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Abstract 
Aim of this study was to evaluate the differences and similarities in the characterization of systemic and clinical-

biological factors in patients with extensive partial edentulism as well as the influence of clinical-biologic factors 

in the planning of prosthetic treatment. Materials and method. Clustering analysis was conducted on 194 patients 

(mean age 56.46 years ± 0.738 years) with extensive partial edentulism. The clinical-biological indices of systemic 

status and prosthetic field (dental support; periodontal support; bone support; mucous support; occlusion support; 

mandibulo-cranial support) were evaluated both initially and after the completion of the pre- and pro-prosthetic 

stages. Two-Step Clustering method related the clinical-biological indices to the fixed and removable prosthetic 

solutions. Results.  According to clinical-biological indices, patients were grouped in 4 clusters (pre-treatment) 

and 3 clusters (secondary stage). Following pre- and pro-prosthetic stage, demographic differences emerged 

alongside shifts in prosthetic preferences, with notable patterns such as Cluster 1 favoring metal framework partial 

dentures with clasps and Cluster 2 increasing the use of composite dentures with rigid or semi-rigid RPD 

frameworks. Conclusion. The dynamic relationship between cluster profiles and prosthetic treatment choices is 

influenced by demographic and clinical-biologic factors across treatment stages. 

Key words: clustering, extensive partial edentulism, pre-prosthetic, pro-prosthetic, rehabilitation 

 

INTRODUCTION 

 

Clustering analysis is a technique of 

data mining focused on extracting valuable 

insights from extensive datasets, to uncover 

previously unrecognized relationships 

within datasets [1]. Clustering focuses on 

identifying groups within a set of unlabeled 

data. It partitions data into distinct groups, 

ensuring that objects within the same 

cluster exhibit high similarity, while being 

distinctly different from objects in other 

clusters [1]. It is particularly valuable in 

exploratory and evaluative data analysis, 

where researchers aim to uncover hidden 

features without prior knowledge of the 

dataset [2]. In medicine and dentistry 

clustering analysis has indications in early 

disease detection and prediction of disease, 

providing fast, cost-effective, reliable 

medical solutions for patients, identifying 

treatment methods, and even structuring 

effective healthcare policies [3, 4]. The 

selection of appropriate clustering 

techniques and algorithms depends on a 

clear understanding of the data's structure, 

the type of analysis required, and the 

dataset's size [4]. The Two-Step Clustering 

method is a tool that enables the 

identification of patterns and relevant 

factors influencing the quality of planning 

and the success of treatment. It facilitates 

informed and personalized medical 

decision-making, ensuring a more efficient 

prosthetic rehabilitation process. 

Advantages of the Two-Step Clustering 

Method are as follows [5, 6]: 

-Handling large volumes of mixed data. 

Two-Step Clustering can simultaneously 
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analyze numerical variables (e.g., 

quantitative values of clinical-biological 

indices) and categorical variables (e.g., 

subjective classifications, clinical stages).  

-Identifying relevant subgroups. The 

algorithm allows for the identification of 

homogeneous patient groups based on 

similarities in index values, revealing 

relevant patterns (e.g., changes of clinical-

biological indices after pre- and pro-

prosthetic stages) with significant clinical 

implications. 

-Automation and objectivity in the process. 

Two-Step Clustering automatically selects 

the optimal number of clusters, minimizing 

the risk of subjectivity in interpretation. 

-Identifying important predictors. The 

algorithm provides insights into the 

importance of each clinical-biological 

index in defining clusters. For instance, in 

evaluating the prosthetic field, it can 

identify critical factors for optimizing 

treatment planning, such as mucosal and 

bone tissues condition or changes in cranio-

mandibular relationships. 

-Flexibility in Longitudinal Analysis. The 

method allows for the characterization of 

patients within each cluster and tracks how 

patients from a given cluster evolve during 

dental treatments (e.g., pre- and post-

prosthetic procedures), offering a dynamic 

perspective on the oral cavity rehabilitation 

process. 

