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SUMMARY 

 

The current definition of being “digital” is the “re-imagining of processes to be by default a 

fully online, fully automated process from end user interaction to back office processing, with 

no or minimal need for human intervention”[1].  

Digital technology has begun to be a fundamental part of our daily life, starting from the use of 

smartphones to its use in medical diagnosis, treatment modalities, teaching and learning tools, 

and surgical techniques [2].  

Digital technology in a dental practice started in 1974 with the introduction of computerized 

scheduling [3]. At the beginning, the approach of using digital technology was to increase the 

accuracy of the diagnosis; as a result, the workflow was simplified [4].  

In the last thirty years, most dental offices and dental schools have begun to use clinical 

records, photographs and digital radiographs. Moreover, digital technology has evolved from 

two-dimensional visualization, based on photographs or drawings, to the possibility of 

exploring a patient in his three dimensions. Also, soft tissue analysis using 3D 

stereophotogrammetry (3D photos), intra-oral scans and three-dimensional radiography are 

rapidly replacing study casts and two dimensional radiography [2]. One of the benefit of the 

digitalizition is the opportunity to have high resolution images with low radiation obtained 

through the cone beam computed tomography,  that is currently considered the preferred 

imaging modality in orthodontics [4].  

In addition, digital technology in orthodontics allows to perform virtual treatment planning, as 

well as translate the plans into treatment execution with digitally driven appliance manufacture 

and placement using various CAD/CAM techniques from printed models, indirect bonding 

trays and custom made brackets to robotically bent wires. Moreover, it is also becoming 

possible to remotely monitor treatment and control it [2].  

The virtual treatment planning not only allows the clinician to explore a number of treatment 

options in a simple manner, it also facilitates better communication with other dental 

professional especially in cases that require combined orthodontic and restorative treatment. 

Furthermore, it provides an effective communication with patients and allows them to visualize 

the treatment outcome and also understand the treatment process [2].  

The aim of this PhD project was to study the use of digital technologies in the diagnosis, 

treatment planning and therapy of orthodontic patients. 

This thesis is composed of four studies. 

The aim of the first study was to perform  a collaborative web service to support orthodontic 

treatments, using a collective of models, automatically generated, on the basis of different 
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datasets, made by different scholars and practitioners at the School of Orthodontics of the 

University of Naples “Federico II”, in order to help in the diagnosis of the orthodontic patient. 

In chapter 2, it is reported a research on  the association between gingival biotype and facial 

typology evaluated by means of a cephalometric and 3D facial analysis, in patients seeking an 

orthodontic treatment. 

The third study aimed  to  determine the distribution of the CoGoMe^, and its relationship with 

age, sagittal jaw relationship (ANPg^) and mandibular inclination (SN^GoGn) in a population 

of patients from Southern Italy. 

In chapter 4, it is described a research on the periodontal health of patients undergoing fixed 

orthodontic and clear aligner therapy with a supportive periodontal therapy after a 3-month 

follow-up. 
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CHAPTER 1 

 

A Collaborative Web Service Exploiting Collective Rules and Evidence Integration to 

Support Orthodontic Decisions. 

 

Abstract 

 

Despite the growing demand for orthodontic care, there is lack of unanimity in the interpretation of 

orthodontic data and in the diagnostic and therapeutic orthodontic choices. In order to support 

orthodontic decision-making, this article proposes a collaborative web-service that generates a 

collective model for orthodontists in their daily practice. The platform is bi-directional: on the one 

hand it is able to deliver the collective model to orthodontists, using different friendly visualization 

tools; on the other hand, it is able to update the dataset, thus generating new models. The web 

service is based on decision trees algorithms, modeled using cephalometric and orthodontic cast 

measurements as features. A clinical evaluation shows that, whereas there is a low level of 

agreement within and between orthodontists, decision trees may result beneficial in supporting 

clinical decision-making. 
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1.1. Introduction. 

Dental malocclusions are highly prevalent pathologies in the general population [1–3] and the 

increasingly great attention to aesthetic and functional problems [4,5] has driven to a larger 

demand of orthodontic treatments in the last years [6]. As evidenced by a survey of the American 

Association of Orthodontists (AAO), “ The survey titled “The Economics of Orthodontics,” asked 

members of the AAO in the United States and Canada information about patients they were 

treating in 2012), in 2012 AAO members have treated a total of 5,876,000 patients, with an 

increase of 20% as compared to 2010. Another survey, still conducted on behalf of the AAO, 

shows how adults, who have undergone orthodontic care, support that their treatment contributed 

to meaningful improvements in both their professional and personal lives. 75% of subjects 

surveyed reported about their increased self-confidence, while 92% of the whole sample of 

respondents would feel able to suggest the orthodontic treatment to other adults. 

Despite the growing demand for orthodontic care [7,8], with a real paradigm shift also in its 

marketing strategies [9], orthodontic diagnosis may be difficult to be drawn [10], due to the 

subjective interpretation of the diagnostic records [11], demonstrating that a minimal configuration 

of a record set for orthodontic diagnosis and treatment planning could not be defined. On the other 

side, treatment planning is a decisive and critical moment for the clinician, especially in the case of 

extraction, which is a non-reversible procedure, mainly based on the practitioner's experiences. 

For instance, Ribarevski et al. [12], in their investigation, demonstrated that the level of agreement 

for the extraction/non-extraction decision within the orthodontists was moderate, as well as  a poor 

agreement between the orthodontists exists. More recent inquiries show that this trend, about poor 

agreement within and among orthodontists, still holds [13–15]. On the whole, these findings show 

the subjective aspects of orthodontic diagnoses [16], the lack of universality and unanimity in the 

interpretation of orthodontic data  [17] and, consequently, in the choice of treatment [18,19], also 

suggesting that treatment planning is derived from weak levels of scientific evidence [20]. 

In the light of the above evidence, a referencing framework for orthodontic data evaluation would 

be desirable and beneficial for a diagnostics treatment selection [21] particularly as regards 

controversial cases, where subjective data interpretation could generate incorrect decisions [22]. 

The main objective of this work is the realization of a collaborative web service to support 

orthodontic treatments, using a collective of models, automatically generated, on the basis of 

different datasets, made by different scholars and practitioners at the School of Orthodontics of the 

University of Naples “Federico II”. The proposed approach aims to fulfill two subtasks: 
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1) generating individual models that can be compared, and validated, to the strategies adopted 

by scholars from the School of Orthodontics and, based on these individual models, 

building a collective model, according to a specific configuration of the orthodontic 

features; 

2) creating a “bi-directional” web platform. In one direction, the platform is able to deliver 

these models, using different friendly visualization tools and rules, to scholar and 

practitioners in their daily working practice, including refresher courses and training for 

orthodontic schools. In the other direction, the platform is able to benefit from the 

contribution of its users in order to update the dataset and, as a consequence, to generate 

new models. 

The engine behind the web service is based on decision trees algorithms [23] that are modeled 

using cephalometric and orthodontic cast measurements as features. 

Decision tree (hereafter DT) is a classification scheme that generates a tree and a set of rules from 

a given dataset [24]. It has been widely employed both to represent and to run decision processes 

[25,26]. Considering that medical, and as such orthodontic, decisionsg are made for various 

purposes including screening, diagnosing, and treatment prescription/suggestion, the decision 

problem becomes difficult to visualize and implement [27]. 

Decision tree represents also a useful and indispensable graphical tool in such settings, as it 

allows for intuitive understanding about the problem and can aid the decision adoption since it is 

interpretable through if-then rules by any orthodontist, even if not trained in using computer 

applications. Furthermore, the “robustness” of the proposed approach [28,29] goes far beyond the 

simplification of the orthodontic decision process, since models extracted from data, through 

decision trees, can guarantee a major “objectivity” asked by the interpretation of the orthodontic 

data [30,31], as cited above, and, as a consequence, can allow for the suggestion of the most 

appropriate therapy, based on the collective of models, previously validated by experts and 

scholars. Such an approach represents a further attempt, along with the others, towards the 

foundation of a common framework aiming at reducing, as much as possible, the subjectivity in 

the interpretation of orthodontic data [32]. 

Seok-Ki & Tae-Woo [33] propose an approach for the diagnosis of teeth extractions through 

neural networks, providing the evaluation of their model. The authors employed a dataset of 156 

patients made of 12 cephalometric variables and 6 additional indexes. Extraction patterns, useful 

for diagnosis, were obtained applying four neural networks that make use of a back-propagation 
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algorithm. Experimental results show that success rates of the models generated were 93% for the 

diagnosis of extraction vs. non-extraction and 84% for the detailed diagnosis of the extraction 

patterns. 

Xie, Wang & Wang [34] used a neural network, for the orthodontic treatment of patients between 

11 and 15 years old, in order to determine extraction treatment. Experimental settings employed a 

dataset made of 200 subjects, using 23 indices as features. The experiments allowed to estimate 

the contributions of the 23 input indices to the final output (i.e., extraction vs. non-extraction). For 

instance, "Anterior teeth uncovered by incompetent lips" and "IMPA (L1-MP)" resulted to be the 

two indices that give the biggest contributions sequentially. According to the authors, when the 

clinicians are predicting whether an orthodontic treatment requires extraction, the indices "anterior 

teeth uncovered by incompetent lips" and "IMPA (L1-MP)" should be taken into consideration 

first. 

Martina, Teti, D’Addona & Iodice [18] developed a decision support system, based on neural 

networks, in order to aid clinical decision making for orthodontic extractions. The employed 

neural network makes use of a feed-forward back-propagation paradigm trained on a dataset made 

of 48 cases, exploiting, overall, 32 cephalometric and orthodontic cast measurements as features. 

The 32 features made up a 32-component input vector and the extraction therapeutic option 

represented the corresponding 1-component output vector, classified as belonging to one of two 

categories: extraction vs not-extraction. As for the evaluation, the system output was considered 

correct if its decision (i.e. extraction or not-extraction) coincided with the decision for the patient 

at the moment of the orthodontic treatment. In both cases, the performance of the system achieved 

an accuracy level of more than 75%. 

 

1.2. Material and methods 

 

1.2.1. Dataset 

This work exploits the application of DT for orthodontics treatments to detect and visualize the 

most relevant combinations of features pertaining to the orofacial system. The preliminary dataset 

consists of 290 medical records of patients, from 8 to 53 years of age (with a mean of 15.59 

years), in the permanent dentition, without previous orthodontic intervention. Subjects’ 

characteristics were divided according to skeletal class, clinical, radiographic, and functional 

features. Table A.1, in Appendix A, reports a complete classification of the features employed. 
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The dataset is the fruit of the contribution of different scholars working in the School of 

Orthodontics at the University of Naples “Federico II”. In other words, each scholar/practitioner 

builds its own dataset by detecting, for each patient, 39 common features, shared by all scholars, 

used to describe the cases (including the class label, that is teeth extraction or non-extraction). 

The dataset counts 232 negative examples (i.e. medical records about patients classified as not 

extraction cases) and 58 positive examples (i.e. medical records about patients classified as 

extraction cases), so there is a situation of unbalanced distribution of data (i.e., skewed as is said in 

statistical terms) with respect to the class label/target value (i.e. teeth extraction or non-

extraction) that you want to model. This state of affairs will require certain steps during the 

training of the algorithm, in order to take account of the lower weight, played by the positive 

examples, within the entire economy of the dataset. The experimentation, and the testing, 

delivered through the web service, will be designed to support treatments for Class I malocclusion. 

 

1.2.2.  Implementation 

Experiments introduced in the following, and the corresponding web service prototype based on 

them, employ J48 DT, a WEKA implementation [35] of C4.5 DT algorithm, developed by Ross 

Quinlan [36], which, in turn, is an extension of the ID3 tree, the early algorithm version of the 

same author [23]. Turning to the definition provided by Mitchell [37], DT’s, such as ID3 and C4.5, 

classify instances, that is, orthodontic medical records, by sorting them down from the root to 

some leaf nodes, providing the classification of the instances (i.e., extraction=1 vs. not-

extraction=0). Nodes of the DT’s specify tests of some features (or attributes) describing the 

instances, such as dentobasalDiscrepancy at the root node of the DT in Figure B.1 of Appendix B. 

Branches descending from nodes correspond to one of possible values the attribute may assume; 

for instance, dentobasalDiscrepancy in Figure B.1 may assume two sets of possible values, <=-

3.5 and >-3.5. Any instance (i.e., medical record) is classified by starting from the root node of the 

tree, on the top, where the attribute of the node is tested; then, DT moves down through the tree 

branches, looking for the feature value of the given example. The same process will be repeated 

for the sub-tree rooted at the new node. For instance, always looking at Figure B.1, after testing 

dentobasal Discrepancy at the root node, J48 jumps on the right and left branches, based on the 

two sets of value the root feature may assume, and tests, respectively, Canine Class Malocclusion 

Right and Canine Class Malocclusion Left. The feature/attribute selection (that is, which feature to 

test at each node of the tree), plays a chief role for DT’s. In the experiments introduced in the 
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following, two feature selection methods have been employed: Information Gain and GainRatio 

[35,37], whose calculation is reported in Appendix A, respectively in Eq. A.2 and A.3. InfoGain is 

strictly related to the Entropy [23,37], an index of the purity of a dataset, since it just represents the 

expected reduction in entropy that results by the partition of the examples according to this 

attribute, as can be seen from the Eq. A.1. For instance, for the orthodontic dataset, the Entropy is 

about 0.22, a value that indicates the unbalancing of the distribution towards the non-extraction 

target/class label (i.e., 0). Table B.2 in the Appendix B reports the ranked list of features, obtained 

from the orthodontic dataset after employing the InfoGain mechanism, just described above, for 

the experiment one described in Section 4. One drawback of InfoGain, however, is that it tends to 

prefer attributes with many values. GainRatio (Quinlan, 1986; Mitchell, 1997) is a possible 

remedy to this issue, since it levels the playing field by penalizing the multiple-valued attributes. 

