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(54) DENTAL IMPLANT HAVING ENHANCED EARLY STABILITY AND METHOD FOR 
MANUFACTURING SAME

(57) The present invention relates to a dental implant
having an enhanced early stability and a method for man-
ufacturing same, and more specifically to a dental implant
and a method for manufacturing same which assure early
stability and fixation power of an implant by suppressing

early osteolysis after an implant procedure, and allowing
better bone coherence of the implant surface during an
osteogenic period by controlling the speed of bone re-
modeling.
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Description

[Technical Field]

[0001] The present invention relates to a dental implant
with enhanced initial stability and a method for manufac-
turing the same and, more particularly, to a dental implant
and a method for manufacturing the same, which can
ensure initial stability and fixation of the implant by inhib-
iting early bone resorption after implant procedure and,
at the same time, enhance osseointegration at an im-
plant-bone interface during bone growth by controlling
the bone remodeling rate.

[Background Art]

[0002] Dental implants (hereinafter simply referred to
as implants) are artificial teeth, which can be used to
permanently replace missing teeth, and are widely used
to restore the masticatory function of partially or com-
pletely edentulous patients. Therefore, the dental im-
plants should be designed to functionally act as actual
teeth and, at the same time, to properly distribute the
load applied to the teeth, thus enabling long-term use.
[0003] The success rate and long-term prognosis of
the implant depend on the stability, i.e., fixation that is
most affected by bone mass and bone quality of patients.
The stability of the implant is expressed by the sum of
primary stability (i.e., mechanical stability) that occurs
when the implant is brought into contact with the sur-
rounding bone and secondary stability (i.e., biological
stability) that results from the formation of new bone tis-
sue and the occurrence of osseointegration after implan-
tation of the implant. Moreover, due to the nature of the
process in which the stability of the implant is obtained,
an area where the stability of the implant decreases is
inevitably formed, and thus the time for which the implant
is particularly vulnerable to external loads is present.
[0004] That is, as shown in FIG. 1A, when the implant
is implanted in the alveolar bone, bone resorption to form
new bone occurs first in the existing bone, which decreas-
es the stability of the implant, and at the same time, new
bone is formed around the implant, which in turn increas-
es the stability of the implant due to osseointegration be-
tween the implant and the alveolar bone.
[0005] The area where the stability of the implant de-
creases varies depending on the implant design or sur-
face treatment, but is a common phenomenon that oc-
curs in all dental implants, and the initial stability of the
implant is most affected at this time.
[0006] Therefore, when the initial stability, which is im-
portant for successful osseointegration, is difficult to en-
sure due to low bone mass and poor bone quality of pa-
tients, it may cause early failure of the implant. Moreover,
when an excessive load is applied to the implant with low
initial stability, the osseointegration may be delayed due
to minute vibrations, and thus delayed implantation, in
which the load is applied after 3 to 6 months for bone

growth, is used in conventional dental implants. That is,
according to the conventional implant surface treatment
technology, early loading of the implant increases the
failure rate of the implant, and when the delayed implan-
tation is performed to prevent this, the implant procedure
is extended, which is very problematic.
[0007] In order to solve the above problems and en-
hance the mechanical stability between the implant and
the bone, various attempts have been made to ensure
the initial stability of the implant by changing the length
or diameter of the implant or by introducing a special
design for facilitating self-tapping. Moreover, in order to
enhance the biological stability between the implant and
the bone by osteogenesis, various methods have been
attempted to enhance the initial stability of the implant
by applying bone growth factors, extracellular matrix mol-
ecules, polymer carriers, etc. to the implant.
[0008] As such, various methods have been attempted
to ensure the initial stability of the implant, but a plan to
ensure the initial stability after implantation of the implant
has not been developed so far, which makes it difficult
to enable early loading and reduce treatment period.

[Disclosure]

[Technical Problem]

[0009] Accordingly, the present invention has been
made to solve the above-described problems, and an
object of the present invention is to a dental implant and
a method for manufacturing the same, which can ensure
initial stability after implantation of the implant and en-
hance osseointegration at an implant-bone interface dur-
ing bone growth, thus enabling early loading and reduc-
ing treatment period.

