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АННОТАЦИЯ
Обоснование. Конусно-лучевая компьютерная томография позволяет проводить диагностику на этапе планирования 
различных манипуляций в челюстно-лицевой области, в частности при дентальной имплантации. Преимущества дан-
ного метода: высокое пространственное разрешение, низкая лучевая нагрузка, доступность исследований, однако 
имеется существенный недостаток ― отсутствие возможности определения плотности кости челюстей в единицах 
Хаунсфилда (HU). 
Цели ― разработать набор рентгеноконтрастных шаблонов с заданной рентгеновской плотностью на основе гидро-
фосфата калия и β-трикальцийфосфата; изучить результаты сканирования шаблона на конусно-лучевом и мульти- 
срезовом компьютерных томографах; определить алгоритм кросс-калибровки для оценки минеральной плотности ко-
сти челюстей в HU и по классификации C. Misch. 
Материалы и методы. В качестве рентгеноконтрастного шаблона использованы раствор гидрофосфата калия, суспен-
зия β-трикальцийфосфата. В микропробирках шаблона объёмом 0,25 мл заданы следующие концентрации гидрофос-
фата калия: 49,96; 99,98; 174,99; 349,99; 549,98 мг/мл; суспензия β-трикальцийфосфата с эквивалентной концентраци-
ей гидрофосфата калия 1506 мг/мл. Шаблоны моделируют типы плотности костной ткани по C. Misch. Исследование 
шаблонов проводилось на 2 мультисрезовых и 4 конусно-лучевых компьютерных томографах. 
Результаты. В ходе работы проанализированы зависимости Gray Value (GV) для конусно-лучевых и HU для мульти-
срезовых компьютерных томографов от заданных значений минеральной плотности кости. Отмечается существенный 
разброс измеренных величин. Различаются углы наклона зависимостей и формы кривых. После кросс-калибровки по-
казана хорошая сопоставимость пересчитанных значений относительно режима исследуемого мультисрезового ком-
пьютерного томографа. 
Заключение. Разработанный рентеноконтрастный шаблон позволяет стандартизировать денситометрические показа-
тели для конусно-лучевых и различных мультисрезовых компьютерных томографов: в среднем разброс после кросс-
калибровки снижается в 10 раз, что обеспечивает возможность классификации костной ткани в HU по С. Misch.

Ключевые слова: конусно-лучевая компьютерная томография; мультиспиральная компьютерная томография; 
кросс-калибровка; минеральная плотность кости; рентгеновская плотность; денситометрия; имплантация зубов.
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ABSTRACT
BACKGROUND: Cone beam computed tomography is widely applied for diagnostics and planning various manipulations in the 
maxillofacial region, for example, dental implantation. Its advantages include high spatial resolution, low radiation exposure, 
and cost-effectiveness. However, it has a significant drawback: the inability to determine the density of the jaw bone in 
Hounsfield Units (HU).
AIMS: This study aimed to develop radiopaque templates with sets of X-ray density based on potassium hydrophosphate 
and beta-tricalcium phosphate, to study templates on various cone beam computed tomography and multidetector computed 
tomography devices, and to determine a cross-calibration algorithm for assessing the bone mineral density of the jaw in HU.
MATERIALS AND METHODS: The bone mineral density template comprised microtubes (0.25 ml) with potassium hydrophosphate 
concentrations of 49.96, 99.98, 174.99, 349.99, and 549.98 mg/ml, and a suspension of beta-tricalcium phosphate with an 
equivalent concentration of potassium hydrophosphate 1,506 mg/ml, designed to simulate the types of bone density according 
to C. Mish. The study was carried out on two multidetector computed tomography and four cone beam computed tomography  
machines. Cross-calibration was referred on the “standard” multidetector computed tomography 1 mode 120 kV, 200 mA.
RESULTS: There was a significant scatter of the X-ray values (HU for multidetector computed tomography and GV for cone beam 
computed tomography) vs. bone mineral density, with varying slopes, bias, and curve shapes. After cross-calibration, good 
comparability corresponding to the multidetector computed tomography 1 mode was shown. The median of the differences 
before cross-calibration was 160 relative units (HU, GV), after decreased by 10 times and amounted to 16 rel. units (p=0.000). 
The mean difference for cone beam computed tomography was significantly higher (30 rel. units) than for multidetector 
computed tomography (8 rel. units) (p=0.024, Mann–Whitney U test).
CONCLUSION: The developed radiopaque template enables the standardization of densitometric indicators for cone beam 
computed tomography and various multidetector computed tomography modes. On average, the spread after cross-calibration 
is reduced by 10 times, which makes it possible to classify bone tissue in HU according to C. Mish.

