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Abstract
Objective: The aim of this study was to analyse the relationship between bone density derived from cone-beam computerized tomography (CBCT) 
scanning combined with the Simplant software at the implant site and primary implant stability.

Materials and methods: A total of 88 implants were placed on75 patients (41 males and 34 females) who underwent dental implant surgery at the 
Stomatology Center of the First Affiliated Hospital of University of Science and Technology of China (Anhui Provincial Hospital) were chosen from 
June 2018 to December 2019, with an average age of (42.20 ± 15.34) years old. The bone densities at implant sites were preoperatively calculated 
applying CBCT scanning and Simplant software in Hounsfield Unit (HU). The peak insertion torque was recorded, and the resonance frequency 
analysis (RFA) was used to measure the implant stability quotient (ISQ) during the implant placement. Statistical analysis was taken to assess the 
association between bone density and primary implant stability.

Results: The bone density values ranged from 341.27 HU to 826.63 HU. It was shown that the mean bone density, insertion torque and ISQ values 
were (609.38 ± 133.62) HU, (36.61 ± 9.59) N.cm, 58.87 ± 11.48, respectively. There were statistically significant correlations between insertion 
torque and ISQ values (r=0.811, p=0.000), bone density and insertion torque (r=0.872, p=0.000), and bone density and ISQ values (r=0.857, p=0.000).

Conclusion: There may be a strong positive correlation between bone density and primary implant stability. Sufficient preoperative evaluation of the 
bone density of implant sites can provide a reference for predicting the primary implant stability.
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Introduction
Dental implants have gradually become an effective method 

for patients who are partially or completely edentulous [1,2]. 
Osseointegration is related to the bone-to-implant contact ratio and 
bone quality usually considered being a prerequisite for implant 
loading and long-term success rate during dental implant surgery. 
However, the assessment of osseointegration by histomorphometric 
analysis is not accessible to clinicians all the time. Compared with the 
histological methods, assessment of the implant stability appears to be 
particularly convenient.

The primary implant stability that is evaluated by insertion torque 
and resonance frequency analysis is regarded as one of the most 
important factors that can affect osseointegration [3]. The insertion 
torque is mainly referred to as a power that resists the implant be 
pulled out from the implant site, which indicates the local bone 
quality. It is clear that primary stability can be influenced by the 
operation ways, implant shape, surface treatment methods of implant, 
and the quantity and quality of remaining bone in edentulous alveolar 
ridge [4-6].

Bone density, an objective indicator to evaluate bone quality has 
been researched by many scholars [7-9]. Bone density is generally 
measured with dual X-ray absorptiometry and computerized 
tomography. Three-dimensional CBCT rather than the multi-slice 
spiral computerized tomography (MSCT) is used to measure the 
bone density at implant sites in this study, regarding the superiority 
of high solution and low radiation dose. However, because of the 
uncertain gray values and multiform artifacts of CBCT, it is not 
exactly to directly measure the bone density at implant sites with 
CBCT. Preoperative planning software called Simplant is used to 
measure bone density more accurately. Furthermore, implant sites of 
poorer qualities demonstrated higher failure rates than better bone 
quality [10]. Therefore, it is particularly critical to evaluate the bone 
density of dental implant sites before implant placement. Alveolar 
bone density can be used to predict bone strength and bone quality, 
which is one of the factors that affect primary implant stability [11]. 
At present, the assessment of bone density at implant sites relies on 
preoperative imaging data or intraoperatively empirical judgment 
of the surgeon [7,12]. This study provides an objective method to 
measure bone density at implant sites.
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The first aim of this study is to measure the bone density at implant 
sites using Simplant software combined with CBCT scanning before 
implant placement. The second aim is to record the peak insertion 
torque and ISQ values during the dental implant surgery and analyse 
the relationship between bone density and primary implant stability.

Materials and Methods
Experiment Patients

Seventy-five patients (41 males and 34 females) who underwent 
dental implant surgery at Stomatology Center of the First Affiliated 
Hospital of USTC (Anhui Provincial Hospital) were chosen from June 
2018 to December 2019, with an average age of (42.20 ± 15.34) years 
old. A total of 88 implants were used and of which 48 were males, 
the other 40 were for females. This research has been approved by 
the local ethical committee of Anhui Provincial Hospital (Ethics No: 
2018-ky019). Written informed consent was obtained from patients 
participating in this study.

