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ABSTRACT 

 

The aim of this retrospective observational study is to introduce and preliminarily evaluate the Periodontal 

Ecological Score (PES), a simplified microbiological framework designed to interpret pooled subgingival microbiological 

findings as stages of dysbiotic biofilm maturation and burden. This retrospective observational study analysed 144 unique 

microbiological reports obtained from pooled subgingival samples collected using a standardized five-site paper-point 

protocol. Quantitative Real-Time Polymerase Chain Reaction (qPCR) was used to assess total bacterial load and the 

presence of six periodontal pathogens: Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Tannerella 

forsythia, Treponema denticola, Campylobacter rectus, and Fusobacterium nucleatum. Microbiological findings were 

translated into a five-level Periodontal Ecological Score (PES), based on the presence, complexity, and quantitative 

burden of red-complex pathogens, while considering the ecological context provided by orange-complex colonization. 

Associations between PES categories, total bacterial load, red-complex complexity, and orange-complex composition 

were analysed statistically. Orange-complex species were highly prevalent, with F. nucleatum detected in all samples 

and C. rectus in 79.9%. Red-complex colonization was also frequent: 44.4% of reports showed all three red-complex 

species, and 26.4% fulfilled the criteria for PES 4, defined by complete red-complex colonization with at least one red-

complex pathogen above 10,000 copies. Total bacterial load increased significantly across PES categories (Kruskal–

Wallis, p < 0.001), and the number of red-complex species correlated positively with total bacterial load (Spearman’s ρ = 

0.489, p < 0.001). The presence of both orange-complex species was significantly associated with complete red-complex 

colonization compared with F. nucleatum alone (OR = 3.90, p = 0.0059). Within the limits of this retrospective 

microbiological dataset, PES provided a biologically coherent and clinically readable summary of pooled subgingival 

microbiological findings. Rather than functioning as a diagnostic substitute for clinical periodontal assessment, the score 

may offer a simplified ecological interpretation of dysbiotic biofilm maturation and burden. If validated in prospective 

studies with full periodontal phenotyping, PES may prove useful as an adjunctive tool for interpreting microbiological 

reports and for longitudinal microbiological monitoring of disease evolution and response to therapy. 
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INTRODUCTION 

 

Periodontitis is a chronic, multifactorial inflammatory disease initiated by a dysbiotic subgingival biofilm and 

sustained by a susceptible host response. Rather than representing a simple bacterial infection, contemporary periodontal 

biology recognizes periodontitis as the consequence of ecological disruption within the oral microbiome, leading to a 

shift from symbiosis to dysbiosis (1, 2). Its clinical expression, however, reflects the interaction between microbial factors, 

host susceptibility, and environmental or systemic modifiers. Genetic determinants may influence both periodontal tissue 

characteristics and the immune-inflammatory response, while acquired risk factors such as smoking and diabetes may 

further modulate disease onset and progression. Within this framework, the subgingival microbiota should not be 

interpreted as the sole determinant of periodontal breakdown, but as one component of a broader pathogenic network. 

Clinical manifestations such as periodontal pocket formation, attachment loss, and alveolar bone destruction represent 

the tissue expression of this ecological imbalance rather than its primary cause. 

The concept that periodontal pathogens exist within structured microbial communities was established by 

Socransky and co-workers, who demonstrated that subgingival microorganisms are organized into microbial complexes 

characterized by specific ecological relationships (3). Among these, the Red Complex, consisting of Porphyromonas 

gingivalis, Tannerella forsythia, and Treponema denticola, showed the strongest association with bleeding on probing, 

increased probing depth, and clinical attachment loss. Red-complex bacteria were also rarely detected in the absence of 

Orange Complex species, supporting the concept of ecological succession during biofilm maturation (3). 

This ecological interpretation has important implications for the meaning of periodontal microbiological testing. 

The detection of periodontal pathogens does not necessarily coincide with the primary initiating event of pocket formation 

in every clinical setting. Periodontitis is a host-mediated dysbiotic disease in which tissue destruction reflects the 

interaction between microbial challenge, immune-inflammatory susceptibility, and modifying factors such as smoking 

and diabetes (1-5). In rapidly progressive forms affecting younger individuals, host susceptibility and altered 

inflammatory responses may play a particularly relevant role in disease expression. Within this framework, 

microbiological findings may be interpreted less as a simple list of pathogens and more as a dynamic ecological snapshot 

of subgingival colonization occurring within an already altered periodontal niche (1-6). 

These observations suggest that the detection of red-complex bacteria may provide information extending 

beyond the identification of individual pathogens. Because red-complex microorganisms are typically associated with 

mature dysbiotic biofilms, their presence may indicate that ecological conditions compatible with periodontal dysbiosis 

exist somewhere within the oral cavity (1, 3). Subgingival colonization is not random but tends to occur through 

progressive ecological stratification, with increasing complexity of the microbial community and increasing 

representation of dysbiosis-associated species. In this sense, periodontal microbiological testing may be interpreted as a 

pragmatic way to capture the sequential stages of subgingival microbial maturation, which are also associated with 

increasing dysbiotic burden. 

However, although microbiological testing is increasingly used in periodontal practice, laboratory reports are 

often difficult to translate into a clinically meaningful summary of dysbiotic burden, particularly in general dental settings. 

Moreover, microbiological testing and periodontal clinical classification do not describe the same dimension of disease. 

Clinical and radiographic periodontal assessment is largely anatomical, as it documents the structural consequences of 

disease, such as attachment loss, pocket depth, tooth loss, and alveolar bone destruction. By contrast, microbiological 

testing provides a pathophysiological snapshot of a dynamic ecological process that may evolve more rapidly than 

anatomical changes become clinically or radiographically evident. Although the degree of microbial stratification may 

partly parallel pocket depth, it may more importantly reflect the current biological activity of the periodontal ecosystem 

at a given time point. Under this view, microbiological testing may be particularly suitable not only for baseline ecological 

assessment but also for repeated monitoring of disease evolution and microbiological response to therapy. 

Current periodontal diagnosis remains based on clinical and radiographic parameters, including probing depth, 

clinical attachment loss, bleeding on probing, and bone loss, whereas microbiological testing is generally regarded as an 

adjunctive tool rather than a stand-alone diagnostic method (7-9). In this context, a simplified framework capable of 

translating microbiological findings into a clinically readable ecological signal may be useful, not as a substitute for 

periodontal diagnosis, but as a screening tool to support the interpretation of microbiological reports and to identify 

subjects who should undergo a comprehensive periodontal examination. 

On this basis, the present study introduces the Periodontal Ecological Score (PES), a simplified scoring system 

designed to summarize patient-level subgingival microbiological findings according to the presence, complexity, and 

quantitative burden of red-complex pathogens. Rather than treating microbiological findings as isolated binary results, 

the PES was conceived as a simplified ecological framework intended to translate pooled microbiological reports into 
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clinically readable stages of dysbiotic maturation and burden. Under this interpretation, higher PES categories do not 

simply indicate the presence of more pathogens but may reflect progressively more mature and biologically active 

dysbiotic ecosystems. 

The aim of the study was to explore whether this score could provide a biologically coherent and clinically 

interpretable framework for reading periodontal microbiological reports.  

 

MATERIALS AND METHODS 

 

Study design and study population 

This retrospective observational study was based on consecutive microbiological reports generated within a 

standardized pooled periodontal sampling protocol. The analytical dataset comprised 144 unique microbiological reports 

from patients who underwent periodontal microbiological testing by quantitative real-time polymerase chain reaction 

(qPCR). Duplicate records were excluded before analysis. 

For each patient, the following variables were available: age, gender, total bacterial load, and bacterial counts 

for Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola, 

Campylobacter rectus, and Fusobacterium nucleatum. 

 

Standardized sampling protocol 

Before sample collection, supragingival plaque and accessible subgingival deposits were gently removed using 

an ultrasonic scaler. Microbiological sampling was subsequently performed using five sterile paper points inserted into 

predefined gingival sulci for approximately 20 seconds. 

Whenever present, the mesiobuccal gingival sulcus of the first molar was selected in each of the four quadrants. 

A fifth paper point was inserted into the gingival sulcus of one maxillary or mandibular central incisor. When a first molar 

was absent, the nearest posterior tooth was selected. This standardized approach was intended to provide a distributed 

representation of the patient’s subgingival ecosystem rather than to target the deepest periodontal pocket or a clinically 

selected diseased site. 

The five paper points obtained from each patient were pooled into a single sterile transport tube, generating one 

representative microbiological specimen per patient for molecular analysis. 

 

Molecular analysis 

Microbial DNA was extracted from the pooled sample according to the manufacturer’s validated laboratory 

protocol. Microbiological analysis was performed using quantitative real-time polymerase chain reaction (qPCR). 

The analytical panel included total bacterial load, Aggregatibacter actinomycetemcomitans, the red-complex 

species (Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola), and the orange-complex species 

(Campylobacter rectus and Fusobacterium nucleatum). 

Bacterial counts were expressed as absolute copy numbers. According to the laboratory reporting system, a very 

high bacterial load was defined as >10,000 copies for a given species. 

 

Definition of microbiological patterns 

For ecological interpretation, microbiological profiles were analysed according to both orange-complex and red-

complex composition. The Orange-complex composition was defined according to the presence of Fusobacterium 

nucleatum and Campylobacter rectus. The red complex was defined by the presence of Porphyromonas gingivalis, 

Tannerella forsythia, and Treponema denticola. 

For each patient, the number of detected red-complex species was recorded (0, 1, 2, or 3). Orange-complex 

composition was categorized according to the presence of F. nucleatum alone or the combined presence of F. 

nucleatum and C. rectus. In addition, the presence of very high load (>10,000 copies) for each red-complex species was 

recorded. 

 

Definition of the Periodontal Ecological Score (PES) 

Microbiological findings were translated into a five-level Periodontal Ecological Score (PES) designed to 

summarize the ecological burden of the subgingival microbiota at the patient level. 

