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Comparative study for osseointegration according to
surface treatments of dental implants
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The purpose of this study was to evaluate the effect of hydroxyapatite (HA) full-coating and resorbable blast media (RBM) on the
osseointegration of implants placed in the bone. Twelve rabbits were used as experimental animals and three implants were installed
in each tibia. Rabbits in the control group were provided with no additional treatments to the fixture. Rabbits in experimental group
I were provided with RBM treatment and rabbits in experimental group II were provided with full HA coating. The animals were
sacrificed 4 weeks after implantation. The parts of the tibia containing the implant were harvested and radiographs were acquired.
Specimens were prepared for histological examination and histomorphometric analysis of the bone-to-implant contact (BIC) ratio. The
extent of osseointegration of the implants was different among the groups. Histomorphometrically, the full HA coating group showed
the highest BIC ratio, followed by the RBM treatment and the control group. The three groups significantly differed when using the
Kruskal–Wallis test and Mann–Whitney U-test. These results suggest that the full HA coating and RBM treatment to the fixture can
provide significantly higher osseointegration. The full HA coating provided more osseointegration than the RBM treatment.
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Introduction
Implant surgery involves replacing tooth function by
planting an artificial tooth with a root-like artificial fixture

surface treatment of dental implants. Moreover, the surface
of dental implants is the most important factor influencing
the mechanical strength of the interface between the implant and the tissue [2].

to the tooth defect area, replacing the natural tooth. It has

Several trials to increase bone adhesion by surface treat-

become a common dental surgery worldwide. In edentu-

ment of implants have been conducted, including hydroxy-

lous patients, bone type IV or lack of bone has been over-

apatite (HA) full-coating and resorbable blast media (RBM)

come to increase early bone contact by increasing osteo-

treatment [3,4]. HA initiates early healing in implants and

genesis and the amount of blood flow to induce adhesion

combines with bone. It has an ability for protein adhesion

in the bone graft [1]. Rapid adhesion is the main purpose of

to the surface; therefore, it accelerates the healing course of
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adhesive proteins, such as fibrinogen. HA full-coating com-

with a #15 blade to peel the tissue and periosteum led to

monly uses the method of plasma-spray-coating, which

the exposure of tibia. With the exposure of tibia, bone for-

was applied in a cone-shaped integral implant for the first

mation for implantation with irrigation was performed with

time in 1990 in Calcitek [5]. However, limitations of HA

a guide or twist drill. When completing bone formation,

full-coating are loosening of titanium molecules by the ab-

implantation into the right tibia of 12 rabbits under droplets

sorption of HA, possibility of poor adhesion, and chances

of saline solution was performed using an implant kit. Of

of failure in infection control [6]. Moreover, the implant

all 36 implants, 12 were placed into each group of rabbits.

surface can be worn down by spraying rough particles of

A periosteal suture using 2-0 Vicryl after implantation was

various diameters.

placed, followed by a 3-0 Vicryl muscle suture. Finally, 5-0

In RBM treatment, the possibility of poor bone adhesion

and 6-0 nylon threads were used for subcuticular and skin

by residual surface particles in early oxide alumina particle

sutures. In the same way as before the operation, the oper-

usage was solved by biodegradable calcium phosphate par-

ation site was disinfected with povidone-iodine, chlorhexi-

ticles [7]. A study has been conducted on the bone-remedy

dine gluconate solution, and isopropanol. Keromin,a first-

patterns in the cerebral cortex and bone marrow compart-

generation cephalosporine, was injected.

ment by implantation in rabbits, regarding this surface
treatment [8].

Biopsy and radiographic inspection

In this study, two types of surface treatment of implants
in rabbits' tibia were applied to compare the extent of bone
adhesion and their patterns.

The whole-body condition of the rabbit, scar healing,
and infection control of the operation site were monitored
every day before disinfection. The rabbits were sacrificed

Materials and Methods

after 4 weeks with a KCl solution. With a margin of more

Animal experiment

pared after bone fragmentation with bone knives. Radio-

than 3 mm around the placed implants, samples were pregraphs of all samples were acquired with bite films to check

