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RESUMEN
Objetivos: EIl propdsito de esta revision sistematica fue responder a la pregunta de
focalizada: "¢ Podrian los valores de gris (GV) de CBCT (tomografia computarizada
de haz codnico) convertirse en unidades Hounsfield (HU) de tomografia
computarizada multidetector (TCMD)?" Métodos: Los estudios incluidos intentan
responder la pregunta de investigacion de acuerdo con la estrategia PICO. Los
estudios se recopilaron mediante la busqueda de diferentes bases de datos
electronicas y literatura gris parcial hasta enero de 2021 sin restricciones de idioma
o tiempo. La evaluacion metodoldgica de los estudios se realiz6 utilizando la
herramienta de evaluacion de la salud bucal (OHAT) para los estudios in vitro y la
evaluacion de la calidad de los estudios de precision diagnostica (QUADAS-2) para
los estudios in vivo. Se aplicé el instrumento Grading of Recommendations
Assessment, Development and Evaluation (sistema GRADE) para evaluar el nivel
de evidencia en los estudios. Resultados: Se obtuvieron 2710 articulos en la Fase
1y quedaron 623 citas después de eliminar los duplicados. En esta revision sélo se
incluyeron tres estudios mediante un proceso de seleccion de dos fases y después
de aplicar los criterios de elegibilidad. Todos los estudios fueron
metodoldgicamente aceptables, aunque en términos generales con bajo riesgo de
sesgo. Algunos estudios incluidos tuvieron estimaciones de evidencia y fuerzas de
recomendacion bastante bajas y limitadas; evidenciando la necesidad de estudios
clinicos con capacidad diagnostica que sustenten su uso. Conclusiones: Esta
revision sistematica demostro que las VG de CBCT no se pueden convertir en HU
debido a la falta de estudios clinicos con capacidad diagnostica que sustenten su

uso. Sin embargo, se evidencia que se necesitan tres pasos de conversion



(calibracion del equipo, modelos de ecuaciones de prediccion y una formula
estandar (conversion de GV a HU)) para obtener pseudo valores de Hounsfield en
lugar de solo obtenerlos de una regresion o directamente del software.

Palabras clave Densidad 6sea; Tomografia computarizada de haz cénico; Unidad
de Hounsfield; Tomografia computarizada multidetector; diagnostico por imagen;

revision sistematica.



ABSTRACT
Objectives: The purpose of this systematic review was to answer the focus
question: “Could the gray values (GVs) from CBCT (cone beam computed
tomography) be converted to Hounsfield units (HUs) in multidetector computed
tomography (MDCT)?” Methods: The included studies try to answer the research
question according to the PICO strategy. Studies were gathered by searching
several electronic databases and partial grey literature up to January 2021 without
language or time restrictions. The methodological assessment of the studies was
performed using The Oral Health Assessment Tool (OHAT) for in vitro studies and
the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) for in vivo
studies. The Grading of Recommendations Assessment, Development and
Evaluation (GRADE system) instrument was applied to assess the level of evidence
across the studies. Results: 2710 articles were obtained in Phase 1, and 623
citations remained after removing duplicates. Only three studies were included in
this review using a two-phase selection process and after applying the eligibility
criteria. All studies were methodologically acceptable, although in general terms
with low risks of bias. There are some included studies with quite low and limited
evidence estimations and recommendation forces; evidencing the need for clinical
studies with diagnostic capacity to support its use. Conclusions: This systematic
review demonstrated that the GVs from CBCT cannot be converted to HUs due to
the lack of clinical studies with diagnostic capacity to support its use. However, it
is evidenced that three conversion steps (equipment calibration, prediction equation

models, and a standard formula (converting GVs to HUs)) are needed to obtain



pseudo Hounsfield values instead of only obtaining them from a regression or

directly from the software.

Keywords: Bone density; Cone-beam computed tomography; Hounsfield unit;

Multidetector Computed Tomography; diagnostic imaging; systematic review.