Extensive partial edentulism 

complications (dental migrations, 

extrusions, facial and temporomandibular 

disorders changes) led to characterization 

of edentulism as a significant public health 

concern [7, 8]. Clustering technique was 

used only in a few studies related to 

edentulous patients either to evaluate oral 

cavity status in epidemiological studies 

related to oral conditions or to evaluate the 

factors influencing edentulism. One 

research group conducted an 

epidemiological study aiming to investigate 

the prevalence of edentulism among adults 

in relation to gender, age, and education 

level, aiming to use baseline data to 

promote oral health [8]. The clustering 

effects of carious lesions, apical lesions, 

periodontal bone loss, and periodontal 

pocketing, assessed in clinical or 

radiographic examinations were 

determined in a sample of 175 patients. The 

research group reported substantial 

clustering effects between dental conditions 

and highlighted misleading estimates of 

epidemiological studies if clustering is 

present [9]. A cross-sectional study was 

conducted in a probabilistic, multi-stage 

cluster sampling framework, analyzing data 

of chronic diseases, mental disorders and 

edentulism. The research group concluded 

that clustering analysis leads to conclusions 

that are misaligned with previous reports, 

highlighting the need for longitudinal 

studies to test causal and temporal 

relationships between edentulism with 

chronic diseases [10].  One epidemiologic 

research regarding edentulous patients used 

the proportional stratified cluster sampling 

method, aiming to evaluate partial and 

complete tooth loss related to demographic 

factors and oral health behaviors among 

elderly population [11].   

AIM OF STUDY 

The study aimed to evaluate, using 

the Two-Step Clustering method, the 

differences and similarities in the 

characterization of clinical-biological 

factors in patients with extensive partial 

edentulism as well as the influence of 

clinical-biologic factors in the planning of 

prosthetic treatment. 
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MATERIALS AND METHOD 

1.Study design 

The research was conducted on 

study group of 194 patients (age: mean age 

56.46 years ± 0.738 years, range 41-78 

years; gender: 105 men, 89 women) with 

extensive partial edentulism addresing for 

fixed and removable prosthetic treatment in 

Clinical Base of Faculty of Dental 

Medicine, UMF "Grigore T.Popa" Iasi. 

The prosthetic field status was 

assessed initially and after completion of 

the pre- and post-prosthetic stages by using 

qualitative clinical-biological indices: 

- General status (GSI);  

- Dental support (DSI);  

- Periodontal support (PSI);  

- Bone support (BSI); 

- Mucous support (MSI);  

- Occlusion support (OSI);  

- Mandibulo-cranial support (MCSI).  

The clinical-biological indices were 

measured using the clinical scoring scale 

developed within the Department of 

Extensive Partial Edentulism and 

Removable Restorations, Faculty of Dental 

Medicine, UMF "Grigore T. Popa" Iași: 

• 1 (low),  

• 2 (medium),  

• 3 (good),  

• 4 (very good).  

Prosthetic field status was evaluated 

before and after pre- and pro-prosthetic 

stage, analyzing also the relationships 

between the distribution of clinical-

biological indices within clusters and 

selected prosthetic treatment solutions. The 

status of the prosthetic field was evaluated 

during the pre-treatment stage (primary 

indices) and upon completion of the pre- 

and post-prosthetic stages (secondary 

indices). The assessment of the clinical-

biological indices was performed during 

the initial stage outlines the therapeutic 

project framework, which serves as the 

basis for selecting non-specific and specific 

prosthetic field preparation procedures. 

2. Clustering analysis 

Stages of Clustering method (fig.1) are as 

follows: 1. extraction of data from 

database;2. pre-process data to select 

appropriate features; 3. Configure to 

determine parameters to get optimal 

performance; 4. Apply clustering 

algorithm; 5. Visualization and 

interpretation of results. 

 
Fig.1. Stages of Clustering Method 

(adapted after [12]) 

 

Working principles in Two-Clustering 

technique [5, 6]: 

• Input characteristics: 

o Mixed variables: Two-Step 

Clustering can handle both 

continuous (numerical) and 

categorical variables. In this 

context, the variables are the 

seven clinical-biological 

indices. 

o Initial assessment: Objects 

are divided into subgroups 

using a distance-based 

model (for numerical 
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variables) or similarity-

based model (for categorical 

variables). This step reduces 

the complexity of large 

datasets. 

• Two-Step Algorithm: 

o Initial clustering: Objects 

are divided into subgroups 

using a distance-based 

model (for numerical 

variables) or similarity-

based model (for categorical 

variables). This step reduces 

the complexity of large 

datasets. 

o Clusters modeling: The log-

likelihood method is applied 

to refine and optimize the 

initially identified groups, 

ensuring a balance between 

intra-group cohesion and 

inter-group separability. 

• Determining the optimal number of 

clusters: 

o Algorithm can determine 

optimal number of clusters 

based on criteria such as 

Schwarz Bayesian 

Criterion. 

