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Purpose: This study evaluated the stability and histologic proof of osseoincorporation of Trabecular Metal
(TM) dental implants, which feature a tantalum-based porous midsection. Materials and Methods: A total
of 48 TM implants (test group) and Tapered Screw-Vent implants (control group) were immediately placed
bilaterally into mandibular extraction sockets in dogs. Resonance frequency analysis was performed at
weeks 0, 2, 4, and 12 after implant placement. Histologic and histomorphometric evaluations of the implant
interface were performed. Results: Changes in mean implant stability quotients (ISQ) revealed no statistical
differences between the test and control groups. Histologic analysis showed bone ingrowth into the porous
tantalum structure of all test group implants. Histomorphometric analysis revealed an increased percentage
of bone-to-implant contact between 4 and 8 weeks in both test and control groups. The porous sections of
the test group exhibited significantly more new bone inside the pores at week 12 in comparison to weeks
2 and 4. No correlation was observed between ISQ and histomorphometric parameters. Conclusion: In a
canine immediate extraction socket model, both test and control implants demonstrated comparable implant
stability and bone-to-implant contact. Bone ingrowth was evident within the tantalum porous section of the test
implants during the early healing. INT J ORAL MAXILLOFAC IMPLANTS 2015;30:134-142. doi: 10.11607/jomi.3692

Key words: bone ingrowth, osseoincorporation, porous tantalum, trabecular metal dental implant

antalum (Ta)-based, porous engineered implants

have been scientifically and clinically documented
for more than 15 years in orthopedic medicine.? In the
biologic environment, Ta exhibits excellent compat-
ibility and corrosion resistance.>* Independent stud-
ies have documented the structural and mechanical
properties of Ta porous biomaterial; its three-dimen-
sional cellular structure is similar to cancellous bone,
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with a high coefficient of friction, high porosity (up
to 80%), average pore size of 430 um, and low mod-
ulus of elasticity (3 GPa).>” These combined features
uniquely differentiate the Ta porous biomaterial from
other metallic biomaterials with lesser porosity, includ-
ing sintered titanium bead surfaces, titanium plasma-
sprayed surfaces, titanium fiber mesh, and titanium
foam.>7-°

In light of its success in orthopedic applications, the
Ta porous biomaterial was applied to a multithreaded,
tapered dental implant design. In addition to conven-
tional bone-to-implant contact (osseointegration),
a geometric network of interconnected pores is de-
signed for bone ingrowth and propagation through-
out the porous structure to augment anchorage of
the implant.’%-'2 The combination of bone-to-implant
contact and bone ingrowth and propagation within
the porous material has been termed osseoincorpora-
tion.? In a previous canine study, Ta porous dental im-
plants placed in healed extraction sites demonstrated
new bone formation within the Ta pores and stability
similar to that of a conventional threaded implant.’

To shorten treatment time, an implant may be
placed immediately into a fresh extraction socket.
However, animal and human studies have reported
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that extraction sockets experienced traumatic bone
necrosis and significant ridge resorption.’>' As such,
autogenous bone or bone graft substitute with or
without a membrane has been recommended to sup-
port the preservation of alveolar ridge dimensions,
especially in the presence of marginal defects after im-
mediate placement of implants into fresh extraction
sockets.'>17:18

The safety and effectiveness of the Ta porous den-
tal implant in healed extraction sites have been con-
firmed. The objective of this study was to further
evaluate the performance of the Ta porous dental im-
plant in a clinically challenging situation—following
placement in fresh extraction sockets in a canine mod-
el—with respect to implant stability and histologic
proof of osseoincorporation. Clinically, it was hypoth-
esized that the Trabecular Metal (TM) implant (Zimmer
Dental) may be beneficial in preserving alveolar hard
and soft tissues, as evidenced by adequate implant
stability and distinctive osseoincorporation.