Keywords: cone beam computed tomography; multidetector computed tomography; cross-calibration; bone mineral density; 
X-ray density; densitometry; dental implantation.
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简评

论证。锥形束计算机断层扫描（cone beam computed tomography，CBCT）允许在颌面部

各种操作的规划阶段进行诊断，特别是在牙种植入方面。这种方法的优点是空间分辨率

高、辐射量低、便于研究。然而，它也有一个明显的缺点：无法确定以亨氏（Hounsfield 

Unit，HU）单位的颌骨密度。CBCT中的X射线密度是以Gray Value（GV）单位确定的。 

该研究的目的是根据磷酸氢二钾（DHP）和β-磷酸三钙（β-TCP）开发一套具有特定X射线

密度的X射线对比模板，研究在CBCT和多层螺旋计算机断层扫描（MSCT）上扫描模板的结

果，确定用于估算HU下颌骨矿物质密度的交叉校验算法，并根据C.Mish进行分类。 

材料和方法。使用DHP溶液、β-TCP悬浮液作为X射线对比模板。模板的0.25ml微量试管中

DHP的浓度分别为：49.96、99.98、174.99、349.99、549.98mg/ml，β-TCP悬浮液中DHP的

等效浓度为1506mg/ml。这些模板根据C.Mish分类模拟了骨密度类型。这些模板检验是在2个

MSCT和4个CBCT上进行的。在“标准”MSCT1模式120kV、200mA上进行了交叉校验；对所获得

的依赖关系进行了线性和二次近似。 

结果。在工作过程中，我们分析了CBCT的GV和MSCT的HU与IPC给定值的关系。我们发现了

测量值存在显著差异。相关斜率角度和曲线形状各不相同。交叉校验后，与MSCT1模式相

比，重新计算的数值具有良好的可比性。交叉校验前测量值的中位数差异为160个相对单 

位（HU、GV），重新计算后显著减少了10倍，为16个相对单位（p=0,000），可靠显示了

CBCT的平均差异（30个相对单位）大于MSCT的平均差异（8个相对单位），p=0,024；采用

曼-惠特尼U检验进行了比较。 

结论。我们开发的X射线对比模板允许使CBCT和不同MSCT模式的密度测定指数标准化，交叉

校验后的分散平均减少了10倍，这提供根据C.Mish对HU中的骨组织进行分类的可能性。.

关键词：锥形束计算机断层扫描；多层螺旋计算机断层扫描；交叉校验；骨矿物质密度；X

射线密度；密度测定；牙种植入。
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BACKGROUND
The discovery of computed tomography (CT) in 1972 

enabled the visualization of various areas of the human 
body using three-dimensional (3D) images [1]. Computed 
tomography is used in many therapeutic areas, and with 
the development of dental implantation, it has been the 
most often used modality in dentistry [2]. One of the key 
standards for determining radiological densitometric 
parameters of bone tissue is the Hounsfield unit (HU), a 
relative quantitative measurement of radio density [3]. 
Misch [4] uses this scale as a basis for a dental bone 
density classification.

