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Abstract

Obijective: To test the standard protocols of a CBCT unit in order to find lower-dose alternatives with diagnostically
acceptable image quality for the maxillary sinuses visualization. Study design: An observational study was
performed. Two dry skulls were used to simulate four conditions of the maxillary sinuses: normality, mucous retention
pseudocyst, membrane thickening and bone graft. Cone beam computed tomography scans were obtained with an i-
CAT classic unit using different acquisition protocols and a box of polystyrene to simulate soft tissue attenuation. All
the protocols were established by the manufacturer, combining different energy parameters, fields of view and voxel
sizes. Multiplanar reconstructions were presented to three Oral Radiologists through blind and randomized
distribution. The specialists judged general image quality, sharpness, contrast, and the presence of noise and artifacts
based on a 4-points scale. Results: Protocols with higher energy parameters had significant association with higher
scores for general quality, sharpness and contrast (p<0.05). Protocols with intermediate level of radiation dose had
also significant association with good and excellent image quality; for the presence of noise and artifacts the images
were rated acceptable. Conclusion: i-CAT default protocols with lower dose of radiation were able to deliver
acceptable image quality for the visualization of the maxillary sinuses.

Keywords: Optimization; Radiology; Computed tomography; Maxillary sinuses.

Resumo

Objetivo: Testar protocolos padrdo em tomografia computadorizada de feixe conico (TCFC) para verificar a
existéncia de protocolos alternativos de baixa dose e qualidade de imagem aceitavel para a visualizacdo dos seios
maxilares. Metodologia: Um estudo observacional foi realizado. Dois cranios humanos foram utilizados para simular
as seguintes condigdes: aspecto de normalidade, fendmeno de retencdo de muco, o espessamento da membrana
sinusal, e enxerto 6sseo. Imagens de TCFC foram obtidas com o aparelho i-CAT classic utilizando diferentes
protocolos de aquisicdo de imagem e uma caixa de poliestireno para simular a atenuacdo produzida pelos tecidos
moles. Todos os protocolos foram preestabelecidos pelo fabricante, combinando diferentes parametros energeéticos,
campo de visdo e tamanho do voxel. Reconstru¢cbes multiplanares foram apresentadas a trés Cirurgides-dentistas
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radiologistas num processo cego e randomizado. Os especialistas avaliaram a qualidade geral das imagens, sua
nitidez, contraste e presenca de ruidos e artefatos tendo como base uma escala de 4 niveis. Resultados: Protocolos
com altos parametros energéticos tiveram associacdo significativa com valores elevados para qualidade, nitidez e
contraste (p < 0.05). Protocolos como niveis intermediarios de dose de radiacdo tiveram associacdo com boa e
excelente qualidade de imagem. Para a presenca de ruido e artefatos, as imagens foram julgadas como aceitaveis.
Conclusdo: Protocolos i-CAT preestabelecidos, de baixa dose de radia¢do, sdo capazes de produzir imagens com
qualidade aceitavel para a visualizagdo dos seios maxilares.

Palavras-chave: Optimizacdo; Radiologia; Tomografia computadoriza; Seios maxilares.

Resumen

Objetivo: Probar protocolos estandar en tomografia computarizada de haz conico (CBCT) para verificar la existencia
de protocolos alternativos de baja dosis y calidad de imagen diagnésticamente aceptable para la visualizacién de los
senos maxilares. Metodologia: Se desarrollé un estudio observacional. Se utilizaron dos craneos humanos para
condiciones similares a las siguientes: aspecto de normalidad, fendmeno de retencién de moco, engrosamiento de la
membrana sinusal e injerto 6seo. Se obtuvieron tomografias computarizadas de haz cénico con una unidad clésica i-
CAT utilizando diferentes protocolos de adquisicion y una caja de poliestireno para simular la atenuacién de tejidos
blandos. Todos los protocolos fueron establecidos por el fabricante, combinando diferentes parametros de energia,
campos de visién y tamafios de voxel. Las reconstrucciones multiplanares se presentaron a tres radiélogos orales
mediante distribucion ciega y aleatorizado. Los especialistas juzgaron la calidad general de la imagen, la nitidez, el
contraste y la presencia de ruido y artefactos en funcién de una escala de 4 puntos. Resultados: Los protocolos con
pardmetros de energia mas altos tuvieron una asociacion significativa con puntuaciones mas altas para la calidad
general, la nitidez y el contraste (p<0,05). Los protocolos con nivel intermedio de dosis de radiacion también tuvieron
una asociacion significativa con una buena y excelente calidad de imagen; para la presencia de ruido y artefactos, las
imagenes fueron calificadas como aceptables. Conclusion: los protocolos predeterminados de i-CAT con dosis mas
bajas de radiacion fueron capaces de ofrecer una calidad de imagen aceptable para la visualizacion de los senos
maxilares.

