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RESUMO 

 

A exodontia de terceiros molares é um procedimento comum e a avaliação pré-operatória 

com exames de imagem é importante para auxiliar na elaboração de um plano de tratamento 

previsível e seguro. A radiografia panorâmica multicamadas é uma ferramenta recentemente 

desenvolvida e adicionada em alguns modelos de aparelhos radiográficos panorâmicos, que 

permite a visualização em profundidade limitada da imagem radiográfica panorâmica com a 

mesma dose de radiação. Entretanto, ainda não é sabido se a utilização dessa ferramenta traz 

vantagens na avaliação de terceiros molares inferiores em relação à radiografia panorâmica 

convencional. Dessa forma, o objetivo nesse estudo foi comparar radiografia panorâmica 

multicamadas com a radiografia panorâmica convencional na avaliação de terceiros molares 

inferiores. Foram obtidas por meio do aparelho OP300 Maxio imagens radiográficas 

panorâmicas convencionais e multicamadas obtidas de um crânio e 33 mandíbulas humanas 

secas que apresentavam um total de 56 terceiros molares inferiores. As imagens 

radiográficas panorâmica foram avaliadas em dois momentos distintos por 3 radiologistas 

de forma independente de acordo com o posicionamento, nível de impactação com o ramo 

ascendente da mandíbula, relação de proximidade com o canal da mandíbula e a presença de 

sinais radiográficos de proximidade com o canal da mandíbula. No primeiro momento 

apenas a camada central foi avaliada e posteriormente o conjunto de cinco camadas de 

imagens foram avaliadas. Além disso, foram realizadas medidas lineares das distâncias das 

raízes ao canal da mandíbula. Como padrão de referência, foram utilizados exames de 

tomografia computadorizada de feixe cônico (TCFC) dos 56 terceiros molares, nos quais os 

mesmos parâmetros foram avaliados por um por um quarto radiologista. Para avaliação da 

concordância intraexaminador, 25% de cada modalidade de radiografia foi reavaliada após 

30 dias. Para análise estatística, o Kappa ponderado, método de Bland Altman e teste não 

paramétrico de Wilcoxon foram realizados. O nível de significância de 5% foi adotado para 

todas as análises. A concordância das avaliações realizadas nas radiografias panorâmica 

convencional e multicamadas com a realizada na TCFC variou de 66,1% a 100,0%, 

dependendo da variável avaliada. De uma maneira geral, os valores de concordância da 

radiografia panorâmica convencional e multicamadas com a TCFC foram similares. Houve 

diferença significativa das medidas das distâncias das raízes com o canal da mandíbula para 

os dois tipos de radiografia panorâmica em relação à TCFC (p<0,05); ambas subestimaram 

as medidas. As concordâncias intra- e interexaminadores variaram de pobre a quase perfeita, 

dependendo da variável avaliada e, no geral, foram maiores na radiografia multicamada do 



que na convencional. Em conclusão, a radiografia panorâmica multicamadas não apresentou 

melhoria na avaliação dos terceiros molares inferiores quando comparado à radiografia 

panorâmica convencional.  

Palavras-chave: terceiros molares, radiografia panorâmica multicamadas, radiografia 

panorâmica, tomografia computadorizada de feixe cônico,   



ABSTRACT 

 

Surgical removal of third molars is a common procedure in dentistry and their preoperative 

evaluation by imaging exams is important to the clinicians performing a predictable and safe 

treatment plan. Multilayer panoramic radiography is a recently developed tool that has been 

added to some panoramic radiography devices, which provides a multilayer view of 

buccolingual depth with the same radiation dose than the conventional panoramic 

radiography devices. However, it is still unknown whether the use of this tool has advantages 

in the evaluation of mandibular third molars compared to conventional panoramic 

radiography. Thus, this study aimed to compare the multilayer panoramic radiography and 

conventional panoramic radiography in the evaluation of mandibular third molars using 

cone-beam computed tomography (CBCT) as a reference. Conventional and multilayer 

panoramic radiographies were acquired from one skull and 33 dry human mandibles were 

acquired using the OP300 device, totalizing 56 mandibular third molars to be evaluated.  

Panoramic radiographic images were evaluated in two different moments by three examiners 

according to the positioning, depth of impaction in the mandibular ramus, proximity 

relationship between the dental roots apexes and the superior cortex of the mandibular canal, 

and the presence of radiographic signs of proximity to the mandibular canal. In addition, 

linear measurements of the distances from the roots to the mandibular canal were performed 

In the first moment only the central layer was evaluated and later the set of five image layers 

were evaluated. CBCT scans of the 56 third molars were evaluated by a fourth examiner 

regarding the same parameters and used as a reference standard. To evaluate intra-examiner 

agreement, 25% of the images within each radiographic modality were reevaluated after 30 

days. The statistical analysis was performed using the weighted Kappa, Bland Altman and 

Wilcoxon tests. A significance level at 5% was adopted for all analyses. The agreement 

between the evaluations performed in the panoramic radiographies and the CBCT ranging 

from 66.1% to 100.0%, depending on the parameter evaluated. Overall, the agreement values 

of conventional and multilayer panoramic radiographs with CBCT were similar. There was 

a statistically significant difference in the measurements of the distances between the root 

apexes and the superior cortex of the mandibular canal for both modalities of panoramic 

radiography compared to CBCT (p<0.05); both panoramic modalities underestimated the 

measurements compared to the CBCT. The intra- and interexaminer agreements ranged from 

poor to almost perfect depending on the variable evaluated and, in general, were higher in 

the multilayer panoramic radiography than in the conventional one. In conclusion, the 



multilayer panoramic radiography showed no improvement in the evaluation of mandibular 

third molars compared to the conventional panoramic radiography. 

Keywords: Third molars, Multilayer panoramic radiography, Panoramic radiography, 

Cone-beam computed tomography 
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1. INTRODUÇÃO  

 

A remoção de terceiros molares inferiores é um dos procedimentos cirúrgicos 

mais comumente realizados na clínica odontológica; entretanto, tal procedimento pode 

resultar em complicações, como lesão do nervo alveolar inferior, que pode causar 

parestesia pós-operatória temporária ou irreversível. (Genú e Vasconcelos, 2008; 

Khojastepour et al., 2019).  A lesão ao nervo alveolar inferior provoca alterações 

sensoriais que incluem dormência em lábio inferior, queixo, dentes e gengiva, ocorrendo 

com maior frequência quando o terceiro molar apresenta relação de proximidade com o 

canal da mandíbula (Gu et al.,2018). 