Table C.2 and Table D.2 report on a comparison among the two feature selection strategies, 

respectively for the experiments 2 and 3, also detailed in Section 4. 

 

1.2.3.  Evaluation 

Experiments performed for this work have been tested using different evaluation metrics [38,39]. 

As first evaluation metrics, accuracy has been employed, that measures how often DT makes the 

correct prediction, calculating the ratio between the number of correct predictions and the total 

number of predictions (Eq. A.4). However, this metrics suffers from an important drawback since 

it does not make distinction between classes; correct answers for each class are treated equally. 

For instance, how many examples failed for each class? This is the case of the skewed distribution 

of the orthodontic dataset. Furthermore, it does not distinguish those cases in which the patient 

was subjected to extraction when, instead, should not have (i.e., false positive), or other cases 

where the extraction was not made but it was necessary (i.e., a false negative). For such a kind of 

evaluation the confusion matrix (Eq. A.5) was employed, showing a detailed breakdown of correct 

and incorrect classifications for each class. The matrix returns a better overview of which class is 

best identified by the model; such a kind of information would otherwise be lost only looking at 

the overall accuracy. 

Out of the cases that the DT predicted to be true (i.e., the DT assigned an extraction target value), 

how many of them actually need it? Precision score (Eq. A.6) answers the question, while recall 

(Eq. A.7) allows for determining how many cases are found to be true by the DT, out of all the 

cases that are true. Precision and recall can be read in the light of their harmonic mean, F1 score 
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(Eq. A.8), a single metric that, unlike the arithmetic mean, tends toward the smaller of the two 

elements, resulting small if either precision or recall is small. In machine learning the term 

learning curve represents the generalization performance of the model as a function of the size of 

the training set [40]; in other words, it depicts improvement in performance on the vertical axis 

when there are changes in another parameter (on the horizontal axis), that is, the training set size. 

A chief role in this experimentation is played by the clinical validation. Indeed, the clinical 

validation has a twofold objective. First, it aims to measure decisions within and between 

orthodontists where, as demonstrated by the previous work, reported in Section 1, the former seem 

to be poor/moderate, whereas the latter resulted to be poor. Second, the clinical control aims at 

validating the automatically generated DT’s and their rules. Since, as said, orthodontists’ 

decisions suffer from a lack of objectivity, DT’s aim to support them with trees/rules that must be 

shared as much as possible by physicians who have such a low rate of agreement, with themselves 

and between them. 

 

1.3. Results/Experiments/Discussion 

Three runs of experiments were performed, in order to generate different types of DT to be 

submitted to medical validation and, therefore, testing their “goodness” and efficiency from a 

clinical point of view. All details about the results of the experiments are reported, respectively, in 

Appendix B, Appendix C and Appendix D. Each Appendix contains the DT generated for the 

experiment, a table reporting details on the learning curve, and a table reporting the attribute 

ranked list that compares attributes selected through InfoGain and GainRatio. To build the DT 

model out of the orthodontic dataset, for all the experiments performed, J48 has been run 

employing Leave-One-Out Cross-Validation (LOOCV), in order to estimate the generalization 

capability of models created by the procedure (i.e. DT’s), rather than of the model itself [35,37]. 

LOOCV estimates the generalization performance of a model trained on n-1 samples of data, 

which is a pessimistic estimate of the performance of a model trained on n samples. Rather than 

choosing one model, the thing to do is to fit the model to all the data, and use LOOCVto provide 

a conservative estimate of the performance of the model. 
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                                                Table  1  .  Overall  accuracy  for  the  first  experiment  expressed  in  % 
	  

Classification  Summary    
        
Correctly  Classified  
Instances   207   71.34  
        
Incorrectly  Classified  
Instances   83   28.62  
        
Total  Number  of  Instances   xx     
        

	  
	   	   	     
 
 

                                                                            Table  2  .  Detailed  accuracy  for  the  first  experiment  expressed  in  % 
 
 

     Precision    Recall     F1  
                 

Weighted  
Average      70.8      71.4      71.1  

                 
Class:  0   81.7   82.8   82.2  

                 
Class:  1   27.3   25.9   26.5  

                 
                                                                                    

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  
Figure  1.  Graph  of  the  learning  curve  for  the  first  experiment	  

 
 

                                                    Table  3.  Detailed  accuracy  for  the  first  experiment  but  with  SMOTE  expressed  in  % 
 
 

	  
	  
	  
	  
	  
	  
	  
	  
  

      Precision    Recall     F1  
                 
Weighted  Average      72.8      73.1      72.9  

           
Class:  0      82.9      83.6      83.3  

           
Class:  1      32.1      31.0      31.6  
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Using this setting for the first run, J48 generated the DT shown on Figure B.1 (Appendix B), 

performing with an overall accuracy of 71.37%, as reported in Table 1. To get a better overview 

for both extraction (i.e., 1) and not-extraction (i.e., 0) class labels, Table 2 shows a detailed 

accuracy, for each class, in terms of precision, recall and F1. Even if these results could appear 

satisficing as for the basic setting, since they outperform the performance of the baseline (i.e., a 

trivial acceptor whose precision, recall and F1 were, respectively, 20%, 100% and 33%), two 

“singularities” were noted on learning curve, as can be seen in Figure 1. In fact, although it 

showed an increasing trend, two local falls were visible, in terms of performance, towards 50% 

and 75% of the model training. This behavior suggested employing a new experimental setting. 

However, before doing this, it has been tested the capability of J48 to address the skewed 

distribution of the orthodontic dataset towards not-extraction class. This is non-trivial from a 

clinical point of view for two reasons. First of all because in recent years a common trend has 

emerged from experience, to treat patients with orthodontic appliances, rather than resorting to the 

extraction. So, as new medical records will be collected to update DT’s models, a tendency to 

collect a greater number of non-extraction with respect to extraction cases is expected. Secondly, 

extraction treatment planning is a decisive and critical moment for the clinician, since it is a non-

reversible procedure, and tends to be mainly based on the practitioner's experiences. For these 

reasons, it is of fundamental importance that J48 is equipped with a mechanism capable of 

balancing the distribution towards the extraction cases and give them a greater characterization. To 

this end it has been preferred to choose the first configuration of J48, so to get in the most 

unfavorable situation. In order to resample the dataset, it has been employed the SMOTE 

methodology [41,42]. Results of the experiments are reported in Table 3. As you can see, there is a 

general and noticeable improvement, both in terms of weighted average and for the individual 

classes, demonstrating the feasibility of the approach also for better settings of J48 

With regard to the second experiment, it has been requested to J48 to return all “difficult cases”, 

that is, those that could be difficult or impossible to classify. J48 returned a list of 15 medical 

records, reported in Table C.3. Among the reported records, 5 cases belong to the non-extraction 

class while 10 belong to the extraction class. With this new configuration, J48 showed an overall 

improvement of all its performance. As reported in Table 4, the overall accuracy increased from 

71.37% of the first setting to 85.4545% of the new one. The detailed accuracy, per classes, also 

confirms the improvement, as showed in Table 5. This table shows a general increase in terms of 

the weighted average F1, from 71.1 % of the previous configuration to 84.8% of the new one. 
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Looking at the individual classes, J48 exhibits the same order of magnitude in the improvement: 

F1 for the extraction class (i.e., 1) increases from 26.5 % of the previous setting to 53.5% of the 

new one, whereas for the non-extraction (i.e., 0) class F1 increased from 82.2 to 91.4%. As for the 

learning curves, Figure 2 clearly shows how the singularities, exhibited in the previous 

configuration, have disappeared, showing an increasing linearity of the learning curve that 

suggests a certain reliability in improving the model, and to generalize, where new medical 

records appear. 

This configuration setting represents the first intersection point between the automatic evaluation 

of the generated DT’s and the clinical evaluation that will be introduced shortly. In fact, the DT 

generated at this step, showed in Figure B.1, is given to the members of the Orthodontic School in 

order to evaluate its “goodness” and efficiency. Another intersection point between this 

configuration setting and the clinical evaluation is provided by the “difficult cases”. All these 

cases were given to the physicians in order to test their difficulties to classify them. This second 

trial allows also to evaluate orthodontist within and between agreement. However, before 

introducing the clinical evaluation, it is interesting watching at the last configuration setting of J48. 

The third configuration was set exploiting C4.5, and its implementation J48, inner capability of 

post-pruning [37]. The technique allows reducing the size of the tree. As for the orthodontic 

decision-making problem it allows to provide clinicians with a different visualization of the tree, 

as well as with little change in the rules generated, and the same performance. The third tree 

generated after the pruning step is showed in Figure D.1. As can be noted, unlike the tree 

generated in the second configuration, this one comes in a "lean" and “elongated” shape. The 

performance of the new tree does not change, at least in terms of overaall and detailed accuracy, 

as demonstrated by the results reported in Table 4 and Table 5. Be recorded only a slight decrease 

in the learning curve, however, it continues to grow with linearity, and in the absence of drop 

points, as reported in more detail in the Table D.1 

                                                                    Table  4.  Overall  accuracy  for  the  second  experiment  expressed  in  % 

  Classification  
Summary       

          

Correctly  Classified  Instances   235   85.4545  
          
Incorrectly  Classified  
Instances   40   14.5455  
          
Total  Number  of  Instances   275       
          



	  

	   13 

                                                                  
  
                                                                  Table  5.  Detailed  accuracy  for  the  second  experiment  expressed  in  %.  
  

      Precision      Recall      F1  
                 
Weighted  Average     84.4      85.5      84.8  
                 

Class:  0   89.5   93.4   91.4  
                 

Class:  1   60.5   47.9   53.5  
                 

                                                                                      
  
  

                                                  
                                                                          Figure  2.  Graph  of  the  learning  curve  for  the  second  experiment.  

  

                                                                            Table  6.  Overall  accuracy  for  the  third  experiment  expressed  in  %  

Correctly  Classified  instances   235   85.4545  

Incorrectly  classified  instances   40   14.5455  

Total  number  od  instances   275     

  

  

                                                                                Table  7.  Detailed  accuracy  for  the  third  experiment  expressed  in  %  

   Precision   Recall     F1  

Weighted  

average  

84.4   85.5   84.8  

Class  0   89.5   93.4   91.4  

Class  1   60.5   47.9   53.5  
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Figure  3.  Graph  of  the  learning  curve  for  the  third  experiment  

  

The clinical evaluation has a twofold objective. First, it aims to know how the physicians at the 

Orthodontic School classify the 15 “difficult cases”. Here it has been conjectured that the cases 

rejected by J48 were so complicated that the medical experts cannot even classify them. The 

second objective was to evaluate, from a clinical point of view, the “goodness” and the efficiency 

of the generated DT’s. DT’s come with their own rationale, that are candidate “best practices” 

under form of if then rules, or as readable paths on the branches of the DT visualization, from the 

root to the leaf nodes, as in Figure 4 and Figure 5. 

As for the first experiment, in order to get the classification of the 15 “difficult cases”, 20 

orthodontists were given a blinded excel table with all 15 medical records, that is, where record 

ID’s were removed as well as the earlier classification (i.e., extracted or not-extracted). During the 

administration of the test, physicians were told to classify the records, generated randomly from a 

DT, looking at only the 38 out 39 features (without class label that was removed) describing the 

case. In the first round, a set of 10 orthodontists annotated 15 medical records. In the second 

round, when the annotation was blind, only 4 records registered the same annotation of the first 

round, spread on 4 different physicians from the first round. On the whole, these results show a 

within moderate/poor agreement (i.e., about 26%). Then, it was tested the agreement between 

annotation/physicians looking at how other physicians shared the decision that their colleague 

took at the first round. For one patients belonging to not-extraction class the decision was shared 

by 19 colleagues; for another patient, always belonging to not-extraction, the decision was shared 

by 18 colleagues; for one patient belonging to class 1 (i.e., extraction), the decision was shared by 

18 physicians. Seven cases were shared by less than 3 physicians, demonstrating an overall 

moderate between agreement, in line with the previous body of knowledge. 

As for the second clinical experiment, DT’s generated by J48 in the second and third experimental 

setting, and showed in Figure 4 and Figure 5, were submitted to clinicians in order to test their 
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“goodness” to support physicians’ decisions. During the administration of the test, physicians 

were required to trace, on the printed tree, all possible paths that were considered useful and 

plausible to take a positive decision (i.e., extraction), even if the path ended in a leaf node with 0 

(i.e., non-extraction). 

Results for the tree reported on Figure 4 show that only eight rules have been traced. Rule 2 is the 

most frequently suggested by physicians. It gets to the leaf node employing only 4 features on the 

upper part of the tree. Also Rule 1, shared by 9 physicians, employs only 4 features out of 38 to 

take a decision. Five physicians share rule 3 and 4. Whereas the former uses 4 features, the latter 

takes, even, only 2 features to make a decision. Only one path (i.e., rule 6) employed more than 6 

features and it has been suggested by only one physician. 
	  
