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Abstract 

Nowadays, bacterial infections still represent a problem of global interest due to the emergence of 
antibiotic resistance. Also, microbial infection are the basis of cholesteatoma being known for the production of 
chronic inflammation, the collection of cellular debris and the increase in the viscosity of the secretions, the 
dysfunction of the Eustachian tube, the invasion of the cells of the immune system and epithelial hyperplasia Aim 
and objectives: To evaluate the antibacterial effect of epigallocatechin gallate (ECGC), in association with an 
antibiotic (ciprofloxacin) related to the possible synergistic effect. Material and methods: The disk diffusion 
method was employed to test the sensitivity of S. aureus and P. aeruginosa in the presence of ECGC and 
ciprofloxacin, at different concentrations (25–100 μg/mL) as such or in combination. Results: The results 
demonstrated that ECGC has an antibacterial effect on the selected strains, but the strongest activity was observed 
following the association of the natural compound with the antibiotic, with a better effect on the S. aureus strain. 
Conclusions: The association of natural compounds with antibiotics can represent an alternative to antibiotic 
resistance, being a possible effective option in combating infections and even pathologies of the middle ear, such as 
cholesteatoma. 

Keywords: ECGC, antibacterial effect, biofilm, cholesteatoma, synergism 
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INTRODUCTION 

Cholesteatoma is a non-cancerous condition characterized by the abnormal growth of 
squamous epithelial cells in the middle ear. Two types of cholesteatoma are known, the 
congenital one, which rarely develops, and the acquired cholesteatoma [1]. 

The causes of cholesteatoma development are not fully known, but a number of 
factors are responsible for the formation of this medical condition. Among these factors we 
find the microbial infection that leads to chronic inflammation, the collection of cellular debris 
and the increase in the viscosity of the secretions, the dysfunction of the Eustachian tube, the 
invasion of the cells of the immune system and epithelial hyperplasia [2,3]. This pathology is 
generally manifested by pain and the presence of a smelly liquid at the level of the infected 
ear and up to the loss of hearing [4]. From a histological point of view, this non-cancerous 
lesion contains keratin remnants covered with keratinized squamous epithelium [5]. 

Cholesteatoma has a high tendency to erode the ossicles and the temporal bone that 
supports the neural structures, which can lead to complications such as vertigo, paralysis of 
the facial nerve and hearing loss [6]. Also, an amplified inflammatory response determines 
the development of cholesteatoma and bone erosion, as well as the formation of biofilm is 
associated with the production of cholesteatomas [7]. The importance of biofilms in 
otolaryngological diseases is more and more known. In recent years, this subject has been 
intensely debated, involving in vitro studies, the vast majority of which are focused on the 
complications involving medical implants [8]. The formation of biofilms leads to impaired 
clearance and chronic middle ear infection that triggers the inflammatory process. Thus, 
inflammatory mediators such as IL-1, TNF-alpha and PAF induce hyperproliferation of 
keratinocytes and epithelial cells, increased secretion of mucin and bone resorption by 
stimulating osteoclasts and collagenases [2]. 

A large number of Gram-negative and Gram-positive bacterial agents as well as fungal 
agents were isolated from cholesteatoma tissues [1]. Pseudomonas aeruginosa and 
Staphylococcus aureus are the most common bacteria observed in cholesteatomatous otitis 
media [9]. It is considered that the formation of the biofilm keeps the pathogens in the middle 
ear, thus maintaining the inflammation and developing the cholesteatoma formation. In 
general, the treatment is based on surgical intervention, possibly including the removal of the 
inflamed bones; in combination with the administration of antimicrobial medication. 
However, the partial removal of pathogens or biofilms formed can precipitate the 
reappearance of the condition [1,6,10]. 

The ability of pathogens to form biofilms facilitates their survival in unfavourable 
conditions, allowing them to proliferate and colonize host tissues as well as inert surfaces 
such as implants, producing negative reactions on human health and resistance to 
antimicrobial drugs [11]. More controversial is the situation in which biofilms are 
polymicrobial. A common example of co-infection is that between Pseudomonas aeruginosa and 
Staphylococcus aureus, which can aggravate the disease and hinder the choice of antibiotic 
therapy, the person's recovery being slower [11,12]. 

Biofilm formation can be considered one of the main causes by which bacteria develop 
resistance to several drugs. The unreasonable use of antibiotics has led to the development of 
multi-resistant microorganisms. Natural products derived from plants but also 
microorganisms and marine species represent an invaluable source of anti-biofilm agents. The 
compounds isolated from the plants as well as the extracts proved to have important 
antimicrobial and anti-biofilm effects. The anti-biofilm properties of natural products refer to 
inhibiting the formation of the polymer matrix, reducing the production of virulence factors, 
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and suppressing cell adhesion, thus blocking the communication between bacterial cells and 
the development of biofilm [13]. 

Biofilm inhibitors as well as quorum sensing (QS) formation inhibitors are being 
studied as alternatives to current antibiotics due to their small possibility of developing 
resistance, focusing on products of vegetable origin that have a complex composition [14]. 

Green tea, an extract from the leaves of Camellia sinensis L., is known for its beneficial 
effects on health due to the wide range of phytochemicals in the composition. It contains 
numerous constituents, including catechins, caffeine, amino acids, chlorophyll, volatile 
compounds, minerals. About 30% of its total composition is represented by polyphenols, 
especially catechins, of which about 65% are represented by epigallocatechin-3-gallate 
(EGCG) [15,16]. 

Green tea polyphenols have demonstrated the ability to inhibit acyl homoserine 
lactone-mediated QS and to inhibit biofilm formation in Pseudomonas aeruginosa [15,17]. 

The inhibitory effect of EGCG against biofilm formation and cholesteatoma 
development is shown in Figure 1. 

Several studies have been carried out to evaluate whether green tea and its main 
phytocompound, epigallocatechin-3-gallate, have antimicrobial properties. The data obtained 
showed that both the aqueous and alcoholic extracts and ECGC are effective against S. aureus 
and P. aeruginosa. The results were presented using the minimum inhibitory concentration 
(MIC) and the size of the inhibition zones (IZ). A summary of the studies is shown in Table 1. 

Due to the massive acceleration of the development of bacterial resistance at the global 
level and the lack of new antimicrobial substances, new strategies to eradicate infectious 
diseases are needed. An alternative would be to combine antibiotics with each other or 
antibiotics with natural compounds to extract potential synergistic effects, knowing that 
plants are known for their antimicrobial effects [18]. 

 

 
Figure 1. The inhibitory effect of epigallocatechin-3-gallate (EGCG) against biofilm formation and cholesteatoma 

development 

 
 
 



Medicine in Evolution Volume XXVIII, No. 3, 2022 

 

221 

Table 1. Antimicrobial activity of green tea and epigallocatechin-3-gallate (ECGC) 
Source -Active 

compound 
 

Bacterial strain 
Zone of 

inhibition (IZ) 
Minimum 
inhibitory 

concentration 
(MIC) 

 
References 

 
 
 

Green tea 
extract (water 

extract) 

S. aureus 18.970±0.287 
mm 

400 µg/mL 
 

[19] 
 

MRSA 19.130±0.250 
mm 

400 µg/mL 
 

MRSA  0.78 mg/mL [20] 

S. aureus  0.28 mg/mL [21]  

MRSA  50–180 μg/mL [22] 

Green tea 
extract 

S. aureus 
MDR-S. aureus 

 125 µg/mL 
 

[23] 

Green tea 
extract 

(alcohol 
extract) 

S. aureus  20 μg/mL [24] 

Green tea 
extract 

(methanol 
extract) 

S. aureus   
0.8 mg/mL 

 

[25] 

Green tea 
extract 

(ethanol 
extract) 

S. aureus 12 mm  [26] 

EGCG S. aureus  100 mg/mL [27] 

EGCG MDR-S. aureus  625 µg/mL [23] 
 

 
 

Green tea 

extract (water 
extract) 

P. aeruginosa 17.550±0.393 
mm 

800 µg/mL 
 

[19] 
 

MDR-P. 
aeruginosa 

17.670±0.398 
mm 

800 µg/mL 
 

Green tea 
extract 

(ethanol 
extract) 

P. aeruginosa 10 mm 
 

 [26] 

EGCG P. aeruginosa  500 mg/mL [27] 

EGCG P. aeruginosa  200 µg/mL [28] 

Aim and objectives 

The objective of this study was to evaluate the antibacterial effect of epigallocatechin-
3-gallate (ECGC) on the bacterial strains S. aureus and P. aeruginosa compared to ciprofloxacin 
and then to analyze the effect of the association between the natural compound and the 
antibiotic to assess the synergistic activity obtained; synergism that is necessary to fight 
infections, even those from the middle ear, and cholesteatoma, a pathology of interest to our 
research group. 

MATERIAL AND METHODS 

Epigallocatechin-3-gallate (E4143) and ciprofloxacin (17850) were purchased from 
Sigma Aldrich (Germany). The antibacterial effect of EGCG, Cip and their association was 
evaluated against Staphylococcus aureus (ATCC 25923™) and Pseudomonas aeruginosa (ATCC 
27853™), strains acquired from ATCC (American Type Culture Collection, Microbiologics, 
France). The Disk diffusion method for susceptibility testing, in accordance with the SRAST 
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(Standard Rules for Antimicrobial Susceptibility Testing) using impregnated disks was 
employed. The experimental protocol was conducted as presented in literature [23,27,28]. 
Ciprofloxacin and EGCG solutions were obtained in a wide range of 25–100 μg/mL, samples 
that were used as such or in combination against P. aeruginosa and S. aureus. The plates were 
incubated in standard conditions (at 37°C) and evaluated after 24 h. Data are presented as 
inhibition zone expressed in mm. All the tests were realized in triplicate. 

RESULTS 

Regarding the antibacterial activity, in the figures 2 and 3 are exposed the data 
obtained after the evaluation of ciprofloxacin, epigallocatechin-3-gallate and their association 
on two bacterial strains, namely S. aureus and P. aeruginosa. The results showed that Cip, used 
at low concentrations (25-75 μg/mL) exerted a slight antimicrobial effect compared with the 
highest concentration (100 μg/mL) tested on S. aureus while EGCG at the same concentration 
(100 μg/mL) presented a weaker effect. EGCG_Cip association showed a higher antimicrobial 
activity on S. aureus bacterial strain compared to the individually tested substances (figure 2). 
 

 
Figure 2. The effect of ciprofloxacin (Cip), epigallocatechin-3-gallate (EGCG) and their association at different 

concentrations (25, 50, 75, and 100 µg/mL) on S. aureus bacterial strain 

 
Regarding the activity on P. aeruginosa bacterial strain, EGCG tested at the highest 

concentration showed a stronger effect compared to ciprofloxacin tested at the highest 
concentration (figure 3). The association between EGCG and antibiotic leads to a better effect 
but not as pronounced as in the case of S. aureus. 
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Figure 3. The effect of ciprofloxacin (Cip), epigallocatechin-3-gallate (EGCG) and their association at different 

concentrations (25, 50, 75, and 100 µg/mL) on P. aeruginosa bacterial strain 

DISCUSSIONS 

The pathogenesis of acquired cholesteatoma has become an intensively studied 
subject. A first step was the study carried out by Chole and Faddis in which the presence of 
biofilms was reported in 16 of the 24 clinical cases of cholesteatoma (66%) [29]. Another group 
led by Lampikoski identified biofilm formation in 3 out of 5 cases of cholesteatoma (60%) [30]. 
Also, Kaya et al. obtained results like those existing in the specialized literature, more 
precisely in 8 out of 13 cases the formation of biofilm was observed at the level of the middle 
ear mucosa (61.5%) [8]. Considering the data presented, it was found that bacteria can infect 
the keratin matrix and form biofilms that further lead to chronic infections. After an in vitro 
study, it was concluded that biofilm formation was responsible for the containment of more 
than 50% of the pathogens isolated from cholesteatoma tissues at the level of the ossicles [31]. 

The formation of biofilms has been shown to represent a main role in the evolution of 
cholesteatoma. Normally, the middle ear cavity is colonized by bacterial flora, this aspect can 
make it difficult to differentiate between harmless and pathogenic microbial agents. 
Therefore, the inflammatory process generated by the wide variety of pathogenic agents has a 
greater relevance in the production of infection, in the development of cholesteatoma, than 
the responsible bacterial species itself [1]. 

The creation of biofilms led to the emergence of resistance to antibiotics and in general 
to antimicrobial medication, putting great obstacles in the effective treatment of infections 
among the population. Thus, in recent years, the intensive study of natural products has been 
started in terms of their efficiency as antimicrobial and antibiofilm agents; there are promising 
data in this regard. 

Most products of natural origin work by inhibiting bacterial growth or by reducing 
their pathogenicity, acting on specific genes that manage the decisive factors of virulence. In 
addition, besides these mechanisms, certain compounds including EGCG have been 
investigated for their action as QS inhibitors [32,33]. The study conducted by Yin et al. 
pointed out that the polyphenols extracted from the leaves of Camellia sinensis L. inhibit the 
QS system of Chromobacterium violaceum not through the production or degradation of acyl 
homoserine lactones and most likely interfere with acyl homoserine lactone receptors. In 
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addition, polyphenols extracted from green tea can inhibit the production of elastase, total 
protease, biofilm formation and motility of Pseudomonas aeruginosa, but without slowing its 
growth. The tea extract showed that it may be able to significantly decrease the biofilm 
formation of Pseudomonas aeruginosa at concentrations between 49 μg/mL-159 μg/mL 
through QS modulation [15]. The main polyphenolic compound in tea, EGCG at the 
concentration of 40 μg/mL, demonstrated that it can inhibit biofilm formation by 30% and can 
decrease the swarming ability of Burkholderia cepacia [34]. 

According to Yang's results, it was shown that epigallocatechin-3-gallate has a high 
binding affinity to the enoyl-acyl carrier protein reductase of Pseudomonas aeruginosa, being an 
effective quorum-quenching candidate [35]. 

Further studies on the isolation of bioactive compounds, as well as their activities, are 
necessary to know the complexity of the beneficial effects of green tea extract. 

Monotherapy is often ineffective, the combination of several antibacterial agents is 
optimal for eradicating infections, such as those with P. aeruginosa and S. aureus. The main 
advantages of the combined therapy are the inhibition of the emergence of bacterial resistance 
and the broadening of the spectrum of antibacterial action compared to the use of 
monotherapy [36]. 

Our study highlighted the antibacterial effect of epigallocatechin-3-gallate at 
concentrations between 25-100 μg/mL compared to a fluoroquinolone, ciprofloxacin, against 
the bacterial strains S. aureus and P. aeruginosa. The association of ECGC with ciprofloxacin 
led to a stronger effect, especially against S. aureus, which pointed out the synergistic effect of 
the two molecules. In the specialized literature, the antibacterial effect of ECGC in association 
with other antibiotics was also studied, and the synergy was also observed. The study by 
Shanmugapriya et al. showed that an antibiotic from the class of cephalosporins, such as 
cefepime, associated with epicatechin 3-gallate of natural origin, induced a synergistic 
eradication effect against the resistant isolate of P. aeruginosa. Thus, combining the antibiotic 
with ECGC allowed the use of lower concentrations of ECGC and cefepime than when each 
substance would be administered alone. The minimum inhibitory concentration for the 
natural compound was reduced to 4, 2, 1 and 0.5 µg/mL in the presence of the antibiotic at a 
concentration of 0.5, 1, 2 and 4 µg/mL [37]. 

This synergistic activity between antibiotics and ECGC was also observed in the study 
conducted by Zhao. Epicatechin 3-gallate in low concentrations demonstrated a synergistic 
effect with β-lactam antibiotics such as penicillin and oxacillin against methicillin-resistant S. 
aureus (MRSA). ECGC dose-dependently inhibited the growth of both methicillin-susceptible 
and methicillin-resistant Staphylococcus aureus (MSSA and MRSA) and reduced tolerance of 
bacteria to high ionic strength and low osmotic pressure in their external atmosphere [38]. 
Hu's research also reported the superior effect of EGCG against MRSA when combined with 
ampicillin [39]. 

All these results confirm the synergism between antibiotics and phytocompounds, 
more precisely the effect of their association is greater than the effect of the compounds 
administered individually or the sum of the effects of the individual compounds; synergism 
that produced an impressive antibacterial effect. 

CONCLUSIONS 

Following this study and the review of specialized literature, we concluded that plants 
and natural compounds extracted from plants have a significant antibacterial role and 
represent an alternative to antibiotic resistance. In addition, it can be concluded that the 
association of natural compounds, in this case ECGC, with antibiotics potentiates the 
antibacterial effect due to the resulting synergy. Thus, this combination can be an effective 
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option for fighting infections and even ear infections and cholesteatoma, a pathology that can 
seriously affect the population. 
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Abstract 

Since 2020, since the beginning of the pandemic, in Romania, dentistry has been one of the most affected 
fields of activity, dentists being one of the risk categories, when we refer to general anxiety, in the context of the 
COVID-19 pandemic. The aim of this study is represented by the evaluation of the anxiety level of dentists, in the 
context of the COVID-19 pandemic, using a questionnaire. In this study were used 88 dentists who carry out their 
professional activity with a frequency of at least 5 days/week, in Timiș County and are between 24 and 65 years 
old. The study found that female dentists (25%) have a higher level of general anxiety than men (20%) in the 
context of the COVID-19 pandemic. Consequently, the level of general anxiety is high in 2 out of 5 female dentists, 
while only 1 in 5 male dentists has a high level of general anxiety in the context of the COVID-19 pandemic. 

Keywords: anxiety, fear, COVID-19, dentistry 
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INTRODUCTION 

The difference between fear and anxiety is a matter of gradation and especially of 
cognition. Both can appear in the psychological picture of the adolescent, having a role in his 
daily functioning and marking him as a future anxious adult, or calm and balanced. We call 
fear, that state whose object is rather known to the subject, that is, a state that has an 
emotional and representative content of its object. In contrast to these situations, the word 
anxiety is often reserved for cases where the object is poorly differentiated cognitively, but it 
can also be applied to intense fears or those that are repetitive, chronic or pathological [1,2]. 

In addition to this anxious expectation that anticipates the possibility of unfortunate 
events, anxiety may be accompanied by muscle tension, motor inhibition and neurovegetative 
manifestations. Among these, the most common are: palpitations or tachycardia, dizziness or 
dizziness, hot flashes or colds, redness and paleness, dry mouth, nausea and sore throat [3]. 

In situations where anxiety acquires a generalized character, in which the elements 
listed above are exacerbated and may have a more lasting character, we speak of pathological 
anxiety. Such cases can lead to the inhibition of the subject's action, to the underestimation of 
the real personal capacities [4]. 

At the end of 2019, pneumonia with an uncertain aetiology appeared in the Wuhan 
region from China [5]. There was a lot of information about a pathogen that was contacted 
from a fish market or a live animal. Initially, the transmission of the pathogen was from 
animal to human, later starting a rapid transmission from human to human. The pathogen 
was named "New Corona Virus 2019 (219-nCoV)", and the disease caused by it, "Corona 
Virus 2019 Disease (COVID-19)" [6]. 

The COVID-19 pandemic has had and is having a significant impact on the mental 
health of the population, therefore, monitoring the mental health of the population during 
pandemic crises is an immediate priority [7,8]. 

In the case of pandemics such as Severe Acute Respiratory Syndrome (SARS) there 
have been a number of stressful situations that threaten the physical health and psychological 
well-being of the individual and his perception that the transmission of the virus is relative 
and uncontrollable even if taken measures to prevent contamination (for example, wearing a 
protective mask and avoiding congestion) [9]. 

Because dentists perform procedures that create aerosols and make direct contact with 
saliva and blood, the risk of exposure is high among them. As a result, both the dentist and 
the entire team are extremely vulnerable, with a high possibility of direct exposure to the 
virus, which also implies a major negative psychological impact [10]. 

The COVID-19 pandemic continues to have a negative impact on the work of dentists. 
Routine dental procedures were suspended for a period of two months due to the risk of 
cross-infection during treatment. Moreover, the oral mucosa has been recognized as a route of 
virus entry, limiting dental activity only to treating emergencies, to minimize the generation 
of drops and aerosols. In addition, both companies operating in the field of dentistry and 
dental practices have decided to suspend their collaboration with some staff [11]. 

Aim and objectives 

The aim is represented by the evaluation of the anxiety level of the dentists, in the 
context of the COVID-19 pandemic, using a questionnaire. 
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MATERIAL AND METHODS 

With the onset of the pandemic, one of the most important components of the medical 
health system, dentistry, faced a total restriction on the practice of routine dental treatments 
for a period of two months. An acute shortage of rules of application of Government 
Ordinances, developed in order to prevent and combat the transmission of SARS-CoV-2 virus 
had a negative influence on the level of general anxiety of dentists. 

In this study were included 88 dentists who carry out their professional activity with a 
frequency of at least 5 days/week, in Timiș County and are between 24 and 65 years old. 
People retired from professional activity, people with chronic or neuro-mental disorders were 
excluded from the study. 

Of the total number of participants, 45 were male and 43 were female. All participants 
were informed about the purpose and manner of conducting the study and gave their consent 
to participate. 

To conduct this study, a questionnaire was designed using the Google Forms platform 
(Table I). 

Psychometric test used in the study 
Sex:...................... 
Age:..................... 

GENERAL ANXIETY LEVEL MEASUREMENT SCALE IN THE CONTEXT OF 
THE COVID-19 PANDEMIC 

Below are a number of statements. In the last 2 weeks (14 days), how often have you 
been bothered by the following issues: 

 

Table 1. The scale for measuring the level of general anxiety in the context of the COVID-19 pandemic. (Lee S., 
2020) [9] 
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I had trouble falling asleep or sleeping because I was thinking about COVID-19. 0 1 2 3 4 

I lost my appetite when I thought about it or when I was exposed to information 
about COVID-19. 

0 1 2 3 4 

I felt paralyzed or frozen when I thought about it or when I was exposed to 
information about COVID-19. 

0 1 2 3 4 

I felt dizzy, confused or weakened when I read or heard news about COVID-19.  0 1 2 3 4 

I am an active person who carries out the plans established for me. 0 1 2 3 4 

 

The questionnaire sent consisted of the socio-demographic information part and the 
measurement scale part. 

The questionnaires were sent to the subjects of the sample using the social media 
platform, Facebook. 

Data collection was performed only once / subject, in January 2022. 
The following variables were recorded in this study: 
• age; 
• sex; 
• dizziness; 
• sleep disorders; 
• tonic immobility; 
• decreased appetite; 
• abdominal discomfort. 
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Subjects were asked to rate each item on the scale based on how often they faced the 
condition in the last 14 days (Tab. 1). The scale consisted of a number of five items, each item 
corresponding to a state. The assessment of each condition was made by the subjects included 
in the sample by the following assessment: 

1. Never 
2. Rarely - at least in a day or two 
3. Sometimes - in a few days 
4. Often - in more than 7 days 
5. Almost always – daily 
Each answer corresponds to a score, in order to interpret the results, as follows: 
1. Never = 0; 
2. Rarely = 1; 
3. Sometimes = 2; 
4. Often = 3; 
5. Almost always = 4. 
 A score ≥ 9 represents a high level of anxiety. 

RESULTS 

Of the 88 subjects included in the study sample, 51% (45 subjects) were male and 49% 
(43 subjects) were female, aged between 24 and 65 years. 

For greater accuracy and easier data processing, the age of the subjects was divided 
into five intervals, as follows: 

• age less than or equal to 25 years; 
• age between 26 and 35 years; 
• age between 36 and 45 years; 
• age between 46 and 55 years. 
Of the total percentage of subjects included in the study, 36% are between 26 and 35 

years old, 25% are between 36 and 45 years old, 14% are between 46 and 55 years old and 14% 
are under 25 years old. 

The analysis of the results based on the study criterion was done using the anxiety 
assessment scale in the context of the COVID-19 pandemic. 

Of the total percentage of male subjects, included in the sample, to the statement "I 
had trouble falling asleep or sleeping because I was thinking about COVID-19", only 23% said 
they had not once had problems with sleep due to the COVID-19 pandemic, while 77% of 
them say they had (Fig. 1). 

 

 
Figure 1. Percentage distribution of subjects based on the answers to item no. 1. 
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Of the total percentage of subjects included in the sample, in the statement “I lost my 
appetite when I thought about it or when I was exposed to information about COVID-19”, 
only 26% stated that they had no problems with appetite, while 74% of them say they had 
(Fig. 2). 

 

 
Figure 2. Percentage distribution of subjects based on the answers to item no. 2. 

 
Of the total percentage of subjects included in the sample, in the statement “I felt 

paralyzed or frozen when I thought or when I was exposed to information about COVID-19”, 
77% stated that they were they almost always felt paralyzed or frozen when they thought or 
were exposed to information about the COVID-19 pandemic, 6% often, 11% sometimes, and 
6% rarely (Fig. 3). 

 

 
Figure 3. Percentage distribution of subjects based on the answers to item no. 3. 

 
Of the total percentage of subjects included in the sample, for the statement “I felt 

dizzy, confused or weak when I read or heard news about COVID-19”, 77% said they felt 
almost always dizzy, confused or weak when I read or heard news about the COVID-19 
pandemic, 6% often, 11% sometimes, and 6% rarely (Fig. 4). 
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Figure 4. Percentage distribution of subjects based on the answers to item no. 4. 

 
Of the total percentage of subjects included in the sample, the statement “I was 

nauseous or had a stomach ache when I thought about it or when I was exposed to 
information about COVID-19”, all remarked at least once the installation of a physical 
reaction at the time of a mention of the COVID-19 pandemic (Fig. 5). 

 

 
Figure 5. Percentage distribution of subjects based on the answers to item no. 5. 

DISCUSSIONS 

The results of this study showed that 25% of female subjects (11 subjects) included in 
the study had a score greater than or equal to 9, while only 20% of male subjects (9 subjects) 
included in the study had a score greater than or equal to 9. 

Subjects with a score greater than or equal to 9 may experience certain conditions: 
dizziness, sleep disturbance, tonic immobility, loss of appetite, or nausea [4,12]. 

Dizziness, which is the fourth item on the scale, is a major symptom of panic attacks 
and an associated feature of generalized anxiety disorder (American Psychiatric Association, 
2013) [13,14,15]. 

Sleep disorder, which is the second item on the scale, is a common symptom of both 
generalized anxiety disorder and post-traumatic stress disorder (American Psychiatric 
Association, 2013) [6,7]. 
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Tonic immobility, which is the third item on the scale, is not a major symptom of any 
psychiatric condition [7,10]. 

Loss of appetite, which is the fourth item on the scale, is a common symptom of major 
depressive disorder, a condition that often occurs in conjunction with panic disorder 
(American Psychiatric Association, 2013). Loss of appetite is also a visible sign of fear, as it 
reflects the biological process of blood leaving the digestive tract in areas of the body that 
mobilize the person to deal with an imminent threat [4,12]. 

Abdominal nausea or distress, which is the last item on the scale, also captures the 
digestive changes associated with a fear response. Similar to dizziness, nausea and abdominal 
distress are also major symptoms of panic attacks and are features associated with 
generalized anxiety disorder (American Psychiatric Association, 2013) [6,12]. 

Although the scale items focus on reactions related to anxiety and trauma, the fact that 
they are focused exclusively on stressful bodily symptoms makes them extremely relevant for 
somatic symptoms and associated disorders (American Psychiatric Association, 2013). 

For the age group up to 25 years, no scores higher than 9 were recorded. 
For the age category 26 - 35 years, no scores higher than 9 were registered. 
For the age category 36 - 45 years, 5 scores higher than 9 were registered, 3 being 

attributed to the male sex, and 2 to the female sex, 
For the age category 45 - 55 years, 6 scores higher than 9 were registered, 4 being 

attributed to the female sex, and 2 to the male sex. 
For the age category 56 - 65 years, 9 scores higher than 9 were registered, 5 being 

attributed to the female sex, and 4 to the male sex. 
The limitations of the study were represented by the small number of subjects 

included in the study. 

CONCLUSIONS 

Anxiety is a complex phenomenon, a phenomenon that has both a psycho-social and a 
physical component. In addition to the problems facing humanity, in 2019 the pandemic 
COVID-19 began, which has become a risk factor for anxiety. 

Following the study, it was found that the level of general anxiety of dentists, in the 
context of the pandemic with COVID-19 virus, participants in the study, is high, and the 
quality of sleep, social relationships and psycho-emotional and physical health being all 
altered due to this pandemic. 

The study found that female dentists (25%) have a higher level of general anxiety than 
men (20%) in the context of the COVID-19 pandemic. 

Consequently, the level of general anxiety is high in 2 out of 5 female dentists, while 
only 1 in 5 male dentists have a high level of general anxiety in the context of the COVID-19 
pandemic. 

Sinces the beginning of the pandemic, in 2020, in Romania, dentistry has been one of 
the most affected fields of activity, dentists being one of the risk categories, when we refer to 
general anxiety, in the context of the COVID-19 pandemic. 
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Abstract 

Recommendations for original studies  

Original studies must include a structured abstarct of maximum 150 words, containing the following 
titles and informations: Aim and objectives; Material and methods; Results; Conclusions; Key words: give 3-5 key 
words; The abstract will be translated into an international circulation language. 

The aims of this study is evaluation of color change and sensitivity that occur in all the teeth. By 

Mean, a comparison between 2 main categories of treatment to cure tooth discoloration. In – office 
bleaching treatment and home bleaching treatments. This article is a systemic review study research.  

Bleaching techniques and other methods used for removing discolorations and stains suffered various 
improvements over the years such as aesthetic outcome and the reduction of secondary reactions. Development of 
Home Bleaching products is an outcome of improvements made in this domain, though they are not realised by a 
professionist and do not qualify as quality equal. Therefore, professional bleaching represents an efficient, safe and 
sustainable method for this kind of therapy, but home bleaching techniques do give relative good results at a 
considerable lower cost of treatment. 