Para minimizar o risco de lesão ao nervo alveolar inferior durante a exodontia, o 

cirurgião-dentista deve ter conhecimento da posição dos terceiros molares, assim como 

do grau de impactação e proximidade dos ápices radiculares com o canal da mandíbula 

(Quirino de Almeida Barros et al., 2018). Os sistemas de classificação usualmente 

utilizados para os terceiros molares inferiores em relação à sua posição e ao grau de 

impactação são os de Winter (1926) e de Pell & Gregory (1933), respectivamente. Essas 

classificações são importantes não apenas para o planejamento cirúrgico, mas também na 

comunicação entre profissionais.  

A avaliação imaginológica pré-operatória dos terceiros molares é extremamente 

importante para auxiliar o cirurgião-dentista no estabelecimento de um plano de 

tratamento adequado e individualizado (Brasil et al., 2019; Matzen et al., 2019). O 

procedimento cirúrgico adequado deve ser determinado com base nos resultados de 

exames pré-operatórios, como a radiografia panorâmica ou a tomografia 

computadorizada de feixe cônico (TCFC), avaliando a posição do dente e sua relação com 

estruturas adjacentes, como o canal da mandíbula (Nakamori, Tomihara e Noguchi, 

2014). 

 De acordo com diretrizes atuais, a radiografia panorâmica deve preceder o exame 

de tomografia computadorizada de feixe cônico (TCFC) para avaliação e plano de 

tratamento (Sedentexct, 2012; Matzen e Berkhout, 2019). Seu uso é preconizado para 

avaliação inicial dos terceiros molares por possuir menor dose de radiação para o paciente 

e menor custo comparada à TCFC. Além disso, a avaliação tomográfica parece não alterar 

a decisão clínica do profissional quanto ao plano de tratamento (Araújo et al.,2019). Dessa 

forma, é recomendado que o exame de TCFC para terceiros molares inferiores somente 
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seja realizado quando houver uma questão clínica específica que não possa ser visualizada 

por meio da radiografia panorâmica (Matzen e Berkhout, 2019).  

Na radiografia panorâmica, a presença de sinais radiográficos de íntima relação 

das raízes do terceiro molar com o canal da mandíbula sugere um fator de risco para o 

surgimento de lesões ao nervo alveolar inferior (Gu et al., 2018). Esses sinais 

radiográficos incluem interrupção da cortical óssea do canal da mandíbula, estreitamento 

do canal da mandíbula, desvio do canal da mandíbula, escurecimento dos ápices 

radiculares, estreitamento das raízes dentárias, deflexão dos ápices radiculares e ápice 

radicular bífido (Rood e Nooraldeen Shehab, 1990; Nakamori, Tomihara e Noguchi, 

2014; Elkhateeb e Awad, 2018). A presença de dois ou mais sinais na radiografia 

panorâmica pode demonstrar um risco elevado de lesão ao nervo alveolar inferior (Neves 

et al., 2012). 

Com o avanço tecnológico, alguns aparelhos de radiografia panorâmica foram 

lançados no mercado com uma nova tecnologia denominada ferramenta de multicamadas. 

Essa técnica de imagem permite explorar informações de profundidade, ainda que 

limitada, adquiridas sob diferentes geometrias e ângulos do feixe de raios X. A quantidade 

de informações de profundidade obtidas é resultado de uma série de projeções de imagens 

adquiridas à medida que o tubo de raios X se movimenta ao redor do paciente sem 

aumentar o tempo de exposição e, consequentemente, a dose de radiação (Rahmel e 

Schulze, 2019). Teoricamente, quanto mais projeções a partir de diferentes ângulos forem 

adquiridas, mais informações de profundidade serão obtidas sem aumentar a dose de 

radiação à qual o paciente é exposto (Rahmel e Schulze, 2019). O uso da radiografia 

panorâmica com ferramenta multicamadas permitiu a visualização de canais radiculares, 

áreas proximais de coroas dentárias para avaliação de lesões de cárie e mensurações 

lineares verticais, mostrando resultados positivos para essas tarefas rotineiramente 

realizadas na clínica odontológica (Kitai et al., 2013; Rahmel e Schulze, 2019; Jeon et al., 

2020). De acordo com a literatura consultada, nenhum estudo investigou a performance 

dessa nova tecnologia na avaliação de terceiros molares. Logo, por se tratar de uma nova 

tecnologia que pode trazer informações adicionais, com a mesma dose de radiação 

empregada para aquisição de radiografias panorâmicas de camada única (convencionais), 

é de grande importância que se investigue a performance da radiografia panorâmica 

multicamadas na avaliação de terceiros molares inferiores. Dessa forma, o objetivo no 

presente trabalho foi comparar a radiografia panorâmica multicamadas e convencional na 
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avaliação de terceiros molares inferiores, considerando sua posição, nível de impactação 

e relação de proximidade dos ápices radiculares com o canal da mandíbula. 
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ABSTRACT 

Objectives: To compare the multilayer panoramic radiography (MPAN) and conventional 

panoramic radiography (CPAN) in the evaluation of mandibular third molars using cone-beam 

computed tomography (CBCT) as a reference. 

Methods: CPAN, MPAN, and CBCT scans from 33 dry human mandibles were acquired using 

the OP300 Maxio unit, totalizing 56 mandibular third molars to be evaluated. Three examiners 

evaluated each third molar according to their position, depth of impaction in the mandibular 

ramus, proximity between the dental root apexes and the mandibular canal, and the presence of 

radiographic signs of proximity to the mandibular canal. In addition, when there was a distance 

between the root apexes and the mandibular canal, it was measured. As a reference, these same 

parameters were assessed in the CBCT scans by a fourth examiner. For the statistical analysis, 

the weighted Kappa, Bland Altman, and Wilcoxon tests were performed (α=0.05). 

Results: The agreement between the assessments performed in the panoramic modalities with the 

CBCT ranged from 66.1% to 100.0% for the categorical variables. Overall, the agreement values 

of CPAN and MPAN with CBCT were similar. The distances between the dental root apex and 

the mandibular canal for both CPAN and MPAN were significantly underestimated compared to 

CBCT (p<0.05). The intra- and interexaminer agreements ranged from poor to almost perfect; in 

general, the agreements were higher in the evaluation performed in the MPAN than in the CPAN. 

Conclusions: The MPAN showed no improvement in the evaluation of mandibular third molars 

compared to the CPAN. 

Clinical Relevance:  Surgical removal of lower third molars is a common procedure in Dentistry. 

Recently, a new tool was developed, the MPAN, which showed positive results in the evaluation 

of proximal carious lesions and root resorptions, and in the acquisition of linear measurements. 

However, MPAN has not yet been tested for the evaluation of mandibular third molars. 

Keywords: Third molars, Multilayer panoramic radiography, Panoramic radiography, Cone-

beam computed tomography.  
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Introduction  

The surgical removal of mandibular third molars is a routine procedure in dental practice. 