MATERIALS AND METHODS

Surgical Procedure

The study protocol was approved by the animal wel-
fare committee at MPI Research Center. Six male
hound dogs weighing 15.0 to 32.5 kg each were uti-
lized in the study. A total of 48 implants of two differ-
ent types were tested: 24 Tapered Screw-Vent MTX
implants (Zimmer Dental) (control group) and 24 TM
implants (Zimmer Dental) (test group). All implants
were 4.1 mm in diameter and 13 mm in length. After
the dogs were anesthetized, incisions were made bilat-
erally in the gingival sulci of the mandibular third and
fourth premolars (P3 and P4) and the first and second
molars (M1 and M2). Osteotomies were created in the
sockets for the placement of implants (eight implants
per dog). Subsequently, cover screws were secured to
allow submerged healing. Puros cancellous particulate
bone graft substitute (Zimmer Dental) and BioMend
collagen membranes (Zimmer Dental) were used to
fill any voids between the alveolar bone plates and the
implants (Fig 1). The gingival flaps were sutured with
4-0 Vicryl resorbable surgical sutures (Ethicon). During
the first week of healing, all dogs received antibiotics
and analgesics. Two dogs each were examined after 2,
4, or 12 weeks of healing.

Implant Stability Measurements

The stability of each implant was assessed by reso-
nance frequency analysis (RFA) (Osstell, Integration
Diagnostics) according to Meredith et al,'® with results
reported in implant stability quotients (ISQs). The RFA
was performed at implant placement (as baseline)

Fig 1 Placement of four implants in the left mandible.

and before necropsy after 2, 4, or 12 weeks of healing.
Animals were sedated (acepromazine maleate 0.1 mg/
kg subcutaneous or 0.25 mg/kg intramuscular and/or
propofol 6.0 mg/kg intravenous) to facilitate measure-
ments. The Smart Peg was attached (Osstell) and the
ISQ measured using a sterile probe. Each implant was
measured three times from four directions (mesial to
distal, distal to mesial, lingual to buccal, and buccal to
lingual).

Histologic and Histomorphometric Analysis
Euthanization by pentobarbital overdose was sched-
uled onweeks 2,4,and 12 (two dogs at each time point).
The mandibles were removed after death, and all im-
plants were retrieved en bloc. Sutures were placed on
the buccal side of the gingiva of each segment to indi-
cate implant orientation postmortem. The specimens
were immediately placed in 10% neutral buffered
formalin for 48 hours. After fixation, the explanted tis-
sue blocks were trimmed using a saw (Exakt 300 Band
System, Exakt) to remove excessive soft tissue and
dehydrated in an ascending series of concentrations
of ethanol. Tissue blocks were then infiltrated with
methacrylate-based resin (Technovit 7200, Heraeus
Kulzer) according to the manufacturer’s instructions.
Undecalcified bone tissue blocks were cemented to
the slides with an adhesive press (Exakt 401, Exakt) to
maintain parallel surfaces.

The subsequent histologic experimental proto-
col was outlined by de Sanctis et al.?° Briefly, a longi-
tudinal section in the buccolingual direction at the
midline was prepared from each tissue block with the
Makro Trennsystem (Exakt Apparatebau). The sections
were reduced to approximately 80 wm in thickness by
grinding and polishing with a precision diamond saw
(Isomet 2000, Buehler). All the sections were surface
stained with Sanderson and Van Gieson (DHM) to dis-
tinguish between preexisting bone, mineralized new
bone, and unmineralized osteoid. The stained final
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Fig 2 Histomorphometric measurements were performed based on the defined ROI to calculate the %BIC and % bone area fraction.

Table 1 Histomorphometric Parameters and

Definitions

Measured parameter Definition

Bone in contact, test group and control group:

bone ongrowth
Implant surface Total implant surface

perimeter in ROI

Total length of bone surface in

contact with implant in ROI

Osteoid surface in contact

with implant in ROI

Bone in contact

Osteoid in contact

Threaded portion, test group and control group:
bone formation

Region of interest
Implant area
New bone formation area

Entire ROI
Implant area within the ROI
New bone area within the ROI

Porous portion, test group only: bone ingrowth

Region of interest Implant area including pore
space
Implant area excluding pore
space
New bone area in implant area
Osteoid area in implant area

Implant area

New bone formation area
Osteoid area

Histomorphometric parameters

%BIC Bone in contact/implant
surface X 100
%0IC osteoid in contact/implant

surface X 100

Available bone formation Region of interest area —

area implant area

%NBTA New bone formation area/
available bone formation area
X 100

Pore area Region of interest area —
implant area

%NBPA New bone formation area/pore
area X 100

%0PA Osteoid formation area/pore
area X 100

ROI = region of interest; %BIC = percent bone-implant contact; %0IC =
% implant surface with osteoid contact; %NBTA = % available bone area
with new bone formation: %NBPA = % occupied pore area with new
bone formation; %OPA = % occupied pore area with osteoid formation.

