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Introduction
Accurate dental implant placement and maintenance 

of primary implant stability are key factors for sufficient  
osseointegration and the long-term success of dental im-
plant rehabilitation.1 Micro-movement caused by primary 
imbalance of the implant may lead to fibrous tissue forma-

tion around the implant, causing loss of osseointegration 
and implant failure.2 Bone quality3 can affect bone resis-
tance to fracture and may be considered as the combination 
of all bone properties, for which reason it is among the 
most important factors affecting primary implant stability.4 
Bone mineral density and trabecular microstructure are the 
most important determinants of bone strength.5 However, 
these 2 parameters should be evaluated simultaneously in 
order to provide a better estimate of bone strength.6

Quantitative bone morphometry is the standard method 
of evaluating trabecular structural features through mor-
phometric indices. Trabecular and cortical bone micro- 
architecture properties have been investigated by examining 
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ABSTRACT

Purpose: The aim of this study was to assess the accuracy of cone-beam computed tomographic (CBCT) images 
obtained using different voxel sizes in measuring trabecular bone microstructure in comparison to micro-CT. 
Materials and Methods: Twelve human skull bones containing posterior-mandibular alveolar bone regions were 
analyzed. CBCT images were obtained at voxel sizes of 0.075 mm (high: HI) and 0.2 mm (standard: Std), while micro-
CT imaging used voxel sizes of 0.06 mm (HI) and 0.12 mm (Std). Analyses were performed using CTAn software 
with the standardized automatic global threshold method. Intraclass correlation coefficients were used to evaluate 
the consistency and agreement of paired measurements for bone volume (BV), percent bone volume (BV/TV), bone 
surface (BS), trabecular thickness (TbTh), trabecular separation (TbSp), trabecular number (TbN), trabecular pattern 
factor (TbPf), and structure model index (SMI). 
Results: When compared to micro-CT, CBCT images had higher BV, BV/TV, and TbTh values, while micro-CT 
images had lower BS, TbSp, TbN, TbPf, and SMI values (P<0.05). The BV, BV/BT, TbTh, and TbSp variables 
were higher with Std voxels, whereas the BS, TbPf, and SMI variables were higher with HI voxels for both imaging 
methods. For each imaging modality and voxel size evaluated, BV, BS, and TbTh were significantly different (P<0.05). 
TbN, TbPf, and SMI showed statistically significant differences between imaging methods (P<0.05). The consistency 
and absolute agreement between micro-CT and CBCT were excellent for all variables. 
Conclusion: This study demonstrated the potential of high-resolution CBCT imaging for quantitative bone morpho- 
metry assessment. (Imaging Sci Dent 2022; 52: 171-9)
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2-dimensional (2D) sections from bone biopsies with the 
help of stereological methods.7 These histological analy- 
ses offer high spatial resolution and good image contrast; 
however, they are time-consuming and labor-intensive. 
Moreover, these destructive techniques allow tissue mea-
surement of only a limited number of 2D sections.

Due to the anisotropic nature of trabecular bone, various 
three-dimensional (3D) imaging methods were proposed 
to overcome some of the limitations of 2D analyses. In 
recent years, micro-computed tomography (CT) has been 
recognized as a highly reliable new reference method in 
ex vivo bone studies for determining trabecular bone para- 
meters.8 However, due to the small scanning area limited 
to ex vivo small bone samples, micro-CT has shown almost 
no clinical value for structural bone analysis and has not 
been used for human patients.9 In comparison to conven-
tional CT, cone-beam computed tomography (CBCT) pro-
vides many clinically objective and quantitative benefits 
for understanding the morphometric characterization of 
trabecular bone in terms of radiation dose, cost, scanning 
time, and improved image accuracy. CBCT is now widely 
used for subjective assessments of alveolar bone density 
prior to dental implant placement.10-12

When compared to micro-CT, which is currently accepted  
as the gold standard, the 3-dimensional evaluation of tra-
becular bone on CBCT may be an appropriate validation 
method. The main disadvantage of CBCT is its low spatial 
resolution (200-300 mm) when compared to micro-CT.13 
Today, available CBCT devices offer clear improvements 
in spatial resolution and availability of a wide voxel size 
range, thereby providing true sharpness at both clinical and 
technical levels. Although it is assumed that images with 
voxel sizes larger than 300 mm are not suitable for trabec-
ular imaging,14 it may be possible to evaluate trabecular 
morphology using CBCT devices with smaller voxel sizes. 
It is necessary to investigate to what extent the voxel di-
mensions of CBCT allow the correct calculation of mor-
phometric indices.

