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Abstract : Osseointegration involves anchoring dental implants to stable bone rather than to soft-tissue.
Clinical osseointegration is currently defined as the process whereby alloplastic material is
asymptomatically and rigidly fixed and maintained in bone during functional loading. Full osseointegration
is necessary for the success of long-term dental implants. Recent developments in computer assisted
measurement of bone formation have improved maxillofacial examination and osseointegration. Computer
assisted examination has also proved effective in dental implantology. This investigation was aimed to
determine osseointegration in immediate and delayed implantation in the dog mandible using dental
computed tomography (CT) and bone scintigraphy. Five adult (mean age of 2 years) mongrel dogs with
a mean weight of 9.1 kg were used in this investigation. Titanium alloy implant systems with 4 mm
in diameter and 10 mm in length were chosen for insertion. The second and third left mandibular
premolars in each dog were extracted for the delayed implant insertion. Twelve weeks later, the second
and third right mandibular premolars were extracted for the immediate implant insertion. Before the
delayed and immediate implantation procedures and 0, 4, 8, and 12 weeks after the insertions, dental
CT and scintigraphy were conducted. The CT and scintigraphic images indicate that reconstruction of
bone surrounding of the immediate implant can be as successful as reconstruction of bone surrounding
of the delayed implant.
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Introduction

Pre-operative planning is crucial for the success of
surgical implant procedures. Pre-implantation radiographic
evaluation enables assessment of the quantity of bone
present, the quality of the available bone and the

location of critical anatomic structures [5]. Calibrated
information about bone mineral density (BMD) is used
to select the optimal type of surgical procedure and
implant, thus enhancing the chance of successful dental
implant surgery [9].

Computed tomography (CT) has recently been
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suggested to be a useful means of measuring ‘bone
quality’, in mean Hounsfield Units (HU). CT enables
visualization of particular anatomical sites. After thin
section axial CT scans are made through the jaw,
dedicated software programs reformat the data into
panoramic images as well as cross-sectional images
perpendicular to a curved plane through the arch.
Quantitative CT is the best modality for determining
BMD values for the separate evaluation of cortical and
cancellous bone [3].

Another BMD monitoring tool is bone scintigraphy,
which detects early changes undetectable by radiography.
Radioisotope scintigraphy with technetium-99m-methylene
diphosphonate (Tc-99m-MDP) has proved to be a reliable
method for measuring increased bone activity at specific
skeletal tissue sites. Tc-99m-MDP is useful in diagnostic
bone pathology due to the high affinity of phosphates
for hydroxyapatite, enzymes, and immature collagen.
Binding of Tc-99m-MDP to implants was detected in
vivo by gamma camera imaging. In addition, bone scan
with Tc-99m-MDP enables evaluation of the function
of oral implants [4].

The accuracy of CT scanning appears to be
compromised by artifacts from metallic implants and
thus, CT should not be used to visualize metallic
implants. However, none of the titanium implants
produced any artifacts that interfered with interpretation
of cranio-orbital reconstruction [8]. Furthermore,
quantitative CT can be used to measure the BMD of
cortical and cancellous bone separately.

The purpose of our study was to evaluate
osseointegration from dental CT and scintigraphy after
immediate and delayed implantation in the dog mandible.

Materials and Methods

Five mongrel dogs, weighing approximately 9.1±0.5
kg and averaging 2.0±0.1 years of age, without active
periodontal disease were used. During the entire study
period, all dogs were fed a soft commercial diet and
water ad libitum to minimize functional loading of the
implant.

Twenty titanium alloy screw implants (Division A,
D1 implant system #104-110, Biohorizons implant
system, USA) with 10 mm long and 4.0 mm in overall
diameter blasted with calcium phosphate were prepared
for implantation.

Surgical procedures were performed under sterile

conditions. Before extraction, all teeth were scaled and
cleaned. Twelve weeks prior to implantation, the second
and third left mandibular premolars were extracted
under general anesthesia. At the end of the extraction-
healing phase, dental implants were surgically placed.
Prior to each surgical procedure, antibiotic (procaine
penicillin G, 20,000 IU/kg) was administered intramuscularly.
The dogs were premedicated intravenously with 2%
xylazine (2 mg/kg) and subcutaneously with atropine
sulfate (0.04 mg/kg). Anesthesia was induced with
tiletamine and zolazepam (7.5 mg/kg). Infiltration
anesthesia was continued with 2% lidocaine. The surgical
region was exposed by two divergent incisions and the
mucoperiosteal flap was reflected. The bony canal was
prepared for implantation with an implant unit. Next,
the cover-screws were connected to the implants, and then
the mucoperiosteal flap was closely attached, without
tension, to the lingual mucosa after excision of the
gingival rim with a single interrupted 4-0 surgifit suture.

Following all surgical procedures, an antibiotic
(procaine penicillin G, 20,000 IU/kg IM, every 24
hours for 6 days) and an anti-inflammatory pain reliever
(dexamethasone, 2 mg IM, sid days 1 and 4 after
implantation) were administered. During the first 2 post-
operative weeks the oral cavities were rinsed daily with
0.12% chlorhexidine-digluconate for plaque control.