• Cluster interpretation: 

o Each cluster groups patients 

with similar values for the 

analyzed clinical-biological 

indicators. Evaluating the 

importance of variables in 

defining the clusters 

provides insights into 

significant predictors.  

 

• Cluster quality: 

o  Quality is assessed by 

measuring cohesion (how 

similar the objects within a 

cluster are) and separability 

(the differences between 

clusters). In the study, the 

described clusters are of 

satisfactory quality. 

Two-Step Clustering method 

related the clinical-biological indices to the 

fixed implant-supported dentures and 

removable prosthetic solutions (acrylic 

dentures, composite dentures with rigid and 

semi-rigid FPD framework, flexible 

dentures, implant-supported removable 

dentures).  

RESULTS 

 Figures 2-3 exposes clusters 

comparison for initial evaluation scores and 

secondary evaluation scores of the clinical-

biological indices of patients with partial 

extensive edentulism. In the investigated 

patients' cohort, the primary predictor is the 

initial evaluation score of cranio-

mandibular relationships, while the minor 

predictor is the general health score of the 

patients. We applied the Two-Step 

Clustering classification technique to the 

seven initially evaluated scores to identify 

potential similarities in their progression 

within the patient sample. The automatic 

classification generated four clusters, each 

with satisfactory quality in terms of 

cohesion and separability: Cluster 1 (22 

cases), Cluster 2 (43 cases), Cluster 3 (92 

cases), and Cluster 4 (37 cases). The most 

significant predictor in defining the 

identified clusters was the initial evaluation 

score of cranio-mandibular relationships, 

while the least significant predictor was the 

general health score of the patients. 
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Fig.2. Cluster comparison- initial evaluation scores 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Cluster comparison- secondary evaluation scores 
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Clusters grouped according to the 

initial evaluation scores are exposed in 

fig.2. The first cluster, with 22 cases, 

encompasses extremes: half of the patients 

have a very high score for mandibular-

cranial relationships, while the other half 

have a low score in this area. Other 

characteristics of patients in this cluster 

include the fact that 3/4 of them have a low 

occlusion score (72.7%). The second 

cluster, with 43 patients, is characterized by 

the fact that almost all have a very high 

score for mandibular-cranial relationships 

(95.3%). Bone and mucosal support is good 

or very good in over 90% of cases, and 

periodontal support is good or very good in 

76.8%. Dental support is good in 69.8% of 

cases. The third cluster, the largest, includes 

92 patients, of whom 87% have a low score 

for mandibular-cranial relationships. All 

patients in this cluster also have a low 

occlusion score, although bone support is 

good or very good in over 3/4 of cases 

(78.3%), as is mucosal support (76.1% of 

cases). Periodontal support is good or very 

good in almost all patients (96.7%). Dental 

support is good in 68.5% of patients and 

moderate in nearly 1/3 (29.3%). The fourth 

cluster includes 37 patients, 3/4 of whom 

have good or very good scores for 

mandibular-cranial relationships (75.6%), 

while the rest have average or low scores. 

Occlusion scores are improved compared to 

patients in the other clusters, with 59.4% 

having average or good evaluations. Again, 

bone and mucosal support scores are good 

or very good in all patients, and periodontal 

support scores are very good in the vast 

majority (83.8% of cases).   

Clusters grouped according to 

secondary clinical-biological indices are 

exposed in fig.3. The first cluster includes 

80 patients, making it the largest of the 

three recorded clusters. The patients in this 

group have an excellent bone support score 

in almost all cases (96.3%). The occlusion 

score ranges from low to very good, while 

the mandibular-cranial relationship score is 

very good for the vast majority of patients 

(70.0%). Additionally, the mucosal support 

score is good or very good for all patients, 

as are the scores for periodontal, dental, and 

general health support. The overall score is 

very good for half of the patients (51.2%) 

and good for the remaining 48%. The 

second cluster includes 50 patients, where 

bone support is good in most cases (72.0%) 

and very good for the rest. All patients in 

this category have a low occlusion score, 

and 3/4 of them (70.0%) also have a low 

score for mandibular-cranial relationships. 

The mucosal support score is good for all 

patients, and the periodontal support score 

is very good for 88.0% of them. The dental 

support score is moderate for 30.0% of 

patients, good for 54.0%, while 14% of 

patients in this cluster have a general health 

score that is good rather than very good. 