Keywords: Bleaching, Tooth whitening, Home Bleaching, Discolorations, professional techniques 
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INTRODUCTION 

In recent years, cosmetic dentistry has been receiving increasing attention due to the 
growing interest of patients in the aesthetic appearance of their smile. It is undeniable that 
today's society is looking for white teeth and attractive smiles. A bright smile is a sociological 
asset, with a strong psychological impact on the subject himself, but also on the people 
around him. The natural and aesthetic appearance of a tooth is determined not only by its 
morphology and its position in relation to the other teeth, but also and above all by its color. 
Even though the bleaching technique has been known for long time, it was by a handful of 
practitioners in the past. Like pioneers, they gradually developed and adjusted various 
techniques. In the 19th century, the use of oxalic acid (Chapple, in 1877) and (Taff and 
Athenon, in 1879) was proposed for bleaching vital teeth, before hydrogen peroxide was 
introduced by Harlan for the first time in 1891. However there were also other method has 
been used in the past such as electric current in 1895 and the application of ultraviolet by 
Rossental in 1911. In 1918, Abbot used hydrogen peroxide activated by light or heat. This 
technique was updated by Torres in 1983, and by Goldstein in 1987. Finally, in 1989, the 
ambulatory techniques by Haywood and Heymann, as opposed to the classic chair side 
techniques. In the present time, there are 2 techniques that have been outlined, first is 
Ambulatory or at home bleaching which need to have intraoral device or tray that patient can 
apply peroxide gel. Second technique is in office by professional technique, dental 
practitioner will be using photo -activation. This allows the modification in the color of the 
enamel from the first treatment. [1] 

However, many products are commercially available, as are treatments supervised by 
a dentist, offered to the patient in order to solve a wide variety of dental dyschromias without 
restorative intervention. Choosing the correct treatment methods, it is important for dental 
practitioner to understand the etiology and severity of dental dyschromias for the best results 
and no harm to the dental health of the patient. [2] 

Teeth whitening, also called teeth bleaching, is an aesthetic procedure to meet the 
needs of patients who want to have white teeth. Home-based whitening products with 
bleaching properties have become popular and accessible to more people because bleaching 
with bleaching agents can be done at home with prescribed of dentist or purchased over-the-
counter. There are many products available on the market today such as hydrogen peroxide, 
carbamide peroxide, sodium percarbonate, sodium hexametaphosphate, sodium 
tripolyphosphate, and calcium peroxide. All These agents have a wide range concentrations 
and characteristics acting as gel in tray, strips, paint-on gel, chewing gum, and mouthwash 
which have varying application times and duration of treatment. [3] 

However, techniques of home bleaching use a low concentration of 10-20% of 
bleaching agents that’s why patients have to do multiple bleaching sessions to achieve 
satisfactory results. While professional technique in the office, teeth whitening will use about 
35% high concentration whitening solution and various technologies. To stimulate the 
effectiveness of the teeth whitening solution to work better, such as cool light, LED light, or 
laser light to whiten patient’s teeth several shades in one session. [4] 

Home bleaching with custom trays (Dentist-supervised home bleaching) 
Supervised dental bleaching using dental trays is one of the most commonly used 

approaches to whiten patient teeth. The technique of tray whitening was first described in 
dental research in 1989. In 1990s this method became more widespread and it was accepted 
by dental community as a whole. The advantages of this method are easy to use, less time 
consuming, cause less sensitivity and gingival irritation when compared to the professional 
technique of teeth whitening. 10% carbamide peroxide has been the most used for this kind of 
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procedure. However, increasing the concentration of the bleaching agents have been used or 
new bleaching agents containing 3% to 10% hydrogen peroxide have been released. Home 
bleaching with hydrogen peroxide with custom trays was introduced to reduce bleaching 
time but maintaining the effectiveness. A carbamide peroxide gel containing desensitizing 
agents that could be applied in a shorter time has also been proposed to reduce the intensity 
of tooth sensitivity. [5] 

Home Bleaching with trays can be done at home following dentist’s advice. Before 
starting process of whitening patient teeth, professional dental hygiene and treatment of any 
other dental problems like decay or periodontal disease are essential. Next step is making 
patient’s tray. [6] 

Even though, at home bleaching with custom trays method is convenience, short time 
consuming and cheaper than professional (in office) technique. There are still side effects that 
can be sometimes encountered by the patient. Tooth sensitivity and gingival irritation were 
the most common side effect that has been reported after bleaching procedure. [7] 

Bleaching tray 
There are 2 types of bleaching tray that available on the market. Some are thin and 

hard, it is suitable for treating individual teeth and give a better seal as oxygen release by the 
active agent is diluted by saliva. There are also standard trays with most bleaching systems 
which are thicker and softer but it can be used only full arch coverage due to their non-
retentive properties. They are less irritating and easier to use for both dentist and patient. [8] 

Over-the-Counter Teeth Whitening 
In the present time, there are various types of home bleaching products available in 

the market all around the world. Most of the manufacturers claim that these products It has 
the ability to make teeth whiter. [9] 

Chewing gum 
Chewing gum containing sodium hexametaphosphate (4.0 - 7.5%) was added on the 

market. This product claims to prevent the formation of colored spots on the tooth and 
whiten teeth. But this kind of product usually doesn’t give dramatic results. Whitening 
chewing gums contain abrasives which scrub the surface of teeth and remove stains. Titanium 
dioxide and baking soda are also found in whitening gums, it has properties of polishing the 
surface of the teeth and whitening. Some whitening gums have an ingredient called Calpox or 
calcium peroxide. It helps oxidize stains, making them easier to remove from the teeth. [10] 

Mouthwash 
Mouthwashes, or rinsing solutions have recently appeared on the market, and 

manufacturers say they can remove stains and decrease plaque formation. Usually, 
mouthwash has a low concentration of hydrogen peroxide and sodium hexametaphosphate 
can also be included in the formulation. [11] 

Dental floss 
Whitening dental floss has been created by manufacturers to promote reduction of 

colorations in interproximal areas. The shrinkage properties of stains are associated, by the 
presence of silica in the composition, with properties abrasive at the superficial level when 
applied in the interdental region. [12] 

Toothbrush 
In addition to being used as part of normal oral hygiene, the toothbrushes manual and 

electric teeth can also be used to maintain a brightening effect or to prevent extrinsic staining 
after bleaching treatmen. [13] 

Toothpaste 
Toothpastes claiming whitening properties represent more than 50% of products 

available over the counter and rarely contain sodium peroxide carbamide or hydrogen, or any 
other kind of bleaching agent. Their ability to removing stains is linked to the large amount of 
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abrasive elements contained in their formulation, which eliminates extrinsic superficial 
colorings. The active components of "whitening" toothpastes include enzymes that break the 
organic molecules of the biofilm. In addition, abrasives such as alumina, dehydrated 
dicalcium phosphate, and silica are also included in the formulation to help eliminate 
discoloration. However, the abrasiveness of these toothpastes must be moderate in order to 
prevent excess wear of the underlying enamel and dentin. [14] 

Varnish (paint-on-gel) 
Whitening varnishes are lightening products available in the market that have 

carbamide or hydrogen peroxide in suspension. The varnish is affixed to the surface of the 
teeth with an applicator, usually comparable to brush, and will adhere to the surface of the 
enamel. [15] 

Universal trays with commercial gel 
We can now find in shops or on the internet imitating the ambulatory technique 

proposed by dental surgeons. These are universal thermoformable trays that the user adapts 
himself to his teeth after having immersed them for a few seconds in the water. Heat making 
them soft and pliable. Then immediately places them in mouth, compresses them with his 
fingers so that they take the shape of the teeth; and wait a few minutes for them to harden. 
[16] 

Once the trays are molded, they can receive a bleaching gel, most often containing 
carbamide peroxide, but the concentrations of which are rarely indicated. Manufacturers 
claim results comparable to professional outpatient treatment. [17] 

Whitening strips 
These products were created to avoid the use of trays. Those are adhesive strips with 

bleaching agents contained in a very viscous in a thin layer on the adhesive side of the strip. 
They are bonded to the buccal surface of the maxillary anterior teeth and mandibular, usually 
up to the first premolar, and have a small flap folding over the lingual surface. The active 
agent, applied evenly to the surface teeth, is hydrogen peroxide in concentrations ranging 
from 5 to 14%, and is released over relatively short periods of time, ranging from 5 to 60 
minutes. [18] 

Professional techniques (In-office) 
In office bleaching technique was introduced in the last two decades, It is a technique 

that can be offered in certain severe cases or in patients in a hurry wishing to limit the 
treatment in the time. 

This technique has a faster result, the control of the contact of agents with soft tissues 
and that of the possible ingestion of product. [19] 

Many techniques have been developed since the 1970s. However, they all consist of 
the application of a product highly concentrated in hydrogen or carbamide peroxide directly 
on the pulped teeth after protection of gum tissue. The concentrations are generally 35% for 
carbamide peroxide, and can range for 15 up to 35% hydrogen peroxide. [20] 

Today we have them often found in the form of ready-to-use gels, packaged in a single 
or two tanks. The new generations offer a higher viscosity. The principle active agent can be 
combined with a copolymer, with sodium and calcium fluoride, as well as for some, to 
titanium dioxide. [21] 

Some of these adjuvants give the gel a putty consistency and a color, which allows to 
visualize and control the excess at gum level. There are also products in powder and liquid 
form to mix, considered to be more stable, and used in particular in the Baratieri technique: 
the mixture has the property of changing color; turquoise green at the start of activation, it 
turns white when no longer active, indicating that it needs to be renewed. [22] 

These various techniques are distinguished by the specific products used, but are also 
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characterized by specific activation systems and protocols precise operating 
procedures. So today we find many modes of activation of peroxides of hydrogen, which 
accelerate and potentiate the lightening effect. AT the origin we used the classic halogen 
lamps intended for the photopolymerization composites; then appeared high-energy lamps: 
halogen, plasma, laser, xenon, UV; which allow both arcades to be illuminated 
simultaneously. Currently we even find methods using chemical or ultrasonic activators. 

In all cases, the important thing is to have a good match between the chosen gel, its 
concentration, and its mode of activation, which must be adapted in terms of power 

and wavelength. [23] 

Aim and objectives 

The aims of this study is evaluation of color change and sensitivity that occur in all the 
teeth. By mean a comparison between 2 main categories of treatment to cure tooth 
discoloration. In – office bleaching treatment and home bleaching treatments. 

MATERIAL AND METHODS 

This article is a systemic review study research. This literature review was carried out 
in two stages. 

The first search was in January to February 2021 on the professional bleaching 
techniques and its efficient, including adverse effect. A comprehensive search was perform on 
vary of textbook and from sites such as Pubmed, Web of science, Scopus, Cocharane, 
reserchgate and Springer link. 

The studies was searched in 2 languages: English, French. The following keywords: 
Whitening, bleaching, tooth whitening, home bleaching, professional technique, 

discoloration, commercial whitening product.  
All the researches were from 2011 to 2020. The studies that was included in this thesis 

were Meta-analyzes and systematic reviews, Critical reviews, longitudinal studies and case 
reports. When there was limited literature to find on a topic, case reports were used. We have 
also used relevant books to complement some topics. 

Then, from March to May 2021, the same research on the home bleaching techniques. 
Which performed in the same databases and concerning the same types of articles with the 
search equation. 

Exclusion and Inclusion criteria 
Inclusion criteria 
1. The studies from the year 2011 to 2020 
2. Articles evaluating the efficiency of different bleaching product 
3. The studies that has the result or descried the efficient of one of bleaching technique 
4. The studies that contain the adverse effect of bleaching technique 
Exclusion criteria 
1. Studies that are too old. Or the studies that contributed for more than 10 years 
2. Articles like product advertising 
3. The articles that are in other languages 
Data collection 
A first selection was made using the titles of the articles. Subsequently, the abstracts 

were analyzed to keep Meta-analyzes and systematic reviews, Critical reviews, longitudinal 
studies and case reports. Comparing between profession bleaching technique and home 
bleaching technique. Finally a search manual was carried out using the sources contained in 
the selected journals and not detected by the search equation. 
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RESULTS 

Effectiveness of professional techniques 
As part of clinical research (BIZHANG, CHUN and DAMERAU, 2011), two 

professional whitening systems were compared: one is a treatment outpatient (Illumine 
Home, a 10% carbamide peroxide gel worn at night in a splint for two weeks), the other a 
chairside treatment (Illumine Office,15% hydrogen peroxide gel in a tray for 45 minutes, three 
times every three weeks). It emerged that the two treatments allow to evenly to brighten teeth 
and maintain results beyond three months. 

Similarly, a recent study (DAN, et al., 2012) comparing a treatment outpatient (10% 
carbamide peroxide gel worn at night in a gutter) and chairside treatment (25% hydrogen 
peroxide gel for one hour) shown that 5 days of outpatient treatment at home produces the 
same clarification than a one-hour chair treatment session. However, the patients in the trial 
said they preferred outpatient treatment, especially for convenience. 

In 2011, Kim (Kim, et al., 2011) demonstrated that wearing during the night of a splint 
with 15% carbamide peroxide produced lightening significantly more than 10% carbamide 
peroxide gel. 

However, a similar comparison (MATE, et al., 2015) showed that the difference 
obtained by the use of these two agents became insignificant if the study was continued for a 
further 4 weeks. 

Gerlach (GERLACH, GIBB and SAGEL, 2011) compared three concentrations different 
carbamide peroxide applied for two hours a day and not noted no difference in results 

between 10% and 15% carbamide peroxide, but a statistically significant color difference 
between 10% and 20%, and between 15% and 20%. 

Effectiveness of over-the-Counter teeth whitening 
By Evaluation of different commercial products 
• Chewing gum 
A study (GRAND and PAIGE, 2015) showed that chewing gum whitening containing 

sodium hexametaphosphate reduces the formation of stains by 33% compared to a treatment 
without chewing gum. 

However, another study (MASON, HANA and SAMANTHA, 2012) comparing the 
ability to eliminate coloring of two chewing gum containing nicotine with a chewing gum 
whitening has shown that the former were more effective in the removal of extrinsic stains as 
lightening chewing gum. 

• Toothpaste 
In addition, an in vitro study, published in Brazilian Oral Research (LIME, 
SILVA and AGUIAR, 2018), sought to determine the whitening potential of three 

toothpastes compared to a placebo. Twenty bovine incisor blocks, including enamel and 
dentin, were randomly divided into four groups: G1 distilled water, G2 Colgate Regular 
toothpaste, G3 Crest Extra Whitening toothpaste, G4 Rapid toothpaste White. The teeth were 
stained by immersion in black tea, then brushed by a electric toothbrush with the 
corresponding toothpaste. After analyzing the photo reflectance, only Rapid White toothpaste 
was found to be effective in removing extrinsic stains, while there were no notable differences 
between the control group and Colgate Regular or Crest Extra Whitening. 

In another study examining the effectiveness of stannous fluoride toothpaste and 
sodium hexametaphosphate (HE, BAKER and BARTIZEK, 2019), the tests demonstrate a 
significant effectiveness of this type of toothpaste in removing stains extrinsic colors. 

• Varnish 
Concerning varnishes, some authors (HAMAYASHI and YAKIBANI, 2019) estimate 

that the application of a 6% hydrogen peroxide gel by a paint-on-gel system shows significant 
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clinical results, whether applied by a practitioner in the office or by patients themselves at 
home. 

The trial of a new varnish (ZIRRY, et al., 2016) containing peroxide 8% carbamide has 
been shown to be effective, with an improvement of two shades on the Chromascope shade 
guide. 

Another study (KISHA, et al., 2016) compared four varnish. Of the four, only two, the 
Crest Night Effects and the Colgate Simply White, managed to brighten teeth significantly, 
unlike Beautifully Bright and Sparkling White, without effects after two weeks of treatment. 

• Strips 

In 2012, 30 students from a university in Mexico City participated in an essay on Crest 
White strips Professional 6.5% Hydrogen Peroxide Strips. He was demonstrated a 

very significant improvement in the color of the teeth after three weeks of use (GURRABIRO, 
et al., 2012). 

Another study, conducted in 132 children and adolescents, also showed that the strips 
were an effective means of tooth whitening (DONLY and GERLACH, 2012). 

In a study followed over a somewhat longer term, Gerlach reported that six months 
after treatment using Crest Whitestrips, most teeth had retained their color improvement, 
significant compared to the initial situation or the placebo group. On the other hand, it turned 
out that younger subjects showed initially a greater decrease in yellows compared to older 
subjects, but after 6 months there was no longer any color difference between young and old 
subjects. 

Comparison of professional and over - counter methods 
Aushill’s study (AUSCHILL, HELLWIG and SCHMIDALE, 2015) aimed to assess the 

ability of three different lightening techniques to clarify the teeth of 39 patients in 6 shades on 
the Vita Shade Guide shade guide. Group A (n = 13) has used commercial whitening strips 
(Hydrogen peroxide whitestrips at 5.3%, twice 30 minutes per day), group B (n = 13) 
outpatient system Opalescence PF, a 10% carbamide peroxide gel wore overnight for eight 
hours in a custom-made gutter in the laboratory after alginate impression mouth of the 
patient, and group C (n = 13) was treated in the chair with the Ultra system Opalescence boost 
with 38% hydrogen peroxide applied to the surface vestibular teeth for 15 minutes, the gum 
protected by a dam. All treatments cleared the teeth to six shades, but at different speeds. It 
therefore took an average of 31 strips of use cycles to achieve this result, about 7 for 
outpatient treatment, and only three chairside treatment sessions. So the speed of action 
seems directly linked at the concentration of lightening agent. 

In another study (FERRARI, M., CAGIDIACO, 2017), the Opalescence outpatient 
treatment system (a gel containing 10% carbamide in a suitable gutter) was confronted with 
Crest Whitestrips (6% hydrogen peroxide strip). Using these 30 minute treatments per day for 
two weeks in both cases cleared the teeth, but with significantly better results with strips. 
However, it should be noted that in this study the strips benefited from a larger quantity of 
agent brightening, since the 10% carbamide peroxide of the Opalescence system corresponds 
in terms of peroxide ions released to 3% hydrogen peroxide (compared to 6% for the strips 
tested here). Likewise, Crest 6.5% Hydrogen Peroxide Whitestrips have been compared to the 
Nite White Excel system, a 10% carbamide peroxide gel in a suitable gutter. Once again, the 
strips have shown effective superior in terms of clarification, but again they were more 
concentrated in agent lightening than the gel of the gutter (KARPINIA, MAGNUSSON and 
SAGEL, 2012) (GERLACH, ZHOU, 2012). 

Thus, another study (GERLACH, GIBB and SAGEL, 2012) undertook to compare 
Whitestrips Crest (with 5.3% hydrogen peroxide) with the Opalescence system but with 
different levels of carbamide peroxide concentration: 10, 15 and 20%. If the concentrations at 
10 and 15% did not reveal any significant differences with the strips, the 20% Opalescence gel 
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on the other hand provides a significant lightening greater than that resulting from the use of 
Whitestrips. 

Similarly, two professional techniques tested by Bizhang (outpatient treatment with 
10% carbamide peroxide gel worn at night in a splint for two weeks; and chairside treatment 
with peroxide gel 15% hydrogen in a gutter for 45 minutes, three times every three weeks) 
after 3 months show better results than Crest Whitestrips, 6% hydrogen peroxide lightening 
strips, available over the counter (BIZHANG, MIN and HAMAYACHI, 2011). 

Likewise, the study of Woo (WOO, 2013) found a significant difference between the 
use of Day White gel with 16% carbamide peroxide and that of strips with 6.5% hydrogen 
peroxide, in favor of gel in the gutter, even though it delivers a lower amount of peroxide 
ions. It is therefore interesting to carry out the meta-analysis of these comparisons between 
whitening strips (hydrogen peroxide concentrations 5.3 to 6.5%) and gel in a trays with three 
levels of carbamide peroxide concentration: 10, 15/16 and 20%. Strips are thus significantly 
more effective than trays with gel when this contains 10% carbamide peroxide, but the gel 
becomes significantly more effective when the carbamide peroxide reaches 20%. 

In view of all these studies, we can conclude that the whitening strips represent the 
most effective solution among the techniques available in commerce, which in some cases can 
even compete in efficiency with professional techniques. However, it is all a question of the 
concentrations of bleaching agent, and at high levels, especially in the case of colorings 
supported, professional techniques remain the first choice solutions; the ambulatory 
technique is also the preferred one, because it is better supported, by patients. 

DISCUSSIONS 

In the present time, manufacturers have been able to develop a complete range of 
bleaching products, available in supermarkets or on the internet, within the reach of all 
patients. Easy to use, the most efective use the same active ingredient, hydrogen peroxide as 
professional products. [24] 

Logically, by using identical molecules, these products in some cases provide results 
similar to those of the Professional treatments. Everything is a question of the choice of 
system (Tray, strips, direct application on the teeth), application time, treatment duration, but 
above all concentration. The dosage between concentration of the bleaching product and 
processing time is especially important. In any case, some systems available in the trade, in 
particular lightening strips, can provide, from a certain concentration of active principle, 
results deemed satisfactory in terms of for clarification. [25] 

The undeniable advantage of these commercial techniques lies in the cost of 
significantly lower treatment for the patient. Indeed, the price of the systems of whitening 
available over the counter is in a range of 10 to 60 euros, a session in a "smile bar" costs on 
average 79 euros, while the price of whitening treatment in a dental office generally varies 
between 400 and 800 euros. We can thus understand the enthusiasm of patients for these 
treatments do-it-yourself alternatives. [26] 

In term of quality of treatment and great result, Professional treatments will always 
have a primary advantage: the knowledge and experience of a dentist. As has already been 
demonstrated, this knowledge often plays an essential role in the success of a whitening 
treatment. They are in particular a guarantee of quality. Only the dentist is able to make the 
etiological diagnosis and to identify the various interacting factors in a whitening treatment, 
such as the presence of restorations, crowns, pulped teeth etc. Once all these elements are in 
hand, he will be able to propose the most suitable treatment. Indeed, each case of clarification 
is specific, and it is nonsense to sell universal solutions as is done in shops. [27] 
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Expertise and medical knowledge for a precise treatment, in addition to this 
qualitative aspect, it must also be admitted that only recourse to the dentist guarantees all the 
safety conditions necessary for the smooth running of the treatment.  

However, this duality in terms of quality in the treatment offer the pernicious thing 
about this clarification is that it creates a two-tier system of care. Patients who cannot afford 
the treatments provided by a dental surgeon, or not having understood the interest, expose 
themselves to significant risks related to the insufficiently controlled use of highly active 
products. They are not able to avoid the various pitfalls inherent in this type of treatment. 
Many the authors warn against certain abuses, which may in particular lead to overdoses, 
patients sometimes combining treatments (for example sessions in smile bar accompanied by 
a treatment with strips at home). [28] 

CONCLUSIONS 

The many improvements made to bleaching dental techniques have led to the 
development of a wide range of products, putting a consumer increasingly demanding in 
terms of aesthetics in front of a complex choice when he decides to lighten his smile. He can 
thus call on a dental surgeon and in this way trust the expertise of a professional 
enlightenment professional, or rely on a more economical solution by choosing one of the 
many systems today delivered in the trade. 

The treatments offered by dental surgeons are techniques proven to be effective for 
some time. They also benefit from the practitioner control, guaranteeing real safety. We can 
note a preference for outpatient treatment, less aggressive while treating the tooth more 
depth, and offering the advantage of being carried out in the patient's home. Faced with these 
professional means, there is a large number of techniques in over-the-counter, with a wide 
variety of effectiveness levels. If some products have unsatisfactory results, such as 
mouthwashes or chewing gum, others with contrary allow a real clarification. These include 
gutters universal combined with a peroxide gel, inspired by outpatient treatments 
professionals, and lightening strips or "strips". Along with these DIY techniques a new type of 
business has developed, bars smile, copying the methods of dental surgeons, without 
however benefiting from the knowledge necessary for their perfect mastery. 

Indications for the appropriate use of methods and products teeth whitening are 
dependent on a correct diagnosis of dyschromia. The treatments should therefore 
imperatively be supervised by a practitioner, able to confirm the indication, prepare teeth for 
treatment, monitor the effects secondary, choose the appropriate method and products, and 
prepare, if necessary, perfectly adapted gutters; in order to maximize benefits while 
decreasing the harmful effects.  

On the other hand, if, according to the literature, the risks associated with these 
techniques appear to be limit to dentinal hypersensitivities and transient mucosal irritations, 
it However, it should be noted that many of these studies show significant biases, because 
sponsored by pharmaceutical producer groups, and what is more on very short observation 
periods. Many authors warn against drifts and excesses linked to the trivialization of the use 
of these very corrosive substances by inexperienced people. 

These treatments can therefore only be considered as a comprehensive therapy 
including a specific examination and full patient care, bringing together all the medical 
aspects of dental treatment. This aspect has led various countries to strengthen their 
regulations. So the UK health department has already banned preparations containing more 
of 0.1% hydrogen peroxide, while in the United States, the birthplace of development of over-
the-counter dental whitening, American Dental Association has published recommendations 
that must meet the products for clarification. Finally, in response to concerns surrounding the 
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use unfortunate lightening substances, the decision taken by the European Union to reserve 
to dental surgeons only the delivery of products containing more than 0.1% hydrogen 
peroxide constitutes, if necessary, a recognition of the practitioner's authority in dental 
whitening. 

Different treatment modalities are available to the patient designing a whiter smile. 
Tooth sensitivity and gingival or mucosal irritation are the most common side effects of vital 
tooth-bleaching. However, ADA recognized products tend to include agents to minimize or 

prevent these side effects. Dentists should educate themselves to be able to inform 
their patients about the benefits and risks of different whitening methods based on the 
current scientific evidence and to suggest the best treatment option based on a correct 
diagnosis. 
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Abstract 

There is a well-studied bidirectional association between adverse pregnancy outcomes and periodontal 
inflammation and pregnant women should be aware of the oral health-related preventive behaviours. Aim: 
assessment of Romanian pregnant women’ awareness, knowledge and behaviour regarding the periodontal health 
during pregnancy. Material and method: a cross-sectional pilot study was conducted in 2020-2021 on a sample of 
80 pregnant women with a mean age of 28.42±6.91 years, using an on-line self-assessment questionnaire. Results: 
62.75% reported frequent gingival bleeding; 25%brush their teeth only in the morning; 63.75% use interdental 
cleaning products; only 18.75% visited the dentist during the pregnancy. 45% never had a professional dental 
cleaning; only 23.75% declared being acknowledged about the effects of pregnancy on periodontal health and only 
11.75% were informed about the impact of untreated periodontal inflammation on pregnancy evolution. 
Conclusion: Most of the pregnant women were unaware of the association between periodontal condition and 
adverse pregnancy outcomes, oral hygiene was unsatisfactory and dental visits were neglected. 

Keywords: pregnancy, periodontal health, periodontal inflammation, gingivitis 
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INTRODUCTION 

Pregnancy is a physiological temporary state during which a woman’s body goes 
through different changes and some of them involves the periodontium [1]. There is a well-
documented bidirectional association between periodontal health and pregnancy evolution 
[1,2].  

On one hand, due to the changes in level of progesterone and estrogen, structural 
changes are induced but also a susceptibility to inflammation [1-3]. Thus, previously 
periodontal healthy women might experience gingival bleeding due to vascular fragility [2,4]. 
In case of previously untreated gingivitis or periodontitis, there is an increased risk for rapid 
evolution of inflammation [3,4]. In some cases, pregnancy gingivitis occurs, which is a 
temporary generalized gingivitis during the pregnancy in which the level of gingival bleeding 
is not correlated to the level of dental plaque accumulation [5]. In other cases‘pregnancy 
tumor’ is developed, which is a localized gingival proliferative lesion, usually developed 
from the papilla and sometimes with a such a gingival enlargement that impedes mastication 
because of the extension even on the occlusal surfaces [6].  

Periodontal inflammation, untreated before pregnancy or poorly controlled during 
pregnancy can induce complication for both pregnant woman and fetus, complications 
known as adverse pregnancy outcomes [1-3]. There is a well-documented risk for low birth 
weight, premature birth or mother’s pre-eclampsia [1,2]. These complications develop 
because of the characteristics common to all chronical inflammation which is a condition that 
describes also periodontitis [7]. Persistent subgingival biofilm, and subsequent microbial 
dysbiosis, induces inflammatory response, with an increased systemic level of cytokines like 
Il-1, IL-6, TNF-alpha, PGE2 that reach the fetal-placental unit in such a way that the risk for 
growth restrictions or premature birth is increased [1,7].  

The most recent global epidemiology of inflammatory forms of periodontal conditions 
show that around 80% of adults have a form of periodontal inflammation, with a prevalence 
of gingivitis periodontitis of 50% and moreover with the severe form, periodontitis stage 3 or 
4 affecting 11% of adults [8]. Pregnancy gingivitis has a prevalence varying between 38% and 
93.75%, according to recent epidemiological data [9,10]. Taking into consideration the high 
frequency of this chronical inflammatory condition and its potential risks induced to 
pregnancy outcome, specific preventive actions, both personal and professional are of 
outmost importance to avoid complication.  

In the recent years, based on evidence derived from research in this specific field, 
European Federation of Periodontology and the American Academy of Periodontology 
published a set of specific recommendation for not only women patients and dental 
professionals but also medical professionals to get involved into preventive actions in order to 
avoid adverse pregnancy outcome induces by periodontal inflammation [7]. Thus, women are 
encouraged to check their periodontal health and, in need, to get the proper periodontal 
treatments before pregnancy as well as to perform a proper oral hygiene before and during 
the pregnancy. Dental professionals are recommended to check periodontal health during the 
pregnancy more often and perform non-surgical treatment during the pregnancy, for 
pregnant woman who are diagnosed during the pregnancy with a form of gingivitis and 
periodontitis in order to reduce the inflammatory state [1-4]. Any surgical periodontal 
treatments are recommended to be postponed after the birth [2,3]. Medical professionals and 
specific Obstetrical-Gynecologist specialists should advice future pregnant woman to get a 
periodontal check-up and to support during the pregnancy to see a periodontist for 
professional cleaning and specific periodontal treatment in case of periodontal inflammation 
[2-4]. 
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Aim and objectives 

The aim of the present study was the assessment of the attitude and behaviour toward 
the periodontal health among a group of Romanian pregnant women. 

MATERIAL AND METHODS 

The present cross-sectional pilot study was conducted in November 2020 - April 2021 
and initiated by the Department of Oral Health and Community Dentistry from the Faculty of 
Dental Medicine, “Carol Davila” Medicine and Pharmacy University (Bucharest, Romania). 
The sample included 80 Romanian pregnant women. The inclusion criteria was adults 
(age>18 years) and a pregnancy at the moment of participation at the study. The exclusion 
criteria were dental professionals or dental students. The participants in the study were 
assessed using a self-administered online questionnaire with 26 items related to socio-
demographic data, information regarding the pregnancy, perceived oral health state and 
periodontal health-related attitude and behaviour. The estimated filling-in time was 5 
minutes. Prior to completion of the questionnaire, the invited subjects were informed about 
the survey in respect to the Declaration of Helsinki and the current European privacy law, by 
including a section in the questionnaire describing the aim of the study and their rights as 
participants. All the invited participants agreed to participate to the study and after giving 
their consent, they proceeded to completion of the survey. It was an anonymous web-survey 
and no personal data were collected. 

RESULTS 

Within our sample, the participating women had a mean age of 28.42 ± 6.91 years 
(ranging between 18 and 43 years), 21.25% (17 subjects) living in Bucharest, the capital city of 
Romania, while the rest living either in rural area (42.50%, 34 subjects) or urban area (36.25%, 
29 subjects) other than Bucharest.  

When it comes to the pregnancy, only 6.25% (5 subjects) declared that the present 
pregnancy was obtained through in vitro fertilization while the rest were from natural 
conception. Regarding the phase of the pregnancy at the time of participation to the study, 
10% (8 subjects) stated they were in the first trimester, 23.75% (19 subjects) in the second 
trimester and 66.25% (53) in the third trimester.  

Results related to perceived symptoms of gingival inflammation during the 
pregnancy, showed that 82.5% of women reported gingival bleeding with a frequency 
varying from seldom to spontaneous with one fifth of women noticing this either every time 
they performed toothbrushing (17.50%) of spontaneously (2.50%) (Table I). Moreover, 32.50% 
noticed exacerbated gingival bleedings compared to the time before pregnancy. Among other 
gingival inflammation symptoms, painful gums were most frequently mentioned (17.50%) 
(Table I). 

 
Table I. Self-reported symptoms of gingival inflammation during the pregnancy 

Assessed parameter Answers % (N) 

Gingival bleeding   

 Yes, spontaneous 2.50% (2) 

 Yes, during every toothbrushing 17.50% (14) 

 Yes, sometimes during toothbrushing 38.75% (31) 
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Assessed parameter Answers % (N) 

 Yes, only during flossing 3.75% (3) 

 Seldom 20% (16) 

 Not at all 17.50% (14) 

Perceived increase in gingival bleeding 
compared to before pregnancy 

  

 Yes 32.50% (26) 

 No 67.50% (54) 

Other gingival symptoms during the pregnancy   

 Painful gingiva 17.50% (14) 

 Increased in volume of the gingiva 2.50% (2) 

 Changes in colour of the gingiva 3.75% (3) 

 Not at all 78.75% (63) 

History of gingival/periodontal inflammation   

 Gingivitis 6.25% (5) 

 Periodontitis 3.75% (3) 

 No 46.25% (37) 

 Don’t know 43.75% (35) 

Perceived overall oral health status   

 Excellent 7.50% (6) 

 Very good 22.50% (18) 

 Good 51.25% (41) 

 Satisfactory 12.50% (10) 

 Poor 5% (4) 

 Very poor 1.25% (1) 

 

Assessment of the oral hygiene-related behaviour, as part of the mandatory routine for 
the maintenance of a good periodontal health, revealed that 25% of the pregnant women 
declared they performed toothbrushing only in the morning. Manual toothbrush was 
preferred by 80% of the participants. Regarding the additional oral hygiene products, 
mouthwash was the most frequently mentioned (by 58.75% of subjects) while interdental 
cleaning products were used by only 63.75% of the participants and interdental brushes being 
the most frequently used (by 30% of subjects) (Table II). 

 
Table II. Oral self-care habits of subjects 

Assessed parameter Answers % (N) 

Frequency of toothbrushing   

 > Twice daily 8.75% (7) 
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Assessed parameter Answers % (N) 

 Twice a day 65% (52) 

 Once a day, in the morning 25% (20) 

 < Daily 1.25% (1) 

Type of used toothbrush   

 Manual 80% (64) 

 Powered 16.25% (13) 

 Both manual and powered 3.75% (3) 

Additional oral hygiene products used   

 Dental floss 22.50% (18) 

 Interdental toothbrushes 30% (24) 

 Oral irrigator 3.75% (3) 

 Mouthwash 58.75% (47) 

 Wooden toothpicks 16.25% (13) 

 
Evaluation of the behaviour related to dental services utilization showed that, within 

the studied group, only 18.75% of the pregnant women went to the dental office for a check-
up during the pregnancy and that only 31.25% received a professional dental cleaning in the 
last year while 45% declared they had never had this in-office preventive dental procedure 
(Table III). 