Although some studies have reported high geometric  
accuracy of CBCT for linear measurement,15,16 its reliabil-
ity for bone quality assessment remains unclear. Several  
studies have suggested that CBCT might be applied to eval- 
uate trabecular bone microstructure.17,18 However, CBCT is 
unable to display calibrated voxel gray values expressed as 
Hounsfield units due to excessive scattering and technol-
ogy-specific artifacts.19,20 In addition, X-ray tube settings 
and the soft tissue surrounding samples may also affect the 
morphological parameters and associated clinical evalua-
tions of bone structure.

It is important to know the features of the micro-trabec-
ular structure of the mandible in order to determine the 
ideal implant treatment plan and prognosis. Determining 
the most effective radiographic method and voxel size for 
implant treatment planning is crucial in clinical practice. 
The main purpose of this study was to evaluate the micro- 
trabecular structure of the mandible using CBCT and mi-
cro-CT images obtained at different voxel sizes. 

Materials and Methods 
Twelve human skulls containing posterior-mandibular 

alveolar bone regions were included in this ex vivo study. 
The intact alveolar bones had molar and premolar teeth  
without fillings, pins, wires, or other metal restorations. Ethi- 
cal approval for this study was obtained from the Ankara  
University Faculty of Dentistry Clinical Research Ethics 
Committee (No: 13/01, date: 18.11.2020).

Image acquisition 
Before images were taken, the entire mandible was cov-

ered with 2 layers of pink wax to simulate soft tissue. For 
micro-CT, images were obtained using a 68×68 mm field 
of view (FOV) at 40 kVp and 140 mA using a Super Argus 
PET/CT device (Sedecal USA Inc., Arlington, VA, USA) 
with voxel sizes of 0.06 mm (high; HI) and 0.12 mm (stan-
dard; Std). The irradiation time was 10 minutes and 30 sec-
onds for the 0.06-mm voxel images and 6 minutes and 45 
seconds for the 0.12-mm voxel images. CBCT images were 
taken using a Planmeca Promax 3D Max device (Planme-
ca, Helsinki, Finland) with voxel sizes of 0.075 mm (HI) 
and 0.2 mm (Std). The imaging parameters for images with 
a voxel size of 0.075 mm (HI) were 96 kVp, 7.1 mA, 15 s, 
55 ×50 mm FOV, and a 657 mGy·cm2 dose area product 

(DAP) value. The imaging parameters for images with a 
voxel size of 0.2 mm (Std) were 10×59 mm FOV, 96 kVp, 
5.6 mA, 12 s, and a DAP value of 728 mGy·cm2. 

Both micro-CT and CBCT images were recorded in 
the Digital Imaging and Communications in Medicine 

(DICOM) image format and analyzed using the same 3D 
analysis program. The analyses were performed in CTAn 
software (CTAnalyser, Kontich, Belgium; version 1.17.7.2; 
Bruker micro-CT) using the standardized automatic global  
threshold method. The region of interest was selected in 
the trabecular bone region between the same teeth and per-
formed by a well-trained and experienced researcher using 
automatic calibration of the CTAn software. The measure-
ments were repeated twice at a 2-week interval and avera- 
ged. The parameters measured were as follows. Bone vol-
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ume (BV) was defined as the total volume of trabecular 
bone within the volume of interest (VOI), and tissue vol-
ume (TV) was defined as the total volume of the medullary 
VOI. As well as serving as the reference for the percentage 
of volume, TV is a meaningful parameter in its own right. 
Responses to experimental treatments can include changes 
in the medullary volume (e.g., from expansion of the endo-
cortical boundary). Percent bone volume (BV/TV) referred 
to the occupancy of trabecular bone in the medullary VOI. 
Trabecular thickness (TbTh) was defined as the average 

thickness of bone trabeculae, trabecular separation (TbSp) 
as the average separation of trabecular bone, and trabecular 
number (TbN) as a measure of spatial density (mean num-
ber of trabeculae crossed per mm of transect through the 
VOI). The trabecular bone pattern factor (TbPf), which is 
also known as the surface convexity index under general  
scientific nomenclature, measured the ratio of convex (high-
er values) to concave (lower values) surface curvature. High 
connectivity between trabeculae causes lower (or more 
negative) values of this parameter, as does porosity. The 