Because of the high ionizing radiation dose and high 
financial costs associated with multidetector computed 
tomography (MDCT), a safer and less expensive cone 
beam computed tomography (CBCT) was developed. 
However, this technology has some limitations, the most 
significant of which is the presence of specific artifacts 
and poor accuracy in determining the radiographic density 
[5–7]. Radiographic density in CBCT is defined as a 
relative mean gray value (GV) compared with Hounsfield 
units (HUs), which are stable radiographic density units 
used in MDCT. This makes it impossible to adequately 
identify individual anatomical and density characteristics 
of the patient’s bone structures, which are necessary 
for planning dental implantation. These limitations are 
determined by tissue X-ray absorption patterns, scanning 
parameters, and the CBCT reconstruction algorithm [8]. 
As a result, a universal calibration method is required to 
reduce CBCT errors, improve bone density measurement 
accuracy, and lower the risk of intraoperative and 
postoperative complications.

Radiopaque templates should be developed to complete 
this task. It is possible to use potassium hydrogen phosphate, 
which has X-ray absorption properties similar to calcium 
hydroxyapatite, the main mineral complex of normal bone. 
Previously, the use of potassium hydrogen phosphate to 
simulate phantom bone mineral density (BMD) was justified 
[9]. This approach enables the simulation of a wide range 
of BMD values in bone samples using a scan process as 
close as possible, using identical examination modes and 
simulating X-ray absorption by the patient’s tissues. This 
approach is used in quantitative CT [9].

Our experimental study aims to evaluate the effectiveness 
of BMD radiopaque templates and cross-calibration 
algorithms for a more accurate assessment of densitometric 

parameters of six computer tomographs (four CBCTs [CBCT 1, 
CBCT 2, CBCT 3, and CBCT 4] and two MDCTs [MDCT 1 and 
MDCT 2]), with abbreviations followed by serial numbers of 
test scanners).

The study aims to develop a set of radiopaque templates 
with a given radiographic density using potassium hydrogen 
phosphate and β-tricalcium phosphate and evaluate 
the results of scanning templates using various CBCTs 
and MDCTs to develop a cross-calibration algorithm for 
assessing mineral density of the jawbone using the Misch 
classification.

MATERIALS AND METHODS
General characteristics of a mineral density 
template

A specific mass concentration of potassium hydrogen 
phosphate was used for manufacturing the model BMD 
sample. Due to its high solubility, the exact concentration 
range to simulate the spongy substance and the low-density 
cortical layer (50–550 mg/mL) can be determined. The high-
density cortical layer was modeled using a suspension of 
water-insoluble β-tricalcium phosphate, equivalent to bone 
hydroxyapatite. Concentrations were adjusted to obtain 
substances from all bone density classes (D1–D5) according 
to the Misch classification (Table 1) [4].

The calibration template consisted of two sets of 0.25-
mL plastic tubes positioned around 50-mL tubes (Figure 1). 
Calibration tubes included (a) distilled water, (b–f) 50–550-
mg/mL potassium hydrogen phosphate solutions, (g) 846-
mg/mL β-tricalcium phosphate solution with a potassium 
hydrogen phosphate equivalent content of 1,500 mg/mL 
(see Table 1). Three 50-mL tubes with fixed templates were 
filled with 65.97- and 58.64-mg/mL potassium hydrogen 
phosphate solutions and water. These tubes were not used 
for calibration (see Figure 1).

A crystalline hydrate of potassium hydrogen phosphate 
with a content of the primary substance K2HPO4 × 3H2O >99% 
according to GOST 2493-75 (Pan Reac Applichem ITV 
Reagents) was used to prepare a solution of this substance. 
β-tricalcium phosphate was also used, with a Ca3 × (PO4)2 
content of >98% (Sigma-Aldrich). OHAUS Pioneer analytical 
balances with accuracy class according to GOST OIML R 
76-1-2011 I (special) were used for weighing. Potassium 
hydrogen phosphate samples were dissolved in degassed 
distilled water in a volumetric flask (49.89 mL; relative error 
for volume 0.06%).