Introduction

In dentistry, there are several reasons to justify the demand for valid tools to assess
bone mineral density (BMD). It is important for preoperative planning of implants
and temporary anchorage device (TADs) placements,’ to assess the height, width,
and the distance to other anatomical structures such as the sinus region or the
mandibular canal. Quality and quantity of the receptor bone is required due to its
influence on primary stability and success of orthodontic temporary anchorage
devices.®>* Furthermore, identifying the bone degenerative processes of the jaws,
temporomandibular joints (TMJ),° and systemic conditions help the clinicians in

the diagnosis and treatment planning of patients.

The gold standard for evaluating radiological BMD is the Multislice Computed
Tomography (MSCT) using Hounsfield Units (HU), which is the coefficient of ray
attenuation for bones (absolute density).®” Nowadays, cone-beam computed
tomography (CBCT) is increasingly compared to MSCT in dentistry to assess
mineralized tissues because it provides adequate image quality. Besides, CBCT is
associated with lower radiation exposure doses, lower costs, faster scanning times,
good spatial resolutions, gray density ranges and contrasts, as well as a good
pixel/noise ratio compared to MSCT.® However, due to the associated artifacts, the

lack of standardization of CBCT scanners and the acquisition parameters, it is uncertain

that gray values (GV) could be correlated to HU.®



The HU are defined as linear transformations of measured X-ray attenuation coefficients
of a material with reference to water. Some studies have mentioned the possibility to obtain
HU through CBCT because the relationship between GV and linear attenuation coefficient
persists in CBCT and HU can be calculated using a conversion equation, for example a
regression equation and standard conversion formula.’*!’ This way, the standard
conversion formula used to calculate HU for any material was (HU material = p™maeria -

uwater /uwater x 1000).

Nevertheless, other studies do not support the ability of converting GV to HU due to the
CBCT acquisition mode, stating that the BMD obtained through CBCT does not correlate
to MSCT.®12L There are crucial differences between MSCT and CBCT, which
complicates the use of quantitative GV that are inherently associated with this technique
(i.e. the limited field size, relatively high amount of scattered radiation and limitations of
currently applied reconstruction algorithms).?? There is contradictory information about
whether CBCT can be used for BMD similar to HU in MSCT.® Thus, obtaining HU from

gray levels or voxel values is controversial using CBCT and is insufficiently studied.®

Therefore, the objective of this systematic review was to answer a focused question: "Could

the GV from CBCT be converted to the HU in MSCT?”

Material and Methods
Study design

This study involved in vitro (phantoms or dry bones) and in vivo (patients) studies that

evaluate GV from CBCT and HU from MSCT according to different conversion formulas.



The included studies should help answer the research question according to the PIRD
strategy as follows: Population: CBCT and MSCT images; Index text: GV from CBCT,;
Reference text: HU from MSCT; Diagnosis of Interest: equation formulas which compare

GV with HU.

Eligibility criteria

Studies in which the primary objective was to assess reliability of CBCT voxel GV
measurements using HU derived from MSCT were included. It was essential that the
eligible studies demonstrated the statistical correlation and linear regression for the
conversion formula. Also, the MSCT should be taken at the same region of interest (ROI)

as the CBCT scans. No language or time restrictions were applied.

The following studies were excluded: Studies that used other imaging technique devices
(micro-CT, Dual-energy X-ray absorptiometry, ultrasonography and magnetic resonance);
reviews, personal opinions, conference abstracts and letters; experiments in animal models;
and studies without reference to a gold standard. An additional eligibility criterion was
added in phase 2 in which the studies that did not present a conversion formula were not

eligible.

Search strategy

Electronic search strategies were applied in PubMed, Cochrane, EMBASE, LILACS and
Ovid MEDLINE databases up to May 2020. No date or language restrictions were applied.
(Appendix A). Also, journals related to the topic, grey literature (clinical trials.gov and
google scholar) and the references of included studies were screened to identify any missed

publications. Search results were collected, and duplicate references were removed. The



search was updated in all databases until 10 January 2021, no additional studies were

finding for inclusion in this review.

