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Is panoramic radiography reliable to evaluate the relationship between maxillary

molar and premolar roots and the maxillary sinus?

A radiografia panoramica é confiavel para avaliar a relacédo entre as raizes dos molares e pré-molares
superiores e o0 seio maxilar?
¢Es confiable la radiografia panoramica para evaluar la relacion entre las raices de los molares y

premolares maxilares y el seno maxilar?
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Abstract

Aim: To evaluate the radiographic signs of proximity relationship between maxillary molar roots and maxillary sinus
in panoramic radiographs, using CBCT as control. Methods: 81 examinations of patients who had panoramic
radiographs and CBCT of the maxillary molars and pre molars region were used. Pathological situations were excluded
from this study. Panoramic radiographs and CBCT were evaluated randomly and separately by an experienced dental
radiology examiner. 1,055 root apices were evaluated individually. When assessing the relationship between maxillary
molar and pre molar apices, and maxillary sinus, the examiner rated the images, both in panoramic radiography and
CBCT, according to a scale of 0 to 3, where 0—Without relationship or distant; 1-Root apex projection or overlapping;
2-Maxillary sinus circumventing the tooth root; 3-Interruption of the continuity of maxillary sinus floor. Tabulated data
were statistically analyzed using Kappa test and interclass correlation coefficient (ICC) respectively, with a significance
level of 5%. A second analysis of the sample was performed after 15 days to analyze reproducibility. Results: Kappa
test indicated near perfect reproducibility (Kw=0.973). The highest prevalence ratio, when comparing the classification
in panoramic radiographs and CBCT, was for type 1 (52,7%). There was no difference between the type 1 signal and
the gold standard observed on CBCT (p=0.2152). Conclusion: Panoramic radiography can be used to evaluate the
relationship between roots of maxillary molars and premolars with the maxillary sinus. For cases where there is
overlapping between apices and maxillary sinus, CBCT remains the indicated exam for better evaluation.

Keywords: Panoramic radiograph; Computerized tomography; Maxillary sinus; Oral radiology.
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Resumo

Objetivo: Avaliar os sinais radiograficos da relagdo de proximidade entre as raizes dos molares superiores e 0 seio
maxilar em radiografias panoramicas, utilizando a CBCT como controle. Métodos: Foram utilizados 81 exames de
pacientes que tiveram radiografias panoramicas e CBCT da regido de molares e pré-molares superiores. SituacGes
patologicas foram excluidas deste estudo. Radiografias panordmicas e CBCT foram avaliadas aleatoriamente e
separadamente por um examinador experiente em radiologia odontolégica. 1.055 apices radiculares foram avaliados
individualmente. Ao avaliar a relacdo entre os apices dos molares e pré-molares superiores e o0 seio maxilar, o
examinador classificava as imagens, tanto na radiografia panoramica quanto na TCFC, segundo uma escala de 0 a 3,
onde 0 — Sem relagdo ou distante; 1- Projecdo ou sobreposicdo do apice radicular; 2- Seio maxilar contornando a raiz
do dente; 3-Interrupcdo da continuidade do assoalho do seio maxilar. Os dados tabulados foram analisados
estatisticamente por meio do teste Kappa e coeficiente de correlagdo interclasse (ICC), respectivamente, com nivel de
significancia de 5%. Uma segunda analise da amostra foi realizada apés 15 dias para analisar a reprodutibilidade.
Resultados: O teste Kappa indicou reprodutibilidade quase perfeita (Kw=0,973). A maior razdo de prevaléncia, quando
comparada a classificagdo em radiografias panordmicas e TCFC, foi para o tipo 1 (52,7%). N&o houve diferenca entre
o sinal tipo 1 e o padréo-ouro observado na CBCT (p=0,2152). Conclusédo: A radiografia panordmica pode ser utilizada
para avaliar a relagdo das raizes dos molares e pré-molares superiores com o seio maxilar. Para os casos em que ha
sobreposicao entre 0s apices e 0 seio maxilar, a CBCT continua sendo o exame indicado para melhor avaliagao.
Palavras-chave: Radiografia panoramica; Tomografia computadorizada; Seio maxilar; Radiologia oral.