CBCT: cone beam computed tomography
CT: computed tomography

BMD: bone mineral density
MDCT: multidetector computed tomography

Abbreviations
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Characteristics of the study
The templates were scanned using standard clinical 

maxillofacial imaging modes. Scanner characteristics and 
examination modes are summarized in Table 2. Results 
were analyzed for four CBCTs from three manufacturers (see 

Table 2, lines 1–4), two MDCTs from two manufacturers (see 
Table 2, lines 5–7), and two modes for one MDCT (line 5: 
normal [120 kV, 200 mA] and low dose [80 kV, 10 mA]). Two 
sets of BMD templates with identical potassium hydrogen 
phosphate dilutions (one with an added high-density sample 

Fig. 1. General sequence of the study steps: (a) original tubes with a radiopaque substance (radiopaque mineral density templates) in 
air; (b) original tubes with radiopaque substance in water; (c) example of fixing and examining templates using a cone-beam computed 
tomography scanner; (d) MIP reconstruction using multidetector computed tomography scanner; (e) example of viewing and processing 
original tube sections in DICOM format (Radiant) and evaluating their characteristics using the tested multidetector computed tomography 
scanner 3 (see Table 2, line 7).

a

d

b

e

c
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Table 1. Characteristics of the created bone mineral density template compared with Carl E. Misch’s classification

Tube number in the 
template (0.25 mL)

Values obtained in the study Misch scale

Specified BMD 
concentration (mg/mL)

Actual BMD 
concentration

Measured HU for MDCT 
1 (line 5, Table 2) Bone type HU

1 0 0 1.5 — —

2 50 49.96 78 D5 <150

3 100 99.98 161 D4 150–350

4 175 174.99 281 D4 150–350

5 350 349.99 540 D3 350–850

6 550 549.98 816a D2 850–1,250

7 1,500 1,506 2,165 D1 >1,250

Note. BMD, bone mineral density; MDCT, tested multidetector computed tomography scanner 1.
aSample below the appropriate Misch density range.

https://doi.org/10.17816/DD501771
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of β-tricalcium phosphate) were fixed around 25-mm tubes 
(see Figure 1a and 1d), which were then placed in an 85-
mm cylinder filled with distilled water (see Figure 1b and 
1e), which was established in a scanner (see Figure 1c). 
The water environment is necessary to simulate the effect 
of beam hardening [10], making phantom study conditions 
closer to clinical settings.

Results
The results of a CT study of “in water” and “in air” patterns 

are expected to be compared to assess the influence of 
absorbing properties of the liquid medium, the oral cavity. 
Images were obtained in DICOM format (see Figures 1e and 2).

Statistical analysis
Mean values and standard deviations were calculated 

for BMD samples in templates. Radiographic density 
values were averaged for BMD samples of corresponding 

templates. The obtained data were processed in Excel 
and Statistica 10, and HU (for MDCT), GV (for CBCT), and 
BMD parameters were compared. Linear and quadratic 
lines of approximation were used. The MDCT mode of 
120 kV and 200 mA was used as the internal standard for 
cross-calibration (see Table 1, column 4; Table 2, line 5). 
Considering the small sample size and heterogeneous 
conditions, nonparametric statistics (Mann–Whitney U test) 
were used to compare groups.

RESULTS
Radiographic density measurements of BMD templates 

are presented in HUs for MDCT and GVs for CBCT in Figures 1 
and 2. There is a significant scatter for measured values, 
although for individual scanners, the measured radiographic 
density of water (negative GV values are reported for CBCT 2 
and CBCT 4). Figure 2 compares the phantom obtained for 

DOI: https://doi.org/10.17816/DD501771
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Table 2. Scanner types and scanning modes evaluated in the study

No. Scanner (company and country of origin); abbreviation used Tube voltage (kV) Tube current (mA)