PES categories were defined as follows: 

• PES 0: no detectable red-complex species; 

• PES 1: one red-complex species detected; 
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• PES 2: two red-complex species detected; 

• PES 3: all three red-complex species detected; 

• PES 4: all three red-complex species detected, with at least one red-complex species above 10,000 copies. 

This classification was intended to combine red-complex compositional completeness with quantitative microbial 

burden in a clinically interpretable ecological framework, distinguishing complete red-complex colonization without very 

high load (PES 3) from complete red-complex colonization with at least one red-complex species at very high load (PES 

4). 

 

Statistical analysis 

Continuous variables were summarized as mean and median values, whereas categorical variables were reported 

as counts and percentages. Because total bacterial load showed a markedly skewed distribution, non-parametric methods 

were used for group comparisons. 

Differences in total bacterial load across PES categories were assessed using the Kruskal–Wallis test. The 

association between the number of detected red-complex species and total bacterial load was evaluated using Spearman’s 

rank correlation coefficient. The relationship between orange-complex composition (F. nucleatum alone vs F. 

nucleatum + C. rectus) and full red-complex colonization (presence of all three red-complex species) was assessed using 

Fisher’s exact test, and the corresponding odds ratio (OR) was calculated. All statistical tests were two-sided, and a p-

value <0.05 was considered statistically significant (Table II). 

 

RESULTS 

 

Study population and total bacterial load 

A total of 144 unique microbiological reports were included in the analysis. The study population had a mean 

age of 51.4 years (median 54 years) and showed a slight female predominance. Total bacterial load ranged from 1,465 to 

38,010,115 copies, with a mean of 1,785,739 copies and a median of 893,357 copies, indicating marked inter-individual 

variability and a right-skewed distribution (Table IA). 

 

Table IA. Study population characteristics and microbiological findings (n = 144).Study population and total bacterial 

load. 

Variable Value 

Patients, n 144 

Age, years, mean (median) 51.4 (54) 

Gender, female/male, n 86 / 58 

Total bacterial load, copies, mean 

(median) 

1,785,739 

(893,357) 

Range 
1,465–

38,010,115 

 

 

Prevalence of the investigated species 

Among the six investigated periodontal pathogens, Fusobacterium nucleatum was detected in all samples 

(144/144; 100%), making it the most prevalent microorganism in the dataset. Campylobacter rectus was identified in 115 

cases (79.9%), followed by the red-complex species Treponema denticola (100/144; 69.4%), Tannerella forsythia (92/144; 

63.9%), and Porphyromonas gingivalis (80/144; 55.6%). Aggregatibacter actinomycetemcomitans was detected in only 

7 cases (4.9%) (Fig. 1). 
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Fig. 1. Prevalence of the investigated periodontal species in the study population. 

 

When bacterial burden was stratified according to the laboratory threshold for very high load (>10,000 copies), 

F. nucleatum remained the dominant species, exceeding this threshold in 108 cases (75.0%). Very high loads were also 

observed for C. rectus in 55 cases (38.2%), P. gingivalis in 35 cases (24.3%), and T. denticola in 34 cases (23.6%), whereas 

T. forsythia and A. actinomycetemcomitans reached this threshold only in 7 (4.9%) and 2 (1.4%) cases, respectively (Table 

IB). 

 

Table IB. Prevalence and very high bacterial load of the investigated species. 

Species 
Positive samples, n 

(%) 

Very high load (>10,000 copies), n 

(%) 

Aggregatibacter 

actinomycetemcomitans 
7 (4.9) 2 (1.4) 

Porphyromonas gingivalis 80 (55.6) 35 (24.3) 

Tannerella forsythia 92 (63.9) 7 (4.9) 

Treponema denticola 100 (69.4) 34 (23.6) 

Campylobacter rectus 115 (79.9) 55 (38.2) 

Fusobacterium nucleatum 144 (100) 108 (75.0) 

Abbreviation: very high load = bacterial count >10,000 copies. 

 

 

Microbiological patterns of orange- and red-complex colonization 

At least one orange-complex species was detected in all samples. Specifically, 115 patients (79.9%) carried both 

F. nucleatum and C. rectus, whereas 29 (20.1%) showed F. nucleatum alone. 

Regarding the red complex, 30 patients (20.8%) showed no red-complex species, 20 (13.9%) carried one species, 

30 (20.8%) carried two species, and 64 (44.4%) were positive for all three red-complex members. Overall, 114/144 

patients (79.2%) carried at least one red-complex species and 94/144 (65.3%) carried at least two (Fig. 2). 
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Fig. 2. Distribution of Periodontal Ecological Score (PES) categories in the study population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The coexistence of orange- and red-complex species followed a progressive pattern. Among patients carrying 

both orange-complex bacteria, 58/115 (50.4%) also carried all three red-complex species, compared with 6/29 (20.7%) 

among those positive for F. nucleatum alone (Fig. 3). 

 

Fig. 3. Distribution of red-complex colonization according to orange-complex composition. 

 
Stacked bar chart showing the proportion of patients with zero, one, two, or three detected red-complex species according 

to orange-complex composition. Samples were stratified into those positive for Fusobacterium nucleatum alone and those 

positive for both Fusobacterium nucleatum and Campylobacter rectus. Full red-complex colonization was more frequent 

among patients carrying both orange-complex species than among those positive for Fusobacterium nucleatum alone. 

 

 

 

 

Schematic representation of the distribution of the study population across the five Periodontal Ecological Score 

(PES) categories. PES 0 indicates the absence of red-complex species; PES 1 and PES 2 indicate the presence of one or 

two red-complex species, respectively; PES 3 identifies complete red-complex colonization in the absence of very high 

load; PES 4 identifies complete red-complex colonization with at least one red-complex species showing a very high load 

(>10,000 copies). The gradient reflects increasing ecological burden associated with red-complex compositional 

complexity and quantitative overrepresentation within a complete red-complex profile. 
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Quantitative microbiological patterns 

At the patient level, 100 patients (69.4%) showed no red-complex species above 10,000 copies, whereas 17 

(11.8%) carried one, 22 (15.3%) carried two, and 5 (3.5%) carried all three red-complex species at very high load. 

By contrast, the quantitative burden of the orange complex was more pronounced: 113/144 patients (78.5%) 

showed at least one orange-complex species above 10,000 copies, and 50 (34.7%) showed very high counts for both F. 

nucleatum and C. rectus. Among patients with no orange-complex species above this threshold, 29/31 showed no red-

complex species at very high load, whereas patients with both orange-complex species above the threshold more 

frequently carried one or more red-complex species at very high load. 

 

PES distribution 

Microbiological profiles were further classified according to the Periodontal Ecological Score (PES) system. 

PES 0 identified subjects with no detectable red-complex species; PES 1 and PES 2 indicated the presence of one or two 

red-complex species, respectively; PES 3 identified subjects harbouring all three red-complex species in the absence of 

very high red-complex load; and PES 4 identified subjects harbouring all three red-complex species with at least one red-

complex pathogen above 10,000 copies. 

According to this classification, 30 patients (20.8%) were assigned to PES 0, 20 (13.9%) to PES 1, 30 (20.8%) 

to PES 2, 26 (18.1%) to PES 3, and 38 (26.4%) to PES 4. Overall, approximately one fifth of the cohort showed no 

detectable red-complex bacteria, whereas approximately one quarter exhibited complete red-complex colonization 

associated with at least one red-complex species at very high load, corresponding to the highest ecological category. 

 

Statistical associations supporting the PES framework 

Total bacterial load differed significantly across PES categories (Kruskal–Wallis, H = 43.75; p = 7.22 × 10⁻⁹), 

showing a progressive increase from PES 0 to PES 4. Median total bacterial load increased from 287,127 copies in PES 

0 to 2,190,192.5 copies in PES 4, supporting the biological coherence of the proposed ecological classification (Fig. 4). 

 

Fig. 4. Total bacterial load across PES. 

 

 
Boxplots showing the distribution of total bacterial load for each Periodontal Ecological Score (PES) category. The 

horizontal line within each box indicates the median; the boxes represent the interquartile range, the whiskers indicate 

the spread of the data, and the dots represent outliers. Total bacterial load increased progressively across PES categories, 

with the highest burden observed in PES 4 (Kruskal–Wallis test, H = 43.75; p = 7.22 × 10⁻⁹). 
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A significant positive correlation was observed between the number of detected red-complex species and total 

bacterial load (Spearman’s ρ = 0.489, p = 4.82 × 10⁻¹⁰), indicating that increasing red-complex complexity was associated 

with greater overall bacterial burden. 

Patients carrying both orange-complex species (Fusobacterium nucleatum + Campylobacter rectus) were more 

likely to show complete red-complex colonization than those positive for Fusobacterium nucleatum alone (50.4% vs 

20.7%; OR = 3.90; p = 0.0059) (Table II). 

 

Table II. Statistical associations supporting the PES framework. 

Analysis Statistical test Result 

Total bacterial load across PES categories Kruskal–Wallis 
H = 43.75; p = 7.22 × 

10⁻⁹ 

Number of red-complex species vs total bacterial load 
Spearman 

correlation 

ρ = 0.489; p = 4.82 × 

10⁻¹⁰ 

Orange-complex pattern (Fn alone vs Fn + Cr) and full red-complex 

colonization 
Fisher’s exact test OR = 3.90; p = 0.0059 

 

 

DISCUSSION 

 

The present study introduces and preliminarily evaluates a simplified ecological framework for interpreting 

pooled subgingival microbiological reports based on six periodontal pathogens, translated into a five-level Periodontal 

Ecological Score (PES). The aim was not to diagnose periodontitis on the basis of microbiological data alone, but to 

explore whether pooled microbiological findings could be summarized into a biologically coherent and clinically readable 

gradient of dysbiotic burden. More specifically, the proposed framework was conceived to translate microbiological 

findings into a simplified representation of ecological maturation, under the assumption that increasing complexity and 

quantitative burden of dysbiosis-associated species may reflect progressively more advanced stages of subgingival 

microbial organization. Three main findings emerged. First, the microbiological profile of the study population was 

strongly dominated by orange-complex species, particularly Fusobacterium nucleatum, which was detected in all samples, 

and Campylobacter rectus, which was present in approximately four-fifths of the cohort. Second, colonization by red-

complex species was highly prevalent, with nearly half of the patients carrying all three red-complex bacteria and 

approximately one quarter showing complete red-complex colonization associated with at least one red-complex pathogen 

at very high load. Third, the proposed PES framework was supported by a progressive increase in total bacterial load 

across PES categories and by a significant association between orange-complex composition and full red-complex 

colonization. 