	  
  
  
  
  
  
  
  
  
  
  
  

  
  

  
  
  
  
  
  

  
Figure  4.  DT  generated  with  the  second  experimental  setting  and  validated  with  the  rules  annotated  from  
physicianFigure  4  –  DT  generated  with  the  second  experimental  setting  and  validated  with  the  rules  
annotated  from  physicians.  
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Figure  5.  DT  generated  with  the  third  experimental  setting  and  validated  with  the  rules  annotated  from  
physicians.  
  
  
Turning to the DT generated with the third setting and showed in Figure 5, it resulted with three 

main rules considered plausible by physicians. Rule 1, in red, is the most frequent, since it has 

been suggested by 12 clinicians. This rule makes use of only 3 features and is located on the upper 
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side of the tree. Rule 2 is suggested by 10 physicians and it takes a longer path, so to speak, since 

it uses 5 features. Finally, rule 3, that employes 7 features, is suggested by 2 physicians. The good 

news is that all the rules chosen by the clinicians, with the exception of a particular case, ended in 

the positive class label, that is, they were extraction decisions. The two clinical evaluations, that 

earlier appeared to be autonomous from each other, indeed converge towards a common rationale: 

physicians, that in the first clinical evaluation exhibited low within and between agreement, when 

given a set of candidate “best practices”, through a DT that shows them possible decision under 

the form of paths on the tree, show agreement, demonstrating the benefit of employing such a 

model to support orthodontic decision-making. All the rules chosen are located in the upper side 

of the DT and make use of a small number of features with respect to the complete list of 38 

features that describe each medical record. In other words, orthodontists seem to apply 

Occam’razor, preferring the simplest hypothesis that fits the data and, as such, behaving such as 

other scientists, the have inductive bias towards simple explanations over more complex ones. In 

this sense, this is an argument against that supported by Turpin and Huang [20] who claim the lack 

of scientific evidence. 

Mitchell [37] argues that the preference for shorter hypothesis is that it is less likely to deal with 

them to fit the training data with respect to very comlpex hyphoteses that even fitting current data, 

however, they fail to generalize, correctly, on new data. 

 

1.4. Conclusion 

There is an increasing interest in the decision support systems that may assist physicians, scholars 

and practitioners in orthodontics for their decision-making regarding the treatment to be adopted 

for their patients. These mechanisms aim at reducing the subjective interpretation of the features 

considered in the decision making and, as a consequence, improving the “best practice” adopted. 

The framework proposed in this work represents a further step towards the foundation of a social 

mechanism, aiming at generating models, delivered through a web service, that are the product of 

the contribution of several individual models. This mechanism, for its part, will benefit from the 

collaboration of various professionals and/or scholars that, through the web service, can help to 

integrate new evidence to update the models generated which, in this sense, are never to be final. 

Other sets of features could be easily tested through the web service available at www.coltho.org. 

It is planned to integrate these datasets with further demographic, ecological and aesthetic features 

that, as said above, seem to contribute, implicitly or explicitly, to the orthodontic decision-making. 
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Experiments performed to generate DT’s models show that they outperform the state of the art 

provided by other approaches in terms of common evaluation metrics used in the field, even if 

related works employed more “optimistic” metrics to evaluate their approaches that cannot be 

compared with our at all. A clinical evaluation demonstrated that whereas a poor within and 

between agreements for the physicians, the use of the DT’s as a mean to support clinical decisions 

may result beneficial for the task. Other clinical evaluations are planned as future work. In 

particular, subsets of random medical records will be evaluated to verify the rate of within and 

between agreements. A more structured annotation will be requested to physicians, using a Likert 

scale for each extraction decision. The results of this annotation scheme will be processed by a 

SEM model [43,44] that will help to identify the role of specific features with respect to a final 

model of constructs that is conjectured to exist in the orthodontic practice. In one direction the 

platform is able to delivery these models, using different friendly visualization tools and rules, to 

scholar and practitioners in their daily working practice, including refresher courses and training 

for orthodontic schools, establishing a collaboration among them and, as such, providing a 

learning value and a paradigm in helping them to become more sustainable [45]. 
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Table  A.1.  Feature  set  with  names,  values  and  category  division  of  the  features  (Skeletal,  clinical,  
radiographic,  and  personal  data).  

      Appendix  A    
ID   Feature category   Feature full name  Feature name/acronym  Feature value 

           
1   Personal data     Age  Years 

           

2   Personal data     Sex  Binary (Male = 1, Female = 0) 
           

3   clinical   Dentobasal discrepancy  dentobasal discrepancy (DBD)  Millimetres 
           

   clinical (assessment     intercanine diameter difference (3   
4   models cass)   Intercanine diameter difference  diameter)  Milimetres 

           

   clinical (assessment     intermolar diameter difference (6   
5   models cass)   Intermolar diameter difference  diameter)  Millimetres 

           

          Binary (absence=0; 
6   clinical   Palate rotation of upper molars  Molars rotation  presence=1) 

           

7   clinical   Canine class malocclusion right  Canine class malocclusion right  first=0; second=1; third=2 
           

8   clinical   Canine class malocclusion left  Canine class malocclusion left  first=0; second=1; third=2 
           

9   clinical   Molar class malocclusion right  Molar class malocclusion right  first=0; second=1; third=2 
           

10   clinical   Molar class malocclusion left  Molar class malocclusion left  first=0; second=1; third=2 
           

11   radiographic, skeletal   Sella–nasion–A point angle  SNA  Degree 

12   radiographic, skeletal   Sella–nasion–B point angle  SNPg  Degree 
           

      Angle formed by the NA floor with NPG plane. Sagittal     
13   radiographic, skeletal   intermaxillary relationship  ANPg  Degree 

           

      Angle formed by sellar plane with the palatal plane ANS-     
14   radiographic, skeletal   PNS  SN ^Ans-Pns  Degree 

           

      Angle formed by the saddle plan SN with mandibular plan     
15   radiographic, skeletal   Go- Gn  SN^Go-Gn  Degree 

           

      Angle formed by the palatine plan ANS – PNS with     
16   radiographic, skeletal   mandibular plan Go- Gn  Ans-Pns^Go-Gn  Degree 

           

      Angle formed by the palatine plan ANS – PNS with the     
17   radiographic, skeletal   incisor upper axis Is  Ans-Pns^Is  Degree 

           

      Angle formed by the mandibular plan Go- Gn with the     
18   radiographic, skeletal   lower incisor axis Ii.  Go-Gn^Li  Degree 

           

      Distance between the dental plan Apg and lower incisor     
19   radiographic, skeletal   edge B1  Apg-B1  Millimeters 

           

20   radiographic, skeletal   Lower Incisor position  LIP  Millimeters 
           

21   radiographic, skeletal   Upper Incisor position  UIP  Millimeters 
           

22   clinical   Overjet  OVJ  Millimeters 
           

23   clinical   Overbite  OVB  Millimeters 
           

24   radiographic, skeletal   Interincisal Angle Is^Ii  Is^Ii  Degree 
           

25   radiographic, skeletal   Protrusion lower lip  PLI  Millimeters 

26   radiographic, skeletal   Co-Go-Me angle  Co-Go-Me  Degree 
           

   clinical (assessment       (normal=0; increased=1; 
27   models cass)   Anterior 12olton index  Anterior Bolton  index  decreased=2) 

           

28   clinical   Kind of gingival  Gingival tipology (Geng Tip)  Binary ( thick=0; thin=1) 
           

          Binary (absence=0; 
29   clinical   Gingival recessions  Gingival recessions’ presence (Rec)  presence=1) 

           

30   clinical   Labial incompetence  Labial incompetence (Lab incomp)  (absence=0; mild=1; severe=2) 
           

          (orthognathic=0; retrusive= 1; 
31   clinical   Aesthetic line  Aesthetic line  protruded=2) 

           

32   clinical   Smile teeth exposure  Smile teeth exposure  (Good= 0; scarce=1) 
           

          (Coinciding=0; not 
33   clinical   Coincidence of the facial midline with the dental midline  Midline coincidence  coinciding=1) 

           

      Angle formed by a tangent line to the point subnasal and     
34   clinical   one tangent to labial filter  Nasolabial angle  (normal=0; closed=1; open:2) 

           

      Trend of the profile that can be normal, concave or    (normal=0, concave=1; 
35   clinical   convex  Facial profile  convex=2) 

           

          (Normal=0; increased= 1; 
36   clinical   Distance between the chin and neck  Chin-neck distance  decreased=2) 

           

        Treatment of orthodontic with   
37   clinical   Fixed, functional and fixed lingual  extractions  (no=0; yes D=1, yes P=2) 

           

38   clinical (class label)   Teeth extracted  Teeth extracted  yes=1, no=0 
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          (fixed=0; aligner=1; 
39   clinical   Fixed, functional, clear aligner and fixed lingual  Kind of treatment of orthodontic  functional=2; fixed lingual=3) 
           

           

 
 
 
Entropy – Mitchell (1997) defines the Entropy as follows: given a collection of S samples (the 

orthodontics dataset with its 290 examples), containing positive (58 teeth extracted) and 

negative (232 teeth not extracted) examples, for a given target concept (i.e., extraction vs. no-

extraction), the entropy of S, relative to this Boolean classification, is 

 
                                                                       Entropy(S) = p+log2p+ - p-log2p- (A.1) 

 

where p+ and p- are, respectively, the proportion of positive and negative examples in S. Entropy 

is 0 if all members of S belong to the same class; it is 1 when S contains an equal number of 

positive and negative examples. Finally, Entropy assumes values from 0 to 1 when the collection 

S contains unequal numbers of positive and negative examples. In the case of the orthodontic 

dataset Entropy ≈ 0.22, confirming a distribution of skewed towards negative examples. 
 

Information Gain – Mitchell (1997) defines the InfoGain of an attribute A, with respect 

to a collection of examples S as 

 

                                     𝐺𝑎𝑖𝑛𝑆,𝐴≡𝐸𝑛𝑡𝑟𝑜𝑝𝑦𝑆− 𝑣∈𝑉𝑎𝑙𝑢𝑒𝑠𝐴𝑆𝑣𝑆𝐸𝑛𝑡𝑟𝑜𝑝𝑦 𝑆𝑣 (A.2) 

 

Where values(A) is the set of all possible values for an attribute A, and Sv is the subset of the 

collection of examples S for which the attribute A has value v. The first term of Equation (A.2) 

is just the entropy of the original collection S, whereas the second term is the expected value of 

the entropy after S is partitioned using A. 

 

GainRatio - Mitchell (1997) defines the GainRatio as the ratio between the earlier Gain 

measure and the SplitInformation 
 

                                             𝐺𝑎𝑖𝑛𝑅𝑎𝑡𝑖𝑜𝑛𝑆,𝐴=𝐺𝑎𝑖𝑛(𝑆,𝐴)𝑆𝑝𝑙𝑖𝑡𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 (𝑆,𝐴) (A.3) 

 

The term SplitInformation discourages the employing of attributes with many uniformly 

distributed values. Accuracy - Accuracy easily states how often the DT makes the correct 

prediction and it is expressed as 
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                              Accuracy = # 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛𝑠# 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛𝑠 (A.4) 

The metric makes no distinction among classes, treating equally correct answers for each 

class. This metric is adopted by related work reported in Section 2.1. 

 

Confusion matrix – A confusion matrix (Stehman, 1997) is a table with two rows and two 

columns that reports the number of false positives, false negatives, true positives, and true 

negatives, allowing a detailed analysis with respect to the proportion of correct guesses given by 

accuracy, because it will yield misleading results if the data set is unbalanced as for the 

orthodontic dataset. 
 

(A.5)   
Confusion Matrix 

 
a b   classifiedas     
TP FN  a=0     
FP TN  b=1 

    

 
Precision and recall - The precision score (Powers 2011) quantifies the ability of a DT to not 

label a negative example as positive and it is defined as follows 

 

                      𝑃𝑟𝑒𝑐i𝑠𝑖𝑜𝑛=# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒+# 𝑜𝑓 𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 (A.6) 

 

and recall  as how many correct hits were found 

                       𝑅𝑒𝑐𝑎𝑙𝑙=# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒#𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒+# 𝑜𝑓 𝑓𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 (A.7) 

 

F1 score - The F1-score (Powers 2011) is a single metric that combines both precision 

and recall via their harmonic mean, and it is defined as 

                       𝐹1= 2𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑥 𝑟𝑒𝑐𝑎𝑙𝑙𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛+𝑟𝑒𝑐𝑎𝑙𝑙 (A.8)
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Appendix B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure  B1.  DT  of  the  first  experimental  setting.  
  
  

Table  B.1  -‐‑  Learning  curve  of  the  first  experimental  setting.  
       
         
      

F- 
 % of 

  Precision  Recall   training     Measure  
       examples         
     

Weighted Avg.  0.708  0.714  0.711  100% 
      

class: 0  0.817  0.828  0.822   
      

class: 1  0.273  0.259  0.265   
         

     
Weighted Avg.  0.649  0.670  0.659  75% 

      

class: 0  0.769  0.811  0.789   
      

class: 1  0.263  0.217  0.238   
         

     
Weighted Avg.  0.596  0.608  0.602  50% 

      

class: 0  0.737  0.757  0.747   
      

class: 1  0.143  0.130  0.136   
         

     
Weighted Avg.  0.614  0.680  0.641  25% 

      

class: 0  0.753  0.865  0.805   
      

class: 1  0.167  0.087  0.114   
          

 



	  

	   27 

	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

 

Table  B.2.  Attribute  ranking  comparison  for  the  first  experimental  setting.  
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 Pr Re F1 
25 26.20 19.20 22.16 
50 35.80 26.30 30.32 
75 48.30 35.00 40.59 
100 60.50 47.90 53.47 

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Figure  C.1  DT  of  the  second  experimental  setting.  