Dental CT and scintigraphic images of the mandible
were obtained under general anesthesia in the same
manner as for the implantation procedures. Dental CT
images were taken continuously at 1 mm intervals with
a resolution close to 0.25 mm/pixel using a standard
dental CT investigation protocol. The multiple thin
transverse image data obtained through the mandible
were reformatted using special software (10DR Implant
Service Co., Korea) to automatically produce cross-
sectional and curved linear panoramic images every 1
to 2 mm around the dental arch. The CT images were
reconstructed to permit the bone contours. The special
software displays the CT number or HU over the
selected regions of interest (ROIs), thereby estimating
the tissue density at specific sites for evaluation of peri-
implant osseointegration.

Bone scans were obtained using a large field of view
gamma camera equipped with a parallel-hole, low-energy
collimator about 3 hours after intravenous injection of
99m-Tc-MDP (8 mCi/dog) to the dogs. Mandibular
images were acquired with a gamma camera (set at 140
KeV photoelectric peak and a 20% symmetrical window).
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Quantitative data were derived from 300,000 static
images of the left and right implantation sites in which
bone lesions were included.

The bone uptake ratios for the delayed and immediate
type implants were calculated for both the left and right
premolar areas. The ROIs for regional dental uptake were
assessed in the lateral view. Regional dental uptakes of
the left and right premolar areas were assessed by
evaluating the rectangular ROIs (pixel: 364 cells). These
ROIs for regional dental uptake were assessed by the
same method in all animals.

The differences between the measured values at
different times were evaluated using one-way analysis
of variance (one-way ANOVA) with the Tukey test.
The data were presented as mean± standard deviation

(SD) and p<0.05 was considered significant.

Results

All the dogs were evaluated weekly for inflammation,
necrosis, and other lesions of the bone or soft tissue.
Significant macroscopic lesions were not detected. The
BMD values surrounding the implants were measured
from pre- and post-operative images. The BMD
measurements taken from CT are summarized in Table
1, and BMD measurements from bone uptake scintigraphy
are summarized in Table 2. 

Twelve weeks after implantation, the BMD of peri-
implant bone was very similar to that of normal
alveolar bone, indicating that peri-implant bone was

Table 2. Comparison of bone uptake scintigraphy of peri-implant bone of immediate and delayed implants in dogs 
(Unit: Counts/364 Pixels)

Group
Time (week) after implantation

-1 0 4 8 12

Immediate implant 9.5±0.7 19.7±1.4 16.2±1.0 9.1±1.7 7.6±0.5

Delayed implant 9.4±0.7 19.1±2.4 16.8±1.9 10.3±3.2 7.8±0.9

Values are represented as mean±SD for five sites per group.

Table 1. Comparison of BMD measured by CT of peri-implant bone of immediate and delayed implants in dogs 
(Units: Hounsfield Unit)

Group
Time (week) after implantation

-1 0 4 8 12

Immediate implant 100.0±0.0 43.9±7.9 46.9±9.9 65.3±11.7 83.2±5.5

Delayed implant 87.1±7.7 47.1±10.1 51.1±8.8 67.6±7.6 90.2±6.7

Values are represented as mean±SD for five sites per group.

Fig. 1. Scintigraphic images of the left mandible after implantation in dogs. (A) Image 1 week after implantation. Increase
in bone uptake of 99m-Tc-MDP at the implantation site was well revealed. (B) Image 12 weeks after implantation. Bone
uptake at the implantation site was decreased but bone uptake in other parts of the head was increased.
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completely regenerated by new bone. Bone scintigraphy
was performed after intravenous injection of 99m-Tc-
MDP. Images of the mandible were captured with a
gamma camera and bone uptake changed throughout
the period of study (Fig. 1). BMD measurements made
from CT images using a specific computer program were
considered normal, and three-dimensional reconstructed
CT images of an anatomically correct mandible were
considered normal (Fig. 2).

The BMD of peri-implant bone increased after

immediate and delayed implant insertion. BMD in peri-
implant bone did not differ significantly between the
immediate and delayed implant procedures during the
study period.

Discussion

Numerous studies have evaluated the relationship
between the degree of bone to implant interface and
the various designs, materials, and surface topography

Fig. 2. CT images using computer system 12 weeks after implantation. (A) Left oblique three-dimensional reconstructed
image of an entire mandible with an implant from the angle of the mandible forward. The bony contours at the implant
regions of the implantation sites are not as well defined as normal alveolar bone, but do not interfere significantly with
imaging. (B) Four transverse CT images taken through the mandible. Star or streak artifacts occur when the x-ray beam
strikes metallic objects, such as a dental implant, in the plane of image, but are not problematic in these images. One
image from the transverse images was selected for the reference transverse slice image. One arch to the center plane is
drawn as a series of the cross-sectional view. A reformatted two-dimensional slice image plane line was then drawn
perpendicular to the arch. The interslice distance can vary as desired. (C) Sixteen cross-sectional two-dimensional CT images.
The region of the left implantation is shown. The reference line number identifies each image. (D) Four panoramic images.
Right and left implantation sites are well defined. (E) Panoramic projection image reconstructed from panoramic images.
Panoramic projection image shows the same images as the panoramic radiograph. Image from the panoramic radiograph
is magnified by approximately 10% to 20%, but a panoramic projection image from CT can present the image in its actual
size so that precise measurements can be made.
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of implants, as well as the loading or time since
placement. In this study, we examined the benefits of
immediate or delayed implantation after tooth extraction.