1 Orthopantomograph OP 3D (Kavo, USA); CBCT 1 95 4

2 HDX WILL (HDX Will Corp., Korea); CBCT 2 85 8

3 Orthopantomograph OP300 (Kavo, USA); CBCT 3 90 3, 2

4 Vatech PaX-Uni3D (Vatech Global, South Korea); CBCT 4 90 5

5 GE Discovery NM/CT 670 (GE Healthcare, USA); MDCT 1a 120 200

6 GE Discovery LOW/CT 670 (GE Healthcare, USA); MDCT 2 80 10

7 Siemens Somatom Perspective (Siemens, USA); MDCT 3 110 23

Note. MDCT 1, tested multidetector computed tomography scanner 1.
aMDCT 1 (line 5) is used as the standard for cross-calibration in further study steps.

Fig. 2. Radiopaque phantom with bone mineral density templates using the same visualization parameters of the “window” (window 
level 100/window width 1,500 for bone tissue) for (a) tested multidetector computed tomography scanner 3 and (b) cone-beam computed 
tomography scanner 2: different contrast intensity is visible, measured values of water density: 0.85 HU for multidetector scanner and 
360 GV for cone beam scanner.

a b

https://doi.org/10.17816/DD501771
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MDCT using the same “window” visualization parameters for 
bone tissue (window level 100/window width). MDCT 3 (a) 
and CBCT 2 (b) have different contrasts. The measured values 
of the radiographic density of water are −0.85 HUs for MDCT 
and −360 GVs for CBCT.

Slopes and shapes of radiographic density to BMD curves 
differ significantly (Figure 3).

Cross-calibration was proposed to unify the measurements 
performed, which is to determine formulas for recalculating 
each specific measurement for different scanners using a 
universal internal standard, that is, MDCT 1 (120 kV, 200 mA; 
see Table 2, line 5). For this purpose, dependences were 
initially constructed in reverse coordinates (Figure 4).

Figure 4 shows BMD dependences on HU or GV, inverse 
coordinates to Figure 3. Approximation lines were created 
using Excel, including linear lines for CBCT 1 and 3 and 
MDCT 1–3 and quadratic for CBCT 2 and 4 (the corresponding 
formulas are shown in Figure 4). The decision to apply the 
approximation law was based on a visual analysis of the 
dependence pattern. For CBCT 1, the dependence was 
divided into two ranges, and its dependent patterns were 
determined. This is related to artifacts identified during 
image analysis.

The resulting dependency formulas (see Figure 4) enable 
us to calculate cross-calibration formulas after simple 
transformations related to the “standard” MDCT mode of 
120 kV and 200 mA (see Table 2, line 5). These formulas 
are presented in Table 3 (column 2). These formulas should 
be used according to the following algorithm: measured 

values of radiographic density of bone samples or templates, 
expressed in HU for MDCT and GV for CBCT, are substituted 
as a factor (x) on the right side of formulas; in this case, the 
calculated value (y) corresponds to the radiographic density 
of a given sample, expressed in HU, if scanned in MDCT 1 
mode. These densities can be assessed using the Misch scale 
(see Table 1) to determine the appropriate type of bone tissue 
D1–5.

All radiographic densities for the corresponding scanning 
modes were recalculated using this cross-calibration 
algorithm. These data are presented in Figure 5. Compared 
with Figure 3, good data consistency is reported.

DISCUSSION
During the study, CT scanners revealed varying 

densitometric parameters for the same BMD values (see 
Figure 3). Radiographic densities of MDCT scanners for water 
were closest to 0, expressed in HUs: MDCT 1 (1.5), MDCT 2 
(−9), and MSKT 3 (14). CBCT has more significant scatters 
than GVs: CBCT 1 (210), CBCT 2 (−305), CBCT 3 (171), and 
CBCT 4 (−400). The most reliable radiographic density of 
distilled water was achieved with MDCT 1 with a scanning 
mode of 120 kV and 200 mA, selected as an internal standard 
for cross-calibration. The subsequent dependency pattern in 
Figure 3 was also heterogeneous regarding curve slope and 
shapes (significant nonlinearity was reported for CBCT 2 
and 3). Rearranging the results in reverse coordinates using 
approximation lines (see Figure 4) enabled us to determine 