However, it may result in postoperative complications when there is a close relationship between 

the dental roots and the mandibular canal [1], including temporary or permanent injury to the 

inferior alveolar nerve [2-5]. In this clinical context, the imaging evaluation of these teeth assists 

the clinicians in the treatment planning by providing information about tooth position, depth of 

impaction in the mandibular ramus, degree of development, root anatomy, and, most importantly, 

the relationship between the dental roots and the mandibular canal, reducing postoperative 

complications and providing predictable clinical outcomes [3,6-8]. 

Panoramic radiography is the imaging technique most often used for a preoperative 

evaluation of third molars [4,6]. This imaging modality provides a wide view of the jaws, is 

widely available at low cost and delivers a relatively low dose of radiation to the patient[9,10]. 

Despite the inherent limitations of this imaging modality, such as the overlap of anatomical 

structures, lack of buccolingual depth, magnification, and distortion, previous systematic reviews 

have demonstrated that cone-beam computed tomography (CBCT) does not change the 

therapeutic approach in third molar surgical removal when compared with panoramic radiography 

[11,12]. Also, the European Academy of Dentomaxillofacial Radiology (EADMFR) recommends 

CBCT for the evaluation of mandibular third molars in specific cases where panoramic 

radiography does not provide all the necessary clinical information to perform the surgical 

procedure [7,8,11]. 

In the assessment of the panoramic radiograph the radiographic signs predictive of risk to 

the inferior alveolar nerve include darkening of the dental roots, discontinuity of the superior 

cortex of the mandibular canal, deviation of the mandibular canal, deflection of the dental roots, 

narrowing of the dental roots, narrowing of the mandibular canal, and bifid root apexes [12-14]. 

When two or more signs are detected on the panoramic radiograph, there is a high risk of injury 

to the alveolar nerve [15,16]. 

Recently, tomosynthesis technology has been added to some panoramic radiography 

devices [17,18] to explore limited-depth information acquired under different geometries and 

angles in two-dimensional radiographic examinations. The main advantage of this tool is that the 

radiation dose to which the patient is exposed is similar to that of a conventional panoramic 

radiography (CPAN) [18]. Recently, studies have reported that the use of tomosynthetic or 

multilayer panoramic radiography (MPAN) allows the evaluation of buccal and lingual root 

canals for endodontic purposes, as well as proximal surfaces of dental crowns without overlapping 

adjacent teeth [19]. Although these studies have obtained interesting results for these diagnostic 
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tasks, there are no studies that have investigated whether the multilayer tool would favor the 

evaluation of unerupted teeth, such as third molars.  

Thus, due to the increased availability of panoramic radiography devices with the 

multilayer tool and the wide use of the panoramic radiography in the evaluation of third molars, 

this study aimed to compare the MPAN and CPAN in the assessment of mandibular third molars 

and the proximity relationship of their root apexes to the mandibular canal, using CBCT as a 

reference.  
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Material and Methods   

The present study was approved without any restriction by the local ethical review board 

under the protocol number (4.201.011).  

 

Sample selection 

The sample consisted of MPAN, CPAN, and CBCT scans of, 33 dry human mandibles. 

For this investigation, dry human mandibles with a good state of preservation, with at least one 

third molar, totally or partially included, were selected. Human mandibles with erupted third 

molars or incomplete root development, and with dentoalveolar lesions or bone fractures in the 

region of interest were excluded. A dry skull, which was articulated with the mandibles, four 

cervical vertebrae and a hyoid bone were also used to reproduce the human condition during the 

acquisition of panoramic radiographs. The final sample was composed of 56 mandibular third 

molars.  

 

Image acquisition – Conventional and multilayer panoramic radiographs 

           The panoramic radiographs were acquired using the OP300 Maxio device 

(Instrumentarium, Tuusula, Finland) under a standard acquisition protocol: 66 kVp, 8 mA, and 

16 seconds of acquisition time. For each set of image acquisition, the phantom comprised of the 

human skull, one mandible from the sample collected per time, cervical vertebrae, and hyoid bone 

was fixed using wax. Afterwards, the phantom was placed in the platform of the device with the 

median sagittal plane perpendicular to the horizontal plane and the Frankfurt plane parallel to the 

horizontal plane. This position was standardized using the device's guide lines. After each image 

acquisition, this panoramic device automatically displayed five post-processing layers of the 

phantom. According to the manufacturer's guidelines, the multilayer tool consisted of the five 

radiograph layers shown in the device's panel. The layers are formed at different distances 

automatically established at 3 and 6 mm from the central layer. Thus, the multilayer tool consists 

of a central layer (0 mm), two outer layers (+3 and +6 mm), and two inner layers (-3 and -6 mm). 

Thus, 165 panoramic radiographs (33 mandibles x 5 layers) were individually exported in JPEG 

format. The panoramic radiograph of the central layer was considered as the conventional 

panoramic radiograph. 
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Image acquisition – CBCT images  

 CBCT scans were acquired for each mandibular third molar included in the final sample 

using the same imaging device (OP300 Maxio unit, Instrumentarium, Tuusula, Finland) under 

fixed acquisition parameters: 90 kVp, 5 × 5 cm of field of view (FOV), voxel size of 0.085 mm, 

6.3 mA, and 8.7 seconds of acquisition time. First, the mandibles were fixed inside a cylindrical 

plastic container with wax adapted to the mandibular symphysis and the posterior region of the 

mandibular body. Furthermore, the plastic container was filled with water up to the middle height 

of the mandibular ramus to simulate X-ray attenuation of human soft tissues. Finally, the area of 

interest (i.e. left and/or right mandibular third molar) was centered in the FOV aided by the 

device’s guide lines.  

 

Image evaluation – Conventional and multilayer panoramic radiographs 

    The panoramic radiographs were individually evaluated by three previously trained oral 

and maxillofacial radiologists with a minimum of five years of experience in panoramic 

radiographs evaluation. The radiographs were exported in JPEG format and evaluated using the 

ImageJ software (National Institutes of Health, Bethesda, MD). The evaluations were performed 

in a dimmed-light and quiet environment. The use of the zoom tool and brightness and contrast 

adjustments were allowed.  

The evaluation occurred in two phases. At first, each examiner evaluated the mandibular 

third molars in the central layer of the panoramic radiographs, corresponding to the CPAN 

evaluation. Subsequently, 15 days after this evaluation, the examiners evaluated the third molars 

using the set of five layers of the panoramic radiographs at different depths, corresponding to the 

MPAN evaluation. Before the second evaluation phase, the sample was randomized to avoid 

memorization by the examiners. Figures 1 and 2 show examples of CPAN and MPAN.  