A relevant observation of the present dataset is the overwhelming prevalence of orange-complex microorganisms. 

In the ecological model proposed by Socransky and colleagues, orange-complex species occupy an intermediate position 

in biofilm development and are considered functionally linked to subsequent colonization by red-complex pathogens (3). 

In particular, F. nucleatum is regarded as a bridging organism because of its capacity to co-aggregate with both early and 

late colonizers and to contribute to biofilm maturation within dysbiotic communities (1, 3, 4). The detection of F. 

nucleatum in all samples, together with the frequent co-occurrence of C. rectus, suggests that the microbial ecosystem 

represented in this cohort was already shifted away from a health-associated profile and toward a structured dysbiotic 

community. Importantly, the presence of both orange-complex species was associated with a significantly higher 

probability of complete red-complex colonization, supporting the ecological concept that orange-complex enrichment 

may facilitate subsequent dysbiotic maturation. 

The high prevalence of red-complex colonization was a second major finding. However, the present results also 

indicate that the simultaneous detection of red-complex species and their quantitative burden should not be considered 

equivalent. Although 44.4% of patients carried all three red-complex species, only a subset fulfilled the criteria for PES 

4, which required not only complete red-complex colonization but also at least one red-complex species above 10,000 

copies. This distinction provided the rationale for the structure of the PES system. In the proposed model, PES 0–2 reflect 

increasing red-complex complexity from absence of red-complex species to the presence of two members, whereas PES 

3 identifies complete red-complex colonization and PES 4 identifies complete red-complex colonization with at least one 

red-complex species above 10,000 copies. This approach was intended to separate compositional completeness of the red 
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complex from quantitative overrepresentation within a complete red-complex profile, while preserving a clinically 

readable ecological hierarchy. 

The statistical analyses provide preliminary support for the internal coherence of this model. Total bacterial load 

increased significantly across PES categories, and the number of red-complex species correlated positively with total 

bacterial load. In addition, patients carrying both orange-complex species showed a significantly higher likelihood of full 

red-complex colonization than those positive for F. nucleatum alone. Taken together, these findings suggest that the PES 

is not simply a nominal classification of microbiological findings, but reflects a measurable gradient in microbial 

burden.  At the same time, the score may also be interpreted as a pragmatic approximation of different stages of dysbiotic 

maturation, moving from limited red-complex involvement to complete and quantitatively dominant red-complex 

colonization. The distinction between PES 3 and PES 4 may be particularly relevant in this respect, as both categories 

include complete red-complex colonization, whereas PES 4 identifies cases in which at least one red-complex pathogen 

reaches a quantitatively dominant level. 

A central conceptual point of the present work is that pooled subgingival microbiological findings may represent 

more than the mere detection of selected pathogens. If interpreted ecologically, they may provide a pathophysiological 

snapshot of a dynamic process of subgingival colonization and maturation. This dynamic perspective differs from the 

anatomical perspective provided by clinical and radiographic periodontal assessment, which mainly documents the 

structural consequences of disease once tissue breakdown has already occurred. By contrast, microbiological testing may 

capture biological changes that occur within the periodontal ecosystem before, during, or independently of overt 

anatomical progression. In this sense, the proposed score should not be interpreted as a surrogate for clinical diagnosis, 

but rather as a simplified ecological reading of the current microbiological state of the periodontal environment (1-5). 

This interpretation is consistent with the contemporary view of periodontitis as a polymicrobial dysbiotic disease, 

in which the pathogenic potential of the biofilm arises not from a single microorganism but from the ecological and 

functional properties of the microbial community as a whole (1, 2, 4). At the same time, the present framework should 

not be taken to imply that microbiological burden is invariably the primary driver of pocket formation or tissue destruction 

in every patient. Periodontitis is a multifactorial disease in which host susceptibility, immune-inflammatory response, 

systemic conditions such as diabetes, and behavioural factors such as smoking all contribute to disease expression (1, 2, 

4, 5).  

In some cases, particularly in rapidly progressive forms affecting younger individuals, bacterial overgrowth may 

represent not only a cause of ongoing periodontal destruction but also a consequence of the ecological niche created by 

pocket formation (6). Under this view, the microbiological profile captured by the test may reflect the biological state of 

a periodontal lesion at a given time point, rather than its sole initiating mechanism. Within this framework, the proposed 

score should not be understood as a microbiological substitute for clinical diagnosis, but rather as an attempt to convert a 

complex pooled molecular report into an ecological signal that is more easily interpretable at the patient level. 

Periodontitis remains a clinical diagnosis based on integration of probing depth, clinical attachment loss, 

bleeding on probing, radiographic findings, and patient-level risk factors, in line with the current periodontal classification 

framework (7, 8). A microbiological profile alone cannot define periodontal diagnosis, anatomical stage, or prognosis, 

although it may provide adjunctive information on the current ecological activity of the periodontal environment. The 

proposed score should therefore be viewed as an adjunctive ecological interpretation tool rather than a replacement for 

clinical assessment, which is also consistent with the current position of microbiological testing as a non-routine adjunct 

in periodontal care (9). Its potential value may lie less in anatomical staging than in providing a standardized and clinically 

readable summary of microbiological burden and ecological maturation. Within this perspective, PES 0–1 may identify 

limited red-complex involvement, PES 2–3 may reflect progressive ecological enrichment, and PES 4 may identify a 

subgroup characterized by complete red-complex colonization with quantitative overrepresentation of at least one red-

complex species, potentially warranting closer clinical correlation. 

This study has several limitations. It is a retrospective analysis of microbiological reports and lacks standardized 

periodontal clinical parameters, preventing direct correlation between PES categories and disease severity or treatment 

outcomes. This also prevents verification of the hypothesis that higher PES categories may reflect greater biological 

activity of periodontal disease rather than simply greater anatomical destruction. The microbiological panel was limited 

to six species and therefore does not capture the full complexity of the subgingival microbiome. In addition, the study 

population consisted of subjects undergoing microbiological testing rather than an unselected periodontal population, 

which likely contributed to the high prevalence of orange- and red-complex bacteria and limits external generalizability.  

Finally, the threshold used to define very high load was derived from the laboratory reporting system and should 

be regarded as a pragmatic operational cut-off rather than a validated biological threshold. 
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Within these limits, the present findings suggest that a simplified ecological interpretation of microbiological 

reports may be feasible and clinically useful. The PES offers a structured way to summarize the presence and burden of 

red-complex pathogens while preserving the ecological context provided by orange-complex colonization. If confirmed 

in prospective studies, this type of microbiological stratification could be relevant not only for baseline interpretation of 

pooled laboratory reports but also for repeated monitoring over time, as microbiological testing may provide a more 

dynamic picture of disease evolution and response to therapy than structural parameters alone. Prospective studies 

including full periodontal phenotyping will be required to determine whether PES categories correlate with clinical 

disease severity, inflammatory status, and treatment response, and whether the score may be useful as a longitudinal tool 

for microbiological monitoring. 
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ABSTRACT 

Perforation of the Schneiderian membrane represents the most frequent intraoperative complication during 

maxillary sinus elevation, with implications for graft stability, postoperative infection risk, and implant survival. Although 

small (<5 mm) and medium (5-10 mm) can be successfully repaired by suturing and doubling the Schneiderian membrane 

with a resorbable collagen membrane, in case of large perforations (>10 mm), it may necessitate aborting the procedure 

and reattempting augmentation after healing (3-6 months). Here, a case of an excessively large perforation of the 

Schneiderian membrane (corresponding to the full floor of the maxillary sinus) restored by using a resorbable membrane 

and pins - to create a new separation between the maxillary sinus and the grafted material - is reported. Implants were 

inserted in the same surgical procedure. The post-operative period was uneventful, and after 6 months, a prosthetic 

rehabilitation was delivered.   

 

KEYWORDS: maxilla, sinus, Schneiderian, implant, graft, bone 

 

INTRODUCTION 

 

The Schneiderian membrane plays a crucial role in sinus physiology and in bone regeneration following sinus 

floor augmentation. During maxillary sinus elevation procedures, perforation of the Schneiderian membrane represents 

the most frequent intraoperative complication, with implications for graft stability, postoperative infection risk, and 

implant survival. 

Reported rates of Schneiderian membrane perforation during lateral sinus lift range from 7% to over 30%, 

depending on the surgeon’s experience, technique, and anatomical variables. Risk factors include: thin or inflamed 

membrane, sharp bony septa or irregular sinus floor, excessive traction during elevation, reentry procedures or presence 

of residual roots or cysts. A recent meta-analysis by Díaz-Olivares et al. (1) confirmed that membrane perforation remains 

the most common intraoperative complication despite advances in technique, but most perforations are manageable 

without long-term sequelae. 
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The potential consequences of Schneiderian membrane perforation include: loss of graft material into the sinus 

cavity, which may compromise graft volume and integration; post-operative sinusitis or infection, particularly if graft 

particles obstruct the osteo-meatal complex; delayed or incomplete bone formation, as the membrane serves as a barrier 

maintaining the graft compartment; reduced implant stability. However, numerous studies indicate that when small-to-

moderate perforations are properly managed, implant survival and bone gain are comparable to cases with intact 

membranes. In fact, small perforations (<5 mm) can be successfully repaired by covering with a resorbable collagen 

membrane, fibrin membrane, or autologous platelet-rich fibrin. In case of moderate perforations (5-10 mm), it is often 

necessary to suture the Schneiderian membrane and double it with collagen membranes. Finally, large perforations (>10 

mm) or extensive membrane detachment may necessitate aborting the procedure and reattempting augmentation after 

healing (3-6 months) (2, 3). Here, a case of excessively large perforation of the Schneiderian membrane (corresponding 

to the full floor of the maxillary sinus) restored by using a resorbable membrane and pins - to create a new separation 

between the maxillary sinus and the grafted material - is reported. Implants were inserted in the same surgical procedure. 