This study was performed in accordance with the In-

the position of implants and bone adhesion condition of

stitutional Guidelines for Experimental Animal Care and

the perpendicular bone-cutting samples. Using parallel ra-

Use of Chonnam National University Hospital (CNUH IA-

diography at 60 kVp and 6 mA, a standard X-ray image was

CUC-18022).
For the experiment, 12 male rabbits, weighing approximately 2 kg, were grown in the same condition. We
chose 36 implants, measuring 2.75×10 mm (KJ Meditech,
Gwangju, Korea), and divided them into groups of no treatment (control group), RBM surface treatment (group 1), and
HA surface treatment (group 2) (Fig. 1).
All surgical tools were sterilized in an autoclave 24 hours
before the experiment. After weighing the rabbits, 3 mL/
kg of Zoletil (Zoletil50; Virbac Co, Carros, France) was infiltrated in the femoral region for sedation and anesthesia.
After shaving the right tibial parts, rabbits were placed in
the prone position, and the operation site was disinfected
with povidone-iodine, chlorhexidine gluconate solution,
and isopropanol. After infiltrative anesthesia at the operation site with lidocaine containing epinephrine, incision
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Fig. 1. Dental implants used in the experiment (left: smooth surface;
middle: resorbable blast media-treated surface; right: hydroxyapatitetreated surface).
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acquired at a subject-to-lens distance of 15 cm after setting the fixed value. Checking the position of implants and
their axis, preprocessing was performed for a histological

Results
Gross findings

analysis. After fixation with Schaffer's solution (2/3 of 96%
ethanol+1/3 of 37% formaldehyde), no demineralization or

The area of the implant healed properly, with no findings

embedding, samples were stiffened in methylmethacrylate

of dehiscence, infection, or bone fracture in gross findings

after the dehydration process. The sample was cut twice

for 4 weeks. Moreover, there were no external exposures

with 300-µm thickness with the direction of the long axis
at the thickest part of the implant. Subsequently, samples

or specific inflammation, and implants healed well.

were grinded with a grinder-polisher (Metaserv; Buehler,

Radiographic findings

Lake Bluff, IL, USA) until their thickness became 50 µm.
For histological observation, samples were stained with the

Radiopacity was found in the cortical bone in all groups

Goldner’s trichrome. Using an optical microscope, the ex-

while the marrow size differed with the object. The mar-

tent and appearance of bone adhesion around the implant

row showed a higher radiolucency in the control group and

were analyzed.

experimental group 2 than in experimental group 1. Most
implants were found through the tibia, penetrating through
the lower part of the bone. The location of implant varies

Histomorphometric analysis

with the thickness of the cortical bone and size of the bone
A histomorphometric assessment of each sample was

marrow, as good bone adhesion is found.

performed around the tibia, and an image enlarged 40
times in the thread of the screw in each sample was saved

Histological findings

digitally. A histomorphometric analysis of the bone-to-implant contact (BIC) ratio between the implant and the bone

A thick cortical bone was found in every sample of tibia

margin was performed with the Scion Image (Scion Co.,

in the control group while slight bone trabecula was found

Frederick, MD, USA). The statistical test included compar-

in the bone marrow. The thickness of the cortical bone dif-

ing the equivalent values and post-hoc comparison using

fered with the object while implants mostly looked well-

the Kruskal-Wallis test and Mann–Whitney U-test.

progressed without intervention of soft tissues. A thin layer

BIC ratio (%)=(the total length of direct contact implant
surface)/(the total length of implant surface)*100

of bone adhesion was found in some implants exposed into
the bone marrow (Fig. 2).
In the Experimental group 1, a thick cortical bone was
found similar to the control group while some newly
formed bone was found in the bone marrow. The thread

A

B

C

D

Fig. 2. The radiographic and histological photographs in the control group.
(A) The tibia shows a thick cortical
bone and bone marrow. (B) Implants
are located in the tibia. (C) The cortical bone area shows the thread of the
implant. (D) The bone marrow area
shows the surface of the implant contacting the cancellous bone.
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A
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Fig. 3. The radiographic and histological photographs in experimental group
1. (A) The tibia shows a thick cortical
bone and bone marrow. (B) Implants
are located in the tibia. (C) The cortical bone area shows the thread of the
implant filled with the cortical bone.
(D) The bone marrow area shows the
surface of the implant contacting the
cancellous bone.

D

C

Fig. 4. The radiographic and histological photographs in experimental group
2. (A) The tibia shows a thick cortical
bone and bone marrow. (B) Implants
are located in the tibia. (C) The cortical bone area shows the thread of the
implant filled with the cortical bone.
(D) The bone marrow area shows the
surface of the implant contacting the
cancellous bone.

D

of the implant in the cortical bone area showed good bone

*
50

adhesion along the implant surface. The loose bone trabec-

*

ula contacted the part of the implant exposed in the bone
marrow while some parts did not contact the bone (Fig. 3).

formed bone was found in the bone marrow. The thread
of the implant in the cortical bone area showed good bone

BIC (%)

In the Experimental group 2, a thick cortical bone was
found similar to the control group while some newly

45

*

40

35

adhesion along the implant surface. The dense bone trabecula contacted the part of the implant exposed in the
bone marrow while some parts did not contact the bone
(Fig. 4).