Table 1. Descriptive statistics for the measurements and comparison of the average measurements 

Paired variables  Mean±standard deviation Median (min-max) P-value

Bone volume 
(BV)

Micro-CT_Std 509.99±279.52 529.12 (150.08-893.74)d <0.05
Mcro-CT_HI 500.21±277.90 520.57 (145.37-881.91)c

CBCT_Std 623.41±318.26 633.68 (222.57-1080.02)a

CBCT_HI 609.65±313.49 621.48 (214.9-1049.11)b

Percent bone volume 
(BV/TV)

Micro-CT_Std 46.01±8.48c 45.09 (32.7-65.61) <0.05
Mcro-CT_HI 44.28±8.47b 44.16 (31.22-64.29)
CBCT_Std 57.13±11.10a 56.21 (39.46-80.96)
CBCT_HI 54.45±11.98a 54.85 (33.43-78.35)

Bone surface 
(BS)

Micro-CT_Std 2396.02±600.35 2263.13 (1395.14-3652.63)b <0.05
Mcro-CT_HI 2448.16±608.05 2278.56 (1409.18-3683.03)a

CBCT_Std 1841.62±432.16 1766.85 (1099.99-2684.81)d

CBCT_HI 1890.12±436.09 1827.11 (1104.41-2730.95)c

Trabecular thickness 
(TbTh)

Micro-CT_Std 0.24±0.06c 0.24 (0.17-0.38) <0.05
Mcro-CT_HI 0.23±0.06d 0.22 (0.15-0.35)
CBCT_Std 0.46±0.09a 0.44 (0.33-0.62)
CBCT_HI 0.44±0.09b 0.42 (0.32-0.61)

Trabecular separation 
(TbSp)

Micro-CT_Std 0.53±0.11 0.5 (0.4-0.8) 0.213
Mcro-CT_HI 0.51±0.11 0.48 (0.4-0.79)
CBCT_Std 0.48±0.12 0.47 (0.3-0.68)
CBCT_HI 0.46±0.12 0.46 (0.28-0.65)

Trabecular number 
(TbN) 

Micro-CT_Std 2.05±0.46a 2.08 (1.56-2.99) <0.05
Mcro-CT_HI 2.04±0.47a 2.08 (1.55-3.04)
CBCT_Std 1.43±0.25b 1.39 (1.16-2.12)
CBCT_HI 1.43±0.29b 1.38 (1.15-2.23)

Trabecular pattern factor 
(TbPf)

Micro-CT_Std 7.11±2.80 6.56 (3.32-12.09)a <0.05
Mcro-CT_HI 7.17±2.78 6.63 (3.47-12.1)a

CBCT_Std 4.80±2.27 4.29 (1.96-8.86)b

CBCT_HI 4.81±2.25 4.35 (1.99-8.86)b

Structure model index 
(SMI)

Micro-CT_Std 2.11±0.47a 2.22 (1.34-2.91) <0.05
Mcro-CT_HI 2.13±0.48a 2.23 (1.35-2.94)
CBCT_Std 1.06±0.25b 1.11 (0.66-1.48)
CBCT_HI 1.08±0.25b 1.12 (0.66-1.48)

a,b,c,d: Values in the same column with different superscripts show statistically significant differences for each variable (P<0.05).   
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structure model index (SMI), a method intended for deter-
mining the plate- or rod-like geometry of trabecular struc-
tures, used the change in surface area (BS, from the iso-
surface) as the volume increased infinitesimally. The SMI  
is 0 for plates, 3 for rods, and 4 for solid spheres.

Statistical analysis 
In order to determine the required minimum sample size, 

the following criteria were applied: error (α)=0.05, power 

(1-b) =0.80, f =0.25, and predicted correlation between 
repeated measurements =0.75. The Cohen f statistic was 
used, as it is the appropriate effect size index for analysis 
of variance (ANOVA). A medium prior effect size (0.25) 
was used, as proposed by Cohen.21 It was calculated that 
12 (twelve) samples would be sufficient for the study. Stata 
version 16.1 (StataCorp, College Station, TX, USA) was 
used for statistical analysis. The statistical significance level  
was set at P<0.05.

