study design conforms to the requirements of the Declaration of Helsinki as 
adopted by the 18th World Medical Assembly in 1964 and subsequently revised. All subjects 
were informed about the nature and purpose of the study, and each subject signed an 
Informed Consent. The study was carried out between October 2020 and October 2023.  

The subjects of this study were patients with fixed orthodontic appliances, and each 
had a minimum of 20 permanent teeth present in the oral cavity. The study group comprised 
30 orthodontic patients recruited consecutively over a period of 6 months. The participants 
were randomly allocated to a test group (n = 15) and a control group (n = 15).  

Inclusion criteria: 
(1) physically healthy with no relevant allergies or systemic diseases; 
(2) more than 12 years; 
(3) capable of maintaining adequate oral hygiene; 
(4) optimal dental health without immediate necessity for any associated dental 

procedures. 
Exclusion criteria: 
(1) skeletal anteroposterior discrepancies between the maxilla and mandible; 
(2) differences between centric relation and centric occlusion over 3 mm; 
(3) active periodontal disease. 
The oral hygiene condition was evaluated for each patient by plaque and gingival 

indices. The plaque index technique established by Heintze et al. [18] was employed to 
document the plaque condition of these orthodontic patients. Initially, all buccal and lingual 
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surfaces of the bonded teeth were marked with a revealing agent (Figure 1-3). Three sites 
were documented on the buccal surface of each tooth and three on the oral surface. The 
existence or nonexistence of plaque at each location was documented. 

 

  
Figure 1. Clinical image before staining Figure 2. Application of the disclosing agent buccal view 

  

  
Figure 3. Application of the disclosing agent lateral view 

 

To determine the percentage of plaque presence, the quantity of sites impacted by 
plaque was multiplied by the weighting factor and subsequently divided by the total number 
of teeth present. Banded teeth and third molars in the full dentition were excluded from the 
count, as the latter were infrequently banded. The buccal and lingual surfaces were utilized to 
compute the buccal plaque index and the lingual plaque index, respectively. The average 
plaque index was calculated by summing the buccal and lingual plaque indices. The gingival 
index system was adapted from Löe's methodology: healthy gingiva was assigned a score of 
0, redness a score of 1, redness with probing-induced bleeding a score of 2, and spontaneous 
bleeding a score of 3 [19]. 

Each tooth was partitioned into buccal and lingual surfaces, which were subsequently 
subdivided into mesial, central, and distal sections. The gingival index for each tooth was 
recorded for six segments. The average buccal gingival index was calculated by summing the 
gingival indices from all buccal sites and dividing by the total number of teeth. The lingual 
gingival index was computed in a same fashion as the buccal gingival index. The mean 
gingival index was the aggregate of the buccal and lingual gingival indices. 

Oral hygiene instruction 
Control group - the patients in the control group received standard printed educational 

material and were assisted with verbal information.  
Test group - the patients in this study group received hands-on training. 
The significance of removing dental plaque for oral health was underscored, and oral 

hygiene instructions were reiterated by the same author at each appointment. All patient 
groups utilized identical toothbrushes and toothpaste during the trial and were instructed to 
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clean their teeth a minimum of three times daily for three minutes each session. The patients' 
brushing habits were assessed at each consultation, and the orthodontic archwires were 
secured using stainless steel wires. 

The questionnaire was used in order to evaluate the sociodemographic attributes, 
baseline oral hygiene behaviors including toothbrushing techniques, frequency, and the 
utilization of oral hygiene adjuncts such as interdental brushes, dental floss, and mouth rinses 
by the participants. Eight questions were made to evaluate the patient's dental hygiene 
practices, focusing on the usage of dental floss, the daily frequency of tooth brushing, and the 
application of mouth rinse. The inquiries encompassed both closed and open-ended formats. 

Data analysis  
A paired t-test was performed on all tested variables to evaluate intra-group and inter-

group differences at each observation. p value of < 0.05 was considered statistically 
significant. 

RESULTS 

The mean age of participants was 15.93 ± 1.39 years, with females predominant 
(63.33%). All the subjects used toothbrushes and toothpaste to clean their teeth daily, 
regarding the daily use of adjuncts, 66.66% of the study population made use of 
mouthwashes, 40% used dental floss, 36.6% interdental brush, 26.6% used toothpick, while 
only 23.33% used oral irrigator. 

All of the patients in the control and test groups were comparable regarding age, 
gender and initial plaque and gingival indices values (p > 0.05). The test group show 
significant intra-group deterioration regarding plaque and gingival indices at the initial 
examinations (p < 0.001). However, the eighth week plaque and gingival indices in the control 
group patients significantly lower when compared with the initial index values (p < 0.001). 
The eighth week plaque and gingival indices of the test group were also significantly lower 
than those of the control group (p < 0.001). 

DISCUSSIONS 

This study examined the plaque and gingival indices of individuals undergoing 
various instructional approaches at the eighth week of therapy. The plaque index values of 
the two groups were significantly influenced by varying instructional approaches (p < 0.05). 
Consequently, the initial null hypothesis was accepted.  

This study examined the effectiveness and therapeutic impact of several educational 
interventions on oral hygiene motivation in patients receiving fixed orthodontic treatment. 
Fixed appliance treatment is associated with adverse consequences, including gingivitis, 
white spots, decalcification, and cavity formation, unless patients maintain proper oral 
hygiene [20].  

The establishment of oral hygiene prior to the initiation of orthodontic treatment is 
advised as an effective measure to prevent the aforementioned issues. As maintaining dental 
hygiene becomes increasingly challenging after the deployment of therapeutic appliances, the 
educational intervention for oral hygiene practices and orthodontic treatment materials is 
prioritized at the onset of treatment [21]. The sole recognized and effective method for 
attaining optimal oral hygiene involves educating the patient before treatment and fostering 
rapport between the physician and patient throughout the prolonged treatment process [22]. 

Previous researches have examined the efficacy of various techniques in enhancing 
oral hygiene compliance among patients receiving fixed orthodontic treatment to mitigate 
adverse consequences. Orthodontists are concerned that patient compliance may diminish 
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during the 4-6 week intervals between appointments; therefore, patients received various 
reminder messages or applications (text, WhatsApp, WeChat) highlighting the significance of 
proper oral hygiene, and the efficacy of these reminders was examined. All research indicated 
that reminders in dentistry enhanced patients' out-clinical management, consistent 
appointment attendance, favourable behavioural modifications, and educational outcomes 
[23-25]. 

Despite the aforementioned oral hygiene incentives requiring less time for each 
patient, we implemented educational activities that are more broadly embraced by 
orthodontic patients and have evolved into a long-term practice. Patient education regarding 
oral hygiene practices was deemed effective by vocal, written, or visual instructional methods 
[10]. These strategies have demonstrated greater efficacy when employed in conjunction 
rather than in isolation. It is recognized that practical training, in conjunction with verbal and 
written teaching methods, enhances success rates in the preservation of plaque and gingival 
indices during orthodontic treatment [23]. 

The primary objective of this study was to examine the duration of educational 
sessions across three distinct modes of information delivery and to assess its correlation with 
favourable outcomes in plaque and gingival indices. The efficacy of standard, and hands-on 
educational methods was also examined. The research indicated that both study cohorts 
effectively maintained oral hygiene, with no significant difference in the preservation rates of 
plaque and gingival indices (p > 0.05). While both standard and hands-on training required 
substantial time from the orthodontist, the period of hands-on education was significantly 
less than that of standard-assisted instruction (p < 0.001). This may present the orthodontist 
with two alternatives: a time-intensive choice (standard) or a labor-intensive way (hands-on 
assisted), contingent upon their limitations. Conversely, the control group, which underwent 
regular educational intervention, did not maintain oral hygiene, at least until the eighth week 
of therapy.  

Despite being time and labor-intensive, hands-on assisted teaching methods appear to 
be more effective in maintaining plaque and gingival indices (p < 0.001), hence mitigating 
potential treatment consequences. The dental hygiene instruction encompassed the 
nomenclature of therapeutic equipment, their upkeep, and the proficient utilization of oral 
hygiene instruments. Patients were required to fully recall and accurately implement this 
information following the educational intervention. Furthermore, they needed to surmount 
their formidable and detrimental impulses and implicit withdrawal from dental hygiene 
practices. The orthodontist's motivation to administer oral hygiene through educational 
intervention is crucial for patients to comprehend and adhere to oral hygiene practices. It is 
advisable to reiterate subjects pertaining to dental hygiene at subsequent appointments [26]. 