[Technical Solution]

[0010] To achieve the above objects, the present in-
vention provides a dental implant comprising a rough-
ened surface and an osteoclast activity inhibitor coating
film which is formed on the surface of the dental implant
to enhance initial stability of the implant and osseointe-
gration at an implant-bone interface.
[0011] Moreover, the present invention provides a
method for manufacturing a dental implant, the method
comprising the steps of: roughening a surface of a dental
implant; subjecting the roughened surface of the dental
implant to hydrophilization treatment; and forming an os-
teoclast activity inhibitor coating film on the surface of
the hydrophilized surface of the dental implant.
[0012] Meanwhile, the osteoclast activity inhibitor for
application to alveolar bone can be applied to the surface
of the alveolar bone, which is in contact with a dental
implant, before implantation of the implant to inhibit bone
resorption of the alveolar bone, thus enhancing initial sta-
bility of the implant and osseointegration at an implant-
bone interface.
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[0013] The osteoclast activity inhibitor is used to inhibit
early bone resorption of the alveolar bone and may com-
prise a therapeutic agent for osteoporosis, and the ther-
apeutic agent for osteoporosis may comprise at least one
selected from the group consisting of bisphosphonate,
transforming growth factor β1 (TGFβ1), calcitonin, a se-
lective estrogen receptor modulator (SERM), osteopro-
tegerin (OPG), a receptor activator of nuclear factor-κB
ligand (RANKL) inhibitor, disintegrin, a cysteine-protease
inhibitor, an H+-ATPase inhibitor, and strontium salt.
[0014] Moreover, the bisphosphonate used as the os-
teoclast activity inhibitor collectively includes first-, sec-
ond- and third-generation bisphosphonates with a P-C-
P backbone and may comprise at least one selected from
the group consisting of etidronate, clodronate, tiludro-
nate, pamidronate, alendronate, risedronate, ibandro-
nate, zolendronate, and pharmaceutically acceptable
salts, esters, and acids thereof.
[0015] Furthermore, the osteoclast activity inhibitor
coating film may further comprise a bone growth factor
such as BMP-2, PEP7, etc. to promote osseointegration
of the implant. In addition, the hydrophilization treatment
may be performed by plasma or ultraviolet treatment on
the surface of the dental implant.

[Advantageous Effects]

[0016] According to the present invention, it is possible
to ensure initial stability and fixation of the implant after
implantation by coating the surface of the dental implant
with an osteoclast activity inhibitor that inhibits the activity
of osteoclasts and, at the same time, enhance osseointe-
gration at an implant-bone interface during bone growth
by controlling the bone remodeling rate, thus enabling
early loading after implant procedure and reducing treat-
ment period.

[Description of Drawings]

[0017]

FIG. 1A is a diagram showing the principle of de-
creased initial stability after implant procedure.
FIG. 1B is a diagram showing the principle of in-
creased initial stability after implant procedure ac-
cording to the present invention.
FIG. 2 is a flowchart showing the preparation and
implantation of an implant coated with an osteoclast
activity inhibitor in accordance with an embodiment
of the present invention.
FIGS. 3 and 4 show the results of evaluation of initial
stability for 6 weeks after implantation of implants,
coated with an osteoclast activity inhibitor in accord-
ance with an embodiment of the present invention,
in the mandible and tibia of micropigs.
FIG. 5 shows the measurement results of removal
torque after 16 days for bone growth after implanta-
tion of implants, coated with an osteoclast activity

inhibitor in accordance with an embodiment of the
present invention, in the tibia of micropigs.
FIG. 6 shows the measurement results of removal
torque after 16 days for bone growth after implanta-
tion of implants, coated with an osteoclast activity
inhibitor and a bone growth factor in accordance with
an embodiment of the present invention, in the tibia
of micropigs.

[Mode for Invention]