Histomorphometric finding

30
Control group

Exp1

Exp2

Fig. 5. This shows the extent of bone-to-implant contact (BIC) in
each group. Hydroxyapatite surface treatment (experimental group
2) shows the highest bone contact while the control group shows the
lowest (*p <0.05).

As for the rate of the average bone contact to the surface of the implant, the control group showed the lowest

between groups were found in the Kruskal-Wallis test

rate (32.8%±5.16%), followed by experimental group

(p ＜0.05).

1 (36.3%±7.93%) and experimental group 2 (45.5%±

The post-analysis performed between every two groups

8.05%). Using IBM SPSS Statistics ver. 23.0 software (IBM

using the Mann-Whitney U-test showed statistically signifi-

Co., Armonk, NY, USA), statistically significant differences

cant differences among all groups (Fig. 5).
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Discussion

compared to RBM surface treatment. RBM surface treatment provides marked hydrophobicity while HA coating

Early stability is indispensable for bone adhesion after

decreases the contact angle [4]. Thus, fast hydration of the

implant surgery. Factors affecting the stability include sur-

oxide layer by hydrophilicity may promote contact of the

gical technique, bone formation, extent of bone quality,

biomolecules and improve arrangement of the bone tissue.

surface treatment, etc [9]. According to Lekholm, the bone

This HA coating layer of enhanced wetting increases os-

quality in implants is classified into four stages from I to IV

seointegration. Therefore, for class IV bone or poor bone

clinically [10]. Whether or not implant surgery is success-

quality, such as in osteoporosis, implants with HA coating

fully performed largely depends on the bone quality of the

increase early bone contact in implant surgery and enable

mandible, as the mandible has a denser cortical bone than

implant stability. Various trials of HA coating and other

the maxilla. Both the mandible and maxilla show decreased

studies related to it should be conducted.

thickness of the cortical bone and increased porosity of

In a study on HA coating, the solvent casting process of

the bone trabecula on the rear side, which affects the early

nano-sized particles, such as Poly (lactide-co-glycolide)/

success rate of the implant. Class IV bone has low density

bioactive glass/HA, was used. In this case, the ideal surface

and solidity and a thinner layer of cortical bone surround-

for adhesion and survival of stem cells was offered, and an-

ing the cancellous bone, which is mainly found on the rear

timicrobial action was triggered [15]. Aseptic loosening, the

side of the maxilla and mandible of patients with osteopo-

main cause of failure of titanium-based implants, was re-

rosis. Previous studies showed increased implant stability

solved by increasing the biologic stability by fixation of the

with increased thickness of the cortical bone but decreased

covalent bone at each level attained by stable collagen/HA

thickness of the cancellous bone in implant surgery [11].

multi-layered modified titanium coating [16]. According to

Similarly, our study showed better bone adhesion in the

the study by Oliver et al. [18], after forming an amorphous

cortical bone than in the cancellous bone on radiographic

layer of calcium phosphate in bioactive glass, crystallization

and histological inspections.

of the amorphous matrix by osteoblasts produced a new

Many clinical trials and research to increase bone adhe-

hydroxyl carbonated apatite layer. With this coating sub-

sion through various surface treatments have been evalu-

stance, the glass-ceramic complex coating method, which

ated clinically. It is well-known that HA coating provides

adds a ceramic substance to the bioactive glass, or glass-

biocompatibility to the fixture, which decreases the time

polymer complex coating method, which uses polymers,

for osseointegration [12]. HA also increases the adhe-

such as keto acid or polycaprolactone, has been used in

sion strength between serum proteins and growth factors,

research. Regardless of these methods, the original enamel-

which accelerates adhesion and proliferation of bone cells.

ing method is replaced by the plasma-spraying method, or

Finally, it reduces the time for implant loading in cases of

electrophoretic deposition is used as an alternative in other

poor bone quality, such as class IV bone. Moreover, in this

studies on the coating method [17].

study, the HA coating treatment showed the highest BIC
ratio.
RBM treatment has been used to promote osseointegration by roughening the surface of the fixture by spraying

With the average BIC ratio, the HA surface treatment
shows the best results. Therefore, we may expect a greater
success rate of implants with HA surface treatment clinically.

biodegradable calcium phosphate [13]. It is well-known
that RBM treatment blocks early bone resorption and retains the stability of the fixture after implant placement,
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