Descriptive statistics for each variable were calculated 
and presented as mean±standard deviation (SD). One-way 

repeated-measures ANOVA and the Friedman test were 
used to test differences between paired measurements. The 
Bonferroni test and Dunn test were used as post hoc pro-
cedures when a significant effect was observed. Intraclass 
correlation coefficients (ICCs) based on a 2-way mixed- 
effects model were used to evaluate the consistency and 
agreement of paired measurements. The ICC values were 
interpreted as follows: <0.5 as poor reliability; between 0.5 
and 0.75 as moderate reliability; between 0.75 and 0.9 as 
good reliability; and >0.90 as excellent reliability. 

Results
Table 1 shows the mean±SD, minimum, and maximum 

measurements of BV, BV/TV, BS, TbTh, TbSp, TbN, TbPf, 
and SMI at different voxel sizes (Std and HI) in both ima- 
ging modalities (micro-CT and CBCT). The BV, BV/TV, 
and TbTh values were higher for CBCT images than for 
micro-CT images, whereas the BS, TbSp, TbN, TbPf, and 
SMI values were lower in CBCT images than in micro-CT 

Fig. 1. Cone-beam computed to-
mographic (CBCT) images before 
3-dimensional analysis. A and B. 
CBCT_HI images. C and D. CBCT_
Std images. 

A B C D

Fig. 2. Micro-computed tomogra- 
phic (CT) images before 3-dimen-
sional analysis. A and B. Micro-CT_
HI images. C and D. Micro-CT_Std 
images.

A B C D
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images. In both imaging methods, the BV, BV/BT, TbTh, 
and TbSp variables showed higher values when Std voxels 
were used than when HI voxels were used, whereas the BS, 
TbPf, and SMI variables had higher values for HI voxels 
than for Std voxels. BV, BS, and TbTh were statistically 
significantly different for each imaging method and voxel 
size (P<0.05). TbN, TbPf, and SMI were statistically sig-
nificantly different between imaging methods (P<0.05). 
Different CBCT and micro-CT images before the 3D analy- 
sis are shown in Figures 1 and 2.

The ICCs and confidence intervals (CIs) of all measure-

ments obtained for different voxels (Std and HI) with differ- 
ent methods (micro-CT and CBCT) are presented in Table 
2. All variables showed high-level consistency among the 
paired measurements, whereas the absolute agreement for 
TbTh and SMI were moderate and the rest of the variables 
ranged from good to excellent. The absolute agreement for 
TbTh and SMI was moderate, while the absolute agree-
ment between the other variables was good or excellent. 

The agreement between the different voxel sizes (Std and 
HI) is presented in Table 3. TbSp had a moderate level of 
consistency, whereas the other variables had good to ex-

Table 2. Assessment of consistency and absolute agreement between measurements 

Paired variables
Consistency Absolute agreement

ICC 95% confidence interval ICC 95% confidence interval

Bone volume (BV) 0.998 0.995-0.999 0.986 0.894-0.997
Percent bone volume (BV/TV) 0.983 0.959-0.995 0.894 0.466-0.973
Bone surface (BS) 0.985 0.963-0.995 0.898 0.471-0.974
Trabecular thickness (TbTh) 0.983 0.960-0.995 0.575 0.081-0.861
Trabecular separation (TbSp) 0.853 0.646-0.953 0.846 0.637-0.95
Trabecular number (TbN) 0.958 0.898-0.986 0.771 0.233-0.936
Trabecular pattern factor (TbPf) 0.993 0.983-0.998 0.926 0.534-0.982
Structure model index (SMI) 0.960 0.903-0.987 0.560 0.069-0.852

ICC: intraclass correlation coefficient

Table 3. Compatibility between micro-CT and CBCT at standard and high resolutions

Paired variables
Consistency Absolute agreement

ICC 95% confidence interval ICC 95% confidence interval

Standard 
micro-CT 
vs. CBCT

Bone volume (BV) 0.993 0.975-0.998 0.959 0.008-0.993
Percent bone volume (BV/TV) 0.971 0.900-0.992 0.734 0.077-0.946
Bone surface (BS) 0.952 0.833-0.986 0.738 0.135-0.945
Trabecular thickness (TbTh) 0.95 0.825-0.985 0.302 0.022-0.742
Trabecular separation (TbSp) 0.597 -0.399-0.884 0.586 0.318-0.878
Trabecular number (TbN) 0.859 0.510-0.959 0.483 0.154-0.852
Trabecular pattern factor (TbPf) 0.979 0.927-0.994 0.81 0.081-0.964
Structure model index (SMI) 0.881 0.585-0.966 0.279 0.052-0.718