Table  C.1.  Learning  curve;  Pr,  Re,  and  F1  calculated  on  the  positive  examples.  

Appendix  C  
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Data Filtering    
Original data set  Filtered data set  
232 negative 227  
58 positive 48  
  Examples removed from 

the original dataset 
 

  ID4   
  ID26  
  ID35  
  ID112  
  ID145  
  ID146  
  ID166  
  ID167  
  ID170  
  ID178  
  ID192  
  ID235  
  ID263  
  ID275  
  ID288  

Table  C.2.  Attribute  ranking  for  the  second  experimental  setting.  

Table  C.3.  Data  filtering  of  the  original  dataset. 
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Figure  D.1.  DT  of  the  third  experimental  setting.  
	  

Appendix D 
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Partition  Pr Re  F1 
25  22.2 15.2  18.0 
50  31.8 19.3  24.0 
75  41.3 22.4  29.0 

100  48.5 27.6  35.2 
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  

Table  D.1.  Learning  curve;  Pr,  Re,  and  F1  calculated  on  the  positive  examples.  
	  

Table  D.2.  Attribute  ranking  comparison  for  the  third  experimental  setting.  
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CHAPTER 2  

 

Association between gingival biotype and facial typology through cephalometric 

evaluation and three-dimensional facial scanning. 

 

Abstract  

 

In dentistry, the assessment of periodontal biotype is considered one of the most important 

parameters to plan the treatment, and craniofacial morphology might affect it. The aim of this 

study was to investigate the association between facial typology and gingival biotype in 

patients by means of two-dimensional and three-dimensional evaluations of facial typology. 

This study included 121 participants searching for orthodontic treatment (43 M, 78 F; 

20.4±10.4). The gingival biotype was evaluated based on the transparency of the periodontal 

probe through the gingival margin of the mid-buccal sulcus for both upper (UGB) and lower 

(LGB) anterior teeth. SellionNasion^GonionGnation (SN^GoGn) and 

CondylionGonionMenton (CoGoMe^) angles were measured on two-dimensional 

cephalograms. Three-dimensional face scans were acquired by means of a three-dimensional 

facial scanner (3dMD system) and successively analysed to assess the facial typology using the 

ratio between lower facial height (SNMe) and total facial height (NMe). Chi-square test and 

regression analysis were used to evaluate the associations between gingival biotype and facial 

morphology (P<0.05). The chi-square test showed that there was not statistically significance 

association between facial typology and gingival biotype (UGB P=0.83; LGB P=0.75). The 

logistic regression showed an association between SNMe/NMe and the UGB (P=0.036), and 

SNMe/NMe and LGB (P=0.049). The decreased ratio of SNMe/NMe might be a protective 

factor for thin gingival biotype. 

 

 

 

 

 
This chapter is based on “Valletta R., Pango Madariaga A. C., Tortora G., Rongo R., Simeon 
V., Spagnuolo G., D’Antò V. Association between gingival biotype and facial typology 
through cephalometric evaluation and three-dimensional facial scanning. Appl. 
Sci. 2019, 9(23), 5057”. 
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2.1. Introduction 

Orthodontic patients have an increased risk of developing gingivitis mainly due to an 

inflammatory reaction following the accumulation of bacterial plaque [1–5].  

Many authors have shown that gingival recessions can develop during or after orthodontic 

treatment [6–10]. Indeed, at the end of orthodontic therapy, the reported prevalence of gingival 

recessions ranges between 5% to 12% and this prevalence increases up to 47% in long-term 

observations (5years) [9,11–13].  

A recent systematic review has established that the direction of dental movements and the 

buccal-lingual thickness of the gingiva can play an important role in altering soft tissues during 

orthodontic treatment. There is a high probability of recession during tooth movement in areas 

with less than 2 mm of gingival thickness [14]. This could affect the integrity of periodontal 

tissues and represent a risk factor when orthodontic treatments [15], implants [16] and 

restorative treatments are performed [17]. Gingival biotype is defined as the thickness of the 

gingiva in the labiolingual direction [16]. Studies reported that gingival biotype is an important 

parameter that must be evaluated to reduce the risk of gingival recession [18]. 

Therefore, the assessment of periodontal biotype is considered one of the most important 

parameter for outcomes focused on the dental planning according to the classification of 

periodontal and peri-implant diseases and conditions [19]. 

Many features of gingival phenotype are genetically determinate; others seem to be 

influenced by age, sex, growth, tooth shape, and tooth position. [20]. Moreover, it has been 

shown that there is an intra and inter-individual variation in width [21] and thickness of the 

vestibular gingiva [22].  

Facial typology is classified as: dolichofacial, mesofacial, and brachyfacial. Dolichofacial 

has excessive vertical facial growth, it is usually associated with increased 

SellaNasion^GonionGnathion (SN^GoGN) angle, and increased maxillary/mandibular planes 

angle (AnsPns^GoGn) [23,24]. Brachyfacial has reduced vertical growth, it is usually 

accompanied by reduced SN^GoGn, reduced AnsPns^GoGn, and decreased lower facial height 

(SNMe) total facial height (NMe) ratio [25].  

The cephalometric evaluation of the facial type is essential for orthodontic diagnosis, 

because the amount and direction of jaw growth will significantly alter the need for orthodontic 

biomechanics [26].. 

Craniofacial morphology may also affect the gingival phenotype [20,27]. Some studies 

have evaluated the relationship of bone morphology to facial typology [28–30], a correlation 

between facial and alveolar bone has already been demonstrated [31]. Indeed, in dolichofacial 
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patients, the mandibular symphysis is high and thin, while in brachyfacial patients, the 

symphysis is low and thick [32]. In consequence, before starting an orthodontic treatment it is 

important to evaluate and to diagnose both the gingival biotype and the facial typology in order 

to reduce the risk of damage to the periodontium [33]. Only few studies, instead, have 

evaluated the association between gingival thickness and craniofacial morphology [33]. 

Various methods have been applied to register facial soft tissue; among them the most 

representative methods, to obtain three-dimensional (3D) scans, are laser scanner and 3D 

stereophotogrammetry [34,35]. Soft tissue analysis using 3D stereophotogrammetry is 

reproducible and reliable [36–39]. Hence, this is a valid method to analyse facial soft tissues, 

avoiding any X-ray exposure to the patient. 

The aim of this study was to investigate the association between gingival biotype and 

facial typology evaluated by means of a cephalometric and 3D facial analysis, in patients 

seeking an orthodontic treatment. 

The null hypothesis was that there is no association between gingival biotype and facial 

typology. 

2.2.Materials and Methods  

2.2.1. Subjects  

The study sample comprised 121 patients (43 males, 78 females; from 8 to 56 years old, 

median 17.04; IQR 13.7-22.1) recruited among patients who had to start the orthodontic 

treatment at the Section of Orthodontics and Temporomandibular Disorders of the University 

of Naples “Federico II”. 

All patients were fully informed about the nature of the study and signed an informed 

consent. The research protocol was approved by the Ethics Committee of the University of 

Naples Federico II (58/19). 

The following selection criteria were applied: 1) patients > 8 years, 2) pre-orthodontic 

treatment, 3) upper and lower permanent anterior teeth and 4) good oral hygiene. 

Exclusion criteria included diseases requiring premedication to perform periodontal 

probing; systemic diseases that can influence the activity of periodontal disease; individuals 

taking drugs that affect the periodontal status; patients with removable prostheses and pregnant 

or breastfeeding women. 

2.2.2. Periodontal assessment and clinical procedure 

The gingival biotype was evaluated based on the transparency of the periodontal probe 

through the gingival margin of the mid-buccal sulcus of both central, lateral incisors and 
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Figure  2.  Thick  Biotype  with  North  Carolina  Probe  Figure  1.  Thin  Biotype  with  North  Carolina  Probe  

canine, both maxillary and mandibular. If the outline of the probe could be seen through the 

gingival margin, it was categorized as “thin” (Figure 1); if not, it was categorized as “thick” 

(Figure 2) [40]. 

All the variables were recorded by one expert operator (periodontist), using a millimetre 

periodontal probe (15-mm North Carolina probe), inserted in the gingival sulcus with a force of 

about 0.25 Newton.  

  

2.2.3. Facial typology assessment with cephalometric evaluation 

Delta-Dent software (Outside format, Milan, Italy) was used to perform two-dimensional 

cephalometric tracings to evaluate facial typology.  

For this study, the cephalometric analysis was performed as shown in Figure 3a-b. Briefly, 

two cephalometric variables were assessed: the SN^GoGn (average value ± SD 33°± 2.5°) 

determined jaw divergence, which is the angle between the anterior cranial base (Sella-Nasion) 

and the mandibular plane (Gonion-Gnathion), and the CoGoMe^ (average value ± SD 132° ± 

6.0°) measured the mandibular structure, which is the angle between the condylar axis 

(Condylion-Gonion) and the mandibular base (Gonion-Menton). 

The sample was divided into three types of craniofacial morphology: brachyfacial, with a 

SN^GoGn equal to or lower than 27°, mesofacial with a SN^GoGn between 27° and 37°, and 

dolichofacial with a SN^GoGn equal to or greater than 37°. 

The following landmarks (Figure 3a) were identified and traced on lateral cephalogram in 

order to evaluate facial typology: ‘Sella’ (S, the centre of sella turcica), ‘Nasion’ (N, external 

point of the junction between nasal and frontal bone), ‘Gonion’ (Go, the most inferior posterior 

point of the mandibular angle, ‘Gnathion’ (Gn, point of the mandibular symphysis on the facial 

axis) ‘Menton’ (Me, the most inferior point of the mandibular symphysis), ‘Condylion (Co, the 

highest and most posterior point on the contour of the mandibular condyle).  
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Figure   3   a-‐‑b.   Cephalometric   points,   planes   and   angles.   a)   Sellion’   (S,   the   centre   of   sella  
turcica),  ‘Nasion’  (N,  external  point  of  the  junction  between  nasal  and  frontal  bone),  ‘Gonion’  
(Go,   the  most   inferior  posterior  point  of  the  mandibular  angle,   ‘Gnathion’   (Gn,  point  of   the  
mandibular   symphysis   on   the   facial   axis)   ‘Menton’   (Me,   the   most   inferior   point   of   the  
mandibular  symphysis),  ‘Condylion  (Co,  the  highest  and  most  posterior  point  on  the  contour  
of  the  mandibular  condyle);  b)  SN  plane,  GoGn  plane  and  CoGoMe  Angle.  

 
 
 

 
  a)                                                                                      b)  

 

 
 
 
 
 
 
 
 
 
 
 
 

 

  

2.2.4. 3D Facial scans 

2.2.4.1. Acquisition Process 

The facial scanner 3dMD (3dMD LLC, Atlanta, GA, USA) was used in this study. The 

scanner was installed in a specific setting, with no lighting, neither natural nor artificial, during 

the acquisition.  

The scanner configuration consisted of three pairs of stereo-cameras, two texture cameras 

and four geometric cameras with lenses slightly convergent; two projectors and three led 

panels, positioned on right and on the left. 

The calibration of the system was the first step of the protocol acquisition. The operator 

invited the patient to look straight ahead with the head in natural head position (NHP) for all 

scanning time. The teeth were taken together with eyes opened.  After the participant has been 

properly positioned, 90 cm away from the scanner, a video with the six cameras was recorded. 

Successively, the scans were exported from the video as .obj images and analysed through 

the 3dMDVultus (3dMD LLC, Atlanta, GA, USA). All images were stored on secure computer 

in the School of Dentistry at University of Naples. 
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2.2.4.2. 3D Cephalometric Analysis 

Once that the images were registered and analysed using 3dMDVultus Software, three 

landmarks were identified: N (‘Soft Tissue Nasion’ is the midpoint on the soft tissue contour of 

the base of the nasal root at the level of the frontonasal suture); SN (‘SubNasion’ is the 

midpoint on the nasolabial soft tissue contour between the columella crest and the upper lip) 

and Me (‘Soft Tissue Menton’ is the most inferior midpoint on the soft tissue contour of the 

chin). Among these three points, two linear measurements were constructed for the analysis: 

NMe (Total facial height) and SNMe (Inferior facial height), as shown in Figure 4. 

  
Figure  4.  Facial  typology  assessment  with  Facial  Scanner  

2.2.5. Sample size 

The sample size was established based on the fact that a sample size of 100 patients 

reaches 80% of power (1-beta) to detect an effect size (W) of 0.31 (medium-large effect size) 

using a chi square test with 2 degrees of freedom and a significance level (alpha) of 0.05.  

2.2.6. Statistical analysis 

Descriptive statistics on age, gender, gingival biotype and baseline characteristics were 

performed (Table 1). Continuous variables were reported as mean and standard deviation (SD) 

or median and inter-quartile range (IQR) according to distribution Shapiro-Wilk test was 

performed to evaluate variable distribution. Categorical variables were reported as count and 
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percentage and were compared using the chi-square (gingival biotype vs facial typology). 