 
Table III. Dental services utilization among subjects 

Assessed parameter Answers % (N) 

Dental check-up during the pregnancy   

 Yes 18.75% (15) 

 No 81.25% (65) 

The last professional cleaning   

 < 6 months 11.25% (9) 

 6-12 months 20% (16) 

 > 12 months 23.75% (19) 

 Never 45% (36) 

Frequency of dental visits, in general   

 < 6 months 30% (24) 

 6-12 months 35% (28) 

 Once every few years 10% (8) 

 Seldom, only in need 16.25% (13) 

 Never 8.75% (7) 
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Assessed parameter Answers % (N) 

Recommendation from the obstetrics-gynecology specialist to 
visit the dental office 

  

 Yes 11.25% (9) 

 No 88.75% (71) 

 

When it comes to the information received by the pregnant woman about the 
association between periodontal health and pregnancy evolution, results showed that only 
23.75% of subjects declared they were informed about the effects of pregnancy on periodontal 
status. Only 13.75% declared they had certain knowledge about the adverse pregnancy 
outcomes in the presence of untreated gingival or periodontal inflammation (Table IV). 
Regarding the source of this type of information, the dentist was the most frequently 
mentioned (Table IV). 

 
Table IV. Declared knowledge regarding the association between periodontal health and pregnancy evolution 

Assessed parameter Answers % (N) 

Informed about impact of pregnancy on periodontal health   

 Yes 23.75% (19) 

 No 76.25% (61) 

Source of information regarding the impact of the pregnancy on 
periodontal health 

  

 Dentist 13.75% (11) 

 Obstetrics-gynecology specialist 2.50% (2) 

 Internet  8.75% (7) 

Informed about the impact of untreated gingival/periodontal 
inflammation on pregnancy evolution 

  

 Yes 13.75% (11) 

 No 86.25% (71) 

Source of information regarding the impact of untreated 
gingival/periodontal inflammation on pregnancy evolution 

  

 Dentist 11.25% (9) 

 Obstetrics-gynecology specialist 2.50% (2) 

 Internet  1.25% (1) 

DISCUSSIONS 

In the present study, most pregnant women showed, despite the perceived gingival 
bleeding frequently met during the pregnancy, the tendency to get involved more in the self-
oral healthcare but less in the professional preventive procedures in order to avoid any 
adverse pregnancy outcome or periodontal complication.  

Gingival bleeding were observed frequently by two thirds of the participants in our 
study, a higher frequency than that reported in a similar recent study on Saudi Arabia 
expecting women where only one third mentioned bleedings and another third swollen gums 
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[11], but in similar proportion observed in a study on Polish population that reported the 
development of gingivitis or periodontitis during the pregnancy in 70% of studied pregnant 
women [12]. The second most frequently mentioned symptom of gingival inflammation 
during the pregnancy was painful gums similar to the results reported by a recently 
published research on Dutch women population [13].  

Three quarters of the subjects in our study declared a tooth brushing frequency of 
twice daily or more often, which is in line with other surveys in other countries [13-16]. 

According to the European Federation of Periodontology and American Academy of 
Periodontology, dental check-up before and during pregnancy play a major role in 
prevention, early diagnosis and specific and individualized therapeutic procedures during 
the pregnancy according to the periodontal condition and the gestational age [3,7]. In our 
study, dental service utilization was highly neglected not only during pregnancy but also 
before the conception, in general.  

The main source of information was the dentist in the present study, in line with the 
result reported at Polish pregnant women population [12], which emphasis the major role 
that the dentists play in the oral health promotion. However, the proportion of pregnant 
women population who declared having certain information regarding the association 
between periodontal condition and pregnancy evolution is far from satisfactory. On the other 
hand, the proportion of women who stated they had information about the changes in 
gingival health during the pregnancy was greater than that of women who acknowledged the 
negative effects of untreated periodontal inflammation on both women and fetus health state.  

Therefore, oral health promotion programs targeting present or future pregnant 
women should emphasize these less known aspects but of outmost importance. 

CONCLUSIONS 

In the current study, pregnant women were unaware of the association between 
potential periodontal inflammatory conditions and adverse pregnancy outcomes. Despite the 
perceived gingival bleedings reported by most of the participants in the study, the dental 
check-up and the preventive professional dental cleaning are largely neglected. Moreover, 
oral hygiene routine is unsatisfactory due to the sub-optimal toothbrushing frequency and the 
underuse of the additional oral hygiene products. 
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Abstract 

Periodontal disease and diabetes are two conditions with an increased prevalence in most populations 
around the world. Diabetic patients present particular manifestations in the oral cavity, mainly determined by the 
frequent presence of infectious processes, which may be due to: alteration of oral microbial flora, alteration of 
neutrophil function and/or microangiopathies.  

The protocol of this review was developed following the principles of PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyzes) and was structured to cumulate the results of clinical trials 
based on the effects of non-surgical therapy on periodontal status of patients with type 2 diabetes. 

Keywords: periodontal disease, hyperglycemia, type 2 diabetes, initial therapy 
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INTRODUCTION 

The frequency of type 2 diabetes mellitus (DM), a chronic metabolic condition, has 
been continuously rising worldwide. Diabetes is a metabolic disorder characterized by 
chronic hyperglycemia and altered metabolism of carbohydrates, lipids and proteins. The 
cause of this condition can be either a defect in insulin secretion or inadequate action of 
insulin on target cells in the body or a combination of both. 

Regarding the clinical forms, they are represented by: type I diabetes (insulin-
dependent diabetes), specific to children and young adults and represent approximately 10% 
of all patients with diabetes; type II diabetes (non-insulin-dependent diabetes) generally 
affects subjects over 40 years and type III diabetes, a very rare form that occurs secondary to 
pancreatic diseases, genetic syndromes, hormonal or drug manifestations (gestational 
diabetes, iatrogenic, senile, malignant diseases). 

Chronic hyperglycemia is generally associated with long-term damage, dysfunction 
and even insufficiency of various organs such as eyes, kidneys, nervous system, heart and 
blood vessels [1]. Additionally, diabetic individuals exhibit unique oral symptoms that are 
mostly brought on by the frequent occurrence of infectious processes that may result from 
changes in the oral microbial ecology, altered neutrophil function, or microangiopathies. The 
first clinical signs in the oral cavity may be: frequent candidiasis, persistent gingivitis, 
periodontitis, polychaete, dry mouth, delayed tissue scarring, acetone-smelling breath, tongue 
hypotonicity, salivary hyperviscosity and increased tartar formation. The severity of these 
symptoms differs depending on the type of diabetes and its duration and the evolution can be 
unpredictable. 

Periodontal disease and diabetes are 2 conditions with an increased prevalence in 
most populations around the world. The association between these two conditions has been 
recognized and discussed over the years by many dental professionals. About 30-50% of 
diabetics suffer from a form of periodontal disease, mild or moderate-severe form while the 
prevalence of severe periodontitis in diabetic adults is 9-11% of cases [2]. Epidemiological 
studies have identified that diabetes is a major risk for periodontal disease, increasing the risk 
of it occurring three times compared to non-diabetic individuals, especially if it is associated 
with inadequate glycemic control [3]. 

Some patients, especially those with type 2 diabetes, are asymptomatic in the first 
years after the onset of the disease. Other diabetic patients, especially children with absolute 
insulin deficiency, may have marked hyperglycemia, polyuria, polydipsia, polyphagia, 
weight loss, and blurred vision. Untreated, diabetes can even lead to death due to installed 
ketoacidosis or, in rare cases, due to non-ketotic hyperosmolar syndrome [4]. 

Aim and objectives 

The purpose of this systematic review is to follow the evolution of the periodontal 
disease in patients with diabetes in the context of initial therapy such as non-surgical 
treatment, in articles with randomized clinical trials. 

MATERIAL AND METHODS 

The protocol of this review was developed following the principles of PRISMA 
(Preferred Reporting Items for Systematic Reviews and Meta-Analyzes) and was structured to 
cumulate the results of clinical trials based on the effects of non-surgical therapy on the 
periodontal status of patients with type 2 diabetes.  

 



Medicine in Evolution Volume XXVIII, No. 3, 2022 

 

257 

Search strategy 
The search and analysis of the literature were performed in the following databases: 

PubMed, Cochrane and Clinical Trials. 
The literature was researched using a combination of the terms: 

 periodontal disease / periodontitis and Diabetes mellitus 

 periodontal disease / periodontitis and Type 2 diabetes 

 periodontal disease / periodontitis and non-surgical treatment on diabetes 
mellitus 

 periodontal disease / periodontitis and initial therapy on diabetes mellitus 
These keywords were used to analyze the literature from the most important 

databases, with scientific articles in English. Additional search filters were also used to 
optimize results such as: articles published in the last 10 years and randomized clinical trials. 

Inclusion criteria were defined according to the PICOS model: 

 Population (P) - adult subjects with type 2 diabetes 

 Intervention (I) - non-surgical therapy of periodontal disease 

 comparison (C) - periodontal status before and after non-surgical periodontal 
treatment (initial therapy) 

 result (O) - periodontal status assessment 

 type of study (S) - randomized controlled clinical trials 
Thus, the question based on which the research of clinical studies was conducted was 

formulated: "What are the effects of non-surgical treatment on periodontal status in patients 
with type 2 diabetes?" 

The criteria for including the articles in the analysis were: only those that reported 
randomized clinical trials; sample of subjects with type 2 diabetes; definite diagnosis of 
diabetes patients; evaluation of periodontal indices at the beginning and end of the study; at 
least 2 treatment groups in each study; at least 10 participants in each group and the adult 
population. 

Exclusion criteria in choosing studies for types of diabetes other than type II; lack of 
details regarding the evaluation of periodontal status; articles older than 10 years; studies 
without clear results; languages of international circulation other than English. 

Following the research of the specialized literature, a number of 52 scientific papers 
were identified in 3 databases (PubMed, Clinical Trials, Cochrane) of which 31 were 
evaluated in detail, after excluding duplicates, from which were excluded review and studies 
in other languages of international circulation. After evaluating them in terms of inclusion-
exclusion criteria, a number of 6 studies were eligible for inclusion in this review. Figure 1 
shows the selection diagram of the articles. 

The search protocol was performed to include in the analysis, randomized clinical 
trials with at least two groups of subjects, with at least one study group to which non-surgical 
treatment was applied. 

For the evaluation of the periodontal status, it was aimed that the clinical studies 
include the evaluation of periodontal indices such as: plaque index (PI), loss of attachment 
(PA), bleeding index (IS) and periodontal pocket depth (APP). 

Data extraction 
The data were extracted in an Excel table to obtain a count of the most important 

information. Data such as: 

 name of the main author 

 year of study 

 country of study and type 

 data on participants (number, age, sex) 
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 the periodontal status necessary for the eligibility to participate in the study 

 measurements made to examine periodontal status 

 the treatment administered and any medicinal substances where appropriate 

 data on diabetes mellitus (Type and laboratory tests performed) 

 main results 
No information was included on the exclusion criteria for periodontal eligibility for 

each individual study and no information was included on drug treatment for diabetes or 
diabetes-related eligibility criteria (blood glucose, glycosylated hemoglobin, etc). Also, no 
information was presented regarding patients such as the presence of risk factors such as 
smoking, diet, etc. 

RESULTS 

Data presentation 
The main data were presented in tables 1 and 2 which briefly present the main aspects 

of the 6 evaluated studies. 
 

Table 1. Brief presentation of the 6 clinical trials analyzed 

 

No
. 

Referenc
e 

Type 
of 
study 

Countr
y 

Characteristics of the 
participants 

Periodontal status Periodontal status 
measurements 

No. Age Gender 

1 Raman 
2014 

rand
omiz
ed 
clinic
al 
trial 

Malaysi
a 

40 30-70 M-F At least 12 teeth present, 
5 or more periodontal 
pockets of at least 5 mm 
and loss of attachment 
of at least 4 mm in at 
least 2 different 
quadrants that bleed on 
probing 

 bacterial plaque 
index 

 gingival 
bleeding index 

 depth of 
periodontal 
pockets 

 loss of 
attachment 2 Lopez 

2013 
rand
omiz
ed 
contr
olled 
trial 

Chile 52 (26 with 
diabetes 
and 26 
without 
diabetes)  

45-70 M-F Minimum 15 teeth, 
periodontal pocket 
depth of at least 4 mm 
and attachment level 
larger than 3 mm 

3 Auyeung 
2012 

rand
omiz
ed 
contr
olled 
trial 

Taiwan 100 50-65 61M-
39F 

A loss of attachment of 
at least 1.5 mm was 
considered a case of 
periodontal disease 

4 Kaur 
2015 

rand
omiz
ed 
contr
olled 
trial 

India 100 (52 with 
poor 
glycemic 
control, 48 
with good 
glycemic 
control) 

45-60 M-F Minimum 12 teeth 
present, attachment loss 
of at least 4 mm, 
periodontal pocket 
depth of at least 5 mm 

5 Lin 2012 rand
omiz
ed 
contr
olled 
trial 

Taiwan 28 (14 with 
standard 
treatment 
and 14 with 
standard 
treatment + 
Minocyclin
e) 

40-80 M-F Minimum 20 teeth, 5 or 
more teeth with 
periodontal pocket 
greater than or equal to 
5 mm 

6 Chen 
2012 

rand
omiz
ed 
clinic
al 
trial 

China 134 38-81 68M-
66F 

Minimum 16 teeth, 
attachment loss larger 
than 1 mm 
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Table 2. Brief presentation of the 6 analyzed studies (continued) 
No. Refer

ence 
Type 
of 
study 

Therapeutic 
approach 

1. 
Diabetes 

2. 
Evaluation 

Pharmaceutical 
treatment 

Duration  Results 

1 Rama
n 
2014 

rando
mized 
clinical 
trial 

all patients - 
dental 
education. non-
surgical 
therapy group - 
scaling and 
root-planing 
treatment with 
chlorhexidine 
0.12% 

Type 2 HbA1c, 
CRP 

Chlorhexidine 
0,12 % 

May 2010 - 
April 2011 

Reduced plaque 
index in patients 
with non-surgical 
therapy. Both 
groups showed a 
decrease in HbA1c, 
CRP 

2 Lope
z 
2013 

rando
mized 
control
led 
trial 

emergency 
extractions and 
restoration of 
carious lesions 
where 
necessary. Both 
groups 
benefited from 
dental 
education, 
subgingival 
scaling and 
crown 
polishing. 

Type 2 HbA1c Absent  9 months Professional dental 
prophylaxis 
significantly 
improves 
periodontal status in 
patients with 
diabetes. No 
patients with a 
progression of 
periodontal disease 
were detected. 

3 Auye
ung 
2012 

rando
mized 
control
led 
trial 

instructions on 
dental hygiene 
both groups, 
gingival and 
subgingival 
scaling, plaque 
removal 
performed at 
3,6,9,12 months 
- treatment 
group. 

Type 2 HbA1c Absent  1 year Significant 
improvements in the 
population with 
moderate to severe 
cases of periodontal 
disease. Patients 
with mild cases did 
not show significant 
improvements. 

4 Kaur 
2015 

rando
mized 
control
led 
trial 

The patients in 
the treatment 
group received 
dental 
education at 
the beginning 
of the study 
and 4 sessions 
of scaling and 
root-planing 
for a maximum 
period of 2 
weeks. 

Type 2 HbA1c Absent  6 months Significant 
improvements in 
periodontal 
parameters in 
groups that received 
non-surgical 
treatment. 

5 Lin 
2012 

rando
mized 
control
led 
trial 

Scaling and 
root-planing, 
dental hygiene 
instructions for 
both groups. 

Type 2 HbA1c 14 patients  
minocycline gel 
2% 

6 months Both groups showed 
a significant 
decrease in 
periodontal pockets 
and bleeding at 
probing. 

6 Chen 
2012 

rando
mized 
clinical 
trial 

group 1 - 
descaling and 
root-planing at 
the beginning 
and 
subgingival 
descaling at 3 
months, group 
2 - descaling 
and root-

Type 2 HbA1c, 
CRP, 
triglycerid
es, FPG, 
total 
cholesterol 

Absent  6 months In the groups that 
received treatment, 
the plaque index 
and bleeding at 
probing decreased 
significantly. The 
depth of the 
periodontal pockets 
decreased. 
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No. Refer
ence 

Type 
of 
study 

Therapeutic 
approach 

1. 
Diabetes 

2. 
Evaluation 

Pharmaceutical 
treatment 

Duration  Results 

planing + 
subgingival 
prophylaxis at 
3 months. 
control group - 
no treatment. 

 

Data analysis 
Of the 6 studies analyzed for this review, Auyeung et al [5] and Lin et al [620] 

conducted studies on the Taiwanese population, both of which were randomized controlled 
trials. The Auyeung et al study [5] was performed on a larger sample of patients (100) while 
Lin et al was performed on a smaller sample (28). 

In Auyeung et al [5], patients with periodontal disease were evaluated at 3, 6, 9 and 12 
months both in terms of periodontal indices and metabolic parameters (glycosylated 
hemoglobin) and inflammatory parameters (interleukin-1β and C-reactive protein). Patients 
were divided into 2 groups, those with a mild stage of periodontal disease and those with a 
moderate-severe stage. Patients received indications for oral hygiene and supra and 
subgingival descaling using ultrasonic and manual instruments. Subgingival descaling was 
performed under local anesthesia [5]. 

At 3, 6, 9 and 12 months after the initial post-therapy, the patients benefited from 
scaling and root planing as well as retraining on the rules of dental hygiene. The evaluation of 
glycosylated hemoglobin was also performed to evaluate the influence of periodontal 
treatment on diabetes. At the end of the study, a significant decrease in periodontal indices 
was obtained, such as plaque index, gingival bleeding index and periodontal sac depth in the 
group with moderate-severe disease [5]. 

Also, Lin et al [6] studied the evaluation of periodontal parameters in patients with 
periodontal disease and type 2 diabetes in the context of non-surgical treatment. They used 
the same initial treatment methods as Auyeng et al [5] but unlike Auyeung et al [5], they also 
used drug treatment in their study. They divided the patients into 2 groups of 14 patients, one 
of whom received treatment in the form of scaling and root-planing and the second group in 
addition to this treatment also received subgingival administration of antibiotic-minocycline. 
Minocycline was administered as a 2% gel administered at the subgingival level. The 
administration of minocycline was performed both at the beginning of treatment and in the 
next 3 weeks, once a week. Also, all patients received dental education [5]. 

Periodontal parameters such as the depth of the periodontal pocket, the gingival 
bleeding at the sites, the plaque index, the loss of attachment were analyzed. In addition, they 
were followed by interleukin 6 (IL-6) - for the evaluation of inflammation, glycosylated 
hemoglobin and C-reactive protein - for the evaluation of diabetes both at the beginning of 
the study and after 3 and 6 months of treatment as a secondary objective of study [6]. 

Both groups of patients showed a significant reduction in the depth of the periodontal 
pockets, which ranged from 1.7 to 2.02 mm at 3 and 6 months. There were no significant 
differences between these 2 groups between these parameters. Gingival bleeding was also 
reduced in both groups. In addition, both groups showed a decrease in the degree of 
attachment loss. However, the values for the 2 groups were similar, not noticing otherwise a 
difference between the 2 types of treatment [6]. 

The Raman et al study [7] evaluates the effects of initial therapy in contrast to the 
effects of health education in patients with periodontal disease and type 2 diabetes. Of the 40 
patients, 20 were divided into the control group and 20 into the experimental group. Both 
groups received dental education and a toothbrush, interdental brushes and dental floss. The 
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group that received the non-surgical treatment benefited from scaling and root planing using 
Gracey curettes and ultrasonic descaling device. 

In addition, patients in the non-surgical treatment group also received 0.12% 
chlorhexidine mouthwash, which they used 3 times / day for a period of 13 days. The control 
group did not receive any dental treatment except for dental education and motivation from 
the evaluators [7]. 

The results obtained showed that the plaque index showed differences between the 
two groups at the 2-month control but by the end the difference was no longer significant. 
Also, there were no significant differences between the 2 groups in the gingival bleeding 
index. The reduction in plaque index is evident in the group that received non-surgical 
treatment both at 2 months and at the end, which is why we can emphasize the improvement 
of the periodontal status of these patients. The reduction in plaque index was also present in 
patients in the control group. All patients also had an improvement in the gingival bleeding 
index, but in the control group this index increased by the end of the study [7]. 

The depth of the periodontal pocket in the non-surgical therapy group decreased to 
less than 2 mm at the final visit, a decrease that also occurred in the control group by at least 
50% and even more until the end. The average loss of attachment decreased from 3.35 mm to 
2.73 at the end in the non-surgical therapy group and in the control group decreased from an 
average of 2.79 to 2.56 (statistically significant but lower). Glycosylated hemoglobin and C-
reactive protein were also evaluated in the 2 groups of patients to evaluate the effect of these 
interventions on glycemic control [7]. 

Similar to Raman et al, the study by Chen et al [8] assessed the effect of initial therapy 
on a control group that did not receive non-surgical treatment. Chen et al [8] followed the 
evolution of periodontal factors in 2 groups of patients who received non-surgical treatment 
compared to a control group who did not receive any treatment. 134 patients selected for this 
study with type 2 diabetes and periodontal disease were divided into 3 groups, treatment 
group 1 received scaling and root-planing at first and then subgingival descaling 3 months 
after the first treatment, the group for treatment 2 received only scaling and root-planing at 
the beginning of the study and at 3 months only supragingival prophylaxis without any 
intervention in the periodontal pockets [8]. 

Group number 3, the control group, did not receive any treatment or dental education 
from the beginning to the end of the study. Periodontal treatment was performed for a period 
of 24 hours without the use of antibiotics and antifungals, using standard rigid periodontal 
curettes and ultrasonic instruments. Both groups who received treatment had a significant 
improvement in plaque index and gingival bleeding, an improvement that was maintained 
until the end of the study. Also, the percentage of periodontal pockets with depths of 4-5 mm 
or more than 6 mm decreased significantly in both treatment groups compared to the control 
group where a decrease was not highlighted [8]. 

In the study by Lopez et al [9], a parallel of non-surgical treatment was made 
comparing 26 patients with type 2 diabetes and 26 patients without diabetes, all of whom had 
periodontal disease. The extraction of teeth that could not be repaired was performed and the 
restoration of the other teeth affected by carious lesions was performed urgently. All 
participants received dental education to perform brushing 3 times a day using the Charter 
technique and to perform daily dental floss cleaning. 

Also, all patients underwent supragingival descaling and crown polishing. In this 
case, the descaling was done with an ultrasonic descaling device. Participants were monitored 
3, 6 and 9 months after the initial treatment when a new series of prophylaxis treatments was 
performed. None of the patients included in the study had a worsening of periodontal status 
[9]. 
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Patients with diabetes showed a significant improvement in the size of periodontal 
pockets, bleeding index and plaque index. Similar changes were present in patients without 
diabetes except for the depth of the periodontal pockets which did not decrease significantly 
compared to the initial assessment. In contrast, the group with diabetes had significant results 
at both 6 and 9 months. Both groups completed the study without achieving a significant 
increase in attachment. There were no significant differences in the periodontal status 
between the 2 groups analyzed. No significant change in glycemic control was also observed 
in terms of the evaluation of glycosylated hemoglobin [9]. 

In the the group that had a mild form of the condition (early stage), only the value of 
the depth of the periodontal pocket showed a significant reduction. A significant difference in 
the value of the plaque index was observed between the 2 groups [9]. 

The Kaur study [10] et al divided the population with diabetes and periodontal 
disease (100 patients) into 2 subgroups, those with good glycemic control (48 patients) and 
those with inadequate glycemic control (52 patients). Each subgroup was subsequently 
divided into half in patients who received non-surgical treatment for periodontal disease -
scaling and root-planing or patients who did not receive any treatment. In addition to these 
subgroups, a subgroup of non-diabetic patients with periodontal disease was analyzed. 
Periodontal treatment was performed using a Gracey ultrasonic scaler and curette. 

Patients were evaluated at 3 and 6 months for periodontal indices as well as for their 
glycosylated hemoglobin levels. Changes in periodontal parameters were significantly greater 
in patients receiving treatment than in others. It was also observed that non-surgical therapy 
led to a significant reduction in all periodontal parameters in all diabetic and non-diabetic 
patients [10]. 

All the studies included in this review had in common the evaluation of the 
periodontal status according to periodontal indices such as: gingival bleeding, periodontal sac 
depth, plaque index and loss of attachment. The evaluation was also performed in patients 
with a specific diagnosis of type 2 diabetes. Parameters for the evaluation of diabetes included 
glycosylated hemoglobin (HbA1C) and C-reactive protein. Also, all studies used in this 
review used non-surgical therapy and evaluated periodontal changes at both the beginning 
and end of the study [10]. 

DISCUSSIONS 

The evaluated studies followed the evolution of patients with type 2 diabetes and 
periodontal disease who underwent initial non-surgical therapy. They were evaluated at the 
beginning of treatment according to various periodontal indices such as plaque index, 
periodontal pocket depth, bleeding at probing, etc. The aim was to evaluate the periodontal 
status at different time periods after the first treatment in terms of evaluating the same 
periodontal indices. 

Non-surgical therapy involves multiple procedures in order to control the infection 
that causes pathological lesions in the periodontal tissue. The realization of scaling and root 
planing, combined with rigorous control measures of the supragingival plate is very effective 
because it alters the subgingival ecology by disturbing the microbial biofilm, reducing the 
amount of pathogenic bacteria and suppressing inflammation. The instrumentation used 
consists of: curettes - used for descaling and subgingival scaling and supragingival ultrasonic 
instruments [11]. 

Diabetes and periodontal disease are 2 chronic conditions that have long been 
considered biologically connected. In fact, diabetes is one of the primary risk factors for 
periodontal disease. Cross-sectional and longitudinal studies have identified that the risk of 
periodontal disease is approximately 3-4 times higher in people with diabetes than in non-
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diabetic individuals. Patients with type 2 diabetes also have a higher risk of developing 
periodontal disease than non-diabetics. 

A study of African-American patients found that 70.6% of patients with type 2 
diabetes had moderate periodontitis and 28.5% had a severe form of the disease. This 
percentage is 10.6% higher than in a control group with patients without diabetes. There is a 
direct link between glucose levels and the severity of periodontal disease. The ratio between 
patients with diabetes with periodontal destruction compared to non-diabetics is 1.97, 2.10 
and 2.42 in diabetics with well-controlled, moderately controlled and poorly controlled blood 
glucose [12]. 

The mechanism linking diabetes and periodontal disease is not fully elucidated but 
involves issues such as inflammation, immunity, neutrophil activity and cytokine biology. 
Diabetes increases inflammation in periodontal tissue with an increase in inflammatory 
mediators such as interleukin-1β (IL-1β) and tumor necrosis factor alpha (TNF-α) [3]. 

Regardless of the degree of glycemic control, the prevalence of periodontal disease is 
higher in men than in women. Also, the total loss of natural dentition is more common in 
people with diabetes and prediabetes between the ages of 45 and 64, but it is not as common 
in those over 65. Also, total loss of dentition is more common in those with an elevated level 
of glycosylated hemoglobin compared to the control group. And in the case of those with 
only a part of the missing dentition, it was observed that the number of missing teeth is 
higher in those with diabetes [13]. 

The study by Lopez et al [9] showed that occupational dental prophylaxis significantly 
improves periodontal status in patients with moderate-severe periodontal disease with or 
without type 2 diabetes. Repeated dental prophylaxis was maintained at 3 and 6 months. 
improvement of the periodontal status that was maintained until the evaluation of 9 months. 
Also, no patient showed a worsening of periodontal status. These data support the data 
presented in other studies performed on patients with diabetes in which the control of 
supragingival plaque performed by professional cleaning of the oral cavity has favorable 
effects in stopping the evolution of periodontal disease. 

Chen et al [8] note that in order to prevent the recurrence and progression of 
periodontal infection, periodontal maintenance therapy should be performed at regular 
intervals. However, in the absence of clinical evidence, the recommendations for proper oral 
hygiene and subsequent visits to the dentist vary greatly depending on the country and the 
health system. Thus, the need to standardize an optimal maintenance regime is outlined, 
especially in patients such as diabetics who may have severe complications if not seen in time 
at the dentist. The authors note that appropriate periodontal therapy decreases intraoral 
bacterial levels and reduces the effects induced by oral bacteria. This could also have a 
positive impact on systemic inflammatory status and metabolic control in patients with 
diabetes. 

Lin et al [6] also note the link between glycemic control and periodontal status. This 
study concludes that patients with adequate blood glucose control who benefit from well-
controlled initial periodontal therapy show an improvement in long-term periodontal status. 
They also mention that significant results appear in the case of combining non-surgical 
therapy with surgical therapy. However, poor blood glucose control produces less favorable 
results in the context of initial therapy performed at regular intervals, especially in patients 
who are more prone to frequent recurrence of deep periodontal pockets. 

Kaur et al [10] observed a statistically significant increase in periodontal variables in 
patients who did not receive periodontal treatment for 6 months but this increase was not 
large enough to be clinically relevant. Periodontal progression was observed in both 
untreated groups but was more significant in the group with poor blood glucose control. And 
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from this study we can point out again the importance of diabetes as a risk factor for 
periodontal disease in terms of assessing glycemic levels. 

There was a significant decrease in the depth of periodontal pockets less than 3 mm 
deep and a significant increase in the depth of periodontal pockets greater than 7 mm in the 
group that did not receive initial treatment, indicating a significant decrease in healthy areas 
and an increase of those affected. The authors believe that this aspect could occur due to the 
defect of immune cell function that leads to an inhibition of bactericidal activity in 
periodontal pockets. This defect affects the severity of periodontal disease and influences its 
progression [10]. 

A separate branch of the study from Auyeung et al [5] is the evaluation of the effect of 
non-surgical treatment on blood glucose control, but this study did not have favorable results 
in connection with this hypothesis. In the case of Kaur et al [10] a decrease in glycosylated 
hemoglobin is mentioned but it is mentioned that this aspect is predominant depending on 
the initial level - a decrease in glycosylated hemoglobin is even greater the higher its value at 
the beginning of non-surgical treatment. Chen et al [8] also note the possibility of obtaining 
such results but due to the small population on which they conducted the study they consider 
that they cannot form an appropriate conclusion on this topic. In order to be able to say for 
sure what the effect of non-surgical therapy is on blood sugar control, a much larger 
population is needed to conduct a study. 

CONCLUSIONS 

In conclusion, evaluating the results of clinical trials analyzed in this review we can 
say that the initial therapy in the treatment of periodontal disease in patients with type 2 
diabetes is very useful in stabilizing and also in improving periodontal status. In the absence 
of this treatment, a rapid evolution of periodontal disease can be observed, which can initially 
lead to systemic damage and worsening of general health. 

Also, frequent assessment of blood glucose status and visits to the dentist at regular 
intervals to assess periodontal status can be extremely useful in treating diabetic patients and 
also in avoiding the evolution of periodontal status. 

In a world where the prevalence of these two diseases, diabetes and periodontal 
disease is so high and the association between these two diseases is extremely widespread, 
prevention could be key. In the absence of prevention, initial non-surgical treatment is the 
gold standard for the treatment of periodontal disease, in both the diabetic and non-diabetic 
populations. 
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Abstract 

Over time, plant extracts have been used to treat various diseases. Natural products have played an 
important role in anticancer therapy. Oral cancer is becoming more prevalent in elderly patients. Oral mucositis 
and xerostomia, induced by cancer therapy, are some of the most distressing morbidities after radio-
chemotherapy. Phytochemicals present in fruits, vegetables and grains have a protective effect against the 
development of cancers. The protective role of phytochemicals may be associated with their antioxidant activity. 
Herbal remedies are often used alongside conventional treatments to care for cancer patients, with increasing 
interest in the use of complementary and alternative medicine. Cancer chemoprevention focuses on identifying 
agents that specifically influence the early stages of cell transformation. 

Keywords: Oral cancer, phytochemicals, chemoprevention 
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INTRODUCTION 

Early signs of oral cancer often go unnoticed by the patient and are often discovered 
during routine dental examinations. The most commonly used treatments for oral cancer 
include surgery, radiation, and chemotherapy, alone or in combination. Most cancers have the 
potential for angiogenesis, and their growth, metastasis, and invasion depend on 
angiogenesis. 