Palabras clave: Optimizacion; Radiologia; Tomografia computarizada; Senos maxilares.

1. Introduction

In cone beam computed tomography (CBCT) images, the maxillary sinuses are visualized as hypodense structures
outlined by a round hyperdense margin (Shiki et al., 2014). On the inside, the maxillary sinuses are covered by a membrane
that might be visualized depending on thickness. Thickening over 2mm is often hyperdense and considered pathological
(Cagici et al., 2009) Other pathological condition of the maxillary sinuses is the mucous retention pseudocyst — a phenomenon
that consists of the accumulation of exudate under the mucosa. Mucous retention pseudocyst is detected in CBCT images as a
hyperdense, dome-shaped, hemispheric, homogeneous and well-delimited finding on the sinus floor (Bdsio et al., 2009).

Both the membrane thickening and the mucous retention pseudocyst are relatively common conditions that might
indicate inflammatory and allergic responses. These types of response must be diagnosed prior to maxillary sinus lift, a
surgical procedure performed to increase the bone volume in the posterior region of the maxilla (Zheng et al., 2016). From a
technical perspective, the surgical site is accessed via an artificial opening on the lateral wall of the sinuses. Sequentially, the
sinus membrane is lifted and the space below is filled with biocompatible graft material (Sindet-Pedersen & Enemark, 1990).

CBCT is an optimal tool for the assessment of maxillary sinus conditions and diseases (Bremke et al,. 2009). Because
of the higher dose of radiation compared to panoramic radiography, however, the use of CBCT raises concern when it comes
to justification and optimization (European Union, 2012). The concept of optimization corroborates the need for reducing the
radiation dose maintaining, in parallel, the necessary quality for diagnostics and treatment planning (Pauwels et al., 2015). This
concept follows ALARA (as low as reasonable achievable), ALADA (as low as diagnostically acceptable) (Bushberg, 2015)
and ALADAIP (as low as diagnostically acceptable being indication-oriented and patient-specific) (Oenning et al., 2018)
principles.

Most CBCT devices enable optimization through different settings for image acquisition. In this context, the settings

should be established based on individual patient’s needs and personal features (Gaéta-Araujo et al., 2020). Moreover, the
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concept of optimization from three-dimensional imaging includes radiation monitoring and updating of the specific CBCT in
use (Bornstein et al., 2018). Exposure parameters are essential factors related to radiation dose, such as exposure time, tube
current and tube voltage. These parameters apart, the field of view (FOV) are also an important aspect to be considered in
CBCT exams, especially because its size is closely related to the radiation dose (Horner, et al. 2013). Consequently, reducing
the FOV represents the utmost strategy to reduce the radiation dose (Dawood et al., 2009). It must be noted, however, that
there is a relation between the selected FOV and the voxel size. Small FOVs, in general, are associated with high-resolution
images (small voxel sizes) and, indirectly, a higher exposure to radiation (Scarfe et al., 2012; Kiljunen et al., 2015).

Different results/findings have been reported in the literature, depending on the criteria used to evaluate image quality,
devices, exposure parameters, and the amount of dose reduction (Park et al., 2019). Considering the growing trend of CBCT
exams in Dentistry, it is important to investigate alternatives to higher dose protocols for the visualization of maxillary sinuses.
Based on the exposed, the present study aimed to assess the standard protocols of a CBCT unit, the i-Cat Classic, in order to

find the protocol with smaller radiation dose and diagnostically acceptable images for maxillary sinuses visualization.

2. Methodology

Study design and ethical aspects

An observational study was designed and approved by the local committee of ethics in research (protocol: 3.271.334).