Logistic regression analysis was used to assess the association between continuous variables 

(CoGoMe^ and SNMe/NMe) and dichotomous variable (thin or thick biotype) used as 

dependent variable. The level of statistical significance was set at P<0.05. Statistical analysis 

was performed using STATA version 14.0 (StataCorp. 2015. Stata Statistical Software: 

Release 14. College Station, TX: StataCorp LP, USA). 

 

2.3. Results 

The total sample consisted of 121 pre-orthodontic patients, 43 males and 78 females, 

median age 17.04 (IQR 13.7-22.1). Table 1 showed description of the sample regarding age, 

sex, gingival biotype, facial typology. Two-dimensional and 3D cephalometric data are 

reported in table 2, and all were normally distributed.  

The sample was divided into 3 groups according to SN^GoGn: and there were 33 

(27.27%) brachyfacial patients, 59 (48.76%) mesofacial patients and 29 (23.97%) dolichofacial 

patients, as shown in Table 1. 

Regarding the gingival biotype most patients presented a thick gingival biotype (UGB 

86.78%; LGB 52.07%), as seen in Table 1. 

The chi-square test showed that there was not statistically significance association between 

SN^GoGn and gingival biotype (UGB P=0.83; LGB P=0.75; and gingival biotype P=0.77, 

Table 3). 

Similarly, the logistic regression analysis showed that CoGoMe^ was not associated with 

any variables of gingival biotype (UGB, P=0.340; LGB, P=0.065). 

Finally, logistic regression analysis showed a statistically significant association of 

SNMe/NMe with the UGB (Odds Ratio=0.843; 95% CI 0.719-0.989; P=0.036), and of 

SNMe/NMe with LGB (Odds Ratio=0.904; 95% CI 0.899-1.003; P=0.049) showing that when 

the ratio of SNMe/NMe decreased, there is a minor risk to find a thin biotype (Table 4). 

  

  
  
  
Table  1.  Characteristics  of  study  subjects  according  to  age,  gender,  gingival  biotype  and  facial  
typology.  

Variables   N   Mean  +  SD  
age   121   20.39  +  10.40  
   Frequency   Percentage  %  

Gender        
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Male  
female  

43  
78  

35.54  
63.64  

Upper  
gingival  
biotype  
Thick  
Thin  

  
  
  
105  
16  

  
  
  
86.78  
13.22  

Lower  
gingival  
biotype  
Thick  
Thin  

  
  
  
63  
58  

  
  
  
52.07  
47.93  

Facial  
typology  
SN^GoGn  
Brachyfacial  
Mesofacial  
Dolichofacial  

  
  
  
33  
59  
29  

  
  
  
27.27  
48.76  
23.97  

Data  are  presented  as  mean  and  standard  deviation  (SD)  or  frequencies  and  percentages.  

Table  2.  Descriptive  variables  of  the  sample  size    

Variables   Mean  +  SD     P50   P25   P75  

SN^Go-‐‑Gn   32.7°±8°   32.7°   28.1°   36.3°  

CoGoMe^   123.2°±6.6°   122.8°   118.7°   127.4°  

SNMe/SMe   0.514±0.042   0.51   0.497   0.530  

Data  are  presented  as  mean,  standard  deviation  (SD)  and  interquartile  range  (IQR).  

Table  3.  Classification  of  gingival  biotype  in  patients  with  different  facial  typology  using  the  15-‐‑mm  
North  Carolina  probe.  

Facial  Typology   Upper  Gingival  Biotype           
   Thick   Thin      Mean   P  value  

Brachyfacial   29  (27.62%)   4  (25.00%)      33  (27.27%)   0.83  
Mesofacial   50  (47.62%)   9  (56.25%)      59  (48.76%)     

Dolichofacial   26  (24.76%)   3  (18.75%)      29  (23.97%)     
Total   105  (100%)   16  (100%)      121  (100%)     

   Lower  Gingival  Biotype           
   Thick   Thin      Mean   P  value  

Brachyfacial   16  (25.40%)   17  (29.31%)      33  (27.27%)   0.75  
Mesofacial   33  (52.38%)   26  (44.83%)      59  (48.76%)     

Dolichofacial   14  (22.22%)   15  (25.86%)      29  (23.97%)     
Total     63  (100%)   58  (100%)      121  (100%)     

   Gingival  Biotype           
   Thick/Thick   Thick/Thin   Thin/Thin   Mean   P  value  

Brachyfacial   16  (25.40%)   13  (30.95%)   4  (25%)   33  (27.27%)   0.77  
Mesofacial   33  (52.38%)   17  (40.48%)   9  (56.25%)   59  (48.76%)     

Dolichofacial   14  (22.22%)   12  (28.57%)   3  (18.75%)   29  (23.97%)     
Total   63  (100%)   42  (100%)   16  (100%)   121  (100%)     
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Data  are  presented  as  numbers,  percentages,  mean  and  P-‐‑value.  

Table  4.  SnMe  (Inferior  facial  height)  and  NMe  (Total  facial  height):  ratio  SNMe/NMe    

SNMe/NMe     P  value   Odds  Ratio  (OR)   95%IC  
Upper  Biotype   0.036*   0.843   0.888-‐‑1.042  
Lower  Biotype   0.049*   0.904   0.899-‐‑1.003  

           
Data  are  presented  as  odds  ratio  (OR)  and  interquartile  range  (IQR).  *  Indicates  statistically  significant  
value  (P  <  0.05).	  

2.4. Discussion 

The aim of this study was to investigate the association between facial typology and 

gingival biotype in pre-orthodontic patients, in order to guarantee a better diagnosis and 

planning of orthodontic treatment. 

We tested if the facial typology measured on two-dimensional cephalograms (SN^GoGn 

and CoGoMe^) or on three-dimensional facial scans (SNMe/NMe) could affect the gingival 

biotype. This study did not find any association between facial typology assessed on two-

dimensional angles SN^GoGn or CoGoMe^ and maxillary and mandibular gingival biotype of 

the anterior regions. There is one study that correlates the craniofacial morphology using a 

magnetic resonance imaging (MRI) with gingival recession and clinical attachment loss. The 

study used the ratio of facial width and length (facial index) for describing the craniofacial 

morphology, and showed that patients with long narrow face were associated with higher loss 

of attachment [41].   

A recent study performed by Kaya et al. investigated the relationship between gingival 

phenotype and craniofacial morphology in the sagittal and vertical direction. In contrast to the 

present study, the gingival phenotype was determined with an endodontic file namely 

transgingival probing  (<1mm and >1mm, thin and thick phenotype respectively). These results 

demonstrated that there is no association between gingival thickness and craniofacial typology 

[33]. 

In this study the facial typology was evaluated also with three-dimensional facial scans, to 

assess the association between SNMe/NMe and the gingival thickness. This analysis showed 

that the facial proportions have a statistically significant association with the gingival biotype. 

In particular, when the ratio of SNMe/NMe is decreased, there is a minor risk to find a thin 

gingival biotype either in the maxillary and mandibular anterior region. 

This is the first study that evaluated the gingival thickness trough the transparency of the 

periodontal probe (thin and adequate gingival biotype) with the different vertical facial heights 

and it showed that there is no correlation between facial morphology and gingival thickness on 
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lateral cephalograms [24]. Gingival thickness can be assessed by transgingival probing [42], 

ultrasonic measurement [43] or through the visibility of the probe [44,45]. Transgingival 

probing was not used because of the need of local anaesthesia, which could induce a local 

volume increase and discomfort for the patients [42]. Also ultrasonic measurement was not 

preferred because of its repeatability with a coefficient of 1,20 mm [46]. Instead, the 

transparency of the probe through the gingival margin was found to have a high reproducibility 

by De Rouck et al showing 85% inter-examiner repeatability (k value = 0.7, P value = 0.002) 

[44]. Therefore, this study used the periodontal probe visible through the gingiva after its 

placement in the facial sulcus of the anterior teeth [44]. 

Orthodontic treatment can have important role in periodontal changes [47]. The thickness 

of the gingiva are supposed to represent an indicator for reducing the risk of bone loss and 

gingival recession [7]. In fact, there are two studies that have a statistically significant 

relationship between facial biotype and alveolar height and thickness with a greater risk of 

moving incisors beyond the anatomic limits of the alveolar bone by application of uncontrolled 

forces. [12,13]. 

This uncontrolled movement can bring to alveolar bone fenestrations increasing the 

susceptibility to gingival recession [48,49] and to a recession in case of less than 2 mm of 

gingival thickness [14].  

The current study presents several strengths. First, the periodontal assessments were 

performed in all of patients at the beginning of orthodontic treatment. This allows an accurate 

diagnosis and treatment planning. In order to avoid bias due to differences in operator 

performance, only two trained clinicians did the periodontal charting. Moreover, a new 

method to evaluate craniofacial morphology was introduces without exposure for the patients 

of further radiation. The study also has some limitations. First, the sample size was relatively 

small to achieve a more reliable result. Second, only few patients presented a thin UGB, 

however this was in accordance with the normal prevalence of this biotype [33]. Further 

longitudinal studies are necessary to evaluate the long-term effects of orthodontic treatment 

on gingival biotype in different facial typology. 

 

2. 5. Conclusions 

Within the limits of this study, it is possible to conclude that: 

1. There is no association between facial typology (evaluated with SN^GoGn and CoGoMe) 

and gingival biotype. 
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2. When the ratio of SNMe/NMe is decreased, it represented a protective factor and a minor 

risk to find a thin gingival biotype. 
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CHAPTER 3  

 

Distribution of the Condylion-Gonion-Menton (CoGoMe^) angle in a population of 

patients from Southern Italy. 

 

Abstract 

 

The condylion-gonion-menton angle (CoGoMe^) is commonly used as a pre-treatment 

indicator of responsiveness in Class II patients treated with functional appliances. The 

distribution of this angle in the Caucasian population is still unknown. This study aimed to 

determine the distribution of the CoGoMe^ and its relationship with age, sagittal jaw 

relationship (ANPg^), and mandibular inclination (SN^GoGn) in patients from Southern Italy. 

The sample included 290 subjects (median14 years of age; Interquartile range, IQR, 12–17) 

with lateral cephalograms taken before the orthodontic treatment. The distribution of the 

CoGoMe^ was assessed with the Shapiro–Wilk test, and the differences according to the 

ANPg^ and the SN^GoGn were estimated using onewayANOVA. Linear regression analysis 

was performed to evaluate how the CoGoMe^ varied according to age. The statistical 

significance was set at P < 0.05. The results showed that the CoGoMe^ was normally 

distributed (P = 0.290) with a mean value of 127.2° ± 7.7°. The distribution of the CoGoMe^ in 

groups with different SN^GoGn angles was significantly different (P < 0.001). These angles 

showed a positive association (Beta coefficient B = 0.6; 95% CI: 0.51, 0.67; P < 0.001). In 

growing patients, the CoGoMe^ decreased every year by 0.6° (B = −0.6; 95% CI: −1.05, 

−0.12; P = 0.014). In conclusion, the CoGoMe^ was associated with mandibular inclination 

and could be considered to be a predictor of vertical growth patterns. 

 

 

 

 

 

 

 
 
This chapter is based on “ D’Antò V., Pango Madariaga A.C., Rongo R., Bucci R., Simeon V., 
Franchi L.  and Valletta R. Distribution of the Condylion-Gonion-Menton (CoGoMe^) angle in 
a population of patients from Southern Italy. Dent. J. 2019, 7, 104”. 
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3.1. Introduction 

The purpose of orthodontic treatment is to achieve an aesthetic improvement and provide 

functional occlusion and balanced facial features [1]. A precise diagnosis is essential for 

choosing the correct therapy and determining the prognosis adequately. Therefore, orthodontic 

treatment planning requires an accurate prediction of the amount and direction of craniofacial 

development [2–4]. Since Broadbent [5] introduced lateral cephalometric radiography in 1931, 

studies on craniofacial growth and development have increased in number, and many 

researchers suggested definitions and norms for the normal occlusion. Hence, radiographic 

cephalometry has become one of the most important instruments of clinical and research 

orthodontics [6].  

The appropriate interpretation of any cephalometric analysis requires norms that are 

calculated from populations and adjusted according to age, gender, and ethnic group [5,6]. The 

cephalometric value norms represent a valuable aid for clinicians to determine the measure of 

deviations from the population average, or what is considered “healthy”. Currently, orthodontic 

patients in clinical practice range from children to adults, and they belong to a variety of ethnic 

groups; therefore, a wide range of representative standards would ideally be needed to perform 

an individualised orthodontic treatment plan [7,8]. 

Mandibular growth prediction is a factor of utmost importance in orthodontic/orthopaedic 

treatment planning [9]. Indeed, it seems crucially important to identify the mandibular growth 

pattern before treatment, as patients with signs of posterior mandibular growth rotation 

(hyperdivergent growth pattern) are assumed to be more difficult to treat than those with an 

anterior mandibular rotation (hypodivergent growth pattern) [10–12]. The most widely used 

method for establishing the jaw growth rotation is cephalometric analysis. Several different 

analyses have been introduced to evaluate a patient’s divergency, such as Ricketts analysis or 

Jarabak analysis[13,14]. 

The SN^GoGn is a very useful diagnostic parameter to consider before starting an 

orthodontic treatment because it evaluates the facial pattern of a subject, and it reflects the 

variability of the mandibular plane in relation to the anterior cranial base [15].  