The examiners were asked to evaluate each third molar present in both panoramic 

modalities regarding the tooth position and their relationship with near anatomical structures (e.g. 

mandibular ramus and mandibular canal). First, the position of the mandibular third molars was 

classified according to the Winter's classification [20] as vertical, horizontal, mesioangular, 

distoangular, transversal, or inverted. Second, the examiners evaluated the impaction depth of the 

third molar in the mandibular ramus according to Pell and Gregory's classification [21] as Class 

I, when there was enough space for the eruption of the third molar considering its mesiodistal 

diameter; Class II, when there was insufficient space for the eruption of the third molar 

considering its mesiodistal diameter; or Class III, when all or most of the third molar was in the 

mandibular ramus. 
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Next, the relationship of the third molar root apexes and the mandibular canal was 

classified as: "distant", there was space between the root apex and the superior cortex of the 

mandibular canal; "in contact", when the root apex was in contact with the superior cortex of the 

mandibular canal; or "overlapping", when the root apex extended inferiorly to the superior cortex 

of the mandibular canal [22] (Figs. 1 and 2). When the root apexes were classified as "distant", 

the distance between the dental root apex and the superior cortex of the mandibular canal was 

measured along the roots axis using the software's linear measurement tool. This evaluation was 

performed for each root (mesial and distal). Subsequently, the presence of radiographic signs 

suggesting the proximity of the third molar roots to the mandibular canal was evaluated following 

the classification established by Rood and Shehab [15]: darkening of the root apexes, interruption 

of the super cortex of the mandibular canal, deflection of the root apexes, narrowing of the 

mandibular canal, deviation of the mandibular canal, narrowing of the root apexes, or bifid 

radicular apexes on the mandibular canal. To evaluate intra-examiner agreement, 25% of each 

panoramic modality was reevaluated after 30 days. 

 

Image evaluation – Reference image 

CBCT scans were exported in DICOM format and evaluated using OnDemand 3D 

software (Cybermed Inc., Seoul, South Korea) by one oral and maxillofacial radiologist with more 

than five years of experience in the assessment of this type of image modality. The same 

parameters aforementioned regarding the third molar evaluation using panoramic radiographs 

were applied to the CBCT scans. The only difference was regarding the classification of the roots' 

proximity to the mandibular canal's superior cortex. For the CBCT assessment, when the root 

apex was below the superior cortex of the mandibular canal, the relationship was classified as 

"adjacent to the dental root". Thus, the adjacent relationship on CBCT scans would be equivalent 

to the overlapping relationship of the roots with the mandibular canal on the radiographic 

examinations. 

Figure 1. Cropped images of CPAN and MPAN showing the radiographic proximity of the dental 

roots of left mandibular third molar to the mandibular canal, in which there was consensus 

between the evaluators in both radiographic modalities tested.  
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Figure 2. Cropped images of CPAN and MPAN showing the radiographic proximity of the dental 

roots of tooth left mandibular third molar to the mandibular canal, in which there was no 

consensus between the evaluators in both radiographic modalities tested. 

 

Statistical analysis  

Data were analyzed using the R program (Foundation for Statistical Computing, Vienna, Austria). 

Initially, descriptive and exploratory analyses of all data were performed. To evaluate the 

agreement between the results of the CPAN and MPAN and those of CBCT, in the case of 

categorical variables (i.e position, impaction depth, and relationship of the roots apexes and 

mandibular canal), the mode of the three examiners was obtained and the weighted Kappa was 

used to compare the results. The responses regarding the presence of radiographic signs 

suggesting the proximity of the third molar roots to the mandibular canal obtained on CPAN and 

MPAN were not compared to CBCT because these are signals produced by the two-dimensional 

nature of the radiographs. To compare the results of CPAN and MPAN, the McNemar-Bowker 

test was used. In the quantitative variable (measurement made from the root apexes to the superior 

cortex to the mandibular canal), the data were summarized in median values of the measurements 

performed by the three examiners and the results were compared by the non-parametric paired 

Wilcoxon test. In addition, Bland Altman's method was performed to compare the measurements. 

For intra and inter-examiner agreements, the weighted Kappa was used for the categorical 

variables (0-0.19, poor agreement; 0.20-0.39, fair agreement; 0.40-0.59, moderate agreement; 

0.60-0.79, substantial agreement; 0.80-1.00, almost perfect agreement, according to Landis and 

Koch classification [23]). For the quantitative variable, Bland Altman's method was used to 

calculate the mean bias. 

A significance level of 5% was adopted for all analyses and a power of analysis of 95% 

was achieved. The null hypothesis tested states that there is no difference between the MPAN and 

CPAN in assessing mandibular third molars for any of the parameters evaluated.



26 
 

  

Results 

Table 1 shows the results of the agreement analysis between the evaluations performed 

on the CPAN and MPAN with CBCT for the categorical variables. The percentage of agreement 

ranged from 66.1% (mesial root-mandibular canal relationship) to 100.0% (root narrowing), 

depending on the variable assessed. According to the Kappa values, the agreement between 

CPAN and MPAN with CBCT was similar. It is possible to observe moderate agreement for the 

variables tooth position, depth of impaction and proximity relationship of the roots (mesial and 

distal) with the mandibular canal according to the weighted Kappa values. The percentage of 

agreement for the radiographic signs that suggest proximity of the third molar roots to the 

mandibular canal was high. However, the weighted Kappa values were low due to the low 

prevalence of these signs in the sample.  

Comparing CPAN and MPAN, table 2 shows that a significant difference was observed 

for the root apex relationship to the mandibular canal (mesial and distal roots), and for the 

radiographic signs suggesting the proximity of the third molar roots to the mandibular canal 

(p<0.05). Some cases that were judge as “overlapping the mandibular canal” in CPAN changed 

to “in contact” in MPAN. Also, several cases of darkening of root apexes and narrowing of the 

mandibular canal were only noted in MPAN. 

Table 3 and Figure 3 show the results of the agreement between the measurements 

performed in the panoramic radiography modalities tested and the CBCT. A significant difference 

was observed for both panoramic modalities compared to CBCT (p<0.05).  The measurements 

performed in the radiographs was underestimated compared to CBCT, regardless of the modality 

od panoramic radiography (CPAN or MPAN). The mean bias was similar for panoramic 

modalities compared to CBCT. For CPAN, it was 0.64 mm for the mesial root and 0.39 mm for 

the distal root. Similarly, for MPAN, it was 0.62 mm for the mesial root and 0.40 mm for the 

distal root. Analysis of the Bland Altman plots showed no relationship between bias and 

measurements. 

The intra-examiner agreement ranged from 47% to 100%. The percentage of agreement 

was higher in the MPAN to the analysis of radiographic signs suggesting the proximity of the 

third molar roots to the mandibular canal. Differently, a higher agreement was observed in the 

CPAN for the analysis of the relationship of the third molar root apexes and the mandibular canal. 

The two panoramic modalities showed similar agreement for the other variables assessed. 

Weighted Kappa values ranged from poor to almost perfect, depending on the variable evaluated. 