Resumen

Obijetivo: Evaluar los signos radiogréaficos de la relacion de proximidad entre las raices de los molares maxilares y el
seno maxilar en radiografias panordmicas, usando CBCT como control. Métodos: Se utilizaron 81 exadmenes de
pacientes a los que se les realizaron radiografias panoramicas y CBCT de la regién de molares y premolares maxilares.
Las situaciones patoldgicas fueron excluidas de este estudio. Las radiografias panoramicas y CBCT fueron evaluadas
al azar y por separado por un examinador de radiologia dental experimentado. Se evaluaron individualmente 1.055
apices radiculares. Al evaluar la relacion entre los &pices de los molares y premolares maxilares y el seno maxilar, el
examinador califica las imagenes, tanto en radiografia panordmica como en CBCT, seglin una escala de 0 a 3, donde 0—
Sin relacion o distante; Proyeccion o superposicion del apice de 1 raiz; 2-Seno maxilar circunvalando la raiz del diente;
3-Interrupcion de la continuidad del suelo del seno maxilar. Los datos tabulados se analizaron estadisticamente mediante
la prueba de Kappa y el coeficiente de correlacién interclase (CCI) respectivamente, con un nivel de significancia del
5%. A los 15 dias se realiz6 un segundo analisis de la muestra para analizar la reproducibilidad. Resultados: la prueba
de Kappa indic6 una reproducibilidad casi perfecta (Kw=0,973). La razon de prevalencia més alta, al comparar la
clasificacion en radiografias panoramicas y CBCT, fue para el tipo 1 (52,7%). No hubo diferencia entre la sefial de tipo
1 y el patron oro observado en CBCT (p=0,2152). Conclusion: La radiografia panordmica se puede utilizar para evaluar
la relacion entre las raices de los molares y premolares maxilares con el seno maxilar. Para los casos en que exista
superposicién entre apices y seno maxilar, el CBCT sigue siendo el examen indicado para una mejor evaluacion.
Palabras clave: Radiografia panordmica; Tomografia computarizada; Seno maxilar; Radiologia bucal.

1. Introduction

The maxillary sinus is a wide cavity located in the body and zygomatic bone of the maxilla. Its development occurs
until all permanent teeth erupt; its anteroposterior growth is associated with the development of the maxillary tuberosity (Teixeira
et al., 2001; Da Silva et al., 2017). Its extension is variable in adults, and its floor may extend between adjacent teeth or roots
(Neelakantan et al., 2010; Tank, 2010).

Knowledge of the topography between the apical portion of the teeth and the floor of the maxillary sinus is important
for diagnosis, planning and prognosis of dental implants, endodontics, orthodontics, and surgical procedures (Kwak et al., 2004).
If a close relationship between these structures is established, procedures may lead to oral-antral communication, sinusitis due
to the dissemination of a periapical or periodontal odontogenic infection or due to an iatrogenic perforation and even the
displacement of the tooth into the maxillary sinus (Watzek & Bernhart, 1997; Hauman et al., 2002; Ergstrom et al., 1988; Durmus,
et al., 2004).

Panoramic radiography is used to evaluate dental structures in general (Chilvarquer et al., 2008). It has the advantage
of visualizing the entire maxillomandibular complex, temporomandibular joint, and, also allows the evaluation of surrounding
structures, such as the maxillary sinuses, using a minimum dose of radiation for that purpose (Van & Milles, 1994). However,

the technique presents superimposition of structures, formation of phantom images, magnifications, and distortions (Bouquet et
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al., 2004; Langland, 1968). Despite this, panoramic radiography is the exam of choice for professionals who want to make a
general assessment of the patient, and often for evaluation and planning of surgeries associated with third molars (Sharan, 2006;
Takeshita et al., 2014; Takeshita et al., 2015).

