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INTRODUCTION 

The goal of the current development in implant 
design and materials is to improve the success rate 
of dental implants in sites with poor bone quality, 
and to provide more predictable outcomes for 
immediately loaded dental implants. The success 
of dental implants depends on achieving and 

maintaining “a direct structural and functional 
connection between ordered living bone and the 
surface of load-carrying dental implants” in a 
process defined as osseointegration.1 In attempts 
to improve osseointegration, various surface 
modifications methods such as grit-blasting, acid-
etching, surface coating have been suggested.2-4 
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ABSTRACT
Purpose: To evaluate the osseointegration at the coronal and apical threaded parts of Trabecular 

Metal (TM) dental implants using micro-CT and comparing it to Tapered Screw Vent (TSV) dental 
implants. 

Materials and methods: Ten rabbits were included in this study. Each rabbit received one 
TM implant (3.7 × 10 mm) inserted into the right distal femoral condyle as a test group, and one 
TSV implant of the same length and diameter inserted into the left distal femoral condyle as a 
control. Two parts from each implant, the apical and coronal threaded parts to the porous tantalum 
trabecular material, were selected for the analysis using micro CT. 

Results: There were significantly higher mean values for the amount of bone implant contact 
and bone volume at the apical part of the TM implants when compared with the TSV implants, 
while there was no significant difference at the coronal part. 

Conclusion: The presence of the porous tantalum trabecular material more toward the apical 
part have created a favourable osteoconductive environment that has reflected on a higher amount 
of bone implant contact and bone volume at the apical threaded part of the TM implants than that 
of the equivalent part of the TSV implants.

KEY WORDS: Osseointegration, tantalum, trabecular metal implants, screw vent implants, 
micro-computed tomography.    
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Implants with porous surface coating have been 
theorised to enhance osseointegration because 
bone ingrowth into the surface pores provides 
a mechanical interlocking at the bone-implant 
interface.5-7 Multiple studies have shown that the 
amount of achievable bone ingrowth is affected by 
the pore size, shape, and the amount and connectivity 
of the porosity thickness.8-10 Large size pores (more 
than 300 μm) enhances osteon development and 
support more vascularized bone ingrowth inside a 
porous material.9,11 However, the amount of bone 
ingrowth is limited by the presence of porosity on 
the surface coating only. 

Recently, a highly porous tantalum trabecular 
material (PTTM) with up to 80% porosity, and a 
structure and function comparable to cancellous 
bone was used in hip and knee reconstructive 
surgery.12,13 The same material was used in the 
fabrication of dental implants known as Trabecular 
Metal (TM) dental implants (Trabecular Metal 
Dental Implant, Zimmer Dental Inc., Carlsbad, 
CA, USA). It is formed of a titanium alloy with a 
tantalum midsection to achieve bone anchorage 
through osseoincorporation, a combination of 
osseointegration (bone ongrowth) and bone 
ingrowth into the tantalum section.14

Previous experimental studies of canine 
mandible and hip models showed a combination 
of osseointegration and bone ingrowth inside the 
porous tantalum sections.15,16 The depth of such 
bone ingrowth varied from 0.2 mm to the maximal 
limit of 2 mm.15 The same results were attained via 
the histologic analysis of implants placed in fresh 
extraction sockets, as there was bone ingrowth into 
the porous tantalum structure. However, such bone 
ingrowth did not result in significant differences 
in mean implant stability quotients (ISQ), when 
implants were inserted in either fresh extraction 
sockets 17 or healed bony sites at 0, 2, 4, 8, and 12 
weeks of implant placement.16

Another in-vitro study showed that tapered 

screw vent (TSV) implants (Tapered Screw Vent 
Dental Implant, Zimmer Dental Inc., Carlsbad, 
CA, USA) have a higher stability in soft bone 
than TM implants, while in dense bone there was 
no significant difference between the 2 types of 
implants.18 The authors attributed such differences 
to the presence of threads along the entire surface 
of TSV implants compared to the TM implants, 
which have threads only at the coronal and apical 
portions. The authors called for more studies to 
“understand how the primary stability of this new 
implant design might be improved for immediate 
loading protocols”.