Plaque accumulation is commonly seen and challenging to remove in regions where 
space maintainers are positioned. Due to their direct interaction with oral microorganisms, 
space maintainers serve as optimal sites for biofilm production. The composition of space 
maintainers is conducive to microbe adherence and biofilm development [27]. Moreover, the 
bands affixed to the supporting teeth of permanent space maintainers and the retention clasps 
of removable space maintainers can facilitate plaque formation and periodontal disease [28]. 
Nonetheless, the resemblance in color between the tooth surface and dental plaque can render 
it difficult to identify dental plaque, especially on polished surfaces [29]. Consequently, 
rendering plaque visible through the use of plaque-disclosing tablets or liquids is deemed the 
most effective method for maintaining dental hygiene [30]. 

The primary weakness of the study was the Hawthorne effect, which stemmed from 
the inability to blind participants. The elimination was unfeasible due to the agreement form 
acquired from patients and their guardians for study participation. The second limitation was 
the restricted follow-up time of eight weeks, with no long-term follow-up conducted. This 
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deficiency may be deemed typical since our study prioritizes training periods over the 
efficacy of oral hygiene motivation. 

CONCLUSIONS 

Our findings indicate that conventional verbal and written instructional treatments are 
more effectively complemented by hands-on assisted training programs, contingent upon the 
orthodontist's limitations. A longer educational intervention correlates with improved 
preservation of plaque and gingival indices. Orthodontists could potentially enhance patient 
safety by extending educational opportunities, such as showing video recordings in the 
waiting area or facilitating hands-on training in proper orthodontic oral hygiene and fixed 
appliance care, supervised by a dental hygienist. Oral hygiene education repeated at frequent 
intervals will be more effective for controlling dental plaque in patients with orthodontic 
treatment. 
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University of Medicine and Pharmacy, Timișoara, Romania 
2Research Centre in Dental Medicine Using Conventional and Alternative Technologies, Faculty of Dental 
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Abstract 

The responsibility of mass media is a subject of real interest for practitioners from the health system and 
for media trusts. Backgroung/Objectives: Numerous situations have occurred regarding the damange of 
professional and public image of the medical staff from Romania as a result of the transmission of false or 
erroneous information regarding the medical practice. Methods: This observational-prospective study evaluated 
the patients' opinion regarding the degree of influence over the medical staff’s professionalism, as a result of the 
information transmitted in the mass media. Results: Most of the patients have the opinion that there is a very high 
risk that the image and professional prestige of the medical staff will be affected when the information transmitted 
through the mass media is not in agreement with reality. This indicates the need of solid legal levels through 
which press trusts can be held accountable when commit such slips. Conclusions: The main conclusion focuses on 
the legal identification and sanctioning of mass media every time there is a violation of the legislation and ethics 
nature regarding the transmission of false/erroneous information related to the professional activity of the medical 
staff. 

Keywords: mass-media, medical staff, patients, news, professional prestige, right to image 
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INTRODUCTION 

The representation of medical activities in mass media has a long history, being 
justified by the broad interest of the population [1]. Gradually, this interest of the public 
became more and more accentuated, reaching a real invasion of medical news in written and 
audio-visual media, especially in television [2]. 

The abundance of medical information in the press or on the Internet allows everyone 
interested to form more or less scientifically based opinions. The interference of medical 
activities with audio-visual and written media is particularly complex [3]. The effectiveness of 
medical treatments also significantly depends on the trust that patients have in medical 
professionals and health institutions. In this regard, nowadays, the role of audio-visual and 
written media is overwhelming [4]. In many cases, the rights of medical personnel are often 
violated by written publications, radio or television stations. Televisions seem to be 
particularly interested in the news through which a series of information with negative 
impact because massively increase the audience among the public [5]. Even if the media 
coverage of negative situations occurring in medical practice can contribute to their quick 
remedy, the tendency to generalize can cause a decrease in patients' trust in the healthcare 
system [6]. 

In certain situations, the news broadcast in the mass media related to the professional 
activity of the medical staff have as starting point, completely invented information which is 
then taken over and processed to become as credible as possible [7]. Other times, articles 
published by some personalities who have different theories than those of the majority of the 
scientific community are taken with the intention of sowing distrust in official healthcare. The 
incomplete presentation of these opinions without being signalled and the contrary opinions 
favour the disorientation of the public [8-9]. The efficiency of the dissemination of medical 
information through the mass media is correlated with a number of factors including: the 
credibility, accessibility or usefulness of the news [10]. The medical information propagated 
through the audio-visual media have a favourable impact on the public that receives it and is 
necessary to follow very strict rules, but those who make these materials seem not to know or 
not to apply [11]. Non-compliance with these rules in the mass media leads to the birth of a 
high degree of scepticism among the population, which eventually ends up losing confidence 
in the medical staff [12-13]. 

The role of the audio-visual media is a overwhelming source of information these 
days, but the mass media has the duty to disseminate only those truthful information, which 
can be demonstrated [14-15]. 

Aim of the study 

This study focuses on evaluating the opinion of patients in Romania regarding the 
way and degree in which the mass media contribute through the news they promote to 
influencing their opinion regarding the activity carried out by the medical staff. 

MATERIAL AND METHODS 

The material and method of this study is an anonymous questionnaire consisting of 10 
closed questions with yes or no answers that were focused on analyzing the patients' opinion 
regarding the way in which the mass media contribute through the news they promote to 
influence their opinion regarding medical profession. 

The questionnaire was distributed in written format to a group of 60 patients in 
different dental offices in Timiș County, both in urban and rural areas. The questionnaires 
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completed by the patients were anonymous. The subjects were asked for their consent in 
order to participate in the conducted study, the purpose of this study being explained to 
them. Also, before completing the questionnaire, patients were invited to ask any question 
they considered necessary regarding the study. The patients' participation in the study was 
voluntary and they had the right to withdraw at any time, without being manipulated or 
influenced in any way. For all the questions were omly two answers, 0-NO and YES-1. 

The first question analyzed to what extent they allowed themselves to be influenced or 
manipulated in a negative sense by the information transmitted through the media regarding 
the medical staff and the activity undertaken by them. The purpose was to observe to what 
extent patients allow themselves to be influenced by the news propagated in the mass media 
or choose to build their personal opinion regarding the activity carried out by the medical 
staff, compared to the direct interaction with them. 

The second question aims to analyze the degree to which the prestige and image of the 
medical staff are affected once a series of distorted, untrue news or information is 
disseminated in the mass media. We wanted to find out the patients' opinion on this subject, 
considering that they often turn to a certain doctor, who was previously recommended to 
them, and there are positive references regarding the activity provided by him. 

Third question evaluate the opinion of the patients regarding an extremely important 
topic, namely if they found that recently it is chosen to propagate the news with negative 
impact on the medical system, and less the positive aspects that contribute to increasing 
patients' trust in the medical act. 

Fourth question aim of analyzse to what extent patients consider it beneficial that 
those cases in which the medical staff committed certain professional errors due to negligence 
or imprudence should be publicized in the press, so that on future to become much more 
responsible in the relationship with patients. We wanted to assess to what extent patients 
believe that in this way, possible professional errors in medical practice are prevented in the 
future. 

Question number five analyzes to what extent the rights of medical personnel are 
effectively protected within Romanian legislation when it comes to the relationship with the 
mass media, so that there are no situations in which the interests of those working in the 
health system are harmed due to the fact that the legislation does not protect them 
sufficiently. 

As for the sixth question in the questionnaire, it aims to debate the population's 
accessibility to information related to the medical act. The accessibility of patients with regard 
to all the information that interests them also depends on the means through which it ends up 
being communicated to them within a reasonable time. For this reason, we wanted to 
evaluate the patients' opinion regarding the role of the media in terms of disseminating 
information to the population as quickly as possible. 

Question seven analyzes the degree of knowledge possessed by the patients 
participating in the study regarding the legislation in Romania that regulates the conditions 
under which the mass media can and has the right to transmit related news about a specific 
patient treated in a health facility. We wanted to observe whether patients are informed about 
the fact that their consent must be requested before information about their health condition 
is transmitted in written or audio-visual media. 

The eighth question in the questionnaire also analyzes the level of knowledge of the 
patients regarding the conditions stipulated at the legislative level in which the media has the 
right to transmit certain images of them undergoing treatment in health facilities. We want to 
assess to what extent patients know their rights stipulated at the legislative level, so that they 
can protect themselves when they are violated. 
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The ninth question considers a numerical evaluation of the cases in which the mass 
media were sanctioned for prejudicing the rights and interests of medical personnel, by 
transmitting false information in bad faith, with the aim of harming the professional image 
and prestige of medical specialists. 