Sample

Two dry skulls with well-preserved maxillae were used. The four maxillary sinuses were prepared to simulate the
imaging sings of 1) membrane thickening, 2) mucous retention pseudocyst, 3) presence of bone graft, and 4) normal sinus
(Figures 1 and 2).

Figure 1: Coronal view of the maxillary sinuses prepared to simulate membrane thickening (A), mucous retention (B),
presence of bone graft (C) and normal sinus (D).

Source: Authors.
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Figure 2: Sagittal view of the maxillary sinuses prepared to simulate membrane thickening (A), mucous retention (B),

presence of bone graft (C) and normal sinus (D).

Source: Authors.

Dental wax (Lysanda, Sdo Paulo, Brazil) was used to 1) simulate membrane thickening and 2) mucous retention
pseudocyst. Using an electric dripper, the wax was positioned on the floor of the maxillary sinuses though an existing hole on
the upper limit of the sinuses. Specifically for the simulation of membrane thickening, wax was positioned within a layer of
2mm. Mucous retention pseudocyst was simulated by adding wax up to one centimeter high (from the floor of the sinus to the
apex of the ‘mucous structure’). Membrane thickening and height of the mucous retention form were measured with a

millimetric probe. 3) Bone graft was simulated using Bio-Oss® (Geistlich Sons Ltd., Wolhusen, Switzerland) and saline.

Image acquisition

The i-CAT Classic CBCT device (Imaging Sciences International, Hatfield, PA, USA) was used combining two
FOVs (8x16 cm and 6x16 cm) and standard energy parameters (kVp and mA) adjusted according to manufacturer protocols
(Table 1). Additionally, five combinations of acquisition time and voxel size were used (10 s and 0.4 mm voxel size; 20 s and
0.4 mm voxel size; 20 s and 0.3 mm voxel size; 40 s and 0.25 mm voxel size; 40 s and 0.2 mm voxel size). The final study set
up consisted of 10 protocols, 20 volumes acquired, and 40 maxillary sinuses scanned. Considering the stable kVp of the device
and the changes in mA within the different FOVs, specific dose distribution for protocols were considered: 1<2=3<4=5 (FOV
=8 cm) and 6<7=8<9=10 (FOV = 6 cm).

In order to simulate the soft tissue of the face, the skulls were positioned inside a box of polystyrene of 2 cm thickness

— following the instructions of Santaella et al., 2019.

Table 1: Protocols tested in the present study.

Protocol FOV Voxel Scan time kVp mAs
1 | 8x16cm 0.4 mm 10s 120 9.65
2 8x16cm 0.4 mm 20s 120 18.45
3 | 8x16cm 0.3 mm 20s 120 18.45
4 8x16cm 0.25 mm 40 s 120 36.12
5 \ 8x16cm 0.2 mm 40s 120 36.12
6 6x16¢cm 0.4 mm 10s 120 9.65
7 \ 6x16cm 0.4 mm 20s 120 18.45
8 6x16cm 0.3 mm 20s 120 18.45
9 \ 6x16cm 0.25 mm 40 s 120 36.12
10 | 6x16cm 0.2 mm 40's 120 36.12

FOV: field of view. Source: Authors.
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Image analysis

From the 20 volumes (40 maxillary sinuses), three reconstructions (axial, sagittal and coronal) per maxillary sinus
were selected (using i-CAT own dedicated software, Xoran CAT). The total number of reconstructions reached 120. The
reconstructions were exported in .tiff format and demonstrated to three Oral Radiologists. The examiners were previously
trained and calibrated using CBCT ex vivo images obtained for previous studies of the lab. The training images did not belong
to the original set of the study.

During the process of image analysis, the reconstructions were presented to the examiners in a 21,5 LED Full HD
screen with 1920x1080 resolution (LG Corp., Seul, Korea). Each screen had 10 images randomly presented; the examiners
were not aware of the used protocols. Using a progressive four-levels scale, the examiners rated the general image quality,
sharpness and contrast as poor (1), moderate (2), good (3) and excellent (4). On the contrary, the level of noise and artifact
were pointed-out as absent (1), low level (2), moderate level (3) and high level/ unacceptable images (4). In addition to the
rating system, the examiners were requested to indicate the best and the worst image in their opinion. The technical procedure
of image analysis was adapted from Brasil et al., 2019.