Oncology researchers have reported a large number of plant species that have been 
used in the treatment of cancer since ancient times, and today, the trend toward using and 
evaluating the therapeutic effects of plants and their compounds as potential anticancer drugs 
is increasing. More than half of the anticancer drugs in use today are derived from natural 
resources such as plants, microorganisms and marine life [1]. 

The mechanisms by which these drugs act on cancer cells are largely unclear. The role 
of oxidative stress in inducing oral cancer and antioxidants in its prevention and treatment is 
proven, and most plants are good sources of antioxidants [2,3]. There are more than 25,000 
phytochemicals in various plants that have biological effects [4,5]. 

Diets rich in plant resources provide the body with essential vitamins and minerals. 
Dietary changes, antioxidant supplementation, high-dose vitamin C therapy, and the use of 
cannabinoids have been suggested by various researchers to reduce cancer cell replication 
and increase the chance of remission. The therapeutic capacity of phytonutrients present in 
medicinal plants holds promise for obtaining natural products and plant compounds that are 
effective against cancer with low toxicity to healthy tissues [6]. 

Phytochemicals (Figure 1) can be divided into phenolic compounds, carotenoids, and 
others. Phenolic acid can be classified into hydroxycinnamic acid and hydroxybenzoic acid. 
Hydroxycinnamic acid is found in cinnamon, coffee, blueberries, kiwis, plums, apples, and 
cherries. Hydroxybenzoic acid is found in few consumable plants or can be synthesized 
chemically [7]. Most of the potent chemopreventive polyphenols disrupt or reverse 
carcinogenesis [8]. 

Carotenoids are members of the tetraterpene family that are responsible for the 
yellow, orange, or red color of fruits, leaves, and flowers. Carotenoid intake inhibits cell 
proliferation, arrests the cell cycle in different phases, and increases apoptosis and 
antioxidants in cancer cells [9,10].  

Many natural compounds have been widely examined for their potential use in cancer 
prevention over the years. The growing volume of in vitro and in vivo data on the 
chemopreventive and chemotherapeutic outcomes of plant-derived compounds has 
prompted scientists to conduct clinical trials focused on the pharmacokinetics, efficacy, and 
safety of phytocompounds. 

Aim and objectives 

The purpose of this article is to review the current data from the published articles on 
the role of phytonutrients in the prevention and treatment of oral cancer and oral cavity 
manifestations after chemo and radiotherapy. 

MATERIAL AND METHODS 

By screening the literature on medicinal plants used as adjuvants in oral cancer 
prevention and therapy, we were able to compile a list of the plants most often recommended 
for the treatment and prevention of oral cancer, and oral discomfort following anticancer 
therapy. 
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The screening questions were as follows: "Which medicinal plants are effective in the 
prevention and treatment of oral cancer"; "Which herbs are effective in the treatment of oral 
mucositis/xerostomia induced by cancer treatment?" (PubMed, Medline, Web of Science, 
Scopus). The keywords were the following: phytotherapy; "herbal medicine"; "plant extract"; 
"medicinal plant"; and: mucositis; xerostomia; chemotherapy; radiotherapy; oral 
cancer/tumor/neoplasm. 

Oral mucositis (OM) induced by cancer therapy is one of the most distressing 
morbidities after radio-chemotherapy. Age, nutritional status, tumor type, oral hygiene and 
treatment method are the determinants for the incidence of OM. In addition, oxygen free 
radicals can act as a trigger for an inflammatory environment that causes OM. 

Xerostomia (dry mouth) causes many clinical problems, including oral infections, 
difficulty speaking, and disturbances in chewing and swallowing food. Many cancer patients 
have complained of xerostomia induced by cancer therapy. 

Treatment methods vary from the local application of ointment, gel and extract, to the 
oral ingestion of phytotherapeutics. 

 

 
Figure 1. Food sources of phytochemicals [11] 

RESULTS 

Common phytochemicals for oral cancer chemoprevention and treatment are: green 
tea, black raspberry, resveratrol, quercetin, curcumin, allium vegetables.  

Green tea contains rich flavonoids and other polyphenol antioxidants that protect 
against cancer. The major constituents of green tea (Figure 2) are EGCG, (-)-epigallocatechin 
(EGC), and (-)-epicatechin-3-gallate (ECG). EGCG (epigallocatechin gallate) is the major 
polyphenol that inhibits the growth and interferes with the carcinogenic process of various 
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cancer cells and inhibits the migration of oral cancer cells [12]. Green tea extract has a dose-
dependent chemopreventive effect and an inhibitory effect on oral premalignant lesions (eg: 
leukoplakia) [13-15]. 

Clinical studies have shown that drinking more than 10 cups of green tea a day 
reduces the risk and delays the onset of cancer compared to those who drink less than 3 cups 
a day. Smokers who took green tea extract (2000–2500 mg/day) for 4 weeks had reduced 
DNA damage in oral keratinocytes [16,17]. 

 

 
Figure 2. Chemical structure of tea catechins 

 
Black raspberries (BRB) are rich in vitamins, minerals, fiber, anthocyanins, phenolic 

components and other bioactive components with oral cancer inhibition capabilities [17-20]. 
Local treatment for 3 months with BRB gel (0.5 g four times a day) on oral premalignant 
lesions resulted in considerable reductions in lesion size [20-22]. 

Grape skins, blueberries, raspberries, mulberries, peanuts and many other plant 
products have powerful polyphenolic compounds and are rich in resveratrol (3, 5, 4′-
trihydroxy-trans-stilbene) (Figure 3). 

 

 
Figure 3. Chemical structure of cis- (( Z )-resveratrol, left) and trans-resveratrol (( E )-resveratrol, right) 

 
Resveratrol, alone or in combination with quercetin, significantly decreases the toxic 

side effects associated with anticancer therapies and enhances the therapeutic effects against 
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oral cancer [23-25]. Resveratrol has been found to be safe and reasonably well tolerated at a 
single dose of up to 5 g/day or as part of a multi-day dosing regimen in healthy subjects 
[26,27]. The average daily intake of quercetin has been estimated at 25 mg, the serum 
concentrations of quercetin required for anticancer activity appear to be greater than 10 μM 
[28,29]. 

Curcumin (Figure 4), a xanthophyll carotenoid, the main active component of 
turmeric, which is derived from the rhizome (root) of Curcuma longa, is widely used for the 
chemoprevention of oral cancer [30-33]. Tetrahydrocurcumin is the key compound of natural 
curcuminoids and is of great interest in oral cancer research due to its increased water 
solubility [34]. 

 

 
Figure 4. Chemical structure of curcumin 

 
Curcumin is considered to be pharmacologically safe. The safety and tolerability of 

curcumin administered at a dose of 8 g/day has been demonstrated in clinical trials [35,36]. 
Curcumin treatment can reduce pain and the size of the tumor lesion [37]. 

Apigenin (4′, 5, 7, -trihydroxyflavone) (Figure 5) is a flavonoid with chemopreventive 
action present in fruits and vegetables, parsley, celery and chamomile tea being the most 
common sources [38,39]. 

 

 
  

Figure 5. Chemical structure of apigenin Figure 6. Chemical structure of quercetin 

 
Curcumin and apigenin have an inhibitory effect on cancers related to tobacco 

smoking and HPV infections [40,41]. 
Increased consumption of allium vegetables, such as garlic and onions, may reduce 

the risk of oral cancer [42-46]. Quercetin (Figure 6), the main flavonoid compound in onion, 
induced cytotoxic effects and reduced cell migration and invasion SAS [47]. Quercetin is 
available as a dietary supplement, and the recommended dose is 200–1200 mg/day [48,49].  

Herbal remedies are good at relieving oral mucositis induced by cancer therapy [50]. 
Among the herbs most used to treat oral discomfort are: Marticaria recutita L., Zingiber 
offinicale ROSCOE, Taraxacum Wigg. Calendula officinalis L., Salvia officinalis L., Carum 
carvi/Cuminum cyminum L., Mentha piperita [51-54]. Matricaria chamomilla (chamomilla) 
showed a reduction in the severity and incidence of lesions, with improvement in pain 



Medicine in Evolution Volume XXVIII, No. 3, 2022 

 

271 

symptoms. Isatis indigótica, Olea europaea, Calendula officinalis, A. digitatae and M. 
sylvestris plant extracts improved oral mucosal lesions. The herbal drugs MF 5232 
(Mucotrol™) and QRLYD decreased the severity of lesions, while SAMITAL® and 
MUCOSYTE enabled better pain control [55,56]. 

Herbal medicines significantly improve saliva flow and reduce xerostomia symptoms 
in cancer patients [57]. 

DISCUSSIONS 

Various studies have provided clinical and preclinical evidence for the use of herbal 
supplements as complementary treatments for oral cancer. Phytotherapeutic substances are 
studied as potential in chemopreventive treatment. Antioxidant supplements, high-dose 
vitamin C therapy, and cannabinoids have been suggested to reduce cancer cell replication 
and increase the chance of remission [58-61]. 

Green tea contains polyphenols that induce apoptosis (programmed cell death) in 
many types of tumor cells, including oral cancer cells, with the extract having a dose-
dependent chemopreventive effect [62,63]. Melissa officinalis leaf total extract is a potential 
agent for the chemoprevention of tongue and pharyngeal cancers [64]. 

Herbal remedies are often used by cancer patients alongside conventional treatment 
methods. Herb-drug interactions should not be ignored by healthcare providers in the 
management of cancer patients. User rates are often underestimated and doctors usually feel 
unprepared to counsel patients [65,66]. 

CONCLUSIONS 

Chemoprevention through edible phytochemicals is considered as an inexpensive, 
easy to apply, acceptable and accessible approach for the control and management of oral 
cancer. 

Early detection of tumor lesions and lifestyle changes, the use of dietary supplements 
in the population at risk, are essential steps in the prevention and successful treatment of oral 
cancer. The main evidence for the use of herbal supplements is currently in the prevention of 
cancer rather than its treatment. 

Combinations of cytotoxic antitumor agents and phytochemicals could act together to 
produce inhibitory mechanisms against the development of tumor lesions. The antioxidant 
effect of dietary phenolic compounds could represent a promising strategy for cancer 
prevention and reduction of risk factors associated with its progression. 

More human clinical trials are needed to demonstrate the anticancer effects of 
phytochemicals, but their anticancer potential should not be underestimated. 
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Abstract 

Aim and objectives: To evaluating dentists 'opinions on restoration methods, starting from the hypothesis 
that aesthetic restorative techniques are performed in more than 50% of dental department, the chosen methods 
being adapted to the requirements of each patient. Material and methods: A questionnaire referring to methods 
used in aesthetic dental restorations was applied to 105 dentists. Percentile, one sample t-test for normal 
distribution, Correlations and Pearson's r were used in statistical analysis. Results: Responders mean age was 29. 
The most applied methods in aesthetic dental restorations are weneer and metal-ceramic crowns. Conclusions: 
dental dyschromia, dental wear, interdental disproportions, changes in dental position were the most common 
aspects involved in dental aesthetics, Sig. (2-tailed) for items'correlation being between 0.000-0.041. 

Keywords: dental dysfunction correction, correlation, weneer. 
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INTRODUCTION 

Modern aesthetic dentistry, even if is not a specialty discipline itself, represents one 
goal of dental treatment interventions, covering a lot of specialty areas, including restorative 
dentistry, preventive dentistry, orthodontics, prosthodontics, periodontics and oral and 
maxillofacial surgery. It requires in-depth knowledge of natural tooth positions, colour, 
arrangements, shapes, and proportions in order to recreate the most natural aspect as much 
as possible. On the other hand, dental specialist must help the patient in identifying a 
personal aesthetic vision, to fulfill the psychological requirements of the final results [1].  

The level of aesthetic requirement in clinical practice has increased over the past 
decade, and this has made it necessary for dentist to explore this field in order to satisfy the 
existing demand in this field [2].  

Since their introduction in the early 1980’s ceramic veneers have gained wide 
acceptance as a primary mode of restoration in esthetic dentistry [3]. Advances in ceramic 
materials and veneering techniques allow practitioners to restore function and aesthetics 
using conservative and biologically sound methods as well as promoting long term oral 
health [4].  

Ceramics are replacing metals as materials of choice in dental crowns, as well as in 
other biomechanical prostheses [5]. The major advantage of ceramic crowns is the esthetic 
result. The thermal conductivity is low for ceramics also it is resistant to corrosion. Also, there 
are no galvanic reactions for ceramics. Dental ceramics are claimed to be the most 
biocompatible materials used to date for dental restorations [6].  

Apart of some clinical practice guidelines of aesthetic dentistry, the latest published in 
2022 in Journal of Conservative Dentistry [7], there are numerous valuable works on oral 
restoration, which take into account the functionality of the dental system, the patient's 
psychology, the perfect smile and self-esteem and last but not least, the costs involved in each 
chosen method. 

Aim and objectives 

To evaluating the opinions of trained dentists and of those registred in dental 
residency programs on dental restoration methods. 

Hypothesis. Aesthetic restorative techniques are performed in more than 50% of 
dental department, the chosen methods being adapted to the requirements of each patient. 

MATERIAL AND METHODS 

An 11 questions questionnaire referring to methods used in aesthetic dental 
restorations was applied in June 2022 to 105 responders, for describing dental practice and 
techniques they experienced (in appendix). Sample size and margin of error (3.92%) were 
calculated taking into account the statistical data regarding the number of dentists in Arad in 
2021 [8]. Frequency with percentile, one sample t-test for normal distribution, Paired Samples 
Correlations and Pearson's r were used in the statistical analysis. 

RESULTS 

Responders mean age was 29, StdDev. 5.04. Most of them work in private dental 
departments; gender ratio M:F = 1.36, 26% were frequently involved in aesthetic dental 
restorations and more than half motivate the patient in order to correct his dental 
dysfunctions through restorative techniques, table 1. 

 



Medicine in Evolution Volume XXVIII, No. 3, 2022 

 

278 

Table 1. Responders characteristics 

Type of practice Percent 

Private 88.6 

both private and budgeted 8.5 

Budgeted 2.9 

Gender Percent 

F 41.9 

M 58.1 

Performing aesthetic dental restorations Percent 

Never 21.0 

Occasional 53.3 

Frequent 25.7 

 

The most applied methods in aesthetic dental restorations are weneer made by direct 
method and metal-ceramic crowns, table 2 and figure 1. 

 
Table 2. Dental dysfunctions and elective aesthetic dental restorations 

Item Veneer/ 
direct 
method  

Veneer/ 
indirect 
method 

metal-
ceramic 
crowns 

full 
ceramic 
crowns 

dental dyschromia 38.1 27.6 15.2 19.0 

morphological changes consecutive to dental wear 29.5 13.3 31.4 25.7 

interdental disproportions-interdental relations 29.5 20.0 25.7 24.8 

changes in dental position 21.0 23.8 33.3 21.9 

to increase the degree of exposure of maxillary anterior teeth 41.0 33.3 10.5 15.2 

 

 
Figure 1. Dental dysfunctions and elective aesthetic dental restorations 

 
Dental dyscromia. Porcelain laminate veneers are nowadays commonly used for 

aesthetic purposes owing to their better aesthetic properties, higher resistance to abrasion and 
discoloration, and better biological harmony with the oral flora [9]. Nowadays, restorative 
treatment has achieved high aesthetic standards. It protects the dental structure maximally 
thanks to the development of adhesive systems, resin cement, and ceramics. The resin 
infiltration technique, bleaching treatment, and laminate veneer applications, among other 
minimally invasive treatments, have gained importance due to greater protection rates of the 
tooth and high aesthetic standards [10]. More than half of the respondents use these 
techniques to correct dyschromia, table 3. 
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Table 3. Methods to correct dental dyschromia 

methods to correct dental dyschromia Percent 

veneer/direct method 25.7 

veneer/indirect method 23.8 

full ceramic crowns 19 

metal-ceramic crowns 11.4 

veneer/ direct+indirect method+full ceramic crowns 9.5 

veneer/direct+indirect method+metal-ceramic crowns+full ceramic crowns 6.7 

metal-ceramic crowns+full ceramic crowns 3.8 

Total 100 

 

Dental wear. Early diagnosis and timely management of tooth or dental material wear 
is imperative to avoid extensive restorations. It is a normal physiological process that is 
macroscopically irreversible; Lambrechts et al. [11] estimated the normal vertical loss of 
enamel from physiological wear to be approximately 20-38 μm per annum. Various 
modalities, including direct or indirect techniques, can be successful in the treatment of these 
patients. More than half of the respondents use full ceramic crowns and veneer to correct the 
morphological changes consecutive to dental wear, table 4. 

 
Table 4. Methods to correct the morphological changes consecutive to dental wear 

methods to correct the morphological changes consecutive to dental wear Percent 

full ceramic crowns 25.7 

veneer/direct method  24.8 

metal-ceramic crowns 21 

veneer/indirect method 10.5 

metal-ceramic crowns+full ceramic crowns 10.5 

veneer/indirect method+metal-ceramic crowns+ full ceramic crowns 1.9 

veneer/direct+indirect method+metal-ceramic crowns+ full ceramic crowns 6 

Total 100 

 

Interdental spacing is disliked by all, and the size and pattern of spacing has an 
influence on aesthetic perception. Professionals tolerated interdental spacing more than their 
patients [12]. Restorations methods are in table 5. 

 
Table 5. Methods to correct interdental disproportions-interdental relations and changes in dental position 

methods to correct interdental disproportions-interdental relations Percent 

full ceramic crowns 24.8 

veneer/direct method  21 

metal-ceramic crowns 18.1 

veneer/indirect method 17.1 

metal-ceramic crowns+full ceramic crowns 7.6 

veneer/ direct +indirect method+metal-ceramic crowns+full ceramic crowns 6.7 

veneer/indirect method+full ceramic crowns 4.9 

Total 100 

methods to correct changes in dental position Percent 

metal-ceramic crowns 21.9 

full ceramic crowns 21.9 

veneer/indirect method 18.1 

veneer/direct method  16.2 

metal-ceramic crowns+full ceramic crowns 11.4 

veneer/direct+indirect method+metal-ceramic crowns+full ceramic crowns 10.7 

Total 100 

 

Exposure of maxillary anterior teeth. In females aged 20 to 29, 30 to 39, 40 to 49 and 
50 to 59 years, the mean exposure of central incisor is 2.16, 2.1, 2.18 mm and that of canine is 
0.04, -0.36, -0.44 mm. For male of age group 20 to 29, 30 to 39, 40 to 49 and 50 to 59 years 
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exposed 2.04, 2.04, 1.84, 1.76 mm of central incisor respectively and 0.08, -0.52, -0.4 and -
0.4mm exposure of canine. Female subjects with lip length 10 to 15, 15 to 20, 21 to 25, 25 to 30 
and 31 to 35 mm showed 3.7, 3.4, 2.3, 0.9, 0.25 mm exposure of central incisor and 0.35, -0.15, -
0.7, -0.8, -0.6 mm exposure of canine, respectively. Male subjects exposed 3.4, 3.3, 2.05, 0.7, 
0.15 mm of central incisor and 0.4, 0.3, -0.6, -0.95, -0.7 mm of canine respective to lip length. 
The range of exposure of maxillary central incisors is wider than that of canine. The average 
dimensions for maxillary canines relating to age and sex were closer to the extremes of the 
range. The canine position relative to the maxillary lip appeared to be a more predictable 
determinant [13]. The correction methods used by the responders are in the table 6. 

 
Table 6. Methods to increase the degree of exposure of maxillary anterior teeth 

methods to increase the degree of exposure of maxillary anterior teeth Percent 

veneer/direct method  30.5 

veneer/indirect method 28.6 

full ceramic crowns 15.2 

metal-ceramic crowns 5.7 

metal-ceramic crowns+full ceramic crowns 4.8 

veneer/direct+indirect method 3.8 

veneer/direct method+full ceramic crowns 3.8 

veneer/indirect method+metal-ceramic crowns+full ceramic crowns 2.9 

veneer/indirect method+full ceramic crowns 1.9 

veneer/direct+indirect method+metal-ceramic crowns+full ceramic crowns 3 

Total 100 

 

Psychologic assessment of the aesthetic facial patient. Surgeons and other medical 
professionals who perform aesthetic treatments should evaluate and monitor the psychosocial 
status and functioning of patients who seek these procedures. Most patients who present for 
aesthetic treatments are as psychologically stable as other individuals from the general 
population [14]. The responders say that less than a quarter of the patients requested invasive 
aesthetic intervention, table 7. 

 
Table 7. Acceptance an invasive aesthetic intervention 

Do you include surgical therapy as a pre-prosthetic stage in the treatment plan? Percent 

No 20 

Yes 80 

When do you aesthetically correct dental dysfunctions?  Percent 

At the request of the patient 24.8 

Both situations 2.9 

I make the patient aware of the aesthetic dental dysfunction and I motivate him in 
order to correct it through restorative techniques 

72.4 

What method do you use for the patient's acceptance of an invasive aesthetic 
intervention (partial or total coverage of the teeth)? 

Percent 

Mock-ups  34.6 

Photos of other patients, before and after treatment 24.3 

Simulation on photos 19.8 

Diagnostic models with wax models 19.8 

Another method 1.2 

Do you consider that the type of cementing material is important for obtaining an 
aesthetic result of restoration method? 

Percent 

No 14.3 

yes 85.7 

The translucency of some of the ceramic materials is important for obtaining an 
aesthetic effect 

Percent 

Both in the third incisal area and in the cervical area 46.7 

In the third incisal area 44.8 

In the cervical area 8.6 
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There are significant correlations between items in questionnaire, which shows that 
the aesthetic interventions are motivated by the existing dental dysfunctions, with the 
patients' acceptance, at their wish, at the specialist's recommendation, and the chosen 
corrective methods are appropriate, table 8. 

 
Table 8. The correlations between the items of the questionnaire 

Pearson Correlation  item Sig. (2-tailed) 

Age correcting aesthetic dental dysfunctions 0.003 

morphological changes 
consecutive to dental wear 

changes in dental position 0.001 

patient's acceptance  0.001 

interdental disproportions  0.000 

changes in dental position 
patient's acceptance  0.003 

interdental disproportions  0.000 

surgical therapy as a pre-
prosthetic stage  performing aesthetic dental restorations 

0.032 

correcting aesthetic dental 
dysfunctions performing aesthetic dental restorations 

0.041 

patient's acceptance  
changes in dental position 0.003 

interdental disproportions  0.031 

dental dyschromia 

interdental disproportions  0.002 

to increase the degree of exposure of maxillary 
anterior teeth 

0.005 

DISCUSSIONS 

This study was undertaken to find out whether dentists’ perceptions of the aesthetic 
zone is it different from that of the patients or not, and if the decisions taken are mainly 
related to the presence of dental dysfunction versus just the aesthetic aspect. Some areas were 
assessed: restorative method to correct dental dyschromia, dental wear, dental dysfunctions, 
changes in dental position, to increase the degree of exposure of maxillary anterior teeth, 
interdental disproportions, patient's acceptance for invasive interventions, type of cementing 
material.  

As the study was carried out both in budgeted and private general dental practices 
there will be a sampling bias and, although the responders were randomly selected, they may 
not represent the general dentistry population. One hundred and five responders took part in 
the study, 44 women and 61 men, ranging in age from 24 to 51years old. The small size of the 
study meant that in some of the age range groups there were only a very small number of 
participants, as is the case in the over 40 year - old category. 

Esthetic dentistry is currently receiving increased attention in dental practice. Many 
studies and digital smile analysis programs have attempted to formulate a protocol for 
helping dentists assess smile esthetics to reach an accurate diagnosis and to plan the required 
treatment [15]. 

The results of this study demonstrated that dentists in Arad the dentists in Arad give 
equal importance to both real dental dysfunction and the wishes of the patients, with whom 
they form a team. 

CONCLUSIONS 

The hypothesis from which the study started is confirmed, aesthetic restorative 
techniques being performed in more than 50% of dental department and the chosen methods 
are adapted to the requirements of each patient. 
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Questionnaire for investigating the use of restoration methods for aesthetic dental 
dysfunction correction, in order to carrying out a specialized study 

 
APPENDIX 
Questionnaire for investigating the use of restoration methods for aesthetic dental 

dysfunction correction 
1. Age 2. Gender 3. Type of practice:a. private b. budgeted c. both types 
4. I perform aesthetic dental restorations: a. never b. occasional c. frequent 
5. What restorative method do you use to correct dental dischromia?  
a. veneer made by direct method  
b. veneer made by indirect method 
c. Metal-ceramic crowns 
d. Full ceramic crowns 
6. What restorative method do you use to correct the morphological changes 

consecutive to dental wear?  
a. veneer made by direct method  
b. veneer made by indirect method 
c. Metal-ceramic crowns 
d. Full ceramic crowns 
7. What restorative method do you use to correct interdental disproportions -

interdental relations? 
a. veneer made by direct method  
b. veneer made by indirect method 
c. Metal-ceramic crowns 
d. Full ceramic crowns 
8. What restorative method do you use to correct changes in dental position? 
 a. veneer made by direct method  
b. veneer made by indirect method 
c. Metal-ceramic crowns 
d. Full ceramic crowns 
9. What restorative method do you use to increase the degree of exposure (visibility) of 

the maxillary frontals? 
a. veneer made by direct method  
b. veneer made by indirect method 
c. Metal-ceramic crowns 
d. Full ceramic crowns 
10. Do you include surgical therapy as a pre-prosthetic stage in the treatment plan (for 

optimizing the aesthetic result of prosthetic restorations)? Yes No 
11. Are you correcting aesthetic dental dysfunctions: 
a. At the request of the patient 
b. I make the patient aware of the aesthetic dental dysfunction and I motivate him in 

order to correct it through restorative techniques. 
12. What method do you use for the patient's acceptance of an aesthetic intervention 

invasive (partial or total coverage of the teeth) 
a. Photos of other patients, before and after treatment 
b. Simulation on photos 
c. Diagnostic models with wax models 
d. Mock-ups  
e. Another method 
f. No method 
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13. Do you consider that the type of cementing material is important for obtaining an 
aesthetic result of restoration methods? Yes No 

14. The translucency of some of the ceramic materials is important for obtaining an 
aesthetic effect: 

a. In the third incisal area 
b. In the cervical area 
c. Both in the third incisal area and in the cervical area 
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Abstract 

Molar-incisor hypomineralization (MIH) was defined in 2001 as a qualitative enamel defect of systemic 
origin affecting at least one permanent first molar and may also be associated with permanent incisors. Numerous 
papers have been published to shed light on and raise awareness of this global issue [3]. The condition can be 
associated with dental complications, including hypersensitive teeth, rapid caries progression, impaired 
mastication due to rapid wear, and aesthetic repercussions. They can affect patients' quality of life and create 
treatment challenges for dentists. The present study aims to carry out a bibliometric analysis on the aetiology and 
incidence of molar-incisor hypomineralization syndrome, this being one of the most pressing problems faced by 
paediatric dentistry. 
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INTRODUCTION 

Molar-incisor hypomineralization (MIH) was defined in 2001 as a qualitative enamel 
defect of systemic origin affecting at least one permanent first molar and may also be 
associated with permanent incisors [1]. The European Academy of Pediatric Dentistry noted 
the lack of knowledge about MIH and promoted research in this regard [2]. Numerous papers 
have been published to shed light on and raise awareness of this global issue [3]. The 
condition can be associated with dental complications, including hypersensitive teeth, rapid 
caries progression, impaired mastication due to rapid wear, and aesthetic repercussions. They 
can affect patients' quality of life and create treatment challenges for dentists. Given this 
lifetime burden, it clearly deserves increased attention as a global dental public health 
concern [4]. 

Regarding aetiology, many studies have investigated the association between systemic 
conditions, prenatal, perinatal, and postnatal drug use, early exposure to dioxins or 
bisphosphonates, and genetic factors. However, the available evidence is still insufficient to 
establish the exact cause [5,6]. 

 Clinically, affected teeth show hypomineralization that can be seen as an alteration of 
enamel translucency. Hypomineralized enamel can vary in shade colour from white to yellow 
or brown, but always shows well-defined and distinct edges of healthy enamel. Porous 
enamel can fracture easily, especially under the influence of masticatory forces. Occasionally, 
the enamel of affected molars breaks down slightly after eruption, leaving the dentin exposed, 
referred to in the literature as "posteruptive enamel degradation". At the level of the 
permanent incisors, the affected enamel usually appears less disturbed due to much lower 
masticatory forces. Incisal enamel defects are, however, frequently extended to the vestibular 
surfaces of the teeth giving rise to aesthetic problems [7,8]. 

The causative mechanism of MIH is still unclear, but the clinical presentation of 
localized and asymmetric lesions suggests a systemic origin with disruption in the 
amelogenesis process that most likely occurs in the early maturation stage or even earlier in 
the late secretory phase [5,9]. 

In general, the cause appears to be multifactorial, including systemic factors such as 
acute or chronic diseases or exposure to environmental pollutants during the last trimester of 
pregnancy and the first three years of life have been suggested as causative or contributing 
factors. The number of affected teeth was associated with the time at which the potential 
systemic disorder occurred; children with prenatal, perinatal and postnatal problems have 
more affected teeth [5,10]. 

Several possible causes have been suggested in the literature, for example, respiratory 
tract infections, perinatal complications, dioxins, oxygen starvation, low birth weight, calcium 
and phosphate metabolic disorders, frequent childhood illnesses, antibiotic use, and 
prolonged breastfeeding [11]. 

Mathu-Muju and Wright classified MIH into three levels of severity: 
1. Mild MIH: 

 delimited opacities located in unsolicited areas 
 non-association of caries with affected enamel, without hypersensitivity 
 incisor involvement is usually mild if present 

2. Moderate MIH 
 limited opacities 
 present on molars and incisors 
post-eruptive enamel damage limited to one or two surfaces without cuspid 

involvement 
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 atypical restorations may be required 
 normal dental sensitivity 

3. Severe MIH: 
 post-eruptive enamel 
 destruction of the crown, caries 
 associated with affected enamel 
 dental sensitivity and aesthetic concerns [12]. 

Aim and objectives 

The present study aims to carry out a bibliometric analysis on the aetiology and 
incidence of molar-incisor hypomineralization syndrome, this being one of the most pressing 
problems faced by paediatric dentistry. It is desired to identify trends in the main research 
topics and groups—including authors and countries—for MIH over the years; also to explore 
the development of scientific evidence, possible etiological factors and types of proposed 
treatments that guide future research in the field. 

MATERIAL AND METHODS 

A. BIBLIOMETRIC ANALYSIS 
The VOSviewer software is a tool for building and viewing bibliometric networks, 

being used in mapping and scientific research. Bibliometric charts are used to highlight the 
structure and network of journals, authors, universities or countries. Networks may include, 
for example, journals, individual publications, or researchers, and may be built on co-
authorship, bibliographic coupling, or citation relationships. In order to create a network, 
bibliographic database files (Web of Science, Dimensions, Scopus and PubMed,) and reference 
management files (RIS EndNote and RefWorks files) can be provided as input to VOSviewer. 

Bibliometric tools are used to study the flow of scientific publications, to rank the 
quality of work in a certain field, to assess the speed of its development, to identify experts, 
institutions and countries recognized worldwide for their contributions to scientific 
development and number of citations. With this data, more complex mathematical formulas 
can be constructed to obtain more specialized bibliometric indicators, such as a journal's 
impact factor or a researcher's Hirsch index.  

Working steps in WoSviewer: 
1. The words: "molar incisor hypomineralisation (MIH)", "deciduous molar 

hypomineralisation" and "hypomineralised second primary molars (HSPM)" were considered the 
most relevant words in order to carry out the study and obtain the most accurate and current 
potential results for all domains of knowledge in the WoS, following a selection of articles, 
according to the inclusion criteria, to be included in the research. Given that the results are 
numerous, they are closely related to incidence and prevalence. 

All documents published in the period 2012-2022 were included in the study. Also, the 
final selection was limited to articles only, excluding oral presentations and abstracts. The 
sample includes 153 documents. The limitation was mainly applied to works published in 
English. Studies lacking demographic characteristics and those that included fluorosis were 
excluded. Additional reference searches were conducted against the references of the selected 
articles. For relevance, the collected articles were reviewed by title, abstract and text criteria. 

B. CO-CITATION OF SCIENTIFIC SOURCES 
This part of the analysis focuses on researching the network area of the most 

important sources. Regarding co-citation links, the link between them indicates the distance 
between two journals, thus a strong link is indicated by a small distance between them, while 
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a weak link is highlighted by a large distance between journals. Co-citation shows the 
frequency with which a document cites two other documents together. 