The post-operative period was regular, and after 6 months, a provisional prosthetic rehabilitation was performed.   

 

CASE REPORT 

 

In April 2025, T. D., a 68-year-old female non-smoker, presented to our Clinic with difficulty chewing. Clinical 

examination demonstrated that the upper left molars were lacking. CBCT showed a thin sinus floor, so a lateral sinus lift 

procedure was planned (Fig. 1).  

  

 

 

 

 

 

 

 

 

Fig. 1. Pre-operative CBCT showing left maxillary sinus. 

Surgically, after local anesthesia, a full-thickness flap was elevated with vertical release incisions in the nasal 

spine and close to the maxillary tuber. A lateral bony window was performed. During the operation, detachment of the 

Schneiderian membrane from the sinus floor was very difficult due to adherence secondary to a previous infection. An 

exceedingly large perforation of the Schneiderian membrane - corresponding to the full floor of the maxillary sinus - was 

the result of the detachment (Fig. 2).  
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Fig. 2. Intra-operative photo showing a very large perforation of the Schneiderian membrane. 

 

Consequently, it was decided to use a collagen membrane to rebuild the destroyed Schneiderian membrane. 

Resorbable membrane was attached to anterior, medial (i.e. nasal) and posterior sinus wall as well on the upper external 

rim of maxillary bone window used for sinus approach by using pins (Fig. 3).  

 

Fig. 3. Resorbable membrane was attached to the anterior, medial (i.e., nasal), and posterior sinus wall as well as the 

upper external rim of the maxillary bone window used for sinus approach by using pins. 

 

The sinus lift procedure was then performed as usual, using bovine bone chips mixed with 50% patient bone 

(Fig. 4), followed by immediate implant insertion to replace the first and second upper molars (Fig. 5, 6). At the end of 

the operation, CBCT showed no blood clot in the part of the maxillary sinus over the new membrane (Fig. 5, 6). 
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Fig. 4. Lateral view of sinus filled with bone chips. 

 

 

Fig. 5. Post-operative CBCT showing fixture inserted in the first upper left molar area. 
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Fig. 7. Six-month follow-up CBCT showing 

fixture inserted in first upper left molar area: 

note that Schneiderian membrane is very thin 

which demontrated a correct healing process. 

 

Fig. 6. Post-operative CBCT showing implant inserted in the second upper left molar region. 

 

 In the post-operative period, the patient was treated as usual with an antibiotic and a steroid anti-inflammatory 

tablet to reduce swelling and pain, as well as a nasal aerosol with steroids. She had no complications (i.e., bleeding or 

infection), and the suture was removed after 2 weeks. After 6 months, a provisional prosthetic restoration was delivered, 

and the patient began chewing (Fig. 7, 8).  

 

 

 

Fig. 8. Six-month follow-up CBCT showing 

implant inserted in second upper left molar 

region: note that maxillary sinus membrane is 

very thin which demontrated a correct healing 

process. 
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DISCUSSION 

 

Maxillary sinus floor augmentation (also named sinus lift) is a predictable surgical procedure developed to 

increase vertical bone height in the posterior maxilla to facilitate placement of endosseous dental implants (4-9). Loss of 

posterior maxillary teeth, maxillary sinus pneumatization, and crestal bone resorption frequently result in inadequate bone 

height for standard-length implants. Over the last four decades, multiple techniques and grafting materials have been 

developed; contemporary research focuses on minimizing morbidity while maximizing graft stability and implant 

survival. Systematic reviews and meta-analyses report high implant survival rates after both the lateral window and 

transcrestal approaches when performed appropriately (1-9). 

Indications for sinus augmentation include residual vertical bone height insufficient for planned implant length 

(commonly <6-8 mm), unfavorable sinus anatomy (low-lying sinus floor, septa), or when implant stability cannot be 

achieved without vertical augmentation. Preoperative assessment requires detailed clinical examination and three-

dimensional imaging (CBCT) to evaluate residual bone height and width, sinus anatomy (septations, mucosal thickening), 

ostium patency, and proximity of the sinus membrane (Schneiderian membrane) to oral cavity to planned implant sites. 

Systemic health, smoking status, history of sinus disease, and prior sinus surgery should be considered in patient selection 

and risk assessment. (4-6). 

The lateral window technique involves creating a bony window in the lateral maxillary wall to expose and elevate 

the Schneiderian membrane, followed by placement of graft material in the sub-antral space. The lateral approach allows 

direct visualization and is the preferred method for large augmentations (>5-6 mm vertical gain) or when extensive graft 

volume is required for multiple fixture insertion. Modifications include repositioning or covering the window with a 

collagen membrane, using window bone to build a graft roof, and doubling the sinus membrane with collagen one. The 

lateral technique can be performed with simultaneous implant placement when primary stability is achievable. 

Schneiderian membrane perforation is the most frequent intraoperative complication, with reported rates ranging widely 

across series (typically 7-30%, depending on technique and operator) (1-9). Management strategies depend on perforation 

size and location: small perforations may be managed by careful elevation and placement of a collagen or autologous 

fibrin membrane (e.g., L-PRF) to seal the defect; medium defects require suturing and doubling the sinus membrane with 

collagen one, whereas large perforations necessitate aborting the procedure and reattempting augmentation after healing. 

Clinical evidence suggests that appropriate intraoperative repair (collagen membranes, crosslinked membranes, or PRF) 

can achieve bone gain and implant outcomes comparable to those of intact membranes when managed correctly.  

Complications include membrane perforation, infection/sinusitis, graft exposure or loss, hemorrhage, implant 

failure, and, in rare cases, oro-antral fistula formation. Risk mitigation strategies include a thorough preoperative 

evaluation of sinus health (ENT consultation when indicated), atraumatic membrane elevation (piezosurgery reduces 

membrane tears in some series), the use of barrier membranes, and staged approaches for high-risk cases (1-9).  

An additional option is also possible to build a new membrane to separate the bone graft from the maxillary 

sinus. Here is reported a case of an excessively large perforation of the Schneiderian membrane (corresponding to the full 

floor of the maxillary sinus) restored by using a resorbable membrane and pins to create a new separation between the 

maxillary sinus and the grafted material. Implants were inserted in the same sinus lift procedure. The post-operative period 

was uneventful, and after 6 months, a prosthetic rehabilitation was delivered.   

Although it is a single case, it was reported as an example of a potential new rescue surgical technique. It can be 

adopted from an expert surgeon. It is our understanding that additional cases should be reported to better establish when 

it can be adopted and the failure rate. 

 

CONCLUSIONS 

 

Schneiderian membrane perforation remains an inevitable yet manageable complication of maxillary sinus floor 

augmentation. Careful case selection, atraumatic elevation, early detection, and immediate repair with biocompatible 

membranes or autologous biomaterials are key to preserving graft integrity and implant success. Small and medium 

perforations are usually managed without problem. In cases of large perforations of the Schneiderian membrane 

(corresponding to the full floor of the maxillary sinus), restoration with a resorbable membrane and pins is possible, as is 

bone grafting and implant insertion in the same surgical procedure. It is our knowledge, however, that additional cases 

should be reported to better determine when this procedure is feasible and likely to result in a reasonably successful 

outcome. 
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ABSTRACT 

 

Kennedy Class II edentulous patients are usually treated with removable partial dentures (RPD) that often have 

visible clasps or with fixed implant-supported prostheses. An alternative to increase retention and satisfaction among 

patients with removable partial dentures is the implant-supported removable partial denture (ISRPD). This type of 

implant-retained prosthesis often requires checks for minor adjustments. The case report represents a case where the bone 

conditions and the patient's requests directed the operators to create an ISRPD with implants positioned in the distal area 

with the fleppes technique, obtaining a satisfactory result for the patient. This approach certainly offers the patient a better 

solution in Kennedy class II partial edentulism by reducing the discomfort of viewing the clasps, and also improves the 

predictability of the residual teeth.. ISRPD significantly improves the quality of life and aesthetic appearance of patients. 

However, more frequent monitoring is required for wear of the Teflons and for any necessary modifications. 

 

KEYWORDS: dental prosthesis, removable dental prosthesis, dental implant, partial edentulism 

 

INTRODUCTION 

 

Raising awareness through campaigns on the prevention of oral diseases is achieving good results; in fact, the 

number of people visiting the dentist is increasing (1-5). The RPD prosthesis called "skeletonized" is a metal structure 

with biomechanical functions, i.e., all characteristics suitable for masticatory function.  

Although there are different prosthetic solutions and bone regeneration techniques, the removable partial 

prosthesis is always indicated when new rehabilitation strategies are not applicable. The aesthetics of removable partial 

dentures is often not accepted due to the presence of metal clasps, and in recent years, attempts have been made to modify 

the designs to make the clasps less visible (6).   

Caries and periodontitis are the major pathologies that lead to partial or total edentulism, so even very 

compromised teeth treated endodontically or RPD that are inconsistent or inserted without respecting the dentist's 
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indications represent a problem that is often resolved with edentulism (7-9). After tooth extractions, the alveolar ridges 

change and require immediate bone regeneration techniques or grafts to counteract normal resorption (10-12).  

Today, implantology helps us achieve excellent rehabilitation results using techniques that reduce post-operative 

morbidity, with interventions increasingly predictable. A greater number of clinicians can make partial prosthesis, thanks 

to simple procedures that are minimally dependent on the operator (13). The use of removable partial dentures supported 

by dental implants has increased patient satisfaction, even though this type of prosthesis requires periodic follow-up (14-

16).  