Delayed implantation after the complete regeneration
of the dental socket may be optimal for the long-term
success of dental implants. However, immediate
implantation has some advantages, including shorter
treatment time, conservation of the crestal bone, and
exact positioning of the implant [10]. Furthermore, other
benefits of immediate implantation include maintenance
of the vertical dimension, elimination of the need for
reline procedures and interim denture therapy, and
possibly improved soft tissue healing. In addition, the
peri-implant soft tissue parameters (bleeding on probing,
probing depth, peri-implant soft tissue level), the mobility,
and the marginal bone level after immediate implantation
appeared to be similar to those reported in previous
studies in which conventional delayed implantation was
used. The morphology of the osseous bonding between
the bone and implant was similar in both groups,
although the osseointegration surface was slightly greater
in the delayed implant group [7]. In this study, we also
found the adjacent BMD following the immediate implant
was slightly lower, although not significantly, than that
following the delayed implant.

Imaging techniques to evaluate BMD non-invasively
are currently being evaluated, since biological bone
responses to implant surfaces cannot be observed directly.
Predictive indirect methods would be highly useful to
assess the degree of osseointegration or the BMD of
peri-implant tissues with minimal effects on the patient.

There are several imaging techniques available to
clinicians for radiographic imaging examination prior
to surgery to increase the likelihood of successful
implantation. Likewise, several imaging techniques are
available for periodic evaluation after implantation. The
absence of peri-implant radiolucency has been
recommended as an evaluation parameter of implant
stability. Changes in bone differed during the pre- and
post-operative periods. Significantly higher rates of
bone resorption occurred pre-operatively than during
any of the post-operative periods [2].

Sometimes the available bone volume cannot be
judged only from plain radiography. When clinical
examination and radiographic findings from plain films
do not provide sufficient information about alveolar
process morphology, cross-sectional imaging of the
maxilla and mandible can be conducted by conventional

tomography or CT [1]. These modalities provide cross-
sectional images of the bucco-lingual area and may
provide useful information for the implant procedure.
CT is a radiographic technique that blends the concepts
of thin-layer radiography (tomography) with computerized
image synthesis (computed) to reconstruct images from
calculated density values at predefined locations within
the body.

One of the very important uses of CT in dentistry
is the evaluation of the jaws of patients who are
candidates for dental implants. CT used in this way is
considered to be a revolutionary development. Two-
dimensional and three-dimensional reconstruction of
CT images from the infinite set of all its projections
is possible by incorporation of a special system. This
system is also helpful for identification of smaller
changes in tissue density. CT can be used to evaluate
multiple adjacent implant sites [6] and the relationship
between the radiopaque template and the bone.

Bone scintigraphy has frequently been recommended
for noninvasive monitoring of bone healing and bone
metabolism that cannot be monitored by radiographs.
Tc-99m-MDP accumulates in bone primarily by chemical
adsorption to hydroxyapatite, the mineral constituent of
bone, which is affected by environmental factors.
Acidification of bone due to lesions, inflammation, or
the healing process increases deposition of Tc-99m-
MDP in bone, and lesions are readily visualized by
scintigraphy.

We have evaluated bone formation of peri-implant
bone using dental CT and scintigraphy. Bone quality
(measured by CT) and bone uptake (measured by
gamma camera) were analyzed and quantified. Calculated
BMD data (mean±SD) obtained from CT and scintigraphy
were compared. The results of this study indicate that
BMD of peri-implant bone increased with time. From
these results, we have concluded the following. First,
dental CT scanning data can be easily reconstructed
using a special system to provide alternative images.
Second, artifacts from the titanium implants did not
interfere with BMD measurements on the dental CT
scan. Third, peri-implant BMD from HU and the total
count of Tc-99m-MDP increased consistently as with
normal alveolar bone. Fourth, the degree of
osseointegration between bone and implants was similar
following immediate and delayed implantation. Fifth,
dental CT and scintigraphy are useful non-invasive
methods of long-term maxillofacial examination. We
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know that dental CT and scintigraphy can be used to
evaluate local BMD for the assessment of implant
safety. The impacts of implantation methods should be
evaluated and compared histo-morphologically. This study
was abbreviated but in our future work we will
compare the evaluation methods.

We recommend stable implant fixation with alveolar
bone for the accurate and safe repair of teeth lost due
to decay, trauma or periodontal disease. Titanium
implants are optimal due to their biocompatibility.
Furthermore, titanium implants do not produce interfering
artifacts on dental CT diagnostic images.
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