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INTRODUCTION 

 

Recent advances in digital technologies have really modernized orthodontics in terms of its enhancement of 

precision, effectiveness, and patient-centeredness. Contemporary orthodontic practices have widely adopted digital 

workflows, including the utilization of intraoral scanners, digital dental arch scanning for metric analysis, and the 

generation of digital set-ups (1, 2). This involves all of these technologies coming together to allow a transition from 

analog to digital methodologies, offering the clinician some tools, key among them being CAD systems, when designing 

and fabricating custom orthodontic equipment. For instance, the use of CAD/CAM technology in producing 

Polyetheretherketone (PEEK) retainers has demonstrated the clinical feasibility and effectiveness of digital workflows, 

although further software adaptations are needed to optimize these processes (3). 

Moreover, possibilities associated with Fused Deposition Modeling, Digital Light Processing, and 

Stereolithography 3D printing technologies were reviewed in light of the resultant mechanical properties; it has been 

observed from studies that flexural strengths in FDM-printed models are better and thus more applicable in orthodontic 

treatments. These advancements not only enhance the accuracy and efficiency of orthodontic procedures but also improve 
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patient communication and satisfaction by enabling more precise and customizable treatment planning (3-6). As digital 

orthodontics continues to evolve, it promises to further refine the quality and outcomes of patient care. 

Orthodontics has a close relationship with oral and maxillofacial surgery, particularly in cases of large 

discrepancies, facial asymmetries, and developmental disturbances (7, 8). Maxillofacial surgery is important for achieving 

functional and esthetic enhancement beyond what can be accomplished with orthodontic appliances alone. Orthognathic 

surgery is an effective solution for patients with major jaw discrepancies that cannot be corrected solely by orthodontics, 

involving the repositioning of the jaws to enhance occlusion, facial balance, and overall function (9). 

These are much more accurate procedures with the advent of digital planning tools, where 3D models and virtual 

surgical simulations set the stage for surgeons to plan and perform such complex operations at a high level of accuracy, 

minimizing risks and maximizing the accomplishment of desired outcomes (1). Advantages of the application of 3D 

modeling in orthognathic surgery include the fact that, with this advanced three-dimensional visualization, anatomy can 

be appropriately preplanned in a patient before surgery. Models obtained can be used by surgeons to simulate different 

scenarios, show what complications may arise, and outline the best approach for surgery. 

It is the integration of digital technology in orthognathic surgery that appears to have really made a difference in 

terms of treatment outcome, according to Cunha et al., who showed that digital simulation, as opposed to conventional 

fixed appliances, offers better possibilities of visualization and prediction (5). Virtual surgical planning (VSP) enables 

surgeons to create detailed plans prior to procedures, enhancing precision and results. Additionally, 3D models facilitate 

better patient education and communication, as patients can visually understand the surgical process and expected 

outcomes, leading to increased satisfaction and confidence in their treatment plan. 

It is shown by literature that deep learning is really able to transform maxillofacial surgery. Neural networks 

(NNs) can help a lot in the process of computer-assisted surgery (CAS): reconstruction of CT images, bone segmentation, 

and surgical planning. This level of precision helps in creating custom surgical guides and implants that perfectly fit the 

patient's unique anatomical features, ensuring better alignment and stability post-surgery (9). By integrating NNs, the 

CAS process can significantly reduce errors and improve precision at each stage, from the initial CT imaging to the final 

surgical intervention. According to Minnema et al., convolutional neural networks (CNNs), among other architectures of 

neural networks, increase the quality of images, provide more accurate bone segmentation, and offer sophisticated surgical 

planning techniques in order to optimize treatment specific to the patient (10). 

The use of digital models and cephalometric analysis is now standard in orthodontics, significantly aiding 

treatment planning and monitoring. Jaber et al. demonstrated that digital models, particularly those generated through 

intraoral scanning, provide high-dimensional accuracy and reliability, making them a viable alternative to traditional 

plaster models for clinical diagnostic applications (11, 12). The management of TMD has been greatly improved with 

digital technology, specifically with the introduction of CBCT. Bashir et al. raised the points about better diagnostic 

imaging for TMD with CBCT, which allowed excellent visualization of osseous abnormalities like osteophytes, erosion, 

and flattening of the TMJ. This could be of importance in clearly making a diagnosis and formulating an effective 

treatment plan (13). Digital technology has completely altered the working pattern of patient care, diagnosis, and treatment 

planning with follow-up in an orthodontic clinic (6). Conventional diagnostic methods relied heavily on physical 

impressions and 2D X-rays. However, the introduction of digital imaging techniques, such as three-dimensional cone-

beam computed tomography (CBCT) and intraoral image scanners, has absolutely revolutionized this scope by offering 

accurate and detailed representations of dental and skeletal structures. These modern imaging techniques enable 

orthodontists to accurately diagnose problems and develop treatment plans that deliver improved outcomes (4, 6). 

CAD/CAM systems have greatly enhanced treatment planning by allowing orthodontists to design and produce 

personalized products such as aligners and retainers with exceptional precision (3). Treatment simulations enable 

practitioners and patients to visualize anticipated results before beginning treatment, leading to higher patient satisfaction 

and proactive management of potential issues (5). 

Teleorthodontics has significantly extended the reach of orthodontic care by enabling remote consultations and 

monitoring, thus enhancing accessibility and convenience for patients. As Giudice et al. note, this has opened an 

opportunity for the provision of professional help to the patient without so many essential and constant physical meetings 

in practice, a feat that drastically helps during a public health disaster like the COVID-19 pandemic, where physical 

contact is strayed away from at all cost (14). Digital systems enable efficient communication between patients and 

orthodontists, ensuring streamlined monitoring of progress and timely resolution of issues (11). 

 

Outcome predictability in orthodontics has been greatly enhanced by digital tools. These are machine learning 

technologies that interpret data to foresee surgical outcomes, probable complications, and the possibility of equations for 

optimized treatment plans. These tools also facilitate precise measurement of post-operative outcomes, contributing to 
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the continuous improvement of surgical techniques. Digitalization also offers cost-effectiveness by reducing operative 

time through digital planning and custom surgical guides, lowering overall healthcare costs, and minimizing the need for 

revision surgeries, thereby reducing patient morbidity. 

In the case of cleft lip and palate in children, treatment is integrated under one roof, with a multidisciplinary team 

that includes an orthodontist and maxillofacial surgeons. Digital technologies optimize the timing and sequence of surgical 

procedures and orthodontic treatments to achieve the best outcomes (6). Maxillofacial surgery is also essential for 

reconstructing facial deformities, which can significantly affect dental and facial anatomy. Advanced imaging and digital 

planning technologies enable precise assessment of deformities and strategic planning of reconstructive procedures to 

restore functionality and appearance (15). 

Digital tools, 3D imaging via CT and MRI, come in to create detailed, accurate images of the TMJ, allowing the 

clinician as full a view as possible of the TMJ structure and function (13). This precision aids in identifying specific TMJ 

issues, such as disc displacements and arthritis, which might be difficult to detect with traditional imaging methods 

(13,16,17). CAD/CAM technologies are used to create customized occlusal splints tailored to the patient's anatomical 

features, ensuring a better fit and more effective treatment for conditions like malocclusions and teeth grinding, common 

contributors to TMD (18). 

Digitalization also enhances patient communication and education. Utilizing 3D models and virtual simulations, 

healthcare providers can clearly explain conditions and treatment plans to patients, improving their understanding and 

involvement in their treatment decisions, leading to higher satisfaction and adherence (12). The implementation of digital 

records has streamlined the workflow and enhanced efficiency in managing temporomandibular disorders (TMD), 

ensuring that all patient information is easily accessible and shareable among the healthcare team. This facilitates 

coordinated care and significantly reduces the potential for errors. This can be achieved, as Feng et al. stated, by 

incorporating digital tools into the diagnostic process for TMD management, particularly those advanced imaging 

techniques such as MRI, which are quintessentially needed in many fields of research for added acumen and reliability 

(19). This has realized enhanced reliance on telemedicine and remote monitoring tools for follow-up care in the 

management of TMD. Wearable devices and mobile applications can monitor patients' symptoms and treatment progress, 

allowing timely interventions if issues arise, ensuring better long-term outcomes. 

 

CONCLUSIONS 

 

The integration of digital technology in orthodontics has ushered in an era of accuracy and effectiveness, 

revolutionizing the field by improving diagnoses, treatment planning, and the execution of complex surgical procedures. 

Maxillofacial surgery plays a critical role in addressing severe dental and facial abnormalities, while comprehensive TMD 

management options ensure that patients receive thorough and effective treatment. With ongoing technological 

advancements, orthodontics holds the potential for even greater improvements in the future, further enhancing outcomes 

and overall patient experience. 
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ABSTRACT 

Tooth loss is a widespread health issue with significant implications for both physical and mental well-being, 

especially among socioeconomically disadvantaged groups. Recognizing this, the study focuses on the relationship 

between tooth loss and socioeconomic determinants, such as income, education, and access to healthcare, in patients from 

the NIHMP Social Dental Clinic in Rome, Italy. Vulnerable populations, particularly migrants and individuals with low 

economic status, face a heightened risk of tooth loss due to limited access to care and poor oral health behaviors. The 

study aimed to explore the demographic, socioeconomic, and behavioral factors contributing to tooth loss and to identify 

targeted interventions to improve oral health outcomes. Employing a mixed-methods design, the research collected 

qualitative and quantitative data through questionnaires and interviews conducted with a sample of 100 patients from the 

dental clinic, all of whom were from low socioeconomic backgrounds. Data were analyzed using the SPSS Statistics 

software program to assess relationships between tooth loss and various factors. The findings show that economically 

disadvantaged groups face higher rates of tooth loss, often linked to smoking, poor diets, and poor hygiene. Addressing 

these disparities requires preventive care and public health initiatives to enhance oral hygiene and ensure equitable access 

to dental services. 

KEYWORDS: tooth loss, vulnerable populations, socioeconomic factors, healthcare inequities, preventive dental care, 

migrant health, access to healthcare 

INTRODUCTION 

Tooth loss is one of the most prevalent dental conditions globally, affecting millions and serving as a stark 

indicator of systemic disparities within healthcare systems (1, 2). The global burden of oral diseases, which frequently 

culminate in tooth loss, impacts over 3.5 billion individuals, disproportionately affecting marginalized communities and 

exacerbating existing health inequities (3, 4). Beyond its immediate effects on aesthetics and functionality, tooth loss 

significantly impairs essential daily activities such as eating and speaking, often eroding self-esteem and limiting social 
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participation, which diminishes the overall quality of life (5, 6). Vulnerable populations, particularly those with limited 

socioeconomic resources, are at heightened risk due to persistent barriers to preventive and restorative care (7). 

Socioeconomic factors, including income, education, and access to healthcare, are deeply interconnected and 

significantly influence oral health disparities (8, 9). Income affects the ability to afford preventive care, education shapes 

health literacy and awareness, and access to healthcare determines the availability of necessary treatments (10). 

Behavioral factors like smoking, poor nutrition, and infrequent dental visits exacerbate these inequities, which are more 

prevalent among socioeconomically disadvantaged groups (11). Research highlights that income disparities, limited 

education, and restricted access to quality healthcare increase the risk of adverse dental health outcomes, such as caries, 

periodontal diseases, and tooth loss (12, 13). For instance, studies in Italy have shown a strong connection between tooth 

loss, socioeconomic factors, and limited access to dental care among the elderly (14, 15), while research in Southern Italy 

found that poor oral health significantly impacts oral health-related quality of life (16, 17). These findings underscore the 

intricate relationship between socioeconomic status, behavior, and oral health outcomes (18). 

Many previous studies have provided valuable insights into these dynamics. However, many focus narrowly on 

specific populations or isolated factors, leaving significant gaps in understanding the broader correlations (19, 20). For 

instance, while Petersen and Yamamoto (16) highlighted income disparities, they did not account for cultural or 

geographic variations. Similarly, Cocco et al. emphasized elderly populations, overlooking other vulnerable groups such 

as migrants or refugees (15, 21, 22). 

Furthermore, several studies have identified key socioeconomic and behavioral factors that contribute to tooth 

loss. For example, Sabbah et al.  examined the role of health-related behaviors in socioeconomic disparities but did not 

explore their impact across different cultural contexts (9). Studies by Sanders et al. focused on the socioeconomic gradient 

in oral health but lacked detailed analyses of behavioral factors such as smoking or dietary habits (23). Moreover, research 

by Bianco et al. highlighted oral health-related quality of life among institutionalized elderly populations, but did not 

consider the experiences of younger or migrant groups (2). However, this study examines the correlation between tooth 

loss and certain factors among a diverse population.  

Most NIHMP Social Dental Clinic Patients have lost their tooth and cannot afford proper dental treatment; they 

receive free prosthodontic care at the clinic. This study adopts a general approach by integrating demographic, 

socioeconomic, and behavioral dimensions (20)This study employs a mixed-methods design that combines quantitative 

data from questionnaires with qualitative insights from interviews, seeking to uncover the multifaceted nature of tooth 

loss and provide an understanding of the challenges faced by individuals with low socioeconomic status. 

The expected findings of this study could benefit researchers, healthcare providers, policymakers, and social 

dental health professionals by providing insights into the relationship between tooth loss and related factors. The results 

can help to inform targeted interventions, shape equitable healthcare policies, and enhance education and practice to 

address oral health disparities in disadvantaged populations (2, 24, 25). 

Objectives 

This study aims to achieve the following objectives: 

1. to investigate tooth loss and demographic and socioeconomic factors in a diverse, disadvantaged population;

2. to analyze the influence of behavioral dimensions on tooth loss among disadvantaged populations.

LITERATURE REVIEW 

Theoretical background 

Oral health conditions, such as tooth loss, are associated with various factors, including socioeconomic factors. 

They have been extensively explored, with key determinants such as income, education, healthcare access, and behavior 

playing central roles in oral health outcomes (13, 16). Income affects individuals' ability to afford preventive care and 

treatments, while education influences health literacy and awareness of proper oral hygiene practices (24). Additionally, 

limited access to healthcare often leaves disadvantaged populations without timely interventions, exacerbating oral health 

disparities. Behavioral factors, including smoking and poor dietary habits, significantly increase the risk of periodontal 

disease and caries, both leading causes of tooth loss (26, 27). Comparative research underscores the interconnected nature 

of these variables, illustrating how they collectively contribute to pronounced disparities in oral health, particularly among 

low-income groups who face higher barriers to care and exhibit higher rates of unhealthy behaviors (6, 23, 28). 
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Related studies 

Numerous studies have investigated the relationship between tooth loss and socioeconomic and behavioral 

factors, often focusing on specific populations or isolated variables. For example, a study in the United States revealed a 

strong connection between diabetes and tooth loss, emphasizing how the systemic effects of oral disease and its 

association with low socioeconomic status contribute to poor oral health outcomes (29). Similarly, research in the United 

Kingdom identified smoking as a significant predictor of tooth loss, with smokers showing higher rates of periodontal 

attachment loss and disease progression compared to non-smokers (26). 

In more recent studies, cultural practices have also been linked to oral health disparities. Research in Yemen 

examined the impact of qat chewing, a widespread cultural habit, on oral health and found it to be a major risk factor for 

periodontal disease, leading to an increased prevalence of tooth loss (30, 31). These studies highlight the influence of 

systemic diseases, behavioral factors, and cultural practices on oral health. However, they often focus on single variables 

or specific subgroups, still leaving gaps in understanding the interplay of multiple factors across diverse populations. 

This purpose study stands out by translating its questionnaire into five languages (Arabic, English, Italian, 

French, and Spanish), ensuring inclusivity and accurate data collection for the diverse patients at the NIHMP Social Dental 

Clinic in Rome. Addressing linguistic diversity alongside socioeconomic, behavioral, and cultural factors provides unique 

insights into the barriers faced by vulnerable populations (32, 33). 

MATERIALS AND METHODS 

Study design 

The study employs a mixed-methods design, integrating quantitative and qualitative approaches to investigate 

the multifactorial causes of tooth loss among vulnerable dental patients (34, 35). A cross-sectional questionnaire collects 

(almost three months of collection) quantitative data on socioeconomic status, healthcare access, and behavioral factors, 

while qualitative interviews provide deeper insights into the personal and cultural barriers affecting oral health at the same 

time as data collection. This comprehensive approach allows for a broader understanding, as quantitative data identifies 

patterns and trends, while qualitative data clarifies the underlying context. The study focuses on vulnerable dental patients 

in Rome, including migrants, refugees, and low-income individuals who face significant barriers to oral healthcare (36-

38). These patients rely on the NIHMP Social Dental Clinic, which provides prosthodontic dental treatment to underserved 

populations. The sample consists of 100 individuals selected through purposive sampling to ensure relevance to the 

study’s objectives (39,  40, 41), particularly those experiencing tooth loss (42, 43). While selection bias is a potential 

limitation since participants are drawn from those actively seeking care at the NIHMP clinic, this method ensures that the 

sample aligns closely with the research focus, offering valuable insights into the factors contributing to dental health 

disparities (42-44).  

Instruments 

Two primary instruments were employed in this study: a structured questionnaire and interviews, each designed 

to collect complementary data for a comprehensive analysis (33, 45)The structured questionnaire was developed to 

explore the relationship between tooth loss and various socioeconomic, behavioral, and cultural factors. It included 

closed-ended questions covering oral hygiene habits, dietary patterns, smoking, alcohol consumption, and access to 

healthcare. The questionnaire was divided into sections addressing demographic information (e.g., gender, age, 

nationality, education), behavioral factors (e.g., smoking, alcohol use, oral hygiene practices), and medical history (e.g., 

chronic illnesses, immune function). Ultimately, to ensure accuracy and relevance, two public health dentistry specialists 

validated the questionnaire, providing feedback to refine its content and structure, which resulted in some adjustments to 

improve clarity and alignment with the study objectives. The research adhered to ethical guidelines for studies involving 

human participants, with informed consent obtained from all participants before inclusion (46, 47). 

Methods of data analysis 

The study utilized IBM SPSS Statistics Version 24, a statistical analysis software developed by International 

Business Machines Corporation (IBM) that is headquartered in Armonk, New York, USA, to analyze data collected from 

a sample of 100 participants, aiming to explore the correlation between tooth loss and various demographic, 

socioeconomic, and behavioral factors (9, 48, 49, 50). Various data analysis methods were utilized in this study. 

Descriptive statistics, including frequencies, percentages, means, and standard deviations, were used to summarize 

variables such as age, gender, education level, and socioeconomic status. Inferential statistical methods, such as chi-square 
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tests, were applied to assess the significance of relationships between these factors and tooth loss, with p-values 

determining statistical significance. Correlation metrics, such as Spearman’s rho, Phi, and ETA coefficients, were used to 

measure the strength of the associations. Additionally, odds ratios and confidence intervals identified risk factors for tooth 

loss. Behavioral variables, including smoking, fruit and vegetable consumption, access to clean drinking water, and oral 

hygiene practices, were analyzed collectively to assess their impact on oral health outcomes (Fig. 1). 