Nogawa et al. evaluated the effect of inserting a single implant in a free saddle in Kennedy's second class on 

chewing, increasing patient satisfaction (17). Lemos et al., in a study on ISRPD, reported high implant survival rates and 

acceptable bone loss, with improved quality of life and patient satisfaction compared to conventional RPD (18). Putra  et 

al., in a systematic review, highlighted that attachment, particularly the ball type, was more commonly used in the 

treatment of removable partial dentures with implant-supported restorations, as it is considered a simple and economical 

option with favorable biological outcomes. Furthermore, the use of different attachment systems did not significantly 

affect implant survival rate or patient satisfaction (19). Therefore, the choice of IRSPD could be the gold standard for all 

those cases presenting Kennedy class I and II edentulism in which it is not possible to perform a fixed prosthetic implant 

rehabilitation.  

The most difficult challenge in creating the RPD is balancing occlusal forces and stress on the residual teeth, and 

when the prosthesis is supported by implants, the stress on the retentive means and the implants. Several authors indicate 

that the occlusion in maximum intercuspation or centric occlusion should have bilateral posterior contacts without 

deflective occlusal contacts; the occlusion developed with RPD should allow the supporting teeth to remain in good health 

with functional stress distributed among all teeth occlusally. In an implant-supported RPD, in addition to occlusal 

evaluation and stress on the residual teeth, the success and durability of the implants must also be evaluated. In this regard, 

Goodacre et al. conducted a retrospective study on the success of  ISRPD based on three types of strategic locations in the 

distal extension areas of Kennedy class I and II arches, highlighting the success of implants in IARPDs adjacent to the 

natural tooth compared to those far from the natural tooth abutments (20, 21).  

The clinical case presented describes the rehabilitation of the oral cavity, based on the patient's requests, using 

upper ISRPD with distal implants and lower ISRPD with implants close to teeth. 

 

CASE REPORT 

 

A 56-year-old female presented to our observation complaining of difficulty chewing due to the absence of many 

dental elements. The anamnesis showed that the patient was a former smoker; she only took levothyroxine, she had a 

Kennedy II superiorly, and a class of Kennedy I in the lower arch. Furthermore, the residual alveolar ridges were very 

thin with the exception of the diatoric areas superiorly and in the first promolars inferiorly.  

The upper residual elements also presented problems in the crown structure; a capsule was observed on elements 

12 and 17. The lower elements were stable but very worn at the margin. Despite the occlusion having collapsed, the 

patient did not complain of joint problems (Fig. 1). The CT scan highlighted very thin ridges (Fig. 2a-c).  

 

 

 
Fig. 1. Initial OPT RX. 
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 a  b  c 

 

Fig. 2. a) Lower arch ridges; b-c) View of the thin ridges on the right and left side. 

 

The patient was offered various mobile and fixed prosthetic solutions supported by implants. The patient opted 

for the implant solution but set conditions, including that she did not want a fixed prosthesis, would not accept important 

interventions such as bone regeneration, and would not accept any stitches in the mouth. These conditions were dictated 

by previous experiences that led her to stop going to the dentist.  

Once the entire therapy was explained to the patient, the consent for each individual intervention was signed, a 

rehabilitation with an ISRPD was planned, and the flappes technique was proposed for the insertion of the implants.  

Having achieved the periodontal health of the residual elements also using the laser to decontaminate the gingival 

sulci, the insertion of the lower implants in zone 34, 1 implant 3.75x11mm and zone 44, 1 implant 3.75x13mm was first 

planned; subsequently in the upper jaw, 2 implants measuring 3.30x11mm were inserted in 14 and 15; additional 2 

implants were inserted in 26 and 27 (3.75x13mm); (Fig. 3a-b). The system used to retain the prosthesis involved the 

insertion of ball attachments (Fig. 4a-b). The RPD was designed with a primary connection, which includes an anterior 

plate adhering to the residual teeth (Fig. 5a-c). 

 

 

 

                

 

 

 

 

 

a                                                                                          b 

 

Fig. 3. a) Insertion of lower implants; b) insertion of upper implants. 
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Fig. 4. a) OPT x-ray after implant insertion and ball-attachment; b) View of the position of the implants with ball-

attachment inserted on the upper model; the particular thin crest can be seen. 

 

 

                                                                                        

 a  b  c 

Fig. 5. a) Insertion in the 2nd quadrant RPD; b) Insertion in the 1st quadrant RPD; c) RPD with plate adhering to the 

teeth. 

 

An 18-month follow-up highlighted poor oral hygiene and infiltration of all the composite reconstructions; the 

implants showed no signs of infecton or bone reduction, the prosthesis was stable and retentive, and the patient did not 

complain of any discomfort (Fig. 6a-f). 

 

            a    b 

                      c  d 
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Fig. 6. a) OPT X-ray performed after 18 months; b) Implants inserted into the maxilla; c) Implants inserted into the 

mandible: the infiltration of the distal class 3 reconstruction of element 43 is noted; d) RPD: the infiltration of the 

composite material reconstructions is noted; e-f) Caudal and cranial view of the RPD. 

 

DISCUSSION 

 

The clinical case presented describes a patient with Kennedy Class I edentulism in the lower jaw and Kennedy 

Class II in the upper jaw, rehabilitated with ISRPD positioned with the flappess technique. The advanced atrophy of the 

mandibular and maxillary alveolar ridge could not be corrected with bone graft due to the patient's specific request. A 

necessary condition in order to not extract teeth, is to have a healthy periodontium, so that teeth can be used as units 

resistant to anchoring clasps.  

The pandemic's effects in recent years have created uncertainty among patients, leading them to fear contagion 

when going to the dentist for treatment or checkups. The consequences of the pandemic period have been significant for 

both social life and the economy, leading many patients to forego major oral rehabilitations in favor of more affordable 

social prostheses (22, 23). The condition that all patients require for rehabilitation is stability and aesthetics; these two 

conditions find a positive response with the insertion of implants, even in cases of total edentulism. The patient's general 

health and medication regimen significantly influence implant insertion (24-30). Thus, the periodontal health of the 

residual teeth or implants already inserted influences the choice of prosthetic design (31-35).  

The difficult choice in rehabilitation in the case presented was the patient's condition: she refused regeneration 

surgery, no extraction, and did not want stitches in the mouth. Therefore, ensuring patient compliance with new laser and 

photobiomodulation technologies was crucial for planning the different rehabilitation phases (36-39). Bone regeneration 

and subsequent implant insertion would have been more appropriate, given the patient's age and edentulous areas (40-

42).   

In the case discussed, the insertion of the implants in areas where bone was adequate allowed the creation of a 

skeletonized prosthesis without visible hooks, resulting in acceptable aesthetics, except for hook no. 1 in the upper right 

molar, designed to stabilize the slight grade 1 movement. An important factor that was not overlooked was the patient's 

psychological aspect, who, for various reasons, had always postponed dental treatment (43).   

The choice of ISRPD was dictated by the reasons explained to the patient as the possibility of removing the 

prosthesis to be able to better clean the residual elements and to be motivated to carry out periodic checks for any relining 

or Teflon replacements.  In addition, it is possible to add teeth on the prosthesis if the dental elements were extracted. In 

fact, the design was carried out by making the main upper joint adherent to the teeth, acting as a guide for possible other 

implants and ball attachments (44, 45). 

 

CONCLUSIONS 

 

Prosthetic rehabilitation with ISRPD significantly improves patients' quality of life and aesthetic appearance. 

Some complications concern the wear of Teflons due to prosthesis use and the monitoring for any necessary changes over 

time, a fundamental condition for maintaining correct biomechanics. 
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ABSTRACT 

 

Pleomorphic adenoma is a common benign salivary gland tumor that can occasionally arise in minor salivary glands 

of the palate. Surgical excision is the treatment of choice, yet postoperative management of palatal defects is essential to 

ensure optimal healing and preserve oral function. This case report describes the immediate prosthetic rehabilitation of a 

54-year-old female patient undergoing excision of a pleomorphic adenoma of the hard palate. A preoperatively fabricated 

resin healing plate was placed immediately after surgery to protect the surgical site, maintain hemostasis, and support 

early functional recovery. The prosthesis design incorporated strategically positioned clasps to ensure retention, stability, 

and patient comfort without intraoperative adjustment. Postoperative follow-up at one month confirmed complete tissue 

healing and functional restoration, demonstrating that the device effectively served as a transitional support during 

recovery. This case highlights the critical role of immediate obturator prostheses in safeguarding soft tissue integrity, 

preserving speech and swallowing function, and facilitating uneventful postoperative healing, even in small, well-

demarcated palatal defects. 

 
KEYWORDS: pleomorphic adenoma, healing plaque, immediate obturator 

 
INTRODUCTION 

 
Pleomorphic adenoma represents one of the most common benign tumors of the salivary glands. This tumor is 

common in the major salivary glands, such as the parotid, but it is not unusual in the minor salivary glands. The most 

affected site of pleomorphic adenomas of minor salivary glands is the palatine mucosa, followed by the lips, the buccal 

mucosa, the floor of the mouth, the larynx, and the trachea (1-3). It occurs most frequently from the second to the fifth 

decade of life and primarily affects females (4-5). 

Pleomorphic adenoma is usually asymptomatic, except when it grows to reach a significant dimension that 

compresses adjacent structures. This tumor has clear borders and is covered by healthy mucous membrane. Ulcerations 

of the mucosa can occasionally be seen. Single and movable related nodules are seen (6-7). The neoplasm arises following 
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a single tumor cell that differentiates into various cell types, histologically producing epithelial cells, myoepithelial cells, 

and mesenchymal cells. Epithelial cells form ductal structures interspersed with a loose fibrous stroma of the myxoid, 

chondroid, or mucoid type. Myoepithelial cells appear polygonal with slightly eosinophilic cytoplasm. Microscopic 

identification of these histological components from biopsy is necessary for definitive diagnosis (8-9). 

Imaging such as CT scan and MRI is invaluable for planning surgical intervention and provides information on 

lesion size, boundary type, and possible extension to adjacent tissues and structures. CT scans are more accessible and 

can be used to assess bone involvement, such as cortical erosion or bone invasion. MRI better defines soft-tissue 

extension, but it is not necessary if the lesion is well demarcated on CT (10-11). 

