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ABSTRACT
Objective: To evaluate the relationship between bone
density measured by computed tomography (CT) and 
cone beam computed tomography (CBCT) (Sirona’s 
Galileos scanner) with primary stability of dental implants. 
Material and methods: 20 fresh bovine femoral heads
were prepared by removal of soft tissue, sectioning of 
the bone, and placement of markers for location and 
angulation of implants. Bone density of peri-implant areas 
was determined preoperatively by CT and CBCT scanning 
of the prepared bone samples represented by Hounsfield 
units (HUs) and gray values (GVs), respectively. Then, 60 
implants in three sizes (diameter = 4 mm, length = 8, 10, 
and 12 mm) were inserted into the bones and maximum 
insertion torque (IT) was recorded. Osstell device was also 
used for determining the implant stability quotient (ISQ) 
for each implant. Statistical analysis was performed on 
the data (α = 0.05). Results: Mean ± SD values of GV,
HU, and ISQ were 1592.75 ± 231.82, 675.26 ± 115.38 
and 61.90 ± 10.14, respectively. Moreover, the most 
frequent IT limit was 30-35 Ncm (41.4%). Significant 
relationships were observed between HU and IT, GV and 
IT, HU and ISQ, GV and ISQ, and IT and ISQ in all implant 
sizes. Moreover, GV and HU also significantly correlated 
to each other. Conclusion: Bone density values in CBCT
and CT scans are positively associated to primary stability 
of dental implants. Therefore, GVs obtained from Galileos 
CBCT scanner can be used for preoperative selection of 
edentulous sites which allow for better implant stability or 
locations which require further procedures for enhancing 
the success rate of dental implants.
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RESUMO
Objetivo: Avaliar a relação entre a densidade óssea medida 
em imagens de tomografia computadorizada (TC) e tomografia 
computadorizada de feixe cônico (TCFC) e relacionar com 
a estabilidade primária de implantes dentários. Material e 
métodos: Foram utilizadas neste estudo 20 cabeças femorais 
bovinas frescas, preparadas pela remoção de partes moles, secção 
do osso e colocação de marcadores para localização e angulação 
dos implantes. A densidade óssea da área peri-implantar foi 
determinada no pré-operatório em imagens TC e TCFC das 
amostras de osso peparado, representadas por unidades Hounsfield 
(HUs) e valores de cinza (GVs), respectivamente. Em seguida, 60 
implantes em três tamanhos (diâmetro = 4 mm, comprimento 
= 8, 10 e 12 mm) foram inseridos nos ossos e o torque máximo 
de inserção (TI) foi registrado. O dispositivo Osstell também foi 
usado para determinar o quociente de estabilidade do implante 
(ISQ) para cada implante. A análise estatística foi realizada nos 
dados (α = 0,05). Resultados: Os valores médios ± DP de GV, 
HU e ISQ foram 1592,75 ± 231,82, 675,26 ± 115,38 e 61,90 ± 
10,14, respectivamente. Além disso, o limite de TI mais frequente 
foi 30-35 Ncm (41,4%). Relações significativas foram observadas 
entre HU e IT, GV e IT, HU e ISQ, GV e ISQ, e IT e ISQ em todos os 
tamanhos de implante. Os GV e HU também se correlacionaram 
significativamente. Conclusão: Os valores da densidade óssea 
em imagens de TCFC e TC mostram-se positivamente associados 
para estabilidade primária de implantes dentários. Portanto, os 
GVs obtidos no Sistema de TCFC (Sirona’s Galileos) poderiam 
ser usados para a seleção pré-operatória de sítios edêntulos que 
permitam uma melhor estabilidade do implante ou locais que 
requerem procedimentos adicionais para aumentar a taxa de 
sucesso dos implantes dentários.
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INTRODUCTION

I n modern dentistry, dental implants are an 
important treatment option for replacement 

of missing teeth in order to restore function and 
esthetics. Primary stability of dental implants 
is a crucial factor for determining success and 
treatment planning in implantology [1,2]. 
Implant insertion torque [3], design and 
type of implant [4, 5], and bone quality [6] 
are among main factors that contribute to 
primary stability of dental implants. One of 
the most accurate and reproducible methods 
for assessing implant stability is resonance 
frequency analysis using Osstell device [7, 
8]. The device presents implant stability in 
any given stage by a numeric value called 
implant stability quotient (ISQ). Higher ISQ is 
associated to higher implant stability. Higher 
insertion torque (IT) of implant is another 
important indicator for higher primary 
stability [9, 10].  IT is also closely related to 
the recipient bone architecture and quality 
[11].