When the panoramic radiograph is not sufficient for a clear diagnosis, other modalities of examination may be requested,
among them, Cone-Beam Computed Tomography (CBCT). For a more precise evaluation of the anatomical structures adjacent
to the alveolar process, such as the mandibular canal, nasal cavity and maxillary sinus, this examination modality is strongly
recommended (Tyndall, 2000). CBCT consists of several continuous sections that can be viewed in three different planes: axial,
coronal and sagittal, eliminating image overlapping and allowing a better evaluation of the extent of the maxillary sinus
(Takeshita et al., 2015; Tyndall, 2000; Frederiksen, 2007; Fernandes et al., 1987).

Previous studies have compared the relationship of proximity between maxillary molar roots and the floor of the
maxillary sinus using panoramic radiographs and CBCT. The results show great variability in the topographic relationships
between the exams regarding these structures (Lopes et al., 2016; Roque-Torres et al., 2015). Therefore, the aim of this study
was to evaluate the radiographic signs of proximity relationship between maxillary molar roots and maxillary sinus in panoramic

radiographs, using CBCT as control.

2. Materials and Methods

The present study was submitted and approved by the Independent Ethics Committee (IRB/IEC) for research on human
beings of the University Hospital of the Federal University of Sergipe, under opinion 2,050,804. The sample was selected based
on the image files of the institution's Oral Diagnosis department. A total of 81 examinations of patients who had panoramic
radiographs and CBCT of the maxillary molars and pre molars region were used.

The sample included examinations of patients of both genders, aged between 18 and 60 years, without distinction of
race, social class or socioeconomic status, and with at least one upper and posterior tooth. All images had a satisfactory standard
level of sharpness, density and contrast, where it was possible to clearly observe the dental apices and the maxillary sinus.
Pathological situations such as cysts, tumors, root resorption, chronic periapical lesion and bone pathologies were excluded from
this study.

Panoramic radiographs and CBCT scans were evaluated randomly and separately by a dental radiology examiner under
appropriate light conditions. A total of 1,055 root apices were evaluated individually. The panoramic radiographic images were
evaluated using the Windows 10 photo viewer, where the examiner could use tools, such as zoom and adjust brightness and
contrast for their evaluation.

When assessing the relationship between maxillary molar and pre molar apices, and maxillary sinus, the examiner rated
the images according to a scale of 0 to 3, where 0 — Without relationship or distant; 1- Root apex projection or overlapping; 2-
Maxillary sinus circumventing the tooth root; 3- Interruption of the continuity of maxillary sinus floor. Figure 1-A exemplifies
the classification used on the images in the panoramic radiographs. The data were then recorded in a table in Microsoft Excel
Office 2019.
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Figure 1 — A: Panoramic radiograph clippings and their proper classification. The number in the upper right corner of the
image indicates its rating, where 0 means without relationship or distant; 1 means root apex projertion or overlapping; 2
means maxillary sinus circumventing the tooth root; and 3 means interruption of the continuity of n.axillary sinus floor. B:

CBCT reconstructions and their proper classification.

Source: Authors.

The CBCT images formed the control group. The analysis of these images was performed in CS 3D Imaging software
by an experienced radiologist under the same lighting conditions and with access to tools to change zoom, brightness and contrast.
The examiner had access to the entire DICON for each case and did the analysis and classification after evaluating the axial,
coronal and sagittal reconstructions. The same classification used in the evaluation of images in panoramic radiographs was used
for the evaluation of CBCT images. Figure 1-B exemplifies the classification used in the CBCT images. The data were recorded
in a table in Microsoft Excel Office 2019.