Study design
All enrolled patients were asked if they would like to participate in 

the study, and patients met the inclusion criteria. The content on the 
informed consent by an explanation, the researchers let patients after 
fully understand and agree to sign it.

Inclusion and exclusion criteria
Inclusion criteria:

• CBCT scans that showed the alveolar bone in recipient cites were 
intact without deformity;

• CBCT scans that showed the effective residual bone volumes of at 
least 10 mm in height;

• Dental extractions for at least 3 months;

• Patients aged over 18 years, well-informed and willing to sign 
informed consent for surgery.

Exclusion criteria:

• Patients who have uncontrollable systemic diseases that are 
contraindicated in dental implant surgery;

• A history of long-term use of non-steroidal drugs;

• A history of intravenous or oral bisphosphonates treatment;

• Currently suffering from untreated periodontitis;

• Patients with poor oral hygiene and compliance.

CBCT scanning conditions

A CBCT machine (SS-X9010DPro-3D, Hefei Meiya Optoelectronic 
Technology Co., Ltd., Hefei, China) was used to obtain preoperative 
imaging of experiment patients, which worked in conditions as follows: 
a tube voltage of 90 kV, a tube current of 10 mA, a scan time of 20 
seconds, a scanning layer thickness of 0.13 mm, and a reconstruction 
layer thickness of 0.25 mm. Finally, the scanned data was saved in 
Digital Imaging and Communications in Medicine (DICOM) format.

Bone mineral density measurement at implant sites

CBCT scanning of the patients was entering into SIMPLANT 17.0 
(DENTSPLY Implants, Leuven, Belgium) in Dicom format. This work 
chosen a reference plane based on the neck of adjacent teeth of the 
edentulous area and selected the coronal image of the center point 
of the implant site (Figure 1A). Subsequently, a panoramic line was 
drawn along the direction of the arch (Figure 1B) and then an implant 

simulation at the implant site was performed (Figure 1C), avoiding 
important anatomical structures. Dental implants with diameter 3.3 
mm, 4.1 mm and length 10 mm Straumann® soft-tissue level system 
were used in this study. With the function of bone density calculation 
in the Simplant software, bone density expressed in HU within 1 mm 
around the implant was measured (Figure 1D).

Insertion torque and ISQ value measurements
The standard surgical guides of Straumann® soft-tissue level implants 

(Straumann Holding AG, Basel, Switzerland) were used for dental 
implant placement. All the enlarged neck structures of the implants do 
not enter the bone tissue. Insertion torque range from 0-50 N.cm on 
the KaVo implanter (KaVo, Biberach, Germany) gradually increased 
during the implant placement. When the implant stopped rotating 
and reached the final position, the peak insertion torque during the 
placement was recorded. Based on the way of resonance frequency 
analysis, Osstell™ mentor (Osstell AB, Göteborg, Sweden) with a 
Smartpeg™ (Osstell AB, Göteborg, Sweden) attached to implant by 5 
N.cm was used to record ISQ values (Figure 2). The measurements 
were accompanied by buccolingual and mesiodistal directions. The 
same doctor took the second measurement in each direction and used 
the average value.

Statistical analysis
All the data were statistically calculated by SPSS17.0 software (SPSS 

Inc. Chicago, America). Values are represented by means ± standard 
deviation. The single-sample Kolmogorov-Smirnov test verifies 
whether the variable satisfies the normal distribution. The Pearson 
correlation coefficient was used to test the relationship between bone 
density and primary implant stability. The independent-sample t-test 
and Mann-Whitney U test were used to compare the differences in 
bone density, insertion torque and ISQ values in different genders, 
implant diameters, maxillary and mandibular, and anterior and 
posterior implant sites. P<0.05 was considered statistically significant.

Results
The mean measurements of bone density, insertion torque and ISQ 

values were (609.38 ± 133.62) HU, (36.61 ± 9.59) N.cm, and 58.87 ± 
11.48, respectively. According to the Kolmogorov-Smirnov test, all 
meet the normal distribution and the Pearson correlation coefficient 
was used. The correlation between insertion torque and ISQ values 
was found to be statistically significant (r=0.811, p<0.05) (Figure 3A), 
while the difference in correlation between bone density and insertion 
torque and ISQ values was statistically significant too (r=0.872 and 
r=0.857, respectively, p<0.05) (Figure 3B and 3C).