Consequently, none of the patients in this 

cluster have a very good overall score; it is 

good for 3/4 of them (72.0%) and moderate 

for the remaining 28%. The third cluster 

includes 64 patients, for whom bone 

support is also good in most cases (73.4%), 

though it is moderate for the rest. The vast 

majority of patients in this group (92.2%) 

have a good or very good occlusion score, 

as well as a good or very good mandibular-

cranial relationship score (87.5%). 

Similarly, the mucosal, periodontal, and 

dental support scores are good or very good 

for nearly all patients, as is the general 

health score. The overall score is very good 

for 3/4 of the patients in this cluster (73.4%) 

and good for the rest. 
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The comparative study of 

demographic characteristics (Table 1) and 

therapeutic options (Table 2) for each of the 

identified clusters are presented below. 

            Table 1. Initial stage patients' clusters related to socio-demographic features  

 Two-Step Cluster Number Pearson Chi-

squared test 

 

1 2 3 4 

N % N % N % N % 

Gender Male 8 36.4% 28 65.1% 48 52.2% 21 56.8% Chi2 = 5.132 

Female 14 63.6% 15 34.9% 44 47.8% 16 43.2% p = 0.162 

Age group 40-60 yrs. 11 50.0% 31 72.1% 54 58.7% 28 75.7% Chi2 = 6.400 

>60 yrs. 11 50.0% 12 27.9% 38 41.3% 9 24.3% p = 0.094 

Environment urban 20 90.9% 28 65.1% 69 75.0% 31 83.8% Chi2 = 6.800 

rural 2 9.1% 15 34.9% 23 25.0% 6 16.2% p = 0.079 

Total 22 100.0% 43 100.0% 92 100.0% 37 100.0%  

 

In Table 2 clusters of patients 

(initial stage) are exposed in relation to the 

distribution of the selected prosthetic 

treatment solutions. While there were no 

statistically significant differences in the 

demographic characteristics of patients 

across the four clusters (Table 1), 

significant differences were observed in the 

chosen prosthetic therapy. The highest 

percentage of composite prostheses with 

rigid RPD frameworks was applied to 

patients in the first cluster (18.2% of them), 

as well as the highest percentage of flexible 

dentures (54.5%). For patients in the second 

cluster, the majority of cases were treated 

by metal framework partial dentures with 

acrylic saddles and clasps (51.2%) or fixed 

implant-prosthetic rehabilitation (27.9%). 

Patients in the third cluster received all 

types of treatment solutions, with metal 

framework partial dentures with acrylic 

saddles and clasps being the most common 

(38.0% of cases). In contrast, patients in the 

fourth cluster most frequently were treated 

with metal framework partial dentures with 

acrylic saddles and clasps (35.1% of cases), 

flexible dentures (24.3%), or fixed implant-

prosthetic rehabilitation (24.3%). The 

comparative study of demographic 

characteristics for each of the identified 

clusters after the completion of the pre- and 

pro-prosthetic stages (secondary stage) is 

presented in Table 3. Significant differences 

between genders are observed, with the first 

cluster predominantly grouping male 

patients (66.3%), while the other two 

clusters exhibit a balanced gender 

distribution, with a slight predominance of 

female patients. Additionally, the first 

cluster includes the highest percentage of 

patients aged 40 to 60 years (77.5%), who 

are also predominantly represented, albeit 

to a lesser extent, in the third cluster 

(60.9%). In the second cluster, the age 

group distribution is balanced, although 
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older patients slightly predominate, 

comprising 54.0% of the cases.  

Table 2. Initial stage patients' clusters related to prosthetic therapy 

 Two-Step Cluster Number Pearson Chi-

squared test 

 

1 2 3 4 

N % N % N % N % 

Prosthetic 

therapy 

Acrylic dentures     2 2.2%   Chi2 = 46.312 

Composite dentures 

with rigid FPD 

framework 

4 18.2% 6 14.0% 13 14.1% 3 8.1% p < 0.001**  

Composite dentures 

with semi-rigid FPD 

framework 

    9 9.8%    

Flexible dentures 12 54.5% 3 7.0% 12 13.0% 9 24.3%  

Metal framework partial 

dentures with acrylic 

saddles and clasps 

3 13.6% 22 51.2% 35 38.0% 13 35.1%  

Fixed implant-prosthetic 

rehabilitation 

3 13.6% 12 27.9% 18 19.6% 9 24.3%  

Implant-supported 

removable prosthetic 

rehabilitation 

    3 3.3% 3 8.1%  

Total 22 100.0% 43 100.0% 92 100.0% 37 100.0%  

 

Table 3. Secondary stage patients' clusters related to socio-demographic features  

 