The preferred therapy is wide local excision with removal of the surrounding capsule, mucosa, and periosteum when 

affected (12-13). Enucleation is not recommended because high recurrence rates are noted (14). 

After the resection of the pleomorphic adenoma, the defect created on the palate can be repaired with a local flap, 

such as a palatal flap or a fat pad flap. Alternatively, it may be allowed to granulate with or without an obturator (15). 

The prognosis of pleomorphic adenoma is good; however, it may present low-grade malignant behavior due to the 

frequency of recurrence and the possibility of malignant transformation in polymorphous adenocarcinoma, which 

therefore requires immediate treatment wherever it is diagnosed (16-17). 

In this clinical case, we describe immediate prosthetic rehabilitation with a healing plaque in a patient undergoing 

surgery for pleomorphic adenoma, illustrating the clinical phases of immediate treatment, the design choices adopted, and 

the functional and aesthetic results obtained. 

In this clinical case, we describe a prosthetic plate for immediate tissue protection in a patient who underwent surgery 

for pleomorphic adenoma, illustrating the construction phases, design choices, and the functional and aesthetic results 

obtained. 

 

CASE REPORT 

 

A 54-year-old Caucasian female patient presented herself to our clinic for observation to prepare a prosthetic 

rehabilitation plan for the surgical removal of the neoplasm on the left side of her hard palate, which she was to undergo 

the following day. The patient signed informed consent for both the visit and prosthetic production, including the 

iconography. The tumefaction was present on the left side of the palate five years ago and had increased minimally in 

size. After an indication from her pronate dentist, an incisional biopsy was done, and the diagnosis was pleomorphic 

adenoma. A specialist evaluation by the maxillofacial surgeon recommended surgical removal of the neoplasm and 

placement of a palatal plate for protection. 

The patient’s medical history revealed arterial hypertension, gastroesophageal reflux and varicose veins in the lower 

limbs. The patient presents an allergy to amoxicillin and clavulanic acid; therefore, the antibiotic drug used was 

clarithromycin. There is no family history of head or neck cancer. The patient is a non-smoker and does not consume 

alcoholic beverages. Extraoral examination revealed no facial asymmetry, no involvement of the lateral cervical lymph 

node chain, and competent lips. Intraoral examination revealed a fully dentate maxillary arch and a Kennedy Class III 

edentulism in the mandibular arch, with missing teeth 35 and 37. Hard tissue evaluation revealed adequate oral hygiene, 

no signs of carious lesions, amalgam fillings on teeth 18, 17, 16, 24, 25, 26, 27, 28, 36, 38, 46, 47, and prosthetic crowns 

on teeth 14, 15, 36, 45. Upon soft tissue evaluation, the mucosa appeared normochromic and normotrophic, and the tongue 

was mobile and painless. On the left side of her hard palate, there was a tumefaction, measuring approximately 2.0 x 1.0 

cm, characterized by an elastic consistency, an attachment to the deep layers of the mucosal tissue, no ulceration, and 

painless (Fig. 1). A sequence of phases was planned to create an immediate protective palatal plate, to be placed 

immediately after surgery. 

Fig. 1. Intraoral view of the lesion. (highlighted in blue). 
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Fabrication of the palatal plate 

The construction of the healing plaque was divided into four main phases. In the first phase, an alginate impression 

(Hydrogum 5, Zhermark) of the maxillary and mandibular arches was taken with a metal stock tray (Fig. 2). 

 

 

Fig. 2. View of the alginate impression. Maxillary dental arch impression and mandibular dental arch impression. 

 

In the second phase, the healing plaque was designed. The dental cast, made of hard plaster (HydrocalKerr™), was 

produced from the alginate impression (Fig. 3) and mounted on a Galetti™ full-adjustable dental articulator to facilitate 

the procedure. 

Fig. 3. Maxillary dental cast with a delineation of the affected area and mandibular dental cast. 

 

The posterior edge of the prosthesis was designed to avoid discomfort to the patient. Remanium® 1.0 mm/0.40" 

chromium steel alloy wires were used to create dental clasps, positioned and secured with Tenatex® Red dental wax in 

two locations: between the teeth 24 and 25, with the anchoring element on 24, and between the teeth 17 and 18, with the 

anchoring element on 17. The placement of the clasp considers both mechanical, functional, and esthetic characteristics. 

It should be retentive, without any interference with chewing (occlusion), and less visible (Fig. 4). 

 

 

Fig. 4. View of the dental cast in the articulator with the posterior edge drawn and the clasps positioned. Maxillary and 

mandibular dental casts with dental clasps. 

 

 

In the third phase, the healing plate was made using a self-curing pink acrylic resin (Paladur® - Kulzer). The plate 

was finally finished and polished, paying attention to the insertion axis as in removable partial dentures. The plate was 

delivered to the surgeon with the insertion axis indicated to facilitate placement and removal and avoid discomfort to the 

healing soft tissues post-surgically. After resection of the neoplasm, the surgeon would place it in the patient's mouth 

(Fig. 5). 
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Fig. 5. View of the healing plaque. 

 

The fourth phase, or control phase, involves modifying the part in contact with the healing mucosa after one week; 

indeed, the patient returned to us a few days after the surgical intervention with the healing plate perfectly in place. In 

this case, the surgeon stated that the plaque was sufficient, and no changes were needed to adapt it to the patient (fig. 6). 

During this phase, all fitting and precision procedures in the surgical area were performed, including evaluation of 

both insertion and removal of the prosthesis. We assessed clasp retention, soft-tissue adaptation, and patient comfort. The 

patient expressed satisfaction with the healing plate from both functional and aesthetic perspectives. 

 

 

Figure 6. View of post-surgical zone. Occlusal, frontal and lateral intraoral view with the healing plaque on the patient.  

 

 

Follow-up 

After the prosthesis was done, another control was performed one month after the surgery, during which, once 

healing had occurred, the plaque was no longer necessary. 

 

DISCUSSION 

 

The immediate prosthetic management of palatal defects following surgery for pleomorphic adenoma plays a 

fundamental role in promoting optimal postoperative healing, ensuring patient comfort, and maintaining essential oral 

functions such as speech, swallowing, and mastication. In the present case, fabricating a preoperative healing plate based 

on preliminary impressions and delivering it to the surgical team for immediate postoperative placement proved an 

effective strategy consistent with current scientific evidence. 

The literature well establishes the immediate obturator prosthesis as a critical component in managing maxillary 

and palatal defects, whether resulting from benign lesions or malignant processes. Although this case involves a benign 

pleomorphic adenoma, the functional and morphological characteristics of the postoperative defect share many 
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similarities with those described in studies involving more extensive resections or oncologic maxillectomies. Therefore, 

comparison with such literature is both valuable and scientifically justified. 

Among the earliest considerations in postoperative management is the need to protect the wound site from 

contamination, trauma, and mechanical stress. Appadurai et al. highlight the protective role of the immediate obturator in 

shielding the surgical site from mechanical trauma, bacterial contamination, and irritation caused by tongue movement, 

food boluses, and speech-related soft tissue contact (18). In the present case, the healing plate effectively protected the 

wound, preserved hemostasis, and facilitated uneventful healing. 

Similarly, Mohamed et al. emphasize the relevance of preemptive design and pre-surgical fabrication of the 

obturator, noting that these elements are key to achieving a stable, functional, and well-adapted device upon immediate 

placement after surgery (19) in our case, the preoperative impression and the fabrication of an auto polymerizing acrylic 

resin plate permitted a seamless transition to the postoperative context, ensuring appropriate stabilization and functional 

efficiency. 

Retention and stability are fundamental characteristics in determining the success of an immediate surgical 

obturator. Karmiyanagi et al., in their clinical survey, stress the importance of strategic clasp positioning, accurate 

identification of retentive areas, and careful design planning to ensure a stable and comfortable prosthesis during the first, 

most delicate phases of healing (20). In the present clinical case, metal clasp placement in the 24 and 17 regions was 

guided by biomechanical balance, aesthetic demands, and the avoidance of occlusal interference. The fact that the surgeon 

did not require any intraoperative adjustments confirms the reliability of the prosthesis design, aligning with outcomes 

reported in previous studies. 

From a functional point of view, immediate obturators are known to significantly improve patients' postoperative 

experience. Several studies highlight their crucial role in maintaining intelligible speech and preventing nasal 

regurgitation by re-establishing separation between the oral and nasal cavities. Dalkiz M. and Dalkiz A.S. demonstrated 

that these devices play an essential role in preventing oronasal communication, which can lead to hypernasality, nasal 

regurgitation, impaired articulation, and general discomfort during the postoperative period (21). Although the defect in 

this case was modest in size, the healing plate enabled the patient to maintain effective phonation and normal swallowing 

mechanics immediately after surgery, preventing common complications such as nasal fluid leakage or dysphagia. These 

outcomes confirm findings from Ramirez et al., who observed that immediate obturation significantly improves early 

postoperative function in patients treated for squamous cell carcinoma (22). While the etiology differs, the functional 

mechanics and clinical requirements remain comparable. 

One of the fundamental purposes of an immediate obturator is the mechanical protection of the surgical wound. 

The literature consistently describes the importance of a rigid prosthetic shield in preventing soft-tissue collapse, 

minimizing food contamination, and reducing excessive pressure that could compromise epithelialization or induce 

mucosal ulceration (23). In the present case, the healing plate maintained wound integrity, supported proper soft tissue 

healing, and facilitated hygienic management of the postoperative area. The absence of ulcerations, inflammation, or 

prosthetic instability at the follow-up visit further confirms the success of this approach. 

The literature also offers insight into various fixation strategies for obturator stability. Kumar et al. conducted a 

comparative study evaluating three techniques of immediate obturator fixation following maxillectomy and concluded 

that the optimal retention method must be individualized and depends on the defect extension, residual dentition, and 

patient-specific factors (24). Although their work focused on extensive maxillectomy cases, one conclusion remains 

applicable to our case: when sufficient dentition is available, clasp-retained obturators offer excellent stability with 

minimal risk of postoperative complications. This finding resonates with the favorable outcomes observed in the present 

case. 