[0018] The present invention provides a dental implant
comprising a roughened surface and an osteoclast ac-
tivity inhibitor coating film which is formed on the surface
of the dental implant to enhance initial stability of the im-
plant and osseointegration at an implant-bone interface.
[0019] Moreover, the present invention provides a
method for manufacturing a dental implant, the method
comprising the steps of: roughening a surface of a dental
implant; subjecting the roughened surface of the dental
implant to hydrophilization treatment; and forming an os-
teoclast activity inhibitor coating film on the surface of
the hydrophilized surface of the dental implant.
[0020] Meanwhile, the osteoclast activity inhibitor for
application to alveolar bone can be applied to the surface
of the alveolar bone, which is in contact with a dental
implant, before implantation of the implant to inhibit bone
resorption of the alveolar bone, thus enhancing initial sta-
bility of the implant and osseointegration at an implant-
bone interface.
[0021] The dental implant and the method for manu-
facturing the same in accordance with aspects of the
present invention will be described in detail with refer-
ence to the accompanying drawings.
[0022] First, as used herein, the term "implant" refers
to a substitute for restoring lost body tissue, and the term
"dental implant" refers to a substitute intended to restore
the original function of a tooth in a manner that a fixture
is embedded and integrated in the alveolar bone, from
which a natural dental root is removed, to replace the
root of a missing tooth and then an artificial tooth is fixed
onto the top of the fixture.
[0023] In particular, in the present invention, the sur-
face of the dental implant refers to the surface of the
fixture that can be integrated in the alveolar bone and
may be made of titanium or a titanium alloy comprising
titanium and at least one of aluminum, tantalum, niobium,
vanadium, zirconium, platinum, magnesium, and sodi-
um.
[0024] As shown in FIG. 1A, when the implant is im-
planted in the alveolar bone, bone resorption to form new
bone occurs first in the existing bone, which decreases
the stability of the implant, and at the same time, new
bone is formed around the implant, which in turn increas-
es the stability of the implant due to osseointegration be-
tween the implant and the alveolar bone. Due to the na-
ture of the process in which the stability of the implant is
obtained, an area where the stability of the entire implant

3 4 



EP 2 799 095 A1

4

5

10

15

20

25

30

35

40

45

50

55

decreases is inevitably formed, and thus the time for
which the implant is particularly vulnerable to external
loads is present. Therefore, when an excessive load is
applied to the implant with low initial stability, the os-
seointegration may be delayed due to minute vibrations.
[0025] In the present invention, in order to solve these
problems, the osteoclast activity inhibitor coating film,
which can inhibit early bone resorption of the alveolar
bone, is formed on the implant surface. When the implant
is coated with the osteoclast activity inhibitor and then
implanted in the alveolar bone, the osteoclast activity in-
hibitor coated on the implant surface is released from the
alveolar bone to the surrounding bone. The released os-
teoclast activity inhibitor is adsorbed onto the surround-
ing bone to inhibit the activity of osteoclasts, which delays
bone remodeling at an implant-bone interface fixed to
the alveolar bone to alleviate the decrease in primary
stability of the implant, thus increasing the initial stability
of the implant as shown in FIG. 1B. Moreover, the implant
coated with the osteoclast activity inhibitor of the present
invention maintains the increase in the initial stability due
to an increased osseointegration period, thus enhancing
the osseointegration at the implant-bone interface.
[0026] That is, the implantation of the implant coated
with the osteoclast activity inhibitor according to the
present invention can ensure the initial stability and fix-
ation of the implant by minimizing the area where the
stability of the implant decreases and, at the same time,
enable early loading of the implant, thus preventing delay
in osseointegration due to minute vibrations and reducing
the osseointegration period.
[0027] Moreover, as shown in FIG. 2, the osteoclast
activity inhibitor may not be coated directly on the implant,
but may be applied directly to the surface of the alveolar
bone, which is in contact with the implant, before implan-
tation of the implant, thus obtaining the same effect.
Moreover, the osteoclast activity inhibitor may be applied
in the form of a solution or in a dried state to the implant
surface or the alveolar bone surface to facilitate its re-
lease and absorption.
[0028] The osteoclast activity inhibitor may comprise
a variety of materials, which inhibit early bone resorption
of the alveolar bone, preferably a therapeutic agent for
osteoporosis. The therapeutic agent for osteoporosis
may comprise at least one selected from the group con-
sisting of bisphosphonate, transforming growth factor β1
(TGFβ1), calcitonin, a selective estrogen receptor mod-
ulator (SERM), osteoprotegerin (OPG), a receptor acti-
vator of nuclear factor-κB ligand (RANKL) inhibitor, dis-
integrin, a cysteine-protease inhibitor, an H+-ATPase in-
hibitor, and strontium salt.
[0029] Moreover, the bisphosphonate used as the os-
teoclast activity inhibitor collectively includes first-, sec-
ond- and third-generation bisphosphonates with a P-C-
P backbone and may comprise at least one selected from
the group consisting of etidronate, clodronate, tiludro-
nate, pamidronate, alendronate, risedronate, ibandro-
nate, zolendronate, and pharmaceutically acceptable