Study selection

A two-phase selection process was developed according to inclusion criteria. In phase 1,
two authors (AHR and MEL) selected articles by title and abstract independently. In phase
2, the same authors reviewed the full text of all potential articles to apply the eligibility
criteria. Disagreements were resolved by consensus with a third author (JVC). The final
selection was always based on the full text of the publication and discussion between

evaluators.

Data collection process

One author (AHR) extracted the required data from the included articles and a second
author (MEL) reviewed all the retrieved information. The key features were crosschecked,
with a one-week interval, by the same authors. Again, disagreements among them were
solved by consensus with the third author (JVC). Using a standardized template, the
descriptive characteristics of included studies and their key features such as author, year
and country; sample characteristics (scanned structure, index text-CBCT, reference
standard-MSCT); ROI; the intervention characteristics (method of conversion of GV to

HU) and the specific results related to our research question were recorded.

Risk of bias (RoB) in individual studies

The RoB of selected studies was evaluated using The Oral Assessment tool (OHAT) for in

vitro studies.?® The Quality Assessment tool for Diagnostic Accuracy (QUADAS-2)



evaluated the in vivo studies.?* Previously, an author with experience in RoB (KD) tools
trained the evaluators (AHR, MEL) in two rounds. In both rounds, randomized articles
were independently analyzed and a favorable level of agreement value of 0.9 was reached.
The authors (AHL and MEL) applied the tools for the rest of the studies independently and,

if any disagreement was found, items were discussed between co-authors (P-PC and KD).

The OHAT evaluates randomization, allocation concealment, experimental condition,
blinding, incomplete data, exposure characterization, outcome assessment, reporting and
other biases related to the methodological structure. OHAT scores were definitely low RoB
(++), probably low RoB (+), probably high RoB (-/NR), definitely high RoB (--).
QUADAS-2 assesses patient selection, index test, reference standard, flow and timing, as
well as its concerns regarding applicability. Guiding questions within every domain were
scored as yes, no or unclear and topic conclusions and applicability were registered as low,

high or unclear RoB.

Summary measures

The capacity of CBCT scans to identify BMD according to conversion formulas was
considered as the primary outcome. Any type of outcome measurement was considered in
this review (categorical and continuous variables). No meta-analysis was performed due to

heterogeneity of the data.

Level of evidence

The grading of recommendation, assessment, development, and evaluation (GRADE
system) instrument evaluates the quality of evidence.? Two authors (KD, CP) rated the

guality of the evidence as well as the strength of the recommendation according the



following aspects: study design, RoB, consistency, directness, precision, publication bias
and other aspects reported by studies included in this systematic review.? The quality of
the evidence was characterized as high, moderate, low, or very low. The GRADE was

assessed using tools from their website http://gradepro.org.

Results
Study selection

Figure 1 shows a flow diagram detailing the process of identification, inclusion and
exclusion of the studies. In phase 1, a total of 2711 articles were obtained by title and
abstract. After removing duplicates, 623 different citations remained. Following a detailed
evaluation of abstracts, 483 articles were selected for phase 2. A manual search was
performed on Google Scholar and Gray literature. One study was identified from the
reference lists and was included in this review. Finally, after full-text reading, 34 studies
were excluded due to multiple reasons specified in Appendix B. Therefore, three studies

were finally included, as per the flow diagram.

Study characteristics

The three included studies evaluated if the GV can be compared to HU according to
statistical correlation, linear regression and conversion formulas.*'"?” In total, this
systematic review assessed 77 scans, in vitro studies were done using phantoms**? and in
vivo using patient scans.!’ In vitro studies described different types of phantoms, ROI and
method of conversion and in vivo studies included 61 patients with CBCT scans and
attenuation coefficients from the National Institute of Standards and Technology (NIST)

(Table 1).141727 In an attempt to gather missing information and to retrieve the formula



methodologies, we tried to contact the corresponding authors of the included articles but

were not successful.