Among the data selected in Web of Science, VOSviewer took only the names of the 
main sources of the works in the bibliometric map. Regarding source co-citation analysis, the 
unit of analysis is represented by the names of the sources in the data (set of journals) that 
were analyzed in VOSviewer. The data selected from the Web of Science and entered into the 
VOSviewer program identified the presence of 587 sources, but only 35 of them met the 
criterion of at least 3 citations per source. So, the journal set highlights only the 35 most 
productive journals in our research scope, and these journals fall into 4 different color 
clusters. 

RESULTS 

A. Bibliometric analysis of keywords 
This method focuses on highlighting the most persistent keywords in terms of their 

coincidence (keywords that appear simultaneously in several articles). Therefore, it is 
important to emphasize that the keywords used by the author throughout the article are 
taken into account. The main aim is to observe the keywords most adopted by the authors in 
the field of molar-incisior hypomineralization syndrome (MIH). 

In addition to the most used and relevant keywords in determining the results in Web 
of Science (MIH, prevalence, incidence, children), the map in Vosviewer shows us a major 
importance of other words that appear predominantly in the articles taken into analysis, such 
as: severity (with 17 occurrences), 2nd primary molars (with 16 occurrences), defects (with 15 
occurrences) and enamel defects, caries, school-children (each with 18 occurrences) (Fig.1). 
 

 
Figure 1. Word coincidence network regarding the incidence and prevalence of molar-incisor hypomineralization 

(MIH 
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The bibliometric map indicates the most important keywords and respectively the 
nodes between keywords: 

• the bigger the keyword and the node we see, the more relevance has; 
• the smaller the distance between the nodes, the stronger the relationship between 

them. 
• we observe a more frequent co-occurrence when the lines are thicker. 
• the same color indicates a series of related keywords or a group of keywords 
Thus, the program identified 5 clusters. 
Figure 1 represents the keywords with the most frequent matches (applying a 

threshold of one match). 
The group containing the most keywords is group 1 (red), which is centered on words 

such as: 1st permanent molars, caries experience, enamel hypomineralisation and composite. 
Next, we have group 2 (green), which includes 14 keywords, such as: 2nd primary molars, 
caries, etiologic factors and hypoplasia. 

Group 3 (blue) presents 2 keywords in addition to the green one, association, defects 
and demarcated opacities being included in it. 

Group 4 (yellow) is headed by the words: dental enamel, pediatric dentistry and 
hypomineralization. 

Further, group 5 (purple) consists of 2 objects each, but of major importance. Aetiology 
and Swedish children are the words the purple group is centered on. (Table 1). 

 
Table 1. Keyword groups 

Word no. Group 1(red) Group 2 (green) Group 3 (blue) Group 4 (yellow) Group 5 
(purple) 

1 1st permanent 
molars 

2nd primary molars Association Molar Aetiology 

2 Amorphous 
calcium-phosphate 

Caries Defects Pediatric-dentistry Swedish 
children 

3 Caries experience Children Etiology Dental enamel  

4 Composite Enamel defects Epidemiology Resin composite 

5 Dental-caries Etiologic factors Demarcated opacities General dental practitioners 

6 Deproteinization Hspm Developmental defects Incisor  
hypomineralisation 

7 Diagnosis Hypomineralisation Severity Hypomineralization 

8 Enamel Hypoplasia School-children  

9 Enamel 
hypomineralisation 

Incisor 
Hypomineralization 

Permanent 1st molars 

10 Fluoride MIH Region 

11 Index Molar incisor 
hypomineralis ation 

Dental enamel hypoplasia 

12 Lesions Opacities Dental caries 

13 Management Prevalence  

14 Mechanical- 
properties 

Risk factors 

15 Molar incisor 
hypomineralisation 

 

16 Molar-incisor 
hypomineralisation 

17 Molar-incisor 
hypominerazati 

18 Molar-incisor- 
hypomineralisation 

19 Performance 

20 Permanent molars 

21 Resin infiltration 

22 Teeth 
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B. Co-citation regarding authors 
Following the application of the criterion of appearing in at least 3 articles, the number 

of authors who published on the subject of MIH, was reduced from 587 to 35 authors. 
They were grouped into 4 clusters of different colours (red, blue, green and purple) 

according to the approach of the topic in the articles. Among the 35 authors to whom the 
bibliometric map was narrowed, 19 are the ones that were most relevant to this study 
according to the criterion of citations and the total strength of the link (Fig.2). 

 

 
Figure 2. Bibliographic map regarding co-citation 

 

The first three authors to publish on this topic were Manton DJ affiliated with the 
University of Melbourne-Australia, Kühnisch Jan and Hickel Reinhard, both affiliated with 
the Ludwig-Maximilians University in Munich. Thirty-five authors resulted following the 
criterion of being present with at least three publications on this topic. Most of them had 
publications in both MIH and DMH/HSPM, but the number of studies on DMH/HSPM was 
lower for all but one author (Elfrink ME). Further analysis of the collaboration between these 
authors with three or more publications on the topic of interest revealed the existence of four 
main geographical collaboration clusters: (1) Australia; (2) Continental Europe (Netherlands, 
Germany, Austria) (3) Brazil. The European Archives of Pediatric Dentistry was the most 
published journal, followed by the International Journal of Pediatric Dentistry and the 
European Journal of Pediatric Dentistry (Table 2). 

 
Table 2. Citation groups and related link strength on the most relevant scientific authors 

Group 1 (red) Citations Total link 
strength 

Group 2 (blue) Citatons Total link 
strength 

Group 3 (green) Citations Total link 
strength 

Garot, E 11 82 Heinrich, Joachim 113 95 Ghanim, A. 95 72 

Garot Elsa 45 78 Heinrich- Weltzien 93 52 Ghanim, Aghareed 123 62 

Lygidakis, N.a 70 82 Heitmueller, Daniela 93 52 Manton, D.j 119 95 

Manton, David 226 142 Hickel, Reinhard 122 100  

Manton, David J. 217 92 Kuehnisch, Jan 153 119 

Rouas, P 11 82 Standl, Marie 26 71 

Rouas, Patrik 45 78 Neumann, Claudia 93 52 

Somani 11 59  

Taylor, G.D 11 59 
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DISCUSSIONS 

A. Bibliometric keyword analysis 
Molar-incisor hypomineralization (MIH) was defined in 2001 by the European 

Academy of Pediatric Dentistry (EAPD) as a qualitative enamel defect, ranging from 
demarcated yellow-white or yellow-brown opacities to severely hypomineralized damaged 
enamel [2,13]. 

Its global prevalence in 2015 was estimated at 12.9%, with 878 million reported cases 
and an incidence of 17.5 million new cases in 2016. In this regard, MIH has been considered a 
public health problem due to its impact on children's oral health and global health economy. 
Affected enamel is more prone to post-eruptive degradation, favouring the development of 
carious lesions, sensitivity, with a negative impact on their quality of life. In addition, the 
difficulty in obtaining adequate anaesthesia and the higher failure rate in adhesive 
restorations contribute to less cooperation of children during treatment. In fact, the 
management of the condition is still a challenge for dentists, made worse by the clinical 
variability of the lesions, the need for individualized treatments, and the existence of few 
clear clinical guidelines [13,14]. 

Thus, the red group is related to the treatment approaches to the lesions present in the 
teeth affected by MIH, depending on the stage, which can be grouped into: 

 Prophylactic therapy - fluoride, amorphous calcium phosphate 
 Sealing therapy - infiltration of resins 
 Restoration therapy - composite materials [15,16] 

Treatment is chosen according to an index that corresponds to MIH symptoms. 
Deproteinization with NaOCl 5% for 60 seconds after etching is considered to be a good way 
to increase the bond between the composite and the tooth [16]. 

On the other hand, the green group reveals the interrelation between MIH and HSPM, 
but also the most studied age group, children. Thus, children affected by HSPM are 
approximately five times more likely to have MIH. Especially the mild form of HSPM is 
considered to be a predictive factor for MIH. The reason for this may be that the aetiological 
factors appear at the end of the vulnerable period of the second temporary molar. Opacities 
are the most common feature. Discoloured areas, especially dull yellow/brown areas, are 
weaker and therefore more vulnerable not only to post-eruption enamel loss, but also to 
caries [17,18,19,20].  

Regarding desensitization, laser together with fluoride varnish in the treatment 
combination (L + FV) had a greater desensitizing action on MIH teeth. Laser therapy 
demonstrated an immediate desensitizing effect, while fluoride varnish had a delayed effect. 
Regarding desensitization, laser together with fluoride varnish in the treatment combination 
(L + FV) had a greater desensitizing action on MIH teeth. Laser therapy demonstrated an 
immediate desensitizing effect, while fluoride varnish had a delayed effect [21].  

Furthermore, the objectives of the blue group are to determine the prevalence of 
MIH/HSPM, the severity of caries lesions and their association in studies carried out in 
different regions, which had as subjects school children [22,23]. 

In the case of Lebanese children, it was concluded that MIH is the most prevalent 
enamel defect. According to the criterion of sex and location, the girls and upper arch teeth 
were leading in the case of children from Barcelona. The prevalence of MIH in Dubai is low. 
However, caries and fluorosis rates are much higher, which calls for strengthening caries 
prevention efforts. Complications during the mother's pregnancy, preterm birth, average 
duration of breastfeeding, frequency of diarrhea, diseases of the digestive system, bronchial 
asthma, high fever, ear infection, renal failure, rubella, and varicella were significantly 
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associated with MIH following the questionnaire and etiological questions asked parents of 
children in Istanbul [17,18,19,20]. 

The yellow group is focused on the management and level of understanding of 
general dental practitioners (GDPs) regarding MIH. They are in direct contact with small 
patients, children, often encountering cases of molar-incisor hypomineralization. The most 
frequently encountered problem was the behavioural management of the child, followed by 
the difficulty of anaesthesia. Despite the increase in research on MIH, a lack of understanding 
and management by physicians has been found [24]. 

It has also been shown that the preferred material of GDPs for restorative treatment is 
composite resin. Unanimously agreed was the need to implement continuous medical 
education programs in the reference field, which could contribute to the dissemination of 
knowledge and to a correct therapeutic and clinical management of the MIH syndrome [25]. 

According to the purple group, which focused on studies of children in Sweden, more 
consensus was reached. The incidence is higher in male than female subjects. The age of 9 is 
when we have the highest percentage of MIH. Also, the mandible is more affected compared 
to the maxilla. The prevalence in children in public schools is higher than in those who attend 
a private school. No significant associations with environmental, developmental or medical 
factors were found. It was concluded that nutrition in the first 6 months of life can influence 
the risk of developing severe demarcated opacities in the first permanent molars [17]. 

B. Co-citation regarding authors 
The first group (red) presents a remarkable composition of 9 authors. From the citation 

point of view, we can state that this group contains the author with the highest number of 
citations (226) and a total link strength of 142. 

The articles of these authors focused on determining the possible causality of 
hypomineralized lesions occurring in temporary molars - molar-incisor hypomineralization 
syndrome in the permanent dentition. Thus, the presence of HSPM is considered to be 
predictive of MIH, with a higher prevalence of MIH in the presence of mild HSPM. Early 
detection and preventive intervention could reduce MIH complications [26, 27, 28]. 

Another important group is the blue one (group 2) being led by the author Kuehnisch 
Jan who presents a number of 153 citations and 119 total link strength. 

The interest of this cluster focused on elucidating the aetiology, which brought to light 
different hypotheses: 

 Nutrition in the first year of life 
 Bisphosphonates 
 Dental caries 
Asthma (a significant association between medication-naïve asthmatic adolescents 

and MIH) 
 Excess vitamin D supplements during pregnancy [29,30]. 

Group 3 (green) is built on the interest of the clinical approach of MIH, and a training 
manual for clinical studies and practice has been published, with the representatives of this 
group, Ghanim A. and Manton D., as co-authors. 

Finally, we can say that these authors represent the most significant sources in our 
field of research, bringing the greatest emphasis, contribution and importance to scientific 
studies. 

CONCLUSIONS 

Scientific articles were retrieved by searching the Web of Science database. WOS is one 
of the most important sources of scientific documentation worldwide, containing valuable 
information about research carried out over 100 years, and is a license-based platform that, in 
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Romania, provides access to the abstracts of articles of over 20,000 scientific journals and over 
170,000 scientific conference papers, academic books from 256 disciplines. 

Web of Science offers researchers the opportunity to collect and analyze information to 
form an opinion on different trends and patterns in research, the opportunity to build an 
overview of the research phenomenon around the world, through a single platform and 
through a simple search sequence. 

Finally, bibliometric data can be highly variable and constantly changing over time, 
and therefore the results presented should not be interpreted as absolute numbers, but by 
trends. Despite these limitations, this study provided important information that helped form 
a more comprehensive picture of this topic. 

The continued implementation of medical education programs in the reference area 
could contribute to the dissemination of knowledge and the correct therapeutic and clinical 
management of MIH syndrome. It is necessary to continue educating primary dentists in 
recognizing and diagnosing this condition and offering the recommended treatment to 
patients with a mild clinical picture, while directing those with more serious problems to 
specialist doctors, pedodontists. At the same time, the multidisciplinary approach must be 
considered. 

As aetiology, nutrition in the first year of life, bisphosphonates, dental caries, asthma 
(a significant association between asthmatic adolescents who do not follow medication and 
MIH) and excess vitamin D supplements during pregnancy were some of the relevant factors 
incriminated. 

Composite resin was the most studied treatment option, followed by local prevention, 
sensitivity/pain, glass-ionomers, and other restoration materials. Extraction was the least 
accepted treatment option. The choice of treatment option must be made according to the 
severity of the defect and the age of the patient. 

The Treatment Need Index has proven to be a reliable and valid tool for use in clinical 
and population-based screenings for the diagnosis of MIH and other enamel defects. 

This bibliometric review provided a comprehensive overview of MIH research over 
the last 10 years. Within the limits of the present study, the following conclusions can be 
drawn: global trends indicate a growing peak of scientific publication, especially in the last 
decade, but there is a shortage of clinical studies on treatments. Finally, the multifactorial 
nature should be further explored by considering environmental and systemic factors 
together. 
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Abstract 

The aim of this paper is to provide an up-to-date systematic review of the literature dedicated to Burnout 
Syndrome and to assess the incidence, level of occurrence and spread of this syndrome among dentists. In order to 
select the appropriate studies, a systematic search of the literature was performed in the electronic databases 
PubMed, Science Direct and Google Scholar, reaching a number of 7 final studies included. A long-term 
conceptual and operational definition characterizes burnout as a triad of emotional exhaustion (emotional 
overexpression and exhaustion), depersonalization (negative, painful, and detached responses from others), and 
reduced personal achievement (feelings of incompetence). The research of individual stressors and the many ways 
in which those in the medical field can actively fight with them is a gateway to improving an entire medical 
environment by focusing on the individual and providing a successful education to the next generation of 
physicians. 

Keywords: burnout, review, dentistry professionals 
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INTRODUCTION 

Burnout Syndrome in health care professionals has gained significant attention in 
recent years. Given the intense emotional demands of the work environment, clinicians are 
particularly sensitive to the development of this syndrome more than in other workplaces 
[1,2]. 

The term "burnout" was described by psychologist Herbert Freudenberger in 1974 in 
an article entitled "Staff Burnout", in which he discussed dissatisfaction with work, 
precipitated by work-related stress. A broadly applicable description defines burnout as a 
state of mental and physical exhaustion related to work or care activities. Freudenberger 
(1974) was the first to describe the concept of staff burnout. The basic elements of his 
definition of exhaustion have described these experiences as failure, wear, or exhaustion due 
to excessive demands on energy, power, or resources [3]. 

Burnout is associated with a variety of negative consequences, including depression, 
increased risk of medical errors, and negative effects on patient safety. In recent years there 
has been disagreement as to whether exhaustion and depression are the same or are different 
constructions, as they seem to have some common features (for example: loss of interest and 
impaired concentration). However, the results so far are inconclusive, and researchers do not 
agree on the degree to which we should expect such an overlap [4]. 

The Maslach Burnout Inventory (MBI) is the most widely used questionnaire to 
measure exhaustion in research studies. The MBI Human Services Survey is a self-
administered 22-item questionnaire that was developed to measure exhaustion in human 
services workers and is the "gold standard" for measuring exhaustion. MBI items are rated on 
a Likert scale from 0 to 6 (0 = never, 1 = several times a year, 2 = once a month, 3 = several 
times a month, 4 = once a week, 5 = several times a week, 6 = every day) and noting elements 
from the sample, such as "I feel emotionally exhausted because of my work" [2]. 

It is designed to evaluate the 3 main dimensions of exhaustion: 
1. Emotional exhaustion 
2. Depersonalization 
3. Personal achievement [2]. 
Burnout is detected using high scores of: high emotional exhaustion (≥27), high 

depersonalization (≥10), low personal achievement (≥33), based on normative data of medical 
professionals [2]. 

Maslach summed it up in an extremely useful way, as well as methods to combat 
burnout, saying: "If all the knowledge and advice on how to overcome exhaustion could be 
summed up in one word, that word would be balance - balance between giving and 
receiving, balance between stress and calm, balance between work and home” [2]. 

One way to avoid the exhaustion of dentists and dental staff is to create enough time 
and space to meet work activities that promote involvement. Work aspects identified as 
providing an interesting and stimulating work environment include: 

• Recognition of immediate and long-term work results; 
• Patient care; 
• Mastery / idealism / pride of work; 
• Entrepreneurship; 
• Material benefits; 
• Professional mastery [5,6]. 
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Aim and objectives 

The aim of this paper is to provide an up-to-date systematic review of the literature 
dedicated to Burnout Syndrome and to assess the incidence, level of occurrence and spread of 
this syndrome among dentists of various specialities. 

The aim of this systematic review was also to find, evaluate and synthesize evidence of 
burnout in the workplace of dentists. 

MATERIAL AND METHODS 

The question that led to the need for this study was formulated according to the 
PICOS qualitative analysis tool, composed of the following elements: "P" - population, "I" - 
intervention, "C" - comparison, "O" - result and "S" - type of study. 

The formulation of the question was made by selecting the following eligibility 
criteria: 

• P - dentists suffering from burnout 
• I - assessment of the incidence and spread of Burnout syndrome 
• C - comparing the incidence between different dental specialties and countries 
• O - the spread of Burnout syndrome 
• S - cross-sectional studies 
Thus, the final research question led to the following goal: Comparative assessment of 

the incidence and spread of Burnout Syndrome among dentists in different dental specialties 
and countries. 

The selection of studies for this systematic review paper was made in accordance with 
the PRISMA guide (Preferred Reporting Items for Systematic Reviews and Meta-Analyzes) on 
the development of systematic reviews and meta-analyzes. 

In order to select the appropriate studies, a systematic search of the literature was 
performed in the electronic databases PubMed, Science Direct and Google Scholar. As 
keywords used in the search, terms such as: burnout, syndrome, dentist, dentistry were used. 
The terms used could be found in both titles, abstracts or topic titles. For the selection of 
studies in these search engines, certain specific filters were used that do not allow an age of 
more than 10 years and the finding of "free full-text" articles as much as possible. 

The titles and abstracts of the recording studies were exported to the EndNote X8 
computer program and were scanned to exclude irrelevant studies and duplicates. 

To be eligible, the studies had to meet the chosen inclusion and exclusion criteria: 
 

Inclusion criteria: Exclusion criteria: 
- studies specifying Burnout syndrome in 
dentists 

- studies published before 2011 (older than 10 
years), 

- cross-sectional studies - studies written in a language other than 
English 

- studies using the Maslach Burnout 
Inventory (MBI) questionnaire as a data 
collection tool 

- studies which included the term 'dentist' but 
investigated Burnout syndrome in other 
medical or dental professions than dentists 

- studies using only dentists as subjects - letters to the publisher, case studies, 
systematic review 

- studies published between 2011 and 2021 
 

 
The search strategy eventually led to a total of 106 articles. After reading all the titles, 

27 duplicates were found, which were removed, leaving a number of 79 articles. Also, another 
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31 articles were excluded because they were not relevant for the present study. The analysis 
of the 48 articles from the point of view of abstracts led to the elimination of another 18. The 
remaining 30 articles were fully reviewed and were subject to inclusion and exclusion criteria. 
Thus, we reached a number of 7 final studies included in the systematic review. 

RESULTS 

The validated data measurement tool used in the 7 studies underlying this systematic 
review is the The Maslach Burnout Inventory (MBI) questionnaire. It consists of 22 questions, 
with 5 answer options (on a scale of 1 to 5), which include three fundamental aspects of 
Burnout syndrome: emotional exhaustion (assessed by 9 questions), depersonalization 
(assessed by 5 questions) and personal fulfilment (assessed by 8 questions). The questionnaire 
was distributed to dentists by post, personally at their private practices [7] or distributed 
during postgraduate courses [8-10]. 

Also, all studies present as population of interest only dentists, these being mostly 
generalists [7], [8] or specialists [9,11,12]. Both public and dental practitioners [8], [12] or 
academics [10] were included. 

The selection of study participants was generally made using data taken from the lists 
of dental councils [9] or dental associations [8], [11], public or private sector dental institutions 
[12], their personal practices [7] or were recruited during continuing education courses [10]. 
The participation of the subjects in the studies was done voluntarily [10]. 

The studies integrated in this paper vary greatly in terms of their location. Thus, two 
of them were performed in two different cities in India [8], [11], another in Iran [7], China [8], 
America [10], Pakistan [12] and Brazil [13]. 

The methodological quality of the primary studies was assessed using a modified 
version of the Newcastle Ottawa Scale (NOS) for the qualitative evaluation of cross-sectional 
studies. It uses 8 elements to assess the methodological quality of the study. For each item, 1 
point is awarded for each "yes" answer, with a maximum possible score of 8 (Table 1). 

 
Table 1. Study quality analysis based on the modified Newcastle-Ottawa quality assessment scale for cross-
sectional studies. Legend: 1. Representativeness of the sample 2. Size of the sample 3. Non-respondents 4. 
Determination of exposure (absent or excluded) 5. Subjects in groups with different results are comparable, based 
on the design of the study or analysis. Confusion factors are controlled 6. Evaluation of the result (self-harm or 
suicide) 7. Statistical test 8. Clear variables (additional parameter) 

Author, Year 
(Country) 

Selection Comparison Results Clear 
variables 

Total 
score (%) 

1 2 3 4 5 6 7 8  

Bolbolian et al[7], 
2017 (Iran) 

1 1 0 0 2 0 1 0 5(62.5%) 

Reddy et al[8], 2017 
(India) 

1 1 0 0 2 0 1 0 5(62.5%) 

Choy et al [9], 2017 
(China) 

1 1 0 0 2 0 1 0 5(62.5%) 

Calvo et al [10], 2017 
(America) 

1 1 0 0 2 0 1 1 6(75%) 

Chainani et al[11], 
2015 (India) 

1 1 1 0 2 0 1 1 7(87.5%) 

Azad et al [12], 2013 
(Pakistan) 

1 1 1 0 2 0 1 1 7(87.5%) 

Carneiro et al [13], 
2013 (Brazilia) 

1 1 0 0 2 0 1 0 5(62.5%) 

Methodological assessment score (%): Inadequate (0-33); Satisfactorily (34-66); Good (67-100) 
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Thus, according to the analysis performed in Table 1, it can be seen that three of the 
studies integrated in this systematic review have a good methodological evaluation score [10], 
[11], [12], and the remaining four have a satisfactory score [7], [8], [9], [13]. 

Analyzing comparatively the seven studies, it was observed that only five of them 
specify the response rate of the subjects to the study, of which only three have a satisfactory 
value of over 60% [11], [12], [13]. One of the two items that specifies the response rate, but 
which has an inadequate value, approaches the satisfactory one, but does not exceed it (56%) 
[10], and the second has a much too low value (28.3%) [2. 3]. Instead, all 7 studies included, 
analyze subjects by age and sex and in addition, present other additional factors of 
comparison such as: specialty [8], [9], [10], [11], marital status [9], [12], if the spouse works [9], 
working environment (state or private) [8], [9], [9], [10], [11], [12], hours working [7], [12], [13]. 

The incidence and prevalence of Burnout Syndrome in dentists found in the seven 
cross-sectional studies analyzed, can be seen in Table 2 which compares the results in terms of 
sample size, specialization, country where the study was conducted and also analyzes work 
environment, which can be state or private. 

 
Table 2. Characteristics of cross-sectional studies included in the systematic review. Abbreviations: EE = emotional 
exhaustion, DP = depersonalization, PA = personal accomplishments 

Article, 
Author, 
Country 

Year Disease Evaluation 
instrument 

Sample size 
and type 

Results 

[7], Bolbolian et 
al, Iran 

2017 burnout Questionnaire - The 
Maslach Burnout 
Inventory(MBI) 

103, General 
dentists, state 
and private 

6.7% presented with 
Burnout syndrome  

[8], Reddy et al, 
India 

2017 burnout Questionnaire - The 
Maslach Burnout 
Inventory(MBI) 

150, General 
dentists, state 
and private 

11.3% presented with a 
high level Burnout 
syndrome  

[9], Choy et al, 
China 

2017 burnout Questionnaire - The 
Maslach Burnout 
Inventory(MBI) 

301, General 
dentists, state 
and private 

7% presented with a high 
level Burnout syndrome 

[10], Calvo et 
al, America 

2017 burnout Questionnaire - The 
Maslach Burnout 
Inventory(MBI) 

167, General 
dentists, state 
and private 

13.2% presented with a 
high level Burnout 
síndrome, 79.6% 
moderate and 7.2% low 

[11], Chainani 
et al, India 

2015 burnout Questionnaire - The 
Maslach Burnout 
Inventory(MBI) 

140, General 
dentists, state 
and private 

11.4% presented with a 
high level Burnout 
síndrome,84.3%moderate 
and 4.3% low 

[12], Azad et al, 
Pakistan 

2013 burnout Questionnaire - The 
Maslach Burnout 
Inventory(MBI) 

General 
dentists, state 
and private 

18,6% presented a high 
or moderate leve lof EE, 
43,4% moderate or high 
leve lof DP și 31,8% low 
level of PA. 

[13], Carneiro, 
Brazilia 

2013 burnout Questionnaire - The 
Maslach Burnout 
Inventory(MBI) 

100, not 
specified 
speciality 

32% presented Burnout 
syndrome 

DISCUSSIONS 

The results of the study conducted by Bolbolian et al. they showed that more than half 
of them practiced their profession both in the morning and in the evening, and half of them 
worked between 21 and 30 hours a week [7]. More than two-thirds of them treated more than 
6 patients a day and also more than two-thirds reported more than 30 years of experience [7]. 
Most dentists were over 40 years old and more than 60% reported moderate emotional 
exhaustion, but almost 14% reported severe emotional exhaustion [7]. The investigation 
reported that most dentists had a moderate level of depersonalization and only 15% had 
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severe depersonalization [7]. In this study, all dentists had a high and sufficient performance 
at work [7]. 

In the study by Reddy et al, a high level of burnout was observed in only 11.3% of 
participants [8]. Although small in number, this syndrome can lead to harmful addictions 
such as alcohol, drug addiction, extramarital affairs or self-destructive behaviors [8]. Burnout 
syndrome can thus be considered a serious risk for the dental profession, causing both a 
threat to the available workforce and a tragedy for the individual [8]. Therefore, burnout 
prevention is of key importance for dental professionals [8]. This study found that there is a 
statistical significance between the association between sex and Burnout syndrome [8]. Other 
findings of this study show the same results as other studies, that there was a high level of 
burnout in the age group under 25 years and in the age group 25-35 years, predominantly in 
women and those with only a university degree [12,13]. 

Choy et al, observed that 6 of the top 10 largest stressors are patient-related stressors 
and 3 are time-related [9]. Women dentists had higher average scores than men in terms of 
stressors related to the patient, work, staff or technical stressors [9]. This may be due to the 
fact that in addition to working as a dentist, they must also take care of their family [9]. 
Dentists with more than 20 years of practice who had postgraduate qualifications or 
completed their training as specialists had a lower average score of patient-related stressors 
than those with less than 20 years of professional experience [9]. It was also observed that the 
chance of having an increased total level of burnout was 5.08 times higher among dentists 
without postgraduate qualifications [9]. This may imply that dentists with broader skills and 
more knowledge have been less stressed [9]. Those with postgraduate qualifications had more 
knowledge, better techniques, better communication skills regarding the relationship with the 
patient, and this could have contributed to lowering the total burnout score.  

The limitations of the study by Choy et al are the low response rate to the study [9]. 
The authors assumed that it was possible that the selected dentists were very busy and did 
not allocate the necessary time to complete the questionnaire or that they might not be 
interested [9]. 

Calvo et al, consider that it is possible that some of these dentists who suffer from 
Burnout syndrome continue to practice actively, which can be harmful both for them, for their 
health and for their patients [10]. Although most dentists in this study appear to be very 
involved in the work, they experience low levels of exhaustion [10]. Thus, in this study, 
burnout was negatively correlated with work commitment [10]. Burnout has been correlated 
with reduced cognitive performance and reduced practice safety [10]. It has been observed 
that younger doctors tend to be more exhausted due to less work experience, and doctors 
who are in the middle of their career have a higher risk of burnout because they work most 
hours, the balance between personal life and profession is the lower and have the highest 
rates of emotional exhaustion [10]. 

As limitations, Calvo et al. States that their target population used in the study may 
not be the most representative of the U.S. workforce, as participants were selected from 
dentists in 4 geographic locations who participated. to a course for further education [10]. 
Thus, it can be assumed that dentists who experience high levels of burnout are less likely to 
be among the participants in this course [10]. 

In the study by Chainani et al., Dentists with postgraduate qualifications showed high 
levels of professional fulfillment, which may be due to many reasons such as: the fact that 
receiving a diploma is an important thing, that there are qualification benefits that can be 
applied in general practice routine and that these qualifications allow access to more diverse 
career opportunities [11]. Also, high levels of professional fulfillment among those with other 
sources of income could be due to a sense of financial stability [11]. 
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As limitations, Chainani et al., States that overtime was not assessed in association 
with Burnout syndrome, which can be explained by various levels of the syndrome [11]. Also, 
the data were cross-sectional and were collected through individual reports, which does not 
allow causal conclusions [11]. 

In the study by Azad et al. there were some limitations [12]. First, the data were 
collected using self-administered questionnaires, this being acknowledged, some subjects 
may have responded much more positively, although the survey was conducted 
anonymously [12]. Second, another limitation was the proportion of the target population 
composed predominantly of women practicing dentistry [12]. And thirdly, the sample size 
was reduced [12]. 

Carneiro et al. points out that the analysis of dentists with burnout syndrome (n = 32) 
showed a significantly high value, as less than a third of them had at least one of the 
dimensions of Burnout syndrome at critical levels [13]. This study did not show a significant 
difference in the relationship between sex and working hours, marital status and years of 
practice [13]. 

One of the limitations of the correct diagnosis of Burnout syndrome is that there is no 
general consensus regarding the interpretation of the questionnaire The Maslach Burnout 
Inventory (MBI), so each study shows different criteria for classification and diagnosis [10], 
[13]. The most used interpretations are those that use the parameters used by Grunfeld et al. 
in relation to the three dimensions of the questionnaire as follows: when there are high scores 
of emotional exhaustion and depersonalization and low scores for personal fulfillment, the 
existence of Burnout syndrome can be assessed [13]. 

CONCLUSIONS 

Dentists are part of a profession characterized by many hours of work and involving 
direct daily contact with patients, who are often tense and anxious about the treatment, 
because there is an idea implemented that suggest dental treatments can cause pain. As health 
care providers, dentists are subject to interpersonal stress due to the demanding nature of the 
occupation and the closeness to the patient. Therefore, dentists practice a profession, being 
prone to the development of Burnout Syndrome. 

Burnout does not occur suddenly, but is the final stage of a process, leading to 
symptoms related to the size of the syndrome. Burnout poses a significant risk to dentists that 
should not be ignored. While restoring oral health and maintaining the patient's well-being is 
of paramount importance in the dental profession, the well-being of the service provider 
should not be neglected. In addition, it is obvious that the exhaustion of dentists has 
implications on the oral health of patients. 