Fig. 3. Dependence of measured radiographic densities (HU for MDCT and GV for CBCT) on preset bone mineral densities before cross-
calibration: there is a significant scatter of HU values when using different modes and MDCT scanners and GV values when using other 
CBCT scanners. CBCT, cone beam computed tomography scanner; MDCT, multidetector computed tomography scanner.
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algorithms for cross-calibration relative to MDCT 1 mode of 
120 kV and 200 mA (see Table 2, line 5). These formulas 
are provided in Table 3. After cross-calibration, recalculated 
data showed good comparability with MDCT 1. The median 
difference between measured values and MDCT 1 value 
before cross-calibration was 160 relative units (HU and GV), 
and after recalculation, it was decreased by 10 times to 16 
relative units (p = 0.000). Despite the cross-calibration, the 
average difference for CBCT was significantly higher (30 
relative units) than for MDCT (eight relative units; p = 0.024). 
Values were compared using a Mann–Whitney U test. 
Moreover, the average relative difference in density units 
between the two templates was 17.69% for CBCT and 4.7% 
for MDCT.

Due to a significant scatter in relative differences 
between two templates with different spatial locations 
(see Figure 2) and a larger scatter relative to the average 
values of the standard mode of 120 kV and 200 mA after 
cross-calibration in CBCT, synchronous templates are 
required, that is, templates located in the oral cavity near 
the proposed implantation zone of the patient examined. An 
asynchronous technique effectively used in quantitative CT 
may be ineffective in CBCT due to several artifacts that cause 
signal heterogeneity [11]. Calibration is required for specific 
equipment, modes, and patients.

At present, relative units HU are used in the radiological 
classification by Misch (see Table 1, columns 5 and 6), 
which is the main stage of planning dental implantation 
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Fig. 4. Inverse dependencies compared with Figure 2: Mineral density versus radiographic density in GV and HU. The resulting lines of 
approximation were used to determine formulas for cross-calibration.
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Table 3. Formulas for cross-calibration for each tested scanner

Abbreviated name of scanners (as in Table 1) Formulas for cross-calibration relative to MDCT 1

CBCT 1 (0–350 mg/mL)
CBCT 1_1 (350–1,506 mg/mL)

y = 0.819 × (x) − 164
y = 1.31 × (x) − 164

CBCT 2 y = 4.4 × 10−5 × (x)2 + 0.771 × (x) + 234

CBCT 3 y = 1.04 × (x) − 188

CBCT 4 y = 1.04 × (x)2 + 0.335 × (x) + 120

MDCT 2 y = 0.748 × (x) − 9.14

MDCT 3 y = 0.937 × (x) − 51.5

Note. In formulas, x means the measured values of HU or GV using the corresponding CT scanner; y represents the calculated value for cross-
calibration relative to CT 1 (i.e., bone tissue density in HU when using CT 1 from Table 1). CBCT 1–4 mean serial numbers of the tested cone-beam 
computed tomography scanners; MDCT 2 and 3 mean serial numbers of the tested multidetector computed tomography.
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and selecting a subsequent surgery protocol. In this 
experimental study, conditions were simulated when the 
densities of the radiopaque template correspond to the 
main types of bone tissue, according to Misch (see Table 1), 
which are D1–5. After cross-calibration, it was shown that 
it is possible to reliably estimate the HU of various MDCT 
modes and CBCT methods. This method is inexpensive and 
easy to use.