Fig 1. Methodology Flowchart. This flowchart illustrates the key stages of a research study, from defining the objectives 

to finalizing and reporting findings. Each step, from questionnaire design to data analysis, is visually connected, showing 

the research process flow. 

RESULTS 

In total, a descriptive analysis provided an overview of the demographic characteristics and health-related 

behaviors of the 100 participants in the study. The sample consisted of 54% males and 46% females, with 52% under 60 

years of age and 48% aged 60 years or older. Most participants (75%) resided in urban areas, while 25% lived in rural 

settings. Regarding education, 63% had completed high school, and 27% held a university degree or diploma. Ethnically, 

the group included 30 Italians, 23 Africans, 24 South Americans, 14 Eastern Europeans, and 9 Asians. In terms of 

economic status, 68% were categorized as poor, while 32% had moderate financial means. Behavioral data revealed that 

46% were smokers, 41% consumed alcohol, and 47% had a daily intake of sugary snacks, with 64% consuming fruits and 

vegetables rarely.  Additionally, 37% of participants reported having no access to clean drinking water, and 63% reported 

not having regular tooth cleanings. 

Table I reveals that age is a significant predictor of complete tooth loss, with individuals over 60 being 4.4 times 

more likely to experience it compared to younger individuals, supported by strong statistical associations (χ² = 12.2, ETA 

= 0.35). Gender also plays a role, with males being 4.0 times more likely than females to experience complete tooth loss 

(χ² = 11.1, ETA = 0.33). Lower education levels and poor economic status increase the likelihood of tooth loss, with high 
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school-educated individuals ( R = 2.4) and those from economically disadvantaged backgrounds ( R = 2.7) at higher 

risk. Urban residents ( R = 3.1) and part-time workers ( R = 2.7) show greater susceptibility, suggesting lifestyle-related 

factors. Across all variables, statistical metrics consistently indicate moderate to strong correlations, underscoring the 

multifaceted nature of tooth loss and the need for targeted interventions that address age, socioeconomic status, and 

lifestyle factors. 

Table I. Demographic and socioeconomic factors influencing tooth loss.

The variables 

Tooth loss 

Partially 

N=43 

Completely 

N=57 

Total 

N=100  R C195% 
χ2 p ETA  

No. % No. % No. % L U 

Age  ≤ 60 31 72.1 21 36.8 52 52.0 
4.4 1.9 10.4 

12.2 0.001 0..35 

>60 12 27.9 36 63.2 48 48.0 

Gender Male 15 34.9 39 68.4 54 54.0 

4.0 1.7 9.3 11.1 0.001 0.33 Female 28 65.1 18 31.6 46 46.0 

Education 

level  

High School 22 51.2 41 71.9 63 63.0 

2.4 1.1 5.6 4.5 0.03 0.21 
University -

Diploma 

21 48.8 16 28.1 27 27.0 

Residence  Urban 37 86.0 38 66.7 75 75.0 
3.1 1.1 8.6 4.9 0.03 0.22 

Rural 06 14.0 19 33.3 25 25.0 

Economic 

Status 

Poor 24 55.8 44 77.2 68 68.0 
2.7 1.1 6.5 5.1 0.02 0.23 

Moderate 19 44.3 13 22.8 32 32.0 

 ccupation Part-Time Job 19 44.2 39 68.4 58 58.0 
2.7 1.2 6.2 5.9 0.02 0.24 

No Job 24 55.8 18 31.6 42 42.0 

OR: odds ratio ≥ 1 is (at risk of infection); χ2: Chi-square ≥ 3.83 (significant);  p: probability value ≤ 0.05 (significant); 

CI: confidence interval; L: lower; U: upper; ETA: coefficient test means a method for determining the strength of 

association between variables. 

Table I illustrates the relationship between various demographic, socioeconomic, and lifestyle factors and the 

prevalence of tooth loss, categorized into partial (N = 43) and complete (N = 57) tooth loss. Key findings, along with 

statistical metrics such as odds ratio ( R), confidence intervals (CI), χ², -values, and ETA coefficients. 

In Table II, the Ethnicity analysis highlights significant variations in tooth loss prevalence across ethnic groups. 

Italians, comprising 30% of the sample, showed a higher prevalence of complete tooth loss (42.1%) compared to partial 

tooth loss (14%). In contrast, South Americans, representing 24% of the sample, experienced more partial tooth loss 

(41.9%) than complete tooth loss (10.5%). Statistical analysis yielded a χ² value of 22.7 and a p-value of 0.001, indicating 

a strong and significant association between ethnicity and tooth loss. However, the ETA coefficient of 0.10 suggests a 

relatively weak strength of association.  verall, ethnicity significantly influences the prevalence of tooth loss, with 

Italians at a greater risk of complete tooth loss. 

Table II. The correlation between ethnicity and tooth loss. 

Ethnicity 

Tooth loss 

Total 
χ2 p ETA 

Completely 

N=57 

Partially 

N=43 

No. % No. % No. % 

African 16 28.1 07 16.3 23 23.0 

22.7 0.001 0.10 

East EU 09 15.8 05 11.6 14 14.0 

South American 06* 10.5 18* 41.9 24 24.0 

Italian 24* 42.1 06* 14.0 30 30.0 

Asian 02 3.5 07 16.3 09 9.0 

  χ2: Chi-square ≥ 3.83 (significant);  p: Probability value ≤ 0.05 (significant); ETA: Coefficient test is a method for 

determining the strength of association between variables. 
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Table II presents the distribution of patients with tooth loss by ethnicity, categorized into those with partial (N = 

43) and complete (N = 57) tooth loss.

Table III highlights the most significant behavioral variables that influenced dental health outcomes in the study, 

with factors such as age, smoking, dietary habits, and oral hygiene practices playing critical roles in tooth loss (9, 34, 45, 

50. Smokers are 2.7 times more likely to experience tooth loss than non-smokers, while individuals with poor fruit and

vegetable intake face 3.2 times higher odds. Similarly, a lack of access to clean drinking water ( R = 2.6), high-sugar

diets ( R = 2.4), infrequent tooth cleaning ( R = 2.7), and alcohol consumption ( R = 2.7) are all linked to elevated

risks. Statistical indicators, including chi-square values and Phi coefficients, show moderate but significant correlations

across these factors, with confidence intervals confirming the robustness of these associations. These findings underscore

the need for targeted interventions addressing smoking, diet, oral hygiene, and alcohol consumption to mitigate tooth loss

risk.

Table III. Behavioural factors influencing tooth loss. 

OR: odds ratio ≥ 1 is (at risk of infection);  χ2: Chi-square ≥ 3.83 (significant);  p: probability value ≤ 0.05 (significant); 

CI: confidence interval;  L: lower; U: upper; Phi: method for determining the strength of association between variables. 

Table III shows the relationship between various behavioural factors and the prevalence of tooth loss, categorized 

into partial (N=43) and complete (N=57) tooth loss. Key findings, along with statistical metrics such as odds ratio ( R), 

confidence intervals (CI), χ², -values, and Phi coefficients. 

Table IV emphasizes the correlation between tooth loss and the most prominent factors by using Spearman's rho 

correlation analysis. Smoking, inadequate fruit and vegetable consumption, and infrequent tooth cleaning were 

significantly associated with tooth loss. Smokers showed a notably higher likelihood of experiencing complete tooth loss, 

reaffirming the detrimental effects of smoking on oral health. Similarly, insufficient intake of fruits and vegetables was 

linked to an increased risk, emphasizing the protective benefits of a nutrient-fiber-rich diet. Age and gender also emerged 

as significant predictors, with old individuals and males showing greater susceptibility to tooth loss. These patterns 

highlight biological vulnerabilities and disparities in healthcare access and preventive practices. Additionally, education 

level and economic status exhibited slight positive correlations with tooth loss, suggesting that limited health literacy and 

financial constraints may contribute to poorer oral health outcomes (Fig. 2, 3). 

The variables 

Tooth loss 

Partially 

N=43 

Completely 

N=57 

Total 

N=100  R C195% 
χ2 P Phi 

No. % No. % No. % L U 

Smoking Yes  14 32.6 32 56.1 46 46.0 
2.7 1.2 6.1 5.5 0.02 0.23 

No 29 67.4 25 43.9 54 54.0 

Fruit   Vegetable Consumption 
Rarely 21 48.8 43 75.4 64 64.0 

3.2 1.4 7.5 7.5 0.006 0.27 

Yes 22 51.2 14 24.6 36 36.0 

Access to Clean Drinking Water 
No 11 25.6 26 45.6 37 37.0 

2.6 1.1 6.2 4.9 0.03 0.21 

Yes  32 74.4 31 54.4 63 63.0 

High Sugar Carbohydrate Diet Yes  15 34.9 32 56.1 47 47.0 

2.4 1.1 5.4 4.4 0.03 0.21 
No 28 65.1 25 43.9 53 53.0 

Tooth Cleaning Twice a Day 

No 24 55.8 44 77.2 63 63.0 

2.7 1.1 6.4 5.1 0.02 0.23 
Yes  19 44.2 13 22.8 37 37.0 

Alcohol Consumption Yes  12 27.9 29 50.9 41 41.0 
2.7 1.1 6.2 5.3 0.02 0.23 

No 31 72.1 28 49.1 59 59.0 
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Table IV. The correlation between tooth loss and certain factors. 

Spearman's rho Age  Gender 
Economic Status 

Education Level 
Smoking 

Fruit and Vegetable 

Consumption 

Brushing 

Teeth 

Tooth loss 

Correlation 

Coefficient 
-.349 

.227 
-.2.13 

-2.34
.274 .227 

.227 

Sig. (2-

tailed) 
<.001 

0.23 
0.33 

0.19 
.006 .23 

0.23 

N 100 100 100 100 100 100 100 

Correlation between tooth loss and various factors using Spearman's rho correlation analysis. 

Fig. 2. A bar chart of tooth loss and patients' age. 

Fig 3. Bar chart of the relationship between tooth loss and ethnicity. 
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DISCUSSION 

The findings of this study provide valuable insights into the multifaceted relationship between socioeconomic 

factors, behavioral variables, demographic factors, and tooth loss, contributing to the understanding of oral health 

disparities among vulnerable populations (51-53). 

The results indicate that older individuals are most affected by tooth loss. Additionally, lower levels of education 

were associated with higher rates of tooth loss, and Italians were the largest ethnic group impacted. These findings are 

consistent with a study by Petersen et al., which reported that age, socioeconomic status, and education are significant 

predictors of oral health outcomes (16). Petersen’s study supports the idea that older adults and those with less education 

are more likely to experience tooth loss due to reduced access to dental care and poorer oral health behaviors. 

In contrast, a study by Kassebaum et al. found that age alone is not a definitive predictor of tooth loss (54). Their 

analysis showed that younger individuals with unhealthy dietary habits and inadequate oral hygiene also experienced 

significant tooth loss, suggesting that lifestyle factors may outweigh demographic influences. This contrast underscores 

the multifactorial nature of oral health and the varying contributions of age and behavior (55).  

Behavioral habits, such as inadequate oral hygiene and high sugar consumption, were prominent in the study 

population. These behaviors likely contributed to the high rates of tooth extractions. The strong association between oral 

hygiene practices and tooth loss aligns with the findings of Watt and Sheiham (56), who emphasized that consistent 

brushing, flossing, and professional dental care are critical in preventing tooth loss. However, a contrasting study by Díaz-

García highlighted that even individuals with adequate oral hygiene can experience tooth loss if other factors, such as 

genetic predisposition or systemic diseases, are present.  

Lower education levels, urban residency, and poor economic status, as noted by Park (57), were also associated 

with greater tooth loss, contrasting with Bernabe et al., while Locker emphasized the role of systemic health conditions 

over socioeconomic factors (6). 

Additionally, ethnic disparities, such as higher tooth loss among Italians and South Americans, aligned with 

Garcia's focus on cultural and healthcare access disparities (58), while the Japanese exhibit lower rates of tooth loss, likely 

due to better access to preventive dental care (59). Thus, lower tooth loss rates likely reflect better access to preventative 

dental care and a stronger cultural emphasis on oral health maintenance.  

CONCLUSIONS 

This study underscores the multifactorial nature of tooth loss, revealing its strong connection to socioeconomic 

factors like education, income, and healthcare access, as well as behavioral patterns such as smoking, poor diet, and 

inadequate oral hygiene. Vulnerable populations, particularly those with limited resources and access to preventive care, 

face an elevated risk of tooth loss. These findings highlight the link between tooth loss among 100 patients and emphasize 

the necessity of broader future investigations to expand the results. Interventions by healthcare professionals, the 

implementation of subsidized dental care and public health reforms by policymakers, and the allocation of resources for 

affordable dental services by hospital administrators are crucial steps in improving access to oral healthcare and reducing 

disparities in dental outcomes. Furthermore, academic researchers can benefit from this study by gaining a deeper 

understanding of oral health disparities, while community organizations can play a pivotal role in promoting oral health 

education and removing barriers to oral care. Addressing these challenges holistically through collaborative efforts across 

sectors is essential for achieving equitable and sustainable improvements in oral health outcomes. 
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ABSTRACT 

The principal aim of the present study was to evaluate the self-reported sun exposure habits in Albania in relation 

to vitamin D levels. The data were collected through a Google Forms questionnaire distributed from November 2024 to 

January 2025 to all employees and students of Albanian University, promoting the further distribution to family and 

friends. Information regarding demographic characteristics, lifestyle (sun exposure habits, diet, physical activity), vitamin 

D analysis, and supplementation was collected. A total of 1016 individuals, 32±12.6 (min 15, max 74) years old, 76.6% 

females and 23.4% males, responded to the questionnaire. Vitamin D deficiency accounted for 45% of responders, 

significantly more prevalent among females, with a tendency to be more prevalent in younger ages, less than 10 minutes 

of exposure to the sun, and less awareness that vitamin D synthesis occurs when the shadow is shorter than the actual 

body length. Almost all self-reported vitamin D deficiency responders (94.1%) were taking vitamin D supplements alone 

or in combination with other supplements, usually magnesium (85%). Supplementation was prescribed by doctors only 

in 54% of responders. Vitamin D analysis after supplementation allocated to insufficiency and deficiency levels in 50.6% 

and 35.7% of responders, respectively. Within the limits of this study, promoting the importance of vitamin D, sensible 

skin sun exposure, and professionally guided vitamin D supplementation remains necessary in Albania to reduce 

deficiency risks and enhance the population’s overall health. 

INTRODUCTION 

Vitamin D, first introduced in 1918 as a micronutrient derived from foods of animal origin that prevented 

experimental rickets in beagle puppies (1), is now well known for its role in improving rickets in children after sun 

exposure, earning it the nickname "the vitamin of the sun."  

Approximately 80-100% of vitamin D is produced when exposed to the sun, and only a maximum of 20% can 

be obtained by food of animal origin in the form of vitamin D3 and plant origin, mainly mushrooms, in the form of vitamin 

D2 (2-4). The synthesis of vitamin D occurs at the epidermis level when at least 18% of the skin is exposed to UVB 290-
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320 nm without any protection, at the time of the day when the shadow is shorter than the length of the body, until warmth 

is felt but not to the point of erythema (3, 4). Most of vitamin D3 synthesis in the skin occurs in the living cells of 

epidermis, which is why vitamin D3 remains in the skin even after washing with soap and water immediately after 

exposure to sunlight (5). The time during the day and extension to sun exposure depend on geographic position, climate 

conditions, skin pigmentation, age of the skin, and use of protections to sun exposure (5, 6). 

Independent of the origin, vitamin D is transported to the liver and afterwards to the kidneys where it takes the 

final active form to act at cellular level for its skeletal effects (stimulates Ca and P absorption from the intestine; reduces 

parathormone production reducing bone resorption; stimulates osteoclasts and alkaline phosphatase to optimize bone 

remodeling, and stimulates the production of the protein of bone matrix) and non-skeletal effects (anti-inflammatory 

effect, antioxidant, anti-infective and anti-cancerogenic effect) (4,5,7). The active form of vitamin D is transported in the 

blood by the vitamin D blood protein and has a mean half-life of 13-15 days. It is inactivated in the bile and eliminated 

through the feces (7). Vitamin D is minimally deposited in the muscles but malnutrition and lack of exercise diminishes 

the circulation of vitamin D in and out the muscles (8). 

In 2011 the Institute of Medicine (IOM) and Endocrine Society's Clinical Guidelines Subcommittee suggested 

evaluating the vitamin D status using the measurement of the total serum level of 25-hydroxyvitamin D (25(OH)D) and 

proposed the next ranges for vitamin D status: deficiency: (25(OH)D serum level ≤ 20 ng/ml or ≤ 50 nmol/l), 

insufficiency (VDI: 21–29 ng/ml or > 50 and < 75 nmol/l) and sufficient vitamin D level (≥ 30 ng/ml or ≥ 75 nmol/l) (9). 

However, in 2024 Vitamin D guidelines, the Endocrine Society withdraw the terms insufficient and sufficient in generally 

healthy populations, as the available clinical trial evidence does not yet permit the assignment of distinct 25-

hydroxyvitamin D (25(OH)D) thresholds that specifically predict net benefit with vitamin D supplementation (10).  

The attention is focused on 25(OH)D serum levels ≤ 20 ng/ml, particularly if lower than 12 ng/ml, given the 

association with various diseases related to all systems: bone structures (rickets, osteoporosis, and osteomalacia), 

cardiovascular diseases (infarct, hypertension, ischemic disorders), diabetes mellitus, autoimmune diseases (psoriasis, 

multiple sclerosis), systemic and respiratory infections, cancer, complications during pregnancy (preeclampsia, 

gestational diabetes, preterm births, Cesar births), nervous system disorders (8), depression and anxiety (11). Vitamin D 

deficiency has been reported to correlate with different oral disease such as caries (12-15), periodontal disease (16-19), 

temporomandibular joint disorders (20), recurrent aphthous stomatitis (21), Sjögren disease (22), oral cancer (23), and 

complication around dental implants (24, 25).  

Vitamin D deficiency is worldwide spread (47.9%) and it prevalence is reported to be almost 40% in Europe 

(26-28). Evidence of the condition of vitamin D in Albania are little and mainly related to studies with parathormone 

activity or pregnancy (29-31) reporting mean levels of insufficient vitamin D, independent from the geographical position 

of Albania. Evidence from a private laboratory in Tirana, Albania, reporting vitamin D levels of patients performing the 

analysis of vitamin D, carried out from November 2015 to January 2023, reported that most of the population (56.7%) 

has vitamin D deficiency and only 3.9% have normal values (32). More recently, in evaluating longitudinal changes in 

physical performance and strength and their association with genetic variants in genes involved in the vitamin D pathway 

for postmenopausal women in Albania and Kosovo, it was reported a vitamin D deficiency of 44% and 47.5%, 

respectively (33, 34). 

Given the limited evidence in Albania and the relevance of vitamin D levels for the prevention of most of 

systemic and oral diseases relate to its deficiency, the aim of the present survey was to investigate the information the 

population of Albania had on a sensible and effective sun exposure and supplementation related to vitamin D.    