Therefore, characteristics of recipient 
bone are important in preoperative evaluation, 
treatment planning, and outcome prediction 
of dental implant treatments. Imaging 
methods have been widely used in order to 
obtain characteristics of the recipient bone 
status. With introduction and application 
of computed tomography (CT) in dentistry, 
it has been used for pre- and post-operative 
sectional imaging in implant treatments 
[12]. Moreover, researchers have used it for 
classification of edentulous alveolar bone 
quality. For instance, Gamble and Norton used 
Hounsfield units (HU) to classify bone quality 
of implant recipient sites [13]. Recently, cone 
beam computed tomography (CBCT) has 
garnered widespread application in dentistry 
and implantology due to benefits such as 
lower radiation does, higher availability, and 
lower costs compared to CT [14]. CBCT is an 
excellent modality for measuring dimensions 

of available bone, determining characteristics 
of bone trabecula, and evaluating adjacent 
anatomic landmarks and relationships 
[15,16]; However, while quantitative bone 
density profile represented by HU is constant 
in CT scans, bone density values in CBCT 
depend on various parameters such as device 
type, exposure parameters, and positioning 
[17,18]. Researchers have attempted to 
evaluate the relationship between CBCT gray 
values (GVs) of recipient bone with success 
of dental implants. However, they stated that 
the results must be tested for different CBCT 
scanners, as CBCT GVs vary with scanner type 
[19, 20]. Therefore, the aim of the present 
study is to evaluate the relationship between 
bone density measured by CT and CBCT 
(Sirona’s Galileos scanner) with primary 
stability of dental implants.

MATERIAL AND METHODS

This study was approved by the Bioethics 
Committee of Isfahan University of Medical 
Sciences (ethical approval code: IR.MUI. 
RESEARCH.REC.1398.085). Based on the 
calculations from the following formula, a 
sample size off 20 implants in each size would 
be able to detect correlation coefficient of 0.68 
with alpha of 0.05 and power of 80%.

Preparation of bone samples:

20 fresh bovine femoral bones were 
chosen in a wide variety of bone types. Soft 
tissue was removed and the bones were cut 
into bony blocks. To indicate the angulation 
of each implant, a metallic marker was placed 
with 2 cm horizontal and 1 cm vertical distance 
from the selected bone surface in order to 
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avoid metallic artifacts interfering with bone 
structure. The central point for drilling and 
implant insertion was marked by light-cured 
glass ionomer (Figure 1).

Radiologic examinations and 
calculations of GV and HU. 

CBCT scanning of the prepared bone 
samples was performed by Galileos scanner 
(Sirona, Bensheim, Germany) with exposure 
parameters of 85 kVP and 21 mAs. Also, 
CT scans were done by General Electric CT 
scanner (GE Healthcare, Chicago, IL, USA) 
with exposure parameters of 100 kVP and 
150 mA. The resulting DICOM images were 
imported into Mimics software (version 20, 
Materialise NV, Leuven, Belgium). Mean GV 
and HU was calculated 1 mm around the 
determined location of implants in the CBCT 
and CT images, respectively, as the implant is 
anchored by being screwed to the surrounding 
bone [19, 20] (Figure 2).

Implants, surgical procedures, and IT 
measurements:

60 implants (Bionic, Nick Kasht Asia, 
Tehran, Iran) in three sizes (diameter = 
4 mm, length = 8, 10, and 12 mm) 20 in 
each size were used in this study. Implant 
sockets were prepared with the standard 
drilling kit according to the manufacturer’s 
instructions [19] and based on angulation 
and central points provided by metallic and 
glass ionomer markers, respectively. Then, 
implants were placed and IT was measured for 
each implant with the torque wrench. Torque 
wrench measured the insertion torque in 5 
Ncm accuracy. For instance it shows that the 
insertion torque is between 20-25 (equal or 
more than 20 and less than 25).