While traditional manufacturing techniques have demonstrated consistent success, recent advancements in digital 

design and CAD-CAM technology present new opportunities for refinement. Ta et al. showed that digitally planned 

obturators provide superior fit precision, reduced postoperative adjustment, and improved functional outcomes compared 

with conventionally produced devices (25). Although the case presented here was managed using conventional 

techniques, the clinical outcome was effective and comparable to that achieved with digital workflows. This suggests that 

for not large and well-defined palatal defects such as those associated with pleomorphic adenoma excision, traditional 

approaches remain efficient, reliable, and clinically valid. 

Long-term considerations also play a role in defining the utility of an immediate obturator prosthesis. This device 

is not intended as a definitive prosthesis but as a transitional device that protects the wound, restores function, and supports 

the patient during healing until tissue stabilizes sufficiently to allow fabrication of a final prosthesis, when needed (26). 

In the present case, at the one-month follow-up, complete tissue healing had occurred, and the plate was no longer 

necessary, demonstrating that the immediate obturator had effectively fulfilled its intended purpose. 
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CONCLUSIONS 

 

Immediate prosthetic rehabilitation with a resin healing plate represents a crucial component of postoperative 

management following excision of palatal pleomorphic adenomas. The preoperative design and precise placement of the 

obturator ensured mechanical protection of the surgical site, preserved soft tissue integrity, and maintained essential oral 

functions such as speech, swallowing, and mastication. In this case, the conventional fabrication approach provided 

excellent retention, stability, and patient comfort without intraoperative adjustment. The device facilitated uneventful 

healing and demonstrated that even modest palatal defects benefit from immediate prosthetic support. Overall, the clinical 

outcomes support using obturator prostheses or immediate protection as an effective, predictable, patient-centered 

strategy for managing surgical defects in the palate, serving both protective and functional roles during the critical early 

phases of postoperative recovery. 

 

Institutional Ethics Committee Statement: The study was conducted in accordance with the Declaration of Helsinki. 

Informed Consent Statement: The patient signed the legally required written consent for the prosthetic construction and 

relining, which also included imaging. 

Conflicts of Interest: The authors declare no conflicts of interest. 
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ABSTRACT 

 

Interdental cleaning is an essential component of preventive oral healthcare. Among the available interdental cleaning 

devices, interdental brushes (IDBs) have demonstrated superior efficacy in plaque removal and gingival inflammation 

control in patients with accessible interdental spaces. Despite increasing clinical adoption, substantial heterogeneity 

remains in product classification and sizing systems. This review discusses the historical evolution of IDBs, the current 

evidence supporting their clinical use, and the need for standardised sizing. Furthermore, an overview of the Italian market 

highlights inconsistencies in colour-coding systems despite the adoption of ISO-based classifications. To facilitate 

everyday clinical practice, a Universal Cross-reference Matrix was developed to compare commercially available 

interdental brushes according to their Passage Hole Diameter (PHD), based on ISO 16409:2016 that represents the current 

gold standard for final brush selection. Future efforts should focus on personalised interdental prescriptions supported by 

standardised sizing systems, digital diagnostic technologies and evidence-based clinical protocols. The transition from 

empirical brush selection to precision preventive dentistry may represent the next major step in interdental biofilm 

management. 

 

KEYWORDS: IDBs, interdental cleaning, prevention, oral healthcare, gingival inflammation 

 

INTRODUCTION 

 

Mechanical disruption of dental biofilm remains the cornerstone of prevention of gingivitis, periodontitis, and 

inter-proximal caries (1-3). Although toothbrushing effectively cleans buccal, lingual, and occlusal surfaces, interdental 

areas remain particularly challenging to reach and often harbour persistent biofilm deposits (4). 

Various interdental cleaning devices have been proposed, including dental floss, wooden sticks, oral irrigators, 

rubber picks, and interdental brushes (5). Among these, interdental brushes have demonstrated superior efficacy in 

reducing plaque accumulation and gingival inflammation in patients with sufficient interdental space (6-8). 

In recent decades, interdental brushes have evolved from niche devices used primarily in periodontal 

maintenance into a key component of evidence-based preventive dentistry (9). 

 

http://www.labpublishers.com/


A. Avantaggiato  95 

 

Annals of Stomatology 2026 May-August 6(2): 94-100                                                                                    www.labpublishers.com/ ISSN 2975-1276 

 

 

Historical development of interdental brushes 

The exact origin of the interdental brush remains uncertain. Historical evidence suggests that modern IDBs 

evolved from twisted-wire brushes used during the nineteenth century for industrial and domestic cleaning applications 

(10). 

During the first half of the twentieth century, small spiral brushes were increasingly adapted for oral hygiene 

purposes, including cleaning of removable prostheses and orthodontic appliances (10). 

The modern era of interdental brushes began in the 1970s with the growing recognition of periodontal diseases 

as biofilm-associated conditions and the increased emphasis on preventive care (11) (Fig. 1). 

 

 

Fig. 1. Historical evolution of interdental brushes: from twisted brushes to precision preventive devices. 

 

 

Subsequent technological improvements included coated wires, synthetic filaments, ergonomic handles, and 

color-coded sizing systems (10). 

 

Clinical evidence supporting interdental brushes 

Several systematic reviews have demonstrated that interdental brushes are among the most effective adjuncts to 

toothbrushing for patients presenting open interdental spaces (6, 7, 12). 

Slot et al. reported superior plaque removal and gingival health outcomes when interdental brushes were 

compared with dental floss in appropriately selected patients (6). Similar conclusions were later confirmed by Sälzer et 

al. and by Cochrane reviews evaluating interdental cleaning devices (7, 12). 

The European Federation of Periodontology currently recommends interdental brushes as the first-choice 

interdental cleaning aid whenever their insertion is anatomically possible (3). 

Appropriate sizing is critical because cleaning efficacy depends on adequate contact between the brush filaments 

and tooth surfaces (13). 

 

Standardisation and the Passage Hole Diameter concept 

Historically, manufacturers developed independent sizing and color-coding systems, leading to substantial 

variability across products (13). 

To address this issue, ISO 16409 introduced the concept of Passage Hole Diameter (PHD), defined as the 

minimum diameter through which a brush can pass without permanent deformation (14). PHD incorporates the combined 

effects of filament density, filament stiffness, wire thickness, and brush geometry (13). 
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Mapping analyses of commercially available products demonstrated significant variability between 

manufacturers, highlighting the need for standardised descriptors that can be reliably interpreted by clinicians and patients 

(13) (Fig. 2). 

 

Fig. 2. Distribution of available interdental brushes according to PHD. 

 

Clinical measurements methods 

The graduated metallic periodontal probe (Curasept DCP-Proxi) (Fig. 3) and the colorimetric interdental probe 

(Curaprox IAP) (Fig. 4) facilitate rapid clinical decision-making, allowing direct correspondence with brush sizes. In fact, 

the Passage Hole Diameter (PHD) method, as defined in ISO 16409:2016, is the current gold standard for final brush 

selection, as it evaluates the brush's actual passage behavior under controlled force.  

 

 

Fig. 3. Graduated metallic periodontal probe (Curasept DCP-Proxi). 
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Fig. 4. Colorimetric interdental probe (Curaprox IAP). 

 

 

 

The probes are used by inserting them perpendicularly to the dental arch, from the buccal to the lingual side, in 

the interdental area adjacent to the gingival margin. The portion of the probe that does not pass through the interdental 

space indicates the corresponding interdental brush size to be selected. When the probe is colored, the interpretation is 

intuitive; when it is metallic, each step corresponds to an ISO number starting from 0, while a legend allows association 

with the different IDBs.  

Colorimetric and graduated interdental probes function as pass-through gauges and reproduce more closely the 

clinical conditions under which an interdental brush must operate. In any case, an evidence-based hybrid approach is 

recommended: initial assessment with a graduated probe for objective recording, followed by a definitive confirmation 

through direct testing of interdental brushes using PHD criteria. This combined strategy balances practicality, precision, 

and clinical relevance in daily practice. 

 

Market standardisation: insights from the Italian market 

An analysis of interdental brushes currently available on the Italian market reveals considerable diversity among 

manufacturers despite widespread adoption of ISO classification systems (Fig. 5). 
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Fig. 5. Interdental brush PHD equivalence matrix. Each circle represents an available interdental brush. Circle colours reproduce the 

manufacturer's commercial colour coding. Dashed circles indicate products for which PHD is not declared by the manufacturer; their 

position is shown for practical cross-reference only. 

 

The evaluated products cover an extensive range of PHD values, approximately from 0.6 mm to 3.4 mm. 

However, most products cluster between PHD 0.7 and 1.7 mm, corresponding to the interdental dimensions most 

frequently encountered in clinical practice. 

A noteworthy finding of the present market analysis is the relatively limited availability of large-diameter 

interdental brushes. This observation is clinically relevant because larger interdental spaces are typically found in patients 

with the greatest need for effective plaque control, including those with periodontitis, gingival recession, open embrasures, 

and implant-supported rehabilitations. Brushes exceeding PHD 2.0 mm appear less represented. The development of 

assortments specifically including larger PHD values may facilitate individualised plaque-control protocols in high-risk 

patients. 

The analysis also reveals substantial inconsistencies in color coding. Similar colours are frequently associated 

with different ISO classes and PHD values depending on the manufacturer. Conversely, identical PHD values may be 

represented by different colours across brands (Fig.  6). 

 
Fig. 6. PHD variability associated with commercial colour coding. 
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These findings suggest that colour-based recommendations may generate confusion when patients switch 

products or purchase interdental brushes independently. Consequently, clinicians should emphasise ISO and PHD values 

rather than colour alone when prescribing interdental brushes. 

 

Future perspectives: toward precision preventive dentistry 

Future developments in interdental cleaning are likely to follow the broader trend toward personalised healthcare. 

A universally adopted PHD-based classification system could improve communication among manufacturers, clinicians, 

and patients while reducing uncertainty during product selection.  