MATERIALS AND METHODS 

This is an observational study performed through a questionnaire distributed by Albanian University to the 

employees and students electronically. The distribution was extended to three months, from November 2024 to January 

2025. The electronically distributed questionnaire was generated from Google Forms. The authors declare that the 

investigation was carried out following the rules of the Declaration of Helsinki of 1975, revised in 2013, and was approved 

by the Institutional Review Board (Ethic Committee) of Albanian University (protocol code 930 and date of approval 28 

October 2024). 

The questionnaire was developed for this study and the questions were formulated based on the literature (3, 5), 

authors’ clinical experience and adapted in a way that each one of them would be easily understood, despite the 

participants’ level. An English version of the questionnaire can be found as a supplementary file. It underwent a prior 

internal validation within a closed small group of students with whom it was possible to exchange impressions and 

suggestions on the clarity and relevance of each question, followed by modifications made to improve the questionnaire. 
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Afterwards, the questionnaire was officially distributed by the institution (Albanian University) using the 

institutional contacts of employees and students of all branches and academic years, promoting further distribution among 

relatives and friends.  

The final questionnaire included an introductory paragraph that also served as informed consent. It gave a brief 

description of the aim of the study, the respect for privacy, and the usage of the data gathered at the end of the survey. 

Furthermore, it was emphasized that the free will decision of the participants to continue or not to complete the 

questionnaire without any consequences. Participants were informed that their demographic data would be used solely 

for the purpose of this study. 

The introductory paragraph was followed by questions related to the topic of this study. The questions were 

mainly closed-ended, giving individuals the opportunity to identify the correct answer for each question, as it was assumed 

that participants would not necessarily possess proper dental and medical knowledge. The first group of questions aims 

to collect demographic and general information, including age, gender, city of residence, profession, and skin type based 

on the Fitzpatrick classification (35). Apart from the explanation of each type of skin in the Fitzpatrick scale, a schematic 

picture with all types was provided, for participants to respond as correctly as possible. A second group of questions was 

dedicated to lifestyle (timetable of waking up in the morning and bedtime, diet, physical activity, and body mass index 

(BMI) for which a link for automatic calculation was inserted in the question, to help the participants respond. The third 

and last groups of questions, aimed at collecting information on vitamin D production from sun exposure (timeframe of 

exposure, duration of exposure, exposure with protected skin or not, percentage of surface exposed, exposure based on 

the height of the body shadow), and vitamin D levels and supplementation (form and combination with other supplements 

or minerals), respectively. The questionnaire is provided in Table I.   

Table I. A summary of the questions included in the questionnaire. 

Category Question Response Options 

Demographics Initials of First and Last Name (Open Field) 

Age (Numeric Entry) 

Gender Female / Male 

City of Residence (Open Field) 

Profession (Open Field) 

Skin Type Your skin type is: Type 1 - 6 (Based on Burn & Tan Ability) 

Daily Routine Waking Hours in the Morning Before 6:00 AM / After 6:00 AM 

Bedtime in the Evening Before 10:00 PM / After 10:00 PM 

Dietary Habits Your diet is: Omnivore / Vegetarian / Vegan / Other 

BMI Body Mass Index <18.5 / 18.5-24.9 / 25-29.9 / 30-34.9 / >35 

Physical Activity Do you engage in physical activity during 

winter? 

Yes / No 

Vitamin D 

Awareness 

Are you aware of the role of body shadow in 

Vitamin D production? 

Yes / No 

Sun Exposure 

Habits 

Body parts exposed to the sun (without 

sunscreen, makeup, or clothes) 

Face / Arms / Legs 

Sun exposure time (bare skin) 6:00 AM - 12:00 PM / 12:00 PM - 15:00 PM 

/ 15:00 PM -17 :00 PM 

Lunch breaks in sun-exposed areas (warm 

months) 

Once / Twice / More than twice / None 

Duration of sun exposure (uncovered parts) <10 min / ~30 min / >1 hour / Until skin feels 

warm 

Sunscreen use during sun exposure at the beach Not noticed / Yes / No (apply before 

exposure) / I don’t use sunscreen 

Vitamin D Testing Have you measured your Vitamin D level? No / Yes (<20 ng/ml / 21-29 ng/ml / >30 

ng/ml / >100 ng/ml) 

Reason for Vitamin D test Doctor / Dentist / Personal Decision 

Season of first Vitamin D test Winter / Spring / Summer / Autumn / Don’t 

remember 
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Supplement Use Have you taken Vitamin D supplements? Yes / No / Complex with other vitamins 

Dosage of supplements (Open Field) 

Was it prescribed by a certified doctor? Yes / No 

Method of drug administration Oil oral drops / Tablet / Injection 

Other supplements taken Vitamin K2 / Magnesium / Calcium 

Vitamin D Re-

evaluation 

Have you remeasured Vitamin D after 

supplementation? 

No / <20 ng/ml / 21-29 ng/ml / >30 ng/ml / 

>100 ng/ml / Other

Statistical analysis 

The data were extracted from Google Forms in an Excel file and adjusted for statistical analysis. All statistical 

analyses were performed using the IBM SPSS Statistics 26.0 package 91 program (IBM Corp., Armonk, New York, NY, 

USA). Gender, city, profession, diet, skin type, body mass, physical activity, sun exposure habits, vitamin D 

supplementation, and other related factors were the variables analyzed in relation to vitamin D levels. In presenting 

categorical data, frequencies, percentages (%) and descriptive information were provided. The relationship between 

categorical variables was evaluated with Pearson chi-square and cross tabulation tests. Monte Carlo method was used to 

construct confidence intervals. Age variable was tested for normality using Kolmogorov-Smirnov and Shapiro-Wilk tests 

then analyzed using Kruskal-Wallis test. Significance values were adjusted by the Bonferroni correction for multiple tests. 

A value of two-sided p < 0.05 was considered statistically significant. 

RESULTS 

A total of 1016 questionnaires were gathered electronically from 23 different geographical locations in Albania, 

mostly (72%, 722 from 1002 responders to the city question) from Tirana. The three month extension was a timeline 

determined by previous similar surveys (36, 37) and from the subjects’ response rate. The questionnaire closed after a 

week with complete lack of new responses. The response rate for most of the variables was above 97% ensuring reliable 

statistical significance (Table II).  

Table II. Rate of variable responses from the questionnaire. 

Cases 

Valid Missing Total 

N Percent N Percent N Percent 

gender * 1012 99.6% 4 0.4% 1

0

1

6 

100.0% 

city * 1002 98.6% 14 1.4% 1

0

1

6 

100.0% 

Profession * 995 97.9% 21 2.1% 1

0

1

6 

100.0% 

type_of_skin * 1012 99.6% 4 0.4% 1

0

1

6 

100.0% 

time_of_waking_up_in_the_morning_time_of_going_t

o_bed_to_sleep *  

1013 99.7% 3 0.3% 1

0

1

6 

100.0% 
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time_of_going_to_bed_to_sleep * 1012 99.6% 4 0.4% 1

0

1

6 

100.0% 

Diet * 1007 99.1% 9 0.9% 1

0

1

6 

100.0% 

body_mass * 1003 98.7% 13 1.3% 1

0

1

6 

100.0% 

physical_activity_during_winter_months * 1012 99.6% 4 0.4% 1

0

1

6 

100.0% 

vitamin_D_shadow * 1010 99.4% 6 0.6% 1

0

1

6 

100.0% 

exposed_parts_of_the_body * 1011 99.5% 5 0.5% 1

0

1

6 

100.0% 

timetable_of_sun_exposure * 1013 99.7% 3 0.3% 1

0

1

6 

100.0% 

frequency_of_sun_exposure_during_lunch_break_ * 1013 99.7% 3 0.3% 1

0

1

6 

100.0% 

Duration_of_sun_uncovered_unprotected_parts_of_the

_body *  

1011 99.5% 5 0.5% 1

0

1

6 

100.0% 

Sun_screen_protection * 1013 99.7% 3 0.3% 1

0

1

6 

100.0% 

motive_of_vitamin_D_analysis * 297 29.2% 719 70.8% 1

0

1

6 

100.0% 

season_when_the_vitamin_D_reported_as_first_time_

analysis  

1013 99.7% 3 0.3% 1

0

1

6 

100.0% 

vitamin_D_suplements * 1012 99.6% 4 0.4% 1

0

1

6 

100.0% 

where_they_recommended_by_the_doctor * 543 53.4% 473 46.6% 1

0

1

6 

100.0% 
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type_of_vitamin_D_supplements_that_have_been_take

n * 

544 53.5% 472 46.5% 1

0

1

6 

100.0% 

Dosage_of_supplements * 510 50.2% 506 49.8% 1

0

1

6 

100.0% 

Among the participants only 302 (29.8 %) reported having done vitamin D analysis with 45% of them reporting 

vitamin D deficiency with lower than 20 ng/ml. Geographical location within the country did not seem to be associated 

with vitamin D level. The majority of participants were self-oriented to laboratories to do vitamin D analysis, while others 

were advised by a doctors (29.6%) or dentists (3.4%). From the responders who could remember the season when the 

vitamin D analysis was done for the first time, 47% reported winter and autumn, when the vitamin D levels usually 

decrease.  

Characteristics of the vitamin D deficiency group based on variables analyzed are presented in Table III. The 

following sections describe the population characteristics given the variables investigated and the relation of each on with 

the level of vitamin D.  

Table III. Characteristics of the vitamin D deficiency group based on variables analyzed. 

Age    35±11.8 years old 

Gender 123 (90.4%)females, 13 (9.6%)males 

City 75.4% Tirana, the most prevalent among cities 

Professions 15.6% students, the most prevalent among professions 

Skin Type 36% type 3 

Time of waking up in the morning 79.4% after 6 AM 

Time of sleeping in the evening 89.7% after 10 PM 

Diet 93.3% all inclusive diet 

BMI 53.4% BMI 18.5 - 24.9 

Physical activity 72.1% no physical activity 

Body shadow and vitamin D skin synthesis 66.9% were informed 

Unprotected parts of the body exposed to the sun 23.7%, arms and legs 

Timetable of exposure to the sun 34.6% of participants during 12:00-15:00 alone or in 

combination with other timetables 

Lunch break out during the week Only 36% of them more than twice a week 

Duration of sun exposure of uncovered parts of the 

body 

25.7% exposure until the skin feels warm but does not 

burn 

Sunscreen use in summer 5.9% used sunscreen after the skin was felt warm 

13.2% did not use sunscreen at all 

Motive of vitamin D analysis 61.5% were not prescribed by doctors or dentists 

Season when the first analysis was done 24.3% autumn and 22.1% winter 

Vitamin D supplements 94.1% vitamin D supplements alone or with other 

supplements 

Supplements of vitamin D recommended by doctors 70.3% 

Supplement dosage 400-50 000 UI

Other supplements Magnesium in 85% of responders 

Population characteristics and vitamin D levels 

The mean age of the population was 32±12.6 (min 15, max 74) years old. The group of participants reporting 

never having done vitamin D analysis was of statistically significant younger age (30.3±12.4 (min 17, max 73)) than the 

groups reporting vitamin D analysis (p<0.001). Among the groups of self-reported vitamin D levels, it was observed a 

tendency of younger ages presenting deficient (35.2±11.9 (min 17, max 67)) and insufficient (35.4±12.5 (min 17, max 
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74)) vitamin D levels compared to the normal values group [40.7±12 (min 19, max 72)], but it did not reach statistical 

significance (Fig. 1).   

Fig. 1. Vitamin D values in relation to age. Age is presented in years. Vitamin D levels in numerical codes as follows: (1) 

Not measured before, (2) Measured and the values are ≤ 20 ng/ml, (3) Measured and values are between 21- 29 ng/ml, 

(4) Measured and values are ≥30 ng/ml, (5) Measured and the values are ≥100 ng/ml, and (6), Measured, but do not

remember the value.

The participants were mainly females (76.6%). Even among self-reported vitamin D analysis, female gender was 

the predominant one (86% from 302 responders). Female gender was significantly associated with higher prevalence of 

vitamin D deficiency (90.4 % F, 9.6% M; p<0.001) and insufficiency (83.8 % F, 16.2% M; p<0.001) compared to male 

participants. Both gender, had a low percentage of participants with levels of vitamin D higher than 30 ng/ml (within 

gender group: 14.2% F, 23.8% M).  

The professions reported were different, mainly indoor professions and “Student” represented the larger portion 

(23.4%, 233 from 995 responders to the question). No association with vitamin D levels and professions were observed.  

According to Fitzpatrick scale, the skin type of the participants allocated to the first five types of skin. The most 

prevalent (39.9%) type of skin was Fitzpatrick skin type 3, medium white to olive which sometimes mildly burns and 

gradually tans to olive, followed by type 2 which usually burns and tans with difficulty (31.9%) and type 4 rarely burning 

and tanning easily to a moderate brown (19.2%). No statistically significant differences were observed between different 

skin types and levels of vitamin D.  

 Lifestyle and vitamin D levels 

Among the responders, 82.9% reported waking up after 6 AM in the morning and 93.3% slept after 10 PM. 

Overall, 94.6% (953 from 1007) of the participants have a full diet including vegetables and meat, presenting a healthy 

body index in 51.4% of responders and 14.5% obesity body index. Most (66.3%) of the population did not report doing 

any physical activity (stretching, gym, yoga, etc.). None of the aforementioned factors appear to differ significantly among 

the different reported vitamin D levels.  

Sun exposure habits and vitamin D levels 

Only 40.3% of participant could expose to the sun during noon alone or in combination with other timetables 

from March to October, when the length of the shadow could be shorter than the length of the body. The percentage of 

responders’ sun exposing during 12:00-15:00 was comparable between deficiency, insufficiency and normal vitamin D 

level groups, (34.6%, 31.6 %, and 29.7%, respectively). When the timetables were observed within the vitamin D level 

groups, the most prevalent sun exposure was from 15:00 to 19:00 PM (38.2% deficiency, 47.9% insufficiency and 53.2% 

normal vitamin D level groups).  

Most of the participants (70.8%, 715 from 1010) knew that vitamin D synthesis at skin level happens when the 

body shadow is shorter than the real length of the body. However, the percentage of participant with this knowledge within 
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self-reported vitamin D deficiency group, was significantly lower compared to other groups (deficiency 66.9%, 

insufficiency 77.6%, and normal vitamin D level 93.3%; p<0.001).  

Overall the majority of total responders had the opportunity to expose at least 30 minutes per day and only 22% 

expose to the sun less than 10 minutes. A small part, 27.9% of the participants responded that the exposure of uncovered 

parts of the body in the sun was extended until the skin felt warm, but did not burn. Within the group of vitamin D 

deficiency the percentage of participants with less than 10-minute sun exposure was significantly higher than in normal 

vitamin D values group (deficiency 36%, normal 18.8%; p<0.001).    

Regarding the frequency of sun exposure during the week, only 38.1% (386 from 1013) could have a lunch break 

out more than twice a week (the minimum frequency for sun exposure and vitamin D synthesis). No statistically 

significant difference was observed among vitamin D level groups.  

The most common parts of the skin surface exposed unprotected to the sun, were arms and legs in 32.2% (326 

from 1011). The vitamin deficient participants did not present any significant different distribution from participants with 

higher levels of vitamin D.   

During summer vacations, 88.6% (898 from 1013 participants) reported using sunscreen. However, only 7.8% 

used sunscreen after the skin exposed gets warm and most of them used sunscreen before exposure.  

Vitamin D levels and supplements 

Overall 53.6% of participants reported taking vitamin D supplements alone (40.1%) or with other supplements 

(13.5%). Authors observed that vitamin D supplements were reported to be assumed even when the analysis have not 

been performed and the participants did not know what level of vitamin D they had (25.2% of participants reporting not 

having done vitamin D analysis) and when the levels of vitamin D where in insufficient level and even normal levels. 

Almost all responders (94.1%) from self-reported vitamin D deficiency were taking supplements of vitamin D alone or 

with other supplements. 

Only 54% of participants were taking supplements prescribed by doctors, while 46% (250 from 543 participants 

responding to this question) were taking self-determined supplements.  

Tablets or gelatin were the most commonly reported form of vitamin D supplements (81.8% of the 544 

participants responding to the question). 

The dosage varied from 200 UI to 50 000UI with the most frequently reported dose being 2000 UI (17.3% from 

510 participants responding to the question). Overall, 38.2% (from 510 responders) did not remember the dose.  

Magnesium was the most frequently reported supplement (85%) used with vitamin D alone or in addition to 

Calcium (32%) and Vitamin K2 (34.1%).  

After supplementation 251 participants had repeated vitamin D analysis for a reevaluation. Vitamin D levels 

reported after supplementation allocated to insufficiency and deficiency group in 50.6% and 35.7% of the responders, 

respectively. A summary of vitamin D supplementation is provided in Table IV.  

Table IV. Vitamin D supplementation. 

Category Data 

Participants taking vitamin D supplements 53.6% (40.1% alone, 13.5% with other supplements) 

Participants with self-reported deficiency taking supplements 94.1% 

Participants taking supplements without prior vitamin D analysis 25.2% of participants 

Participants taking supplements at insufficient or normal vitamin D levels Yes, observed by authors 

Prescribed vs. self-determined supplementation 
54% prescribed by doctors, 46% self-determined (250 

of 543 respondents) 

Most used form of vitamin D supplements 
Tablets or gelatin (81.8% of 544 respondents, 68.8% of 

128 respondents with deficiency) 

Dosage range 200 UI – 50,000 UI 

Most used dosage 
2,000 UI (17.3% of 510 respondents, 24.8% of 121 

with deficiency) 

Participants who responded with time/duration instead of dosage 38.2% of 510 respondents 

Minerals used in combination with vitamin D 
- Magnesium: 85% (alone or with Calcium/Vitamin

K2)
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Category Data 

- Calcium: 32%

- Vitamin K2: 34.1%

Participants who repeated vitamin D analysis after supplementation 251 participants 

Vitamin D levels after supplementation 50.6% in insufficiency, 35.7% in deficiency group 

DISCUSSION 

The primary aim of the present survey was to evaluate the quality of information on sun exposure related to 

vitamin D and observe the level of vitamin D and supplementations in the population of Albania. Authors hypothesized 

that improper sun exposure and supplementation could influence the prevalence of vitamin D deficiency in this 

population.  

In the present study, the prevalence of self-reported vitamin D deficiency was 45% comparable to recent studies 

reporting a prevalence of 44% (33) and 47.5% (34) for vitamin D deficiency in Albania. This prevalence could have been 

influenced by the fact that the reported seasons of vitamin D analysis were mainly winter and autumn, when vitamin D 

levels usually fall (4). From October to March, the part of Europe located above 40 degree North (north to Madrid), lack 

a sufficient sun radiation (UVB 290-320 nm) to start the synthesis of vitamin D at the skin level (38). On this regards, 

Albania is situated between latitudes 39o 38’ - 42o 38’, but most of the population in the survey (72%) reported living in 

Tirana (Albanian´s capital city) located at 41 grades (39). Being aware of the influence the specific geographical position 

has on vitamin D synthesis, at population level the information could be oriented toward a more sensible sun exposure 

from March to October and professionally guided supplementation use from October to March.  