Different studies reported that achieving primary 
stability in soft bone requires choosing implant 
design that allows for increasing the surface of 
bone to implant contact,19 the presence of threads 
in a tapered-design implant,20,21 and the use of self-
tapping implants as this can optimise the stability 
through lateral bone condensation.22 

Although there were previous studies that 
measured and proved histologically the bone 
ingrowth inside the tantalum midsection of TM 
implants, it is still important to determine how 
the bone heals around the coronal and apical parts 
(threaded part) of TM implants, which are the major 
interlocking areas to achieve primary stability. This 
might provide an understanding of the ideal location 
of the threaded part in relation to the tantalum part 
along the whole implant length to achieve improved 
primary stability and better osseointegration. 
Therefore, the aim of this study was to evaluate 
the osseointegration at the coronal and apical parts 
of TM implants using micro-CT by comparing it 
to TSV implants. The independent variable is the 
implant design, while the outcome variables are the 
amount of bone implant contact and bone volume at 
500 µm around the threaded part in both the TM and 
TSV implants. Our hypothesis is that there should 
be no significant difference between both designs at 
the threaded part.
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MATERIALS AND METHODS

Study design

The study included ten adult male (N=10) white 
New Zealand rabbits (6-9 months age and 3.5-4.5 
kg). The sample size was calculated based on mean 
bone implant contact for test and control groups 
(35 and 25) and expected standard deviation of 7, 
which was recorded in previous similar study.17 A 
minimum sample size of 8 implants per group is 
needed to obtain a power of 80% with a confidence 
level of 95%. 

Each rabbit received one TM implant inserted 
into the right distal femoral condyle as a part of the 
test group, and one TSV implant inserted into the 
left distal femoral condyle that served as a control. 

Surgical procedure

The same surgeon performed all the surgical 
procedures. A 2 cm skin incision was performed 
on the lateral surface of the hind leg. The lateral 
bone surface of the distal condyle was exposed after 
reflection of the periosteum. The site for implant 
insertion was at the middle of the head of the femur. 
The implant site was prepared according to the 
manufacture’s instructions using a low rotational 
drill speed (800 rpm) under constant irrigation with 
sterile saline. 

Ten TM dental implants (3.7 * 10) were inserted 
into the right distal femoral condyle, while 10 TSV 
dental implants of the same length and diameter 
were inserted into the left distal femoral condyle. 
All the implants were submerged to the bone lev-
el, and cover screws were inserted (Figure 1). The 
wound was closed using Vicryl 3-0 resorbable su-
tures. Postoperative injections of non-steroidal anti-
inflammatory (1.5 mg/kg of diclofenac sodium) and 
antibiotics (15 mg/kg of oxytetracycline) were ad-
ministered for 3 days. All the rabbits were sacrificed 
4 weeks after implant insertion by using an overdose 
of pentobarbital (Narcoren, Merial GmbH, Hall-
bergmoos, Germany). The bone specimens contain-

ing the implants were preserved in 10% formalde-
hyde for micro-computed tomography analysis.

Micro-computed tomography analysis

Bone specimens containing the implants were 
scanned using the SkyScan 1172 desktop X-ray 
micro-CT system (SkyScan, Kontich, Belgium). The 
SkyScan 1172 system was operated using a high-
resolution scan with an image pixel size equal to 
27.45 µm, a source voltage of 100 kV, an intensity of 
100 µA, and an exposure time of 1500 ms. Scanning 
was completed by 360° rotation around the vertical 
axis, with a rotation step of 0.700°, using a 0.5 x 0.5 
mm aluminium cupper filter, and the total scanning 
time was approximately 1 hour and 15 minutes. We 
set 4 pixel-size dilations from the implant surface 
(27.45 µm per dilation) in order to reduce the effect 
of metal artefact during the measurement of bone 
morphometric parameters (bone-implant contact 
BIC% and BV/TV).

For the TM implants, each implant was divided 
into 3 parts as follows: the apical part (apical to the 
PTTM part), the PTTM part, and the coronal part 
(coronal to the PTTM without reaching the bone 
cortex). The number of slices from the last cross-
section showing the most apical end of the implant 
to the first apical slice of the tantalum part was 75 
(75 x 27.45 = 2,058.75 µm = 2.06 mm). The number 

Fig. (1) Surgical insertion of implant at the distal femoral 
condyle.
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of slices for the whole PTTM part was 102 (102 x 
27.45 = 2,799.9 µm = 2.8 mm), which represents 
28% of the total implant length. The number of 
slices for the coronal part was 150 (150 x 27.45 = 
4,117.5 µm = 4.12 mm) (Figure 2). 