The last question brings into discussion an important topic these days, namely the use 
by patients of various online platforms through which they choose to report certain acts 
committed by the medical staff. The question that arises is to what extent these online 
platforms would represent a real threat to medical personnel, considering that most of these 
sites are anonymous, anyone can enter and comment on various aspects related to the 
professional activity performed by medical personnel. 

RESULTS 

The data collected from the patients participating in the study were centralized and 
analyzed statistically by reference to their environment of origin, respectively urban or rural, 
being rendered in the form of figures. 

Question 1: Has your opinion been negatively influenced regarding the work carried 
out by medical personnel, given certain information that you have become aware of through 
the media? The results showed that of the total of 60 patients who agreed to participate in this 
study, 27% of them from the rural environment and 43% from the urban environment believe 
that their opinion was not negatively influenced in terms of the activity carried out by the 
medical staff, as a result of the information transmitted through the media in the press. 8% of 
rural patients and 22% of urban patients stated the opposite, namely that their opinion was 
negatively influenced after different information was disseminated in the media regarding 
the activity carried out in different public or private health facilities by the medical staff 
(Figure 1). 

 

 
Figure 1. Influencing the opinion of patients regarding the activity carried out by the medical staff as a result of the 

information transmitted in the mass media 

 
Question 2: Do you consider that at the present time the medical staff suffers because 

of the information that is transmitted in a distorted way in the press, being affected by their 
professional image and prestige? Compared to the second figure, as it also appears from its 
content, of the total of 60 patients included in the study, 10% from the rural environment and 
12% from the urban environment do not consider that at the present time the medical staff is 
affected because of the information that is transmitted in a distorted way in the press (Figure 
2). On the contrary, the majority of those who completed the questionnaire had the opposite 
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opinion, namely 25% of those from rural areas and 53% from urban areas stating that the 
image and prestige of doctors is affected due to the transmission through the media of 
erroneous and false information regarding the activity provided by them in the medical field. 

 

 
Figure 2. The degree of damage to the professional image and prestige of the medical staff as a result of the 

information erroneously transmitted through the media 

 
Question 3: Do you think that currently, in most cases, the media promotes 

information and news with a negative impact on the medical system in Romania, minimizing 
the positive aspects regarding the activity of the medical staff? The results showed that 5% of 
the patients from the rural environment and 12% from the urban environment do not believe 
that currently the mass media mostly promotes information and news with a negative impact 
regarding the activity of the medical staff carried out within the health system from our 
country (Figure 3). On the other side were the patients who had an opposite point of view, 
namely 30% of the patients from the rural environment and 53% of those from the urban 
environment, being of the opinion that most of the news broadcast in the mass media put the 
emphasis on information with a negative impact on the activity carried out by the medical 
staff in Romania, minimizing the positive aspects related to the health system. 

 

 
Figure 3. Patients' opinion regarding the promotion of information and news with a negative impact in the mass 

media regarding the activity of the health system in Romania 
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Question 4: Do you consider that the media presentation of news related to possible 
professional errors committed by professionals in the field will have a favorable impact on 
patient safety, because in this way the medical staff will be aware of the risks they are 
exposed to if they do not adopt a behavior that prevents future mistakes? From the total 
number of patients included in the study, 12% of them from the rural environment and 23% 
from the urban environment do not believe that the presentation in the mass media of news 
related to possible professional errors committed by professionals in the field will have a 
favorable impact on patient safety (Figure 4). They do not consider that by disseminating the 
cases of medical malpractice in the media, doctors will become aware of the risks they are 
exposed to if they do not adopt a behavior that prevents future mistakes. A higher percentage 
of patients, namely 23% from rural areas and 42% from urban areas, believe that, on the 
contrary, the behavior of the medical staff will be influenced as a result of the disclosure of 
malpractice allegations through the media, this awakens in the doctors' consciousness a 
greater degree of responsibility regarding the prevention of future mistakes in the medical 
act. 

 

 
Figure 4. Patients' opinion regarding the degree of influence on the behavior of medical personnel following the 

presentation in the media of cases of medical malpractice 

 
Question 5: Do you think that the rights of medical personnel should be much better 

protected within the Romanian legislation in relation to the mass media? The results showed 
that 10% of patients from rural areas and 10% of those from urban areas (a similar percentage 
regardless of the area of origin) do not believe that the rights of medical personnel should be 
better protected in relation to the mass media. On the contrary, the majority of patients, 
respectively 25% from the rural environment and 55% from the urban environment, stated the 
opposite, being of the opinion that the rights of medical personnel require increased 
protection in relation to those who work in the mass media (Figure 5). 
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Figure 5. The opinion of patients regarding the increase in the degree of protection of the rights of medical 

personnel in the relationship with the mass media 

 
Question 6: Do you think that the mass media contribute to the dissemination of 

information related to the activities carried out by medical personnel in a much shorter time, 
the population having access to the information they need in this way much easier? 
According to the results obtained, 10% of urban patients do not consider that the mass media 
contribute to the dissemination in a much shorter time of information related to the activities 
carried out by the medical staff. In rural areas, there was no patient who stated this. On the 
other hand, in rural areas, 35% of patients and 55% of those in urban areas stated that, on the 
contrary, the information transmitted through the media regarding the activity carried out by 
medical personnel reaches the entire population much faster, having access to easier this way 
(Figure 6). 

 

 
Figure 6. The speed of dissemination of information related to the activity carried out by the medical staff through 

the media 

 
Question 7: Are you aware that information about the activities carried out within a 

health facility, public or private, involving both the doctor/medical staff and the patient can 
only be transmitted to the media with their consent? The results showed that 10% of patients 
from rural and 22% from urban areas do not know that information related to the activities 
carried out within a public or private health facility that involves both the doctor/medical 
staff and the patient is not can be transmitted in the mass media only with their consent 
(Figure 7). Most of the patients, respectively 25% from rural areas and 43% from urban areas, 
have knowledge and are informed about this rule. 
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Figure 7. The degree of information of patients regarding the rule of expressing consent by them and the medical 

staff prior to the transmission by the mass media of information related to the activity carried out in public or 
private health facilities 

 
Question 8: Do you know what is the legislation currently applicable in Romania that 

regulates the conditions under which the media has the right to transmit certain images of 
patients while they are being treated in various health facilities? To this question, 18% of 
patients from rural and 32% of those from urban areas do not have knowledge and are not 
informed about the legislation in Romania that regulates the conditions in which the mass 
media have the right to transmit certain images of patients while they are being treated in 
various health facilities (Figure 8). The difference compared to rural or urban patients who 
have knowledge of the content of the legislation that regulates the conditions under which the 
media has the right to transmit certain images of patients while they are being treated in 
different health facilities is not a notable one, with a percentage of 17% from the rural 
environment and 33% from the urban environment. 

 

 
Figure 8. The level of information of patients regarding the legislation in Romania that regulates the conditions 

under which the media has the right to transmit certain images of patients while they are undergoing treatment in 
various health facilities 

 
Question 9: Are you aware of situations in which personnel working in the mass 

media have been sanctioned and held liable for transmitting untrue and undocumented 
information regarding the work of medical specialists? Regarding the penultimate question in 
the questionnaire addressed to patients, 23% of those from rural areas and 52% from urban 
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areas do not have information regarding cases in which personnel working in the media are 
sanctioned as a result of the transmission of false information regarding the activity carried 
out by the medical staff, damaging their image (Figure 9). A much smaller percentage, 
namely 12% of patients from rural areas and 13% of those from urban areas know of cases in 
which those employed in the mass media were sanctioned for such acts. 

 

 
Figure 9. The degree of information of patients regarding the cases of legal liability of those who carry out their 
activity in the mass media as a result of the dissemination of false/erroneous information regarding the activity 

carried out by the medical staff 

 
Question 10: Do you consider that currently the online platforms that promote the 

possibility for patients to complain about a number of aspects related to the activity carried 
out by the medical staff constitute a real threat to the professional prestige of the latter? The 
results showed that 13% of patients from rural and 25% of those from urban areas do not 
consider that currently the online platforms that promote the possibility for them to claim a 
number of aspects related to the activity carried out by the medical staff constitute a real 
threat for the professional prestige of the latter (Figure 10). On the contrary, 22% of patients 
from rural areas and 40% of those from urban areas expressed a completely opposite point of 
view, stating that there is an increased risk that the image and professional prestige of those 
working in the health system will be affected as a result of complaints made by patients 
online through different platforms. 