Photobiology laboratory studies suggest that the equivalent 10 000-25 000 IUs of vitamin D can be synthesized 

from UVB irradiation in individuals wearing a bikini in peak July sun (40) after exposure of 1 minimal erythemal dose 

(MED), or the minimum quantity of UVB that induces a slight erythema 16–24 h post exposure (41), suggesting that sun 

exposure is the most significant source of vitamin D. “Sensible sun exposure” is practiced for an efficient (cutaneous 

vitamin D synthesis) and safe sun exposure preventing photo ageing and skin cancer (42-44). Accepted and reconfirmed 

general indications for a sensible sun exposure are: at least 18% of exposed and unprotected (sun cream) skin surface 

(based on the rule of nine), exposed when the body shadow is shorter than the real body length (the proper UVB 

wavelength for Vitamin D initiation), until the skin is warm-felt (the conclusion of the reaction in epidermis) but does not 

burns, at least twice a week (3, 45). The “rule of nines” helps to estimate the percentage of skin exposed to sunlight or 

UVB radiation and can be used to calculate the amount of vitamin D3 being produced. The face accounts for 9% of the 

body surface, each arm for 9%, each leg for 18%, and the abdomen and the back for 18% each (46,47). Regarding sun 

screening, it is more effective if used after a feeling of warmth in an exposed skin, so that vitamin D synthesis is completed 

at skin´s level, and sun screen could protect the skin during further exposure (48). It is comprehensible that all these 

indications should be full filled simultaneously, in order for a vitamin D synthesis to initiate and conclude.  

In the present population during March to October, the most common uncovered parts of the body exposed to 

the sun were reported to be upper body and legs, assuming it easily reaches an 18% skin exposure, at least. The information 

on the relationship of body shadow length and duration of sun exposure until warmth of the skin for vitamin D synthesis 

was not diffused in the entire population, with prevalence in vitamin D deficiency group compared to other groups. Only 

38.1% of the population could/would have lunch breaks at least twice a week, influencing the minimal exposure during 

the week for vitamin D synthesis and stable blood levels. Furthermore, during sun exposure on beach, only 7.8% of 

persons used a sunscreen protection after the skin was felt warm. Given the aforementioned self-reported sun exposure, 

the indications for a sensible sun exposure where not fulfilled in the entire population. Accordingly, it is obvious the 

necessity for a clear and practical guide on a sensible sun exposure in relation to vitamin D synthesis at national level 

from the state institutions responsible for of public health and prevention.  

Sun exposure and vitamin D synthesis are affected by a variety of factors apart from those related to geographical 

position and climate such as; skin type, age, pollution, obesity, physical activity and diet. In the present population, none 

of the aforementioned variables was shown to have a clear association with deficiencies related to vitamin D. However, 

based on the following lifestyle characteristics of the present population authors suggest that an inclusion of each variable 

in a sensible sun exposure national guideline in order to promote a healthier lifestyle and to raise the awareness of 

individual characteristics and adaptation towards promoting the synthesis of vitamin D.     
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The predominant self-reported skin type in Albanian population was type II and III. Darker skin needs larger 

doses of UV radiation in order to produce a similar vitamin D amount that lighter skins need, due to higher levels of 

melanin in darker skins types and the barrier it creates for UV absorption for vitamin D precursor 7-DHC(7-

Dehydrocholesterol) (48). Alagöl et al., (2020) showed that 30 min of sunlight exposure, on light skin did convert 3% of 

cutaneous Vitamin D precursor into pre-vitamin D3, meanwhile the dark skin 0.3% (49). 

The high prevalence of vitamin D deficiency and insufficiency in the present population might be related to air 

pollution, as well (50-53), that brings to attention that we are not insulated from environment we live in. Urbanization in 

big cities is considered as a factor that may affect vitamin D levels. It has been observed that the levels of vitamin D are 

better in rural areas compared to urban areas, in Mexico, Malaysia, South Africa and Korea, overpassing in importance 

even the impact that BMI could have on vitamin D levels (54). 

In the present group study, most of the population reported an all-inclusive diet, little physical activity and a 

healthy body index, none of which seemed to differ among vitamin D levels. However, absence of outdoor activities and 

a sedentary lifestyle have a direct (limited sun exposure) and indirect (overweight and obesity) influence. In UK it was 

observed that the deficiency of Vitamin D was increased in adolescent females due to lack of outdoor activity (55). In 

addition, in a study made in Japan it was observed that men who had outdoor occupations and physical activity were less 

affected by vitamin D decreased levels (54). Obesity and overweight are related to many diseases and endocrine problems 

and evidence support the relation with vitamin D levels (56). The 35% and 24% higher prevalence of vitamin D deficiency 

in obese and overweight individuals, compared to normal weight individuals is assumed to be related to a larger volume 

of adipose tissue that sequester vitamin D, reducing its availability in circulation (57). Furthermore, obese people tend 

towards indoor lifestyle with a reduced sun exposure and lack of physical activity, this last necessary for the vitamin D 

entering in the blood circulation, particularly in winter season (8). Even vitamin D supplementation is influenced by 

obesity as it has been reported that an equal dose of vitamin D supplementation, obese individuals had 25(OH)D levels 

that were 15.2 ng/mL (38 nmol/L) lower than lean individuals while obese children had 45% lower circulating 25(OH)D 

than normal-weight children despite normal intake (58).  

Younger age participants in the questionnaire presented a lower rate of vitamin D analysis and higher rate of 

insufficiency and deficiency vitamin D levels. This in accordance with other studies showing that young adults have an 

equal to greater risk of vitamin D deficiency and insufficiency than do older adults, especially during the winter (59-61). 

Possible explanations and areas when it is necessary to intervene could be: limited exposure to sun due to study and work 

hours; a more careless and sedentary lifestyle; and a sense of self confidence towards health issues. Evidence show that 

elder adults skin produces less vitamin D to sun exposure than young adults and overall the activation by liver and kidney 

is slowed down, however, sun exposure following the proper guidelines can induce appropriate vitamin D level until 120 

years old of age and remains the best e most convenient way of vitamin D synthesis at any age (42,56). Thus, age per se 

does not determine the deficiency level of vitamin D, but it is more like a common factor for certain behaviors that needs 

change towards a healthier form.   

Females presented significantly more vitamin D deficient levels than men. This difference should be interpreted 

with caution in the present survey given the fact that female participants were the predominant group with almost one 

third of the entire population. The higher prevalence of deficiency and insufficiency among females might be related to 

the fact that females tend to have a limited sun exposure due to cultural mentality (men tend to do more outdoor activities), 

use of make-up and fear of wrinkles, sun strains and various esthetic reasons. However, evidence show different result 

and some contradictory about gender influence, reporting a more prevalent vitamin D deficiency among men than women 

(56) and in other studies no influence at all (51).

Along with sun exposure, vitamin D supplementation was evaluated particularly during October to March period 

in the specific region of investigation. To authors surprise, only 29. 6% and 3.4% of the self-reported vitamin D analysis 

were prescribed by doctors and dentists, respectively. This could be related to collective mentality, where the words spread 

from one individual to the other have a greater weight. On the other hand, it could be a sign of neglected importance of 

vitamin D levels from doctors and dentists’ side. To overcome both aspects, accurate promotion for the vitamin D health 

relevance is needed addressed to general population and the health professionals especially dentist.     

Almost half of participants reported taking Vitamin D supplements alone or in combination with other 

supplements, mostly with magnesium. The combination of vitamin D supplements with magnesium is based on the 

evidence that vitamin D activating enzymes and binding protein both utilize magnesium as a cofactor and it has been 

shown that magnesium supplementation independently can increase serum 25(OH)D concentrations (62). The self-

reported deficiency group presented a 94.1% of supplementation. Various vitamin D forms, dosages, combination with 

other supplementation were observed. This reflects the worldwide lack of consensus on the matter (63). However, 
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supplementation despite lack of vitamin D analysis or deficiency levels were noticed, emphasizing the importance of 

providing a guideline for the population on vitamin D supplementation.  

From the most recent consensual statement on vitamin D supplementation recommendations are summarized as 

following (6). The preferred form, route of administration, frequency and dose of administration are: cholecalciferol, oral 

administration with fat containing meals, daily doses of 400 to 1000 IU/day (10-25 μg) for infants aged up to 1 year, 600 

to 1000 IU/day (15-25 μg) for children older than 1 year and 400 to 800 IU per day with the tolerable upper intake level 

at 4000 IU per day for adults to treat and prevent vitamin D deficiency (6, 9, 64-66). The oil-containing gel capsules form, 

oily drops, and hard powder tablets have no strong evidence on superiority, however, powder tables seemed to be better 

absorbed in cases of intestinal fat malabsorption, such as in cystic fibrosis (67). 

Parenteral administration should be reserved for special clinical situations (severe gastrointestinal malabsorption 

syndromes or after bariatric surgery). Regarding the alternative forms and metabolites used for vitamin D 

supplementation, Calcifediol could be recommended in patients with obesity, malabsorption syndromes, CYP2R1 

dysfunction, or in situations in which a quick, rapid achievement of vitamin D sufficiency is desirable; Calcitriol use 

should be limited for patients with limited/absent renal tubular 1-α-hydroxylase activity and in vitamin D–resistant rickets 

type 1, X-linked hypophosphatemic rickets, and chronic hypoparathyroidism.  

In the consensus there were no guidelines on additional supplementation with minerals and other vitamins. Apart 

from the aforementioned magnesium, calcium and vitamin K2 have been studied as adjunctive supplements to vitamin D 

supplementation. Current evidence supports the fact that joint supplementation of vitamins D and K, particularly if 

combined with calcium, might be more effective than the consumption of either alone for bone and cardiovascular health 

(68). 

Overall, when supplementation and sun exposure are compared, vitamin D3 produced in the skin last 2–3 times 

longer in the circulation with 100% of it potentially bounded to the vitamin D binding protein, while vitamin D3 ingested 

from the diet or supplement gets incorporated into chylomicrons then transported into the lymphatic system and then into 

the venous system were approximately 60% of the vitamin D3 is bound to the vitamin D binding protein (5). Furthermore, 

during exposure to sunlight after previtamin D3 is produced, UVB radiation transforms it in two major photoproducts, 

lumisterol 3 (L3) and tachysterol 3 (T3) that may have anti-tumor effects in the skin (69-71). Therefore, sensible sun 

exposure may have some additional benefits above and beyond simply taking a vitamin D3 supplement or ingesting 

vitamin D3 from dietary sources and remains the best and more affordable and ecologically sustainable way of vitamin 

D production at any age, gender, skin type and geographical latitudes (5, 42).  

The main limits of the present study are the lack of representativeness (most of the participants are females), the 

reliability of self-reported information, the lack of interaction with the individuals that completed the questionnaire to 

further investigate the responses given, and the lack of verification of reported information. However, the aim of the 

present survey was to investigate Albania´s population exposure to sun in an everyday lifestyle in order to promote 

changes that could be beneficiary for oral and general health of the entire population.  

CONCLUSIONS 

Within the limitations of this study, it can be concluded that the surveyed population exhibited a significant level 

of vitamin D deficiency (45%). Moreover, most individuals did not adhere to recommended practices for sensible sun 

exposure in their daily routines. 

The findings of this survey support the development of a policy paper directed to the Albanian Ministry of Health, 

emphasizing the urgent need for national guidelines. These guidelines should provide accurate, evidence-based 

recommendations for safe sun exposure and vitamin D supplementation. Importantly, they should be tailored to specific 

factors such as age group, body weight, skin type (ethnicity), and geographical location (latitude), in order to improve 

vitamin D status and, in turn, promote better oral and general health outcomes. 
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ABTRACT 

 

Navigating and treating the calcified root canals is considered a challenge in endodontics. Ultrasonic active 

irrigation has been shown to increase the cleaning efficacy of root canal therapy and reciprocating file systems, which 

offer high flexibility and resistance to cyclic fatigue, making them effective in navigating canals with complex anatomy. 

This report describes two clinical cases in which a combination of ultrasonic tips and Zen Flex files successfully managed 

a severely calcified canal system. Two cases were presented. In the first case, the left maxillary second molar with a deep 

occlusal-lingual amalgam restoration (over 15 years old) and recurrent caries was treated. The tooth was tender on 

percussion and negative to palpation. Cold tests and electric pulpal testing showed a delayed response, suggesting 

irreversible pulp damage. Three root canal orifices were located: mesiobuccal (MB), distobuccal (DB), and palatal (P). 

The calcification in the pulp chamber was scraped using an ultrasonic tip; there was a line connecting the MB orifice to 

the palatal orifice. Hence, a DG-16 explorer was used to confirm the presence of the canals. The working lengths of all 

canals were estimated by means of an electronic apex locator: 21 mm in MB, 23mm in DB, and 22.5 mm in P canal. A 

glide path was prepared, starting with size 6 C-Files to size 15, 0.02 taper, followed by irrigation with 17% EDTA and 

endodontic active irrigation for 1 min in each canal. Rotary instrumentation with NiTi ZenFlex™ ONE Reciprocating 

File System Primary Size for all canals was used. Irrigants were then activated. The canals were dried with paper points. 

Cone fit was checked for apical tug back to the respective working lengths. All three canals were obturated using a single-

cone technique with the Gutta-Percha of corresponding sizes of the rotary files (warm vertical compaction technique). 

The access cavity was restored with flowable resin on the orifices and Z250 XT A2. On the same visit, occlusion was 

checked and followed with X-rays. The second case involved the right maxillary second molar with a deep occlusal 

amalgam restoration done more than 20 years before, and recurrent caries. The tooth was tender on percussion and 

negative to palpation. Cold tests and electric pulpal testing showed a delayed response, suggesting irreversible pulp 

damage. Treatment was performed in the same manner as previously described. The combination of ultrasonic active 

irrigation and Zen flex reciprocating files provides an effective way to manage calcified canals. Ultrasonic irrigation 
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enhanced irrigant penetration and improved the removal of smear layers from root canal walls. This approach minimizes 

the risk of procedural errors and improves the debridement and optimal obturation. 

 

KEYWORDS: endodontics, ultrasonic device, reciprocation files, calcified canals, case report 

 

INTRODUCTION 

 

Navigating and treating the calcified root canals is considered a challenge in endodontics, especially when the 

calcification obstructs the orifices. Calcifications can also increase the chance of having iatrogenic errors, which include 

but are not limited to perforation or even instrument separation. With those complications, the proper cleaning and shaping 

of the calcified canals would be complicated (1). On the other hand, failure to manage calcified canals can decrease the 

chance for success of root canal treatment, which can lead to persistent infections. 

Cleaning and shaping of the root canal is initiated by creating a cavity form that allows root canal instruments 

and irrigants to easily access the canal space, creating a tapered funnel shape to achieve optimal final irrigation, and 

eventually creating a hermetic seal for obturation. Irrigation acts as a flush to remove debris from the root canal, which 

includes organic and inorganic materials, as a bactericidal agent, and, on top of that, it serves as a tissue solvent and 

lubricant for the canals (2, 3). 

Although different irrigants are used for dissolution of the tissue and removal of the smear layers from the pulpal 

walls, the efficacies of these irrigants are combined with activation techniques or tools (4). Activation techniques include 

simple ways starting from manually dynamic activation with metallic instruments, moving with thermal activation by 

warming up the irrigation solutions, to moving with passive or active ultrasonic activation, negative pressure irrigate 

activation, and using laser-assisted activation (5). 

Debridement and disinfection of the root canal system are critical to the success of endodontic treatment, as the 

irrigant must penetrate areas inaccessible to mechanical instrumentation. Several authors have demonstrated that sonic 

and ultrasonic irrigation performed for 30 seconds achieves significantly better cleaning of the root canal system than 

manual filing (6). The efficiency of irrigant penetration and distribution can be evaluated by artificially creating lateral 

canals, as shown in previous studies assessing the effectiveness of passive ultrasonic activation in removing the smear 

layer (7, 8). 

Ultrasonically activated irrigation has been shown to improve the cleaning efficacy of root canal therapy by 

enhancing the penetration and activation of irrigating solutions in areas that are difficult to reach with conventional 

techniques (9). In addition, reciprocating file systems, such as Zen Flex Files, offer high flexibility and resistance to cyclic 

fatigue, making them effective for navigating complex canal anatomy (10). 

This report describes two clinical cases in which a combination of ultrasonic tips and Zen Flex files successfully 

managed a severely calcified canal system. 

 

CASE REPORT 1 

A 58-year-old African American female presented to the Endodontics Special Care Unit at the Missouri School 

of Dentistry and Oral Health with spontaneous pain in the upper left maxillary region, which was exacerbated by cold 

drinks. The patient’s medical history was noncontributory (ASA Class I). Clinically, the left maxillary second molar 

exhibited a deep occlusal-lingual amalgam restoration placed more than 15 years ago, with recurrent caries. The tooth 

was tender to percussion but negative to palpation. Periodontal probing revealed normal sulcular depths, with no pockets 

or pathological mobility. Pulp sensibility testing with Endo-Frost (Coltene, Switzerland) and an electric pulp tester elicited 

a delayed response, indicating irreversible pulpal damage. The preoperative periapical radiograph showed a deep occlusal-

lingual amalgam restoration approaching the pulp chamber, along with widening of the periodontal ligament space around 

the apex of the left maxillary second molar. Based on these findings, a diagnosis of symptomatic irreversible pulpitis with 

symptomatic apical periodontitis was established. 

After clinical and radiographic examination, nonsurgical endodontic treatment was planned for the upper left 

second molar. Informed consent was taken from the patient. The patient was then administered 2% lidocaine with 

1:80,000 epinephrine (Henry Schein, U.S.A.) to achieve local anesthesia. Rubber dam isolation was performed, and an 

access opening was created using an Endo Access Bur (Dentsply Sirona, U.S.A.). On clinical evaluation of the pulp 

chamber, three principal root canal orifices were located: mesiobuccal (MB), distobuccal (DB), and palatal (P). The 

calcification in the pulp chamber was scraped using an ultrasonic tip (ED3D, DTE, China) (Fig. 1); a line connecting the 

MB orifice to the palatal orifice was noted. Hence, a DG-16 explorer (Dentsply Sirona, U.S.A.) was used to confirm the 
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presence of the MB, DB, and P canals. The entire procedure was done under magnification using a dental microscope 

(Global, U.S.A.). 

 

 

 

The working lengths of all canals were estimated by means of an 

electronic apex locator (J Morita Root ZX II, U.S.A.) and were found to be 21 

mm in MB, 23mm in DB, and 22.5 mm in P canal, respectively, which was 

then confirmed radiographically using different angulations. Glide path was 

prepared starting with size 6 C-Files to a size 15, 0.02 taper in all five canals 

using stainless steel hand (DENTSPLY Maillefer – U.S.A.) (Fig. 2), followed 

by irrigation with ethylenediaminetetraacetic acid (EDTA) 17% (Vista Apex, 

U.S.A.) (Fig. 3) and endodontic active irrigation using Endo 3 Ultrasonic Endo 

Activator Device (Woodpecker, China) (Fig. 4) for 1 min inside each canal. 