TwoStep Cluster Number Pearson Chi-

squared test 
1 2 3 

N % N % N % 

Gender masculin 53 66.3% 22 44.0% 30 46.9% Chi2 = 8.156 

feminin 27 33.8% 28 56.0% 34 53.1% p = 0.017* 

Age group 40-60 yrs. 62 77.5% 23 46.0% 39 60.9% Chi2 = 13.606 

>60 yrs. 18 22.5% 27 54.0% 25 39.1% p = 0.001** 

Environment urban 59 73.8% 39 78.0% 50 78.1% Chi2 = 0.485 

rural 21 26.3% 11 22.0% 14 21.9% p = 0.785 
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Total 80 100.0% 50 100.0% 64 100.0%  

 

The comparative study of 

therapeutic options for each of the 

identified clusters after the completion of 

the pre- and pro-prosthetic stages 

(secondary stage) is presented in Table 4. In 

this case, statistically significant 

differences were also observed regarding 

the applied prosthetic therapy. In the first 

cluster, the highest percentage was 

recorded for metal framework partial 

dentures with clasps (42.5%), with other 

common therapeutic solutions including 

flexible dentures (22.5%) and fixed 

implant-prosthetic rehabilitations (22.5%). 

In the second cluster, the percentage of 

flexible dentures increased slightly 

compared to the first cluster (24.0%), along 

with a significantly higher percentage of 

composite dentures with rigid or semi-rigid 

RPD frameworks (32.0%). Another 32.0% 

of cases also involved metal framework 

partial dentures with clasps. In the third 

cluster, the most frequently chosen 

solutions were similarly metal framework 

partial dentures with clasps (35.9%) and 

fixed implant-prosthetic rehabilitations 

(28.1%), with another significant 

percentage represented by composite 

dentures with rigid RPD frameworks 

(14.1%). 

Table 4. Secondary stage patients' clusters related to prosthetic therapy 

 

TwoStep Cluster Number Pearson Chi-

squared test 
1 2 3 

N % N % N % 

Terapie 

protetica 

Acrylic dentures     2 3.1% Chi2 = 27.502 

Composite dentures 

with rigid FPD 

framework 

7 8.8% 10 20.0% 9 14.1% p = 0.007** 

Composite dentures 

with semi-rigid FPD 

framework 

  6 12.0% 3 4.7%  

Flexible dentures 18 22.5% 12 24.0% 6 9.4%  

Metal framework 

partial dentures with 

acrylic saddles and 

clasps 

34 42.5% 16 32.0% 23 35.9%  

Fixed implant-

prosthetic 

rehabilitation 

18 22.5% 6 12.0% 18 28.1%  
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Implant-supported 

removable prosthetic 

rehabilitation 

3 3.8%   3 4.7%  

Total 80 100.0% 50 100.0% 64 100.0%  

 

DISCUSSIONS 

Successful prosthetic treatment must aim to 

address all components of the 

stomatognathic system, particularly muco-

osseous structures, to manage common 

complications of extensive partial 

edentulism, including malocclusion, 

mandibular latero-deviations, TMJ pain, 

muscular dysfunction, and abnormal 

cranio-mandibular relationships [13, 14]. 

The pre- and pro-prosthetic phases are 

crucial for correcting unfavorable clinical-

biological indices in the prosthetic field, 

given the interdependent nature of 

stomatognathic system components [15, 

16]. Achieving optimal biomechanical 

stability in prosthetic restorations requires 

favorable clinical-biological conditions of 

the prosthetic field. Pre-prosthetic and pro-

prosthetic interventions should 

comprehensively address potential 

etiologies from various perspectives [17]. 

Dental practitioners must thoroughly assess 

the status of prosthetic field components, 

including remaining teeth, periodontal 

health, mucosal and osseous support, 

occlusion, and cranio-mandibular 

relationships [18]. Alveolar bone resorption 

and irregular residual ridges are among the 

most critical complications of extensive 

partial edentulism. Additionally, 

complications such as TMD pathology 

directly influence occlusion and cranio-

mandibular relationships [19]. Systemic 

factors, including neuromuscular control, 

psychological state, and overall health 

resilience [20], alongside local factors like 

the number and position of missing teeth, 

mandibular movement patterns, financial 

considerations, and patient preferences, 

must be carefully evaluated during 

prosthetic treatment planning [21]. 