Interestingly, the percentage of agreement was considered high for the assessment of radiographic 

signs of proximity of the root to the mandibular canal in the CPAN. However, the weighted Kappa 

result was low, which can be explained by the low prevalence of these signs in the sample. 
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In the intra-examiner reproducibility for the distance measured from the mesial root apex 

to the mandibular canal, the mean bias observed between the evaluations ranged from 0.04 to 0.14 

mm for CPAN and ranged from 0.01 to 0.04 mm for MPAN. For the distal root, the mean bias 

observed between the evaluations was from 0.02 mm to 0.09 mm for CPAN and ranged from 0.01 

mm to 0.02 mm for MPAN.  

The percentage of interexaminer agreement for the categorical variables ranged from 28% 

(tooth position) to 100.0% (root narrowing and bifid root apexes). Overall, the agreement was 

higher for the MPAN than for the CPAN. Weighted Kappa values ranged from poor to almost 

perfect, depending on the variable assessed. In the case of radiographic signs of proximity of the 

root to the mandibular canal, for both CPAN and MPAN the agreement was high, but the weighted 

Kappa result was low, which can also be explained by the low prevalence of these signs in the 

sample. 

In the interexaminer reproducibility for the distance measured from the mesial root apex 

to the mandibular canal, for the mesial root, the mean bias observed between the examiners ranged 

from 0.10 a 0.33 mm for CPAN and ranged from 0.03 a 0.34 mm for MPAN. For the distal root, 

the mean bias observed between the examiners was from 0.03 mm a 0.27 mm for CPAN and 

ranged from 0.03 mm a 0.20 mm for MPAN.  
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Table 1. Agreement between the evaluation of the mandibular third molars performed in the conventional and multilayer panoramic radiographs with cone-

beam computed tomography for the categorical variables (n=56 molars) 

CPAN, Conventional Panoramic Radiography; MPAN, Multilayer Panoramic Radiography; CI, Confidence interval; Min, Minimum; Max, Maximum. 

 

 

  

Variable Method Porcentage of agreement Kappa (IC95%) 

Position (Winter) 
CPAN 71.4% 0.53 (0.34; 0.72) 

MPAN 75.0% 0.57 (0.33; 0.76) 

Impacted depth 
CPAN 78.6% 0.46 (0.23; 0.68 

MPAN 76.8% 0.44 (0.11; 0.66) 

Root apex relationship to the 

mandibular canal (Mesial) 

CPAN 66.1% 0.49 (0.32; 0.66) 

MPAN 69.6% 0.53 (0.36; 0.71) 

Root apex relationship to the 

mandibular canal (Distal) 

CPAN 64.3% 0.47 (0.30; 0.64) 

MPAN 67.8% 0.51 (0.34; 0.69) 
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Table 2: Comparison of conventional and multilayer panoramic radiographs results related to categorical variables (n=56 molars) 

 
Variable Answer  Multilayer Panoramic p value* 

Convencional 

Panoramic  

Position 

(Winter) 

 Vertical  Horizontal  Mesioangular 

0.082 
Vertical  20 0 3 

Horizontal  0 6 0 

Mesioangular 0 2 22 

Impacted 

Depth 

 
Class I Class II Class III 

0.549 
Class I 35 3 0 

Class II 2 5 0 

Class III 0 1 7 

Root apex relationship 

to the MC (Mesial) 

 
Distant   Contact Overlapping 

0.046 
Distant 21 0 0 

Contact  0 16 0 

Overlapping 0 4 15 

Root apex relationship 

to the MC (Distal) 

 
Distant   Contact  Overlapping 

0.046 
Distant 21 0 0 

Contact 0 16 0 

Overlapping 0 4 15 

Radiographic 

Signs 

 
Absence 

Darkening of 

the apexes 

Deviation 

of the MC 

Interruption of the 

cortex of the MC  

Narrowing of 

the MC  

0.014 

Absence 35 6 0 1 6 

Darkening of the apexes 0 4 0 0 0 

Deviation of the MC 0 0 2 0 0 

Interruption of the cortex 

of the MC   
0 0 0 1 0 

Narrowing of the MC  1 0 0 0 0 

* According to McNemar-Bowker test 

Bold numbers in the diagonal represent the cases of agreement between the imaging modalities. 

MC: mandibular canal.  
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Table 3. Comparison between the distance measured from the mesial and distal roots apexes of third molars to the mandibular canal on conventional and 

multilayer panoramic radiographies and the distance measured on cone-beam computed tomography (reference image) (n=56 molars) 

 

Variable Method Median 

(First; Third quartiles) 

1p-value Mean bias 

(95% CI: Min; Max) 

Distance (Mesial root) 

CBTC 1.20 (0.00; 2.59) Reference Reference 

CPAN 0.00 (0.00; 1.46) <0.0001 0.64 (-1.30; 2.58) 

MPAN 0.00 (0.00; 1.60) <0.0001 0.62 (-1.22; 2.46) 

Distance (Distal root) 

CBCT 0.74 (0.00; 2.18) Reference Reference 

CPAN 0.00 (0.00; 1.39) 0.0003 0.39 (-1.11; 1.90) 

MPAN 0.00 (0.00; 1.55) 0.0002 0.40 (-1.09; 1.88) 

CBCT, Cone-beam computed tomography, CPAN, Conventional Panoramic Radiography, MPAN, Multilayer Panoramic Radiography; CI, confidence 

interval; Min, Minimum; Max, Maximum 
1 Compared to the reference image (CBCT) 
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Figure 3. Bland Altman plots (n=56 molars): Distance from the root apex to the mandibular canal (mesial root) – A, Conventional Panoramic Radiography and 

CBCT; B, Multilayer Panoramic Radiography and CBCT. Distance from the root apex to the mandibular canal (distal Root) – C, Conventional Panoramic 

Radiography and CBCT; D, Multilayer Panoramic Radiography and CBCT. CBCT, Cone-beam computed tomography; 95%CI (Min-Max), Confidence interval 

(Minimum – Maximum values). 
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Discussion  

Panoramic radiography is the most requested radiographic exam in Dentistry because it 

allows a wide visualization of the dentomaxillofacial structures exposing the patient to a low 

radiation dose level compared to the CBCT. However, this radiographic technique has inherent 

limitations due to its two-dimensional feature and image formation characteristics, which cause 

magnification, distortion, low sharpness, and overlapping anatomical structures [3,17,19]. To 

minimize these limitations, some devices can acquire panoramic radiography images based on 

the principles of tomosynthesis [17-19]. This novel technological advance produces images from 

a sequence of radiographic projections obtained during a single rotation movement of the X-ray 

tube [24]. Thus, the tomosynthesis reconstruction is a post-processing option (i.e. after the 

acquisition of the radiographic examination) that results in multiple layers of images parallel to 

each other with distances established by the manufacturer [17,18]. The main advantage of MPAN 

is the possibility to evaluate the region of interest in the buccolingual depth with the same 

radiation dose emitted by a CPAN [17-19]. 