 

Fig. 1. Ultrasonic tip (ED3D). 

 

 

 
Fig. 2. C-Files 08 to a size 15, 0.02 taper.                  Fig. 3. EDTA 17%.              Fig. 4. Ultrasonic endo activator device.  

     

 

Rotary instrumentation with NiTi ZenFlex™ ONE Reciprocating File System Primary Size for all canals (Kerr 

Corporation, U.S.A.) (Fig. 5) was performed. The canals were irrigated with one milliliter of 6% sodium hypochlorite 

(NaOCl) (CanalPro NaOCl, USA) (Fig. 6) after each instrument change. An Endo 3 Ultrasonic Endo Activator Device 

(Woodpecker, China) was selected that fit loosely within 2 mm of the working length and was activated using a pumping 

motion in short 2-mm strokes for 1 min. Normal solution was used to flush out the NaOCl, followed by 17% EDTA (Vista 

Apex, U.S.A.) for smear layer removal. A 30-gauge lateral vented needle was used for irrigation, slightly short of the 

working length so it did not bind in the canal. Irrigants were then activated by an Endoactivator. The canals were dried 

with paper points. Cone fit was checked for apical tug back to the respective working lengths. All three canal walls were 

then coated with Endosequence BC Sealer (Brasseler, U.S.A.) (Fig. 7), and obturated using a single-cone technique with 

the Gutta-Percha of corresponding sizes of the rotary files ZenFlex™ ONE Reciprocating File System Primary Size were 

used. Obturation of the canal was performed using warm vertical compaction technique by means of a gutta-Smart 

Cordless Obturation (Dentsply Sirona, U.S.A.). The access cavity was restored with Filtek Z350 XT Flowable A2 on the 

orifices (3M ESPE, U.S.A.), and Z250 XT A2 Compules (3M ESPE, U.S.A.). 
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Fig. 5. ZenFlex™ ONE reciprocating file.                    Fig. 6. NaOCl 6%.                              Fig. 7. BC sealer. 

 

 

In the same visit and occlusion was checked. Patient got dismissed and advised to have a crown on the next 

dental visit. Pre-operative (Fig. 8), intra-operative (Fig. 9), and post-operative Xray were performed (Fig. 10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. 

 

 

 

 

 

 

 

 

 

Fig. 10. Post-operative P.A. radiograph. 

 

 

 

 

 

 

Fig. 8. Per-operative P.A. radiograph showing 

calcification. 

 on tooth #15. 

 

Fig. 9. Master cone fit P.A. radiograph on tooth #15. 
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CASE REPORT 2 

A 68-year-old African American male patient reported to the Endodontics Special Care Unit at the Missouri 

School of Dentistry and Oral Health with pain in her upper left maxillary region, which was spontaneous and aggravated 

with cold drinks. The patient's medical history was ASA Type 1. Clinically, the right maxillary second molar had a deep 

occlusal amalgam restoration for more than 20 years with recurrent caries. The tooth was tender on percussion and 

negative to palpation. Periodontal probing around the tooth showed a normal sulcular depth, with no pockets or pathologic 

mobility. Cold tests (Endo-Frost, Coltene, Switzerland) and electric pulpal testing showed a delayed response, suggesting 

irreversible pulp damage. The preoperative intraoral periapical radiograph revealed a deep occlusal-lingual Amalgam 

Restoration approaching the pulp chamber with a widened periodontal space around the apex of the upper right second 

molar. Hence, a diagnosis of symptomatic irreversible pulpitis with symptomatic apical periodontitis was made. The exact 

same material and method used in case 1 were used in case 2. Pre-operative (Fig. 11), intra-operative (Fig. 12), and post-

operative were performed (Fig. 13). 

 

 
Fig.11. Pre-operative P.A. radiograph of tooth #2.                         Fig. 12. Cone fit P.A. radiograph of tooth #2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Post-operative P.A. radiograph of tooth #2. 

 

 

DISCUSSION  

 

Negotiation of calcified canals presents an important challenge in root canal treatment due to the canal blockage 

by deposit of calcification, which can interfere with cleaning and shaping procedure (11). The calcifications canals in 

older patients or with teeth that have a long-standing restoration can lead to procedural complications, which can include 

perforation, ledging, or even instrument separation (12). In both case reports presenting, the ultrasonic activation and Zen 

Flex reciprocation files were used to address these challenges, providing evidence of efficiency of these tools in navigation 

and treating calcified canals. 
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The traditional irrigation method showed lower effectiveness than Ultrasonic Activation irrigation in cleaning 

complex root canal anatomy (13). 

In this case report, we used Ultrasonic active irrigation with sodium hypochlorite and EDTA irrigants as a 

successful approach in removing the calcifications related to root canal, which was an effective way to manage the 

calcified canals, which also aligns with previous studies that have shown the superior cleaning action using ultrasonic 

active irrigation compared with manual techniques (14). Lateral canals and isthmuses are usually difficult to reach without 

ultrasonic active irrigation, which creates acoustic streaming and cavitation (15). 

Sonic devices operating at frequencies below 3 kHz generate a flow of irrigants via cavitation and acoustic 

streaming, which cleans surfaces. The higher frequency of ultrasonic devices increases the velocity of irrigants compared 

with sonic activation (16,17). 

In both cases, Zen Flex Reciprocating files, size 25 and taper 0.06, were used for root canal shaping. 

Reciprocating files have shown great cyclic fatigue and flexibility, which makes them an ideal file for navigation of 

complex cases (18). The second molar had root canal treatment using Zen Flex files because of their flexibility (19). 

The combination of ultrasonic irrigation and the Zen Flex File system proved effective in removing the smear 

layer and achieving adequate canal debridement. In both cases, EDTA was used to remove the smear layer, allowing 

sodium hypochlorite to enhance its antibacterial effects and improve obturation sealability (20). The combination of 

ultrasonic irrigation and EDTA has been shown to significantly enhance smear layer removal from canal walls, 

particularly at the apical third, where calcifications and debris are most likely to accumulate (21). 

The cases presented provide clinical evidence supporting the use of ultrasonic irrigation combined with Zen Flex 

Files in the management of calcified canals. The ability to navigate calcified canals without causing iatrogenic errors 

significantly reduces the risk of failure in root canal treatment, given that older patients are usually more likely to present 

with complex canal anatomy (22). 

The combination of ultrasonic activated irrigation and reciprocating file systems provides clinicians with an 

effective approach to navigating calcified canals, thereby enhancing the likelihood of long-term treatment success. 

 

CONCLUSIONS 

 

The combination of ultrasonic active irrigation and Zen flex reciprocating files provides an effective way to 

manage calcified canals in the presented cases. Ultrasonic irrigation enhanced the irrigant penetration and improved the 

removal of smear layers in the root canal walls. This approach minimizes the risk of procedural errors and improves the 

debridement and optimal obturation.  
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ABSTRACT 

 
Partial maxillectomy is a complex surgical procedure, often required in the management of malignant tumors of 

the maxillofacial region. Although tumor resection is essential, the resulting palatal defect can lead to significant 

functional and aesthetic impairment. Prosthetic rehabilitation with an obturator prosthesis is a key strategy for restoring 

oronasal separation and improving quality of life. We present a case of a 74-year-old patient who underwent partial 

maxillectomy 18 years earlier for polymorphous hard adenocarcinoma. The patient presented with an unstable and 

discolored palatal obturator requiring relining. The maxillary defect was classified as Aramany Class II (2.5 x 1.5 cm). 

With prior written consent, a new obturator prosthesis was designed using a five-stage protocol. The new device was 

intended both to serve as a temporary prosthesis during the relining of the previous one and as a support in the event of 

damage or loss. The prosthesis produced showed excellent adhesion and aesthetics. At the first follow-up visit, one month 

after delivery, and at subsequent visits, the patient reported satisfactory functional (chewing, swallowing, phonation) and 

esthetic results, and the prosthesis demonstrated good retention and fit, in addition to a positive evaluation of no longer 

having much metal in the mouth. A well-planned and executed obturator prosthesis can restore good function and esthetics 

even many years after maxillary surgery. Key elements for success include customized design, structured clinical and 

laboratory protocols, attention to maintenance, and patient support. Long-term follow-up remains essential to evaluate 

retention stability, tissue health, oral function, quality of life, and oncological surveillance. In more complex cases, digital 

planning, implant support, or hybrid surgical-prosthetic reconstruction may represent advanced therapeutic solutions. 

 

KEYWORDS: maxillectomy rehabilitation, obturator prosthesis, prosthetic maintenance, acrylic resin 

 

INTRODUCTION 

 
According to the 2022 Global Cancer Observatory research, oral cancers rank sixteenth in incidence and fifteenth 

in mortality among all cancers. The incidence is highest in the regions of Melanesia, Central and South Asia, Australia 

and New Zealand, while mortality is higher in the regions of Melanesia, Central and South Asia and Eastern Europe (1). 
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In the Italian population, head and neck cancers represent 5% of all neoplasms, of which 90% are oral squamous cell 

carcinomas, involving the hard and soft palate in 13% of cases (2).  

Partial maxillectomy represents a complex surgical procedure necessary in the treatment of malignant neoplasms of 

the maxillofacial district, in particular of the maxillary sinus and hard palate (3-6).The primary goal of treatment is 

complete eradication of the disease, but partial removal of the maxilla carries significant functional and aesthetic 

consequences, largely due to the presence of the palatal defect. Major post-surgical complications include oro-nasal 

communication, leading to difficulties in swallowing and phonation, as well as alterations in facial aesthetics and dental 

occlusion (7-8). The resulting deterioration in quality of life can lead to serious outcomes such as economic failure, social 

problems, depression, and even suicide (9-10).  

Management of oro-nasal communication can be surgical or prosthetic and depends on the size of the defect, the 

patient's age, and comorbidities (11). The surgical approach with the use of free flaps can achieve superior functional and 

quality of life results compared to the prosthetic approach (12), but in many cases the palatal obturator is the preferred 

therapeutic option for clinical and functional reasons, such as the risk of recurrence of the tumor, the high cost and the 

need for a second surgical intervention (13). Furthermore, the failure rate of closing palatal defects with local tissue is 

high, up to 20% (14). Prosthetic rehabilitation plays a fundamental role in improving the quality of life of these patients 

by restoring compromised physiological and social functions.  

The obturator prosthesis, in particular, serves to separate the oral and nasal cavities, restoring anatomical continuity 

and promoting correct phonetic articulation, swallowing, and chewing (15). There are three types of palatal obturators 

used, depending on the stage of the patient after maxillary surgery. The surgical obturator is used immediately after the 

creation of the maxillary defect and its fabrication, favoring simplicity, lightness, and protection of the healing tissue. The 

temporary obturator is used after the initial healing period, and the prosthodontist's goal is to approximate the palatal 

defect, provide patient comfort, and promote healing. The definitive obturator is used after the defect has become stable, 

for long-term restoration, and the main functional goal is to achieve stability and retention (16-17).  

Over time, the construction techniques of obturator prostheses have evolved, moving towards highly customized 

definitive devices that account for post-operative tissue changes and the long-term stability of the residual tissue. The 

design of a definitive obturator prosthesis requires a multidisciplinary approach involving maxillofacial surgeons, 

oncologists, prosthodontists, and expert laboratory technicians (18-19). In this clinical case, we describe a second 

definitive prosthetic rehabilitation of a patient who underwent partial maxillectomy for malignant adenocarcinoma, 

illustrating the clinical phases of the treatment, the design choices adopted, and the functional and aesthetic results 

obtained. 

 

CASE REPORT 

 

A 74-year-old Caucasian female patient presented to a private clinic for prosthetic rehabilitation of a maxillary defect 

caused by a partial maxillectomy for polymorphous hard adenocarcinoma performed 18 years earlier. The patient signed 

the informed consent both for the visit and for the prosthetic production including the iconography. The patient wore a 

palatal obturator prosthesis made after surgery, which, upon clinical examination, proved to be unstable and therefore 

required a reline (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

         a.                   b.  

Fig. 1. Intraoral frontal view with the patient’s old prosthesis (a); intraoral view of prosthesis (b). 

 

 

The patient's recent medical history does not reveal any data of relevance to prosthetic rehabilitation beyond the 

non-radical transoral excision with a palatal flap. There is no family history of head or neck cancer. The patient is a non-
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smoker and does not consume alcoholic beverages. Extraoral examination revealed no signs or symptoms of 

temporomandibular joint dysfunction or involvement of the lateral cervical lymph node chain. With the prosthesis in 

place, no facial asymmetries were observed, and the patient's lips appeared competent. Intraoral examination revealed 

Kennedy Class II edentulism in the maxillary arch, with missing teeth 13, 24, 25, 26, and 27, and a fully dentited 

mandibular arch. Hard tissue evaluation revealed adequate oral hygiene and no signs of carious lesions. However, 

corresponding cervical wear signs were present on teeth 11, 12, 14, 15, 22, 23 and multiple Cairo Class II gingival 

recessions. Upon soft tissue evaluation, the mucosa appeared normochromic and normotrophic, and the tongue was 

mobile and painless. Salivation was normal, however, the patient's masticatory and phonatory function was compromised 

by the absence of the obturator prosthesis. The maxillary defect was classified as Aramany Class II and was located in 

the mucosa of the left hard palate, measuring approximately 2.5 x 1.5 cm and communicating with the nasal cavity (Fig. 

2). 

 

Fig. 2. Intraoral view of the maxillary defect. 

 

The old prosthesis was a partial obturator cast in resin with a solid bulb. It showed marked discoloration due to 

aging and was no longer stable (Fig. 3). 

 

 

Fig 3. View of the old prosthesis. Tissue-contact surface (a) and occlusal view (b). 

 

A treatment plan was proposed that includes a new obturator prosthesis to improve the patient's quality of life, with 

the option to use it both as a temporary device while the old prosthesis is relined and used as a backup prosthesis in case 

the old one is lost or damaged. 
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Fabrication of the new prosthesis 

The construction of the obturator prosthesis was divided into five main phases. In the first phase, a preliminary 

alginate impression (Hydrogum 5, Zhermark) was taken with a metal tray and a diagnostic cast made of hard plaster 

(HydrocalKerr TM) was produced (Fig. 4). 

 

Fig. 4. View of the preliminary alginate impression. Maxillary dental arch’s impression (a); and mandibular dental arch’s 

impression (b). 

 

In the second phase, the final impression was taken using a custom resin tray, made from the preliminary cast to 

better fit the patient's individual anatomy. The impression material used was alginate (Hydrocolor 5, Zhermark), and the 

master cast was made of Class IV extra-hard plaster for high strength and smooth surfaces (Suprastone™ extra-hard 

plaster), on which the new prosthesis was fabricated (Fig. 5). 

Taking the impression required special manual dexterity and careful movement management to minimize 

discomfort for the patient during material removal, which was aggravated by undercuts created by the materials 

penetrating the palatal defect. 

 

 

 

 

 

 

 

 

 

 

 a b 

 

 

 

                   a.                                                                    b. 

Fig. 5. Final alginate impression (a); extra-hard plaster model (b). 

 

The third phase, the patient's bite registration, was performed with the teeth already present in the rigid resin base. 

This was possible given that the patient already had a good occlusion due to the presence of teeth in the arches. Before 

being inserted into the oral cavity, the base was modified by removing all possible roughness that could potentially 

lacerate the patient's mucosa. This phase of filing down sharp points was performed using carbon paper to mark potential 

friction points. The shade of the artificial teeth was selected using the Vita Scale guide. Subsequently, precision 

polysulfide material (Permelastic regular, Kerr) was placed in the rigid resin base to create an even more precise 

impression (Fig. 6). 
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                          a.                                                         b. 

 

          

                           c.                                                                        d. 

Fig. 6. View of the master model with rigid base for aesthetic testing (a); rigid base colored with carbon paper at the 

friction points (b); occlusal test of the rigid base inserted into the oral cavity (c); precision polysulfide impression (d). 

 

The fourth phase was the delivery of the prosthesis. During this phase, all fitting and precision procedures were 

performed, evaluating both the insertion and removal of the prosthesis. To eliminate possible abrasions to the mucosa 

caused by roughness of the resin in the areas subject to friction, a silicone model was created to reproduce the mucosal 

tissue. With the help of carbon paper, it was possible to file the exact points (Fig. 7). 

 

 

 

 

 

 

 

 

 

 

 

                       a.                                                                       b. 

Fig 7. View of the dental prosthesis embedded in silicone (a); silicone impression where the fitting tests of the prosthesis 

are performed. 

 

 

Once the new obturator prosthesis was delivered, the retention of the clasps, adaptation to the soft tissues and 

palatal defect, and patient comfort were evaluated. To improve patient comfort, the obturator bulb was made of a soft 

material. The patient expressed satisfaction with the new prosthesis, both functionally and aesthetically (Fig. 8). 
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a.                                                         b.                                                      c.        

Fig. 8. View of the new obturator prosthesis with soft resin bulb (a, b); front view (c). 

 

Follow-up 

After the prosthesis was made, three check-ups were performed: one month after delivery, all the edges of the 

prosthesis were reevaluated and the tissues were inspected to ensure no mucosal lesions. The second check-up was 

performed six months after delivery, and the third one 12 months after delivery. The patient was evaluated for both 

function and aesthetics. The patient also expressed satisfaction with the fact that she no longer had much metal in her 

mouth. The patient will be monitored over time, during which, if necessary, further adjustments to the obturator portion 

may be made. 

 

DISCUSSION 

 

Prosthetic rehabilitation of defects following maxillectomy represents a real multidisciplinary clinical challenge: 

on the one hand, the removal of the tumors requires a resection which, depending on the degree of radicality, inevitably 

leads to an anatomical and functional compromise; on the other hand, rehabilitation must reprogram the main functions 

of the oral cavity (phonation, swallowing, chewing) and mitigate the aesthetic and psychological consequences for the 

individual (20). The literature confirms that the obturator prosthesis is effective in significantly improving oral functions 

and quality of life (21-22).  

Analyzing the case in question, it is essential to note that, despite the excisional surgery having taken place 18 years 

ago, the prosthesis that the patient was using at the present time, was unstable. This highlights the importance of 

continuous patient monitoring and ongoing prosthetic maintenance over time, given that residual tissue, clasp stability, 

retention, and prosthetic function may alter even a long time after surgery (23). The manufacturing methods of the new 

obturator prosthesis in the reported case align with most of the clinical principles described in the literature.  

The use of a third impression with a rigid resin base and polysulfide allows for greater precision of the definitive 

medical device (24). A particularly significant aspect of the reported case concerns the decision to create a new obturator 

prosthesis that serves both as a temporary device (during the relining of the old prosthesis) and as a backup prosthesis. 

This clinical choice appears strategic in terms of redundancy and safety, to prevent the patient from being left without a 

solution in the event of damage or loss of the prosthesis. In settings where the patient had already undergone surgery 

many years previously and is not in the acute phase, the presence of an additional device can help maintain uninterrupted 

rehabilitation continuity. 