Resonance frequency analysis:

Appropriate Smartpegs were mounted 
on implants and ISQ was measured by Osstell 
device (Integration Diagnostics, Gothenburg, 
Sweden) (Figure 3). The measurement was 
performed in 2 perpendicular directions [21]. 
The mean value was recorded for further 
analysis.

Figure 1 - Bone samples with implant location and angulation 
markers.

Figure 2 - Bone density value determination around the implant.
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Statistical analysis:

Data was statistically analyzed by Statistical 
Package for the Social Sciences (SPSS, v. 25, IBM 
Statistics, NY, USA). Descriptive statistics was 
performed using minimum, maximum, mean, 
and standard deviation. One way ANOVA and 
Kruskal-Wallis tests were used to compare the 
mean values of independent groups. Pearson and 
Spearman correlation coefficients were used for 
evaluating the relationship of quantitative and 
qualitative data, respectively (α = 0.05).

RESULTS

After exclusion of two outlier data from 
further analysis, mean ± SD values of GV, 
HU, and ISQ were 1592.75 ± 231.82, 675.26 
± 115.38 and 61.90 ± 10.14, respectively. 
Moreover, the most frequent IT limit was 30-35 
Ncm (41.4%). Tables I and II present the values 
of GV, HU, ISQ, and IT in different implant sizes. 
Significant correlations were found between HU 
and IT, GV and IT, HU and ISQ, GV and ISQ, IT 
and ISQ, and GV and HU (Table III). Figures 3-7 
demonstrate the scatter plots of these variables.

Figure 3 - Determination of implant stability quotient.

Table I - Minimum, maximum and mean values of Hounsfield 
units, Gray values, and Implant stability quotient in 
different implant sizes

Table II - Frequency of insertion torque measurements 
in different implant sizes

Table III - Correlation table for implant stability 
quotient, insertion torque, Hounsfield unit, and gray value

Size Number Minimum Maximum Mean±SD P-value

Hounsfield 
unit

4×8 20 483.25 841.79 672.53±105.31

0.5364×10 19 472.87 798.05 697.71±98.74

4×12 19 419.52 807.52 655.69±140.48

Gray value

4×8 20 1231.48 2120.56 1592.99±227.69

0.6504×10 19 1219.60 1995.37 1627.99±204.995

4×12 19 1183.84 1983.37 1557.26±266.11

Implant 
stability 
quotient

4×8 20 45.50 72.50 61.30±8.57

0.8164×10 19 44 75 63.18±10.29

4×12 19 42 75.50 61.39±11.82

Insertion 
torque

Size

P-value4×8 4×10 4×12

Fre-
quency

Percent-
age

Fre-
quency

Percent-
age

Fre-
quency

Percent-
age

20-25 2 10 2 10.5 5 26.3 0.698

25-30 9 45 6 31.6 3 15.8

30-35 8 40 8 42.1 8 42.1

35-40 1 5 2 10.5 1 5.3

40-45 0 0 1 5.3 2 10.5

Total 20 100 19 100 19 100

Variables

Implant 
Stability 
quotient

Insertion 
torque 

Hounsfield 
unit Gray value

Implant 
size

Implant 
Stability 
quotient

4×8 r 1
p value

4×10 r 1
p value

4×12 r 1
p value

Insertion 
torque

4×8 r 0.866 1
p value < 0.001

4×10 r 0.903 1
p value < 0.001

4×12 r 0.951 1
p value < 0.001

Houns-
field unit

4×8 r 0.662 0.561 1
p value 0.001 0.001

4×10 r 0.700 0.654 1
p value 0.001 0.002

4×12 r 0.908 0.792 1
p value < 0.001 < 0.001

Insertion 
torque

4×8 r 0.585 0.683 0.918 1
p value 0.007 0.001 < 0.001

4×10 r 0.599 0.610 0.953 1
p value 0.007 0.005 < 0.001

4×12 r 0.952 0.951 0.861 1
p value < 0.001 < 0.001 < 0.001
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Figure 4 - Scatter plots of density values in CT vs. implant insertion torque in implant size (a) 4×8, (b) 4×10, (c) 4×12.

Figure 5 - Scatter plots of density values in CBCT vs. implant insertion torque in implant size (a) 4×8, (b) 4×10, (c) 4×12.