Results of individual studies and Synthesis of results
In-vitro studies

Mah et al** converted CBCT grey values into HU using a calculated linear attenuation
coefficient. They were derived from a linear regression model to obtain the best linear fit
“The effective energy 63 keV” a result of plotting attenuation coefficients of 8 materials
provided by NIST and 2 MSCT scanners against the GV of these materials obtained from
11 CBCT scanners. The linear relationship between GV and CT numbers of each of the
materials exists (R>=0.9999). This linear regression model was used to obtain attenuation
coefficients and calculate HU. The calculated attenuation coefficients were transformed

into HU according to a or the? standard formula.

Magill et al 2" used half value layer (HVL) for each X-ray tube to determine the average of
beam energy to each scanner (46.7 to 51.7 keV) and obtain the best R?value. A linear
regression was fit, and the resulting values of linear attenuation coefficients were converted
to CT numbers using the standard conversion formula. This study shows the consistency

of the water value (0 to 1 HU) for all three CBCT scanners.

In-vivo study

Reeves et al'’ used the same conversion methodology (GV to HU) for an in vitro study.*
They found the difference between the calculated and actual HU to be less than 3%,

whereas the relationship between GV and HU was defined as linear. The Asahi Alphard



3030 (Belmont Takara, Kyoto, Japan) CBCT scan showed calculated HU for outer bone
equivalent (OBE) material at 1465.9 HU and inner bone equivalent (IBE) material at 254.7
HU using 70 keV; while the Planmeca ProMaxTM 3D (Planmeca, Helsinki, Finland)
CBCT scan showed calculated HU for OBE material at 124.2 HU and IBE material at 251.9
HU at the same keV. To get those results, linear regression studies were developed for
different keV (Table II). At 70 keV, the linear regression equation was y = 1.7198 x +

317.45, showing a strong correlation. Then the standard conversion formula was applied.

As a summary of results, Table Il shows the specific formula applied from each selected

study.

RoB assessment

For the OHAT, the in vitro studies'*?” showed direct evidence of low RoB for all evaluated
scopes. The selection of study participants and confounding-modifying variables were not
applicable for the in vitro studies (Table 11l OHAT). Quadas-2 assessed the in vivo studies'’
Regarding participant selection, in vivo study did not clearly report whether randomization
was consecutive, or case-control design was not used, or whether appropriate exclusions
were done. The index and the standard test results showed a low risk for introducing bias
and applicability in this domain. Time intervals for both tests were adequate, as well as
processing of the results. Study flow charts were reproduced for better understanding of
the process and all studies have a low RoB for index tests, reference standards, flow-timing

domains, and applicability concerns (Figure 2)



Grading the “body of evidence”

Regarding the GRADE tool, the sensitivity and specificity columns were eliminated since
these data were not provided (Table I1VV). GRADE evaluation was assessed for all studies
according to guidelines for test accuracy.?®?°However, the studies showed a low RoB and
direct evidence from the data. Heterogeneity and imprecise results were obtained since the
CBCT and MSCT equipment had independent configurations that difficult them from
being compared. Added to the fact that only one study was done with humans and the
others were done with individualized phantoms, influenced an overall very low estimation

of the evidence with a limited recommendation force.