In our study, two-step clustering analysis 

grouped patients in 4 clusters according to 

initially clinical -biological indices and 3 

clusters according to secondary clinical-

biological indices. While enhancements in 

mucosal and bone support indices was 

achieved through mucosal grafting 

techniques and bone augmentation 

procedures [22-24], cranio-mandibular 

relationships indices were found the most 

accurate predictors of clusters. Accurate 

diagnosis of occlusal and cranio-

mandibular relationship disorders is critical 

for effective prosthetic treatment planning 

and achieving a favorable prognosis for 

future restorations. When misalignment 

between the mandible and cranium occurs, 

stomatognathic system dysfunctions are 

amplified, significantly limiting therapeutic 

options [25]. Addressing occlusal indices is 

essential to prevent instability, aesthetic 

deficiencies, and suboptimal contours in 

subsequent prosthetic restorations [26]. The 

relationships between the four initial 

clusters and the three clusters formed after 

pre- and pro-prosthetic stage (reveal 

distinct patterns in prosthetic solution 

preferences and demographic 

characteristics. In the initial stage (pre-

treatment), significant differences in 

prosthetic therapy were observed despite no 

demographic differences among clusters. 
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Cluster 1 (half of the patients with very high 

score for mandibular-cranial relationships, 

while the other half have a low score in this 

area; most of them have a low occlusion 

score) predominantly featured composite 

dentures with rigid RPD frameworks and 

flexible dentures. In Cluster 2 (95,3% of 

patients with very high score for 

mandibular-cranial relationships; bone and 

mucosal support is good or very good in 

over 90% of cases; dental support good in 

69.8% of cases), metal framework partial 

dentures with acrylic saddles and clasps and 

fixed implant-prosthetic rehabilitation were 

most common. Cluster 3 (most patients 

with low score for mandibular-cranial 

relationships, and occlusion score, good or 

very good muco-osseous support) included 

a wide variety of treatments, with the 

highest use of metal framework partial 

dentures with acrylic saddles and clasps. 

Cluster 4 (3/4 of them with good or very 

good scores for mandibular-cranial 

relationships, while the rest have average or 

low scores; occlusion scores improved 

compared to patients in the other clusters; 

bone and mucosal support scores are good 

or very good in all patients) similarly 

showed a preference for these dentures, 

flexible dentures, and fixed implant-

prosthetic rehabilitation. In the secondary 

stage, prosthetic solutions in the secondary 

stage revealed shifts: Cluster 1 (excellent 

bone support score in almost all cases; 

occlusion score ranges from low to very 

good; the mandibular-cranial relationship 

score is very good for the vast majority of 

patients; overall score very good for 51,2% 

of patients and good for the remaining 

48%) show the highest use of metal 

framework partial dentures with clasps, 

while Cluster 2 (bone support good in 

72.0% of cases and very good for the rest; 

all patients with low occlusion score, and 

70.0% of patients with low score for 

mandibular-cranial relationships; good 

overall score 72.0% of patients and 

moderate for the remaining 28%) had a 

notable increase in composite dentures with 

rigid or semi-rigid RPD frameworks. 

Cluster 3 (good bone support for 73.4% of 

patients, moderate for the rest; good or very 

good occlusion score for 92% of patients; 

good or very good mandibular-cranial 

relationship score for 87.5% of patients; 

overall score very good for 3/4 of the 

patients, good for rest) maintained its 

preference for metal framework partial 

dentures with clasps and fixed implant-

prosthetic rehabilitation. Our results prove 

the role of clinical-biological indices as 

valuable tools for planning prosthetic 

treatment in patients with extensive partial 

edentulism, emphasized also in research by 

algorithms-based applications [27-29]. 

The effects of clustering need to be 

considered when calculating the sample 

size required to detect a difference in 

treatment effect, obtaining consent for 

participation in the trial and finally the 

analysis of the data [30]. A limitation of 

clustering analysis is related to the cluster 

randomized trials (CRTs) that are 

commonly analyzed using mixed-effects 

models or generalized estimating 

equations, analyses that do not always 

perform effectively with the small number 

of clusters typical of most CRTs, and can 

lead to increased risk of finding a 

statistically significant treatment effect 

when it does not exist) if appropriate 

corrections are not used [31, 32]. 

CONCLUSIONS  

According to the analyzed initially values 

of the clinical-biological indices, patients 

were grouped in 4 clusters. According to 

secondary values of the clinical-biological 

indices, number of clusters decreased to 3 

after completion of pre- and pro-prosthetic 



Romanian Journal of Oral Rehabilitation 

Vol. 17, No.1 January-March 2025 

 

775 
DOI: 10.62610/RJOR.2025.1.17.74 

stages, due to changes of the clinical-

biological indices. Cranio-mandibular 

relationships index was the most important 

predictor. The dynamic relationship 

between cluster profiles and prosthetic 

treatment choices is influenced by both 

demographic and clinical factors across 

treatment stages. 