Intra-oral scanners may provide highly reproducible measurements of interdental anatomy, but their clinical 

usefulness for interdental brush selection remains limited. Scanner-based measurements are essentially static geometric 

assessments and do not account for the dynamic interaction between the interdental brush and surrounding soft tissues. 

For this reason, scanner-derived measurements should currently be regarded as preliminary estimates requiring 

confirmation through direct probing and brush fitting.  

Nevertheless, intra-oral scanners represent a promising tool for more objective and individualised selection of 

interdental brush sizes. Although no clinical studies have yet directly validated the correlation between digital 

measurements obtained with intra-oral scanners and the Passage Hole Diameter (PHD) as defined by ISO 16409. The 

literature supports their accuracy in reproducing interdental spaces. Revilla-León et al. (15) demonstrated in an in vitro 

study that the 3Shape TRIOS 5 scanner reproduces interdental spaces as small as 0.2-0.3 mm between veneer preparations, 

with improved performance in high-definition (HD) mode, although mesh completeness may decrease in extremely 

narrow spaces (<0.4 mm). Similarly, Nedelcu et al. reported that TRIOS had higher precision in interproximal areas than 

conventional impressions (16). 

Future software could simulate the passage of virtual cylindrical gauges through the interdental embrasure, 

thereby reproducing the functional principle of inter-proximal probes and generating an automated ISO/PHD 

recommendation. Artificial intelligence algorithms could further support clinical decision-making by matching interdental 

anatomy with optimal brush dimensions. So, it is reasonable to think of a new concept: the Virtual Passage Diameter 

(VPD): the maximum diameter of a virtual cylindrical gauge capable of passing through an interdental space in a digital 

three-dimensional model. This approach could improve the dentist and hygienist's role in mouth mapping to correct IDBs' 

prescriptions. 

 

DISCUSSION  

 

The historical evolution of interdental brushes reflects the broader transformation of dentistry from a 

predominantly restorative discipline toward prevention-oriented healthcare. What originated as simple twisted-wire 

cleaning devices has progressively evolved into a scientifically validated instrument for interdental biofilm control. 

The present review confirms that the clinical effectiveness of interdental brushes depends not only on their use 

but also on the selection of an appropriate size. The introduction of ISO 16409 and the PHD concept represented a major 

step toward standardisation; however, substantial variability among manufacturers remains, particularly regarding colour-

coding systems. The analysis of products currently available on the Italian market confirms observations previously 

reported in international studies and highlights the potential for confusion among patients when switching between brands. 

Another important aspect concerns the methodology used for brush selection. IDB gauges provide a practical 

and reproducible preliminary assessment, while direct brush fitting according to PHD criteria remains the most clinically 

relevant confirmation method, as static measurements cannot yet fully reproduce the dynamic interaction between brush 

filaments and interdental anatomy. 

Emerging digital technologies, including intra-oral scanning and artificial intelligence-assisted analysis, may 

further improve the precision of interdental space assessment in the future.  

Taken together, these observations suggest that the future of interdental hygiene should move beyond simple 

product selection and toward personalised interdental prescriptions. Such an approach would combine anatomical 

assessment, objective sizing methods, standardised PHD classification and patient-specific risk profiles to optimize long-

term biofilm control. 

 

CONCLUSIONS 

 

The integration of historical evidence, clinical sizing methods and market analysis suggests that interdental brush 

prescription should increasingly be individualised according to interdental anatomy and patient risk profile.  
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Future efforts should focus on personalised interdental prescriptions supported by standardised sizing systems, 

digital diagnostic technologies and evidence-based clinical protocols. The transition from empirical brush selection to 

precision preventive dentistry may represent the next major step in interdental biofilm management. 
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Dear Editor-in-Chief, 

 

Guided implantology and immediate loading techniques are increasingly adopted due to their potential to shorten 

treatment times and enhance prosthetic planning; however, uncertainties still remain regarding the factors associated with 

a higher risk of failure and the most effective strategies to minimize complications, highlighting the need for an updated 

critical review of the current evidence (1-3). 

 

Methods 

The review was conducted according to PRISMA guidelines, searching PubMed/MEDLINE, Embase, and 

Cochrane databases. Randomized clinical trials, prospective and retrospective cohort studies, case series with n≥20, and 

systematic reviews/meta-analyses reporting failure rates and risk factors were included. Methodological quality was 

assessed using recognized tools (e.g., RoB2, Newcastle-Ottawa Scale), and a meta-analysis of failure rates stratified by 

clinical variables was performed when possible. A total of 19 Articles have been selected for their relevance (1-19). 

 

Main results 

• Overall failure rates: the literature shows wide variations in failure rates depending on the study population, the 

criteria used to define failure, and the duration of follow-up. Nevertheless, substantial evidence supports 

favorable medium- and long-term outcomes for implant-supported prosthetic rehabilitation (4-6). 

• Risk factors most frequently associated with implant failure: insufficient bone quality and volume, suboptimal 

implant placement, and systemic biological factors (e.g., glycemic control) are repeatedly correlated with implant 

failures (7-9). 

• Immediate loading and primary stability: primary stability and minimization of prosthetic micro-handling are 

crucial for the success of immediate loading; reviews and meta-analyses suggest that, if selected correctly, 

immediate-loading protocols may have comparable outcomes to conventional protocols, while requiring 

attention to the technique and control of risk factors (10-12). 
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• Specificity of guided implantology: digital planning improves prosthetic positioning and can reduce failure rates, 

but errors in surgical transfer (guidance accuracy, adaptation) and planning remain indirect sources of failure, 

requiring quality control protocols and intraoperative verification (1, 2, 12). 

• Behavioral and perioperative factors: smoking, peri-operative infections, and inappropriate use of antibiotic 

prophylaxis influence rates of complications and implant failure; the literature supports targeted preventive 

measures in at-risk patients (13-15). 

• Knowledge gap: there is a clear heterogeneity in both the definition of "failure" and the duration of follow-up 

periods across the available studies, with a lack of long-term multicenter prospective studies analyzing 

modifiable risk factors in a systematic manner (16-18). 

 

 

Conclusions and practical recommendations 

The combination of guided implantology and immediate loading may ensure satisfactory results when supported 

by rigorous digital planning protocols, surgical transfer quality control, primary stability verification, and careful 

prosthetic management. It is also desirable to standardize the definitions of implant failure and to promote prospective 

multicenter studies with follow-up ≥5 years to better clarify risk factors and preventive strategies (3, 12, 19). 
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Dear Editor,  

 

 It is well documented that goal-setting involves establishing specific, realistic, measurable objectives that guide 

academic, professional, and personal development. It helps focus efforts and find direction, stay motivated, and track 

progress over time, ultimately leading to improved performance (1, 2). 

 Objective-setting abilities represent one of the main topics covered in the field of coaching and neuro-linguistic 

programming (NLP): these skills motivate introspection and increase clinical competency (3). 

 The GROW model represents a powerful device in the coaching toolbox: it is a useful framework, that helps 

defining the desired outcome (Goal), understanding the current real situation (Reality), exploring possibilities to be 

exploited or obstacles to be overcome (Options/Obstacles), and establishing specific actions to be taken, while 

determining the timeline and deadline for their implementation (Will/Way forward) (4, 5). 

 In dentistry, the GROW model is a popular coaching method for mentoring professionals and improving practice 

performance, guiding dentists, hygienists, and oral healthcare teams in setting clear patient-centered objectives, assessing 

current clinical situations, recognizing potential obstacles, identifying realistic and feasible interventions, and committing 

to effective treatment plans for high professional standards, better patient care and satisfaction, and business success (6). 

 Moreover, in dental settings, beyond professional development and team building, coaching offers a new way to 

improve the dentist-patient relationship, shifting from telling to asking, enabling patients to take ownership of their oral 

health, reducing anxiety, understanding barriers, and co-creating solutions (7, 8). 

 Neuro-linguistic programming enhances the GROW coaching model by providing powerful, specific, and 

practical “how-to” tools to facilitate deeper awareness, overcome limiting beliefs, and foster progress at each stage of the 

process. In a dental setting, it can be applied to both internal team development and dentist-patient communication (9). 

 The added value of neuro-linguistic programming makes any objective well-formed and specifically outlined, 

and to a wide degree under both patient and team control, as a result of the use of submodalities and ecological alignment. 

Every current situation analysis can benefit from the application of metamodeling, strategically removing deletions, 

distortions, and generalizations from the thought processes. Possible solutions and perspectives can be suitably reframed, 
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deleting limiting beliefs, generating a wider range of options, and encouraging goal-focused thinking. Any concrete action 

plan and commitment can be linked to a positive, resourceful emotional state, utilizing the anchoring method (10-13). 

 Submodalities, in particular, are very useful to improve how to approach and treat the patient, regardless of age: 

visual patients respond well to visual aids, like X-rays elucidations and treatment plan drawings or realistic dental 

renderings; auditory patients appreciate clear and detailed verbal explanations, written descriptive and illustrative 

brochures, relaxing melodies and a calm, reassuring tone of voice; kinesthetic patients benefit from a gentle touch, 

pleasant olfactory or gustatory aromas, a focus on comfort, and an empathetic approach to their physical sensations (14, 

15). 

 The positive interaction of the GROW model coaching and neuro-linguistic programming focus on 

understanding communication patterns and mindsets for influencing positive behavioral change and building rapport. Its 

application in dentistry can transform practice dynamics and patient relationships.  

 Treatment plans can be presented in ways that patients can easily understand and trust, making high-value 

procedures easier to accept without pressure. By recognizing different communication styles (visual, auditory, kinesthetic), 

dental professionals can adjust their language and the dental operating room environment to suit each patient, reduce 

anxiety, and build comfort. NLP helps dentists understand and shift limiting beliefs that might be holding them back, 

fostering a more empowering mindset for themselves and their staff to improve team engagement, loyalty, and retention. 

Mastering communication equips the staff with techniques that enable responding with genuine empathy, and ensuring a 

consistent, supportive, and comfortable patient experience, from start to finish (16, 17). 
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