The tabulated data were then statistically analyzed using Kappa test and interclass correlation coefficient (ICC)
respectively, with a significance level of 5%, using the statistical software SAS® (Statistical Analysis Software Institute Inc.
Cary, NC, USA) and SPSS® version 22.0 (IBM Corporation, Armonk, NY; formerly SPSS Inc., Chicago, IL). A second analysis

with approximately 20% of the sample was performed after 15 days to analyze reproducibility.

3. Results
Within the proposed methodology, the results obtained from the Kappa test indicated near perfect reproducibility
(Landis, et al. 1977), Kw = 0.973 (Table 1).
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Table 1 — Interpretation of Kappa values (Kw).

Kappa values

Interpretation

<0
0-0.19
0.20-0.39
0.40-0.59
0.60-0.79
0.80-1.00

No agreement
Poor agreement
Fair agreement

Moderate agreement
Substantial agreement

Almost perfect agreement

Source: Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics
1977; 33: 159-174. 129

The highest prevalence ratio, when comparing the classification in panoramic radiographs and CBCT, was for type 1,

where root overlap with the maxillary sinus floor was observed in 52.7% of cases (Table 2)

Table 2 — Distribution of the types of signals of intimate relationship in panoramic radiography as compared with the gold

standard, the TCFC.

CBCT (gold standard)
Type Evaluation at PAN Without relationship Intimate relationship CClI 1Co5% P value
0 462 462 0 1.000
1 556 189 367 0.053 -0.03a0.14 0.2152
2 26 0 26 1.000
3 11 0 11 1.000
Total 1055 (100%) 651 404

*p<0.05 (statistically significant difference). Source: Authors.

Furthermore, applying the interclass correlation coefficient (ICC), there was no difference between the type 1 signal

and the gold standard observed on CBCT with p=0.2152, accepting the null hypothesis. The classifications into type 0, 2 and 3

showed equality when compared to the control group (Table 3).

Table 3 — Distribution of the different types of signals of intimate relationship in panoramic radiography, when comparing gold

standard to CBCT.
Evaluation at Without Intimate

Teeth/root Type PAN N (%) relationship relationship CClI 1Co5% P value

1° Premolar RP 0 83 (83%) 83 0 1.000
1 17 (17%) 13 4 0.451 -0.04a0.77 0.0653

1° Premolar RV 0 78 (78%) 0 78 1.000
1 22 (22%) 15 0.146 -0.16a0.42 0.3452

2° Premolar RP 0 38 (44,7%) 38 0 1.000
1 44 (51,8%) 14 30 0.104 -0.20a0.39 0.5009

3 3 (3,5%) 0 3 1.000

2° Premolar RV 0 40 (48,2%) 40 1.000
1 43 (51,8%) 23 20 0.144 -0.16a0.43 0.3572

15t Molar MV 0 28 (36,9%) 28 0 1.000
1 44 (57,9%) 18 26 0.127 -0.18a0.41 0.4117
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2 2 (2,6%) 0 2 1.000