 

 
Figure 10. The degree of risk regarding the damage to the image and professional prestige of the medical staff as a 

result of complaints and reports submitted by patients through online platforms 



Medicine in Evolution Volume XXX, No. 4, 2024 

 

743 

DISCUSSIONS 

We do not want to dispute the multitude of benefits brought to the population as a 
result of the involvement of the mass media in the transmission of information related to the 
medical system and the activity carried out by the staff within it, but in many cases it has been 
shown that doctors have suffered as a result of the transmission of false/erroneous 
information regarding their activity in the press, their image and professional prestige being 
affected. The medical system is extremely vulnerable at the present time, and unfortunately 
many patients form a wrong opinion about the activity carried out by the medical staff, 
referring only to what is circulated in the press, not passing through their own filter and not 
verifying the information [16]. In this context, we believe that there must be a series of 
mechanisms regulated at the legislative level through which the personnel working within 
the press trusts are aware of the importance of carrying out the activity in a legal, ethical and 
moral framework, and when they break certain rules to be held accountable. 

From our point of view, protecting the rights of medical personnel in the relationship 
with media trusts will contribute to the reduction of abuses in the health system, to the 
reduction of cases of damage to the image and prestige of those who work in the medical field 
in Romania, and to greater safety of them. We do not deny the importance and role of the 
mass media in the transmission to the population of news that presents a series of aspects that 
happened in the medical field that violate the legal norms in force, because these slips must 
be corrected and eliminated if they really exist, but we consider that the dissemination of 
information false, unproven/unproven, just for the purpose of increasing the audience is not 
an ethical, moral and legal attitude of those who are part of the media trusts. In this context, 
we believe that it is imperative that the rights of medical personnel are much more firmly 
protected by Romanian legislation in relation to press trusts. 

CONCLUSIONS 

The central conclusion of this study is that according to which, the degree of 
awareness of those who work in the mass media must be increased regarding the importance 
of complying with the legislation regarding the transmission of information related to the 
activity of medical personnel, and where a series of slippages must be acted upon firmly, 
applying drastic sanctions in order to prevent the occurrence of these cases in the future. 

The activity carried out by the medical staff must be presented in a real way, without 
hiding the truth and without sending false/erroneous information in order to increase the 
audience among the media trusts in Romania. 
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Abstract 

This research investigates the impact of sugar consumption on salivary pH, highlighting its implications 
for oral health. 1.Background/Objectives: The study aimed to analyze the effects of excessive sugar intake, a key 
factor in the development of dental conditions. 2. Methods: The study involved 45 students aged 20–23 years. 
Saliva samples were collected at four intervals: before sugar intake, immediately after, 30 minutes later, and one 
hour post-consumption. Samples were obtained via drainage, and pH was measured using indicator strips. 3. 
Results: The data revealed a significant drop in salivary pH immediately after sugar consumption, decreasing from 
an initial pH of 7 to 5.5. Partial recovery was observed, with pH reaching 6.5 after one hour. This temporary 
acidification of the oral environment confirms the link between sugar intake and an increased risk of dental caries. 
4. Conclusion: The study emphasizes the importance of maintaining optimal salivary pH to prevent enamel 
demineralization and support natural remineralization. It also underscores the need for public education to reduce 
sugar consumption and adopt effective oral hygiene practices. This research contributes to understanding the 
dietary impact on oral health and suggests preventive measures to lower the incidence of dental issues. 

Keywords: pH, saliva, acid, diatery, oral health, sugar consumption, caries, oral enviroment 
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INTRODUCTION 

In recent decades, oral health has increasingly been recognized as a significant public 
health issue, heavily influenced by dietary behaviors, particularly the excessive consumption 
of sugar. Sugars have been identified as a primary risk factor for the development of dental 
caries and periodontal diseases, which are among the most prevalent non-communicable 
diseases worldwide [1]. These conditions contribute significantly to the global burden of oral 
health problems, affecting individuals' overall well-being, quality of life, and healthcare 
systems. As such, addressing sugar consumption is critical in mitigating oral health risks and 
promoting long-term health outcomes. 

A key factor in preserving oral health is the maintenance of an optimal salivary pH. 
The importance of salivary pH in maintaining oral health lies in its ability to regulate the acid-
base balance within the oral cavity. Recognizing the importance of saliva as a diagnostic fluid, 
the New York Academy of Sciences sponsored a pivotal conference on this topic in 1992. 
During the event, participants highlighted the critical need for advancing highly sensitive and 
specific assays to accurately measure and understand salivary variations associated with drug 
therapy, substance abuse, endocrine function, systemic and oral diseases, genetic 
abnormalities, nutritional status, and age-related changes. This conference significantly 
contributed to raising awareness of the potential of saliva-based diagnostics. Since then, 
ongoing research has led to the development of more refined salivary assays, enhancing our 
understanding of the intricate relationship between oral health and overall well-being [2]. 
When salivary pH is within the optimal range (6.2–7.6), saliva exerts a buffering effect that 
helps neutralize acids produced as a result of consuming foods and beverages, particularly 
those containing sugars. Saliva plays a crucial role in neutralizing acids in the oral cavity, 
protecting tooth enamel from demineralization, and supporting the remineralization process 
[3]. However, frequent and excessive intake of sugar-laden foods and beverages disrupts this 
balance, leading to a persistent drop in salivary pH. Acidic conditions in the oral environment 
create a favorable for the environment growth and activity of acidogenic and aciduric 
bacteria, which metabolize sugars into organic acids. This microbial activity accelerates the 
demineralization of enamel, increasing the risk of dental caries and other periodontal 
complications over time. Understanding the dynamic relationship between sugar 
consumption, salivary pH, and oral health is fundamental for devising effective preventive 
strategies. Prior research links sugar intake to salivary pH reduction, with studies 
highlighting the acidifying effects of sugary beverages and foods [2]. Numerous studies have 
investigated the factors influencing salivary pH, including dietary habits, sugar consumption, 
and microbial activity within the oral cavity. Recent studies have examined how salivary pH 
varies among individuals with different caries risk levels following the consumption of 
organic sugars, such as sucrose, and non-organic sugars, like maltitol. These findings 
highlight the distinct acidogenic potential of these sugars and their impact on caries risk. Such 
research provides valuable insights into the complex relationship between dietary sugars and 
oral health, underscoring the need to understand how different types of sugars influence the 
oral environment [4]. In addition to research examining salivary pH changes in individuals 
with varying caries risk after consuming organic and non-organic sugars, other studies 
further emphasize the complex interplay between dietary sugars, salivary pH, and oral health 
[5]. For instance, investigations have explored how sugar-rich diets interact with salivary 
proteins, shedding light on their role in dental plaque formation and its impact on oral health. 
These findings contribute to a broader understanding of the mechanisms linking sugar 
consumption to oral disease development [6]. 
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 Aim and objectives 

This study investigates salivary pH fluctuations in response to sugar consumption, 
focusing on changes observed before, immediately after, and at specific intervals following 
exposure. This sugar consumption pattern is strongly associated with oral health challenges, 
underscoring the vital connection between sugar intake, salivary pH dynamics, and the 
overall condition of the oral cavity. By examining these physiological changes, the study aims 
to deepen understanding of the processes linking dietary habits to oral health outcomes. 

MATERIAL AND METHODS 

This cross-sectional study was conducted between October and November 2023 in 
Clinic of Preventive, Community Dentistry and Oral Health. The study included volunteers 
who provided informed consent after disclosing information about their health status, 
medication use, and smoking habits. The participants were second- and third-year students 
from the University of Medicine and Pharmacy "Victor Babeș" Timișoara, enrolled in the oral 
health discipline. The research was conducted during laboratory sessions as part of their 
academic activities. This study was approved by the Ethics Committee of the "Victor Babeș" 
University of Medicine and Pharmacy, Timișoara, Romania (No 34/2018). The research was 
conducted in accordance with the Declaration of Helsinki (1975) and its subsequent 
amendments, with written informed consent obtained from all participants prior to data 
collection. 

The study was conducted with students enrolled in the "Oral Health" course, a 
mandatory component of the fifth-year curriculum at the Faculty of Dental Medicine 
Timisoara. Attendance for this course is compulsory, as it is required for eligibility to sit for 
the final examination. Out of the 110 students initially enrolled, 80 met the participation 
criteria. The final study included 45 students, comprising 19 males and 26 females aged 
between 20 and 23 years, with a mean age of 22. Exclusions were made for one participant 
with diabetes, two who declined participation by not signing the informed consent form, and 
one who violated the rules by eating an hour before saliva sample collection. Thus, the final 
sample consisted of 45 participants who adhered to all inclusion criteria and the study 
protocol. 