Two parts from each implant, the apical and 
coronal parts, were selected for the analysis. The 
PTTM part was excluded from the analysis due to 
the excessive generation of metallic artefacts, which 
might have contaminated the results (Figure 3). For 
the TSV implants, the part that corresponded to the 
PTTM in location and size along the TSV implant 
(102 slices) was excluded from the analysis for 
standardisation of measurements (Figure 4).

Three bone morphometric parameters were 
analysed for the apical and coronal parts; the first 
parameter was defined as a ring with a 1-pixel 
thickness of 27.45 µm following 4 pixel size 
dilations away from the implant surface. The bone 
volume to tissue volume (BV/TV) in this ring was 
considered as the 3D BIC%. The second parameter 
was BV/TV at 500 µm, which was defined as a ring 
that extended 500 µm from the implant surface after 
4 pixel size dilations. The third parameter was the 
2D BIC%, also after 4 pixel-size dilations, obtained 
automatically from the software.

Fig. (2) Micro-CT 2D coronal section of the TM implant 
showing the division of the implant into 3 parts; apical, 
porous tantalum trabecular material (PTTM) and 
coronal.

Fig. (4) Micro-CT 2D coronal section of the TSV implant 
showing the division of the implant into 3 parts; apical, 
excluded and coronal.

Fig. (3) Micro-CT 2D images of the trabecular implant. (a) Coronal section, showing the artifact concentrated at the PTTM part. 
(b) Axial section of one slice at the middle of the PTTM part, showing the excessive metallic artefacts radiating from the 
implant. (c) Sagittal section showing the same findings of the coronal and axial sections.
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Statistical analysis

Statistical data analysis was performed using 
SPSS version 20 (SPSS Inc., Chicago, IL, USA) 
software. P value < 5% is considered as statistically 
significant. The study outcome variables were 
tested for the assumption of homogeneity of 
variance using Levene’s test, which proved to be 
insignificant. Study outcomes were shown to be 
normally distributed (Skewness was within the 
range ± 2). Parametric analysis (t-test) was used to 
calculate differences between the outcomes for the 
two-implant designs (TM and TSV). Furthermore, 
the differences between the outcomes at the 
coronal and apical part for the whole implants were 
compared. The Pearson correlation was applied to 
find the correlation between the 2D and 3D mean 
values.

RESULTS

Eight rabbits survived the surgical procedures 
uneventfully. Two rabbits died 4 and 5 days 
postoperatively. For the 8 animals, there were no 
postoperative complications. At the time of sacrifice, 
the 16 surgical sites were completely healed, and 
were available for evaluation. 

For the apical part, there was a significant 
difference for the 3D BIC% between the TM 
implants and the TSV implants (P = 0.009), as the 
mean 3D BIC% (55.8 ± 10.6) of the TM implants 
was higher than that of the TSV implants (40.02 
± 10.0). The same significant results were seen 

for 3D BV/TV and 2D BIC% (P = 0.03 and 0.02, 
respectively), as the mean 3D BV/TV and 2D BIC% 
(31.4 ± 11.3 and 64.9 ± 8.8, respectively) of the TM 
implants were higher than that (19.7 ±7.8 and 53.4 
± 9.4, respectively) of the TSV implants. 

For the coronal part, there was no significant 
(P = 0.07) difference between the 3D BIC% of the 
TM implants (39.0 ± 10.3) and the TSV implants 
(30.3 ± 7.5). The same pattern of results was seen 
for 3D BV/TV (P = 0.18) and 2D BIC% (P = 0.06), 
as there were no significant differences (Figures 5 
and 6) (Table 1).

There was a strong positive correlation between 
the mean 2D (2D BIC%) values and the mean 3D 
values (3D BIC% and 3D BV/TV) of the apical 
part as the Pearson correlation, r = 0.98 and 0.84, 
respectively. The same strong positive correlation 
was observed between the mean 2D (2D BIC%) 
and 3D values (3D BIC% and 3D BV/TV) of the 
coronal part (r = 0.98 and 0.86, respectively).