In the current investigation, the authors hypothesized that the MPAN could favor the 

evaluation of some parameters of mandibular third molars due to the possibility that this new 

imaging tool allows the clinician to evaluate the maxillomandibular region at different depths in 

a buccolingual view. However, it was found that the MPAN showed similar performance to the 

CPAN. Furthermore, both panoramic modalities differed from the reference imaging modality 

(i.e. CBCT), as already demonstrated in previous studies [2,3,12,15]. Besides, it was not our 

primary aim to perform a comparison between two- and three-dimensional images; the inclusion 

of the reference image would be essential in case to find a statistically significant difference 

between the panoramic radiographic modalities tested because it would be necessary to establish 

which one would be more faithful in representing the relationship between third molars and 

neighboring structures. 

Previous studies reported the use of MPAN to diagnose root resorption and proximal 

caries lesions and perform linear measurements [18,19,25]. In this sense, the multilayer tool 

showed better inter- and intra-examiner agreement for the evaluation of caries lesion [19], slightly 

better accuracy in the detection of root resorption [18] and less distortion of linear measurements 

compared to the CPAN [25]. These results show that panoramic radiography images based on the 

principle of multilayer tomosynthesis have shown promise, which may favor their insertion into 

the dental routine [18, 19, 25]. 

Among the parameters evaluated, the results of tooth position and level of impaction were 

similar between the MPAN and CPAN. A previous study [17] already reported that the image 

layers obtained from the OP300 Maxio unit were thicker in the posterior region of the mandible, 
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and the variations among the layers are more subtle in the mandible than in the maxilla. Also, 

each image layer can be considered a single panoramic radiography with a small depth, meaning 

that the inherent distortions typical of panoramic radiography are present in the layers themselves 

[17,18]. Thus, the position and macroscopic size of the mandibular third molar and the thin 

thickness of 5 mm to the image layer of the OP300 Maxio device can justify the similar 

performance observed between the panoramic radiographic modalities tested regarding the 

evaluation of tooth position, as the tooth was always positioned within the focal layer. 

Furthermore, in all MPAN (i.e. all image layers) and CPAN (i.e. central image layer), the curved 

shape of the focal layer and the object's positioning within the image layer influenced image 

formation and the diagnostic evaluation of the mandibular third molar region. In addition, the 

hypothesis that the mandibular ramus may be overlapping the distal space of the mandibular third 

molar, underestimating the available retromolar space in the region, which is caused by the 

projection geometry of the panoramic radiography [3,6], could explain the differences of both 

panoramic modalities and CBCT for these analyses. 

Regarding the proximity between the dental root apexes of the third molars and the 

mandibular canal, both radiographic modalities differed from CBCT. It was observed greater 

proximity between the root apexes and the mandibular canal in the panoramic modalities, 

underestimating the vertical linear measurements compared to those performed in tomographic 

examinations. These results diverge from the results found by Kitai et al. [25], who stated that 

vertical and horizontal measurements using tomosynthetic panoramic radiography are accurate. 

Due to the difference in relative position between the object, X-ray source and image receptor 

during the trajectory of the rotation center, the inherent magnification and distortion of CPAN 

and MPAN images may lead to inaccurate vertical and horizontal measurements [17]. Moreover, 

the overrated radiographic proximity between the root apexes and the mandibular canal can be 

justified by the fixed negative vertical angulation of the X-ray beam from the panoramic unit that 

projects lingually positioned structures (e.g. mandibular canal positioned lingually to the dental 

roots) superiorly to their real anatomical position. Considering this hypothesis, CBCT scans were 

checked and we found a high percentage (60.71%) of mandibular canals positioned lingually in 

relation to third molar roots. This fact did not happen in the CBCT due to its three-dimensional 

nature without distortion or magnification, justifying their use as a reference for evaluating the 

spatial relationship and distance between dental roots and the mandibular canal. 

Several studies have estimated risk factors for injury to the mandibular alveolar nerve 

based on panoramic radiographic signs of the relationship between the mandibular third molar 

roots and the mandibular canal [1,4,8,12,13,15,26,27]. Therefore, identifying these radiographic 

signs that suggest a close relationship between the mandibular canal and dental roots is crucial to 

establish adequate surgical removal planning. However, we did not perform comparisons of 
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radiographic signs between radiographic modalities and CBCT, because they have no references 

in the CBCT images. Nevertheless, considering CPAN and MPAN regarding radiographic signs, 

it seems that MPAN favored the visualization of some of them, such as darkening of root apexes 

and narrowing of the mandibular canal, which were found more in MPAN. 

 The current study is the pioneer in evaluating the diagnostic performance of MPAN in 

the evaluation of mandibular third molars compared to CPAN, using CBCT images as a reference. 

This similar behavior between the panoramic modalities can be explained by the fact that MPAN 

is, in fact, multiple representations of the CPAN parallel to each other and in different thicknesses 

[17-19]. Furthermore, it is known that the mandibular layers obtained from the OP300 Maxio 

device are thicker than the maxilla, which causes a partial overlap of images between nearby 

layers [17]. This similar behavior between the panoramic radiographic modalities tested suggests 

that the MPAN can be used for planning the surgical removal of mandibular third molars, but 

professionals should be aware that it will not add information compared to the CPAN. They 

should also consider that the time to evaluate panoramic multilayer radiographs is longer, due to 

the larger number of images. 

The present ex vivo study used dry human mandibles as part of the phantom to allow the 

acquisition of both panoramic and CBCT examinations. Considering that CBCT scan is not 

always indicate for patients’ treatment, conducting studies using this design and patients would 

not be recommended. In addition, the researchers were able to correctly place the mandibles 

within the focal layer during panoramic radiograph acquisition, which was favored by the absence 

of soft tissues and direct view of the bones. That was the reason why the authors chose not to 

simulate soft tissues during panoramic radiographic acquisitions by using a cylinder of water, for 

example. The use of mandibles also avoided possible motion artefacts that are common with 

patients.  
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Conclusion 

The MPAN performs similarly to CPAN for evaluating mandibular third molars and their 

proximity relationship to the mandibular canal. Professionals should be aware that MPAN can be 

used for this purpose but will not add any information compared to the CPAN. Future studies 

using MPAN to assess other diagnostic tasks are recommended to investigate whether this 

imaging modality provides benefits in different clinical scenarios.  
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3. CONCLUSÃO 

 

Conclui-se que a radiografia panorâmica multicamadas não trouxe benefícios na 

avaliação dos terceiros molares inferiores e a relação de suas raízes dentárias com o canal 

da mandíbula quando comparada com a radiografia panorâmica convencional. 
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APÊNDICE 1 

 

METODOLOGIA DETALHADA 

Aspectos éticos:  

Este estudo observacional, transversal foi iniciado após a aprovação do comitê de 

ética em pesquisa em seres humanos da Faculdade de Odontologia de Piracicaba sob o 

número de protocolo: #4.201.011#. 