slides, mounted on glass slides, were subjected to his-
topathologic and histomorphometric evaluation using
a microscope (Olympus BH-2, Olympus Optical Co) and
Bioquant Osteo Il image analysis software (OsteoMet-
rics). The histologic features were evaluated at magni-
fications of X2 to X60.
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Histopathologic assessment was performed to
identify signs of bacterial infection, acute and chronic
inflammation, and fibrosis. Inflammation was char-
acterized by infiltration of inflammatory cells in the
area surrounding the implant; acute inflammation
was evidenced by the presence of neutrophils, and
chronic inflammation was indicated by the infiltration
of mononuclear inflammatory cells. A proliferation of
fibroblasts and/or fibrocytes with deposition of colla-
gen in the area surrounding the implant was charac-
terized as fibrosis.

Table 1 defines the histomorphometric parameters,
measures, and calculations used. The percentage of
bone-to-implant contact (%BIC) for the control group
was assessed within the range between the most coro-
nal contact with bone and the apical end of the im-
plant, asillustrated in Fig 2. The %BIC for the test group
was measured as direct contact of bone with not only
the coronal and apical threaded sections but also the
marginal surfaces of the porous midsection (Fig 2a).
The percent of osteoid in contact with the implant sur-
face (%OIC) was defined as direct contact with osteoid
within the same region of %BIC assessment.

The area of newly formed bone was measured for
threaded and porous sections (Fig 2b). With regard to
the control group, the region of interest (ROI) of newly
formed bone found in threaded sections was first de-
fined as the area encompassing the most coronal con-
tact to the apical end of the implant. The new bone
formation area was calculated by subtracting the area
occupied by dental implant material from the ROl to as-
sess the percentage of new bone in the threaded area
(%NBTA). For the test group, the ROI of newly formed
bone included the threaded areas of the implant at the
coronal and apical parts (%NBTA). New bone formation
area was then calculated by subtracting the area oc-
cupied by dental implant materials from the ROIl. The
new bone area in the porous midsection was mea-
sured separately for the test group to analyze bone
ingrowth into the pores within the entire thickness of
porous material on each side to assess the percentage
of new bone formed in pore areas (%NBPA). The thick-
ness of the porous Ta shell is 0.65 mm, and the depth
of the thread pitch is 0.35 mm. The percent of osteoid



Lee et al

Table 2 1SQ Data Analysis

P values P values, P values,

between test control
Time Group Mean SD groups group*  group
Week O  Test 68 9 .6017 N/A N/A
Control 69 8
Week 2 Test 67 10 .3103 .9641 .2091
Control 64 11
Week 4 Test 70 7 4964 4992 5224
Control 67 7
Week 12 Test 71 4 4919 4193 .9369

Control 69 10

*Healing time vs baseline.

found in the pore area (%OPA) was also further mea-
sured within the same region of %NBPA assessment.

Statistical Analysis

With SAS software (version 9.2, SAS Institute), three-
factor analysis of variance was used to compare the ef-
fects of implant type and healing time with the results
of ISQ and histomorphometric data, followed by a post
hoc Tukey test. Differences were considered significant
at P < .05. Correlations between 1SQs and histomor-
phometric data were calculated using the Pearson test,
in which the 2-, 4-, and 12-week values were used to
observe correlations between 1SQs and histomorpho-
metric values. Forty-eight pairs of values were appli-
cable for correlation of 1SQ, %BIC, and %NBTA, and 24
pairs of values were available for correlation of 1SQs
and %NBPA.

RESULTS

No implants failed during or after the surgery, so no
implants were removed prior to the scheduled necrop-
sy. With regard to immediate placement of implants
into extraction sockets, the bone graft substitute and
collagen membrane were applied to follow a principle
similar to that reported in other experimental stud-
ies.222 All grafted materials were well integrated, with
no adverse reactions or biologic complications at the
healing sites. The particulate grafts were observed in
the crestal bone region during early healing and be-
came more scattered because of resorption and/or re-
modeling during healing. Occasionally, encapsulation
of particulates by connective tissue was observed, as
was seen in a previous report.??