Inclusion and exclusion criteria for the study were based on participants' consent to 
join and their adherence to the established guidelines. Participants were required to sign 
informed consent forms and comply with specific preparatory conditions, including 
abstaining from food consumption for at least two hours prior to saliva sample collection, 
refraining from oral hygiene practices such as toothbrushing, and, for smokers, avoiding 
smoking for one hour before the procedure. A general health questionnaire, designed by the 
College of Dental Physicians of Romania and widely used in dental offices across the country, 
was completed by participants. This questionnaire collected personal information, including 
age, gender, residence, general health status, and smoking habits (smoker or non-smoker). 
Additional data recorded during sample collection included medication use, smoking 
duration for smokers, and the number of cigarettes smoked daily. Individuals who did not 
comply with these requirements, refused to sign the consent forms, or failed to complete the 
questionnaire were excluded from the study. These measures ensured that the collected data 
were both reliable and relevant to the research objectives. 

The study utilized the draining method to collect unstimulated whole saliva, a widely 
accepted approach for such samples due to its simplicity and high acceptability. Saliva was 
collected until a volume of 2 to 3 mL was reached in sterile tubes, adhering strictly to clinical 
protocols to ensure reliable results. To minimize the influence of circadian rhythms on 
salivary biochemical composition, sample collection was standardized between 8:00 and 10:00 
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AM. Participants were instructed to abstain from consuming food or beverages (except 
water), performing oral hygiene procedures, or smoking for a minimum of two hours prior to 
collection, with smokers refraining from smoking within one hour. Additionally, participants 
avoided medication use for at least eight hours to prevent any drug-related effects on salivary 
secretion. The collection took place in a relaxed classroom and examination setting, with 
participants seated, their heads slightly tilted downward, and facial and lip movements 
minimized after a 5-minute adaptation period. The research consisted of four stages: before 
the sugar consumtion, immediately after, 30 minutes post-consumtion, and one hour post-
consumtion. Saliva samples were promptly analyzed using pH indicator strips (Qualigens, 
Glaxo India Ltd., Mumbai, India) by immersing them in the saliva and comparing the 
resulting color change to a standard color chart provided by the manufacturer. While these 
strips offer convenience and cost-effectiveness, their precision is lower compared to pH 
electrodes, as they measure pH in increments of 0.5 rather than two decimal points. Materials 
used in the study included collection cups, salivary pH indicator strips, a color chart, and 
100g of Milka milk chocolate (Mondelez International), which served as the stimulus. The 
chocolate contained sugar, salt, cocoa butter, skimmed milk powder, cocoa mass, whey 
powder, milk fat, and an emulsifier. This composition was integral to assessing its effects on 
salivary pH. The normal salivary pH range of 6.5 to 7.4 provided a baseline for comparison, 
ensuring a consistent framework for evaluating pH changes throughout the study. Strict 
adherence to collection protocols ensured the accuracy and reliability of the results.  

The study was conducted in four distinct stages to evaluate salivary pH fluctuations in 
response to a sugar stimulus. In the first stage, salivary pH was measured without any 
external stimulants to establish baseline values. Volunteers recorded salivary pH within the 
normal physiological range of 6 to 7, serving as a reference point for subsequent stages. In the 
second stage, participants were given a 4.2g cube of milk chocolate, which they chewed for 
three minutes to ensure uniform exposure of the oral cavity to the stimulus. Immediately after 
chewing, saliva samples were collected using sterile collection cups, and the pH was 
measured. A noticeable decrease in salivary pH was observed at this stage, with values 
ranging between 5 and 6, reflecting the acidogenic impact of the chocolate. The third stage 
involved collecting saliva samples 30 minutes after the participants consumed the chocolate. 
During this phase, salivary pH values varied among participants. For some individuals, the 
pH remained unchanged from the second stage, while others experienced either a further 
decrease or a slight increase in pH, indicating variability in the oral cavity's buffering capacity 
and individual salivary responses. In the fourth and final stage, saliva was collected one hour 
after consuming the chocolate. At this point, salivary pH values returned to their initial 
baseline levels recorded in the first stage, demonstrating the oral cavity's ability to recover 
and stabilize its pH over time. Throughout all stages, salivary pH was determined using pH 
indicator strips, which were immersed in the saliva samples and compared against a color 
chart to estimate pH values. While this method provided a convenient and cost-effective 
means of measuring pH, its precision was limited compared to more advanced tools such as 
pH meters. Strict adherence to collection protocols ensured reliable results, and the study 
design allowed for a comprehensive analysis of salivary pH dynamics following sugar 
exposure. 

Statistical analysis was conducted using SPSS v23 (Statistical Package for Social 
Sciences, IBM, Chicago, IL, USA). Descriptive statistics, including mean and standard 
deviation, were used to summarize salivary pH values across the four stages of the study. The 
normality of data distribution was assessed using the Shapiro-Wilk test. Differences in mean 
salivary pH between the stages were evaluated using a paired t-test for normally distributed 
data. For all analyses, a significance threshold of p < 0.05 was applied to determine 
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statistically significant differences. This simplified approach ensured the results were 
analyzed effectively while adhering to the study's methodological constraints. 

RESULTS 

The study was conducted on 45 participants (16 males and 29 females) aged between 
20 and 23 years, with a mean age of 22.0 years (±0.75). All participants were enrolled in the 
"Oral Health" course at the Faculty of Dental Medicine, UMF "Victor Babeș," Timișoara, 
Romania. Participants were from both urban and rural residential backgrounds, reflecting a 
diverse demographic profile relevant to the study's objectives. Of the 45 participants, 22 
(48.9%) were smokers, with the number of cigarettes smoked per day ranging from 2 to 20. 
Among the smokers, the majority reported smoking traditional cigarettes, while a smaller 
proportion used electronic cigarettes. The remaining 23 participants (51.1%) were non-
smokers. All participants were healthy, with no acute or chronic oral conditions, and 
complied with the study’s inclusion criteria by refraining from food, beverage, or oral 
hygiene practices for at least two hours prior to saliva collection.  

Baseline salivary pH values, measured before sugar consumption, ranged from 6.5 to 
7.0, with an average of 6.75 (±0.2), providing a consistent reference point for subsequent 
measurements. In Stage 1, prior to any stimulus, the salivary pH values were predominantly 
at the higher end of the range, indicating a stable starting condition. Stage 2, immediately 
after consuming 4.2g of milk chocolate, showed a marked decrease in pH, with values 
ranging from 5.0 to 6.0 and a mean of 5.5 (±0.5), reflecting a rapid acidification of the oral 
environment due to sugar exposure. In Stage 3, 30 minutes’ post-consumption, pH values 
showed partial recovery, clustering between 6.0 and 6.5, with reduced variability compared to 
the previous stage. By Stage 4, one hour after consumption, salivary pH had largely returned 
to baseline levels, with many participants recording values close to 7.0. Across all stages, 
salivary pH values fluctuated within a range of 5.0 to 7.0, with most measurements falling 
between 6.0 and 7.0. These findings highlight the dynamic response of salivary pH to sugar 
intake, characterized by an initial drop followed by gradual recovery, maintaining a near-
neutral to slightly acidic balance throughout the process (Figure 1). 

 

 
Figure 1. ph Values across stages 
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The data reveals that the initial average pH values for participants are the same for 
both men and women, each measuring 6.75. This consistency suggests that no significant 
differences existed between the gender groups at the start of the study regarding their 
average pH levels. The overall average pH value of 6.75 further highlights this equilibrium 
across the two groups. This finding establishes a uniform baseline for the experiment, 
facilitating a more equitable comparative analysis of future variations. 

 Saliva samples were collected 30 and 60 minutes after sugar consumption to observe 
pH fluctuations. 

 
Table 1. Salivary pH values after chocolate consumption 

Time Initial Average pH 

30 minutes 5,7 

60 minutes 6,5 
 

The average salivary pH values measured before sugar consumption were 7 (±0.5). 
After consuming chocolate, the average salivary pH values decreased to 5.5 (±0.5), indicating 
a significant acidification of the oral environment. The significant decrease in salivary pH 
immediately after sugar consumption (from 7.0 to 5.5) indicates a rapid acidification of the 
oral environment, which may promote the development of dental caries. The partial recovery 
of pH at 60 minutes suggests that saliva begins to neutralize the acidity, but fails to fully 
return to the initial value within the one-hour period (Figure 2). 

 

 
Figure 2. Dynamic Changes in Salivary pH Across Four Stages of the Study 

 
In Stage 1, the mean pH value was 6.81, with a small standard error of 0.0398, 

indicating a low margin of sampling error. The median and mode were both 7, reflecting a 
slight tendency toward higher pH levels. Variability among the measurements was minimal, 
as indicated by a standard deviation of 0.2673 and a sample variance of 0.0715. The 
distribution was slightly left-tailed, with a skewness of -0.9834, and nearly flat, with a kurtosis 
value of -0.1032. The pH values ranged from 6 to 7, suggesting limited variability. 