Seleção da Amostra:  

 Inicialmente, foram avaliados 182 exames de tomografia computadorizada 

multidetectores (TCMD) de crânios ex-vivo pertencentes ao banco de imagens do 

Biobanco Osteológico e Tomográfico Prof. Dr. Eduardo Daruge, área de Odontologia 

Legal e Deontologia da Faculdade de Odontologia de Piracicaba (FOP/Unicamp).  As 

imagens tomográficas foram adquiridas anteriormente ao presente estudo e por razões 

não relacionadas à pesquisa.   

 A partir desses exames, foram selecionadas mandíbulas que possuíam, no mínimo 

a presença de um terceiro molar inferior (dente 38 e/ou 48) incluso ou semi-incluso, e que 

apresentasse relação de proximidade dos ápices radiculares com o canal da mandíbula. 

Foram excluídas da amostra imagens de mandíbulas humanas maceradas sem a presença 

de terceiros molares, terceiros molares com desenvolvimento radicular incompleto, 

presença de lesões dentoalveolares ou fraturas ósseas na região de interesse. Assim, após 

a aplicação dos critérios de inclusão e exclusão, a amostra final foi composta por 33 

mandíbulas humanas ex-vivo, contendo 56 terceiros molares. Para a aquisição dos 

exames, também foi utilizado um crânio seco, que ficasse bem articulado com as 

mandíbulas, quatro vértebras cervicais e um osso hioide para reproduzir a condição 

humana. 

 . 
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Aquisição das Imagens Panorâmicas: 

 Para aquisição das imagens radiográficas, foi utilizado o aparelho OP300 Maxio 

(Instrumentarium Dental, Tuusula, Finlândia) com os seguintes parâmetros de aquisição: 

66 kVp (quilovoltagem), 8mA (miliamperagem) e 16s (segundos). Para melhor 

reprodutibilidade do posicionamento e condição humana, foram utilizados para a 

composição do fantoma, o conjunto crânio e mandíbula ex-vivo, assim como a presença 

de quatro vértebras cervicais e osso hioide, pertencentes ao Biobanco Ossos, Dentes e 

Cadáveres Humanos do Departamento de Morfologia da Faculdade de Odontologia de 

Piracicaba (FOP/Unicamp). Para elevar e estabilizar o fantoma foi utilizado uma mesa de 

apoio confeccionada em com madeira de reflorestamento (MDF).  Cada fantoma foi 

orientado em posição pelo aparelho com os dispositivos próprios, com o plano sagital 

mediano perpendicular ao plano de Frankfurt e o plano de Frankfurt paralelo ao plano 

horizontal (fig. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 1. Posicionamento do fantoma para realização da imagem 

radiográfica panorâmica com as luzes de orientação acionadas 
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Posteriormente à aquisição da imagem panorâmica, o aparelho radiográfico exibia 

cinco camadas pós-processamento. De acordo com o fabricante, a exibição das cinco 

radiografias é a ferramenta multicamadas, em que as camadas são formadas em diferentes 

distâncias, estabelecidas automaticamente a 3 e 6 mm da camada central da camada de 

imagem Dessa forma, é formada uma radiografia da camada central (0), duas camadas 

externas (+3 e +6) e duas camadas internas (-3 e -6). Um total de 165 (33 mandíbulas x 5 

camadas) imagens radiográficas panorâmicas foram obtidas e exportadas em formato 

JPEG. 

 

 

 

 

 

 

 

Figura 2. Imagem Radiográfica Panorâmica Central (Camada 0) 
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Figura 3. Imagem Radiográfica Panorâmica (Camada +3) 

 

Figura 4. Imagem Radiográfica Panorâmica (Camada +6) 
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Figura 5. Imagem Radiográfica Panorâmica (Camada -3) 

Figura 6. Imagem Radiográfica Panorâmica (Camada -6) 
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Aquisições Tomográficas  

Foram realizadas imagens de tomografia computadorizada de feixe cônico para 

para padrão de referência.  As imagens tomográficas foram obtidas para cada terceiro 

molar individualmente, utilizando o aparelho OP300 Maxio (Instrumentarium Dental, 

Tuusula, Finlândia) operando com os parâmetros de aquisição: 90 kVp (quilovoltagem), 

6,3 mA (miliamperagem), 8,7s (segundos),  campo de visão (FOV -field of view) de 5,x5 

cm (centímetros) e espessura de corte (voxel) de 0,085 mm.  

As mandíbulas foram posicionadas dentro de um recipiente cilíndrico de plástico 

com auxílio cera de utilidade adaptada às regiões anterior e posterior do corpo da 

mandíbula e a região de interesse (terceiro molar inferior direito ou esquerdo) para fixação 

e o conjunto fantoma foi centralizado no meio do FOV auxiliado pelas luzes de referência 

do aparelho. Além disso, o recipiente plástico foi preenchido com água até a altura média 

do ramo da mandíbula para simular a atenuação dos fótons de raios X pelos tecidos moles 

(fig. 7). Após as aquisições, um total de 56 imagens tomográficas foram obtidas e 

exportadas em formato DICOM (digital imaging and communications in medicine files) 

para posterior avaliação.  

 

 

 

 

 

 

 

 

 

Figura 7. Fantoma posicionado para aquisição das imagens de TCFC 
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Avaliação das Imagens Radiográficas: 

Todas as imagens radiográficas foram avaliadas individualmente por 3 

radiologistas orais com mínimo de 5 anos de experiência e previamente calibrados. As 

avaliações foram realizadas em condições ambientais de pouca iluminação e os 

examinadores foram autorizados a manipular ferramentas de zoom, brilho e contraste. 

As imagens radiográficas panorâmicas foram exportadas em formato JPEG e 

avaliadas utilizando o software ImageJ (Nathional Institutes of Health, Bethesda, MD). 

Cada examinador foi solicitado a avaliar o terceiro molar pelo de tipo de posição, relação 

com o ramo da mandíbula, relação de proximidade das raízes dentárias com o canal da 

mandíbula e presença de sinais radiográficos de proximidade entre as raízes dentárias e o 

canal da mandíbula. 