Summary of evidence

Several studies proposed a variety of methods for assessing the BMD by Dual-energy X-
ray absorptiometry®, quantitative CT3!, micro-CT %' and MSCT.*? These were used to
evaluate the radiological density of tissues in which HU is used as the gold standard. Some
studies have mentioned the possibility of obtaining HU through CBCT, due to a possible
linear relationship between GV and the attenuation coefficients of CBCT scanners. This
leads to the possibility of converting GV of CBCT to CT numbers and then in HU with a
standard conversion formula.!**” However, other studies concluded that the HU derived
from CBCT is not identical.®1822 Thus, the use of CBCT to obtain HU is still controversial.
The increasing application of CBCT for BMD assessment impelled researchers to evaluate
the new system in relation to obtaining HU by CBCT. As the literature is scarce and
controversial on this subject to date, there is one systematic review concerning the
capability of CBCT to identify low-BMD patients, suggesting the potential of CBCT for
this purpose.®® However, there is a lack of consensus among the investigations about the

capability of CBCT to identify BMD, and a more detailed investigation is required. The



objective of this systematic review was to answer a focused question: “Could the GV from

CBCT be converted to HUs in MSCT?” and to guide future research in this area.

Variability of CBCT scanners

One of the disadvantages of most CBCT machines is a lack of machine standardization.
Like snowflakes and fingerprints, no two CBCT models are the same, demonstrating
essential differences in terms of exposure, hardware and reconstruction.?’ The Mah et al**
in vitro study used 12 different CBCT and 2 MSCT scanners. The Magill et al?” in vitro
study used 3 different CBCT scanners and CT numbers from American College of
Radiology and Reeves et al'” in vivo study used 2 CBCT scanners and CT numbers from
NIST. Lagravere et al,* found that the HU values obtained from CBCTs differ between
scanner models, settings and types of software used. Therefore, the GV corrections are

typically only applicable for each device model.

Tube voltage

Tube voltage, mA and time of exposure are indirectly proportional to the amount of X-Ray
photons and energy distribution. Nemtoi et al,* found the optimal tube voltage for CBCT
imaging of the hard tissues is between 70 and 120 kV. Different studies showed that the x-
tube voltage affects the GV from CBCT, thus, various kVp and mA values were used in
the selected studies.*?” They found that the highest available voltage (i.e., 110 kV) resulted
in the highest image quality in terms of general impression, sharpness, noise, and artefacts.
On the other hand, it is well known that x-ray tubes and motion detectors can cause blurring

so using pulsed x-ray beams are used to reduce this effect. Reduction of the mA to a

10



minimally acceptable value followed by reduction of the exposure time affects the
reconstructed voxel size for several CBCT models in a pre-set manner. Fast-scan protocols
showed equal or slightly better image quality compared to the standard-scan mode. It is
important to emphasize that the ALARA (as low as reasonably achievable) principle should
always be applied; thus, the protocol must be tailored to each case. The number of studies
assessing the impact of voxel size variation on the diagnostic outcome in CBCT imaging

in dentistry is small.%®

Size of the Field of View (FOV)

Rodrigues et al,3" found that the GV determined in CBCT images are significantly
influenced by the FOV size. The determination of a small size FOV (< 50 mm) or
a large FOV (>16 cm) depends on the structure to be evaluated. The GV in CBCT
and MSCT with the same FOV size were significantly different for all materials
and CBCT showed lower values in most of the comparisons. Also, CBCT had a
significant correlation for plaster in all of the FOV sizes and for oil substances in
the 16x8mm and 16x13mm FOV, except for water that did not show significant
correlations. Katsumata et al,!* observed the highest density variability in the
smallest FOV scans whereas large FOV scans had more consistent density values.
This was attributed to using an FOV greater than the patient diameter to prevent the
truncation of data in the axial slice. The phantom size is known to produce cupping
artifacts with a drop in CT number, due to the inability of the reconstruction
algorithm to properly account for objects outside the FOV.3® Mah et al,'* used a
small or large water container to place the phantom in to provide some level of soft

tissue. The acrylic/water volume around the object influenced the GV in that the

11



greater the mass, the smaller the GV. However, the elimination of exomass (the
structures located outside the FOV) by using a greater FOV resulted in a small
variation of GV when the total mass was altered. Nackaerts et al,?! found that just
as the size of FOV is important, the placement of the ROI in the center of the FOV

is also important because it minimizes the variability of results in the measurements.