There was a significant difference in the 3D 
BIC% between the apical part and the coronal part 
for the whole samples (P = 0.003), as the mean 3D 
BIC% of the apical part (47.9 ± 12.8) was higher 
than that of the coronal part (34.6 ± 9.8). The same 
significant results were seen for 3D BV/TV and 
2D BIC% (P = 0.003 and 0.002, respectively), as 
the mean 3D BV/TV and 2D BIC% (25.6 ± 11.1 
and 59.2 ± 10.6, respectively) of the apical part 
were higher than that (15.5 ± 8.5 and 46.5 ± 10.0 
respectively) of the coronal part (Table 2).
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TABLE 1: Micro-CT results of the bone morphometric parameters for the TM and TSV implants

Group Mean Std. Deviation P value

3D bone implant contact % (Apical)
TM 55.81 10.61

0.009*
TSV 40.02 10.04

Bone volume / tissue volume (Apical)
TM 31.45 11.30

0.031*
TSV 19.75 7.83

2D bone implant contact % (Apical)
TM 64.99 8.83

0.025*
TSV 53.48 9.45

3D bone implant contact % (Coronal)
TM 39.00 10.37

0.07
TSV 30.33 7.59

Bone volume / tissue volume - Top 
(Coronal)

TM 18.40 10.34
0.18

TSV 12.65 5.57

2D bone implant contact Top (Coronal)
TM 51.12 10.54

0.07
TSV 42.0188 7.68

*Statistically significant at P < 0.05. 

Fig. (6) Micro-CT 3D images of the TSV implant. (a) The implant and peri-implant bone in the selected regions of interest. (b) The 
implant without the bone. (c) The apical and coronal parts. (d) 3D- bone implant contact. (e) Bone volume / tissue volume 
at 500 µm from the implant surface.

Fig. (5) Micro-CT 3D images of the TM implant. (a) The implant and peri-implant bone in the selected regions of interest. (b) The 
implant without the bone. (c) The apical and coronal parts after excluding the PTTM part. (d) 3D- bone implant contact. (e) 
Bone volume / tissue volume at 500 µm from the implant surface.
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DISCUSSION

The aim of this study was to evaluate 
osseointegration at the coronal and apical parts 
of TM implants using micro-CT by comparing 
it to TSV implants to determine how the primary 
and secondary stability of TM implants can be 
improved in poor bone quality. The study involved 
the use of the distal femur of the rabbit as a model 
for evaluating osseointegration as it was reported in 
previous studies that the quality of bone in such site 
is comparable to type IV bone quality of the human 
posterior maxilla.23,24

This study showed significantly higher mean 
values for the 3D BIC%, 3D BV/TV, and 2D BIC% 
at the apical part when the TM implants were 
compared with the TSV implants. Such differences 
could be attributed to two factors. The first is the 
presence of the PTTM at the lower half of the 
implant. The PTTM represents nearly 60% of the 
lower half of the 3.7 x 10 mm implant; thus, it 
might have created a favourable osteoconductive 
environment for the osteogenic cells to position 
and attach on the surface of the implant where they 
can form bone matrix. Extensive in vitro and in 

vivo experiments and human studies have disclosed 
that porous tantalum has good biocompatibility 
with tissue in growth properties and promoting 
angiogenesis, making it a potentially improved 
biomaterial compared to titanium.13,25 While 
titanium allows faster cell proliferation, tantalum 
enhances the osteoblastic differentiation process.26 

The second factor is relevant to the difference in 
the design and shape of both implants at the apical 
part. The TSV implant involves a vent (hole), while 
the TM implant involves a solid micro-groove. The 
outer surface area of a solid micro-groove was higher 
than that of a hole, which was reflected in a higher 
amount of BIC% and BV/TV at the apical part of 
the TM. The manufacturer claimed that the TM 
implant provided up to 85.7% more surface area for 
osseointegration than TSV implants.27 This increase 
in the surface area is mainly at the lower half of the 
implant. As at the coronal part, both implants are 
formed from the same material and follow the same 
design, which justifies the difference at the apical 
part only, while there is a lack of difference in the 
mean values between both implants at the coronal 
part in the current study.

TABLE (2) Mean and standard deviation of the bone morphometric parameters at the apical and coronal 
parts.