Another important morphological characteristic of the lower jaw related to the 

anterior/posterior rotational growth pattern is the angle formed by the condylar axis (CoGo) 

and the mandibular base (GoMe), i.e., the Condylion-Gonion-Menton angle (CoGoMe^) 

[10,11]. Although this angle has been proposed as a possible predictor of responsiveness 

during orthopaedic therapies [16], there are no studies on the distribution of the CoGoMe^ and 

its relationship with classical cephalometric vertical (SN^GoGn) and sagittal measurements 

(ANPg^). 
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Finally, ANPg^ is an angle useful for the sagittal classification of the malocclusion, Class 

I, Class II or Class III skeletal relationship, it is formed by NA (Nasion-point A line) line 

through N and A and NPg (Nasion-Pogonion line) line through N and Pg. 

Therefore, the aim of this study was to determine the distribution of the CoGoMe^, and its 

relationship with age, sagittal jaw relationship (ANPg^) and mandibular inclination 

(SN^GoGn) in a population of patients from Southern Italy. The null hypothesis was that there 

is no relationship between the CoGoMe^ and the SN^GoGn. 

3.2. Materials and Methods  

3.2.1. Subjects 

This research protocol was approved by the Ethics Committee of the University of Naples 

Federico II (121/19; 18-03-2019).  

For this retrospective study, the lateral cephalograms of patients treated at the Section of 

Orthodontics at the University of Naples Federico II, were screened. Due to the retrospective 

design of the study, it was not possible to obtain the informed consent from all the participants, 

however before orthodontic treatment, all patients provide authorization to use their clinical 

records for research purposes.   

The lateral cephalograms were selected based on the following inclusion criteria:  

· age ≥ 8 

· a good quality lateral x-ray 

The following conditions were considered as exclusion criteria:  

· patients with systemic diseases  

· patients with genetic syndromes 

· previous orthodontic treatment 

All the lateral radiographs were taken before the orthodontic treatment in natural head 

position [17,18]. One operator traced all lateral cephalograms with a cephalometric software 

program (Dolphin, Chatsworth, CA, USA). 

For this study, the cephalometric analysis was performed as shown in Figure 1a-b. Briefly, 

three cephalometric variables were assessed: the CoGoMe^ measured the mandibular structure, 

which is the angle between the condylar axis (Condylion-Gonion) and the mandibular base 

(Gonion-Menton); the SN^GoGn determined jaw divergence, which is the angle between the 

anterior cranial base (Sella-Nasion) and the mandibular plane (Gonion-Gnathion); the ANPg^ 

assessed sagittal jaw discrepancy, which is the angle between the Nasion-point A line and the 

Nasion-Pogonion line [19]. 
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The sagittal malocclusion was classified into three groups according to the ANPg^: Class 

III with an ANPg^ equal to or lower than -1°, Class I with an ANPg^ between -1° and 5°, and 

Class II with an ANPg^ equal to or greater than 5°. Similarly, the sample was divided into 

three groups according to their vertical malocclusion: Hypodivergent with a SN^GoGn equal to 

or lower than 27°, Normodivergent with a SN^GoGn between 27° and 37°, and 

Hyperdivergent with a SN^GoGn equal to or greater than 37°, as seen Figure 2a, 2b and 2c. 

  

  

Figure  1a.  Cephalometric  analysis  and  landmarks.  Landmarks:  A  (Point  A),  more  posterior  point  of  the  frontal  
concavity   of   the   maxillary   between   the   anterior   nasal   spine   and   the   alveolar   processes;   N   (Nasion),   more  
anterior   point   of   the   junction   of   the   nasal   and   frontal   bone   (frontonasal   suture);   S   (Sella),   centre   of   the  

hypophyseal  fossa;  Go  (Gonion),  midpoint  of  the  curvature  at  the  angle  of  the  mandible;  Co  (Condylion)  the  
highest  and  most  posterior  point  on  the  contour  of  the  mandibular  condyle;  Pg  (pogonion),  the  most  anterior  
point  of  the  symphysis,  Gn  (Anatomical  gnathion),  point  of  the  mandibular  symphysis  on  the  facial  axis;  Me  
(Menton),  most  inferior  point  of  the  mandibular  symphysis;.    



 50 

Figure   1b.   Reference:   NA   (Nasion-‐‑point   A   line)   line   through   N   and   A;   NPg   (Nasion-‐‑Pogonion   line)   line  
through  N  and  Pg;  SN  (Sella-‐‑Nasion  line)  line  through  S  and  N;  GoGn  (Mandibular  plane)  line  through  Go  and  
Gn;  CoGo  (condylar  axis)  line  through  Co  and  Go;  GoMe  (Mandibular  base)  line  through  Go  and  Me  
                              SN^GoGn  
                                CoGoMe^  
                                ANPg^  
  

                         
Figure  2a-‐‑  2b.  Hypodivergent  and  hyperdivergent  patients  according  to  SN^GoGn.  
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Figure  2c.  Normodivergent  patient  according  to  SN^GoGn.    
  

3.2.2. Statistical analysis 

The technical errors of measurement were calculated from 101 randomly selected lateral 

cephalograms. The CoGoMe^ was reassessed by the same examiner after a memory washout 

period of at least 8 weeks. The method error for all measurements was calculated using 

Dahlberg’s formula [20]. Systematic differences between duplicated measurements were tested 

using a paired Student’s t-test with the type I error set at .05. 

Categorical variables were reported as frequencies and percentages, and continuous 

variables were reported as means and standard deviations if data distribution was normal or as 

medians and interquartile range if the data showed a skewed distribution. The Shapiro-Wilk 

(SW) test was used to evaluate normality assumption. 

The Pearson correlation analysis was used to assess the relationship between continuous 

variables, when requested. 

Differences in the CoGoMe^ among individuals with different ANPg^ and SN^GoGn 

were estimated as appropriate by using one-way Analysis of Variance (ANOVA). 

Linear regression analysis was performed to evaluate (1) how the CoGoMe^ (used as 

dependent variable) changed according to the age and (2) how the CoGoMe^ (used as 

independent variable and adjusted for age) was able to predict the SN^GoGn. For the first 

issue, two models for linear regression analysis were performed. One model included growing 

patients younger than 17 years and the other included patients aged 17 years and older. Beta 

coefficients and 95% confidence intervals were calculated. 

The level of statistical significance was set at P<0.05. Statistical analysis was performed 

using STATA version 14.0 (StataCorp LP, Stata Statistical Software, College Station, TX, 

USA). 



 52 

3.3. Results 
The sample included 290 subjects: 122 males (42.1%) and 168 females (57.9%), aged 8 to 

53 years (median 14; IQR 12-17).  

The method error for the three angles assessed in the study was ANPg^=0.4°, 

SN^GoGn=0.9° and CoGoMe^=1.3° and there were no systematic errors for any 

measurements (P>0.05). 

In the total sample of 290 patients, the CoGoMe^ resulted normally distributed (SW test, 

P=0.290), with a mean value of 127.2°±7.7° as seen in Table 1 and Figure 2. The ANPg^ and 

the SNGoGn^ presented a mean value of 2.6°±3.2° and 31.9°±6.8°, respectively (Table 1). 

  

Table  1.  Cephalometric  values  in  the  study  sample.  

Variables   Mean     Median   Standard  
Deviation  

ANPg^   2.6°   2.9°   3.2°  
SN^GoGn   31.9°   32°   6.8°  
CoGoMe^   127.2°     127.5°   7.7°  

  

Figure  3.  Graph  describing   the  distribution  of   the  CoGoMe^   in   the   study  population   (N=290;  mean   ±  
SD=127.2°±7.7°  [CI  95%  112.1°-‐‑142.3°]).  

After dividing the sample into three groups according to the ANPg^, the CoGoMe^ 

showed no statistically significant difference (P=0.560). In particular, Class III (ANPg^≤-1°) 

included 32 patients and showed a mean CoGoMe^ of 128.59°±7.8°; Class I (-1°<ANPg^<5°) 

included 196 patients and presented a mean CoGoMe^ of 127.09°±7.8°; Class II (ANPg^≥5°) 

included 62 patients and showed a mean CoGoMe^ of 126.9°±7.2°, as seen in Table 2. 

When the sample was divided into three groups according to the SN^GoGn, statistically 

significant difference in the CoGoMe^ was observed (P<0.001). In particular, 60 patients were 
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Hypodivergent (SN^GoGn<27) and presented a mean CoGoMe^ of 120.1°±6.63°; 166 patients 

were Normodivergent (27≤SN^GoGn≤37) and presented a mean CoGoMe^ of 127.1°±6.11°; 

64 patients were Hyperdivergent (SN^GoGn>37) and presented a mean CoGoMe^ of 

134.02°±6.18°, as shown in Table 2 and Figure 4. 

  
Table   2.   Distribution   of   the   CoGoMe^   according   to   the   ANPg^   and   the   SN^GoGn.   Differences   in  
CoGoMe^  among  individuals  with  different  ANPg^  and  SN^GoGn  were  estimated  as  appropriate  using  
one-‐‑way  ANOVA.  Bold  text  indicates  statistically  significant  differences.  

Variables   Groups   N   Mean   Sd   P50   P25   P75   ANOVA  
ANPg^                          

   Class  III  (≤  -‐‑1°)   32   128.59°   7.8°   129.2°   123.65°   133.5°   F(2,  287)=0.58,  
P=0.56     Class  I  (-‐‑1°<x<5°)   196   127.09°   7.8°   127.4°   122.45°   132.85°  

   Class  II  (≥5)°   62   126.9°   7.2°   125.9°   121.8°   130.8°  
SN^GoGn                       

   Hypodivergent  (≤27°)   60   120.1°   6.63°   120.4°   102.5°   134°   F(2,  287)=77.04,  
P<0.001     Normodivergent  (27°<x<37°)   166   127.1°   6.11°   127.1°   110.2°   143.8°  

   Hyperdivergent  (≥37°)   64   134.02°   6.18°   133.7°   121.7°   156.5°  
  

  
  

           
  
Figure  4.  Box-‐‑and-‐‑whiskers  plots  (upper  panel)  of  the  CoGoMe  angle  by  ANPg^  and  SN^GoGn.  Line  in  the  
box:  median  value.  Box  hinges:  25–75th  percentiles;  ends  of   the  segments:  5–95th  percentiles;  dots:  outliers.  
Histograms   with   kernel   distribution   (lower   panel)   were   presented   to   describe   ANPg^   and   SN^GoGn  
variables.  Cut-‐‑off  value  were  highlighted  with  dashed  line  (-‐‑1  and  5).  
  
The correlation between the CoGoMe^ and the SN^GoGn was moderate (R=0.6, 

P<0.0001). On the other hand, the correlation between the CoGoMe^ and the ANPg^ was 

SN^GoGn ANPg^ 
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absent (R=-0.02, P=0.74) while a weak correlation was observed between the SN^GoGn and 

the ANPg^ (R=0.21, P=0.0003). 

In the linear regression analysis performed on patients under 17 years of age (N=210), a 

clear decrease of the CoGoMe^ during growth was observed (b=-0.6; 95% CI:-1.05,-0.12; 

P=0.014), as shown in Table 3. However, in the liner regression performed on subjects older 

than 17 years of age (N=80), this association disappeared and the angle remained stable over 

time (b=0.004; 95% CI:-0.31, 0.32; P=0.98), as seen in Table 3. 

Finally, the results of the regression model with the SN^GoGn as dependent variable 

reported that for each degree of increase of the CoGoMe^ resulted in an increase of SN^GoGn 

by 0.6° (b=0.6; 95% CI: 0.51, 0.67; P<0.001, Table 3). 

  

Table   3.   Distribution   of   the   CoGoMe^   according   to   the   ANPg^   and   the   SN^GoGn.   Differences   in  
CoGoMe^  among  individuals  with  different  ANPg^  and  SN^GoGn  were  estimated  as  appropriate  using  
one-‐‑way  ANOVA.  Bold  text  indicates  statistically  significant  differences.  

   Models   B   CI  95%   P  

1  
CoGoMe^/Age  younger  
than  17  years  (N=210)  

-‐‑0.6   -‐‑1.05,-‐‑0.12   0.014  

2  
CoGoMe^/Age  17  years  

and  older  (N=80)  
0.004   -‐‑0.31,-‐‑0.32   0.98  

3  
SN^GoGn/  CoGoMe^*Age  

(N=290)  
0.6   0.51,  0.67   <0.001  

.  

3.4. Discussion 

The aim of this study was to determine the distribution of the CoGoMe^ in a population of 

patients from Southern Italy and to assess the association of this mandibular angle with vertical 

and sagittal cephalometric parameters. The results showed that the CoGoMe^ was normally 

distributed in the studied population, and it was correlated to the vertical facial type 

(SN^GoGn), however, it was not influenced by the anteroposterior jaw relationship (ANPg^). 

Our study is the first to report a strong association between the CoGoMe^ and the 

SN^GoGn with these two angles positively correlated. Indeed, each degree of increase of the 

CoGoMe^ resulted in an increase of the SN^GoGn by 0.6°. Moreover, the mean value of the 

CoGoMe^ was statistically significant different according to the identified subgroups of the 

SN^GoGn. Hence, the CoGoMe^ could help to identify mandibular growth patterns, and 

therefore clinicians are suggested to consider this variable carefully at the beginning of the 

orthodontic therapy. Indeed, CoGoMe^ might be useful to understand the mandibular 

rotational pattern, giving more accurate information than the SN^GoGn, that is influenced also 
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by the inclination of the anterior cranial base [15]. The CoGoMe^ is a variable related only to 

mandibular structure (condylar axis and mandibular base), hence its evaluation is not affected 

by any other external structures. This strong correlation between CoGoMe^ and SN^GoGn is 

related both to an anatomical consideration, both angles evaluate the mandibular base, and to a 

functional consideration, usually hyperdivergent patients have a lower muscles thickness and a 

lower bite force, that might have a less control on the vertical growth pattern [21,22]. 