The average bone density was (609.38 ± 133.62) HU with a range 
from 341.27 HU to 826.63 HU. There were 23 anterior maxillary 
sites, 21 posterior maxillary sites, 20 anterior mandibular sites, and 
24 posterior mandibular sites. The mean bone density was (623.65 ± 
31.36) HU, (424.90 ± 68.19) HU, (786.51 ± 28.51) HU and (609.53 ± 
57.61) HU, respectively. Except for no significant differences in bone 
density at implant sites between anterior maxillary and posterior 
mandibular (t=1.038, p=0.305), there were statistically significant 
differences between each other (p<0.001). The range of bone density at 
different implant sites as shown below (Figure 4), displayed that bone 
density of anterior mandibular sites>anterior maxillary sites>posterior 
mandibular sites>posterior maxillary sites sorted by size.

The independent-sample t-test and Mann-Whitney U test were 
used to compare the differences in bone density, insertion torque and 
ISQ values in different groups. Measurement results and statistical 
values were shown below (w 1). There was no statistically significant 
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Figure 1: Bone density measurement at implant site.
A: Coronal image of the center point of the implant site. 
B: Panoramic image of the patient. 
C: Simulate implant placement. 
D: Calculate the bone density.

Figure 2: Measurement of implant stability quotient values.

difference between different genders (p>0.05). There were statistically 
significant in three variables measurements between maxillary and 
mandibular (p<0.05), anterior and posterior implant sites (p<0.05), 
the diameter of 3.3 mm and 4.1 mm (p<0.05). Bone density and 
primary implant stability demonstrated more superior in mandibular 
than maxillary during the placement.

Discussion
Today, dental implant technology has been widely used to restore 

the function and aesthetics of edentulous patients. Osseointegration 
and long-term success rate after implant placement depended on 
favourable primary implant stability and sufficient bone of the implant 
sites. The bone density of the recipient sites directly affects primary 
implant stability [13,14]. The preoperative assessment of the bone 
density of recipient sites helped clinicians to make an appropriate 
implant treatment plan and improve the success rate of placement. 
However, accurate imageological examination was required for 
preoperative evaluation of the bone density of the jaws. The gray value 
derived from CBCT scanning has been demonstrated a strong positive 
correlation with the density of known objects, but it is not yet clear 
about the accuracy of using gray values to directly represent the bone 
density of implant sites [15].

At present, the measurement of bone density based on CBCT 
scanning is mainly utilized for the assessment of the bone quality of 
the implant sites [16]. Due to many artifacts and scattering shadows 
generated in a CBCT scanning, this has an effect on the assessment of 
bone density at implant sites [17]. The CBCT image was managed with 
Simplant software to objectively measure the bone density at implant 
sites in this study. Some scholars have researched bone density at 
different regions of jaws. Turkyilmaz I, et al., [18] measured the bone 
density of 131 implant sites, the results showed that the average bone 
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Figure 3: Scatter plots between insertion torque, implant stability quotient values and bone density.
A: Scatter plot of insertion torque and implant stability quotient values. 
B: Scatter plot of insertion torque and bone density. 
C: Scatter plot of implant stability quotient values and bone density.

 
Figure 4: Bone density range in different regions of the jaws.

Variables Insertion torque (N.cm) ISQ Bone density (HU)

Gender

Male (n=48) 36.15 ± 10.27 58.18 ± 12.03 600.24 ± 141.28
Female (n=40) 37.10 ± 8.70 59.70 ± 10.87 620.36 ± 124.69
Test t test t test t test
p 0.643 0.54 0.485

Area

Maxillary (n=44) 32.34 ± 8.62 53.32 ± 10.48 528.79 ± 112.92
Mandibular (n=44) 40.82 ± 8.57 64.43 ± 9.67 689.98 ± 100.41
Test Mann-Whitney U test t test t test
p 0 0 0

Area

Anterior (n=43) 42.02 ± 5.36 65.28 ± 8.70 699.40 ± 87.40
Posterior (n=45) 31.38 ± 9.81 52.75 ± 10.47 523.37 ± 111.91
Test t test t test t test
p 0 0 0