 In Stage 2, the mean pH decreased to 6.05, accompanied by a higher standard error of 
0.0697, signaling increased variability compared to Stage 1. The median and mode, at 6 and 
6.5 respectively, were close to the mean. The standard deviation of 0.4674 and sample 
variance of 0.2184 pointed to greater dispersion of values. A kurtosis of -0.3618 and skewness 
of -0.7536 indicated a slightly left-skewed and flat distribution. The pH values spanned from 5 
to 6.5, with a total of 45 samples and a cumulative sum of 272.5. 

Stage 3 showed a slight increase in the mean pH to 6.2, with a moderate standard error 
of 0.056, indicating a balanced level of variability. Both the median and mode remained at 6, 
reflecting consistent central tendencies. The standard deviation of 0.3754 and sample variance 
of 0.1409 highlighted moderate variability. The skewness of 0.1889 suggested a slight right-
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tailed distribution, while the kurtosis value of -0.1276 indicated a nearly flat distribution. The 
pH values ranged from 5.5 to 7, with a total sum of 279 across 45 samples. 

In Stage 4, the mean pH increased to 6.73, with a low standard error of 0.0408, 
indicating precise sampling. The median was 6.5, and the mode was 7, showing a slight 
tendency toward higher pH levels. Variability was reduced, as evidenced by a standard 
deviation of 0.2739 and sample variance of 0.075. The kurtosis of -1.0594 and skewness of -
0.2972 suggested a flatter and slightly left-skewed distribution. The pH values ranged from 6 
to 7, with a total sum of 303 across 45 sample. 

DISCUSSIONS 

This study provides valuable insights into the impact of dietary sugars on salivary pH 
dynamics and their broader implications for oral health. The primary objective was to assess 
the fluctuations in salivary pH across four distinct stages—before sugar intake, immediately 
after consumption, 30 minutes’ post-consumption, and one-hour post-consumption—
highlighting the physiological processes underlying these changes. The findings emphasize 
the importance of understanding the relationship between sugar consumption and salivary 
pH, a critical factor in maintaining oral health and preventing cariogenic bacterial growth. 
The results revealed a rapid and significant decrease in salivary pH immediately following 
the consumption of 4.2g of milk chocolate, followed by a gradual recovery over time. This 
pattern is consistent with existing literature, which describes a similar acidification of the oral 
environment after sugar intake, contributing to increased bacterial activity and the risk of 
dental caries. The study also demonstrated the buffering capacity of saliva, which effectively 
neutralized the acidic conditions induced by sugar exposure. However, the partial recovery 
observed within one hour suggests that this process is not immediate, leaving the oral cavity 
vulnerable to demineralization during the recovery phase. Additionally, the findings 
highlighted inter-individual variability in salivary pH responses, likely influenced by factors 
such as smoking habits, dietary patterns, and individual differences in salivary buffering 
capacity. Despite these variations, the consistency of baseline pH values across participants 
ensured a reliable framework for comparative analysis.  

The findings of this study align with existing literature on the critical role of saliva in 
maintaining oral health through its buffering capacity, antimicrobial properties, and ability to 
regulate the oral microbiota [7]. Our research demonstrated a significant decrease in salivary 
pH following sugar consumption, followed by a gradual recovery, emphasizing saliva's role 
in counteracting acidification [8]. This aligns with studies highlighting the presence of natural 
defensive molecules in saliva, such as antimicrobial peptides (AMPs), mucins, and proline-
rich proteins (PRPs), which play a key role in neutralizing acidic conditions and preventing 
dental caries. Moreover, the buffering action of ammonia derived from amino acids such as 
arginine and lysine, noted in previous studies, complements our findings by explaining 
saliva’s ability to stabilize pH levels post-sugar intake [9,10]. 

However, this study primarily focused on pH fluctuations, while the literature points 
to additional salivary factors, including protein concentration, enzymatic activity, and 
glycoproteins, that contribute to oral health. For instance, the role of defensins and lactoferrin 
in controlling microbial flora and immunoglobulin A (IgA) in regulating bacterial activity 
could further explain individual differences in salivary pH buffering capacity observed in our 
participants. Additionally, the impact of age, sex, and protein composition on salivary 
function, as described in prior research, suggests areas for further exploration, particularly as 
our sample was limited to a younger demographic. The broader insights into salivary protein 
composition, enzymatic activity, and antimicrobial action from previous research underscore 
the multifaceted role of saliva, beyond just pH regulation, in maintaining oral health [6]. 
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Similar to previous investigations highlighting a deeper pH drop in individuals with 
elevated caries risk, our research observed a significant reduction in salivary pH immediately 
following sugar consumption, with a gradual but incomplete recovery within one hour. This 
reflects the vulnerability of the oral environment during the acidogenic challenge. 
Additionally, studies show that individuals without caries exhibit a stronger buffering 
capacity, suggesting that the resilience of salivary systems plays a vital role in mitigating the 
effects of pH drops [11]. The incomplete pH recovery observed among participants mirrors 
the weakened physiological response described in the literature when the oral environment is 
exposed to repeated fermentable carbohydrate intake. This is particularly relevant, as the 
continuous exposure to such dietary components may impair the saliva's ability to neutralize 
acid effectively, increasing the risk of caries progression. The consensus in the literature 
supports the idea that the pH control mechanisms in the oral cavity are governed by complex 
ionic and protein interactions, a dynamic that is consistent with the buffering effects observed 
in our findings [12]. 

Previous research has consistently demonstrated that food consumption induces an 
initial decrease in salivary pH, followed by a gradual recovery [13]. Acidic foods, such as 
apples and citrus fruits, often lower salivary pH below the critical threshold of 5.5, 
significantly increasing the risk of enamel demineralization. These studies further highlight 
the slow oral clearance of certain foods, such as apples, leading to prolonged acidogenic 
effects that persist beyond 12 minutes [14]. Similar findings indicate that fresh fruits maintain 
a low pH for extended periods, thereby posing a sustained risk to oral health. Additionally, 
comparisons of various foods, such as chocolate and biscuits, reveal that both significantly 
reduce salivary pH, though the levels typically remain above critical thresholds. Notably, the 
recovery rate of salivary pH is slower for chocolate during the initial minutes post-
consumption but ultimately exceeds that of biscuits due to its faster clearance from the oral 
cavity [14-16]. In contrast, sugar-free chewing gum demonstrates a favorable effect on 
salivary pH, promoting an immediate increase attributed to enhanced salivary buffering and 
flow [17]. 

The study's findings align with this body of research, particularly in observing a 
significant initial decline in salivary pH following the consumption of sugar-containing 
chocolate, accompanied by a gradual recovery within one hour. However, unlike the 
immediate and substantial recovery associated with sugar-free chewing gum, the response to 
chocolate was slower and incomplete, underscoring the limitations of salivary buffering 
mechanisms in counteracting prolonged acidogenic challenges [17,18]. Furthermore, the 
study supports the notion that food texture and retention properties significantly influence 
salivary pH dynamics. The slower clearance time of sugary foods, such as chocolate, 
highlights their potential to sustain an acidic oral environment, increasing the risk of enamel 
demineralization compared to foods with more rapid clearance rates. These observations 
emphasize the importance of considering food-specific characteristics when evaluating their 
impact on salivary buffering capacity, oral health, and the development of dietary 
recommendations aimed at reducing caries risk. 

 The implications of this research extend beyond individual observations, offering a 
foundation for targeted strategies aimed at reducing sugar consumption. Measures such as 
implementing sugar taxes, clear labeling of sugar content in food products, and establishing 
guidelines for daily sugar intake could effectively address the root causes of sugar-related 
oral health issues. These approaches contribute to the broader goals of preventive dentistry 
and public health by prioritizing oral health maintenance and reducing the burden of dental 
diseases on populations.  

Future studies should aim to investigate the variability in salivary buffering capacity 
among individuals, considering factors such as salivary flow rate, composition, and lifestyle 
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influences like smoking and dietary habits [8]. Additionally, expanding the research to 
include a variety of dietary stimuli, such as acidic beverages or sugar substitutes, could 
provide a broader understanding of their effects on salivary pH. The use of more precise 
measurement tools, such as pH meters, should be considered to improve the accuracy of pH 
assessments, particularly in studies requiring detailed biochemical analysis. From a public 
health perspective, integrating educational programs that promote awareness of the impact of 
dietary sugars on oral health could play a vital role in mitigating the risk of dental caries. 
These programs, targeting schools and community health centers, could help instill healthier 
dietary habits from an early age, ultimately reducing the burden of sugar-related oral health 
conditions. 