N Mean Std. Deviation P value

3D bone implant contact % (Apical) 16 47.92 12.88
0.003*

3D bone implant contact % (Coronal) 16 34.66 9.86

Bone volume / tissue volume (Apical) 16 25.60 11.16
0.003*

Bone volume / tissue volume (Coronal) 16 15.53 8.55

2D bone implant contact % (Apical) 16 59.24 10.65
0.002*

2D bone implant contact % (Coronal) 16 46.57 10.07

*Statistically significant at P < 0.05. 
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Based on a histomorphometric analysis, previ-
ous studies reported increased amounts of BIC at the 
PTTM compared to threaded titanium surfaces. Our 
study failed to quantify the amount of the 3D BIC% 
and 3D BV/TV at the PTTM part using micro-CT 
due to the high amount of metal artefact. It has been 
reported in previous studies that tantalum produces 
more metal artefacts in CT scans than titanium and 
stainless steel, which made scan interpretation dif-
ficult.28,29 Metals with high metal atomic mass can 
produce more artefacts as they produce more atten-
uation for the X-ray.30 The atomic mass of tantalum 
(180.9 atomic mass units) is 3 times higher than that 
of titanium (47.8 atomic mass units). However, in-
creasing the exposure parameters (kilovoltage and 
milliamperage) can reduce the amount of artefacts, 
but also increases the contrast of the images, making 
the interpretation of different structures more diffi-
cult.31 In our study, we used the maximum available 
parameters (a voltage of 100 kV and an intensity of 
100 µA) in the micro-CT machine. 

The present study showed significantly higher 
mean values of 3D BIC%, 3D BV/TV, and 2D 
BIC% for the apical than the coronal part. Such 
differences might be attributed to the difference in 
blood supply and pressure to different areas in the 
bone. The blood supply to healthy long bones is 
derived mainly from the principal nutrient arteries. 
Nutrient arteries (high-pressure system) enter the 
long bone cortex and then enter the medullary canal, 
branching into ascending and descending arteries 
and supplying the inner 2/3 of the diaphysis via 
the haversian systems. Furthermore, the perfusion 
is predominantly centrifugal (that is, blood flow 
is radiating from inward to outward after delivery 
to the marrow cavity), while periosteal arteries 
(low-pressure system) supply the outer 1/3 of the 
bone, including the cortex.32 Therefore, trabecular 
bone represents a biologically superior tissue if 
compared to the slowly remodelling cortical bone.33 
Furthermore, the metabolic activity of osteoblasts 
depends on a rich blood supply. High blood flow 

(pressure) allows the continued migration of 
osteogenic cells to the implant surface, which are 
then differentiated to the osteoblasts to lay down 
bone matrix.33 Such differences in blood pressure 
between the bone at the apical and coronal part 
might have resulted in a greater amount of bone at 
the apical part.

Our results are partially consistent with Lee et 
al.’s study, which compared TM and TSV implants 
in fresh extraction sockets. The authors reported 
no statistically significant differences in the BIC% 
at 2, 4, and 12 weeks between the test and control 
groups,17 which is consistent with our results at 
the coronal part, while Lee et al.’s findings were 
different from our results at the apical part. This 
might be attributed to the difference in the area 
of interest and/or the histological section that 
was considered during BIC measurement. In the 
current study, micro-CT analysed the 3D area of 
interest that was 27.45 µm and 500 µm from the 
implant surface, while in the study by Lee et al., 
the authors histologically analysed a 2D slice of 
approximately 80 μm that was in direct contact with 
the implant. Furthermore, Lee et al. used 4.1 x 13 
mm TM implants.17 Such implants have a different 
proportion in the location and size of the PTTM part 
compared to the 3.7 x 10 mm TM implants used in 
our study. 

The limitation of the current study is that it failed 
to quantify using micro-CT the amount of BIC and 
BV/TV at the PTTM part due to a high amount of 
artefact. Future research should use new micro-CT 
machines that allow the adjustment of KV, MA, and 
aluminium filters to reduce the amount of artefact. 
However, our study also revealed results about the 
difference in BIC and BV/TV at the apical part of the 
implants compared to the coronal part, which might 
lead to industrial implication in future TM implant 
design and production. The manufacturer might 
consider moving the PTTM toward the coronal 
part to improve the osteoconductive environment at 



MICRO-COMPUTED TOMOGRAPHIC EVALUATION OF OSSEOINTEGRATION (3133)

the coronal part, which has a lower blood supply 
compared to the apical part. Such modifications 
will allow non-interruption in the macro-threaded 
design at the lower half of the implant, possibly 
contributing to improvement in the initial primary 
stability. 

In conclusion, the presence of the porous tanta-
lum trabecular material more toward the apical part 
have created a favourable osteoconductive envi-
ronment that has reflected on a higher amount of 
bone implant contact and bone volume at the apical 
threaded part of the TM implants than that of the 
equivalent part of the TSV implants.
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