The favorable outcome at one month, with the patient's functional and aesthetic satisfaction, is a positive and 

encouraging result, as are the other check-ups. However, it is also necessary to discuss the limitations of the case and 

critical considerations. The patient, in fact, presents a moderately sized defect (2.5 x 1.5 cm) and a partially edentulous 

arch, a key factor that facilitated the anchoring of the clasps and prosthetic retention. In cases with more extensive or 

bilateral defects, different solutions may be necessary, which could require implant support (25) or a combined surgical 

reconstruction.  

Although the obturator remains a good option, surgical reconstruction may offer greater advantages in specific 

cases, such as in patients with large defect extension and high aesthetic expectations, although it involves higher costs 

and complications (26-27). A further point of consideration is the timing of the prosthetic intervention: since it did not 

take place in the immediate post-operative phase, the prosthesis assumed exclusively long-term rehabilitative functions 

rather than emergency ones. In this sense, the approach can be considered optimal for the patient, as it did not involve 

immediate surgical prosthetics but rather a definitive rehabilitation in relatively stable conditions. This allows the use of 
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materials and techniques with greater predictability and avoids the frequent modifications observed in the immediate post-

operative phase, when tissues are still undergoing modification (28).  

Often, for many patients, a removable partial prosthetic rehabilitation of the metallic type creates anxiety in order 

to hide the metal parts during a conversation (29). In the case we treated, the metal component was greatly reduced (only 

the clasps were made of metal) as acrylic resin was used for the denture bases. This aspect was very positive for the 

patient, as it meant no longer seeing large metal parts or very visible clasps. 

 

CONCLUSIONS 

 

The case illustrated demonstrates how well-planned and executed prosthetic rehabilitation in a patient undergoing 

maxillectomy can achieve good functional and aesthetic results, even long after surgery. Individualized design of the 

obturator prosthesis, clear clinical and laboratory phases, consideration of defect classification and the condition of the 

residual dentition, and attention to maintenance and patient support are all elements that contribute to success. However, 

long-term follow-up remains essential to assess the stability of prosthetic retention, the condition of the residual tissue, 

masticatory and phonatory functions, quality of life, and oncological monitoring.  

Furthermore, in cases with more extensive defects or in patients with compromised tissue conditions, evaluation of 

digital models, implant support, or combined surgical reconstruction may represent an evolution of clinical practice. 
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ABSTRACT 

Single-blade implants, developed in the early 1970s as an evolution of Professor Leonard I. Linkow’s original 

blade design, provide a practical and long-lasting solution for tooth replacement in narrow ridges, particularly in the 

posterior sectors of the jaws. Their wedge-shaped configuration enables engagement of both superficial and deep cortical 

bone, ensuring immediate stability and allowing for early prosthetic loading. This article reviews the historical 

background of single-blade implants, including the surgical refinements introduced by Professor Ugo Pasqualini, and 

presents detailed clinical protocols for their placement. A documented case demonstrates functional success after 20 years, 

while a series of 10 posterior mandible single-blade implant prostheses confirms consistent outcomes across patients. 

Compared with bone augmentation procedures required for screw implants, single-blade implants exploit residual native 

bone, minimize surgical invasiveness, and preserve long-term function. When correctly indicated and executed, single-

blade implants remain a reliable and durable treatment option for posterior dental rehabilitation. 

KEYWORDS: thin bone crest, wedge form implants, native bone, cortical bone stabilization, minimally invasive 

implantology, blade implant surgery, bone preservation 

INTRODUCTION 

The world of dental implants has undergone significant changes over the years, particularly with the introduction 

of blade implants. These remarkable devices have transformed the way dentists approach tooth replacements for patients 

with narrow bone ridges. The use of single-blade implants in the posterior sectors of the jaws is a highly effective and 

practical solution for restoring missing teeth, offering numerous benefits and long-lasting results. 

Blade implants were first developed by Professor Leonard I. Linkow in the 1960s, who recognized the need for 

a solution to narrow ridges that could not accommodate traditional screw implants. These unique implants are designed 

to fit into thinner areas of bone, providing immediate stability and allowing for the quick placement of prosthetic crowns. 

For example, in the case of a 43-year-old female patient, a blade implant was successfully inserted to replace missing 

molars. After 20 years, the implant-prosthesis continues to function efficiently, demonstrating the reliability of this 

technique. 

Another important figure in the field, Professor Ugo Pasqualini, made significant contributions to the 

development of blade implants by creating designs that could be adjusted during surgery to better fit the patient's unique 

bone structure. This innovation has proven crucial in achieving successful outcomes, as evidenced by a clinical case where 
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a blade implant was cut to fit the specific anatomy of a patient’s ridge, remaining in place and functioning well for over 

50 years. 

The advantages of single-blade implants extend beyond their design. They provide a minimally invasive option 

for patients with thin bone ridges, which often occur after tooth extractions. By using blade implants, dentists can avoid 

more complicated procedures, such as bone grafting, making the experience easier for patients. Additionally, the ability 

to load these implants immediately with a prosthetic crown allows for quick restoration of function and aesthetics. 

In summary, single-blade implants are an excellent option for patients needing tooth replacements in the posterior 

sectors of the jaws. Their design, ease of use, and long-term success make them a valuable tool in modern dentistry. 

Encouraging the use of this technique can lead to better outcomes for patients and a more efficient dental practice. 

Emphasizing the importance of proper surgical techniques and patient-specific solutions will ensure that the benefits of 

blade implants are realized for years to come. 

History 

The blade implants were invented and promoted during the sixties by Professor Leonard I. Linkow, one of the 

brightest minds of contemporary medicine. The main indication for blade implants is the narrow ridges, for which a screw 

implant is too wide. Professor Linkow used to insert multiple blades and load them immediately with a full-arch fixed 

prosthesis (1). Three interventions of this kind were performed by him in front of the audience at the 1973 Chicago 

Midwinter Meeting, relining a fixed resin prosthesis on the blade implants immediately after insertion (2). 

Initially, only extension blades were used. The single-blade implant for a single crown was experienced a bit 

later, at the beginning of the seventies. The single-blade implant shape, suitable for this use, is not extended but is deep 

enough to reach the deep cortex (3). As a matter of fact, as for the root-form implants, reaching the deep cortex is suggested 

for numerous reasons:  

1. best crown root ratio;

2. immediate download of functional forces on a resistant bony pavement;

3. maximum immediate stability (4).

Prof. Linkow was followed closely by Prof. Ugo Pasqualini, another brilliant mind in the field of oral

implantology. Prof. Pasqualini developed a personalized interpretation of the blade implant, which could be cut during 

the intervention to accommodate any variation in the ridge anatomy. One implant of this kind was cut to fit and replace 

the missing anterior superior root of a central incisor, with the intervention documented through pictures and X-rays. This 

implant has been in place for 50 years and is still functioning perfectly after 53 years. This clinical case represents the 

oldest reliable documentation of a single implant-prosthesis (5). 

Numerous single implants of this kind, when correctly inserted, result in long-lasting (6). If the ridge is thin, 

individual blades can be inserted closely together (Fig. 1). 

Fig. 1. Radiograph of two Pasqualini single-blades with single prosthetic crowns 23 years after insertion and immediate 

loading (2002-2025). 
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Posterior blade implants 

As much as in the anterior sector of the maxilla, blade implants can be indicated for the posterior sector of both 

jaws. This need often arises when the ridge is thin, due to reabsorption consequent to tooth extractions, which leads to 

loss of volume on the buccal side. Typically, the blade represents the posterior pillar of a prosthesis supported by multiple 

implants (7). To achieve immediate stability, bicortical fixation is suggested. In the inferior posterior jaw, the apical 

contact in the posterior sector is reached on the cortex of the mylohyoid line. In the superior posterior ridge, the maxillary 

and sinus cortex are important elements of bicortical stabilisation (8). 

Posterior single-blade implants 

Many times, when a molar has been lost, the bone heals, losing a part of the buccal volume (9). In these situations, 

a single-blade implant is suitable for providing a long-lasting solution with minimal surgical effort. In the upper jaw, the 

premolar area is often the right site for a single-blade implant (Fig. 2-5). 

Fig. 2. The abutment of a single-blade implant intended to be inserted in 2.4 was bent to obtain the correct position 

relative to the direction of the implant (December 18, 2023). 

Fig. 3. The implant abutment has been bent before inserting the blade implant inside a very thin bony ridge (December 

18, 2023). 
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Fig. 4. Soft tissue healing around the blade implant abutment inserted on 2.4; (May 6, 2024). 

Fig. 5. Definitive prosthetic crown cemented to the blade implant abutment inserted in 2.4 (May 6, 2024). 

Single-blade implants in the posterior areas of the jaws – Surgery 

The execution of a single-blade implant in the posterior areas of the jaws requires the same procedures as blade 

implants intended to serve as abutments in a prosthetic bridge. The blade implant has a wedge shape, and its maximum 

thickness does not exceed 1.8 mm at the neck level (Fig. 6). After opening the flaps, small 1 mm wide holes are made 

along the superficial cortex with a 0.9 mm wide metal burr, then joined together to build a slot of the same mesio-distal 

size as the implant shoulder. The burr is then brought deep to accurately trace the deep part of the slot, and the implant is 

inserted inside until its abutment reaches the opening of the slot, resting on it. If the implant is not in the ideal direction, 

its abutment can be bent before the final insertion of the implant (10, 11). The shoulders of the single-blades are not 

extended in the mesio-distal direction, measuring only 5-6 mm in width; however, they are quite long in depth, allowing 

them to reach the deep cortical bone and achieve immediate stability. A long turbine burr is therefore necessary to allow 

for delicate work in depth. The blade implant is then gently tapped into the slot by hammering on a special positioning 

instrument till the implant abutment reaches its correct position, i.e., lying on the slot opening. In the posterior area, an 

automatic hammer is often recommended to facilitate inward percussion (12). 
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Fig. 6. Blade implant anatomy. The blade implant should enter the bone till the abutment basis. 

Clinical Case 

A 43-year-old Caucasian female patient presented to Dr. Dal Carlo in 2005 to replace the missing roots of three 

molars: 3.6, 2.6, and 4.6. In the area of 3.6, the ridge was thin; therefore, to take advantage of the patient's remaining 

native bone, the insertion of a blade implant was considered the best choice. After opening the flaps, a slot was drawn on 

the bone surface between teeth 3.5 and 3.7. A blade implant (A-Z Implant, Bologna, Italy) was then inserted in the correct 

position. A temporary prosthetic crown was immediately applied. After 4-5 months, a definitive prosthetic crown was 

then constructed and cemented to the implant abutment. After 20 years, the implant-prosthesis continues to function 

efficiently. Radiographs show a healthy situation (fig. 7-13).  

Fig. 7. The slot drawn on the bone surface (June 21, 2005). 
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Fig. 8. The blade implant during its descent (June 21, 2005). 

Fig. 9. The blade implant in its final position (June 21, 2005). 
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Fig. 10. The immediate temporary prosthetic crown (June 21, 2005). 

Fig. 11. The blade implant abutment ready for the definitive crown (Nov. 10, 2005). 

Fig. 12. Opt taken 18 years later (May 5, 2023). 
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Fig. 13. Picture of the prosthetic crown after 20 years (Feb. 24, 2025). 

Technique 

The procedures applied to insert a blade implant in the posterior sector are the following: 

1. local anaesthesia;

2. performing a sagittal incision at the centre of the adherent gingiva;

3. by means of a periosteal elevator, opening lingual and buccal flaps;

4. performing little 1mm wide holes on the cortex surface;

5. connecting the little holes to open a slot;

6. deepening the slot by means of a 30 mm long/1.2 mm wide metal burr;

7. inserting the implant inside the slot for some millimetres, to check the direction;

8. performing an X-ray with the implant partially inserted to check the space in depth;

9. modifying implant abutment direction, if needed;

10. modifying implant apex, if needed;

11. inserting the implant till the abutment engages the slot;

12. performing the sutures around the abutment;

Flapless approaches are to be avoided (13). 

Single-blades in the posterior inferior sector – ten clinical cases 

The indication for the use of a blade implant in the lower posterior sector derives from the analysis of the 

morphology of the bone crest and the position of the adjacent teeth. If the bone crest is thin, there is support on the 

mylohyoid line, and the mesio-distal dimension is small, normally consequent to the mesio-inclination of the posterior 

tooth, this is the case of a long-term single-blade implant-prosthesis. 

Since 2005, this technique has been used in Dr. Dal Carlo's dental office, where it has been applied to 10 clinical 

cases, all of which are now in perfect condition. Six female and four male patients were operated on, with an average age 

of 51. Three blade implants were inserted in the area of the 1st premolar, six in the area of the 1st molar, and one in the 

area of the 2nd molar. Due to the presence of the dental foramen, the area of the 2nd molar was avoided (Table I). 
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Table I. Clinical cases of posterior single-blade implants with immediate loading and long-term functional success. 

N. Initials Gender Age Zone Intervention date 

1 CM Female 43 3.6 2005, June 21 

2 DR Female 37 3.6 2005, Dec. 12 

3 SM Female 48 3.6 2006, May 23 

4 BC Female 49 3.4 2006, Sept. 29 

5 SE Female 75 4.7 2013, June 24 

6 GM Male 52 3.4 2021, Jan. 19 

7 CR Male 58 3.4 2021, Mar. 21 

8 LE Female 71 4.6 2022, Jan. 18 

9 HY Male 25 4.6 2024, Dec. 13 

10 ZF Male 61 4.6 2025, Mar. 11 

DISCUSSION 

Rehabilitation of the posterior sectors of the jaws with implants has several indications and numerous 

conditioning variables. The buccal-lingual dimension of the ridge is one of them. When the crest is thin, the use of a flat 

implant allows the native bone to be utilized, thus avoiding the need for regeneration interventions. The wedge implant, 

invented by Leonard I. Linkow, is perfectly suited to this purpose because its shape allows for penetration into the spongy 

bone, arresting its descent when it meets the bone cortex, which provides immediate stability. If the insertion procedure 

is performed correctly, the implant benefits from double stabilization: a) at the apex, on the deep cortex; b) on the 

superficial cortex, with entry of the abutment into the grafting slot. This double stabilization allows immediate loading 

with a prosthetic crown.  

From a periodontal point of view, it is mandatory to make an incision in the gingiva halfway along the attached 

gingiva to ensure an adequate thickness of sealing of the keratinized soft tissues around the implant abutment. The 

monobloc blades optimize bone preservation, thus avoiding connection-related complications (14). Compared to 

alternative surgical solutions, such as bone regeneration to increase bone thickness and insert a screw implant, this solution 

is lighter, more reliable, and, therefore, more comfortable for the patients, increasing their compliance. 

CONCLUSIONS 

The use of single-blade implant prostheses to restore missing teeth in the posterior sectors is indicated when the 

bone crest is thin and the mesio-distal space is reduced to the size of a premolar. Some clinical cases are cited. A clinical 

case, documented after 20 years in optimal conditions, is presented. Due to its simplicity and lightness, this technique 

should be encouraged when correct indications are there. As with any implant rehabilitation, adequate surgery and 

prosthetic rehabilitation are mandatory to obtain lasting success rates. 
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ABSTRACT 

A lack of adequate oral hygiene, resulting in the accumulation of supragingival tartar, and the absence of 

professional checkups over time have allowed, against all odds, the "survival" of one-piece, Italian-style immediate-load 

implants placed in 1977. Likewise, the retention of subperiosteal implants made of "Vitallium" alloy has made it possible 

to restore, in an eighty-year-old patient, the outdated "mixed" rehabilitation, apparently no longer functionally and 

aesthetically suitable. 

KEYWORDS: occlusal trauma, peri-implantitis, oral hygiene, one-piece implants, subperiosteal implants 

INTRODUCTION 

An 84-year-old female patient presented to us due to a fracture of the upper denture made in 1977 by Prof. Ugo 

Pasqualini. This full-arch prosthetic restoration was constructed with mixed support on dental abutments from 1.5 to 2.3 

and implant support on subperiosteal implants placed in the posterior sectors of quadrants 1 and 2. 

An intraoral examination in 2017, revealed a clinical picture characterized by the presence of a fracture of the 

upper denture made of gold-ceramic alloy, in quadrant 2; upper root remnants resulting from widespread carious 

infiltration of the prosthetic abutments; lower fixed full-arch denture, also with mixed support, was in apparently good 

condition; significant accumulations of tartar above the gums with clear signs of inflammation of the periodontal tissues, 

especially around the remaining teeth and not around the one-piece, immediately loaded Italian-style implants (Fig. 1-6). 
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Fig. 3. Arrows indicating the health of the lower one-piece implants. 

Fig. 4. Palatal view of the upper arch. The yellow arrows indicate the good mucosal behavior of the subperiosteal 

implants, while the blue arrow highlights the inflammation of the mucosa around the natural elements. 

Fig. 1. The patient's mouth 40 years after 

implant-prosthetic rehabilitation. 

Fig. 2. The orthopantomography shows that the implants, 

highlighted by the yellow arrows, have remained perfectly 

efficient without any bone loss (2017). 

http://www.labpublisher.com/


M.E. Pasqualini et al.  169 

Annals of Stomatology 2025 September-December 5(3): 167-173   www.labpublisher.com ISSN 2975-1276 

Fig. 5. Detail of the right subperiosteal implant after 40 years of function. The slight dehiscence of the buccal mucosa 

does not indicate inflammation despite the plaque. 

Fig. 6. The contralateral implant, although covered in tartar, maintains its activity without inflammatory symptoms. 

http://www.labpublisher.com/


M.E. Pasqualini et al.  170 

Annals of Stomatology 2025 September-December 5(3): 167-173   www.labpublisher.com ISSN 2975-1276 

The first level radiographic examination (Fig. 2) highlighted the need to proceed with the removal of the 

compromised upper dental abutments. The same diagnostic examination, especially considering the time elapsed, did not 

reveal any signs of bone resorption affecting the upper subperiosteal implants and those placed in quadrants 3 and 4 (one-

piece Tramonte screw titanium implants, with 4.0 mm diameter threads and a 2.5 mm core). The presence of a lesion 

affecting 4.4 of likely endoperiodontal origin and widespread signs of periodontal disease were also highlighted.  

Given the clinical picture and the urgency of restoring masticatory function, it was decided to proceed with the 

reuse of part of the upper prosthesis by designing a fixed rehabilitation that could exploit the existing subperiosteal 

implants, as they were still functionally valid. 

We therefore proceeded, in a single session, to remove all the tartar accumulations present in the upper quadrants 

and extract the root remnants. Then, we moved on to insert, in the premaxilla area, six one-piece titanium implants 

(Garbaccio bicortical screws) with a thread diameter of 3.5 mm and a core of 2.2 mm (Fig. 7). The positioned implants 

were joined together with a 1.2 mm diameter titanium bar, electrowelded to ensure immediate loading with a temporary 

resin restoration (1); however, the crowns (two on each side) supported by the subperiosteal implants (implants made of 

"vitallium," an alloy primarily used in the 1970s) were left in place (Fig. 8). 

Professional hygiene of the lower teeth was postponed to another session, to not contaminate the operatory field 

(Fig. 9). 