Statistical analysis
Data underwent descriptive statistics by means of absolute and relative frequencies. Inferential analysis consisted of
Fisher’s exact test with a significance of 5% (a = 0,05). Statistical analyses were accomplished with R Core Team 2019 (R

Foundation for Statistical Computing, Vienna, Austria).

3. Results

Table 2 shows an overview of the images rating attributed by the observers according to the protocols, maxillary sinus
condition and the assessed parameters. There was a significant association between the protocol and the general image quality
in all the analyzed set ups (p < 0.05) (Table 2 and Figure 3A). For the maxillary sinuses with no alteration, higher quality
scores were obtained for the protocols 5 and 10, while the lower scores were provided to protocols 1, 2 and 6. For the
simulation of mucous retention pseudocyst higher scores were rated for the protocols 5 and 10, while the lower scores occurred
for protocols 1 and 6. For the maxillary sinuses with simulated membrane thickness, higher scores also were rated for protocols
5 and 10, while the lower scores were provided to protocols 1, 2, 6, 7 and 8. The condition of bone graft also found higher
scores in protocols 5 and 10, and lower scores in protocols 1, 2, 3 and 4.

Significant association also was detected for the rating of sharpness in the fours situations and in the general scenario
(p < 0.05) (Table 2 and Figure 3B). The protocols with higher sharpness were 5 and 10, while the lower scores were provided
to protocols 1, 6 and 8.

The outcomes were also significant in relation to contrast (Table 2 and Figure 3C) (p < 0.05). In general, higher scores
were observed for the protocols 5 and 10, while lower scores were observed in protocols 1, 2, 3 and 6.

The analysis of the association between the presence of artifacts (acceptable quantity or not) and protocols are also
presented in Table 2 and Figure 3D. For the maxillary sinuses with no alteration, there was no significant association between
the quantity of artifacts and protocols (p > 0.05). In most of the situations, the quantity of artifacts was rated acceptable. For
diagnostic purposes, however, the quantity of artifacts was considered significant when associated with simulated conditions of
mucous retention pseudocyst, membrane thickening and bone graft (p<0.05). More specifically, for the mucous retention
pseudocyst and membrane thickening, protocols 1 and 6 had the lower scores related to artifacts.

Table 2 and Figure 3E also enable the visualization of a significant association between the protocol and the level of

noise (acceptable or not) (p < 0.05). In normal sinuses and in sinuses with mucous retention pseudocyst and membrane
5
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thickening protocols 1 and 6 had the worst scenario (images highly influenced by the noise). For the bone graft, protocols 1 and 6 were the worse.
The protocols classified as the best and the worse scenarios for image analysis are reported in Table 2. There was a significant association between the protocols and the used

rating tool (p < 0.05). In general, protocols 1 and 6 were the worse, while protocols 5 and 10 were the best. For bone graft, protocol 3 also figures amongst the best options (33.33%).

Table 2: Rating - absolute values and frequencies (%) - of the general image quality, sharpness, contrast, artifacts, noise and best/worst image, according to the protocol and maxillary

sinus condition.