REFERENCES 

1. Alsayat A., El-Sayed H. Efficient genetic K-Means clustering for health care knowledge discovery. 

In Software Engineering Research, Management and Applications (SERA), 2016 IEEE 14th 

International Conference on (pp. 45-52). IEEE. 

2. Han J., Kamber M., Pei J. Cluster Analysis-10: Basic Concepts and Methods. Data Mining (Third 

Edition). Third Edition. Publisher: Morgan Kaufmann. 2012. 

3. DeFreitas K., Bernard M. Comparative performance analysis of clustering techniques in 

educational data mining. IADIS International Journal on Computer Science & Information Systems, 

2015, 10(2). 

4. Tomar D., Agarwal S. A survey on Data Mining approaches for Healthcare. International Journal 

of Bio-Science and Bio-Technology, 2013, 5(5):241-266. 

5. Sarstedt M., Mooi E. Cluster Analysis. In: A Concise Guide to Market Research. Springer Texts in 

Business and Economics. Springer, Berlin, Heidelberg. 2019. 

https://doi.org/10.1007/978-3-662-56707-4_9. 2019. 

6. TwoStep Cluster Analysis. https://www.ibm.com/docs/en/spss-statistics/25.0.0?topic=features-

twostep-cluster-analysis&utm_source=chatgpt.com 

7. Jahangiry L, Bagheri R, Darabi F, Sarbakhsh P, Sistani MMN, Ponnet K. Oral health status and 

associated lifestyle behaviors in a sample of Iranian adults: an exploratory household survey. BMC 

Oral Health. 2020 Mar 19;20(1):82. doi: 10.1186/s12903-020-01072-z. 

8. Almusallam SM, AlRafee MA. The prevalence of partial edentulism and complete edentulism 

among adults and above population of Riyadh city in Saudi Arabia. J Family Med Prim Care. 2020 

Apr 30;9(4):1868-1872. 

9. Meinhold L, Krois J, Jordan R, Nestler N, Schwendicke F. Clustering effects of oral conditions 

based on clinical and radiographic examinations. Clin Oral Investig. 2020 Sep;24(9):3001-3008. 

10. Casanova-Rosado AJ, Casanova-Rosado JF, Minaya-Sánchez M, Robles-Minaya JL, Casanova-

Sarmiento JA, Márquez-Corona ML, Pontigo-Loyola AP, Isla-Granillo H, Mora-Acosta M, 

Márquez-Rodríguez S, Medina-Solís CE, Maupomé G. Association of Edentulism with Various 

Chronic Diseases in Mexican Elders 60+ Years: Results of a Population-Based Survey. Healthcare 

(Basel). 2021 Apr 1;9(4):404. doi: 10.3390/healthcare9040404.  

11. Doğan BG, Gökalp S. Tooth loss and edentulism in the Turkish elderly. Arch Gerontol Geriatr. 2012 

Mar-Apr;54(2):e162-6. doi: 10.1016/j.archger.2012.01.003. 

12. Ogbuabor G, Ugwoke FN. Clustering algorithm for a healthcare dataset using silhouette score 

value. International Journal of Computer Science & Information Technology (IJCSIT) 2018; 10(2): 

28-37. 

13. Badel T, Zadravec D, Bašić Kes V, Smoljan M, Kocijan Lovko S, Zavoreo I, Krapac L, Anić 

Milošević S. Orofacial pain - diagnostic and therapeutic challenges. Acta Clin Croat. 2019 

Jun;58(Suppl 1):82-89.  

14. Chang CL, Wang DH, Yang MC, Hsu WE, Hsu ML. Functional disorders of the temporomandibular 

joints: Internal derangement of the temporomandibular joint. Kaohsiung J Med Sci. 2018 

Apr;34(4):223-230. 

15. Antohe M.E., Agop Forna D., Andronache M., Feier R., Forna N.C. Aspects of the therapy of 

partially extended edentation using modern methods. Romanian Journal of Oral Rehabilitation, 

2016, 8(2): 16-25. 

16. Murphy MK, MacBarb RF, Wong ME, Athanasiou KA. Temporomandibular disorders: a review of 

etiology, clinical management, and tissue engineering strategies. Int J Oral Maxillofac Implants. 