Previous calibration of CBCT machine and effective energy

To calculate HU, it is necessary to calibrate the scanner against the X-ray absorption of air
and water. Also, to determine adequate kilovoltage energy it is important to calibrate the
CBCT. For this reason, linear regressions were performed in all studies to find the best
linear fit as “‘effective energy’” or “average beam”. Before the in vivo study?’, an in vitro
study* was done using a phantom and several other materials with well know attenuation
values to find the best effective energy. The two previous studies used the same technique
to find the keV. Magill et al?” used HVL for each x-ray tube to determine the average beam
energy instead of the best R? value. The HVL reduces the intensity of an x-ray beam
entering that material by one-half. The accuracy of the water value is very important for
obtaining HU values. When looking precisely at the Mah et al** and Reeves et al'’ tables,
we note that the accuracy of water values was inconsistent and widely variable. The Magill
et al?’study shows more consistent water values because the conversion method was able
to produce the water value of 0 HU within 1 SD for three CBCT scanners, and the linear
attenuation coefficients from the determined average effective energy were specific to each

CBCT x-ray tube.

Conversion and regression alone are not enough

12



This systematic review excluded 30 articles which compared GV with HU. The reason was
that only three studies (two in vitro studies**2” and one in vivo study*’) showed correlation,
linear regression and conversion formulas. Most articles were excluded because they only
reported correlation/regression without conversion formulas. Pauwels et al,?*?? found that
correlation and regression are not enough to convert GV to HU. Also, it is important to
understand that correlation coefficients (R) and coefficients of determination (R?) are
different. The literature shows high values of R and R? above 0.95, which could make us
think CBCT GV have the potential to be used as HU. However, simulated scatter plots
indicate that although high R? values exist, a deviation of 20% and a numerical value
deviation of 500 GV appeared. This demonstrates the large variability between actual and

expected GV even for high R-values.

Mah et al,** and Reeves et al,'” demonstrated linear relationships between GV and
attenuation coefficients at some ‘‘effective’” energy. Attenuation coefficients were
obtained from the linear regression equation and CT numbers in HU were derived using
the standard equation. Magill et al?’ used HVL to determine the average beam energy. At
the extrapolated average energy, linear attenuation coefficients were derived for converting
mean pixel values in GV to linear attenuation coefficient values. The resulting linear
attenuation coefficient values were converted to CT numbers (HU) using the standard
formula. General results have demonstrated that the GV taken from CBCT can be used to
derive HU in a clinical environment. However, there is no consistent scientific evidence
to support the routine use of CBCTs in BMD evaluations and more studies are needed to

demonstrate the diagnosis capacity.
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Discussion

This systematic review indicates in general terms a low RoB, as there are some limitations
in the included studies. Significant methodological differences were identified such as
different CBCT and MSCT scanners, in vitro vs in vivo studies and conversion methods).
The principal limitation was the absence of the sensitivity and specificity, values data
classically reported in diagnostic capability studies. However, for the purposes of this
review, RoB and GRADE tools were applied because they were considered to be the most
suitable for their evaluation. The second limitation was that the in vitro studies were done
using phantoms, and they did not have clinical parameters such as soft tissue. On the other
hand, the reliability of obtaining GV between the same subjects on the same day in in vivo
studies has not been demonstrated due to obvious ethical implications involving radiation

safety concerns.*

Another limitation is the lack of CBCT standardization which makes it difficult to compare
the HU relative values obtained in different CBCT scanners making it impossible to
extrapolate the data. The results obtained from these conversion methods are unique to each
CBCT machine. Besides, all included studies used the mass attenuation coefficients from
Form X on the NIST website, and the website describes an error of interpolation that
conditions the mass attenuation values calculating the attenuation coefficients that are
subject to a degree of uncertainty because of this factor.!* These methods of conversion
require training and more knowledge on radiological and statistical concepts to understand
the process of CBCT machine calibrations and conversions which are limiting factors when

considering the clinicians routine.
Clinical application

One of the biggest benefits to obtain BMD in dentistry is the implant selection.”> An

accurate assessment of bone quality is essential in implant surgery since implant failure