Diameter (mm)

3.3 (n=52) 42.02 ± 5.36 65.28 ± 8.70 699.40 ± 87.40
4.1 (n=36) 31.38 ± 9.81 52.75 ± 10.47 523.37 ± 111.91
Test t test t test t test
p 0 0 0

Table 1: Measurement results of different groups and statistical value.

density of the anterior mandible, the anterior maxillary, the posterior 
mandibular, and the posterior maxillary was 944.9 HU, 715.8 HU, 674.3 
HU and 455.1 HU, respectively. The results of their study were higher 
than that in this work, probably due to the equipment used to obtain 
patients’ radiological information was discrepant. The measurement of 
bone density at recipient sites by spiral CT was relatively higher than 
that by CBCT. Another study that based on CBCT images combined 
with Simplant software was aimed to analyze the alveolar bone 
density of dentulous and edentulous region in the Saudi population 
[19]. In terms of edentulous regions, the bone density of the anterior 
mandibular implant sites was (776.5 ± 65.7 HU), the bone density of 
the posterior Mandibular implant sites was (502.2 ± 224.2 HU), the 
bone density of the posterior maxillary and the anterior maxillary 
was (320.05 ± 193.6 HU) and (313.84 ± 190.7 HU), respectively. The 
bone density in edentulous region is lower than the bone density in 
this study, which may be related to the race and age of the experiment 
patients.

Primary implant stability played a key role in evaluating the 
success of dental implant surgery. It mainly maintained a low micro-
movement during the early healing time of the dental implant and 
promoted the combination of bone and the surface of the implant 
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[20,21]. Therefore, the acquirement of primary implant stability 
during the implant placement was crucially important. There was a 
strong positive correlation between bone density and primary implant 
stability. We found higher primary implant stability at implant sites 
with greater bone density, such as mandibular vs. Maxillary and 
posterior vs. anterior. This means that the higher the bone density, the 
better the initial stability of the implant.

Many scholars had explored the relationship between the bone 
density of the jaws and the primary implant stability, but the 
controversy was always remained. Insertion torque and ISQ presented 
higher in anterior regions than posterior regions both in maxillary and 
mandibular, which was similar to the foundation of Turkyilmaz I, et 
al., [22]. Turkyilmaz I, et al., used three mandibular human cadavers 
to explore the correlation between bone density and primary implant 
stability. They found that the bone density and primary implant 
stability between the anterior and posterior implant sites shown a 
statistically significant difference (p<0.05). A study by Isoda K, et al., 
[23] placed 18 Straumann system dental implants into 18 fresh pig 
femorals with CBCT. The results showed that the correlation coefficient 
between insertion torque and ISQ values was 0.758. The correlation 
coefficients between bone density and insertion torque and ISQ values 
were 0.796 and 0.529, respectively, which had statistically significant 
differences (p<0.05). Joe M, et al., placed 195 dental implants into 48 
edentulous patients with a digital guide plate. The results indicated 
that bone density has an important influence on implant stability. The 
ISQ value of the cancellous bone has the highest correlation with bone 
density (r=0.64). Slight differences in correlation coefficients may be 
due to different implant brands used, different study subjects, and 
different surgical procedures. However, it has been demonstrated that 
no correlation between insertion torque and ISQ values by Friberg 
B, et al., [24] and da Cunha HA, et al., [25]. Many clinical studies 
[26-30] indicated that different types of alveolar bone have a certain 
effect on primary implant stability. The bone density at implant sites 
not only includes the trabecular bone but the cortical bone, only the 
trabecular bone structure around the implant was involved. This may 
be a limitation of this study and further research would be performed 
to increase the reliability. Due to the limited sample size in this study, 
there was no classification of the jaws and no discussion about the 
influence of the quality of jaws on the primary implant stability. In 
future studies, the sample size would be enlarged to research the 
relationship between alveolar bone classification and primary implant 
stability, so as to enhance the persuasiveness of the data in this study.

Conclusion
Simplant software combined with CBCT scanning can be used 

to objectively assess the alveolar bone density. Insertion torque and 
RFA method are effective ways to the intraoperative evaluation of 
the primary implant stability. A full preoperative assessment of the 
alveolar bone density has access to predict primary implant stability.
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