Fig. 9. After oral hygiene, the view of the lower distal sectors demonstrates how the Italian School's one-piece implants 

have maintained the health of the mucosa and bone tissue, despite the lack of oral hygiene over 40 years (1977-2017). 

Fig. 7. The new minimally invasive immediate-

load implant-prosthetic procedure. 

Fig. 8. The OPT of the completed case (2017). 
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With the patient's consent, it was also decided to postpone treatment of the dental problems present in the natural 

teeth of the lower jaw. The decision to proceed this way was justified by the need to ensure the restoration of chewing 

function and aesthetics, albeit with temporary prosthetic elements, in a single appointment. The patient immediately 

underwent an adequate professional hygiene session (2017) and, once the case was completed, did not return for follow-

up visits. After 7 years (2024), at the report of her daughter, she died maintaining her implant-prosthetic rehabilitation. 

DISCUSSION 

The clinical case is described not so much to illustrate how a minimally invasive restoration of an old and no 

longer functional implant-supported prosthetic rehabilitation was carried out, but rather to highlight how persistent poor 

oral hygiene did not directly result in the loss of functional implants. In general, implant loss is associated with the onset 

of infectious-inflammatory diseases. Peri-implant disease involves predisposing factors, causes, and/or contributing 

factors that can act individually or in combination. Biomechanical overload, the presence of pathogenic bacteria, previous 

periodontal disease, smoking, diabetes, and systemic diseases represent significant risk factors.  

The specific clinical case, upon physical examination, showed abundant plaque and tartar accumulation due to a 

lack of oral hygiene, both at home and at the dentist's. Plaque is a physiological accumulation of mixed organic and 

inorganic substances, with a significant microbial content, particularly bacteria, which, in addition to adhering to the 

surface of teeth, can tenaciously attach to implant-prosthetic structures (2, 3, 4). The plaque composition is similar on 

both teeth and implant abutments, primarily consisting of aerobic Gram-positive cocci and non-motile Gram-negative 

bacteria (5, 6, 7).  

In the presence of healthy soft tissue, implants and natural teeth are colonized by plaque composed predominantly 

of cocci and Gram-positive bacilli, while sites with widespread periodontal and/or peri-implant disease contain biofilms 

with a significant quantity of rod-shaped, fusiform, and spiral-shaped bacteria, significantly more prevalent than coccoid 

and mobile forms (8). The microbes found at implant failure sites belong mainly to the Fusobacterium and Bacteroides 

species. Furthermore, a notable difference has been highlighted between the bacterial morphotypes of totally edentulous 

patients and those of partially edentulous patients; this seems to indicate a greater predisposition to peri-implantitis in 

partially edentulous patients. The so-called periodontal pathogens would decrease in the implant sulcus of totally 

edentulous patients, even though, in these subjects, they would remain present for a long time (9-12). In determining the 

damage to the peri-implant tissues, the primary role of bacteria is limited, since if a solution of continuity is not established 

through the muco-gingival seal of the circumferential tissues, they are unable to invade the underlying tissues because 

they are unable to perforate the seal itself. 

Therefore, an important role, even in the absence of plaque and tartar, must be attributed to chronic mechanical 

stress due to occlusion trauma, which can alter the muco-gingival seal and allow the transfer of bacteria into the deep 

tissues, transforming from saprophytes into opportunistic pathogens (13-16). 

From data available in the literature, it emerges that in the muco-implant seal at the level of the crestal margin, 

in the absence of occlusal load and, in particular, of stress-inducing pressure factors (dysfunctional occlusal load), a very 

regular spontaneous bacterial stabilization persists. The orderly and relatively repetitive presence of Gram-positive cocci 

hinders the development of pathogenic peri-implant microbiotic conditions that can favor bacterial invasion of the deep 

tissues, leading to infection and, therefore, peri-implantitis. Therefore, it is only the absence of biomechanical stresses 

(occlusion-static-dynamic load) that guarantees the maintenance of a healthy balance between the implant screw-bone-

mucosa system on the one hand and the bacterial front on the other (17). 

The bacterial component, in fact, maintains a constant saprophytic-commensal, non-invasive-aggressive effect, 

regardless of the morphologies that progressively develop along the transmucosal tract and the interface between the 

implant and the crestal bone margin. 

In our specific case, despite the presence of massive bacterial plaque associated with tartar accumulations, no 

significant negative effects were observed on the implant structures, as they are the pillars of a prosthetic rehabilitation 

under conditions of occlusal equilibrium. Therefore, it is clear that a lack of oral hygiene alone cannot compromise an 

implant-prosthetic rehabilitation; however, this type of rehabilitation has a high probability of failure when it cannot 

withstand occlusal loading under conditions of imbalance. This latter situation undoubtedly represents the predisposing 

condition for the bacterial profile to transform from saprophytic to pathogenic (18, 19). 
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CONCLUSIONS 

The fact that a healthy organism, intact in its structural, functional, metabolic, and immune components, can be 

attacked ab initio by various types of microbes present in the oral cavity, regardless of factors that facilitate their 

transformation from a saprophytic to a pathogenic state, contradicts biological principles. The reported clinical case 

highlights that, even in the presence of inadequate oral hygiene conditions, it is possible to maintain prosthetic 

rehabilitations supported by implants in good condition for years. While this is an event that can be observed in daily 

clinical practice, it does not justify patients' failure to comply with basic oral hygiene rules. Indeed, implant-supported 

prosthetic rehabilitations require healthy peri-implant tissues and the entire oral cavity. Patients should therefore be 

advised to follow home hygiene instructions and professional reminders in order to reduce the risk of infectious-

inflammatory complications of the periodontal and peri-implant tissues, even under optimal technical conditions of the 

prosthetic device, which should be maintained in correct occlusal harmony over time as a primary principle of clinical 

prevention (20-22). 
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ABSTRACT 

 

The presence of a fourth molar, or supernumerary tooth, in the upper arch is a rare odontogenic anomaly with 

potential implications for tooth eruption, occlusal balance, and surgical management. This case report describes the 

incidental radiographic finding of a maxillary fourth molar bud located distal to the third molar, highlighting the 

importance of early diagnosis in preventing potential complications. The panoramic radiographs show a developing tooth 

germ in the upper left maxilla, compatible with a supernumerary fourth molar. No associated pathological lesions were 

detected. The early identification of such anomalies is essential for correct orthodontic and surgical planning, especially 

during mixed dentition and adolescent growth. A conservative follow-up was advised to monitor eruption and potential 

impaction. 

 

KEYWORDS: supernumerary tooth, fourth molar, radiographic diagnosis, panoramic radiography, tooth germ, early 

detection 

 

INTRODUCTION 

 

Supernumerary teeth are defined as teeth that exceed the normal number of the permanent dentition and may 

appear in any region of the dental arches (1). Among them, distomolars—commonly referred to as “fourth molars”—are 

the rarest form, usually occurring distal to the third molars in the maxilla (2). Their reported prevalence ranges from 0.1% 

to 2.2%, depending on population and diagnostic criteria (3).  

Most fourth molars remain unerupted and asymptomatic, being incidentally discovered during panoramic 

radiographic examinations (4). The etiology of fourth molar formation remains unclear, though several hypotheses have 

been proposed, including localized hyperactivity of the dental lamina, dichotomy of the tooth germ, and hereditary factors 

(5). Some authors have also suggested a phylogenetic atavism, representing remnants of primitive dentitions with higher 

molar counts (6).  
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Studies indicate that the majority of distomolars are located in the maxilla and exhibit smaller crowns, often 

conical or rudimentary in shape (7). Several epidemiological studies confirm that fourth molars show a male 

predominance and are most often unilateral, although bilateral or multiple occurrences have been documented (8, 9). 

Clementini et al. reported a rare case of four impacted fourth molars, one in each quadrant (10), while Husain et al. 

described bilateral maxillary fourth and fifth molars detected through CBCT imaging (11). In other rare instances, fourth 

molars have been associated with cystic or resorptive lesions requiring surgical intervention (12, 13).  

Radiographically, these teeth are typically visualized distal and superior to the maxillary third molars, often in 

proximity to the maxillary tuberosity or sinus floor (14). Accurate diagnosis using panoramic radiographs and cone-beam 

computed tomography (CBCT) is essential to evaluate the orientation, root morphology, and relationship with adjacent 

anatomical structures (15, 16).  

Early radiographic identification is crucial for clinical decision-making, especially in young patients, allowing 

clinicians to plan conservative monitoring or timely surgical removal depending on symptoms and eruption potential (17). 

The surgical management of impacted distomolars follows principles similar to those applied in third molar surgery (18, 

19). Given the posterior maxillary location, extraction may involve risk of maxillary sinus exposure or tuberosity fracture 

(20). When removal is indicated, minimally invasive approaches such as piezosurgery have been proposed to reduce 

postoperative complications including pain, edema, and trismus (21, 22).  

Alternatively, coronectomy procedures may be considered to minimize nerve injury or sinus involvement, as 

shown in systematic reviews of high-risk molar extractions (23, 24). Postoperative complications, although rare, can 

include alveolar osteitis, infection, and oroantral communication (25). Early recognition and documentation of periodic 

radiographic follow-up are important not only for clinical management but also for epidemiological understanding of 

these rare entities (26). In light of this background, the current case report describes the incidental radiographic detection 

of a maxillary fourth molar bud located distal to the upper left third molar in an adolescent patient.  

We analyze the radiographic features, consider differential diagnoses, and discuss the rationale for either 

conservative monitoring or surgical intervention, emphasizing the clinical importance of early diagnosis and strategic 

planning in such rare dental anomalies. 

 

Case Report 

A 13-year-old female patient underwent a routine panoramic radiographic examination as part of orthodontic 

assessment. The radiograph revealed a developing tooth germ positioned distally and superiorly to the maxillary left third 

molar and right one (teeth 28-18) (Fig. 1, 2).  

 

 

 

Fig. 1. Panoramic radiograph showing a developing fourth molar bud distal to the upper left third molar. 
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Fig. 2. Panoramic radiograph showing a developing fourth molar bud distal to the upper right third molar. 

 

The radiopaque structure, surrounded by a well-defined follicular space, was consistent with the crown formation 

stage of a supernumerary fourth molar. The corresponding mandibular regions showed normal dental development and 

no other anomalies (Fig. 3). 

 

Fig. 3. Panoramic radiograph showing normal dental development and no other anomalies. 

 

The patient was asymptomatic, and no swelling or signs of pathology were detected on clinical examination. 

Given the absence of associated cystic or resorptive changes, a conservative follow-up protocol was recommended, with 

periodic radiographic monitoring to evaluate the potential for eruption or impaction. 

 

DISCUSSION 

 

The incidental radiographic identification of a developing distomolar in an asymptomatic adolescent, as 

documented in the present case, underscores the silent nature of these anomalies and confirms previous reports that most 

fourth molars are discovered fortuitously during panoramic exams, particularly in mixed or late mixed dentition stages 

(3,4). Such early detection is clinically relevant because it allows the clinician to observe the eruptive trajectory and assess 

any potential interference with maxillary third molar eruption, sinus anatomy, or molar angulation at a stage when 

interceptive strategies may still be considered (14, 17).  

Etiological hypotheses remain debated. Traditionally, hyperactivity of the dental lamina and the germ dichotomy 

have been proposed, followed more recently by the phylogenetic atavism theory, which suggests remnants of ancestral 

dentitions with greater molar counts (5-7). Findings in archeological remains, such as the Chalcolithic individual 

described by Ceperuelo et al. (27), corroborate the evolutionary perspective by demonstrating supernumerary fourth 

molars in ancient populations. Similarly, Howe’s seminal clinical note documented the presence of a true maxillary fourth 

molar in an orthodontic patient (28), emphasizing not only its rarity but also its persistence over time. The prevalence, 
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although low, varies geographically and may be underreported in populations not routinely screened by panoramic or 

CBCT imaging (3, 15, 26).  

A male predominance has frequently been cited (8, 9), yet the current patient is female, supporting the view that 

sex predilection, while statistically recurrent, is not absolute and should not diminish diagnostic vigilance in girls 

undergoing orthodontic evaluation (2, 17). The bilateral occurrence in this case further aligns with very rare patterns 

previously documented in isolated literature, including the multiquadrant cases of Clementini et al. (10) and the bilateral 

fourth-fifth molar combinations described by Al-Haj Husain et al. (11). Radiographically, the position of distomolars is 

classically described as distal-superior to the third molar, occasionally close to the tuberosity or pneumatic cavities (14). 

The current findings replicate this spatial configuration, with no signs of follicular enlargement or resorptive pressure on 

the distal root of the adjacent molar. This absence of associated cystic change is notable, as cases by Di Donna et al. and 

others have shown that distomolars are implicated in dentigerous cyst expansion when left undiagnosed (12).  

The decision to monitor conservatively rather than immediately extract is fully consistent with recent 

recommendations promoting risk-benefit stratification, taking into account sinus proximity, anticipated surgical 

morbidity, and patient age (20, 23-25). Importantly, a contemporary review of treatment strategies for impacted posterior 

maxillary teeth, including complex canine impactions, has highlighted the need for careful surgical timing and gentle 

surgical approaches, such as piezosurgery, to mitigate osteotraumatic complications (21, 22, 29). In this regard, the 

therapeutic mindset developed for maxillary canine management, summarized in the recent comprehensive analysis by 

Ceraulo et al. (30), reinforces the value of interceptive diagnosis, orthodontic-surgical synergy, and minimal invasiveness. 

These same principles can translate to rare distomolar management, particularly when the supernumerary bud shows 

migratory tendencies or pathological evolution over serial imaging. Reports of multiple distomolars in otherwise healthy 

patients (29) suggest that genetic or idiopathic molecular factors may be at play even in the absence of syndromic features. 

Our patient presented no systemic anomalies. Nevertheless, the need for structured follow-up remains critical to anticipate 

possible eruption disturbances, localized pericoronitis, distal caries on the third molar, or sinus involvement if root apex 

migration occurs (12, 18, 25).  

The present case, therefore, supports a cautious, individualized protocol in line with the broader trend toward 

personalized surgical-orthodontic risk management (23). Early panoramic screening remains the single most effective 

factor for preventing late discovery of distomolars during pathology-triggered visits (24). Longitudinal radiographic 

surveillance is recommended, and if future signs of impaction-related complications emerge, minimally invasive removal 

or coronectomy could be timely applied (17, 19, 23). 

 

CONCLUSIONS 

 

The incidental detection of a maxillary fourth molar bud underscores the importance of routine panoramic 

radiography in pediatric and orthodontic evaluations. Although rare, such findings can have clinical implications if not 

identified early. Accurate radiographic interpretation allows for appropriate follow-up and, when necessary, surgical or 

orthodontic intervention. Early diagnosis remains the key to prevent potential eruption disturbances, associated 

complications, and ensuring individualized, minimally invasive management strategies. 
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ABSTRACT 

Zirconium, particularly in the form of zirconium dioxide, is an essential material in modern dentistry and 

orthopedics. Its remarkable properties, such as high strength, biocompatibility, and aesthetics, have made it a popular 

choice for prosthetic restorations and implant fabrication. For this reason, we studied how zirconia can induce osteoblast 

differentiation in stem cells by measuring the expression levels of genes related to bone differentiation, extracellular 

matrix deposition, and remodeling using Real-Time Polymerase Chain Reaction. The obtained results could be relevant 

for understanding the process of zirconia implant osteo-integration, where osteoblasts are activated and bone stem cells 

are recruited. 

KEYWORDS: zirconia, implant, osteoblasts differentiation, gene expression 

INTRODUCTION 

Zirconium, particularly in the form of zirconium dioxide, has become an essential material in dentistry and 

orthopedics. Its remarkable properties, such as high strength, biocompatibility, and esthetics, have made it a popular 

choice for dental restorations and implants (1, 2).  

Zirconia possesses several properties that render it suitable for dental applications. Zirconia is highly 

biocompatible, meaning that it does not cause adverse reactions when in contact with bodily tissues, making it safe for 

use in long-term restorations. Zirconia is known for its high fracture toughness and resistance to wear, which ensure the 

longevity of restorations. Zirconia can be fabricated to closely match the color and translucency of natural teeth, providing 

superior aesthetic results compared to traditional materials, such as metals. Unlike metals, zirconia is resistant to corrosion 

in the moist environment of the mouth, thus preventing degradation over time (3, 4). 

Zirconia has been used in a wide range of dental applications. Zirconia crowns and bridges offer excellent 

strength and aesthetic appeal, making them ideal for anterior and posterior restorations. Zirconia implants are used as 

alternatives to titanium implants, particularly for patients with metal sensitivities or those seeking metal-free solutions. 

They provide good osseointegration and a natural appearance. Zirconia is used in orthodontic brackets because of its 
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strength and less noticeable appearance than metal brackets. Zirconia inlays and onlays provide durable and aesthetic 

alternatives to traditional gold or composite restorations (5, 6). 

The use of Zirconia in dental applications has several advantages. The tooth-like color and translucency of 

zirconia make it nearly indistinguishable from natural teeth, providing superior cosmetic results. The robustness of 

zirconia ensures that restorations can withstand biting and chewing forces in the oral environment, leading to longer-

lasting dental work. The non-reactive nature of zirconia minimizes the risk of allergic reactions and ensures that it is well-

tolerated by the body. Zirconia surfaces are smooth, reducing plaque accumulation and lowering the risk of peri-

implantitis around the zirconia implants (7-9). 

Zirconia implants are osteo-integrated, which activates osteoblasts and recruits bone stem cells. To better 

understand this process, we investigated the gene expression in dental pulp stem cells (DPSCs) and TE85, a well-known 

osteosarcoma cell line. 

MATERIALS AND METHODS 

Dental pulp stem cells (DPSCs) isolation 

Dental pulp was extracted from the third molars of healthy subjects and digested for 1 h at 37°C in a solution 

containing 1 mg/ml collagenase type I and 1 mg/ml dispase, dissolved in phosphate-buffered saline (PBS) supplemented 

with 100 U/ml penicillin, 100 µg/ml streptomycin, and 500 µg/ml clarithromycin. The solution was then filtered using 70 

µm Falcon strainers (Sigma Aldrich, St Louis, Mo, U.S.A.) to separate mesenchymal stem cells from fibroblasts. Stem 

cells were cultivated in α-MEM culture medium (Sigma Aldrich, St Louis, Mo, U.S.A.) supplemented with 20% Fetal 

Bovine Serum (FBS), 100 µM 2P-ascorbic acid, 2 mM L-glutamine, 100 U/ml penicillin, and 100 µg/ml streptomycin 

(Sigma Aldrich, St Louis, Mo, U.S.A.). The flasks were incubated at 37 °C and 5% CO2, and the medium was changed 

twice per week. 

DPSCs were characterized by immunofluorescence for the cytoskeletal component vimentin, positive 

mesenchymal stem cell markers CD90 and CD73, and the negative marker CD34 (10). 

TE85 cell culture 

TE85 osteosarcoma cell line was cultured in sterile wells containing DMEM supplemented with 10% FBS and 

antibiotics (penicillin 100 U/ml and streptomycin 100 µg/ml). Cultures were maintained in a 5% CO2 humidified 

atmosphere at 37°C. 