14



rates tend to be higher when placed in poor quality bone.** This review found some
limitations on the conversion of GV to HU; nevertheless, the calculated HU in CBCT data
could be useful to approximate the understanding about BMD which can be an outlet to
use the GV taken directly from CBCT. Another clinical application is related to miniscrew
placement. These relatively new devices and insertion technigues in most cases just take
into consideration the anatomical characteristics and subjective BMD but do not take BMD
as an objective factor for installation planning. A calculated HU can aid in the
determination of the volume and density of cortical bone available and necessary for the
primary stability for miniscrews.*> Nowadays, the assessment of airways to treat
obstructive sleep apnea syndrome is where orthodontic research is heading.***¢ A
calculated HU could help to determine airway boundaries for a more accurate airway

volume and how they change with treatments such as RME, MARPE or SARME.

Usually, maxillofacial surgeons use GV for differential diagnosis despite HU being the tool
chosen for this purpose. Studies have found that GV for differentiating lesions should be
taken with care because they could show scattered values.*” Also, calculated HU could help
patients with osteonecrosis of the jaws. The inability to identify borders of the
osteonecrosis lesions makes surgeons perform block resection to ensure the complete
removal of necrotic tissue.”® The capacity to identify and demarcate borders of

osteonecrosis lesions by analysis of BMD could change the surgical procedure.

These are some of the reasons that justify the value of obtaining HU from CBCT. Although,
converted GV cannot be taken as definitive HU values, Pauwels et. al.?? proposes it may
be more appropriate to call these values pseudo-Hounsfield. Much work remains to be
done, and future research should be directed to conduct clinical studies that allow for better

use of the gray scale and be able to provide more solid conclusions.
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Conclusion

This systematic review has demonstrated that the GV from CBCT cannot be converted to
HU due to the lack of clinical studies of diagnostic capacity to support its use. However, it
is evidenced that three conversion steps (equipment calibration, regression formulas and
standard formula) are needed to obtain pseudo-Hounsfield values instead of only getting

them from a regression or directly from the software.
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Table I. In vitro and in vivo studies

80x80mm FOV.

coefficients for
the elemental
components in
each material.

chosen.