3 2 (2,6%) 0 2 1.000

1t Molar DV 0 30 (38,4%) 30 0 1.000
1 46 (59%) 21 25 0.143 -0.15a0.42 0.344

2 2 (2,6%) 0 2 1.000

1t Molar P 0 24 (30,5%) 24 0 1.000
1 51 (64,5%) 6 45 0.052 -0.23a0.32 0.7189

2 4 (5%) 0 4 1.000

2" Molar MV 0 28 (26,2%) 28 0 1.000
1 68 (63,5%) 16 52 0.068 -0.17a0.30 0.5829

2 9 (8,4%) 0 9 1.000

3 2 (1,9%) 0 2 1.000

2"d Molar DV 0 45 (42,9%) 45 0 1.000
1 57 (54,3%) 22 45 0.106 -0.16a0.36 0.4328

2 2 (1,9%) 0 2 1.000

3 1 (0,9%) 0 1 1.000

2" Molar P 0 18 (17%) 18 0 1.000
1 80 (75.5%) 17 63 0.058 -0.16a0.27 0.6066

2 7 (6,6%) 0 7 1.000

3 1 (0,9%) 0 1 1.000

34 Molar MV 0 14 (36,9%) 14 0 1.000
1 23 (60,5%) 6 17 0.127 -0.30a0.51 0.5647

3 1(2,6%) 0 1 1.000

3 Molar DV 0 15 (40,5%) 15 0 1.000
1 22 (59,5%) 7 15 0.165 -0.28a0.55 0.4632

3 Molar P 0 12 (32,4%) 12 0 1.000
1 24 (64,9%) 3 21 0.079 -0.34a0.47 0.7143

3 1(2,7%) 0 1 1.000

*p<0.05 (statistically significant difference). Source: Authors.
4. Discussion

This study aimed to evaluate the radiographic signs of proximity relationship between maxillary molar roots and
maxillary sinus in panoramic radiographs, using CBCT as control. Panoramic radiography provides a general view of the facial
anatomy, including the maxillary sinus and the dental roots, with a lower radiation dose when compared to the exposure dose
using CBCT; however, some cases require CBCT for a clearer and more precise evaluation of the relationship between the floor
of the maxillary sinus and the dental apices when there is doubt in the diagnosis of this relationship, or in case of evidence of
root protrusion in the sinus (Rodrigues et al., 2013; Kilic et al., 2010).

Due to the limitations of the panoramic radiography acquisition technique, an accurate determination of the relationship
between molar and pre-molar roots and the floor of the maxillary sinus is not always possible. Frequently, the roots of these teeth
are projected into the maxillary sinus, and often distorted (Kilic et al., 2010; Yoshimine et al., 2012). Some studies have attempted
to quantify this distortion using CBCT as a control, but the values found show great variability.

The possibility of analyzing the image in three dimensions makes CBCT the ideal exam to evaluate the true relationship
between the maxillary sinus and the dental apexes (Shakhawan; Falah; Kawa, 2012). This allows an accurate and undistorted

evaluation, ideal for diagnosis and clinical planning. However, its high cost and the dose to which the patient is submitted make


http://dx.doi.org/10.33448/rsd-v12i4.40217

Research, Society and Development, v. 12, n. 4, 27412440217, 2023
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v12i4.40217

this exam only be requested in case of doubts generated in the evaluation of the panoramic radiograph (Roque-Torres et al.,
2015; Rodrigues et al., 2013; Kilic et al., 2010; Yoshimine et al., 2012).

In this study, the roots were evaluated individually, which methodologically diverges from the studies found in the
literature (Rodrigues et al., 2013). For all conditions analyzed there was no intimate relationship between the structures in 43.8%
of the roots evaluated. Moreover, the projection of the root apex under the floor of the maxillary sinus was found in 52.7% of
the roots evaluated.

It was also observed a high rate of intimate relationship between the floor of the maxillary sinus and the dental root,
which, when compared with other studies, was relatively low, which could be explained by the use, as control group, of helical
computed tomography, which provides less detailing of dental structures and the floor of the maxillary sinus 26 and 27.

As for root differentiation, the palatal root of the second molar was the most related to the maxillary sinus, diverging
from other studies which indicate that the mesio-vestibular root 33 and the distal vestibular root 32, has the highest incidence.

Furthermore, the results found showed that the panoramic radiograph provided reliable information when there was no
relationship between these anatomical structures, as well as for signs of discontinuity of the sinus floor, or when the sinus floor
went around the tooth root, forming a kind of dome. Such data are in agreement with other similar studies that confirm the high
correlation between panoramic radiograph and CBCT when the roots are not in contact with the floor of the maxillary sinus
(Jung; Cho, 2012; Landis; Koch, 1977).

5. Conclusion
Within the limitations presented, panoramic radiography can be used to evaluate the relationship between roots of
maxillary molars and premolars with the maxillary sinus, not ruling out the diagnostic precision that CBCT promotes. For cases

where there is overlapping between apices and maxillary sinus, CBCT remains the indicated exam for better evaluation.
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