In the current study, the CoGoMe^ decreased with growth, up to 17 years of age. Björk 

and co-workers [23,24] studied mandibular rotation and distinguished 2 types of rotation, 

internal and external, by superficial remodelling. From the age of 4 years to adulthood, the 

internal rotation is about 15° forward, while the external rotation is about 11°/12° backward, 

producing a 3°/4° total decrease of the mandibular angle during growth [23,24]. Hence, the 

natural backward rotation of the mandible during growth might be responsible for the reduction 

of the CoGoMe^ observed in the current study. 

The clinical significance of this study is related to the importance of growth predictors for 

the orthodontic diagnosis and treatment planning, with possible implications on the success 

rate and the duration of the orthodontic treatment for each specific malocclusion [25]. During 

the orthodontic diagnosis and treatment planning the possibility to correctly identify the 

mandibular rotational pattern during growth is a fundamental factor [16]. It is well recognised 

that patients with a hyperdivergent mandibular growth pattern are more difficult cases 

[9,10,17]. Not only the cephalometric analysis but also anatomical characteristics were used to 

identify the mandibular rotational patter. Already in the early 60s, Björk and Skieller 

underlined the possibility of predicting the mandibular growth pattern by looking at some 

specific anatomic mandibular structures in longitudinal lateral cephalograms with the purpose 

of identifying facial morphology and the progression of mandibular rotation [18–20]. They 

introduced seven mandibular morphological signs that identified hyperdivergent and 

hypodivergent mandibular patterns [20]. Although, the CoGoMe^ is a cephalometric angle, it 

is strongly related to the mandibular anatomy and, due to its correlation with the SN^GoGn, it 

might improve the accuracy of the cephalometric diagnosis.   

Class II malocclusion is one of the most prevalent orthodontic problems in the Caucasian 

population [26–28]. It might cause detrimental aesthetic effects and social impairment in 

children’s daily lives, it affects their oral-health related quality of life, and it is a risk factor for 

dental traumas [29]. In growing subjects, one treatment option to correct skeletal Class II 

malocclusions uses functional/orthopaedic appliances, [30] but still great variability in the 

achievable mandibular advancement has been observed across literature due to numerous 

factors. One factor that might be responsible for different growth potential is mandibular 
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morphology. Petrovic pointed out that the individual mandibular growth potential and the 

responsiveness to the functional orthopaedic treatment were strongly influenced by the 

mandibular growth pattern [10,11]. The CoGoMe^ was proposed as a pre-treatment indicator 

of lower jaw responsiveness in Class II patients treated with functional appliances at the 

mandibular growth spurt [16]. Hence, it was suggested that the CoGoMe^ could be used for an 

efficient discrimination between good (CoGoMe^ < 125.5°) and bad (CoGoMe^ > 125.5°) 

responders to functional treatment of skeletal Class II malocclusion due to mandibular 

retrusion. This is the first study that evaluated the distribution and the associations of the 

CoGoMe^ with the SN^GoGn and the ANPg^ in a large population from Southern Italy, 

providing cephalometric norms for Caucasian patients.  

The limitation of this study was that, due to ethical issues, it was not possible to collect an 

untreated longitudinal sample. 

3.5. Conclusions 

In conclusion, this study showed the following:  

· In the studied sample, the CoGoMe^ presented a mean value of 127.2°±7.7°. 

· Skeletal sagittal jaw discrepancies did not influence the CoGoMe^. 

· From 8 to 17 years of age, the CoGoMe^ decreased 0.6° per year. 

· For each degree of increase of the CoGoMe^, the SN^GoGn increased by 0.6°. 

· The CoGoMe^ can be considered a useful cephalometric parameter for the diagnosis of the 

vertical facial growth pattern. 
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CHAPTER 4 

 

Impact of fixed orthodontic appliance and clear aligners on the periodontal health: a 

prospective clinical study. 

 

Abstract 

This study aimed to evaluate the periodontal health of orthodontic patients with supportive 

periodontal therapy in a 3-month follow-up. The sample comprised 20 patients (mean age 

20.6±8.1years) in treatment with multibracket fixed appliances (fixed group-FG), and 20 

patients (mean age 34.7±12.5years) in treatment with clear aligners (clear aligners group-

CAG). At baseline (T0) and after 3 months (T1) probing depth (PD), plaque index (PI), 

bleeding on probing (BOP) and gingival recession (REC) were measured. Patients were 

trained to perform an individualized tooth brushing technique and every 2-weeks they were 

re-called to reinforce the oral hygiene instructions. The intra-group comparisons (T1vsT0) 

were calculated with the Wilcoxon signed rank test, while a linear regression model was used 

for the inter-group comparisons (FG vs CAG). The significance level was set at P<0.05. 

Statistically significant decrease in both groups were found for PD (FG: Δ-9.2 IQR -22.5,-5.5; 

CAG: Δ-12.6 IQR -25.4,-4.8), BOP (FG: Δ-53.5 IQR -70.5,-37; CAG: Δ-37.5 IQR -54.5,-23) 

and PI (FG: Δ-17.5 IQR -62.5,14.5; CAG: Δ-24 IQR -49.5,-5). The result of the linear 

regression models suggested that the type of appliance did not have any effects on the 

improvement of periodontal variables. Therefore, patients undergoing orthodontic treatment 

with fixed appliances and clear aligners did not show differences in gingival health when 

followed by a dental hygienist. 

 

 

 

 

 

 

 

This chapter is based on “Pango Madariaga A. C., Bucci R., Rongo R., Simeon V., D’Antò V., 
Valletta R. Impact of fixed orthodontic appliance and clear aligners on the periodontal health: a 
prospective clinical study. Dent. J. 2020, 8 (1), 4”. 
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4.1. Introduction 

The main etiological factor in the development of gingivitis is the supragingival dental 

plaque along the gingival margin. Gingivitis is the inflammatory response of the gingival 

tissues to the metabolic products and pathogenic toxins of bacteria found in the oral biofilm. 

The inflammatory change of supragingival plaque is a strong predisposing factor for disease 

progression. Although gingivitis does not always progress to periodontitis, periodontitis is 

always preceded by gingivitis [1,2]. 

Periodontal diseases are very common problems in children, adolescents and adults. 

Among school-children from primary school, almost 55% of individuals experienced some 

periodontal problems [3]. Also, epidemiological studies revealed a prevalence range of 35-41% 

for moderate periodontitis and of 10-41% for severe periodontitis [4,5]. Furthermore, it has 

been reported that the prevalence of aggressive and advanced forms of periodontitis is 10-14% 

and it increases in the age groups from 35-44 years. [6,7] Accordingly, more than 70% of 

adults presented some form of periodontal disease. Therefore, periodontal treatment is a crucial 

step, before starting any orthodontic treatment, to restore and maintain the health of the 

supporting periodontal tissues [8]. 

Malocclusion is a frequent findings among adolescents and adult, [9,10], and fixed 

orthodontic therapy is the most common approach for treating different types of malocclusions. 

However, despite the effectiveness of the multibracket fixed therapy, this type of treatment 

makes the dental hygiene procedures more difficult due to the presence of brackets, bands and 

arch-wires [11]. Therefore, it prevents optimal hygiene of the oral cavity and it promotes the 

accumulation of dental biofilm, which in turn can lead to the development of white spot 

lesions, caries and can seriously damage the periodontium [8]. In particular, it has been shown 

that patients wearing fixed orthodontic appliances present the highest accumulation of bacterial 

plaque in the gingival margin and behind the arch-wires of the maxillary lateral incisors and 

canines. The frequency of tooth brushing and the motivation for the orthodontic treatment is 

significantly associated with a reduction of dental biofilm in subjects undergoing fixed 

orthodontic therapy [12]. 

Clear aligner treatment has been introduced in the last decades to satisfy the aesthetic and 

comfort requirements of adult orthodontic patients. This treatment is based on removable 

thermoplastic splints covering all the teeth and part of the marginal aspects of the gingiva, 

which progressively move the teeth into an ideal position [13]. Thanks to the satisfactory 

mechanical proprieties of these devices and to the valuable progresses of the aligners 

technology, nowadays these therapy is suitable for the correction of a wide spectrum of 

malocclusions [14]. Results from a systematic review revealed that periodontal indices, as well 
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as the quantity and quality of plaque, are better during clear aligner treatment than during fixed 

orthodontic therapy [15].  

During the orthodontic treatment, the dental hygienist must provide the patient with 

adequate tools to perform regular and satisfactory home oral hygiene. Since the development 

of a patient’s oral hygiene skills requires teaching and close guidance during repeated visits, 

dental hygienists have a primary role in the acquisition of such skills [16]. Furthermore, to 

achieve continuous patient compliance throughout the treatment, dental hygienists should 

perform periodic check-ups and reinforce the home hygiene techniques by means of auxiliary 

dental products [16,17]. The available scientific evidence shows that the intervals of 

periodontal support therapy should be individualized to the patient's need. For example, a 

recall interval every 3 months for all patients after periodontal therapy is weak [18]. Finally, 

individualized education, and clinical and motivational strategies should be adopted to raise the 

awareness of the importance of brushing teeth regularly to maintain a healthy condition for 

teeth and gingiva, which is crucial for orthodontic patients [8,19].  

The aim of this study was to evaluate the periodontal health of patients undergoing fixed 

orthodontic and clear aligner therapy with a supportive periodontal therapy after a 3-month 

follow-up. The null hypothesis was that there was not difference in the periodontal health of 

patients with fixed orthodontic and clear aligner therapy, even after the intervention of the 

dental hygienist. 

4.2. Materials and Methods  

4.2.1 Subjects 

The study sample comprised 40 consecutive patients (age >12 years) with permanent 

dentition (26 females, 14 males, mean age 27.6±12.6) recruited among patients already 

undergoing the orthodontic treatment at the Section of Orthodontics and Temporomandibular 

Disorders of the University of Naples Federico II (Naples, Italy). All the patients were treated 

by post-graduate students of the School of Orthodontics. Twenty patients (mean age 20.6±8.1 

years) presented ongoing multibracket fixed therapy (Fixed Group–FG), whereas 20 patients 

(mean age 34.7±12.5 years) were in treatment with clear aligners (Clear Aligners Group–

CAG). For the FG, metal brackets (Mini Sprint, Forestadent®, Pforzheim, Germany) and 

.016’’ NiTi archwire (Biostarter®, Pforzheim, Germany) were used. For the CAG, aligners 

were made of polyethylene terephthalate glycol copolyester (PET-G), 0.75mm thick (AirNivol 

S.r.l, Navacchio, Pisa, Italy). Exclusion criteria included diseases requiring premedication to 

perform periodontal probing, systemic diseases that can influence the activity of periodontal 
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disease, individuals taking drugs that affect the periodontal status, patients with removable 

prostheses, and pregnant or breastfeeding women. 

All patients were fully informed about the nature of the study and signed an informed 

consent. The investigations were carried out following the rules of the Declaration of Helsinki 

of 1975, revised in 2013, and obtained an approval from an ethics committee before 

undertaking the research by the Ethics Committee of the University of Naples Federico II 

(protocol and acceptance number 119/19). 

 

4.2.2. Periodontal assessment and clinical procedure. 

T0: Periodontal charting was performed, recording gingival biotype, plaque index (PI), 

bleeding on probing (BOP), probing depth (PD) and gingival recessions (REC). The gingival 

biotype was evaluated, based on the transparency of the periodontal probe through the gingival 

margin of the tooth while probing the mid buccal sulcus of both central, lateral incisors and 

canine, both maxillary and mandibular. If the outline of the probe could be seen through the 

gingival margin, it was categorized as “thin”; if not, it was categorized as “thick” [20]. All the 

variables were recorded by one expert operator (periodontist), using a millimeter periodontal 

probe (15-mm North Carolina probe), inserted in the gingival sulcus with a force of about 0.25 

Newton. Subsequently, one trained dental hygienist performed supra- and sub-gingival scaling, 

to remove the dental biofilm and calculus. Finally, all patients were trained to perform an 

individualized tooth brushing technique. Every two weeks, the patients were re-called to 

reinforce the home oral hygiene instructions. Motivation and oral hygiene instructions and 

reinforcement were provided by the same professional dental hygienist. 

T1: The periodontal health check-up was repeated after 3 months using the same indices. 

 

4.2.2.  Sample size. 

A sample size analysis was performed before recruitment. The primary outcome measure of 

this study was the PI. Based on a previous investigation [21], it was assumed that a clinical 

significant difference in PI was 5% and that the two groups share a common standard deviation 

of 5%. A sample size including 17 subjects per group was sufficient to detect between-group 

differences in PI (α=0.05 and 1− β=0.8). To avoid underpowered study due to drop out the 

sample size was increased to 20 patients for each group.  