Study Characteristics Results
Author, References Method of
Year and Sample Index test Standard- Gold ROI convertion GV Results Main Conclusion
Country Standard to HU
11 CBCT scanners - 11 settingss: 1. Statistical
. Asahi Alphard 3030; Hitachi CB Aquilon 64 slice . correlation R2=10.999 .
Mah et al., In vitro MercuRay; I-CAT Classic; I-CAT CT: 120 kV, 300 C_:eqtral regton 2. Highest HU can be derived f“’”? the'GV
3D dental phantom o . : . within each of 8 . . - from CBCT scanners using linear
2010 . . Next Generation; Iluma ; Morita mA. Briliance 64 R Lineal/quadratic correlation at . L
with 8 different . . - - ; materials in the . - attenuation coefficients as an
USA - Accuitomo FPD; Morita Veraview CT: 120 kv, 300 regression effective bean - -
materials . . 3D phantom. . intermediate step.
Epochs; NewTom VG; Planmeca mA 3. Conversion energy
ProMax 3D; Galileos and Scanora 3D. formula
In vitro 3 CBCT Scanners: CS9300 - Matrix: All material HU
Cylindrical 557 x 557, Pixel Size (um): 300, Phantom For each image 1. Statistical values for the
Y - Slice Thickness (mm): 0.3, 90 kVp; specifications for set, ROIs were . - modified
. standardized . . S . - correlation - The study was able to formulate a
Magill et hantom - five 3D Accuitomo - Matrix: 512 x 512, materials in the drawn in the five 5> Lineal technique fell valid conversion techniue that
al., 2018 P Y€ | Pixel Size (um): 250, Slice Thickness CT number phantom - HINE within 2.4 , for : “hnig
different materials: ; . . S regression can provide HU readings for three
USA . (mm): 1.0, 90 kVp; ProMax 3D Mid - | accuracy module materials in . the manufacturer- -
air, polyethylene, . . . . blished by th - ial 3. Conversion d CBCT units.
acrylic, water and Matrix: _500 x'500, Pixel Size (um): published by the consect_mve axia formula reported HU
bone-ev uivalents 400, Slice Thickness (mm): 0.4, 90 ACR at 120 kVp. slices. values ranged
d : KVp. from 2.6 t0 13.5 &
Linear
attenuation
Asahi Alphard 3030 (31 scans): 80kv, dceor?\tfelglferrg; Average are
5mA, 17 s, 3 exposure mode NIST tables of levels \?vitginya 1. Statistical ProMax 3D
(200x178 mm FOV, 0.39mm VS / X_ray mass square. 10x10 correlation 60keV: r2=0.9982
Reeves et In vivo 154X154 mm FOV, 0.3mm VS / atten};ation pi?(el fc’>r 5 five 2. ProMax 3D A method for deriving Hounsfield
al, 2012 n= 61 patient scans 102X102 mm FOV, 0.2mm VS.)' . coefficients and materials. ROI Lmeal/qua}dratlc 7_OkeV: units from grey levels in CBCT.
USA ProMaxTM 3D (30 scans) - 5 settings: mass ener with the highest regression r2=0.9987
80kV-84 kV /8 mA -14mA/18s/ absor tio%y e Ievelsgwas 3. Conversion ProMax 3D
0.32mm VS - 0.16 mm VS / P grey formula 80keV: 12=0.997

PMMA, polymethyl methacrylate; HA, hydroxyapatite; CBCT, cone- beam computed tomography; MSCT, multislice computed tomography; kV, tube voltage; mAs, milliampere

seconds; s, scan time; FOV, field of view; ROI, region of interest; HU, Hounsfield unit; GV, grey values; VV voxel values; kVp, peak kilovoltage; keV, effective energy kilovoltage; r,

correlation coefficient; R?,coefficient of determination; ACR, American College of Radiology; o, standard deviation,
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Table Il. Resume of regression and conversion formulas

Effective
Author, Year energy Conversion Formulas
Mah, et al, 2010 63 keV y = 0.0001734x + 0.2844124 ; HU material = (“mate:jvla;e‘iwate” x 1000
46.7 KVp
M&gl”, etal, 2018 48.4 kVp In (2) . (n material — p water)
51.7 KVp HVL = Alaminiom’ HU material = water x 1000
Reeves, et al, 2012 70 keV y = 1.7198 x + 317.45; HU material = (u mate:j\:a;etwater) x 1000
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Table I11. In vitro studies risk of bias - OHAT tool

. Blinding Exposure
L Allocation A . . Incomplete L. Outcome . .
Randomization Experimental condition during characterizati Reporting Other Bias
concealment data assessment
study on
3. Did
i 4. Did the study
2. Was selection of design or 5 Were 7. Were outcome
1. Was the aIIO(;ation to study anal sisgaccount experimental 6. Were the .data complete 8. Can we have 9. Can we be 10. Have all measured 11. Were there no
Study, exposure level participants y conditions researchers ) p, N confidence in the confident in results been reported? other potential
study groups K for important i X . without attrition " N " ” X
year adequately result in . identical blinded to the . exposure the outcome (“methods” and “results’ threats to internal
3 adequately . confounding and or exclusion from o . .
randomized? appropriate L across study study? R characterization? assessment? section of the paper) validity
concealed? X modifying analysis?
comparison . groups?
variables?
groups?

Mah et na na

al, 2010

Magill et

na na
al, 2018

Low risk of bias (++), probably low risk of bias (+), probably high risk of bias (-/NR), definitely high risk of bias (--).
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