Cell treatment 

DPSCs and TE85 were seeded at a concentration of 1.0 × 105 cells/ml on zirconia disks in 9 cm2 (3 ml) wells 

containing DMEM supplemented with 10% serum and antibiotics. Another set of wells containing untreated cells was 

used as a control. The treatment was carried out at two time points: 24 h and 4 days. 

The cells were maintained in a humidified atmosphere containing 5% CO2 at 37°C. At the end of the treatment 

period, the cells were lysed and processed for total RNA extraction. 

RNA isolation, reverse transcription, and quantitative Real-Time PCR 

Total RNA was isolated from the cells using RNeasy Mini Kit (Qiagen, Hilden, Germany) according to the 

manufacturer’s instructions. The pure RNA was quantified using a NanoDrop 2000 spectrophotometer (Thermo Fisher 

Scientific, Wilmington, DE, USA). 

cDNA synthesis was performed starting from 500 ng of total RNA using the PrimeScript RT Master Mix (Takara 

Bio Inc., Kusatsu, Japan). The reaction mixture was incubated at 37 °C for 15 min and inactivated by heating at 70 °C for 

10 s. 

cDNA was amplified by real-time quantitative PCR using an ABI PRISM 7500 (Applied Biosystems, Foster 

City, CA, USA). 

All PCR reactions were performed in a 20 µL volume. Each reaction contained 10 µl of 2x qPCRBIO SYGreen 

Mix Lo-ROX (PCR Biosystems, Ltd., London, UK), 400 nM of each primer, and cDNA.  

Custom primers belonging to the “extracellular matrix, adhesion molecule” pathway, “osteoblast differentiation” 

and “inflammation” pathway were purchased from Sigma Aldrich. The selected genes grouped by functional pathways 

are listed in Table I. 

All experiments were performed using non-template controls to exclude reagent contamination. PCR was 

performed using two analytical replicates.  
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The amplification profile was initiated by incubation for 10 min at 95 °C, followed by a two-step amplification 

for 15 s at 95 °C and 60 s at 60 °C for 40 cycles. In the final step, melt curve dissociation analysis was performed. 

Table I. Selected genes used in Real-Time PCR grouped by functional pathway. 

Pathway Gene 

Osteoblast differentiation SPP1 (Osteopontin) 

SPARC (Osteonectin) 

RUNX2 (Runt-related transcription factor 2) 

ALP (Alkaline phosphatase) 

BGLAP (Osteocalcin) 

FOSL1 (FOS-like antigen 1) 

SP7 (Osterix) 

ENG (Endoglin) 

Extracellular matrix, adhesion molecule COL1A1 (Collagen type I alpha1) 

COL4A1 (Collagen type IV alpha 1) 

MMP9 (Matrix Metallopeptidase 9) 

MMP14 (Matrix Metallopeptidase 14) 

MMP15 (Matrix Metallopeptidase 15) 

Inflammation IL6 (Interleukin 6) 

IL6R (Interleukin 6 Receptor) 

Reference gene RPL13 (Ribosomal protein L13) 

Statistical analysis 

The gene expression levels were normalized to the expression of the reference gene (RPL13) and expressed as 

fold-changes relative to the expression in untreated cells. Quantification was performed using the delta-delta Ct method 

(11). 

RESULTS 

The DPCSs were phenotypically characterized using immunofluorescence. Fig. 1 shows a cytoskeletal filament 

stained with vimentin. The cell surfaces were positive for mesenchymal stem cell markers CD90 and CD73  and negative 

for markers of hematopoietic origin CD34 (Fig. 1a-d).  

Fig. 1. DPCSs by indirect immunofluorescence (Rhodamine). Immunofluorescence staining of vimentin (a), mesenchymal 

stem cell marker CD73 (b), CD90 (c), and hematopoietic markers CD34 (d). Nuclei were stained with DAPI. Original 

magnification x40. 
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Zirconium treatment of DPSCs was analyzed by quantitative Real Time PCR after 24 h and 4 days of treatment, 

and the expression levels of osteoblast-related genes, extracellular matrix, and inflammation pathways were measured. 

Tables II and III report the significant fold changes obtained after 24 h and 4 days, respectively, for each cell 

type (DPSCs and TE85).  

Significantly upregulated genes showed ≥ 2-fold change in expression (P value ≤ 0.05), while significantly 

downregulated genes showed ≤ 0.5-fold change in expression (P value ≤ 0.05).  

In DPSCs, after 24 h and 4 d of treatment, SP7 was strongly up-regulated (Table II). 

In TE85 cells, after 24 h and 4 days of treatment, SP7 and COL4A1 were overexpressed. RUNX2 was 

overexpressed after 4 days of treatment (Table III).  

Table II. Gene expression in DPSCs after 24h and 4 days of treatment. Numbers express the fold changes of the de-

regulated genes in treated cells vs. untreated cells. In bold significant gene expression level. 

24 h 4 gg 

SPP1 nd nd 

SPARC 0,5 1,2 

RUNX2 0,5 1,3 

ALP 0,4 0,3 

BGLAP nd nd 

FOSL1 0,6 1,8 

SP7 5,5 2,9 

ENG 0,7 1,3 

COL1A1 0,3 1,1 

COL4A1 1,7 1,9 

MMP 14 0,3 0,8 

MMP 15 nd nd 

IL6 1,2 0,9 

IL6 R 1,2 0,8 

Table III. Gene expression in TE85 after 24h and 4 days of treatment. Numbers express the fold changes of the de-

regulated genes in treated cells vs. untreated cells. In bold significant gene expression level. 

24 h 4 gg 

SPP1 nd nd 

SPARC 0,4 1,6 

RUNX2 1 2,5 

ALP 0,5 1,6 

BGLAP nd nd 

FOSL1 1,1 1,7 

SP7 178 2,1 

ENG 0,5 1,4 

COL1A1 0,7 1,5 

COL4A1 2,5 2,6 

MMP 9 1,5 1 

MMP 15 1,3 nd 

IL6 1,8 1,7 

IL6 R 0,9 1,3 
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DISCUSSION 

Zirconium, especially in the form of zirconium dioxide (zirconia), and stem cells are pivotal elements in the 

advancement of regenerative medicine and tissue engineering. Zirconia is valued for its strength, biocompatibility, and 

aesthetic properties, making it a popular choice for medical implants and dental applications. Stem cells, with their ability 

to differentiate into various cell types and their potential to repair and regenerate tissues, represent the cornerstone of 

modern regenerative therapies. Zirconium, particularly its zirconia form, has significantly impacted the field of dentistry. 

The combination of biocompatibility, strength, and aesthetic potential makes it an ideal material for a wide range of dental 

applications, from crowns and bridges to implants and orthodontic brackets (1-4). 

Stem cells are classified into several types, based on their origin and potential. Embryonic Stem Cells (ESCs) 

are pluripotent and can differentiate into any type of cell. Adult Stem Cells (ASCs), found in various tissues, are 

multipotent and more limited in differentiation. Induced Pluripotent Stem Cells (iPSCs) are generated from adult cells 

and are reprogrammed to a pluripotent state (12).  

Stem cells differentiate into osteoblasts, promoting the healing and regeneration of bone around the implant. 

Zirconia dental implants can potentially induce stem cells to improve osseointegration and reduce healing time (13). 

For this reason, we investigated how zirconium can induce osteoblast differentiation in stem cells derived from 

dental pulp (DPSC) by measuring the expression levels of bone-related genes and markers using Real-Time PCR. In 

addition, we investigated the same gene in a well-known cell line, TE85. TE85 cells, derived from the human 

osteosarcoma cell line, are widely utilized in research related to bone biology, cancer biology, and cell signaling pathways. 

Our results demonstrated that SP7 and COL4A1 were upregulated after 24 h and 4 d of zirconium-cell interaction. 

SP7, also known as Osterix is a zinc finger-containing transcription factor that plays a critical role in bone 

formation and osteoblast differentiation. Identified as a key regulator in the genetic network controlling osteogenesis, SP7 

functions downstream of RUNX2, another essential transcription factor in bone development. SP7 is indispensable for 

osteoblast differentiation and bone formation. It acts primarily by binding to specific promoter regions of osteoblast-

related genes, thereby activating their transcription. Key target genes include those encoding bone matrix proteins, such 

as collagen type I, osteocalcin, and bone sialoprotein, which are essential components of the extracellular matrix in bone 

(14, 15). 

During skeletal development, SP7 expression is first detected in pre-osteoblasts and continues in mature 

osteoblasts, highlighting its role throughout the osteogenic lineage. The absence of SP7 results in a complete lack of bone 

formation, as observed in SP7 knockout mice, which exhibit severe skeletal defects and perinatal lethality. This 

underscores SP7’s essential role in the transition of mesenchymal stem cells into fully differentiated osteoblasts. Given 

its pivotal role in bone formation, mutations or dysregulation of SP7 are associated with various bone disorders. 

Osteogenesis imperfecta, a genetic disorder characterized by brittle bones, has been linked to mutations in the SP7 gene. 

Patients with these mutations exhibit symptoms, such as frequent fractures, bone deformities, and growth deficiencies, 

reflecting impaired osteoblast function and bone matrix production (14, 15). SP7 is also implicated in osteoporosis, a 

condition characterized by reduced bone mass and increased fracture risk. Dysregulation of SP7 expression or activity 

can disrupt the balance between bone formation and resorption, thereby contributing to the development of osteoporosis 

(16, 17). Inflammatory conditions, such as rheumatoid arthritis, also affect SP7 function, where chronic inflammation 

impairs osteoblast differentiation and activity, leading to bone erosion and joint damage. 

Collagen type IV is an essential structural protein predominantly located in basement membranes, which are 

specialized extracellular matrices that separate epithelial and endothelial cells from the underlying connective tissues. 

Unlike fibrillar collagens, collagen type IV exhibits a unique non-fibrillar network-forming structure that is essential for 

maintaining the integrity and functionality of basement membranes across various tissues. This collagen subtype plays a 

critical role in numerous biological processes including cellular differentiation, adhesion, migration, and tissue 

homeostasis. Given its fundamental importance, the composition, structure, and interactions of collagen type IV are 

subject to detailed scrutiny, especially in the context of developmental biology, disease pathology, and therapeutic 

interventions (18, 19). 

Collagen type IV consists of three α-chains selected from six genetically distinct but structurally related chains 

(α1-α6), which assemble into a triple helix. These chains undergo significant post-translational modifications such as 

hydroxylation and glycosylation, which are crucial for the formation and stability of the triple helix. Each α-chain contains 

a 7S domain at the N-terminus, long triple-helical domain, and non-collagenous (NC1) domain at the C-terminus. The 

NC1 domains are particularly important, as they facilitate the formation of dimers through NC1 domain interactions and 

tetramers via the 7S domain, thus initiating network assembly. This intricate assembly allows collagen IV to form a 
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flexible, lattice-like structure that provides mechanical stability and serves as a scaffold for other matrix components and 

cellular interactions (20, 21). 

Collagen type IV networks are integral to basement membrane function, contributing to tissue architecture, 

mechanical stability, and regulation of cellular activities. It interacts with various cellular receptors, including integrins 

and dystroglycans, and mediates cell adhesion, migration, and signaling pathways that are crucial for development, wound 

healing, and tissue repair. Collagen type IV also binds to growth factors and other bioactive molecules, modulating their 

availability and activity and thereby influencing processes such as angiogenesis, cell proliferation, and differentiation (22, 

23). 

During embryonic development, collagen IV is indispensable for basement membrane formation during early 

organogenesis. It provides the structural support and signaling cues necessary for the differentiation and spatial 

organization of tissues. In adult organisms, collagen IV plays a role in maintaining tissue homeostasis. It supports the 

regeneration and repair of tissues by guiding cell migration and proliferation and ensuring proper tissue architecture and 

function. 

Mutations and alterations in collagen type IV genes (COL4A1-COL4A6) are linked to several genetic disorders, 

notably Alport syndrome, a hereditary nephropathy characterized by progressive kidney dysfunction, hearing loss, and 

ocular abnormalities. In Alport syndrome, mutations disrupt the assembly and stability of collagen IV networks in the 

glomerular basement membrane, leading to compromised filtration and kidney damage (24, 25). Furthermore, alterations 

in collagen type IV have been implicated in the pathogenesis of various cancers. Changes in collagen type IV expression 

and structure can influence tumor cell behavior, invasion, and metastasis (26, 27). 

CONCLUSIONS 

Sp7 and COL4A1 are over-expressed in dental pulp stem cells cultured on zirconia. SP7 and COL4A1 are 

emerging as potential regulators of osteogenesis, influencing bone formation and remodeling processes. While its role in 

bone biology is still being elucidated, these genes appear to exert effects on both osteoblasts and osteoclasts, modulating 

their activity and contributing to bone homeostasis. Further research is needed to understand how zirconium stimulates 

stem cell differentiation into osteoblasts better.  
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Dear Editor, 

 

 Communication between dentist and patient is at the core of providing quality dental care; the World Dental 

Federation emphasizes the importance of effective communication between oral healthcare providers and patients, as a 

critical component of high-quality care (1). 

 The Columbia University College of Dental Medicine recently introduced a health communication workshop to 

enhance dental students’ preparedness and attitudes toward communication training. The CDM considers communication 

skills essential tools for dentists to improve patient understanding, foster trust, and even enhance treatment outcomes (2).  

 The daily practice of dentistry involves dealing with multifaceted situations that require strong competence in 

managing interpersonal relationships. In high-pressure situations, in particular, the ability to communicate clearly and 

assertively can make all the difference. Techniques for managing emotions, structuring messaging, and engaging in 

productive conversations during crises, conflicts, or high-stakes discussions are indispensable for confidently navigating 

thorny situations. In tough circumstances, remaining composed, thinking critically, and expressing effectively may often 

be vital (3).  

 Effective communication is crucial not only for the relationship with patients but also for each member of the 

staff. Identifying behavioral styles that affect communication skills, being aware of the impact of stress on 

communication, managing techniques for remaining calm and focused under pressure, developing active listening skills, 

and the ability to create clear and persuasive messages in stressful situations (3) represent the cornerstones that enable 

one to safely navigate the stormiest situations.  

 Other aspects must be taken into account in the varied set of dental patients. The elderly population is increasing, 

and this, in turn, increases the likelihood that elderly patients with cognitive impairment, whose oral hygiene is a 

challenge, will require dental care (4). 

 Patients with dementia frequently have poor oral conditions and tooth loss. These have long been considered as 

a result of difficulty with oral care due to impaired cognitive function, memory, and physical ability.  Moreover, even in 

patients with mild cognitive impairment, oral care becomes insufficient owing to decreased spontaneity of grooming and 

finger dexterity (5). 

 Tooth loss and occlusal dysfunction may affect brain function and trigger the onset of dementia found in 

neurodegenerative diseases (5). The relationships among aging, oral dysfunction, and the development of dementia are 

complex. Increasing evidence suggests indeed that oral dysfunction is not only a result of dementia in elderly people, but 

could also be a causative factor for the onset and the progression of dementia (4, 5).  
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People living with dementia can have complex dental care needs. Dentists and patients should make treatment 

decisions together, yet some people living with dementia may be unable to make their own decisions about their dental 

care (6). Dentists should actively establish patients' preferences, regardless of mental capacity, and consider them in 

discussions and decisions about dental treatment (6).  

 Providing care for patients with cognitive impairment is challenging, and communication skills need to be 

specifically developed and carefully adopted. People with dementia may struggle to find the right word when speaking 

and may forget what they were saying: key points are, just as an example, – useful for all, but in particular with cognitively 

impaired patients - making eye contact and using the person's name; actively listening and being open to the person's 

concerns; allowing extra time for the person to respond; trying using different words if the person doesn't understand the 

first time; asking simple yes or no questions (7). Not only is it important to focus on what to do, but it is also paramount 

to be aware of what should be avoided. 

 Mistakes to carefully avoid are excluding the person from conversations; speaking in an angry or tense tone; 

talking about the person as if they were not there; interrupting or arguing with the person; or asking the person to remember 

something or someone (7).  

 Another highly demanding field for the dental professional is caring for pediatric patients. The successful 

practice of pediatric dentistry depends on establishing a good, trustworthy relationship between the dentist and the child, 

and such a relationship is possible only through effective communication. Unfortunately, the skills the pediatric dentist 

needs to develop are often forgotten or neglected, under the mistaken belief that the technical aspects of treatment must 

be put first (8). Carefully individualized communication, appropriate to the age group, between the pediatric dentist and 

the child helps build trust, allay fear, and treat the young patient effectively and efficiently (8). 

 Kid-friendly dental terms are particularly welcome and represent a brilliant and clever linguistic alternative. To 

define this effective communication ability, a new term, “pediatric dentistese,” has been coined (8). Through the use of 

communication-based strategies, effective local anesthesia, and judicious use of nitrous oxide, the vast majority of 

children can be cooperative at the dentist's office (9, 10). 

 A comprehensive, longitudinal approach to communication skills education is essential to further strengthen 

students’ confidence and better prepare them for interactions with pediatric dental patients. By fostering these skills 

throughout dental education programs, institutions can improve the quality of paediatric dental care and ensure better 

patient outcomes (11).  

 The considerations reported so far clearly underline the importance, challenges, strategies, and needs of dentist–

patient communication training, alongside clinical teaching. Effective dentist–patient communication enables dentists to 

convey essential medical information to patients. An optimal interpersonal relationship improves the dentist’s efficiency, 

boosts self-confidence, reduces occupational stress, and minimizes the risks of complaint or litigation. Moreover, it 

alleviates dental anxiety and fear, helps build trust between dentists and patients, addresses patients’ needs and 

preferences, increases patients’ adherence to improved treatment outcomes, and ultimately leads to enhanced patient 

satisfaction (1).  

 Despite the fundamental importance of careful, conscious communication skills, it is widely acknowledged that 

dentists encounter the repercussions of suboptimal communication strategies. Time constraints, difficulties establishing 

rapport, patients' oral health illiteracy, dentists' poor communication skills, and language barriers often hinder dentist–

patient communication (1). 

 Dentists should take a patient-centered approach as a premise and develop verbal and nonverbal communication 

skills to overcome these communication barriers. The patient-centered approach comprises understanding patients’ 

illness, shared decision-making, and interventions mindful of the patient’s own pace. Simple, succinct, and jargon-free 

language should be used in verbal communication. Proper body postures and gestures are fundamental for showing 

positive attitudes towards patients (1). 

 It appears all too clear and easily derived that communication training should be an integral part of university 

dentistry courses, as it applies to whatever age and to any individual distinctive feature of the future patient. 

 Communication training for dental students should involve a structured pedagogical approach that includes 

didactic instruction, role-playing exercises, patient interviewing, and ongoing assessments (1). Dental teaching programs 

should be designed to enhance communication training, both within and alongside clinical teaching, ensuring that dental 

students develop strong communication skills and achieve educational competency (2). 

 Active listening, empathy, clarity of explanation, and nonverbal communication emerged as the most important 

communication skills to emphasize during students’ training (2). 
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