Thus, the present study highlights a clear incidence of Burnout Syndrome among 
dentists, with high prevalence rates in both women and men. It also shows us that its spread 
is varied around the globe and affects both general and specialist dentists, whether they work 
in the private sector or in state institutions. 
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Abstract 

Molar Incisor hypomineralisation is a frequent disorder of the enamel of permanent first molars and 
incisors during childhood. The management of compromised first molars in children represents a clinical 
challange to the dental team. Management is a multidisciplinary approach and sometimes orthodontist 
involvement is needed. Extraction of the first molar is a difficult decision for the dental team and also for the 
parents during early ages. Clinicians should be aware of orthodontic results of extractions when they decide to 
perform them during the treatment. An extractive strategy with orthodontic considerations is a valid therapeutic 
option with a good cost-effectiveness ratio in the management of MIH. 

Keywords: Orthodontics, Paediatric dentistry, MIH 
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INTRODUCTION 

Objectives: 
The aim of this review is to highlight the importance of the diagnosis as well as the 

treatment plan. The following review will present the clinical consideration alongside an 
orthodontic approach in managing MIH. It is crucial for clinicians including pedodontists to 
understand the significance of an orthodontic examination around the age of 8 years old so 
they can establish together the best treatment option. 

The term molar incisor hypomineralisation (MIH) was first introduced in 2001 by 
Weerheijm, and defined as a developmental defects of systemic origin of the enamel of one or 
more first permanent molar (FPM) with/without the affection of incisors [1]. Recently, new 
patterns have been observed, such as the cusp tips of permanent canines and premolars and 
hypomineralised second primary molars [2]. 

Clinically, hypomineralisation can be seen as an opacitie in the translucency of the 
enamel. The opacities can be of different colours, depends on the severity of the MIH and 
they may undergo post-eruptive enamel breakdown due to soft and porous enamel. Several 
classifications criteria were developed to classify molar-incisor hypomineralisation. The 
European Academy of Paediatric dentistry first classified MIH in 2003, as the demarcation of 
the opacity, enamel disintegration, atypical restorations, sensitivity, extracted and unerupted 
teeth. The next classification includes three categories: mild, moderate and severe [3]. 

 Mild MIH: Demarcated opacities located at non-stress bearing areas, no caries 
associated with the affected enamel, no hypersensitivity and incisor involvement is 
mild if present. 

 Moderate MIH: Demarcated opacities present on molars and incisors, the post-
eruptive enamel breakdown limited to one or two surfaces without cuspal 
involvement, atypical restorations can be needed and normal dental sensitivity. 

 Severe MIH: Post-eruptive enamel breakdown, crown damage, caries accompanying 
affected enamel, a history of dental sensitivity and aesthetic problems; 
 
Review: 
The MIH management can raise some orthodontic questions. In children with 

moderated and severe affected first permanent molars, the clinical consideration is to decide 
whether to restore or extract. 

Researches have demonstrated that children presenting with moderate or severe MIH, 
most often require life-long, extensive and repeated restorative treatments that will may 
eventually fail. Studies have demonstraded that children with MIH show a greater chance of 
having their teeth restored compared to unaffected children.  

Extraction of affected first molars may be preferable to attempting complicated 
restorative management in young age [4]. 

The decision shoud be taken in accordance with some important aspects such as: age, 
degree of severity, pulp involvement, restorability of the tooth/teeth, expected long term 
treatment, orthodontic considerations (amount and site of crowding, maloclusion), presence 
of additional dental anomalies, presence or absence of other teeth, presence of third molar 
germs, oral hygiene, patient and parent motivation to orthodontic treatment. 

Situations in which the literature recommends extraction as a possible option are: 
severe hypomineralisation, severe sensitivity or pain, lage multi-surface lesions or 
restorations, difficult restorations or with history of restorative failure, difficult behaviour, 
apical pathology, orthodontic space requirements where first molars are damaged and 
premolars are healthy, posterior crowding and the third molar in a good position [5]. 
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To avoid a long and complicated treatment, it is recommended that extractions are 
done in the precise timing. It is important to have a clinical examination and to take a 
panoramic radiograph that will corroborate the ideal dental age of 8-9 years [6]. 

 
Management of upper first permanent molars extractions 
The extraction done between the age of 8-10 years old with unerupted second 

permanent molar has a satisfactory potential of closing the space by bodily moving and a low 
level of tipping if there is an anterior crowding, if there is insufficient crowding, the space will 
remain. 

The extraction done after the eruption of the second permanent molar will led to 
tipping and rotation of the molar. The extraction of the FPM has a limited effect of reducing 
the crowding in the anterior segment. In these cases, fixed appliance will be recommended. In 
cases where we have an anterior crowding it is recommended the extraction of the homonym 
molar to avoid the midline deviation. An alternative could be the extraction of a tooth other 
than the molar on the contralateral side [6].  

The extraction of the permanent first molar will accelerate and help the eruption of the 
third molar.  

It is important to note that Class I cases have a better success rate then Class II cases 
that are more critical to plan, particularly with regard to the timing of upper FPMs extraction, 
due to the space needed in order to correct the overjet and the incisors relation.  

Management of lower first permanent molar extraction 
The best time for extracting the first permanent molar in the lower arch is at the dental 

age of 8-9 years when the crown of the unerupted second permanent molar is completed and 
the bifurcation of the roots started. In these cases, there is a satisfactory potential of closing 
the space by a bodily movement and low level of tipping resulting in a good contact point 
between the second permanent molar and the second molar, if there is crowding. If there is 
reduced/ no crowding, a fix appliance will be required to close the remaining space [7]. 

If the extraction of the first permanent molar is done before the ideal age, it is a risk of 
the second premolar distally drifting. The second premolar could erupt in to the first 
permanent molar socket or it could be impacted against the crown of the second permanent 
molar, remaining a space between the two premolars. To avoid this, it is recommended to 
extract the second primary molar in the same time as the first permanent molar, allowing the 
eruption of the second premolar [8-10]. 

The extraction of the first permanent molar after the age 12 years old when the second 
permanent molar has erupted, leads to a slow and reduced mesialization of the second 
permanent molar, especially if there is no pressure from the third molar and the tongue 
position in between, which is acting like a space maintainer. The second permanent molar 
will tip mesial and rotate lingually.  

If the remaining space and the tipping are left untreated may lead to periodontal 
problems [9-11]. 

In cases with crowding, it is recommended to extract the contralateral first permanent 
molar or premolar to avoid the midline shifting. Vertically an overeruption of the upper first 
permanent molar can take place, if the upper molar is not in occlusion with lower mesial 
tooth of the extraction site. If the overeruption occurs it will impede the second molar to move 
forward and will complicate the orthodontic treatment [6]. 

CONCLUSIONS 

The treatment plan and the timing of the extraction is essential if we want to have a 
good result, especially when a malocclusion is present.  
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The importance of a multidisciplinary team that includes an orthodontist, represents a 
valid treatment approach that is not only cost effective, but aslo limits the repeated restorative 
events whom child is normally subjected to, which can lead to increase anxiety in those 
children. 
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Abstract 

Early from the affected tooth to the surrounding soft tissues, resulting in swelling and inflammation in 
highly childhood caries (ECC) is the most usual oral disease in children. It affects approximately half of children 
worldwide and incurs enormous societal ECC leads to sustained demineralization of enamel and dentin, and the 
infection can spread progressed cases. Food and drink play a critical role in the integrity of saliva samples. Salivary 
pH directly impact an individual’s dentition through chemical dissolution whether the demineralization is erosive 
or cariesbased. After eating or drinking, particulate matter may be left in the oral cavity having the potential to 
influence salivary pH levels or viscosity. 

Keywords: early childhood caries, salivary pH, oral health, dental caries 
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INTRODUCTION 

Objectives: 
The aim of this review was to evaluate the changes in salivary ph and oral health at 

the pediatric pacients after intake diffrents foods. The following review will present that 
saliva is improbable to be a substitution for traditional diagnostic specimens in many 
situation. 

Good oral health is an essential and integral component of good general health. 
Although enjoying good oral health ensures having more than healthy teeth, many children 
have inadequate oral and general health because of active and uncontrolled dental caries. 
Despite the fact that the prevalence of dental caries has declined over the past decades, ECC 
remains one of the most common chronic diseases of childhood; especially in developing 
countries and some minority community in the western world. Yet, little attention and few 
resources have been spent to understand the nature of this dreadful disease. 

The ECC is a virulent form of caries beginning soon after the eruption of primary 
teeth, develops on smooth surfaces, progressing rapidly, and with a lasting detrimental 
impact on the dentition [1]. 

Whilst it is desirable that a patient should be managed in primary care there will be 
occasions that a referral to an oral medicine specialist in secondary care is required. In such 
circumstances the criterion must involve communication of all the relevant clinical 
information and an indication of the urgency of need for assessment. 

While bacterial diversity and acid production obviously imparts effects in the mouth 
(for better or worse, which will be discussed in greater detail below), saliva provides a host of 
therapeutic and palliative effects in the maintenance of oral health, providing key functions 
such as: antimicrobial benefits (e.g. antibacterial, antifungal, antiviral) Cleansing, 
debridement, and carbohydrate clearance), water balance and pH regulation, source of 
mineralizing ions to counter demineralization processes, deposition of biofilms to limit 
bacterial adhesion and acid diffusion, initiation of digestive process.[2] 

The salivary ph is an exciting and expanding field of research. Salivary ph is crucial to 
health as it can cause both oral and systemic diseases. It rests within biofilms throughout the 
oral cavity and forms an ecosystem that maintains health in a state of equilibrium. However, 
certain imbalances in this state of equilibrium allow pathogens to manifest and cause disease. 
Disruption of the salivary ph leads to dysbiosis. Identifying the salivary ph in health is the 
first step of human most research, after which it is necessary to understand the role of the 
salivary ph and the buffering capacity in the alteration of functional and metabolic pathways 
associated with the diseased states. 

It is recognized that causes of caries include microorganisms in the mouth and host 
factors. The oral cavity is one of the most diverse and complex microbial environments. Some 
studies demonstrated that oral plaque film has high relevance in dental caries. The acid 
produced from bacteria break the balance of tooth mineralization and demineralization and 
the body have no rapid response to pH changes, which lead to organic degradation. Saliva is 
the main microenvironment of oral microorganisms, and to some extent, saliva 
microorganism determines the structure of plaque. Salivary protein has a crucial role in 
monitoring health status or monitoring disease. It was reported that the proteins in saliva 
could modulate the balance of oral health and homeostasis, maintain a stable ecosystem, and 
inhibit the growth of cariogenic bacteria. [3] 

Review: 
Salivary pH a Risk Markers for Early Childhood Caries (ECC) 
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A lot of studies says that it is generally accepted that the caries process is supervised 
largely by a natural protective mechanism implicit within the saliva. The salivary flow, 
dilution, pH, buffering, and remineralizing capacity of saliva are admited as the critical 
factors that affect and control the progression and regression of the caries process.[4] 

The use of saliva as a biospecimen has greatly expanded the integration of biologic 
data into research studies conducted across a wide range of scientific disciplines. 
Salivary PH variations and dental caries risk: 
The key in the management of dental caries is addressing the causative factors, both 

general and local, especialy obtaining a neutral oral pH. 
Connections between the pH values and the prevalence of caries have been pointed 

out, the influence of local and general factors, as well as the impact of pH variations upon the 
tooth structure. An acidogenic oral environment results in an imbalanced demineralization 
and remineralization process, with a multiplying community of acidophilic bacteria.  

It is generally accepted that the caries process is controlled largely by a natural 
protective mechanism implicit within the saliva. If the oral environment is favorable, saliva 
can contribute to the strengthening of the tooth by supplying the components known to help 
and build strong apatite structure.[5] 

Salivary pH and buffering capacity to prevent pediatric caries. 
The present review was aimed at risk prediction for ECC by assessment of salivary pH 

and buffering capacity. The ability to predict an individual’s risk for caries would offer a 
potentially huge natural way to promote better oral health. Saliva serves as a first line of both 
non-specific and specific defense in the oral cavity against a number of diseases. Various 
caries risk assessment models were proposed with salivary analysis as a main component.  

The pH of stimulated saliva a correlation with the oral health to pediatric dentistry 
compare to the adults. 

Positive correlation was reported between salivary pH the increase in salivary pH 
mean is usually accompanied by reducing dental caries this is in accordance with other. 
However, this could be explained by the fact that need of treatment in children will lead to 
more advanced carious lesion which is a good environment for the growth of acidogenic 
microorganisms. So, more acidic salivary pH was found in children than in adults. [6] 

Positive correlation was reported between salivary pH and salivary flow rate, this 
comes in agreement with previous studies. Although this correlation was statistically not 
significant in children and adults but it was highly significant in the total sample. This may be 
attributed to that saliva in sufficient quantity had a cleansing and neutralization effect. 

For children and adolescents, low buffering capacity was associated with a decrease in 
dental caries, not an increase in dental caries, as we had presupposed. For older adults, a low 
stimulated salivary flow rate was associated with increased dental caries. Resting salivary pH 
was statistically significant overall, but not within the specific age groups. 

One studies show that a low resting salivary pH was not associated with higher caries 
experience. However, resting salivary pH was significant overall. Resting saliva bathes the 
oral cavity 90 percent of the time, and its pH usually is lower than the pH of stimulated 
saliva. 

The pH of saliva plays an important role in people’s oral health 
The pH of saliva has a considerable impact on oral health, as it is a factor in the 

protection against tooth decay. It should range between 6.5 and 7 to maintain the balance for 
good oral health. [7] 

The mouth is an ecosystem that, like other parts of the body, requires a balanced pH. 
When sugary and acidic foods are consumed very frequently throughout the day, salivary pH 
becomes unbalanced because bacteria metabolise sugars and produce acids, which increases 
the risk of decay.[8] 
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Salivary Viscosity in Relation to Oral Health 
Saliva is a unique biologic fluid produced by different salivary glands. It is composed 

of approximately 99% water and 1% protein and salts. Concerning periodontal diseases, 
studies reported that subjects with viscous saliva are at higher risk for periodontal disease. 
Salivary viscosity was significantly higher among individuals with increased caries severity 
compared with caries free ones. 

The possible clarification is that when salivary viscosity increased that mean reduction 
in water content with an increased salivary thickness because the rate of production is low. 
Salivary secretion whose related capacity is compromised is less capable of flowing freely to 
oral sites where its protective functions such as clearance would be affected which is essential 
for removal of food debris and bacteria thereby increasing the susceptibility to dental caries. 
From these results we can suggest that the effect of increased salivary viscosity is more 
obvious regarding dental caries, but unpronounced effect was recorded regarding gingival 
inflammation.[9] 

CONCLUSIONS 

Saliva is an essential factor in the maintenance of oral health and salivary parameters 
are therefore taken into account when assessing caries risk, as well as changes in salivary flow 
rate and composition can be utilized to assist in the diagnosis of various oral and systemic 
diseases. 
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Abstract 

Oral health reflects health in general, being an important indicator of knowing the determinants of health. 
This study examines the knowledge of oral health and oral hygiene habits among 144 respondents. Methods: The 
study was based on 15 questions, data being processed by IBM SPSS Statistics. Results: only one question received 
the correct answer unanimously, the percentages of correct answers to the others being variable between 4.9-98.5% 
(p ≤ 0.001). The better oral health knowledge (p ≤ 0.001) it was related to fluoridation, visits to the dentist, 
gingivitis prevention and ideal toothbrush, while other subjects were disappointingly poorly known. Conclusion: 
the results show that oral ealth education must be continuous, especially among health workers, who also have the 
role of trainers of the general population regarding the determinants of health status. 

Keywords: knowledge; oral health; oral hygiene 
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INTRODUCTION 

Oral health can be defined as a standard of health of the oral and related tissues, 
which enables an individual to eat, speak and socialize without active disease, discomfort or 
embarrassment and which contributes to general well-being [1]. Oral health has been 
documented as equally important as general health. Moreover, knowledge about oral health 
has been cited as an important factor that determines overall health [2]. Treatment of the 
dental diseases involves high costs like many other diet and health related diseases [3]. Oral 
health is an integral part of overall health, and each influences the other [4]. Improper diet, 
smoking, alcohol intake, and poor oral hygiene practices are the most significant factors 
influencing the occurrence of various oral diseases [5]. Diet affects the development of dental 
caries, dental erosion, periodontitis, oral cancer, and many other diseases of the soft tissues of 
the oral cavity [6]. Smoking has been linked to oral cancer, gingival and periodontal disease, 
periimplantitis, tooth discoloration, halitosis, taste bud changes, and difficulty healing 
wounds after surgery. High alcohol intake is associated with an increased risk of developing 
oral cancer or other potentially malignant disorders, periodontitis, dental caries, and 
xerostomia. Poor oral hygiene can lead to the development of dental caries and periodontitis, 
and is also associated with heart disease, cancer, and diabetes [7]. The most effective method 
for preventing dental caries or periodontitis is the removal of dental plaque by regular and 
proper mechanical cleaning of the teeth, a key step in maintaining oral health [8]. 

Aim and objectives 

To determine oral health awareness among Healthcare Personnel in Arad. 

MATERIALS AND METHODS 

The study sample consisted of 144 subjects selected using a simple random sampling 
technique. Individuals older than 18 years of age were included in the study. The purpose of 
the study was informed and explained to the participants and those who voluntarily agreed 
to participate in the study and gave a written consent were asked to fill the questionnaire 
according to the response format provided in the questionnaire. 

A self-made closed ended questionnaire was given to each one of them, in July 2022. 
The questionnaire form includes 15 questions regarding the knowledge, attitude and practices 
related to oral health. 

Statistical analyses. The data was first transferred to Microsoft Excel and IBM SPSS 
Statistics. For data analyses, each positive response was given a score ‘1’ and each negative 
response was assigned a score ‘0’. Results were statistically analyzed using SPSS package in 
terms of percentages, depending on gender and age category, under 30year-old and over. 

RESULTS 

This study was carried out on 144 subjects. Among them, 54.9% were males (n=79) 
and 45.1% were females (n=65). Most of them were living in urban area, 73.61% (n=106). All 
the subjects were above 18 years of age, age ranged 21-54. The number of subjects in 21-30 age 
group was maximum, 104 (72.2%). Mean age was 29.48, Std. Deviation 5.818 Regarding their 
education background, these 104 responders were having education up to short-cycle tertiary 
education.  

The worst result was recorded for the question regarding gingival bleeding during 
usual tooth brushing, only 4.9% (n=7) admitting that gum bleeding can occur normally, 
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without pathological significance. Less than a third know how to brush their teeth correctly 
and only half of them brushed their teeth twice a day (n=77). Replacing the toothbrush every 
3 months is the usual practice only for 61.8% (n=89) and 70.1% (n=101) consider the carious 
process as non-transmissible, table 1. 

 
Table 1. The least known notions of oral health practice, percentages of correct answers 

Question % under30 over30 F M 

Bleeding gums is normal when brushing our teeth 4.9 5.1 4.4 6.2 3.8 

The correct tooth brushing 28.5 23.2 40 23.1 32.9 

Brushing our teeth in 24 hours 53.5 49.5 62.2 55.4 51.9 

When should the toothbrush be changed 61.8 61.6 62.2 78.5 48.1 

Carious processes can be transmissible 70.1 67.7 75.6 64.6 74.7 

 

The following set of 5 questions were solved correctly especially by respondents under 
30year-old, compared to those over 30year-old. Only 75.7% (n =109) know that dental caries 
have different etiologies, germs having their non-exclusive role; also 111 (77.1%) responders 
admit that parents' oral health influences theirs children' oral health. Only 118 recognize the 
role of the profession in oral health (81.9%), 84.7% (n= 122) know that non-alcoholic 
mouthwashes are recommended. The infectious etiology in gingivitis is recognized by130 
responders (90.3%), table 2 and imagine 1. 

 
Table 2. The generally known elements of oral health, percentages of correct answers 

Question % under30 over30 F M 

Caries are caused only by germs 75.7 78.8 68.9 84.6 68.4 

Parents' oral health influences children' oral health 77.1 82.8 64.4 84.6 70.9 

Profession can influence the patient's oral health 81.9 82.8 80 78.5 84.8 

Recommended mouthwashes 84.7 85.9 82.2 78.5 89.9 

Germs are causing gingivitis 90.3 88.9 93.3 89.2 91.1 

 

A visit every 6 months to the dentist is important for 91.7% (n=132). Fluoridation is 
essential to prevent carious processes (n= 137) and 141 of the responders admit that brushing 
teeth is preventing gingivitis. The same percent of oral health importance for human health 
97.9% it is surpassed only by knowing the ideal type of toothbrush to be used, table 3. 

 
Table 3. The bestknown notions of oral health, percentages of correct answers 

Question % under30 over30 F M 

How often is it recommended to visit the dentist 91.7 92.9 88.9 90.8 92.4 

Fluoridation is useful to prevent carious processes 95.1 93.9 97.8 93.8 96.2 

Brushing teeth is useful to prevent gingivitis 97.9 97 100 95.4 100 

Oral disease can affect human health 97.9 97 100 98.5 97.5 

The ideal toothbrush 100 100 100 100 100 

 

 
Figure 1. Comparison of correct answers, in percentages, depending on age category 
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DISCUSSIONS 

The positive oral health behaviors and attitudes of under 30year-old category, could 
be explained by the generally greater concern about appearance in younger people, who are 
more likely to visit a dentist and to educate themselves about oral health. Periodic dental 
examinations are important in preventing oral diseases, educating patients, and encouraging 
the maintenance of good oral hygiene [9]. A study conducted in China in 2019 on a sample of 
263 middle-aged respondents found a significant link between age, low educational level, and 
poor oral health. This also affected oral health knowledge, with respondents of lower 
socioeconomic status showing a lower level of oral health knowledge. Poor knowledge of oral 
health is associated with poor oral hygiene and a higher number of lost teeth [10]. In a study 
by Peltzer and Pengpid on a sample of 19,560 undergraduate students from 27 universities in 
26 countries in Asia, Africa, and America, the results showed that 67.2% of students brush 
their teeth twice or more times a day, 28.8% approximately once a day, and 4.0% never. The 
prevalence of brushing teeth less than twice a day appears to be higher among students in 
low- and middle-income countries than in high-income countries; e.g., 52.2% in India, 35% in 
Lebanon, 32% in Turkey compared with 7.9% in Italy, or 25% in the United States [11].  

More than half of our respondents (61.8%) change their toothbrush every three 
months. Most respondents (53.8%) of a survey of the Military College in Bucharest change 
their brush every three months, and 34.3% once a month [12], while in Zagreb, 48.3% of 
students use the same brush for less than three months [13]. 

CONCLUSIONS 

In general, the results showed good oral health knowledge among healthcare 
personnel, but education on this topic is a fundamental “must” for understanding and 
maintaining of oral health. The awareness about oral hygiene and dental health needs to be 
spread by dental professionals. 
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Abstract 

People’s health is favorable impacted by medicinal plants. In addition to their conventional purpose, 
many isolated chemicals from herbs have beneficial therapeutic characteristics for treating various disorders. In 
this review, the usage of Calendula officinalis will be discussed in relation to pathologies that affect the oral cavity, 
such as dental caries, gingivitis or periodontitis. Calendula officinalis extract is able to decrease inflammation 
through pro-inflammatory cytokines down modulation and promotes antioxidant and immunomodulatory 
effects—as a result of the presence of polysaccharides and flavonoids in the plant—the main biological actions that 
make it effective in oral healthcare. 

Keywords: natural extracts, Calendula officinalis, oral health 
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INTRODUCTION 

Different plant extracts have been proven to have medicinal properties, benefic to oral 
healthcare. Tulsi (Ocimum sanctum), oregano (Origanum vulgaris), green tea (Camellia sinensis), 
red gum (Eucalyptus camaldulensis), magnolia (Magnolia officinalis), hibiscus (Hibiscus 
sabdariffa), aloe vera (Aloe barbadensis), mint (Mentha Piperita) and rosemary (Rosmarinus 
officinalis) have been established to inhibit a series of bacterial agents responsible for the 
occurrence of dental caries and periodontal disease [1, 2, 3, 4, 5]. Along with these, marigold 
(Calendula officinalis) is also counted, due to its phytotherapeutic properties [6, 7, 8, 9, 10]. 

Calendula officinalis, also known as marigold, pot marigold, bride of the sun or 
butterworth, grows in shrubs and it is native to the Mediterranean area, but it is widely 
spread around the world, being met especially in the sunny soils areas [11, 12]. About twenty 
five herbaceous annual or perennial species make up the genus Calendula (Asteraceae), with 
Calendula officinalis Linn., Calendula arvensis Linn., Calendula suffruticosa Vahl., Calendula stellata 
Cav. and Calendula alata Rech. being the most popular [13]. 

This yellow-orange iridescence flower is considered to be a therapeutic plant due to its 
multiple medicinal qualities, including those that are antibacterial, anti-inflammatory, 
antioxidant, antifungal, re-epithelializing and immunomodulatory. Calendula officinalis is 
widely utilized in traditional medicine [12]. The extract of Calendula officinalis can be 
presented as tinctures, lotions, ointments or infusions [11].  

Flavonoids, sterols, polysaccharides, saponins, triterpene alcohols, phenolic acids, 
tannins, glycosides and carotenoids are all present in the marigold flowers and leaves natural 
extract [11, 12]. Utilizing cutting-edge analytical technology, fresh chemical compounds with 
biological activity such as isorhamnetin, rutin and quercetin glucoside have been identified in 
Calendula officinalis extract [6]. These numerous biological active elements have been 
identified both in-vitro and in-vivo [14]. 

Aim and objectives 

This review objective is to discuss the use of Calendula officinalis in conditions affecting 
the oral cavity, including dental caries, gingivitis and periodontitis. We also intend to 
emphasize the applicability of this extract in endodontics, dento-alveolar surgery and 
diabetology. 

CALENDULA OFFICINALIS PHARMACOLOGICAL EFFECTS 

Numerous studies have looked into the medical benefits of calendula extract, which 
can be used in both dental and general medicine. 

The three primary biological actions of calendula that make it effective in dental care 
are its ability to reduce pro-inflammatory cytokines, decrease inflammation and promote 
antioxidant and immunomodulatory effects due to the presence of polysaccharides and 
flavonoids in the plant [8, 9, 15, 16]. 

Several researchers reported the antibacterial properties of marigold extract [17]. 
Calendula officinalis extract can modulate the formation of the oral microbiome induced by 
Streptococcus Mutans, chronic gingivitis, while also having fungistatic activity against Candida 
albicans [6, 7, 10, 18]. 

In terms of anti-inflammatory activity, it has been demonstrated that the oral 
administration of 250-500 mg/kg of body weight significantly inhibits plantar edema induced 
by carrageenan and dextran in experimental animals [8]. Since the presence of dextran and 
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carrageenan, Calendula officinalis extract exhibits anti-inflammatory effects on plantar edema, 
the anti-inflammatory impact being comparable to indomethacin dosages [19]. 

Also, the increased levels of pro-inflammatory cytokines (TNF-α, IL-1β, 1L-6), 
respectively acute phase proteins (C-reactive protein (CRP) and cyclooxygenase-2 (COX-2)) 
are significantly inhibited in mice by marigold extract treatment [8]. 

The amount of cytokines can be controlled by Calendula officinalis extract, which can 
also lessen oxidative stress and increase polymorphonuclear cell activity. Calendula officinalis 
containing mouthwashes can be used as an adjuvant in oral prophylaxis because they have 
been found to lower bacterial plaque load and prevent gingival irritation [6]. 

It has been stated that the antioxidant properties of Calendula officinalis extract are due 
to the content of quercetin, lutein, ruby, xanthophylls, ubiquinone and carotenoids [6, 7, 10, 
18]. At the same time it was highlighted that the extract of Calendula officinalis of different 
polarity shown antioxidative activity on liposomal lipid peroxidation caused by ferrous ion 
and ascorbic acid [20]. In-vitro and in-vivo assessments showed that the antioxidant potential 
of marigold extract is due to the removal of superoxide radicals and OH groups [19]. 

DISCUSSIONS 

Even though there is little information in the literature about the antibacterial activities 
of plant extracts against periodontal diseases, many mouthwashes containing medicinal plant 
extracts are routinely utilized for maintaining oral hygiene. From this point of view, Calendula 
officinalis extract has been intensively investigated. 

In an vitro study, Priyanka et al. demonstrated the significant antibacterial effect of 
Calendula officinalis on dental plaque pathogens, but still inferior to chlorhexidine (CHX) and 
tetracycline gels [21]. Khairnar et al. in an experimental study on human subjects 
demonstrated that mouthwashes containing marigold extract can be effective in reducing the 
oral microbiome involved in the formation of bacterial dental plaque and in the occurrence of 
gingivitis. In case of using mouthwash with marigold tincture, periodontal indices (PI, GI, 
SBI) are significantly reduced, even in the absence of scaling [6]. Another clinical study, 
carried out by Amoian et al. investigated the anti-inflammatory effect of a mouthwash with 
marigold extract in case of patients diagnosed with gingivitis and demonstrated that the 
incorporation of this extract into oral toothpastes reduces PI, GI and BOP index, 
recommending its introduction as an adjunctive treatment in improving the gingival status 
[22]. The results of these authors show that this extract has phytotherapeutic properties, 
beneficial in the prevention and control of dental plaque, gingivitis and periodontitis [6, 21, 
22]. 

Mouthwashes containing Calendula officinalis have been identified as alternatives to the 
use of CHX 0.12%, which did not exert the expected results in postoperative healing after free 
gingival grafts. The use of marigold extract mouthwash promotes fast healing of the affected 
oral mucosa in a few days and has antimicrobial effect [23]. As opposed to that, other 
researchers stated after a clinical research that phytotherapeutic mouthwashes containing 
Calendula officinalis delivers similar effects to CHX 0.12% mouthwashes in patients with 
chronic periodontitis, regarding clinical parameters (PI, BOP, CAL). In case of GI index, CHX 
showed superior effects [24]. 

Besides the antibacterial activity, another important aspect is mouthwashes is the 
taste. A clinical study by Arief et al. demonstrated that a commercial preparation with 
marigold extract - Plandula® - resulted in obtaining a slightly higher average plaque index 
compared to the use of CHX, but statistically insignificant [25]. 

The outcomes of a mouthwash based on hydrophilic extracts of Zingiber officinale, 
Rosmarinus officinalis and Calendula officinalis were compared to those attained after using 
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mouthwashes containing CHX by Mahyari et al. in patients with gingivitis and the results 
were similar [26]. These plant extracts have the potential to reduce bacterial plaque and 
gingivitis [27]. Other authors have shown that the association of Calendula officinalis extract 
with propolis in mouthwashes with different pharmaceutical formulas can be useful in 
maintaining oral hygiene and preventing periodontal disease [28]. 

Gram-positive and gram-negative flora is greatly reduced by Calendula officinalis 
leaves extract, as demonstrated by Chakraborty et al. [7]. Shankar et al. investigated the 
antimicrobial activity of Calendula officinalis against five gram-positive and gram-negative 
germs involved in tooth decay pathology (Streptococcus Mutans), respectively in periodontal 
pathology (Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Prevotella 
intermedia, Fusobacterium nucleatum) and demonstrated that Calendula officinalis is very 
effective against Streptococcus Mutans (3.12 µg/ml), having a MIC close to CHX 0.2% (6.25 
µg/ml). Also, Porphyromonas gingivalis and Prevotella intermedia showed sensitivity to 
Calendula officinalis, while Aggregatibacter actinomycetemcomitans and Fusobacterium nucleatum 
showed reduced sensitivity. Accordingly, Calendula officinalis represents a potential treatment 
in the case of periodontal disease, but especially in the prevention of dental caries [29].  

When calendula oil was used, Yadav et al. have shown in vitro that it has 
antimicrobial activity against numerous periodontal pathogens. Porphyromonas gingivalis 
showed sensitivity at the concentration of 0.8 µg/ml, Aggregatibacter actinomycetemcomitans 
showed sensitivity at the concentration of 25 µg/ml, Fusobacterium nucleatum showed 
sensitivity at the concentration of 100 µg/ml and Tanerella forsythia showed resistance through 
out [30]. Rodriguez-Garcia et al. sought to develop bioadhesive films based on polymers and 
natural extracts with antimicrobial activity against periodontal pathogens, including 
calendula extract. They identified the MIC for Calendula officinalis as being 62.5 mg/ml for 
Porphyromonas gingivalis and 250 mg/ml for Aggregatibacter actinomycetemcomitans and the 
MBC of Calendula officinalis was 250 mg/ml for Aggregatibacter actinomycetemcomitans and 111 
mg/ml for Porphyromonas gingivalis [31]. 