 

4.2.3. Statistical Analysis  

Descriptive statistics on age, gender, number of sites, gingival biotype and baseline 

characteristics were performed at baseline. Shapiro-Wilk test was performed to evaluate 
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variable distribution. According to the distribution, continuous variables were reported as mean 

(M) and standard deviation (SD) or median and inter-quartile range (IQR), and the between-

groups difference (CAG vs. FG) was computed with unpaired Student’s t-test or Mann-

Whitney test. Categorical variables were reported as absolute number and percentages and the 

between-groups difference (CAG vs. FG) was computed with chi-square test or Fisher exact 

test. The comparisons between T1 vs T0 (the difference T1-T0 was named delta Δ), in each 

specific treatment group, for PD, PI, BOP and REC variables were performed with a paired test 

for asymmetric distribution (Wilcoxon signed rank test). To test if the difference Δ of each 

periodontal variable was influenced by type of treatment or by other variables, a linear 

regression model was performed. The beta coefficient, with 95% confidence interval (95% CI), 

of CAG vs FG was reported. Four different models were proposed: Model 1, CAG vs FG 

unadjusted; Model 2, model 1 + adjustment according to the baseline values; Model 3, model 2 

+ adjustment according to age and number of sites; Model 4, model 2 + adjustment according 

to propensity score. The propensity scores were estimated by fitting the logistic regression 

model with different treatment method (CAG or FG) as dependent variable. The level of 

statistical significance was set at P<0.05. Statistical analysis was performed using STATA 

version 14.0. 

 

4.3. Results 

At the baseline (T0), a statistically significant difference between the two groups was 

found regarding the age (P=0.0001), with patients belonging to the CAG being older than those 

belonging to the FG (CAG 34.7±12.5 years; FG 20.6±8.1 years). Moreover, the number of 

sites examined was statistically different (P=0.03) as shown in Table 1. In addition, 75% of all 

individuals examined had a thick gingival biotype. Furthermore, BOP was significantly 

increased in the FG as compared to CAG (FG= Median 77 (IQR 56.5, 85); CAG= Median 55.5 

(IQR 39.5, 70); P=0.006), while REC was more present in the CAG (CAG= Median 22.2 (IQR 

7.1, 32.9) than in FG (FG= Median 4.4 (IQR 0, 14.7); P=0.016). 

Table  1.  Characteristics  of  the  patients  included  in  the  study  for  FG  and  CAG.  

   Total   FG   CAG   P-‐‑value  
Age  (years)              

M  ±  SD   27.6  ±  12.6   20.6  ±  8.1   34.7  ±  12.5   0.0001  
Sex              

Female   26  (65%)   11  (55%)   15  (75%)   0.18  
Number  of  sites              

M  ±  SD   168  ±  9.1   165  ±  9.8   171  ±  7.4   0.03  
Gingival  biotype  
thick  

30  (75%)   16  (80%)   14  (70%)   0.46  
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Gingival  biotype  
upper  thick  

33  (82.5%)   18  (90%)   15  (75%)   0.21  

Gingival  biotype  
lower  thick  

31  (77.5%)   16  (80%)   15  (75%)   0.70  

FG:  fixed  group;  CAG:  clear  aligners  group;  M:  mean;  SD:  standard  deviation.  Statistically  significant  differences  
are  reported  in  bold.  

The intra-group comparisons (T1 vs T0) showed statistically significant decreases in both 

groups for PD (FG:Δ-9.2 IQR -22.5,-5.5; P=0.0001; CAG:Δ-12.6 IQR -25.4,-4.8; P=0.0002), 

BOP (FG:Δ-53.5 IQR -70.5,-37; P=0.0001; CAG:Δ-37.5 IQR -54.5,-23; P=0.0002) and PI 

(FG:Δ-17.5 IQR-62.5,14.5; P=0.04; CAG: Δ -24 IQR -49.5,-5; P=0.002) (Table 2). REC 

increased significantly only in the FG (Δ1.3 IQR 0,3.4; P=0.006) as shown in Table 2 and 

Figure 1. 

Table  2.  Intra-‐‑group  differences  after  a  3-‐‑month  follow-‐‑up  (T1-‐‑T0).  

   FG   CAG  
   T0   T1   Δ     P   T0   T1   Δ   P  

PD,  %                              
median   10.4   0   -‐‑9.2   0.0001   13.9   0.25   -‐‑12.6   0.0002  

  IQR   6.1,  24.2   0,  1.2   -‐‑22.5,  -‐‑5.5   4.8,  31.1   0,  2.9   -‐‑25.4,  -‐‑4.8  
PI,  %                            
median   30.5   14.5   -‐‑17.5   0.04   41.5   10.5   -‐‑24   0.002  

  IQR   5,  73   3.5,  24   -‐‑62.5,  14.5   25,  53   2,  23   -‐‑49.5,  -‐‑5  
BOP,  %                            
median   77   13.5   -‐‑53.5   0.0001   55.5   13.5   -‐‑37.5   0.0001  

  IQR   56.5,  85   6,  28   -‐‑70.5,  -‐‑37     39.5,  70   5,  17.5   -‐‑54.5,  -‐‑23  
REC,  %                            
median   4.4   5.2   1.3   0.006   22.2   24.3   1.25   0.38  
IQR   0,  14.7   2.3,  18.4   0,  3.4   7.1,  32.9   6.5,  44.5   -‐‑5.7,  7.3  

IQR:  inter-‐‑quartile  range;  FG:  fixed  group;  CAG:  clear  aligners  group;  PD:  probing  depth,  PI:  plaque  index,  BOP:  
bleeding  on  probing;  REC:  gingival  recession.  Statistical  analysis  was  performed  using  a  paired  test  for  asymmetric  

distribution  (Wilcoxon  signed  rank  test).  Statistically  significant  differences  are  reported  in  bold.  

  
  

                   
Figure  1.  Graph  describing  the  mean  %  of  the  four  periodontal  parameters  assessed  at  baseline  (T0)  and  
at  3-‐‑months  follow-‐‑up  (T1)  in  the  two  groups.  FG:  fixed  group;  CAG:  clear  aligners  group;  PD:  probing  

depth,  PI:  plaque  index,  BOP:  bleeding  on  probing;  REC:  gingival  recession.  
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The four linear regression models of difference Δ confirmed that the type of orthodontic 

appliances did not have any effects on the improvement of each periodontal variables (Model 

2: ΔPD, β1.2, 95%CI -1.8 to 4.1, P=0.43; ΔPI, β-0.6, 95%CI -12.9 to 11.7, P=0.92; ΔBOP, β-

0.45, 95%CI -10.6 to 9.7, P=0.93; ΔREC, β-0.45, 95%CI -6.2 to 5.2, P=0.87). This finding was 

not affected by differences between groups such as patient’s age and number of sites. (Model 

3: ΔPD, β 2.9, 95%CI -0.8 to 6.7, P=0.12; ΔPI, β -3.1, 95%CI -18.5 to 12.3, P=0.68; ΔBOP, β-

2.03, 95%CI -11.3 to 15.4, P=0.76; ΔREC, β-4.03, 95%CI -10.2 to 2.1, P=0.19) as shown in 

Table 3. 

Table  3.  Linear  regression  models  of  difference  delta  (Δ)  for  each  periodontal  variable.  

Outcome   Model   Beta   95%CI   P  

Δ  %PD  

1   -‐‑1.8   -‐‑10.7,  7.1   0.69  
2   1.2   -‐‑1.8,  4.1   0.43  
3   2.9   -‐‑0.8,  6.7   0.12  
4   2.8   -‐‑0.9,  6.5   0.14  

Δ  %PI  

1   -‐‑3.8   -‐‑27.6,  19.9   0.75  
2   -‐‑0.6   -‐‑12.9,  11.7   0.92  
3   -‐‑3.1   -‐‑18.5,  12.3   0.68  
4   -‐‑5.0   -‐‑20.3,  10.3   0.51  

Δ  %BOP  

1   14.9   -‐‑0.01,  29.9   0.07  
2   -‐‑0.5   -‐‑10.6,  9.7   0.93  
3   2.0   -‐‑11.3,  15.4   0.76  
4   0.6   -‐‑12.4,  13.6   0.92  

Δ  %REC  

1   -‐‑2.0   -‐‑7.2,  3.3   0.45  
2   -‐‑0.5   -‐‑6.2,  5.2   0.87  
3   -‐‑4.0   -‐‑10.2,  2.1   0.19  
4   -‐‑4.1   -‐‑10.1,  1.9   0.18  

PD:  probing  depth;  PI:  plaque  index;  BOP:  bleeding  on  probing;  REC:  gingival  recessions,  CI:  confidence  interval.  

4.4. Discussion 

The present study aimed to evaluate the periodontal health of patients undergoing fixed 

orthodontic and clear aligner therapy with a supportive periodontal therapy after a 3-month 

follow-up. The results confirm the null hypothesis, as no difference was observed in the 

periodontal health the two groups of patients when followed by a dental hygienist for 3 

months. Indeed, these findings showed that the patients’ periodontal status improved in both 

groups after the intervention of the professional dental hygienist and no significant effect of the 

appliance was found. 

The oral cavity in colonized by a complex ecosystem of oral microbiota [22]. The problem 

of the lack of adequate microbial plaque removal takes on greater dimensions when undergoing 

orthodontic treatment [23,24]. Therefore, the orthodontic patient not only requires greater 

professional assistance, but also precise and individualized instructions for home oral hygiene, 

which must be continuous and rigorous, given the presence of orthodontic devices that lead to 
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a potential worsening of conditions of the oral cavity until the onset of diseases. In fact, the 

present study showed that patients undergoing orthodontic treatment presented gingivitis 

associated to dental plaque, in accordance to the new classification of periodontal and peri-

implant diseases and conditions [25]. 

In the scientific literature, there is still debate on the influence of clear aligners on oral 

hygiene. Miethke and co-workers showed that the plaque index of patients treated with clear 

aligners was significantly lower than that of patients with conventional fixed orthodontics, at 

the different time points. Nevertheless, the oral hygiene improved in both groups during the 

entire course of the study [26]. A study by Levrini and co-workers pointed out that patients 

undergoing orthodontic treatment with clear aligners prompted a lower total biofilm mass 

accumulation in the short-term when compared to patients in treatment with fixed orthodontic 

appliances, suggesting the use of clear aligners as a first treatment option in patients who are at 

risk of developing periodontal diseases [27]. Two recent meta-analyses, underlined that clear 

aligners should be used in patients with high risk of gingival inflammation, but the level of 

evidence was very low and more high-quality studies are required to corroborate these results 

[28,29]. Interestingly, in the current survey the patients were enrolled in the study as they were 

already undergoing on orthodontic treatment (both multibracket therapy or clear aligners 

therapy), and they were naive from any individualized oral hygiene instruction. The 

comparison at the baseline (T0) showed increased BOP in the fixed orthodontic group, 

supporting that when no adequate information are provided to the patients, poorer oral hygiene 

can be observed in patients wearing multibracket appliances. However, the supportive therapy 

provided by the professional dental hygienist determined a dramatic improvement in the 

periodontal health of both groups of patients, independently from the kind of appliance. These 

results suggest that when appropriate oral hygiene instruction and motivation are offered to the 

patients, the type of orthodontic treatment has no effect on periodontal health. Furthermore, 

these findings are in accordance with a recent prospective randomized control trials by 

Chhibber and co-authors, that pointed out no evidence of differences in oral hygiene levels 

among clear aligners, self-ligated brackets, and conventional elastomeric ligated brackets after 

18 months of active orthodontic treatment [30].  

Differently from the previous studies, the current survey gave great importance not only to 

professional oral hygiene, but also to the motivation of the patients’ home hygiene with regular 

check-ups (every 2 weeks) and by personalizing home-hygiene techniques. This result agrees 

with previous studies in which the importance of motivation in orthodontic patients was 

addressed [31,32]. Furthermore, regular check-ups are crucially important to perform 

appropriate differential diagnosis in presence of gingival bleeding [33].  
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Interestingly, in the current study changes of REC were observed only in the FG groups. 

One possible explanation was the higher degree of dental expansion due to the fixed 

orthodontic treatment related to the standard arch-form of the wire [19].  

The current study presents several strengths. First, periodontal assessments, professional 

hygiene and motivation, training and check-ups were given to the patients by only two trained 

clinicians. This avoided bias due to differences in operator performance. Second, since the first 

step toward improving oral hygiene is patient compliance, monitoring gingival health and 

reinforcing the patient’s individualized tooth brushing techniques were performed every 2 

weeks to increase patient awareness of the importance of good oral hygiene. The study also has 

some limitations. First, the baseline age of patients was statistically significant different 

between the two groups due to the increasing number of adult patients asking for aesthetic 

orthodontic therapy. Moreover, no data on the smoking status were collected. Finally, the 

reported data have been collected with a short follow-up (3 months). Further longitudinal 

studies are necessary to evaluate the long-term effects of professional hygiene on the 

periodontal status of patients undergoing different types of orthodontic appliances. 

 

4.5. Conclusions 

In accordance with the null hypothesis, within the limits of the current study, it can be 

concluded that no evidence of difference was observed in the periodontal health of patients 

undergoing fixed orthodontic therapy and clear aligner therapy, when a dental hygienist 

provided regular check-ups and adequate oral hygiene instructions. Therefore professional oral 

hygiene associated with motivation and reinforcement for the adequate control of dental 

biofilm during the orthodontic treatment allows the patients to prevent the onset of periodontal 

disease and achieve good periodontal health, despite the type of orthodontic appliance used. 
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