High 
micro-CT 
vs. CBCT

Bone volume (BV) 0.994 0.979-0.998 0.961 0.006-0.993
Percent bone volume (BV/TV) 0.943 0.803-0.984 0.755 0.170-0.948
Bone surface (BS) 0.956 0.849-0.987 0.743 0.125-0.947
Trabecular thickness (TbTh) 0.953 0.836-0.986 0.308 0.021-0.748
Trabecular separation (TbSp) 0.525 0.351-0.863 0.512 0.235-0.855
Trabecular number (TbN) 0.89 0.619-0.968 0.531 0.140-0.875
Trabecular pattern factor (TbPf) 0.978 0.923-0.994 0.801 0.082-0.962
Structure model index (SMI) 0.879 0.581-0.965 0.282 0.053-0.721

CT: computed tomography, CBCT: cone-beam computed tomography, ICC: intraclass correlation coefficient
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cellent consistency. Considering the absolute agreement, 
BV was excellent; TbPf was good; BV/TV and BS were 
moderate, while the other variables (TbTh, TbN, and SMI) 
showed poor agreement. 

The agreement between different imaging methods (micro- 
CT and CBCT) is presented in Table 4. All variables show- 
ed excellent consistency and absolute agreement. 

Discussion 
In the present study, the usefulness of CBCT in the eval-

uation of trabecular bone structure was investigated using 
morphometric parameters. A possible explanation of why 
CBCT overestimated BV, BV/TV and TbTh when com-
pared to micro-CT may be its low resolution.22 More spe-
cifically, thin trabeculae appear thicker when there is low 
image resolution. The high spatial resolution of micro-CT 
was considered to be of paramount importance for accu-
rately evaluating trabecular structure. This may explain the 
low absolute agreement between CBCT and micro-CT for 
some parameters that were found to be overestimated or 
underestimated when compared to micro-CT.23 A correc-
tion factor can be calculated in order to reduce bias in over-
estimates. Despite the small number of bone samples, this 
study demonstrated the potential of high-resolution CBCT 
imaging for quantitative bone morphometry and bone qual-

ity assessment. 
The morphological analysis of bone structure in clinical 

practice was found to be reliable with advances in CBCT 
resolution. Especially in implant dentistry, 3D images ob-
tained using CBCT have emerged as an accurate diagnostic 
modality and reliable planning tool.10 Retrospective clinical 
studies regarding the relationship between bone parameters 
and implant stability may help develop new classification 
systems and study protocols related to bone structure. The 
indication for CBCT scanning depends on the physician’s 
preference; however, unnecessary use of CBCT scans 
should be avoided, as they have higher radiation doses and 
costs than 2D images. It is recommended that an optimal 
small voxel size and the smallest FOV available should be 
utilized to improve diagnostic quality and reduce patient 
exposure.24

Dental implants are mainly in contact with trabecular 
bone, which contributes directly to implant stability.25,26 
Today, CBCT is routinely used before dental implant sur-
gery.26-28 Studies have shown that BV/TV, which represents 
the ratio of trabecular bone volume to tissue volume, is 
the most important parameter for determining bone qual-
ity.29,30 In addition, some other studies found that BV/TV 
and bone density were related to each other.12,31 According 
to our findings, CBCT and micro-CT measurements are 
very compatible considering the BV/TV parameter. Some 

Table 4. Agreement between standard (Std) and high (HI) resolutions for micro-CT and CBCT

Paired variables
Consistency Absolute agreement

ICC 95% confidence interval ICC 95% confidence interval

Micro-CT Std vs. HI Bone volume (BV) 1 0.998-1 1 0.970-1
Percent bone volume (BV/TV) 0.997 0.991-0.999 0.987 0.349-0.998
Bone surface (BS) 0.999 0.998-1 0.998 0.867-1
Trabecular thickness (TbTh) 0.997 0.989-0.999 0.988 0.494-0.998
Trabecular separation (TbSp) 0.999 0.996-1 0.996 0.802-0.999
Trabecular number (TbN) 0.999 0.995-1 0.999 0.995-1
Trabecular pattern factor (TbPf) 1 0.999-1 1 0.997-1
Structure model index (SMI) 0.999 0.998-1 0.999 0.995-1