Primeiramente, foi realizada a classificação da posição dos terceiros molares 

inferiores de acordo com a Classificação de Winter (1926) (fig. 8) em vertical, horizontal, 

distoangular e mesioangular. Também foram adicionadas as posições transversal e 

invertida. Em seguida, os terceiros molares foram avaliados de acordo com a classificação 

de Pell e Gregory (1933) (fig. 9) em relação à borda anterior do ramo da mandíbula. Essa 

classificação consiste em Classe I: quando há espaço suficiente para a erupção do 

diâmetro mesiodistal do terceiro molar; Classe II: quando não há espaço suficiente para 

erupção do diâmetro mésio-distal do terceiro molar; Classe III: todo ou a maior parte do 

terceiro molar encontra-se no interior do ramo da mandíbula. 
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Figura 8. Classificação de Winter baseada na angulação do terceiro molar – A: vertical. B: 

horizontal. C: distoangular. D: mesioangular. E: transversal. F: invertida- adaptado de Winter 

(1926) 

Figura 9. Classificação de Pell & Gregory baseada na relação entre o terceiro molar e o 

ramo ascendente da mandíbula – I: quando há espaço suficiente para erupção do diâmetro 

mesiodistal do terceiro molar. II: quando não houver espaço suficiente para erupção do 

diâmetro mesiodistal do terceiro molar. III: todo ou a maior parte do terceiro molar 

encontra-se no interior do ramo da mandíbula – adaptado de Pell & Gregory (1933) 
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A relação entre os terceiros molares e o canal da mandíbula foi classificada de 

acordo com a metodologia de Bell et al., 2004, como distante (há espaço entre o ápice 

radicular e a borda superior da cortical do canal da mandíbula), em contato (quando a raiz 

está em contato com a borda superior da cortical do canal da mandíbula) e sobreposta 

(quando o ápice radicular se estende de forma inferior à borda da cortical superior do 

canal mandíbula (fig. 10). Os casos em que os ápices radiculares foram classificados 

como “distantes” foram realizadas medidas dessa distância utilizando-se a ferramenta de 

mensurações do software ImageJ (fig. 11). 

 

Figura 10. Recortes de imagens radiográficas panorâmicas evidenciando as relações 

anatômicas de proximidade entre as raízes dentárias e a cortical superior do canal da 

mandíbula, classificado como “distante” (A), em “contato” (B) e “sobreposta” (C). 

Figura 11. Recorte de imagem radiográfica panorâmica avaliada no software ImageJ 
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Posteriormente, a presença de sinais radiográficos que sugeririam a relação de 

proximidade das raízes dos terceiros molares com o canal da mandíbula, adotada por 

Rood e Shehab (1990) foi aplicada como: deflexão das raízes, escurecimento das raízes, 

estreitamento das raízes, raízes bífidas, desvio do canal da mandíbula, interrupção da 

cortical do canal da mandíbula e estreitamento do canal da mandíbula. (fig. 12). 

 

A avaliação das imagens radiográficas panorâmicas consistiu em duas etapas. Em 

um primeiro momento, cada examinador avaliou uma radiografia panorâmica, sendo essa 

a radiografia da camada central, e classificou os terceiros molares de acordo com a 

metodologia adotada, totalizando 33 radiografias panorâmicas. Após 15 dias, os 

examinadores, avaliaram as cinco radiografias panorâmicas obtidas em diferentes 

profundidades (imagens multicamadas) e obtiveram uma única resposta para cada terceiro 

molar desse conjunto de cinco imagens. Para avaliação da concordância intra e inter-

examinador 25% de cada amostra foi reavaliada após 30 dias.  

 

 

 

Figura 12. Classificação de Rood & Shehab ilustrando os sinais radiográficos de 

proximidade das raízes dos terceiros molares com o canal da mandíbula  – adaptado de  Rood 

e Shehab (1990) 
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Avaliação das Imagens Tomográficas: 

 As imagens de tomografia computadorizada de feixe cônico (TCFC) foram 

exportadas e avaliadas utilizando o software OnDemand 3D (Cybermed Inc., Seul, Coreia 

do Sul) por um único examinador radiologista oral com mais de 5 anos de experiência na 

avaliação de imagens tomográficas. A metodologia de avaliação utilizada para a 

classificação dos terceiros molares quanto à posição, relação com a borda anterior do 

ramo da mandíbula, relação das raízes com a cortical do canal da mandíbula e sinais de 

proximidade dos ápices radiculares com o canal da mandíbula, foi a mesma empregada e 

descrita para avaliação das imagens radiográficas.  

  Em relação à classificação de proximidade das raízes com a cortical superior do 

canal da mandíbula, nos casos que a linha de orientação horizontal se apresentava abaixo 

da cortical superior do canal mandibular a relação era classificada como “adjacente à 

raiz”. Dessa forma, a relação adjacente em imagens de TCFC seria equivalente à relação 

sobreposta das raízes com o canal da mandíbula na imagem radiográfica panorâmica (fig. 

13).  

 

 

 

Figura 13. Imagens de tomografia computadorizada de feixe cônico evidenciando a 

relação das raízes dentárias do terceiro molar com o canal da mandíbula – classificada 

como “distante” (A), “em contato” (B), “adjacente” (C). 
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Análise Estatística: 

A hipótese nula testada afirma que não haveria diferença entre a radiografia 

panorâmica convencional e a radiografia panorâmica multicamadas. Foi adotado nível de 

significância de 5% para todas as análises. Os dados foram analisados no programa R 

(Foundation for Statistical Computing, Viena, Austria). Inicialmente, foram realizados 

análises descritivas e exploratórias de todos os dados. Para a avaliação da concordância 

entre os resultados das duas modalidades de radiografia panorâmica e os da TCFC, no 

caso das variáveis categóricas, foram calculadas as modas das respostas dos três 

avaliadores e calculadas as porcentagens de concordância e o Kappa ponderado.  Para 

comparar os resultados entre as imagens de radiografia panorâmica convencional e 

radiografia panorâmicas multicamadas, foi utilizado o teste McNemar-Bowker. Para 

analisar a variável quantitativa, para comparar as duas modalidades de radiografia 

panorâmica com a TCFC, foram calculadas as medianas das medidas obtidas pelos três 

avaliadores, aplicado o teste não paramétrico de Wilcoxon pareado e aplicada a 

metodologia de Bland Altman.  

Para concordância intra e interexaminador, foram calculadas as porcentagens de 

concordância e o Kappa ponderado para as variáveis categóricas (0-0,19, pobre acordo; 

0,20-0,39, acordo justo; 0,40-0,59, acordo moderado; 0,60-0,79, acordo substancial; 0,80-

1,00, acordo quase perfeito, de acordo com Landis e Koch,20). Para a variável quantitativa 

(medidas entre as raízes e o canal da mandíbula), foi realizado o método de Bland Altman.  
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ANEXO 1 - Relatório de verificação de originalidade de plágio 
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 ANEXO 2 – Documento de submissão do artigo 
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ANEXO 3 – Certificado do Comitê de Ética em Pesquisa (CEP) 
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