These advancements in research design could significantly contribute to the 
development of comprehensive public health strategies. By understanding the long-term 
effects of sugar and other dietary factors on salivary pH, targeted interventions to mitigate 
oral health risks can be devised. Such efforts could include education campaigns, dietary 
guidelines, and policy measures to reduce sugar consumption, ultimately benefiting public 
health and reducing the prevalence of dental and periodontal diseases. The results of this 
study align closely with previous research, which has demonstrated that sugar consumption 
lowers salivary pH, creating favorable conditions for the proliferation of cariogenic bacteria. 
These studies consistently show that salivary pH drops rapidly following sugar intake and 
gradually returns to normal levels over time, a pattern that confirms the previously noted 
observations. This concordance with existing literature reinforces the validity of the findings 
and highlights the well-established relationship between sugar consumption and changes in 
salivary pH. 

In conclusion, the interplay between sugar intake, salivary pH, and oral health 
represents a significant area of study with profound public health implications. By 
elucidating the physiological mechanisms and risks linked to sugar consumption, this 
research underscores the necessity for collective efforts to curb sugar intake. Such initiatives 
have the potential to markedly reduce the prevalence of dental caries and periodontal 
diseases, thereby improving oral health outcomes and enhancing the quality of life for 
individuals and communities worldwide. 

CONCLUSIONS 

This study demonstrates the significant impact of sugar consumption on salivary pH, 
highlighting a rapid drop in pH immediately after intake and a gradual, yet incomplete, 
recovery within one hour. These findings emphasize the critical role of saliva in buffering oral 
acidity and the risks posed by prolonged acidogenic conditions, such as increased 
vulnerability to dental caries. Addressing sugar consumption through dietary education, 
public health policies, and targeted interventions is essential for mitigating oral health risks. 
Future research should explore broader dietary influences, individual variability in salivary 
buffering capacity, and more precise measurement methods to deepen our understanding 
and enhance preventive strategies. 
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Abstract 

Preventing occlusal caries in children is a critical component of oral health management, given the 
susceptibility of newly erupted permanent molars to decay. Aim and Objectives: This study aimed to assess the 
efficacy of resin-modified glass ionomer varnish in preventing occlusal caries in newly erupted first permanent 
molars over a 12-month clinical trial. Materials and Methods: A split-mouth randomized clinical trial was conducted 
with 59 children aged 6–8 years, analyzing 86 pairs of newly erupted first permanent molars. Varnish™ XT (resin-
modified glass ionomer varnish) was applied to one molar (Varnish Group), while the contralateral molar was left 
untreated (Control Group). Outcomes were evaluated using the International Caries Detection and Assessment 
System (ICDAS II) at 6 and 12 months. Results: The Varnish Group showed significantly better outcomes, with 
96.51% of teeth remaining caries-free at 6 months and 90.7% at 12 months. In contrast, the Control Group had only 
73.26% and 56.98% caries-free teeth at 6 and 12 months, respectively. Statistical analysis confirmed the efficacy of 
Varnish™ XT (p ≤ 0.001). Conclusion: Varnish™ XT demonstrated superior effectiveness in preventing occlusal 
caries compared to untreated teeth. 

Keywords: occlusal caries, resin-modified glass ionomer varnish, dental prevention 
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INTRODUCTION 

Dental caries remains a widespread and chronic condition affecting children 
worldwide, and its prevention remains a critical public health priority [1]. Among dental 
surfaces, the occlusal surfaces of molars are particularly susceptible to decay, accounting for a 
significant proportion of caries cases in children and adolescents. Studies indicate that 
approximately 60–90% of caries in children occur on these  surfaces, underscoring the need 
for targeted preventive measures [2-4].The permanent first molar holds unique significance in 
the dental arch. It is the first permanent tooth to erupt, typically appearing around the age of 
six, and plays a vital role in establishing occlusion, mastication, and arch stability [5,6]. Its 
early eruption into a young oral environment, often before the child has fully developed 
effective oral hygiene habits, makes it highly vulnerable to caries. Additionally, the molar's 
anatomical complexity, with its deep pits and fissures, creates an environment conducive to 
plaque retention and bacterial colonization. These factors collectively contribute to the molar's 
higher susceptibility to caries compared to other teeth [7,8]. 

The age group selected for this study, typically encompassing children between six 
and 12 years, faces specific challenges in maintaining oral health. This period coincides with 
the eruption of permanent teeth and transitional oral hygiene practices, making children 
particularly vulnerable to caries development. Inadequate oral hygiene habits, poor diet rich 
in fermentable carbohydrates, limited fluoride exposure, and socio-economic factors further 
compound the risk. Moreover, behavioral factors such as noncompliance with regular dental 
visits and a lack of awareness about preventive measures contribute to the prevalence of 
caries in this age group [9,10]. 

Among the strategies for preventing occlusal caries, fissure sealants and fluoride 
varnishes are widely employed. Traditional resin-based sealants have proven effective but 
rely heavily on proper isolation and application technique, which may limit their success in 
challenging clinical conditions such as partially erupted teeth [11-13]. Conventional fluoride 
varnishes, similarly, are effective only when optimal isolation from saliva is achieved, which 
may be difficult in certain clinical scenarios. However, their effectiveness in preventing 
occlusal caries, particularly in high-risk situations, lacks robust clinical evidence over 
extended periods [14]. These limitations necessitate the development of alternative materials 
like glass ionomer-based cements (GICs) and resin-modified glass ionomer varnishes 
(RMGIs), which offer moisture-tolerant properties and a more sustained fluoride release, 
making them more suitable for newly erupted teeth in challenging clinical conditions (15,16). 
Despite the potential advantages of these materials, limited research has compared their 
efficacy to that of traditional approaches, particularly over extended periods. Furthermore, 
there is a lack of robust clinical evidence assessing their performance in preventing occlusal 
caries in newly erupted permanent first molars. 

Aim and objectives 

This study aims to evaluate the effectiveness of a light-curable resin-modified glass 
ionomer varnish in preventing occlusal caries on newly erupted first permanent molars 
compared to untreated teeth over a 12-month period. The findings are expected to enhance 
clinical practices, particularly in pediatric dentistry, by offering evidence-based insights into 
innovative strategies for preventing occlusal caries and promoting better oral health 
outcomes. 
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MATERIAL AND METHODS 

The study was conducted in accordance with ethical regulations, having received 
approval from the Ethics Committee of the Denta Aur Private Medical Center, Târgu-Mureș, 
Romania with the clinical trial registration number 032/21.03.2023. Clinical procedures took 
place between May 2023 and July 2024, and informed consent was obtained from the parents 
of all participants. 

Oral Hygiene Training and Compliance Monitoring. All participants received detailed 
training on oral hygiene, including the Bass brushing technique or the use of electric 
toothbrushes, depending on individual preferences. Nutritional hygiene advice was also 
provided to support long-term oral health. Compliance with these recommendations was 
monitored throughout the study. The instructions were age-appropriate, and parents were 
actively involved in supporting their children’s daily adherence to these practices, ensuring 
proper oral hygiene and dietary habits. 

Study Design and Participants. The trial followed a split-mouth design, where one molar 
from a pair of contralateral maxillary or mandibular first permanent molars was randomly 
assigned to the Vanish™ XT group, and the other served as a control, receiving no treatment. 
The treated molars formed the Varnish group, while untreated molars formed the Control 
group.The inclusion criteria were healthy children aged 6–8 years, at high risk of dental 
caries, with a minimum of one pair of newly erupted, contralateral first permanent molars 
featuring deep pits and fissures, no dental abnormalities, and no clinical signs of carious 
lesions. Exclusion criteria included molars with suspicious or uncertain structural integrity, 
teeth with fillings or sealants, children not classified as high-risk for caries, or those unable to 
complete the follow-up evaluations. 

Caries Detection and Classification. The ICDAS II classification system [17] was used to 
evaluate and track caries progression. This system includes a numerical scale from 0 to 6, 
used to classify lesions based on both visual and tactile assessments: 

• ICDAS  0: No visible caries; healthy enamel. 
• ICDAS 1: First visual changes in enamel, seen only after air drying; no 

cavitation. 
• ICDAS 2: Distinct visual changes in enamel, visible without drying; no 

cavitation. 
• ICDAS 3: Localized enamel breakdown due to caries with or without 

underlying shadow. 
• ICDAS 4: Underlying dark shadow from dentin with or without enamel 

cavitation. 
• ICDAS 5: Distinct cavity with visible dentin. 
• ICDAS 6: Extensive cavity with visible dentin. 
Two calibrated examiners conducted the caries assessment using visual and tactile 

methods based on the ICDAS II classification system. A dental probe was used to assess the 
surfaces for caries, and the teeth were examined after cleaning and drying. 