CBCT Std vs. HI Bone volume (BV) 1 0.999-1 0.999 0.971-1
Percent bone volume (BV/TV) 0.983 0.942-0.995 0.971 0.780-0.993
Bone surface (BS) 0.999 0.996-1 0.996 0.766-0.999
Trabecular thickness (TbTh) 0.999 0.997-1 0.994 0.380-0.999
Trabecular separation (TbSp) 0.998 0.991-0.999 0.994 0.852-0.999
Trabecular number (TbN) 0.996 0.985-0.999 0.996 0.986-0.999
Trabecular pattern factor (TbPf) 1 0.999-1 1 0.999-1
Structure model index (SMI) 0.996 0.987-0.999 0.995 0.981-0.999

ICC: intraclass correlation coefficient
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other studies found higher BV/TV, TbTh, and TbSp values  
and lower TbN values using CBCT when compared to  
micro-CT.27,32,33 Another study found positive correlations 
between BV/TV, BS/TV, TbTh, TbN, and bone density 
measurements.34 Pauwels et al.35 investigated the effects 
of exposure parameters and voxel size on the analysis of 
bone structures using 20 posterior mandibular samples and 
found no significant difference for BV/TV. However, TbTh 
and TbSp were affected by different voxel sizes.

Previous micro-CT and histology studies demonstrated 
that the morphometric parameters of trabecular bone struc-
ture had a significant correlation with the physical structure 
of the bone.7,36,37 Although this study was performed in the 
absence of motion and object artifacts originating from sur-
rounding anatomical structures, such as the tongue or ver-
tebra,20 human jawbones along with a soft tissue equivalent 
were used to simulate real clinical situations. The presence 
of metallic materials in the oral cavity in normal clinical 
settings is quite common, but samples with restorative 
materials that could cause artifacts20 were not used in this 
study. 

The deviation of the CBCT measurements in the study 
from the gold standard might be due to the increased scat-
tering amount, noise level, and artifacts unique to the scan-
ner technology.20 A higher noise level may result in more 
inconsistencies in voxels’ gray values.38,39 In this study, a 
fully automated and observer-independent 3D matching 
algorithm was used for recording micro-CT and CBCT 
scans. All measurements were made in the same region, en-
suring voxel accuracy. However, there was a possibility of 
observer error and selection of different regions due to the 
manual alignment of CBCT and micro-CT datasets. Finally,  
the difference in voxel size between CBCT (0.2 mm, 0.075 

mm) and micro-CT (0.12 mm, 0.06 mm) might also have 
contributed to inconsistencies in the calculated parameters.

Image quality is affected by several factors, such as 
voxel size, the unit itself, tube voltage, and FOV selec-
tion.40 Generally, smaller voxel sizes enable higher spatial 
resolution and provide sharper images of the oral region. 
However, small voxels require a higher radiation exposure 
dose.41 The smaller voxel sizes of CBCT increase the noise 
levels when compared to micro-CT, due to the low tube 
voltage, cone beam deflection, and low detector efficien-
cy.42 Different voxel sizes in CBCT may lead to compara-
ble diagnostic results in the visibility of hard tissue such as 
bone.43 Although the possible effect of varying voxel sizes 
on cancellous bone measurements was demonstrated in 
micro-CT, it is not known whether this applies to different 
voxel sizes in CBCT. In this study, the screening protocols 

recommended by the manufacturer were followed. Image 
quality was optimized, but the results were limited to a sin-
gle CBCT device and results may show discrepancies with 
other devices.44 Future generalization of research findings 
can be supported by the use of innovative CBCT systems 
and technical standards. 

Within the limitation of this ex vivo study, the trabecu-
lar microstructure of the mandible was investigated using 
CBCT and micro-CT devices. These findings may not  
always be applicable to real conditions, as ex vivo samples 
may differ from in vivo samples in terms of the bone micro- 
structure pattern and molecular concentration. Despite the 
mean differences in morphometric parameters, the obser-
vations of good consistency and absolute agreement values 
between different parameters in micro-CT and CBCT ima- 
ging show the potential of high-resolution CBCT imaging 
for in vivo applications. High-resolution CBCT offers an 
ideal and reliable alternative to determine the 3D trabecular 
bone structure in the preoperative stage. Thus, the location 
of dental implants may be determined during clinical appli-
cations, and a drill protocol related to the bone type can be 
developed for endosseous implants according to classifica-
tions based on measurable density.45
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