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Abstract

The purpose of this study was to determine the
correlation between the peak insertion torque value
(ITV) of a dental implant and the bone—implant
contact percentage (BIC%). Dental implants were
inserted into specimens comprising a 2-mm-thick
artificial cortical shell and artificial foam bone
representing cancellous bone with four densities.
Each specimen with an inserted implant was

subjected to  micro-computed  tomography
(micro-CT) scanning, from  which  the
three-dimensional (3D) BIC% values were

calculated. Pearson’s correlation coefficients (r)
between the ITV and BIC% were calculated.
Pearson’s correlation coefficient between ITV and
BIC% was r=0.797).
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2. Introduction
Implant stability is a critical factor for the

survival rate of the dental implant [1-2]. Implant
stability can be divided into two stages: initial (or

primary) stability and secondary stability. The
initial stability is a function of the mechanical
stability immediately after inserting the implant into
the bone, while the secondary stability is formed by
osseointegration, which is the bone ingrowth into
the implant surface. Despite the importance of the
initial ~ stability of a dental implant to
osseointegration, there is still no method for
directly measuring relative movement at the
interface between the bone and implant. The peak
insertion torque value (ITV) has also often been
used to quantify the initial stability [3-4]. Basically,
a high ITV may indicate a mechanically stable
implant . The implant stability is theoretically
affected by the bone—implant contact (BIC) area,
with a larger amount of bone in contact with the
implant producing a higher structural stiffness,
resulting in higher interfacial strength [3]. Previous
studies [3-4] that found no correlation between the
ITV and BIC quantified BIC based on
two-dimensional (2D) histomorphometric
evaluations. The use of one or only a few
histological sections can not represent the entire
three-dimensional (3D) BIC between the implant
and bone [5]. Therefore, the present study aimed to
determine the relation between the 3D BIC
percentage (BIC%), measured using high-resolution
micro-computed tomography (micro-CT) images,
and the initial stability, as quantified by ITV.

3. Materials and Methods

(1) Specimen Preparation

Four cellular rigid polyurethane foam blocks
(Sawbones, Vashon, WA, USA) representing
cancellous bone with elastic moduli of 137 MPa
(Group 1), 47.5 MPa (Group 2), 23 MPa (Group 3),
and 12.4 MPa (Group 4) were attached to a
2-mm-thick synthetic cortical shell with an elastic
modulus of 16.7 GPa (Figure la). A commercial
dental implant (4 mm in diameter and 12 mm long;
ATLAS Implant System, Cowell Medi, Busan,
South Korea) was used as the target dental implant
in this study(Figure 1b).
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Figure 1. Models of artificial foam bone with
inserted implant as used in the experiments.

(2) Measurement of Peak Insertion Torque Value
Pilot holes were drilled into each artificial
foam bone specimen using a 3.2-mm drill, and a
commercial dental implant (4 mm in diameter and
12 mm long; ATLAS Implant System, Cowell Medi,
Busan, South Korea) was inserted according to the
manufacturer’s instructions. The peak ITV (in N.cm)
was recorded for each specimen using a digital
torque meter (TQ-8800, Lutron Electronic
Enterprise, Taipei, Taiwan) (Figure 2).
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Figure 2. Setup for measuring the peak ITV of the

implants using a digital torque meter.
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(3) Measurement of Bone—Implant Contact
Percentage

The BIC% values were determined by using
micro-CTto obtain 3D information. The micro-CT
images of each specimen with an implant were
imported into professional medical imaging
software and then segmented using different
thresholds for implant and bone (Figure 2). The
entire exterior surface of the implant inside the
specimen and the BIC area were then determined,
with BIC% calculated as the area of the BIC region
divided by the exterior surface area of the implant.
In addition, the porosity was calculated in a region
of approximately 4x3 mm’ (diameterxheight) away
from where the implant was inserted in each
artificial cancellous bone specimen.
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Figure 2. (a) 3D model of the foam bone specimen
with the inserted implant; (b) artificial cortical bone
and cancellous bone (closed view); (c) cylinder
region for the calculation of porosity; (d) 3D model
of the implant; (e) exterior surface of the implant
inside the artificial foam bone specimen; and (f)

BIC region.

(4) Statistical Analysis

The values of ITV and BIC% of the implants
and the porosities in the four groups of artificial
foam bones were summarized as mean+SD
(standard deviation) values, with differences
between them tested using one-way analysis of
variance. Pearson’s correlation coefficient () was
used to evaluate whether there was a statistically
significant correlation between ITV and BIC%. The
level of significance was deemed to be P<0.05. All
statistical analyses were performed with SAS
software.

4. Results and Discussion

Porosity of the Artificial Foam Bone Specimen

The porosities of the artificial foam bone
specimens of the four groups are listed in Table 1.
The porosity was highest in Group 4 (lowest density,
83.5+0.6%) and lowest in Group 1 (highest density,
62.3+£0.2%). The SD of the porosity value was less
than 1% in all of the groups, and the highest
coefficient of variation of the four groups was
1.21% (0.8/66.1%). This small variation indicates
that the porosity was very consistent across all of
the artificial foam bone specimens.

Table 1. ITV and BIC% values of artificial jawbone
specimens. The porosities of the four specimen
groups are also listed. The values of density and
elasticity were obtained from the manufacturer.

- . Artificial cancellous bone
Group ~ Attificial cortical ITv BIC%
number bone i - . . (. cm) (%)
{mm) Density Elasticity Porosity |
(g/en®) (MPa) (%)
0.32 137 62.3£0.2 56.2£4.6 41.5£0.5

0.20 47.5
0.16 23
012 124

66.1+0.8 45.6£09 39.0+£1.0
79.2+04 43.3+43 30.8+1.1

83,5406 38.5434 262416
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Insertion Torque

The ITVs of the implants in the four groups
are also listed in Table 1. The mean value of the
ITV in the four groups ranged between 38.5 and



56.2 N.cm, and was higher in higher density foam
bone specimens. However, the difference between
Groups 2 (45.6£0.9 N.cm) and 3 (43.3£4.3 N.cm)
was not statistically significant.

Bone—Implant Contact Percentage

The mean BIC% value ranged from 26.2% to
41.5% (Table 1). The 3D BIC% was highest and
lowest in Groups 1 and 4, respectively. There was
strong positive correlation between the ITV and
BIC% (r=0.797) (Figure 3).
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Figure 3. Scattergraph illustrating the correlation
between ITV and BIC%.

5. Conclusion

The experimental results obtained in this study
indicate that the ITV decreases as the
density/elasticity of the specimen increases as well
as when the porosity of the specimen decreases.
The initial implant stability, quantified as the ITV,
was strongly positively correlated (+=0.797,
P<0.0001) with the 3D BIC%, as measured from
micro-CT images.
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