Eighty-seven children were initially screened. Seventeen were excluded due to the 
presence of carious lesions, fillings, sealants, or because they were not at high risk of caries, 
and eight declined to participate. Sixty-two children met the inclusion criteria. During the 
study, three children were excluded due to missed follow-ups, resulting in a final sample of 
59 children, comprising 86 pairs of molars (172 teeth) for analysis.  

Clinical Procedures. Two calibrated dentists, assisted by trained chairside dental 
assistants, performed all clinical steps. Both operators completed an ICDAS-II calibration 
course to standardize the assessment of tooth surfaces and caries detection. Teeth were 
evaluated using visual and tactile methods based on the ICDAS-II classification system. 
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Teeth were cleaned using a rotating cup without paste, isolated with cotton rolls and a 
saliva ejector, and thoroughly dried. Materials were applied according to the manufacturer’s 
instructions. The Vanish™ XT application involved etching the tooth surface with 35% 
phosphoric acid for 15 seconds, followed by rinsing for 60 seconds and drying for 5 seconds. 
Equal parts of Vanish™ XT liquid and paste were mixed for 15 seconds and applied in a thin 
layer (≤0.5 mm) to the occlusal and buccal/lingual surfaces using a brush. The material was 
then light cured for 20 seconds. After curing, the material was meticulously inspected to 
ensure proper setting and retention. 

Outcome and Follow-Up. The primary outcome was the development of new caries 
(ICDAS II scores of 1, 2, or 3) on the occlusal surfaces of the molars at 6 and 12 months. Two 
calibrated examiners conducted caries assessments, with any detected carious lesions being 
treated and recorded as failures. To ensure consistency, the same baseline treatment was 
reapplied at each follow-up visit. 

Sample Size Determination. The required sample size was calculated as 142 teeth using 
G-Power software™ (Heinrich Heine University, Düsseldorf, Germany), with 95% power (α = 
0.05, β = 0.05). 

Statistical Analysis. The data were analyzed using GraphPad Prism™ V6.01 software 
for Windows. For categorical data, Fisher’s exact test was applied in cases of small sample 
sizes, while the chi-squared test was used for larger datasets. Statistical significance was set at 
p ≤ 0.05. 

RESULTS 

The final sample included 59 children (34 females and 25 males) aged 6–8 years, with a 
mean age of 7.08 ± 0.67 years. Females represented 57.62% of the participants, while males 
accounted for 42.37%. Of the 59 children included in the study, 27 had all four first permanent 
molars (2 pairs) analyzed, while the remaining 32 children had only one pair of molars (2 
teeth) included in the analysis. 

The Caries Status at Follow-Up: 
In the Varnish group: At the 6-month follow-up, out of 86 treated teeth, 83 teeth 

(96.51%) remained caries-free (ICDAS II code 0), while 3 teeth (3.49%) showed early caries 
(ICDAS II code 1). At the 12-month follow-up, 78 teeth (90.7%) were caries-free (ICDAS II 
code 0), and 8 teeth (9.3%) were classified as ICDAS II code 1. 

In the Control group: At 6 months, out of 86 untreated teeth, 63 teeth (73.26%) were 
caries-free (ICDAS II code 0), while 19 teeth (22.09%) scored ICDAS II code 1, and 4 teeth 
(4.65%) scored ICDAS II code 2. At 12 months, 49 teeth (56.98%) were caries-free (ICDAS II 
code 0), 14 teeth (16.28%) scored ICDAS II code 1, 13 teeth (15.12%) scored ICDAS II code 2, 
and 10 teeth (11.63%) developed more advanced caries (ICDAS II code 3).  

Statistical analysis revealed significant differences between the Varnish and Control 
groups regarding caries progression. These differences were evident at both the 6-month and 
12-month follow-ups. All these data are summarized in the following table (Table 1). 

 
Table 1. Caries Status of Treated and Untreated Teeth at 6- and 12-Month Follow-Up 

Group Follow-Up ICDAS code 0  ICDAS code 1  ICDAS code 2  ICDAS code 3  Total Teeth p-value 

Varnish 
Group 

6 months 83 (96.51%) 3 (3.49%) 0 0 86 < 0.001 

 
12 months 78 (90.7%) 8 (9.3%) 0 0 86 < 0.001 

Control 
Group 

6 months 63 (73.26%) 19 (22.09%) 4 (4.65%) 0 86 - 

 
12 months 49 (56.98%) 14 (16.28%) 13 (15.12%) 10 (11.63%) 86 - 



Medicine in Evolution Volume XXX, No. 4, 2024 

 

759 

DISCUSSIONS 

The results of this study indicate that the use of a light-curable resin-modified glass 
ionomer varnish (Vanish™ XT) can significantly reduce the development of occlusal caries in 
newly erupted first permanent molars, as compared to untreated teeth. At both the 6- and 12-
month follow-ups, molars treated with the Vanish™ XT varnish demonstrated a significantly 
higher percentage of caries-free teeth (ICDAS code 0) compared to the control group, which 
did not receive any treatment.  

At 6 months, 96.51% of teeth in the Varnish group remained caries-free, a result that is 
consistent with other studies evaluating fluoride varnishes and resin-modified glass ionomer 
products. In contrast, only 73.26% of teeth in the Control group were caries-free at the same 
interval, and this difference was statistically significant. These findings align with previous 
research that has highlighted the effectiveness of fluoride varnishes and glass ionomer-based 
materials in preventing dental caries, particularly in children with deep fissures and high 
caries risk [18,19]. 

The efficacy of resin-modified glass ionomer varnishes like Vanish™ XT is attributed 
to their moisture-tolerant properties and sustained fluoride release, which allow for better 
adaptation to the oral environment, especially in partially erupted or difficult-to-isolate teeth 
[15,20,21]. Previous studies have shown that these materials provide long-lasting protection 
by releasing fluoride gradually, which is essential in high-risk groups, where traditional 
fluoride varnishes may not offer optimal protection due to issues with isolation [20,22]. 

Over the 12-month period, the results remained favourable for the Vanish™ XT group, 
with 90.7% of teeth remaining caries-free at the 12-month follow-up. This extended period of 
protection further supports the long-term benefits of using resin-modified glass ionomer 
varnishes in preventing occlusal caries. The Control group, on the other hand, exhibited 
significant progression of caries, with only 56.98% of untreated teeth remaining caries-free 
after 12 months, and a notable increase in the proportion of teeth classified as ICDAS code 2 
and ICDAS code 3. 

While this study provides promising results, it is important to acknowledge that the 
success of any preventive treatment depends on a combination of factors, including patient 
compliance, oral hygiene practices, and the technique used during application. In this study, 
the clinical procedure was standardized, with two calibrated examiners ensuring consistent 
caries detection and treatment, which reduces the potential for bias. However, further studies 
involving larger and more diverse populations, longer follow-up periods, and comparisons 
with other preventive measures (e.g., resin-based sealants) are necessary to further 
substantiate the findings. 

Several studies have also examined the use of fluoride varnishes and sealants for 
occlusal caries prevention. For example, studies have demonstrated that fluoride varnishes 
can reduce the incidence of caries in high-risk children, but the level of efficacy may vary 
depending on the product and the clinical conditions under which it is applied [23]. 
Additionally, recent investigations into the use of alternative materials such as bioactive glass 
and fluoride-releasing cements suggest promising outcomes in caries prevention, particularly 
in pediatric dentistry [16,24].  

While the findings of this study demonstrate the effectiveness of Vanish™ XT in 
preventing occlusal caries, some limitations should be considered. An important limitation of 
this study is the relatively small sample size, which may affect the generalizability of the 
results, alongside the short follow-up period (12 months) that does not allow for long-term 
assessment of the material's effectiveness, as well as the exclusive focus on a single product 
(Vanish™ XT) without direct comparisons to other available preventive materials. Further 
studies with larger, more diverse populations, extended follow-up periods, and direct 
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comparisons to other preventive materials are needed to confirm and expand upon these 
findings. 

CONCLUSIONS 

This study demonstrates that light-curable resin-modified glass ionomer varnish 
(Vanish™ XT) is highly effective in preventing occlusal caries on newly erupted first 
permanent molars. The varnish provides significant protection over 6- and 12-month periods, 
particularly in high-risk children, thanks to its ease of application, moisture tolerance, and 
sustained fluoride release. These characteristics make Vanish™ XT a promising addition to 
pediatric preventive care. 
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