Condition: Normality Mueous retention Membrane thickening Bone graft Total
Parameter General guality General gualify General gualify Gengral guality Gengral guality
Poor/ Goad’ Poor/ Good’ Poor/ Good' Pogr/ Goad’ Faor! Good’
Moderate Excallent Moderate Excellent Moderate Excellent Moderare Excellent Moderats Excellermt
Frotocols
FI 9 {100.0%) 0(0.0%5) 9100.0%) 0(0.0%5) 0 (100.0%) 0(0.0%5) O (100.0%%) 0 (0.0%5) 36 (100.0%%) 0 (0.0%)
P2 T{T7.8%) 2(222%%) 4 (44 .4%) 5(55.6%) T{77.8%) 2(222% 8 (88.9%) 1{11.1%:) 26 (72.2%) 10{27.8%)
P3 4 (44 .4%%) 3(35.6%%) 4 (44 .4%%) 5(55.6%) 51(35.6%) 444 4%%) 6 (66.7%4) 3(3333%%) 19(52.8%) 17{47.259%)
P4 5(35.6%) 4 (44 4%) 3(35.6%) 4 (44 4%%) 1(3313% 61(66.7%%) 6 (66.7%%) 3(33.3%) 19 (52 8%) 17{47.2%)
Pj3 0(0.0%) 0 (100.0%5) 0 (0.0%) 9 {100.0%%) 0(0.0%) 9 {100.0%%) 1({11.1%5) 8 (88.935) 1(2.8%) 33(972%%)
Pa B(BE.O%) 1411.1%) 9(100.0%:) 0(0.0%3) E(BE9%) 1{11.1%5) 5(55.6%) 4 (44 4%5) 30 (83.3%) 6 (16.7%)
P7 4 (44 .4%%) 3(35.6%%) 3(35.6%) 444 4%%) T(77.8%) 2(22.2%%) 5 (55.6%5) 4 (44 4%5) 21 (58.3%%) 13 {41.79%)
P& 5(35.6%) 4 (44 4%) 4 (44 4%%) 5(55.6%) 6 (66.7% 3(333%) 5(55.6%) 4 (44 4%5) 20 (35.6%) 16 {44 .4%)
Py 5(35.6%) 4144.4%) 3(35.8%) 444 4%) 4 (44 .4%3) 5(55.6%) 4 (44 4%3) 5 (55.6%) 18 (50.0%%) 18 {30.0%G)
Fi0 0(0.0%) 2 (100.0%) 0(0.0%) 9{100.0%) 0(0.0%) Q{100.0%:) 0{0.0%%) 2(100.0%%) 0 (0.0%) 36 (100.0%)
P valug =0 001 p=0.0001 p=0.0001 p=0.0001 p=0.0001

Source: Authors.
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4. Discussion

This study tested several CBCT protocols which the FOV encompasses the maxillary sinuses in order to find out if
protocols with lower radiation dose could result in images that were diagnostically acceptable or not. The testing was
performed in a maxillary sinus with no alteration, with pathological alterations and with an alteration from surgical
interventions. The outcomes were expected to answer the following question: Is it possible to adjust the CBCT device with
acquisition parameters that could result in acceptable images without using the manufacturer’s “optimal protocol” (high-dose)?
Despite the high scores of the higher dose protocols, some intermediate options emerged from the present study, namely
protocols 4 and 9 — which were rated satisfactory. This finding indicates that optimization for the visualization of the maxillary
sinuses is possible using the i-CAT Classic device.

Some CBCT devices offer high-dose protocols labeled as high-quality tools for the visualization of specific
structures/conditions. Other devices have low-dose protocols that may rely on reduced exposure parameters or reduced number
of basis images (Gaéta-Araujo et al., 2020). It must be noted that some devices have pre-established (and fixed) settings — in
these devices, manual and custom adjustments are not feasible (Bornstein et al., 2018). Most manufacturers, however, enable
the adjustment of energy settings (kVp and mA), stimulating the development of optimization strategies (Scarfe et al., 2012).
The protocols (n = 10) tested in this study were part of a list of pre-established options defined by i-CAT manufacturer. Other
studies designed to assess image quality as function of the device setting found out that optimization was feasible by reducing
the exposure/dose below the one established by the manufacturer as default (Dawood et al., 2012; Alawaji et al., 2018).

The device used in this study was the i-CAT Classic, the first CBCT unit manufactured by Imaging Science
International. More recent devices under this brand exist (i.e. iCAT Precise, Next Generation, FLX), but several Classic units
are still in use worldwide. This device works with fixed kVp (120kVp) and allows the adjustment of mA, scanning time, FOV
and voxel size (Gaéta-Araujo et al., 2020). Large FOVs were used in the present study to cover the region of maxillary sinuses
for full visualization. The optimization strategies of the present study consisted of FOV reduction (Pauwels et al., 2015) and
mAs variation. Assuming that mAs variation has a direct and linear relation with the dose within the same FOV (increased
mAs = increased effective dose) (Scarfe et al., 2012), it is possible to consider the following distribution of dose between the
used protocols: 1<2=3<4=5 (using FOV of 8 cm) and 6<7=8<9=10 (using FOV of 6 cm). Protocols with the same dose (2 and
3, 4 and 5, 7 and 8, 9 and 10) differ in relation to voxel size. Higher scores were provided to the protocols with higher
resolution (small voxel size). Based on the fact that i-CAT manufacturer does not provide dose-area-product (DAP) numbers
and also because dosimetric tests were not aimed in this study, the comparison between FOVs (8 cm vs 6 cm) must be
interpreted carefully. Dosimetric inferences apart, the examiners rated similarly the images from different FOVs. Slightly
better scores were observed in intermediate protocols with smaller FOV (6 cm). This outcome corroborates the need to reduce
the FOV as much as possible to follow strategies in radiation protection (Horner et al., 2013).