2013 Nov-Dec;28(6):e393-414.  

17. Şakar O. The Effects of Partial Edentulism on the Stomatognathic System and General Health. 

https://doi.org/10.1007/978-3-662-56707-4_9.%202019


Romanian Journal of Oral Rehabilitation 

Vol. 17, No.1 January-March 2025 

 

776 
DOI: 10.62610/RJOR.2025.1.17.74 

2024; 10.1007/978-3-031-47083-7_2. 

18. Zlataric DK, Celebic A. Treatment outcomes with removable partial dentures: a comparison 

between patient and prosthodontist assessments. Int J Prosthodont. 2019;14:4. 

19. Kose TE, Demirtas N, Cakir Karabas H, Ozcan I. Evaluation of dental panoramic radiographic 

findings in edentulous jaws: A retrospective study of 743 patients "Radiographic features in 

edentulous jaws". J Adv Prosthodont. 2015 Oct;7(5):380-5.  

20. Poštić SD. Specific occlusal scheme for partially edentulous patients with TMD signs-preliminary 

report. J Stomatol Oral Maxillofac Surg. 2018 Sep;119(4):337-347.  

21. Campos SCY, Mosquim V, Jacomine JC, Zabeu GS, de Espíndola GG, Bonjardim LR, Bonfante 

EA, Wang L. Impact of rehabilitation with removable complete or partial dentures on masticatory 

efficiency and quality of life: A cross-sectional mapping study. J Prosthet Dent. 2022 

Dec;128(6):1295-1302.  

22. Stefanini M, Barootchi S, Sangiorgi M, Pispero A, Grusovin MG, Mancini L, Zucchelli G, Tavelli 

L. Do soft tissue augmentation techniques provide stable and favorable peri-implant conditions in 

the medium and long term? A systematic review. Clin Oral Implants Res. 2023 Sep;34 Suppl 26:28-

42. 

23. Urban IA, Monje A. Guided Bone Regeneration in Alveolar Bone Reconstruction. Oral Maxillofac 

Surg Clin North Am. 2019 May;31(2):331-338.  

24. Călin DL, Rusu A, Mitrea M. Treatment of multiple adjacent gingival recessions through the 

modified tunnel technique using connective tissue graft. Romanian Journal of Oral Rehabilitation 

2014, 6 (3): 70-77. 

25. Carpentieri J, Greenstein G, Cavallaro J. Hierarchy of restorative space required for different types 

of dental implant prostheses. J Am Dent Assoc. 2019 Aug;150(8):695-706. 

26. Alkayyal MA, Turkistani KA, Al-Dharrab AA, Abbassy MA, Melis M, Zawawi KH. Occlusion 

time, occlusal balance and lateral occlusal scheme in subjects with various dental and skeletal 

characteristics: A prospective clinical study. J Oral Rehabil. 2020 Dec;47(12):1503-1510.  

27. Forna N, Creţu C, Topoliceanu C, Ţarevici EL, Ţibeica SC, Ursu MO, Agop-Forna D. The role of 

computerized planning in modern implant-prosthetic therapy. Romanian Journal of Medical and 

Dental Education 2020; Vol. 9, No. 4: 27-32.  

28. Forna N, Kozma A, Topoliceanu C, Donea L, Agop-Forna D. Digital Systems in Medical Science 

and Modern Dentistry. Annals Series on Biological Sciences (Academy of Romanian Scientists) 

2021; 10(2): 38-47. 

29. Forna N, Topoliceanu C, Agop-Forna D. Digital tools and techniques in implant-prosthetic 

therapy. Proc. Rom. Acad., Series B, 2022, 24(3): 299–306.17. 

30. Lempesi E, Pandis N, Faggion C Jr, Seehra J. Is clustering accounted for in studies published in 

periodontology and oral implantology specialty journals? J Periodontol. 2023 Aug;94(8):967-975. 

31. Kahan BC, Forbes G, Ali Y, Jairath V, Bremner S, Harhay MO, Hooper R, Wright N, Eldridge SM, 

Leyrat C. Increased risk of type I errors in cluster randomised trials with small or medium numbers 

of clusters: a review, reanalysis, and simulation study. Trials. 2016 Sep 6;17(1):438. doi: 

10.1186/s13063-016-1571-2.  

32. Leyrat C, Morgan KE, Leurent B, Kahan BC. Cluster randomized trials with a small number of 

clusters: which analyses should be used? Int J Epidemiol. 2018 Feb 1;47(1):321-331.  

 