A radiopaque template saturated with potassium 
hydrogen phosphate has long been used in dosimetry as 
a cortical bone equivalent material [12]. This material was 
previously used for reference radiopaque phantoms in 
various dilutions [11, 13]. Moreover, composite materials 
based on water-insoluble hydroxyapatite or tricalcium 
phosphate can be considered radiopaque. As in bone tissue, 
the radiographic density of potassium hydrogen phosphate 
and tricalcium phosphate changes in concordance with 
radiographic energy changes [14, 15]. In this experimental 
study, several voltages were used. We selected scanning 
modes recommended by manufacturers ranging from 80 to 
120 kV, depending on the type of equipment. Densitometric 
parameters of water correspond to 0 on the HU scale, which 
is set when calibrating MDCT [1]. MDCT scanners were the 
most similar to this value parameter.

Phantoms (radioopaque templates) based on potassium 
hydrogen phosphate were previously used to develop unified 
measurements and further classify calcifications of vessel 
walls and bone tissue [16, 17]. Lower accuracy was reported 
for scanners with low voltage and spatial resolution [18]. 
Errors in measuring BMD were associated with CT scanner 
voltage, the reconstruction algorithm used, characteristic 

scattering artifacts, and a lack of photons at detectors; the 
radiation power (mA) has a lesser effect [11]. All CT scans 
of radiopaque templates were performed in the water-
immersed state, with dimensions comparable to the sizes 
of the oral cavity and surrounding soft tissues, making the 
model conditions closer to scanning real patients [19].

Our quantitative study using radiopaque templates yielded 
more comprehensive results than previous studies that 
assessed one type of CT scanner and one type of radiopaque 
template [20–23]. Because we used original templates with 
seven specified BMD values and compared six scanners, our 
study is more unique and evidential. Our study found that 
using radiopaque templates standardizes and compensates 
for shortcomings in densitometric classification using 
CBCT, significantly affecting planning and performing dental 
procedures [24, 25].

In the future, synchronous radiopaque templates will be 
used for various types of maxillofacial surgeries, including 
dental implantation. Using radiopaque templates for planning 
dental implantation will allow for the development a highly 
personalized surgery protocol [26–30]. A similar pattern 
of bone density dependences is observed when comparing 
CBCT and MDCT; however, individual measurements differ 
significantly [26]. Our cross-calibration algorithm significantly 
reduces these differences.

In addition to errors in determining BMD using CBCT, 
geometric distortions should be assessed [31–34]. Medelnik 
et al. [35] evaluated the reproducibility of anatomical 
landmarks and the accuracy of various CBCT and MDCT. 
Elshenawy et al. [36] reported that an increased area of 
interest parallel to voxel size may reduce the accuracy of 

Fig. 5. Dependence of the recalculated radiographic densities (HU for MDCT and GV for CBCT) on preset bone mineral densities after cross-
calibration. Good agreement is noted between the adjusted data. Cross-calibration was performed relative to the MDCT 1 scanner with 
120 kV, 200-mA mode. CBCT, cone beam computed tomography scanner; MDCT 1, tested multidetector computed tomography scanner 1.

CBCT 1

2500

2000

1500

1000

16001400120010008006004002000

500

0

CBCT 2

CBCT 3

CBCT 4

MDCT 1

MDCT 2

MDCT 3

M
ea

su
re

d 
HU

 (M
DC

T)
, G

V 
(C

BC
T)

Preset BMD (mg/mL)

ORIGINAL STUDY ARTICLES

DOI: https://doi.org/10.17816/DD501771

https://doi.org/10.17816/DD501771


301
Digital Diagnostics

linear CBCT measurements, particularly when assessing small 
distances. The authors stressed the need to appropriately 
evaluate object density in addition to determining geometric 
distortions.

CONCLUSION
When four CBCTs and two MDCTs are used to assess 

the same bone mineral density samples, the created 
radiopaque template shows a large scatter of radiographic 
densities. According to Misch, cross-calibration standardizes 
densitometric parameters for CBCT and various MDCT modes 
while reducing scatter by 10 times, allowing bone tissue to 
be classified. The most promising strategy is to use individual 
synchronous templates located directly near the area of the 
proposed dental intervention.
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