Thus, mouth rinsing with calendula will allow its anti-inflammatory properties to 
work against the swollen, irritated gums and its antibacterial properties deal with the 
periodontopathic microorganisms [32]. 

Tanideh et al. demonstrated in an experimental study on rats that the association of 
the hydrophilic extract of Calendula officinalis with Hypericum perforatum can be an adjuvant in 
periodontal therapy by decreasing the inflammatory marker IL-1β, while increasing the 
antioxidant capacity (2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing antioxidant 
power (FRAP)) [33]. 

In a clinical study on human subjects, Jamwal et al. investigated the effect of different 
concentrations of calendula extract on the pathogens involved in periodontal disease, 
demonstrating that mouthwash with a 100% concentration of Calendula officinalis is the most 
effective in reducing the periodontal microbiome, compared to mouthwash with 5% or 20% 
content of Calendula officinalis, so it can be used as a treatment for patients with gingivitis and 
periodontitis [34]. 

Recent in vivo research illustrated that Calendula officinalis favors postextractional bone 
preservation, due to its collagenogenic effect and through its antiseptic and analgesic 
properties [35], while experiments on rats demonstrated that Calendula officinalis modulates 
bone resorption and reduces inflammation in periodontal disease induced in experimental 
animals, emphasizing the anti-inflammatory effects of this plant extract and the involvement 
in bone metabolism [36]. In addition, Lima et al. highlighted that Calendula officinalis extract 
exhibit antiresorptive effect, preserves collagen fibers and present antioxidant activity [37]. 
Calendula mouthwash has anti-inflammatory and antibacterial effects that fight 
periodontopathic bacteria as well as swollen, inflamed gums [6]. These clinical and 
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experimental results show that Calendula officinalis is a potential therapeutic adjuvant in the 
treatment of periodontal disease and bone resorption. 

In stopping desquamative gingivitis and reducing the progression of periodontal 
disease, Calendula officinalis actively participates by reducing the growth factor of hepatocytes, 
mediated by the breakdown of collagen and the activity of matrix metalloproteinases (MMP) 
[38]. Machado et al. proposed a gel based on clobetasol and Calendula officinalis as a treatment 
for desquamative gingivitis [39]. 

Parente et al. showed in an experimental investigation that Callendula officinalis extract 
has anti-inflammatory and antibacterial activities, improving the healing process by reducing 
inflammation and promoting the growth of fibroblasts in the experimental model [40]. 
Another research investigated the effects of chamomile and calendula mouthwash on human 
fibroblasts, demonstrating that they do not have anti-proliferative effects on fibroblastic cells, 
calendula extract also favoring wound healing [41]. Following an in vitro experiment, Saini et 
al. concluded that Calendula officinalis extract inhibits human gingival figroblast-mediated 
collagen degradation and MMP-2 in a superior way compared to quercetin at similar 
concentration [42]. 

This extract has also found applicability in endodontics. In an in vitro study, Vinola et 
al. made a comparison between the antimicrobial effect of the extract of Calendula officinalis 
with CHX 2% and identified that the extract of Calendula officinalis has antimicrobial and 
antifungal activity against Enterococcus faecalis and Candida albicans, thus being an alternative 
in endodontic infections treatment [43]. In a clinical experiment on human subjects, Yalgi et 
al. have demonstrated that Calendula officinalis can be used as a promising endodontic 
treatment, in order to suppress microorganisms from the root canal, especially Streptococcus 
Mutans, the results obtained by endocanalicular lavages being similar to those of sodium 
hypochlorite, used by choice in endodontic treatment [44]. 

El-Sayed et al. proposed topical formulas based on Calendula officinalis with the aim of 
being used post-surgically after free gingival graft surgeries, the topical gel with marigold 
extract exerting the best healing during the second postoperative week [45]. Calendula 
officinalis mouthwashes promote wound healing by enhancing local vascularization and 
increasing the rate of hyaluronic acid deposition, which actively contributes to the 
differentiation of mesenchymal cells. They also reduce the microbial load and the adhesion of 
microorganisms to the suture threads used postextractional [38]. Furthermore, Faria et al. 
found that Calendula officinalis and Camellia sinensis incorporated in mouthwash and used for a 
week, until the suture threads are removed, show antimicrobial activity, but the antimicrobial 
effect is not as efficient as that of CHX 0.12% [46]. 

Calendula officinalis has also been studied as an alternative treatment in exfoliative 
cheilitis [38]. Because of its anticancer properties, Calendula officinalis could be effective in 
treating oral mucositis in radiation therapy patients. It has cytotoxic effect on tumor cell lines 
[47]. 

Not least, Ebrahimi et al. have investigated the effects of this aromatic hydroalcoholic 
flower extract on the biological and histological parameters in diabetic rats and demonstrated 
trat the oral administration of this extract reduce body wight and decreed blood glucose. Also 
the diabetes mellitus complications upon pancreas, liver and kidneys were improved after 
treatment with marigold extract [48]. The therapeutic impact on diabetes raises the possibility 
that it may also be helpful in avoiding or controlling periodontal disease given that it is one of 
the complications of diabetes mellitus [49, 50]. 

Rare cases of anaphylactic shock following gargling with Callendula officinalis infusion 
and allergic reactions to skin contact with marigold plants have both been documented [20]. 
Other scientists, however, contend that the marigold extract is not toxic, genotoxic or 
mutagenic [12]. To further understand this issue, more research is required. 
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CONCLUSIONS 

Plant extract-based mouthwashes, such as Calendula officinalis, stand out as a 
preventive treatment in dentistry since they offer a straightforward way to avoid tooth decays 
and periodontal diseases. 

Given its antibacterial, anti-inflammatory and antioxidant excipients qualities, natural 
extract of Calendula officinalis can successfully be included in the oral cavity pathologies 
treatment, particularly in gingivitis and periodontitis. 

It is essential to develop innovative dental therapies that are safe for the body, non-
toxic and without negative consequences. 
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Abstract 

Aim: to evaluate the knowledge among a group of dental students regarding oral health literacy concept 
and their needs to improve education level in this regard. Material and method: They were collected data on oral 
health literacy (OHL) knowledge among 6th year dental students from “Carol Davila” U.M.P. Bucharest, Romania. 
Students involved in the study attended a lecture on this subject and a practical course about OHL level's 
evaluation tools. Results: before lessons, 210 dental students (mean age 24.3±1.82; 64.8% females) have answered to 
an anonymous questionnaire and we found out a medium level of knowledge regarding the definition of the 
concept (33.7% give the right answer) and about the OHL role in: communication with patients (57.5%), health 
promotion (25.8%), oral diseases prevention (37.3%) and adherence to dental treatment (12.4%). After attending the 
course and the practical training, most of students recognized the factors affected by oral health literacy skills: 
dental health knowledge of the individuals/patients (89.9%), health behavior (78.9%) and doctor-patient 
communication (98.2%). Conclusion: dental students, as future health providers need dental education throughout 
curricula regarding oral health literacy, an important aspect associated with inequalities in health status and 
getting communication skills for a patient-centered dental care, according with individual's oral health literacy 
abilities. 

Keywords: health literacy, dental students, education, comunication 
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INTRODUCTION 

On the European Union's agenda finds the need to focus on the concept of health 
literacy, defined as the ability to read, select and understand medical information for the 
formation of judgments or the right choices about health [1-3].  

The level of oral health literacy level heavily influences the way people interact with 
dental professionals, therefore the literacy of the individual and patient on the right to health 
is required in order to facilitate transformation the consumer of medical services as an active 
partner in the system health care [4-6]. 

It is necessary to introduce in the curriculum of compulsory education a discipline that 
addresses health issues and develops the skills necessary for the proper functioning of the 
individual or patient as recipient of health services [7,8]. 

Every patient needs oral health education, and medical information should be tailored 
to individual needs [1,2].  

Dental students and dentists must be able to adapt medical information depending on 
each patient´ level of understanding, to have educator skills, and theoretical and practical 
knowledge on health education methods to meet the needs of their patients [1,8].  

Patient oral health education is a responsibility of dental health care providers, even 
more so as at present, patients need more medical information. Adequate provision of 
medical and dental information will increase patient satisfaction, compliance to treatment, 
and will improve the condition of oral and general health status [1,5,8]. 

Aim and objectives 

The present study aims to evaluate the knowledge of dental students regarding oral 
health literacy concept and their needs to improve dental education in this regard. 

MATERIALS AND METHODS 

They were collected data on oral health literacy (OHL) knowledge among 6th year 
dental students from “Carol Davila” U.M.P. Bucharest, Romania.  

In order to be involved in a research project focused on OHL assessment among 
adolescents in various communities and adults in dental offices within Oral Health and 
Community Dentistry Department, dental students attended a lecture on this subject and a 
practical course about OHL level's evaluation tools.  

The Ethical Committee of the above-mentioned university approved the study. This 
work was supported by „Carol Davila” University of Medicine and Pharmacy, a project 
number 33898/11.11.2014.  

Before and after lessons, 210 dental students (mean age 24.3±1.82; 64.8% females) have 
answered to the same questionnaire that assessed the knowledge of respondents regarding: 
the definition and the role of OHL concept in dental practice, as well as factors affected by 
oral health literacy skills (dental health knowledge of the patient; health behavior, and the 
dentist-patient communication).  

In terms of oral health literacy role, there were four variants of answer, namely: 
communication, health promotion, oral disease prevention, and adherence to dental 
treatment.  

In order to assess the differences, p-value<0.05 was considered statistically significant. 
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RESULTS 

Present study revealed a medium level of knowledge regarding the definition of the 
concept (33.7% give the right answer) and about the OHL role in communication with 
patients (57.5%), health promotion (25.8%), oral diseases prevention (37.3%) and adherence to 
dental treatment (12.4%) (Figure 1). 

 

 
Figure 1. Dental students’ knowledge regarding OHL role in dentistry (%) 

 

After attending the course and the practical training, most of students recognized the 
factors affected by oral health literacy skills: dental health knowledge of patients (89.9%), 
health behavior (78.9%) and doctor-patient communication (98.2%) (Figure 2). 

 

 
Figure 2. Knowledge regarding factors affected by oral health literacy skills (%) 

 
Statistical improvement of students' knowledge regarding all three aspects evaluated 

in terms of oral helath literacy (OHL) concept is presented in Tabel I. 
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Table I. Improvement of students' knowledge regarding OHL 

 Before education lessons After education lessons p-value 

Definition of oral health literacy  33.7 %  98.5 %   p*=0.00 

Oral health literacy role 

Communication 57.5 %  97.2 %   p*=0.02 
Health promotion 25.8 %  58.9 %  p=0.09  
Oral disease prevention 37.3 % 57.5 % p*=0.07 
Adherence to dental treatment 12.4 % 74.5 % p*=0.00 

Factors affected by oral health literacy skills 

Dental health knowledge of the patient 67.2 %  89.9 %  p=0.04  

Oral health behavior 45.7 % 78.9 % p=0.04  
Dentist-patient communication 78.5 %  98.2 %  p=0.10 

DISCUSSIONS 

Two studies that assessed the level of health literacy in adults and adolescents in 
Bucharest confirm data from the literature showing that there is correlation between patients´ 
education level, socio-economic status, pattern of dental visits, and self-perception of the oral 
health status [9, 10].  

Prevention in dental care is less effective in patients with low level of knowledge and 
oral health literacy because they usually don´t understand the importance of prophylaxis, 
regular check-ups and a healthy life-style [10].  

There is a bidirectional relationship between health literacy and medical knowledge: 
literacy skills increase vocabulary and this could improve the comprehension of medical 
information [9].  

Lack of dental knowledge is an important predictor for reduced oral health literacy 
level; therefore, in dental practice it is necessary to identify patients with low health literacy 
level in order to tailor the education message [10].  

In this regard, dental students need to receive continuing education in terms of oral 
health literacy concept in order to realise the importance of practical aspects in daily practice 
in offices and communities [9, 10].  

It is important to raise awareness about the need to know and apply health literacy 
strategies in dentistry with the aim to improve the oral health outcomes for patients and 
individuals, whereas dentists and dental students are the main sources of adequate medical 
and dental information [9]. 

CONCLUSIONS 

Dental students, as future health providers need dental education throughout 
curricula regarding oral health literacy, an important aspect associated with inequalities in 
health status and getting communication skills for a patient-centered dental care, according 
with patient's oral health literacy abilities. 
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Abstract 

Traumatic injuries to permanent teeth include crown and root fractures, subluxations, dislocations, and 
avulsions. The most common complications following replantation are pulp necrosis and root resorption. 
Treatment is often complex, time-consuming and requires multidisciplinary approaches, such as endodontic and 
periodontal treatments, surgical interventions, orthodontic movements, as well as aesthetic crown restoration. 

The objectives of this study are to observe the factors that can intervene in the successful implementation 
of the treatment of a replantation, their consequences and the realization of the treatment plan, according to the 
case in order to minimize or even obtain a favorable result over a longer period of time. 

Keywords: dental trauma, necrosis, root resorption, avulsion 
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INTRODUCTION 

Dento-alveolar trauma (avulsions, dislocations, fractures) requires emergency 
treatment that consists in repositioning the fragments in their anatomical positions, 
immobilization or tooth extraction [1]. 

The importance of this theme is due to the polymorphism and variety of clinical forms 
under which the avulsion manifests itself, giving uniqueness to each case. The consequences 
of dento-cranio-facial trauma can be dramatic for the person involved, both from the 
perspective of physical, psychological and social impact. Beyond the acute nature, two 
important aspects give specificity to dento-periodontal trauma: the age of the patients and the 
multidisciplinarity of the therapeutic approach [2]. Primary care decisively influences the 
subsequent evolution of the affected structures and states the future therapeutic decisions [3]. 

Avulsion is a relatively uncommon type of trauma, that appears rarely, but most 
frequently between the ages of 7-14, with prevalence at the maxillary central incisors [4]. 

The average prevalence of dental and oral lesions reported in the literature ranged 
from 14% to 27% [5]. Males showed a higher prevalence than females, but this difference was 
only significant for the 12 and 14-year age groups. Avulsed teeth represent statistically 1% to 
16% of all traumatic injuries in the permanent dentition [6]. 

The new therapeutic philosophy recommends the correct evaluation of the avulsed 
tooth based on the physiological state of the cells of the periodontal ligament, the stage of 
development of the apex and the duration of preservation in the extraoral environment.  

According to Krasner, 10 aspects are taken into account [7].  
In the case of the tooth with the apex fully developed: 
1. If the extra-oral time is less than 15 minutes, replantation will be performed after a 

simple saline or Hanks solution rinse. 
2. If the extra-oral time is less than 2 hours, without any preservation medium, 

replantation is preceded by a 30-minute immersion in Hanks' medium. 
3. If the tooth is replanted after an extra-oral time of 6 hours, with an immediate 

immersion in a standard preservation medium (saliva, milk or physiological serum), it is 
recommended to perform a 30-minute immersion in Hanks medium, before performing 
replanting.  

4. If the tooth is replanted after an extra-oral time of 24 hours, with preservation in 
Hanks medium, the replantation can be performed without special measures. 

5. If the extra-oral time exceeds 2 hours without conservation measures and the 
periodontal ligament is destroyed, there is no possibility of healing without resorption. A 
specific protocol must be applied to cause an iatrogenic ankylosis:  

a) curettage of the periodental ligament; 
b) successive immersion in a solution of citric acid for 3 minutes, in a solution of 

stannous fluoride for 5 to 20 minutes, in a solution of doxycycline for 5 minutes;  
c) endodontic treatment;  
d) dental replantation. Immobilization is done for 4-8 weeks. They cannot exceed 2 

months to avoid any risk of ankylosis. Endodontic treatment will be equally systematized, 
either before replantation or during the first months. 

In the case of the tooth with an incompletely developed apex: 
The eventuality of a pulpal revascularization modifies the therapeutic attitude. 

Immobilization will be limited to 3 weeks in order not to stop root development. 
6. If the extra-oral time is less than 15 minutes, the tooth will be replanted after being 

immersed in a doxycycline solution for 5 minutes. 
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7. If the extra-oral time is less than 2 hours, without any conservation measure, it can 
be hoped that there is still a sufficient percentage of healthy periodental ligament, able to 
cover the denuded tooth surface. Replantation will be performed after a 30-minute immersion 
in Hanks medium and 5 minutes in a doxycycline solution. 

8. If the tooth is replanted after an extra-oral time of 6 hours and was immediately 
immersed in a standard preservation medium (saliva, milk or saline), it will be immersed in 
Hanks solution for 30 minutes before replantation, then 5 minutes in a doxycycline solution. 

9. If the tooth is replanted after an extra-oral time of 24 hours, with preservation in 
Hanks medium, the replantation is performed after a 5-minute immersion in doxycycline 
solution. 

10. If the extraoral time has exceeded 2 hours, without preservation medium, the same 
protocol as for mature teeth will be applied. 

Follow-up assessments should occur at 3 months, 6 months, and annually for at least 5 
years. External resorption of the root, pulp complications of infectious origin of sub-epithelial 
origin or cervical, are considered reversible in most cases [8].  

The working hypothesis of this study is based on the verification of the factors that 
lead to the success of the long-term treatment of dento-periodontal trauma, factors 
represented both by the emergency care provided in the minutes immediately following the 
trauma, and by the time elapsed until the patient receives treatment. The statistical analysis of 
the obtained results reveals the importance of the care of the affected structures and 
configures future therapeutic decisions. 

Aim and objectives 

The purpose of this study is to observe the factors that can influence the evolution of 
an oro-maxillo-facial trauma, considering the fact that this appears in patients between ages 
of 7 and 14, taking into account the fact that the development of the facial massif is not 
complete, the type of trauma, the medical history, the environment in which the fractured 
element was transported, the treatment performed and the course of healing until the final 
result - the success of replantation. 

The objectives of this study are to observe the factors that can intervene in the 
successful implementation of the treatment of a replantation, their consequences and the 
realization of the treatment plan, according to the case to minimize or even obtain a 
favourable result over a longer period of time. 

MATERIAL AND METHODS 

The type of study performed is analytical, observational and prospective because it 
investigates relationships between exposure, risk factors and outcome. 

The methods of data collection are direct and indirect, the direct ones through: 
observation; clinical/paraclinical examination; interview; and the indirect ones by: collecting 
individual data from the consultation form. 

The subjects involved in the study are patients between the ages of 7 and 14, belonging 
to both sexes. A total of 8 participants and 10 avulsed teeth. They presented in a private 
practice, as an emergency following a dento-periodontal trauma, between 2020-2022, 
including the follow-ups. 

The selection criteria for the study are patients presenting dento-periodontal trauma at 
the oro-maxillo-facial level that includes dislocation, avulsion or intrusion of at least one 
dental unit, implicitly lesions of the surrounding soft tissues.  

The treatment of avulsed teeth is divided into 2 main stages:  
1. emergency treatment that must be provided as soon as possible; and  
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2. definitive treatment based on a clinical follow-up and radiographic examination. 
From a total of 10 teeth of which 8 were replanted and 2 of them showed an 

incompletely formed apex and an extra-oral time longer than one hour, kept in a dry 
environment, not being subjected to replantation. 

The following protocol was applied to eligible cases: 
1. Topical anesthesia Lidocaine 10%, spray, solution. 
2. Loco-regional anesthesia using an anesthetic without vasoconstrictor, injectable 

solution. Local anesthesia will be performed by infiltration and anesthesia at the 
interincisive hole. Hemostasis with sterile compresses, if appropriate. 

3. The alveolar wound will be cleaned by performing a gentle curettage and irrigation 
with 0.9% saline solution.  

4. Inspection of the alveolar process, if a fracture of the alveolar process is found, the 
respective fragment is returned to the correct position by manual pressure. 

5. Manual replantation will be performed, reocclusion of the dental units by manual 
pressure, followed by immobilization for 7-14 days, with semi-rigid fixation. Wire 
immobilization "in 8" (hippocratic ligature), 0.25mm orthodontic wire. Preferably, two 
teeth before and two after the fracture site will be anchored. 

6. The teeth are etched using 37% phosphoric acid, conditioned with an adhesive, 
bonding system, then the wire is placed at the level of the tooth with a light-curing 
composite material. 

7. Inspecting the soft tissues, dressing and suturing them in place, if necessary. 
8. The traumatized tooth will be removed from occlusion for 2-3 weeks. 
9. The patient is recommended a semi-liquid diet for 2-3 weeks, no sustained physical 

exertion and antibiotic therapy for 7 days. 
10. Even if a degree of dental mobility persists when the immobilization is removed, it 

will not be prolonged, because it stimulates root resorption. 
11. Institution of endodontic treatment 14 days after replantation. 

RESULTS 

Statistical analysis was performed in the Microsoft Excel Worksheet program. This 
tracked the percentage of successful healing of each individual tooth. All the factors that can 
influence the success of the replantation were noted, then a percentage was assigned to them 
that shows its importance for the study carried out, how it works and the healing capacity of 
each one (Table 1). 

 
Table 1. Representative table of statistical analysis 
Tooth no. Apex Percent 

A 
Mediu
m 

Percent 
M 

Time Percent 
T 

Necrosis Percent 
N 

Resorbtio
n 

Percent 
R 

Total 
percent/tooh 

1 Imature 0% Dry 0% 360 min 0% Absent  0% Absent 0% 0% 

2 Imature 0% Dry 0% 1200 min 0% Absent  0%  Absent 0% 0% 

3 Mature 20% Wet 20% 40 min 20% Absent  20% Absent 20% 100% 

4 Mature 20% Wet 20% 25 min 20% Absent  20% Absent 20% 100% 

5 Mature 20% Wet 20% 70 min 20% Absent  20% Absent 20% 100% 

6 Mature 20% Wet 20% 90 min 10% Present 5% Absent 20% 75% 

7 Mature 20% Wet 20% 120 min 10% Present  5% Absent 20% 75% 

8 Mature 20% Wet 20% 200 min 10% Present  5% Present 10% 65% 

9 Mature 20% Dry 10% 30 min 20% Absent  20% Absent 20% 90% 

10 Mature 20% Dry  10% 170 min 10% Present 5% Present 10% 55% 

 
Out of the total number of 10 avulsed teeth, 2 of them had an incompletely formed 

apex and did not undergo replantation treatment, so they were assigned a percentage of 0%. 
The remaining 8, showing a fully formed apex, were replanted, giving them a percentage of 
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20%, this representing the maximum percentage that can be attributed to each factor. Thus, 
the percentage M, attributed to the storage environment, taking into account the time elapsed 
since the accident, receives values of 10% for the dry environment and 20% for the wet one. 
The percentage T, representing the percentage attributed to the time factor was divided into 2 
categories less than 60 minutes, receiving the maximum percentage and more than 60 
minutes, receiving a percentage of 10%. For postoperative complications, pulp necrosis and 
root resorption were assigned percentages based on the healing capacity of each. 

The rate of successful replanting was 66%. 
6 teeth were kept in a wet environment (i.e. own saliva), and the other two out of a 

total of 8 were brought in a dry environment. The time interval from the moment of the 
accident to the arrival of the patient varies from 20 minutes, the shortest time to 7 hours, the 
longest time (Table 2). 

 
Table 2. Extra-oral time and storage environment for the selected teeth 

 EXTRA-ORAL TIME STORAGE ENVIRONMENT NUMBER OF TEETH 

A < 60 min Saliva 2 

 B C 
D 

>60 min Saliva 4 

<60 min Dry 1 

>60 min Dry  1 

 
After replantation, the most common complications were pulp necrosis and root 

resorption. Of the 8 replantation cases, 4 were successfully treated during the study period, 
respectively 2 years after the intervention, and 4 of them presented complications as follows 
(Table 3): 

 
Table 3. Type of complication encountered in each case 

Case no. Resorbtion Occurrence time Necrosis Occurrence time 

A1 No  No  

A2 No  No  

B1 No  No  

B2 Yes 18 months No  

B3 Yes 3 months No  

B4 Yes 1 month Yes 2 weeks 

C1 No  No  

D1 Yes 6 months Yes 1 weeks 

 

Endodontic therapy was performed for each of the 8 replanted teeth 14 days after 
replantation, consisting of root canal instrumentation and its filling with calcium hydroxide 
paste. This aspect was beneficial due to the characteristics of calcium hydroxide, the incidence 
of resorption was low compared to previous scientific studies. Root canal filling with calcium 
hydroxide paste was done every 3 weeks. 

The best results were obtained in those teeth that had an extra-oral time of less than 60 
minutes, kept in the respective humid environment, the success of the replantation having a 
percentage of 100% (2 out of 2 teeth) with no complication in the next 2 years. 

From the total of 4 teeth with an extra-oral time longer than 60 minutes, kept in a dry 
environment, a percentage of 50%, i.e. 2 out of 2 teeth presented 1 of the 2 complications 
followed, respectively, pulp necrosis. 25%, respectively 1 tooth presented 2 out of 2 
complications, both pulp necrosis and root resorption. The tooth with the shortest period of 
exposure to the moist environment showed a 100% success rate. 
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Keeping it in the dry environment for a period that did not exceed 60 minutes 
achieved a 100% success rate. In this case, the tooth in question did not present any 
complications over a determined period of 2 years. 

DISCUSSIONS 

After replantation, the most common complications were pulp necrosis and root 
resorption. Of the 8 replantation cases, 4 were successfully crowned during the study period, 
respectively 2 years after the intervention, and 4 of them presented complications. 

According to the studies carried out, the treatment plan in the case of avulsions is 
established according to the clinical case, the age of the patient, the maturity of the apex, the 
storage environment of the tooth, as well as the time elapsed from the time of the injury to the 
time of the patient's dispensary [9,10,11]. 

The objective of the paper is to observe the factors that influence the success of 
replantation, as well as to adapt the appropriate treatment plan to minimize possible 
complications. For a higher success rate, teeth showing incompletely formed apex, long extra-
oral duration, and inadequate storage medium were excluded from the current study 
[12,13,14]. They presented a diminished capacity for pulpal revascularization, an increased 
percentage of the incidence of root resorption, as well as pulpal necrosis, due to the inability 
to form cells of the periodontal ligament, given the prolonged extra-oral time in a dry 
environment, unlike the scientific studies carried out to date, where the transport medium of 
the avulsed tooth recommended and used is the ideal preservation medium, Hanks or Eagle 
medium [15]. ViaSpan medium, which is used in organ transplantation, is also recommended 
[16]. Unlike other conservation medium, the proposed ones have a targeted mode of action. 
Undoubtedly, it targets and favours pulpal revascularization and reduces the risk of infection. 
On the other hand, they are preferred for the percentage of resorption and distant ankylosis 
[17,18]. 

The working protocol, according to the clinical studies carried out to date, places a 
high value on the preparation of the root before its repositioning in the alveolus. The work 
protocol used in the current study coincides with the one recommended in scientific studies, 
with the exception of preparing the root with antibiotic solutions, performing an immersion 
in 9% saline solution for 5 minutes before replanting the tooth in the alveolus [19]. 

Another difference is the initiation of endodontic treatment, where pulpal 
revascularization is attempted as the first step, if this does not occur, it is moved to the next 
step, the preparation of the root canal and filling it with calcium hydroxide paste. In the 
present case, endodontic therapy was instituted 14 days after replantation of the avulsed 
tooth, followed by testing the vitality of the neighboring teeth over a period of 6 months [20]. 

Antibiotics were administered systemically for a period of 7 days after replantation 
[21].  

 No tooth was replanted at the site of the accident. 

CONCLUSIONS 

Treatment of avulsed teeth with saline solution did not cause any consequences after 
replantation and thus replantation with full success occurred in 4 out of 10 cases. 

Complications of replantation were pulp necrosis and root resorption with a total of 4 
of 8 cases showing resorption, 2 of 8 cases showing pulp necrosis and 1 of 8 cases showing 
both necrosis and resorption. 
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The most important factors that influence the success of replantation are the time 
elapsed until the time of intervention and the conservation environment of the avulsed tooth 
as follows: 

 Replanting in the shorter time frame of 60 minutes has the highest success rate. 

 The correct treatment plan is crucial in the long-term preservation of the avulsed 
tooth. 

 Of particular importance is the maturity level of the apex. 

 Immobilization for longer than 14 days produces ankylosis of the tooth. 

 Endodontic therapy performed 14 days after replantation prevents pulp inflammation. 

 Evaluation of neighboring teeth is important to prevent infection of the traumatized 
area. 

 Prolonged extra-oral time reveals a higher incidence of complications. 

 The ideal storage medium, in the present case, is the moist one, which is the patient's 
saliva. 

 Systemic drug treatment prevents infections. 
Removing the tooth from occlusion is essential for its fixation in the alveolus. 
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Abstract 

Case presentation: This study aimed at presenting and evaluating two manufacturing technologies and 
two types of restorative materials (3rd generation zirconia oxide and lithium disilicate glass ceramic) for the 
rehabilitation of the upper anterior teeth. The outcomes were evaluated in terms of aesthetics, marginal 
adaptation, technologies and materials used, working protocol, time and costs.  

Materials and method: A model with ideal preparations for the six upper anteriors was used in order to 
manufacture three zirconia oxide single units (Zirtooth Multi A2, Hass Corp) using the full digital protocol (1st 
hemiarch) and three lithium disilicate single units (Amber Press, LT, A2, Hass Corp) using the combined digital-
analog protocol (2nd hemiarch). After fabrication, final layers of stains and glaze were applied for a better 
individualisation of the final restorations. The six restorations were evaluated on a printed model in order to asses 
the marginal fit, the final aesthetics, the optical characteristics and the elements of macro and microtexture.  

Discussions/Conclusions: The two materials used together with the two different manufacturing 
techniques have produced very similar results, in accordance with the naturalness of teeth. 

Keywords: zirconia, lithium disilicate, digital, analog 
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INTRODUCTION 

In restorative dentistry, different types of dental materials had been constantly 
introduced for single or multiple fixed restorations with optical and mechanical properties 
that restore the morphology elements, the aesthetics and functionality of the natural 
dentition. In the last years, the all ceramic indirect restorations had become more and more 
popular due to improved biological, optical and mechanical properties such as 
biocompatibily with oral tissues, natural aspect and mechanical strength (1). 

Zirconia (zirconium dioxide, ZrO2) is a ceramic restorative material used for the 
fabrication of crowns, bridges using CAD/CAM technology with ceramic stratification or 
simply with staining and glazing (2). Compared to other dental ceramics, zirconia exhibited 
good chemical and dimensional stability and high mechanical properties. This bioceramic 
material has monoclinic, cubic and tetragonal forms and is stabilised with oxides such as 
yttria (Y2O3), magnesia (MgO) and calcium oxide (CaO) (3). 

Lithium disilicate glass ceramic is indicated for single tooth restorations such as 
veneers, partial and full crowns in anterior and posterior region and tooth replacement with 
3-unit fixed dental prostheses, up to the second premolars. This material is considered an 
alternative to zirconia for the rehabilitation of the anterior teeth due to its improved optical 
properties and mechanical strength (4). 

Aim and objectives 

The aim of this study was to assess comparatively the technical procedures of two 
types of ceramic materials (full digital technique for zirconia monolithic and combined 
digital-analog technique for lithium disilicate) in case of six single units dental crowns for the 
upper anteriors in terms of aesthetic outcomes, marginal fit, workflows, working time and 
costs. 

CASE PRESENTATION 

Six monolithic ceramic restorations were fabricated for the rehabilitation of the six 
upper anterior teeth, of which three were 3rd generation zirconia crowns obtained through the 
full digital technique (1st hemiarch) and another three were lithium disilicate crowns 
manufactured through the combined digital and analog technique (2nd hemiarch). 

In order to manufacture the six restorations, a maxillary model with ideal 
juxtagingival preparations from canine to canine was chosen and scanned using a laboratory 
scanner (3Shape E4, 3Shape) (Fig. 1). After scanning, the 3D design of the future restorations 
was created using Exocad DentalCAD Plovdiv software (Exocad GmbH). The antagonist arch 
and the interocclusal relationships were not included so the functional outcomes had not been 
evaluated. 
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Figure 1. STL file of the working scanned model was imported in Exocad in order to design the future restorations 

 
The 3D design begun with delimitation of the preparations and marginal fit of the 

future crowns and the selection of axis of insertion for each individual crown. The die space 
selected incisally and cervical for zirconia crowns was 0.02 mm in 1st hemiarch and 0 mm for 
lithium disilicate crowns in 2nd hemiarch.  

The next step was to generate the teeth library which were applied individually on 
each die. Each crown was individualised using specific elements of morfology (Fig. 2.a.b). 