Figure 6 - Scatter plots of density values in CT vs. implant stability quotient in implant size (a) 4×8, (b) 4×10, (c) 4×12.

Figure 7 - Scatter plots of density values in CBCT vs. implant stability quotient in implant size (a) 4×8, (b) 4×10, (c) 4×12.
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DISCUSSION

Prediction of primary stability of dental 
implants is very important in treatment 
planning and estimation of treatment duration. 
Disuse atrophy causes a decrease in mineral 
density of alveolar bone and this compromised 
bone is prone to a higher risk for failure of 
dental implant placement [20]. Therefore, 
evaluation of bone quality is strongly suggested 
in pre-operative stage, rather than during or 
after insertion of dental implants. In this way, 
suitable locations which provide better stability 
for implants may be selected preoperatively 
[18]. This mentioned, attempts have been made 
to correlate implant stability to GVs obtained by 
CBCT, which is the primary sectional imaging 
technique in maxillofacial implantology. 
Researchers have insisted that results must be 
tested on different CBCT scanners [19,20]. One 
limitation associated with in-vivo clinical studies 
on the subject is that the entire surgical process 
of implant placement cannot be uniformly 
followed for identical implants. Thus, fresh 
femoral heads are a good experimental model 
for implant placement [19].  

In an in-vitro study, Isoda et al. [19] found 
that GVs obtained by Gendex GXB-500 CBCT 
scanner from the recipient bone are significantly 
related to IT and ISQ of 18 identical implants. 
Arisan et al. [20] reported that peri-implant 
bone density obtained by CT and CBCT (Iluma 
scanner) has a significant relationship with ISQ 
and IT of dental implants. However, their study 
did not address the statistical significance of 
these relationships in different implant sizes. 
These findings are generally consistent with 
the results of the present study. Moreover, the 
present study is in accordance with studies 
performed by Pagliani et al. [22], Sennerby et 
al. [23], and Salimov et al. [24]. Wada et al. 
[25] in an in-vitro study showed a significant
relationship between peri-implant bone GVs 
obtained by Gendex GXB-500 CBCT scanner and 
IT of 4 implants in 4 different sizes. However, 

the relationship between GV and ISQ was only 
significant in the largest implant. Since, only 
one implant in each size was used in their study, 
these results may be subject of sample size error.

In most in-vitro studies performed on 
the subject, CBCT or CT image acquisition 
was performed after drilling and preparation 
of implant sockets. During the preparation 
of implant socket, peri-implant bone may be 
altered due to the drilling process. In the present 
study, CT and CBCT images were obtained prior 
to drilling procedure, simulating the clinical 
condition in which patients are referred for 
imaging in the preoperative stage. Therefore, 
implant location and angulation markers were 
placed to represent the future position of 
implants in CT and CBCT images. 

Most CBCT scanners, demonstrate bone 
density by non-calibrated values, rather than 
calibrated HUs. Several inherent factors lead to 
decreased accuracy and reproducibility of GVs 
in CBCT imaging. One of these factors is scatter 
radiation produced due to the volumetric nature 
of CBCT imaging and collected by the area 
detector. These unwanted signals, decrease the 
accuracy of pixel values and thus GVs of the scan 
[23]. Moreover, heel effect and metal artifacts 
are another source of inaccuracy of the GVs in 
CBCT scanning [26]. Reconstruction algorithms 
in CBCT imaging can also affect the uniformity 
of GVs [18]. However, attempts have been 
made in order to correlate or calibrate the GVs 
of different CBCT scanners with corresponding 
HUs in CT imaging [27-29]. These results are 
consistent with the findings of the present study 
that GVs obtained by Galileos CBCT scanners 
are correlated to HUs. However, these results 
may need to be confirmed for different CBCT 
scanners.

CONCLUSION

Significant relationships were observed 
between HU and IT, GV and IT, HU and ISQ, 
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GV and ISQ, and IT and ISQ in all implant 
sizes. Moreover, GV and HU also significantly 
correlated to each other. Therefore, within 
the limitations of this study, GVs obtained by 
Galileos CBCT scanner can be used for selection 
of edentulous sites which allow for better 
implant stability or locations which require 
further procedures for enhancing the success 
rate of dental implants.
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