Implant Stability Measures

Mean ISQs at implant placement were 68 * 9 for the
test group and 69 = 8 for the control group. The two
groups showed no significant difference in 1SQ at the

D Control - Test

Change in I1SQ
o
|

2 4 12
Healing time (wk)

Fig 3 Changes in ISQs from baseline over the healing period.
Comparisons were made between baseline (week 0) stability
values and those measured in weeks 2, 4, and 12 in the control
and test groups.

time of placement (P = .6017). Mean ISQs for the test
group were 67 *= 10, 70 = 7, and 71 * 4, and corre-
sponding values of the control group were 64 * 11,
67 *= 7,and 69 = 10 after 2, 4, and 12 weeks of heal-
ing, respectively (Table 2). There were no statistically
significant differences between the two groups at the
same healing time (P = .3103 at week 2, P = 4964 at
week 4, P = 4919 at week 12). In addition, no statis-
tical difference in mean 1SQ was observed for either
the test group (P = .9641 for 2 weeks, P = .4992 for
4 weeks, P = .4193 for 12 weeks) or the control group
(P =.2091 for 2 weeks, P = .5224 for 4 weeks, P = .9369
for 12 weeks) between week 0 (baseline) and any heal-
ing time. Changes in mean ISQ were further analyzed.
The changes in ISQs from baseline (week 0) between
the two groups showed no statistical differences
(P=.1619 at week 2, P = .5381 at week 4, P = .3049 at
week 12) (Fig 3).

Histologic Observations

The histopathologic assessment through microscopic
observation revealed no differences between the test
and control groups. In addition, there was no evidence
of acute inflammation in any specimen examined.
Minimal to mild chronic inflammation was indicative
of the expected foreign-body response, and compa-
rable levels of fibrosis were increased over time. More
importantly, no evidence of bacterial infection was
seen within the TM pores of any test group implants
or on the threaded portion of the test or control group
implants.

Representative histologic images of six and a half
threads were taken at the coronal end, beginning at the
second thread of each implant, for the control group,
and corresponding images were taken within the same
distance for the test group by including the Ta porous
portion (Fig 4). Newly formed bone was first seen be-
tween threads in both groups and within the pores of
the test implants at 2 weeks (Figs 4a and 4d). Subse-
quent bone remodeling was observed at 4 weeks, and
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Fig 4 Representative histologic observations in (top row) test
group and (bottom row) control group. In the test group, new
bone formation within the implant pores as well as onto the
threads was first seen at 2 weeks. Subsequently, bone remod-
eling took place during healing, similar to the threaded part of
the implants in the control group (Sanderson and Van Gieson;
original magpnification X2).

Fig 5 At 2 weeks after implantation, new bone (NB) was found
in both (a) the threaded and (b) the porous regions in the test
group (original magnifications x4 and x20, respectively). The NB
was extensive at the Ta-based porous surface and (c) infiltrated
into the interior surfaces of the porous region (original magnifi-
cation x40) (Sanderson and Van Gieson). At = adipose tissue;
0 = osteoid; Obl = osteoblast; Ocl = osteoclast; Ocy = osteocyte.

a thin layer of newly mineralized bone was observed on
both theTa strut surface and the titanium thread surface
(Figs 4b and 4e). By week 12, newly formed trabecular
bone appeared to be thicker, denser, and more abun-
dant in the pores and between threads (Figs 4c and 4f)
than the earlier time periods. Newly mineralized woven

138 Volume 30, Number 1, 2015

bone at various locations of a 2-week sample in the test
group was confirmed at different magnifications (Fig 5).
New bone was observed within the threaded region
(Fig 5a), in direct apposition to the surfaces of Ta struts
(Fig 5b), and within the internal porous region (Fig 5c).
The presence of osteoblasts, osteoid, and osteoclasts
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Fig 6 Progression of new bone formation in the test group at (a and b) weeks 4 and (c and d) 12 weeks. Adipose tissue (At), new
bone (NB), osteoid (0O), osteoblast (Obl), osteoclast (Ocl), blood vessels (Bv), and osteocytes (Ocy) were noted (a and c) at the Ta
surface and (b and d) within the porous regions (Sanderson and Van Gieson; original magnification x60).

indicated that bone apposition and remodeling were
taking place during the early stage of immature woven
bone formation. After 4 weeks of healing, it was evi-
dent in the test group that new bone apposition to the
Ta strut surface was continuous (Fig 6a) and that new
bone had formed in the deeper internal pores (Fig 6b).
The new bone seen at 12 weeks appeared to be more
mature trabecular bone, not only at the surface (Fig 6c¢)
but also within the porous space (Fig 6d).