 

  
Figure 2. a. Teeth library with specific morfology elements; b. final aspect of design on the dies 

 

Afterwards an alveolar printed model was fabricated by virtually sectioning the 
scanned model at the level of each preparation (Fig. 3). The future printed model was used as 
a control model and for a comparative analysis of the two types of restorations (marginal fit, 
proximal contacts and aesthetic outcomes). 

 

  
Figure 3. Virtual alveolar model with mobile dies a. occlusal view; b. frontal view 

 

The alveolar model was printed using 3D printing machine (Asiga MAX 4K, Asiga) 
and dental resin for dental models (DentaModel, Asiga). After printing (Fig. 4.a), the model 
was washed for 5 minutes using isopropilic alcohol. Afterwards, it was rinsed and dried in 
order to be light cured (Sibari SR620, Sirio) to increase its resistance (Fig. 4.b). 
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Figure 4. a. The printed alveolar model on the 3D printing machine platform; b. the alveolar model in 

photopolymerization environment 

 
The manufacturing of the three Zirconia crowns  
The.STL files from Exocad were sent to Dental CAM (VHF) software in order to mill 

the final restorations using a 5 axis milling machine (VHF S2, VHF). The characteristics of 
zirconia disk were set (thickness and scalling coeficient) (Zirtooth Multi NEO, multilayer, A2, 
Hass Corp). The three crowns were positioned in order to obtain the maximum number of 
milled elements from a single zirconia disk. The final restorations were milled using a specific 
dry milling strategy (Fig. 5). 

 

 
Figure 5. The milled zirconia elements 

 
Afterwards, the sintering process was performed using the sintering furnace (Z7, 

Supertherm Electro) thus obtaining the necessary mechanical strength and shade A2 for the 
final zirconia restorations. The sintering process was made in three steps: first, increasing the 
furnace temperature up to 1000°C with a rate of heating of 9°C/min and a waiting time of 10 
minutes, second, increasing the furnace temperature up to 1500°C with a rate of heating of 
3.5°C/min and a waiting time of 2 hours, third, decreasing the furnace temperature with a 
rate of cooling of 8°C/min). In the end, the final restorations were applied on the control 
model, finishing and polishing were performed and the interdental contact points were 
evaluated using a 8μ articulating paper (Bausch Arti-Check, Bausch) (Fig. 6). 
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Figure 6. Three zirconia crowns after sintering process on the control model 

 

The manufacturing of three Lithium Disilicate crowns  
The process started with the milling process of three wax crowns (WAX Disc 98/16 

mm, Sagemax) according to initial design. After, the investing and pressing of ceramic ingot 
were performed using the combined analog and digital protocol. The same 5 axis milling 
machine was used to mill the wax crowns (Fig. 7). 

 

 
Figure 7. The milled wax crowns 

 

After the milling process the investing was performed using packaging mass (JP Vest, 
Just Pressables). The following steps were performed: attachment of the 2.5 mm diameter wax 
rod on each crown in a vestibular position, attachment of the 2.5 mm diameter wax rod on 
silicone pattern, pourring of the packaging mass (JpVest, Just Pressables) into the into the 
packaging cylinder (Fig. 8.a.b.c). 

 

   
Figure 8. The attachment of rod wax on each milled wax crown; b. The attachment of rod wax on silicone pattern; 

c. the packaging cylinder 
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They are subsequently placed inside the STC 18.26 calcination furnace (Supertherm 
Electro) at a temperature of 8500 C for 45 min, then transferred into the press furnace (Dekema 
Press Dent Austromat 3001, Dekema Dental-Keramiköfen GmbH), having applied the lithium 
disilicate ingot (Amber Press, LT, A2, Hass Corp). 

Disassembling lithium disilicate crowns was performed using Effegi Brega Atlantis 
(Effegi Brega), the sandblaster (ESB 2, Eurocem) and 50-110m aluminium oxide particules at 2-4 
barrs pressure (Fig. 9.a.b). 

 

  
Figure 9. a: Disassembling lithium disilicate crowns; b. The final aspect of lithium disilicate crowns after 

sandblasting 

 
The connecting rods are severed under water cooling with diamond drills and then 

polished, and the crowns are positioned onto the model, by checking the contact points with 8 
μm Bauch articulating paper (Bausch Arti-Check, Bausch). 

Both types of crowns were applied onto the printed model and the contacts between 
the two central incisors were adjusted (Fig. 10). 

 

  
Figure 10. Final aspect after sandblasting and sintering of six upper anterior crowns on the model a. frontal view; 

b. incisal view 

 
Staining and Glazing  
Each final restoration was individualised using a first layer of staining (HeraCeram 

Stains, Heraceram) in different shades („ocean”, „ivory”, „white”) to customise the colour and 
to obtain superior aesthetics (Fig. 11). 
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Figure 11. Final restorations after staining 

 
The second layer was made up of transparent glazing and was applied to obtain a 

natural shiny finish (HeraCeram Glaze, Heraceram) (Fig. 12). 
 

 
Figure 12. Final restorations after glazing 

 
Polishing was performed with grinders, brushes and Zirkopol polishing paste 

(Zirkopol, Feguramed) (Fig. 13, Fig. 14). 
 

 
Figure 13. Finishing using grinders 
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Figure 14. Final aspect: a. frontal view; b. lateral view 

DISCUSSIONS 

Due to the importance of the appearance and aesthetics of the teeth, especially in the 
case of the upper maxillary “the social six", this being the main reason why the patients 
voluntarily end up in a dental clinic, the evolution of dental materials is essential, from both 
mechanical and aesthetic perspectives. 

The two materials used together with the two different manufacturing techniques 
have produced very similar results, in accordance with the naturalness of teeth, characteristics 
which have been described in Ziyad et al (5). 

The tendency towards an aesthetic that is as natural as possible, in the shortest amount 
of time, using the same technical steps and with minimal human intervention is supported by 
the progress in the field. This, the 3rd generation zirconium oxide, in the multi-layer variant 
used in this case has proven itself to be satisfactory from an aesthetic standpoint even before 
the glazing procedure when it was compared with the LT lithium disilicate variant, used in 
this same case. Studies have shown that the translucency and transparency of multi-layer 
zirconium oxide, even if similar to the lithium disilicate glass ceramic, still produces inferior 
results (6). 

Related to the macro texture and the shade of zirconium oxide, this had good optical 
properties and natural texture even before glazing. The lithium disilicate ceramic, after 
unpacking, has a faded aspect and only after glazing it presented the characteristics of 
transparency and translucency. The glazing has shown that for different materials, obtained 
through different procedures, in the end these have resulted in nearly the same shade and 
colour, both being close to natural teeth. 

CONCLUSIONS 

Prosthetic restorations made from third-generation multi-layer zirconium oxide 
with staining have presented optical characteristics and elements of micro- and macro-
textures similar to disilicate lithium restorations in the upper anteriors. 

Regarding the related costs for the necessary equipment and the materials needed, in 
addition to manufacturing time, the zirconia restorations required less working and 
processing time compared to the restorations made of disilicate lithium materials. 

The marginal fit on the alveolar printed model of both types of restorations was 
excellent in an ideal work scenario (the visibility of preparation limits on the scanned model 
were properly evidenced and the delimitation of thresholds in the design stage was strictly 
enforced). 

Lithium disilicate in the HT variant (high translucency) can be considered, at this 
current time, the best choice for the restoration of the upper anteriors due to its versatility and 
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optical similarities with natural dentition, respectively the aesthetic standards imposed in 
every clinical case. 
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Abstract 

The purpose of this study was to demonstrate the fact that today the clinician will have to use ceramic 
masses according to their indications and contraindications. Nowadays the therapeutic decision when making a 
treatment plan is largely based on the socio-economic status of the patient. But even when this aspect does not 
represent a problem, clinicians will have to choose ceramic masses based on their advantages, minimizing or 
removing from the treatment plan ceramic masses that are not reliable in the long term. Respecting these aspects, 
patients will be able to benefit from minimally invasive treatments throughout their lives, conserving as much as 
possible of the remaining hard tissue over the years. 

Keywords: ceramic masses, minimal invasive, treatment plan. 
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INTRODUCTION 

As for fixed dental prosthetics, the materials and procedures used in this branch of 
dentistry have improved over the years. Along with its development, the options regarding 
the materials from which dental restorations are made have also increased in number. The 
aim of this paper is to provide a comparison between different restorative materials that have 
been developed over time and their application in restorative prosthetics. 

When dentists have to deal with a situation where they have to restore a tooth or a 
group of teeth, the problem of choosing the restorative material always arises (1). Traditional 
metal-ceramic restorations have proven over time that they can have predictable strength (2), 
an aesthetically pleasing appearance, and long-lasting oral health (3). In the case of metal-
ceramic restorations, fixation is based more on the geometry of the abutment than on the 
adhesion process itself (4). Even if the resistance of metal-ceramic restorations is enviable, 
some studies show that the cracks that appear most often are at the level of the coronal 
ceramic layers (5). Regarding the criteria for preparing the teeth, in order to facilitate the 
fixation stage, there must be a single axis of insertion, and the occlusal convergence must be 
brought to a close value between 6° and 8° (6,7,8).  

Regarding all-ceramic restorations, due to the 100% adhesive fixation at the enamel 
level, these types of restorations offer a very low amount of microleakage that has a major 
impact on the resistance of the restorations over time. But this reduced amount is maintained 
in situations where the adhesion will be 100% at the level of enamel, because a greater 
amount of microleakage was observed in veneers with cervical edges placed at the level of 
dentine (9). A study carried out on 66 patients shows us that the success rate of veneers fixed 
on preparations made entirely at the level of the enamel is 99%, while in situations where the 
preparation was made marginally at the level of the enamel, the success rate reached the 
percentage of 94% (10). Other authors have discussed the fact that approaching the 
preparation strictly at the enamel level is an essential factor to be able to achieve an adhesive 
fixation and to have a much more durable result over time (11,12).  

Although there are several types of materials from which feldspathic ceramic 
restorations are made and several techniques, the most commonly used technique is the 
refractory mass model with refractory abutment technique in which the technician loads the 
ceramic through an additive process applying successive layers (13). The major disadvantage 
of feldspathic ceramics is mechanical resistance. Depending on the conditioning of the 
restorations, the sequence and the materials used, the mechanical strength is approximately 
around 100-140 MPa (14).  

Lithium disilicate is composed of very small needle-shaped crystals (3-6 µm x 0.80 µm) 
embedded in a glass matrix with a volume of 1% porosity (15). This situation occurs most 
often when the patient wants the new restorations to be lighter in color. In this situation the 
clinician will need to remove 0.2 mm to 0.3 mm of dental hard tissue for each shade (16). The 
difference between the colors is obtained by dispersing some ions (staining ions) in the glass 
matrix at different levels of translucency depending on the distribution of the clinical case 
(17). The success rate of these types of restorations can be classified as less than 10% failure at 
10 years (18). Regarding the indications of zirconium oxide compared to restorations made of 
lithium disilicate and those made of feldspathic ceramics, its applicability has a wider 
spectrum taking into account the qualities of the material. The mechanical properties of 
zirconium oxide provide a flexural strength of 900 to 1200 MPa (19). All ceramic masses are 
used in the given conditions and for the preparation of dental hard tissues. These conditions 
are provided by the preparations that the dental clinician will have to perform. Depending on 
each type of ceramic table, there is a certain preparation that must be carried out, but this will 
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depend on the remaining hard dental substrate, the patient's complaints regarding color and 
the forces exerted in that area of the dental arch. Regarding the dental surfaces, the chosen 
material will have to be combined with a certain type of veneer preparation (20). 

Aim and objectives 

The purpose of this study was to demonstrate that in certain situations where 
clinicians do not take into account the indications and contraindications of restorative 
materials, they can have repercussions on the patient both in the short term and in the long 
term. The most common complications in the short term are represented by chipping, and in 
the long term a standard in this sense is represented by the preservation of the hard dental 
structures of the teeth. 

MATERIAL AND METHODS 

In the case of dental trauma, the training of clinicians in terms of therapeutic 
possibilities plays a very important role. This is based on thorough knowledge regarding the 
advantages and disadvantages of each individual ceramic mass. A patient presented with a 
trauma at the level of dental units 1.1 2.1 which causes an emergency in dentistry. 

 

 
Figure 1. The initial aesthetic appearance of the teeth after their fracture 

 
The only pre-prosthetic treatments that were performed in this case were sanitization 

and professional brushing. After sanitizing and professional brushing, I performed the 
aesthetic analysis of the case. In this case, we did not use a wax-up because the patient had to 
leave the country as soon as possible. With the help of the aesthetic analysis, we planned the 
future contours that should be incorporated into the final restorations. Regarding the all-
ceramic systems from which the final restorations would be made, we had 2 possibilities. We 
could make the final restorations either from lithium disilicate-supported ceramics or from 
feldspathic ceramics. Due to the exclusive front area, we could not choose a restoration on a 
zirconium oxide support because this type of restoration compromised our aesthetics. Even if 
it compensates for the strength of the frontal area where the upper central incisors are part, 
they must not present very strong contacts. It is even contraindicated to reconstruct the 
frontal area with strong contacts. So the decision had to be made according to the 2 all-
ceramic systems left, namely: lithium disilicate and feldspathic ceramic. We encounter a case 
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where aesthetics prevail. The material that can offer us the highest aesthetic qualities is 
feldspathic ceramics. And lithium disilicate-based ceramics have very good aesthetic 
properties, but in this regard, no other all-ceramic system can compare with feldspathic 
ceramics. So for this case, the option chosen for the restorative material was feldspathic 
ceramic. I chose feldspathic ceramic to be able to make some restorations that will not be 
noticeable. The properties of feldspathic ceramics can enable such achievements. It can be 
observed at the level of 1.1 and 2.1 the lack of dental hard substance. The strategy for this case 
was that after obtaining the feldspathic ceramic restorations, we would respect the principle 
of mutual protection, at the same time creating an inocclusion space at the level of the upper 
central incisors to stress them as little as possible during the act of mastication. 

 

 
Figure 2. The intraoral aspect from the frontal norm 

 
After the decision on the restorative material was made, we moved on to the next 

stages of the prosthetic treatment. Compared to the other cases where preparations were 
performed or a no-prep technique was approached this case was a little more special. 
Considering the type of ceramic table used, I had the opportunity to approach a different type 
of preparation. In this case (Figure 3), the purpose of the preparation was to smooth the hard 
dental surfaces. The smoothing was performed respecting the insertion axis of the future 
restorations. 

 

 
Figure 3. Smoothing of remaining hard tooth surfaces 

 
Smoothing was done with arkansas tools. The surfaces were smoothed to facilitate a 

100% adhesive bond to the enamel. The patient was anesthetized to facilitate the insertion of 
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the gingival retraction wires. In this case, the 2-wire gingival retraction technique (Ultrapack, 
Ultradent) was used. 

The impression was taken with silicone with addition reaction in two consistencies, 
namely medium consistency and light, lower consistency (3M ESPE). 

In order for the dental technician to be able to make such a prosthetic restoration, the 
impression materials must necessarily be very faithful. This type of restoration includes 
surfaces where the thickness of the material reaches up to 0.2 mm. For the fixing stage I used 
the dike. The feldspathic ceramic veneers were fixed with Variolink Esthetic composite resin 
(Ivoclar/Vivadent). The type of fixation performed was the adhesive one. To condition the 
veneers, I started by washing them with water and air drying them. After that I switched to 
applying hydrofluoric acid for 60 seconds. (IPS Ceramic etching gel HF 3% to <7%-IPS 
Ceramic; Ivoclar/Vivadent) After the application of hydrofluoric acid, the veneers were 
placed for 60 seconds in a place protected from possible interference with other liquids or 
other bodies. After the 60 seconds, the veneers were also washed with water. Then the 
conditioning continued with orthophosphoric acid 37%-orthophosphoric acid (Total Etch; 
Ivoclar/Vivadent). After applying the orthophosphoric acid for 60 seconds the restorations 
were washed and dried and the next part of the conditioning was carried out. The veneers 
were then silanized with silane (Monobond Plus; Ivoclar Vivadent) for 60 seconds. After that I 
performed the conditioning of the teeth. The surface of the teeth was conditioned by 
sandblasting with aluminum oxide particles. After that, 37% orthophosphoric acid (Total 
Etch; Ivoclar/Vivadent) was applied for 45 seconds to the enamel surface of the teeth. I 
continued with bonding, namely with Adhesive Universal (Viva Pen, Ivoclar Vivadent). After 
brushing for 20 seconds, I let the surfaces dry and light-cured for 10 seconds on each 
individual tooth. Fixation of the restorations was performed with Variolink Esthetic 
(Ivoclar/Vivadent). With the help of a dry brush I removed the excess cement. Then we 
moved on to finishing the marginal closure. After finishing the marginal closure, we 
performed the occlusal echilibration. 

 

 
Figure 4. Aesthetic appearance after fixation and occlusal echilibration 

 
Unlike the other cases, this patient did not have time to be recalled. This happened 

because the patient called for an appointment. The patient claimed it was an emergency so 
she was scheduled as soon as possible. At the visit, the urgency could also be observed from a 
clinical point of view. As can be seen in Figure 4.9, dental unit 1.1 is fractured. From the 
image we can see that the fractured surface would be totally part of the structure of the 
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restoration, being 100% feldspathic ceramic. Even though the group of teeth 1.1 and 2.1 was 
taken out of occlusion through occlusal echilibration, it did not cope with certain incisal 
forces. The positioning and angulation of the teeth did not provide an advantage for a 
material like feldspathic ceramic in this situation. The chances of the other restoration 
fracturing were quite high so we had to rethink the treatment plan for this situation. The only 
remaining solution that would provide a suitable aesthetic was represented by lithium 
disilicate. 

 

 
Figure 5. Aesthetic appearance after fracture of feldspathic ceramic 

 
The restorative material that would follow the feldspathic ceramics was a ceramic 

crown on a lithium disilicate support. By changing the restorative material, we should also 
change the type of preparation performed. For the preparation in order to fix lithium 
disilicate crowns, we used modified chamfer diamond tools. Code green was used to make 
the guide grooves and to quantitatively remove dental hard tissue. For finishing I used code 
red along with rubber bands and arkansas tools. 

 

 
Figure 6. Preparations obtained for lithium disilicate supported crowns 
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Figure 7. Insertion of the lithium disilicate restoration on the prosthetic field 

 

After the new lithium disilicate ceramic restorations were made, the next steps were 
the conditioning of the abutments and the restoration, as well as the fixation that was done 
with the rubber dam.  

During the recall all the restorations were intact. After inspecting the restorations we 
found that they did not show chipping, discoloration or other complications. 

 

 
Figure 8. The patient's smile at the recall 

RESULTS 

The patients who participated in this study were between the ages of 16 and 51. The 
average age of the patients who participated in the study was 34.75 years. Regarding the 
survival rate of restorations from all 4 systems of which they are a part, namely 3 all-ceramic 
systems (feldspathic ceramic, lithium disilicate-supported ceramic and zirconium oxide-
supported ceramic) and the metal-ceramic system obtained the following results. In total we 
had a number of: -16 fixed unidental restorations made of feldspathic ceramic (integral) -10 
fixed unidental restorations made of ceramic on a lithium disilicate support -12 fixed 
restorations made on zirconium oxide support (which include unidental and multidental 
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restorations) -13 fixed restorations made of metal-ceramics (which include unidental and 
multidental restorations). 

Of the total of 51 restorations including all the cases presented in the special part, only 
2 restorations were considered a failure although only one of these restorations was fractured. 
The total number of restorations that can be considered a success from a prosthetic point of 
view is 49 restorations, which determines a survival rate of restorations from the 3 all-ceramic 
systems together with the metal-ceramic system of 96.07%. Regarding all-ceramic systems, 
failures have been recorded with feldspathic ceramic restorations. Out of a total of 16 
feldspathic ceramic restorations, 2 of these were considered failures. 

DISCUSSIONS 

Following this study, it was found that the survival rate of restorations made of all-
ceramic systems is very high (96.06%). Moreover, we demonstrated how an integration of 
several all-ceramic systems does not decrease the long-term success rate of restorations, even 
if we use all-ceramic systems that do not have a very high structural resistance, but which 
from an aesthetic point of view bring a plus that patients appreciate. Patients appreciated the 
quality of the materials even in the situation where the restorations had to be redone, as was 
the case with the 2 feldspathic ceramic veneers. 

Regarding the feldspathic ceramic restorations, the calculation was made as follows: 
 

 
Figure 9. Planning the restorative material 

 
The amount of dental hard tissue was approximately equally distributed across the 

restoration on tooth 2.1. However, a lack of hard dental tissue on the diagonal can be 
observed at 1.1. This lack of tissue results in an unsupported restoration surface. When there 
are larger portions of unsupported feldspathic ceramic in those areas, stress will be exerted 
and the higher stress will not be able to be distributed across the enamel. These forces will 
only exert pressure on the material. For this reason, feldspathic ceramic restorations are 
considered insufficiently strong when the ceramic has to be extended more than 2 mm from 
the tooth surface. When we look at the situation as a whole, we can say that the success of the 
restorations within these 4 systems depends on certain factors, among which the selection of 
the ceramic mass is also a part. In order for a clinician to be able to choose these ceramic 
masses correctly, sufficient information is needed about each type of material that the 
clinician must master very well. This will help him to choose the most suitable ceramic table 
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for each individual case. Once these concepts are mastered the relationship with the patient is 
much better due to his involvement and giving him the opportunity to have a point of view 
on the new restorations he will receive. 

CONCLUSIONS 

When clinicians know very well the properties of ceramic masses, the treatment 
options for different cases will have a much higher success rate compared to situations where 
these ceramic masses are made without respecting the indications and properties they 
possess. Once a clinician has a good grasp of the indications, contraindications and properties 
of each individual material, in addition to the fact that the percentage of success will increase, 
the benefits will also materialize in terms of patient satisfaction. Even if a clinician will have 
to prepare much more, both theoretically and practically, to know the ceramic masses and to 
make the preparations according to each individual ceramic mass, the clinical results and 
successes will mean much more to him. 
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Abstract 

The purpose of this study was to record the intermaxillary relationships as accurately as possible by using 
the anterior Jig method as compared to the classical occlusion recording. The patients were divided into two 
groups. In the study group, the anterior Jig was used to record as accurately as possible the situation in the oral 
cavity in terms of intermaxillary relations, and in the control group, the classical method was used. With the help 
of indirect provisional restorations, the differences that appeared after recording the occlusion with the 2 methods 
were highlighted. In conclusion, the method of recording the intermaxillary relationships using the anterior Jig 
and the material of recording the bilateral occlusion proved to be the most accurate fitting of the models in the 
articulator, the difference being made by the anterior support. 

Keywords: Anterior jig, intermaxillary registration, CO, bimanual manipulation CR technique 
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INTRODUCTION 

In case of dental patients who require extensive fixed prosthodontic and oral 
rehabilitation, recording an accurate centric relation is often a difficult procedure (1,2). Due to 
the preparation of the hard dental tissues, the occlusal stops are affected and the occlusion is 
no longer stable. As for the centric relation, there are many definitions that it has, at the 
moment none of them is considered to be official (3,4,5,6,7). Due to the multitude of 
definitions, its understanding that can be confusing because besides the fact that this 
definition can be changed it will also evolve constantly in the future (8). Some disagreements 
may be explained due to the different training areas, but a consensus was not found even in 
the situations where the clinicians were from the same country (9,10) which means that there 
will still be a controversial problem in prosthodontics (11). Even though there are some 
considerations about a range of normal positions of the condyle in the glenoid fossa (12,13) of 
all the patient's jaw relationships, the one that must be registered is the centric relation 
because is the only clinically comfortable, repeatable and logical jaw relationship and so the 
most important and critical (14,15,16). To include as many definitions in our study, we 
consider the centric relation (CR) as a classic reference position of the relationship between 
the maxillary and mandibular arches at the closure of the oral cavity where the condyles 
occupy the highest position in the glenoid cavity for occlusal, temporomandibular joint (TMJ) 
examination and prosthetic treatment. The purpose of this study was to record the 
intermaxillary relation as accurately as possible by using the anterior Jig method as compared 
to the classical occlusion recording. Regarding the methods of recording the centric relation 
described in the literature (17,18,19,20,21) there is no consensus on which one is the best (22). 
When clinicians perform full mouth rehabilitation, one very important thing is that they must 
be sure that they have correctly recorded their patient's centric relation. Regarding this, a 
technique is described for registering centric relation in dentate patients using an anterior 
deprogrammer Jig (23,24,25,26,). This technique is simplifying the setting up of models and 
the programming of articulators (26,27), thus visual verification is possible when the 
assembling is made with the correct orientation of the casts (28) by confirming the precise 
position of the anterior Jig with the help of impressions of maxillary and mandibular incisors 
left on it. Properly executed, the patient is able to close into an unassisted centric relation, 
eliminating the adaptive mandibular closure patterns (29) and the possibility of operator-
induced error associated with commonly accepted manipulative techniques. There are several 
techniques described for registration of centric relation in dentate patients that use a anterior 
deprogrammer, and all these techniques have in common the muscular deprogramming. In 
order to obtain this muscular deprogramming (30,31,32) and to record the correct centric 
relation in the dentate patients the anterior Jig will have to be performed properly. 
Introduction presentation of general aspects, in the context of the approached theme. 

Aim and objectives 

In this study, the differences in registration of the intermaxillary relations were 
evaluated in a number of 49 patients. The differences that appeared from the records of 
intermaxillary relations both within the study group and within the control group were 
marked by the use of a new technique proposed in this study. This refers to the registration of 
intermaxillary relations by using the anterior Jig. 
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MATERIAL AND METHODS 

In the study group, the first phase was to perform the anterior Jig. The clinician used a 
composite material (Gaenial A Chord) which he placed at the level of the lower central 
incisors. The amount of composite material can be adapted for each patient without 
influencing the study from the point of view of the contact space between the two dental 
arches. 

 

 
Figure 1. Positioning the composite material at the level of the lower central incisors 

 

 
Figure 2. Guiding the patient in the central relationship position using bimanual guidance 
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Figure 3. Photopolymerization of the anterior Jig 

 
After obtaining the anterior Jig, the impression material will be injected. (Oclufast 

Rock Zhermack) 
 

 
Figure 4. The actual injection of the recording material of the occlusion 

 

 
Figure 5. The Guidance in centric relation 

 
After the registration of the occlusion performed using the anterior Jig method, the 

registration with the facebow will take place next. Then the impressions will be made and the 
entire clinical situation will be transferred to the dental laboratory. With the help of these 
elements, the models will be mounted in the articulator. 
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Figure 6. Mounting the models in the articulator within the study group 

 
In the control group, the occlusion was recorded differently compared to the occlusion 

recorded in the study group. The anterior Jig in this situation was no longer created. Through 
the method used in the control group, we tried through this study to highlight the fact that 
this method is one of the most used in current practice, and this greatly influences the 
prosthetic results. Since this is one of the most used methods of recording intermaxillary 
relations a comparison of it with another method which has been proven to be much more 
effective would change the perspective of intermaxillary relation records. The procedures and 
techniques used by the technicians in the dental laboratory were identical. The exception in 
this situation is the steps that could not be executed due to the absence of the anterior Jig. 

In the control group, the unimanual technique of guiding the patient in centric relation 
was used, because this is the most used by the majority of clinicians who record the 
intermaxillary relations in this way. For the injection of the occlusion recording material, the 
exact same device and material (Oclufast Rock Zhermack) was used as in the case of the study 
group in order not to influence from this point of view the results of the recordings made in 
both groups. 

RESULTS 

In order to be able to compare the results as accurately as possible, we chose to use 
both methods of recording the intermaxillary relations in the following way. Each patient was 
recorded both by the anterior Jig method and by the classical method. The first comparison 
made was in the realization of indirect provisional prosthetic restorations after recording the 
occlusion by the classical method, and then using the anterior Jig method. After recording the 
occlusions, the models were mounted in a randomized articulator. 
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Figure 7. The difference between the classic method and the anterior Jig method highlighted by indirect 

provisional restorations 
 

 
Figure 8. In the left side, the classic method was used and in the right side the anterior Jig method 

 

Regarding the results within the study group the registration provided 100% success. 
On the other hand, in the control group, in the case of 6 patients, the provisional restorations 
fit to the same extent as in the study group after the occlusal adjustments were made. The 
indirect restorations of the patients in the control group, i.e. a percentage of 87.75%, could not 
be considered acceptable after the occlusal adaptation was performed at their level. 

DISCUSSIONS 

In the moment of positioning the anterior Jig by placing the composite at the level of 
the lower central incisors, the patient is asked to open and close the oral cavity multiple times, 
at the same time adding the composite to perform the Jig. At the moment of the gradual 
application of the composite, the patient is asked to close and open the oral cavity, and at that 
moment the anterior Jig performs a muscle deprogramming. This muscle deprogramming is 
determined by the muscle relaxation that allows centric relation to be recorded by whatever 
method use (27). Muscle deprogramming leads to the elimination of the engram and allows 
lateral pterygoids to relax (33) so that at the neuromuscular level (34) both the interference 
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made in the dynamic occlusion and the premature contacts made in the static occlusion that 
the patient had since then will disappear. Thus the recorded centric relation will be correct 
both from the point of view of the temporal-mandibular articulation as well as regarding the 
new restorations. By performing this muscle deprogramming the anterior Jig, even in 
situations where manipulating the mandible to obtain the centric relation may be more 
difficult (35), will allow the clinician to determine as accurately as possible the centric relation 
so that he can be sure that was recorded correctly. Although in some situations to guide the 
patient correctly the methods commonly used are chin point guidance or bimanual 
manipulation (36,37) in some clinical situations the manipulation with anterior Jig guidance 
has been shown to be very efficient and accurate (38,39). In order to be sure of a correct 
recording in this study besides these guides (bimanual manipulation, the chin point guidance, 
anterior Jig guidance) the verification was also performed by positioning the tongue tip to soft 
palates which were performed by the patient to observe the accuracy of the method used. The 
correct mounting of casts on articulators is a fundamental step in obtaining good clinical 
results and reducing the time spent in adjusting the prosthetic restorations. (40). The proper 
recording of the centric relation leads to the correct fitting of the opposing casts in the 
articulator, minimizing orientation errors that can cause malocclusions. The correct fitting 
already made will decrease the degree of intraoral adjustment from the new restorations (41), 
after fixing them, but also will generate a smaller surface amount removed of the restorations. 
A careful analysis of occlusal contacts should be performed, in order to avoid the creation of 
iatrogenic interferences that can produce the signs and symptoms of temporomandibular and 
postural disorders (42,43) because of the disharmony between the occlusion of the teeth and 
the centric relation position of the temporomandibular joints (44). Although some aspects 
have been highlighted such as the sensitivity, reliability, and efficiency of occlusal indicators, 
there is no data regarding whether the presence of occlusal indicators affects muscle function 
during occlusion (45). Even when adjusting restorations, there are some aspects that need to 
be considered in order for the prosthetic treatment to be functionally correct. The indicators of 
occlusion can affect the functional occlusal contacts if a very thick articulating paper is used 
because its thickness can significantly influence neuromuscular function during occlusion by 
not providing a valid tooth contact information and affecting the validity of the 
measurements they provide (45). Therefore the method of the anterior Jig by its ability to 
provide a very good, accurate and precision recording of the centric relation aims to perform 
extensive prosthetic interference-free occlusion type restoration (46). But this will greatly 
depend on the clinician's ability to perform the restorative procedures correctly from start to 
finish because if they are performed incorrectly they will cause interference and disharmonic 
relation between the arches (47,48,49,50,51). With a correct recording of the intermaxillary 
relationships, a functional anterior guidance is provided that can reduce the parafunctional 
activity and this anterior guidance can determine a harmonious functionality of the 
temporomandibular complex (52). In order to perform functional prosthetic restorations, the 
clinician must start from the beginning with a correct treatment plan that respects the concept 
of mutually protected occlusion (53) and tends to achieve both occlusal and articular stability 
in order to achieve orthopedic stability (54). 

CONCLUSIONS 

Mounting the models in the articulator using the method of registration of 
intermaxillary relations using the anterior Jig provides superior fidelity in terms of the final 
results from a prosthetic point of view. In situations where we have to perform extensive 
prosthetic restorations, the anterior Jig registration method can be considered the choice due 
to the most accurate reproducibility of the intermaxillary relationships. Compared to the 
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conventional method, this method avoids a lot of errors such as: mounting models tipped to 
the front, vertical inocclusions and sagittal inocclusions. 
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