The subjective image assessment must balance radiation dose and the necessary quality to proceed with diagnostic
tasks (Oenning et al., 2018). It is known that subjective image assessment is observer-dependent. From a scientific perspective,
it represents a drawback that hampers standardized comparison between studies (Liang et al., 2010). Moreover, the assessment
of image quality is based on a process of visual interpretation that will dictate whether or not the image is acceptable for
clinical purposes (Lofthag-Hansen et al., 2011). Based on the exposed, image quality, sharpness and contrast may be
considered more subjective than the assessment of the artifact and noise levels (Brasil et al., 2019).

From an overview, membrane thickening and bone graft were the conditions with more inconsistent scores — which
lacked a pattern of score increase/decrease as function of the image acquisition parameters. It may be speculated that
membrane thickening and bone graft, for instance, require more image quality to enable the examiner to distinguish the

anatomic limits of the sinuses and inherent alterations — especially between regions of similar image aspects, namely the
8
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interface of graft material and underlying bone, and between the membrane and the floor of the maxillary sinus. Mucous
retention, on the other hand, is generally identified straight away because it figures as a hyperdense structure that contrasts with
the hypodense aspect of the maxillary sinus (Bornstein et al., 2018).

Regarding the quantity of artifacts, the images were, in general, acceptable. Only the protocols with lowest dose were
unacceptable. Intermediate protocols were especially relevant for the images with pathological alterations, because they were
rated acceptable for diagnostic performance. It may be justified by the fact that mucous retention and membrane thickening,
for instance, do not have high-density components (that could lead to artifact formation). The same may be interpreted for the
images of bone graft, because the graft material simulates human bone — lacking higher density regions that could lead to
artifacts (Tapety et al., 2004).

Intermediate protocols were also acceptable for the quantity of noise. This finding confirms once more the fact that
image quality may be maintained even with the considerable reduction of the exposure parameters below the pre-established
“optimal” - higher-dose — protocols (Pauwels et al., 2014; Pauwels et al., 2017).

Higher mA values increase the signal that reaches the detector (and the dose to the patient), consequently reducing
image noise. This is the reason why setting mA and kVp remains a challenging task nowadays. The effect of changing mA and
kVp - on image quality and dose - is not direct and clear in practice. Hence, it must be balanced to the point of having the best
image quality possible with the lowest dose of radiation (Pauwels et al., 2014).

From the general perspective of the examiners, the protocols with the lower level of dose (1 and 6) were rated to
worst, while the protocols with higher dose (5 and 10) were led to the best image quality. There is a trend of expecting that
images acquired with increased exposure factors (especially energy-related ones) are more likely to be accepted by observers
(Vasconcelos et al., 2014; Brasil et al., 2019). These images, however, do not necessarily figure as the best for diagnostic
performances (Oenning et al., 2019).

Some limitations of the present study consist of the missing information about the DAP that could enable dosimetric
inferences. Another issue to be considered is the lack of movement artifacts that were not investigated because of the original
nature of the sample (dry skulls). While DAP information may be retrieved in future studies, movement artifacts may be
investigated with retrospective sampling from in vivo imaging databases. Enrolling specialists from other fields (e.g. surgeons
and implantodontists) is also encouraged to understand the data from different clinical perspectives. Finally, other devices
(Goulston et al., 2016) must be tested and investigated regarding their own pre-established settings for image acquisition and

how they can be modified in benefit of the patients and the society.

5. Conclusion

The outcomes of the present study indicate that optimization by balancing dose and image quality is feasible for the
visualization of the maxillary sinuses (and inherent alterations) through the modification of the acquisition settings of the i-
CAT Classic device. Given the production of diagnostically acceptable images for the examination of the maxillary sinuses,
the present outcomes follow the principle of optimization and may benefit the clinical practice with a potential reduction of

radiation exposure.
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