Histomorphometric Findings

The histomorphometric data at the interface and at
the defined ROl are presented in Table 3. The %BIC with
newly formed bone was not statistically significantly
different at any time points between the test and con-
trol groups (P = .9092 at week 2, P = .0557 at week 4,
P = .3602 at week 8). Also, both the test and control
groups showed significantly higher %BIC at 12 weeks
(P <.0001) than the corresponding %BIC values at 2 or
4 weeks, respectively. The %NBTA was not significantly
different (P = .2450 at week 2, P = .0964 at week 4,

P = .8324 at week 12) between the two groups at any
given observation time, but both groups showed a
higher %NBTA at 12 weeks (P < .0001) than at 2 or 4
weeks. Furthermore, %NBPA at 12 weeks was signifi-
cantly higher than that at 2 or 4 weeks (P < .0001). A
small amount of %0IC existed at each healing time for
both groups. In the test group, %OPA showed a slight
increase during healing. No statistical analysis was per-
formed for either %0IC or %OPA.

Correlations

During the healing period from 2 weeks to 12 weeks,
the individual %BIC values and %NBTA values did not
show statistically significant correlations with corre-
sponding 1SQs (%BIC: Pearson correlation coefficient
0.285; %NBTA: Pearson correlation coefficient 0.035).
Further, there was no statistical correlation between
the individual %NBPA values and corresponding 1SQs,
insofar as newly formed bone inside the Ta pores was
applicable to the test group only (%NBPA: Pearson cor-
relation coefficient 0.167).
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Table 3 Histomorphometric Data (n = 8)*

Parameter/group Week 2 Week 4 Week 12 P value over healing
%BIC
Test 33.74 £9.44 35.52 + 4.86 63.98 + 10.66 7829, wk 2 vs wk 4
<.0001, wk 4 vs wk 12
<.0001, wk 2 vs wk 12
Control 33.15 + 13.27 25.35 + 8.68 73.13 £ 14.19 .2286, wk 2 vs wk 4
< .0001, wk 4 vs wk 12
<.0001, wk 2 vs wk 12
P at same time point .9092 .0557 .3602 N/A
%0IC
Test 0.35 £ 0.99 0.70 £1.17 0.43 £ 0.64 N/A
Control 0.58 £ 0.80 0.41 £ 0.63 0.05+0.14 N/A
%NBTA
Test 28.8 + 9.88 32.43+2.84 55.58 + 10.73 4636, wk 2 vs wk 4
<.0001, wk 4 vs wk 12
<.0001, wk 2 vs wk 12
Control 33.53+8.62 25.61 + 7.50 54.72 + 8.36 11149, wk 2 vs wk 4
<.0001, wk 4 vs wk 12
<.0001, wk 2 vs wk 12
P at same time point .2450 .0964 .8324 N/A
%NBPA/test 14.24 + 5.03 15.67 £ 5.84 36.63 £ 9.27 7155, wk 2 vs wk 4
<.0001, wk 4 vs wk 12
<.0001, wk 2 vs wk 12
%OPA/test 2.81 +0.91 3.11+1.77 3.57+1.41 N/A

*Means * standard deviations shown.

DISCUSSION

The present study was designed to investigate the ef-
fect of a newly developed Ta porous dental implant
(test group) on bone ingrowth and stability during
early healing in fresh extraction sockets in dogs. The
test implants achieved similar outcomes to the control
implants with respect to the degree of osseointegra-
tion and implant stability. In addition, the outcomes of
the test implant in the present study were comparable
to those previously reported for Ta porous implants
placed in healed extraction sites in a canine model.'?
The significantly lower number of threads in the test
implant and the presence of a Ta porous midsection
in the test implants did not compromise mean 1SQs
(Table 2, Fig 3). Rather, the test implant achieved and
maintained primary stability similar to that of the con-
trol implant. The average roughness of the microtex-
tured surface of the control implant and the threaded
portions of the test implants in this study has been
reported to be 0.756 + 0.073 um.2*The increase in ap-
parent surface area of the test implant (unpublished
manufacturer data), which resulted in comparable
BIC and bone ingrowth, and the possibility of bone
anchorage with the interconnected pores may have
contributed to secondary stability during early heal-
ing. However, the contribution of the roughness of the
Ta struts in the porous midsection has to be further
investigated.
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Other authors have found no significant correla-
tions between 1SQs and histomorphometric param-
eters.>>~?7 In an experimental study in dog mandibles,
no correlation was specified between 1SQs and %BIC
from measurements of eight different time points dur-
ing a 3-month monitoring period.2® Another study in
dog mandibles found no correlation between ISQs and
histologic data, such as BIC and peri-implant bone den-
sity, from the time of implant placement to retrieval at
1 and 3 months.?> Further, Ito et al demonstrated no
correlation between I1SQs and %BIC after up to 4 weeks
of assessment in the tibiae of minipigs.?’ In the pres-
ent study, I1SQ did not show any correlation with any
histomorphometric parameters. However, the implica-
tions of ISQ measurements in initial stability and the
progression of osseointegration during early stages
of healing in both animal models and humans require
further investigation.

The porous surface design examined here is not
new to implant dentistry. A titanium beaded porous
surface was applied to cylindric dental implant sur-
faces previously.?® Deporter et al®® tested implants
with sintered bead surfaces placed in canine extrac-
tion sockets and reported that the percentage of bone
ingrowth inside a sintered bead implant surface was
52% = 16% at 4 weeks and exhibited no significant
change (51% * 16%) at 8 weeks. The present study
showed that %NBPA ranged from 14% to 37% from
2 to 12 weeks. From the aspect of implant design, it
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should be pointed out that there are several major dif-
ferences between the test implant and the sintered
bead implants that may affect stability and bone in-
growth. First, the stability of the current test implant
was found to be comparable to the modern threaded
design, whereas earlier unthreaded porous press-fit
implant designs lacked external threads, which pro-
mote primary stability.?>3° Second, the Ta porous bio-
material displayed an average pore size of 430 wm and
up to 80% porosity,’* while the pore size of sintered
bead implants has been reported to range from 20
to 100 wm, with a mean porosity of 35%.3" Third, the
thickness of the porous Ta midsection is approximate-
ly 0.65 mm; in contrast, the sintered bead implants
revealed a coalescence-like heterogenous shape, but
no information is available regarding the thickness of
the porous surface. Additional research with the test
implant is suggested to evaluate the effects of bone
ingrowth into Ta pores on secondary implant stability.

It has also been suggested that the optimal pore
size for bone ingrowth is in the range of 100 to 500 pm
and that interconnected porosity is critical to maintain
vascularity, a prerequisite for continuing bone devel-
opment inside porous biomaterials.32 Interestingly, the
12-week values for %NBPA were significantly higher
than at both earlier time points (P < .0001). A similar
bone ingrowth phenomenon was reported in the ca-
nine femoral diaphysis model,” in which the amount of
new bone observed within the Ta porous biomaterial
increased from 13% at 2 weeks to 69% at 16 weeks. It
is estimated that the bone formation into the Ta pores
may be attributed to the physical properties of the os-
teoconductive Ta scaffold. Taken together, the excep-
tionally high porosity of the Ta porous biomaterial has
been speculated to facilitate the migration of osteo-
genic and angiogenic cells deep into its inner pores,
where they can proliferate, differentiate, and favor-
ably compete with fibrous connective tissue.’* Con-
sequently, the histomorphometric data of the present
study suggest that the tested implant is a promising
alternative to currently available implants and should
be further investigated. Although in the present study,
the histopathologic assessment demonstrated that
there were no infections with any of the test implants
immediately placed into fresh extraction sites, the re-
sponse of Ta porous dental implant to oral fluids, bio-
film formation, and microbes remains to be clarified, as
recently discussed by Bencharit et al.’3

The present study has some potential limitations.
First, different results might be obtained in a clinical
setting. Second, the current study was limited to early
healing periods up to 12 weeks. Further, the implants
used in this study were not loaded, and there was no
attempt to evaluate buccal and lingual healing dynam-
ics around peri-implant sites. Further research is highly

suggested to determine whether immediate loading
of this Ta porous implant may affect the dynamics of
bone ingrowth and increase implant stability during
early healing.

CONCLUSION

In a canine immediate extraction socket model, both
the test and control implants demonstrated compa-
rable implant stability and percentage of bone-to-
implant contact. In addition, bone ingrowth was evi-
dent within the tantalum porous section of the test
implants during early healing.
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