salts, esters, and acids thereof.
[0030] Furthermore, the osteoclast activity inhibitor
coating film may further comprise a bone growth factor
such as BMP-2, PEP7, etc. to promote osseointegration
of the implant.
[0031] Meanwhile, before the step of coating the oste-
oclast activity inhibitor on the implant surface, the implant
surface may be further subjected to the step of roughen-
ing the surface and the step of hydrophilization treatment
so as to further enhance the osseointegration. The rough-
ening may be performed by various methods such as
blasting, resorbable blasting media, acid etching, alkali
etching, titanium plasma spray, sandblasting with large
grit and acid treatment, anodizing, laser surface process-
ing, etc., and the roughened implant surface has an in-
creased surface area, which enhances the osseointegra-
tion of the implant.
[0032] Moreover, the hydrophilization treatment of the
implant surface may be performed by various methods
that can remove organic contaminants from the surface,
and as an example, plasma treatment such as RFGD,
O2, and room temperature plasma or ultraviolet treatment
may be used.
[0033] Next, the effect of the present invention will be
described in detail with reference to the following Exam-
ples. However, the following Examples are merely illus-
trative of one or more detailed examples, and the scope
of the present invention is not limited to the following Ex-
amples.

Example 1: Preparation of dental implant subjected to 
hydrophilization treatment and coated with osteoclast ac-
tivity inhibitor

[0034] Machined titanium implants were blasted with
Al2O3 powder with a particle size of 1 mm or less at a
blast pressure of 1 to 10 atm for 1 to 60 seconds. Macro-
& micro-morphology was given to the implant surface by
acid treatment using a mixed acid solution, and then the
acid-etched dental titanium implant was washed with eth-
anol for 30 minutes and with distilled water by ultrason-
ication for 30 minutes and then dried.
[0035] In order to impart hydrophilicity to the implants
which were subjected to the above processes, the tita-
nium surface was hydrophilized by plasma treatment
(RFGD, O2, etc.) for 1 minutes and light radiation (ultra-
violet rays, ultraviolet-ozone, etc.) for 5 minutes. Then,
a 10 ml solution of 40 mg Alendronate, 40 mg Zolendr-
onate, 1 mg BMP-2, an 40 mg Alendronate+1mg BMP-
2 was uniformly applied to the surface, and the prepared
implants, in which the solution was not dried, were used
in the following Examples 2, 3 and 4.

Example 2: Animal experiments for measurement of im-
plant stability quotients to evaluate initial stability of den-
tal implants coated with osteoclast activity inhibitor

[0036] In order to determine implant stability quotients
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(ISQs), the dental implants coated with alendronate pre-
pared in Example 1 were implanted in the mandible and
tibia of micropigs, and then the resonance frequency
analysis (RFA) values were measured for ISQs using
Osstell™ Mentor (Integration Diagnostics Ltd., Gote-
borg, Sweden) and Smartpeg™ (Integration Diagnostics
Ltd., Goteborg, Sweden) at 0, 0.5, 1, 1.5, 2, 4, and 6
weeks, respectively. At this time, implants that were not
coated with the osteoclast activity inhibitor were used as
the negative control group, and implants that were sub-
jected to pre-treatment for hydrophilizing the titanium sur-
face and coated with alendronate were used as the ex-
perimental group.
[0037] As can be seen from FIGS. 3 and 4, there was
little decrease in ISQ values or the degree of the decrease
was very lower in the experimental group than in the neg-
ative control group, from which it was confirmed that the
initial stability of the implant increased.

Example 3: Animal experiments for measurement of 
osseointegration at implant-bone interface to evalu-
ate initial stability of dental implants coated with os-
teoclast activity inhibitor

[0038] In order to determine the osseointegration at
the implant-bone interface, the dental implants coated
with alendronate and zolendronate prepared in Example
1 were implanted in the tibia of micropigs, and then the
removal torques were measured after 16 days for bone
growth. At this time, implants that were not coated with
the osteoclast activity inhibitor were used as the negative
control group, and implants that were subjected to pre-
treatment for hydrophilizing the titanium surface and
coated with alendronate and zolendronate were used as
the experimental group.
[0039] As shown in FIG. 5, the removal torque was
increased by about 6 to 13% in the experimental group
compared to the negative control group, from which it
was confirmed that the osseointegration at the implant-
bone interface increased in the implants coated with the
osteoclast activity inhibitor.

Example 4: Animal experiments for measurement of 
osseointegration at implant-bone interface to evalu-
ate initial stability of dental implants coated with os-
teogenic protein and osteoclast activity inhibitor

[0040] In order to determine the osseointegration at
the implant-bone interface, the dental implants coated
with rhBMP-2 and alendronate prepared in Example 1
were implanted in the tibia of micropigs, and then the
removal torques were measured after 16 days for bone
growth. At this time, implants that were coated only with
rhBMP-2, an osteogenic protein, were used as the neg-
ative control group, and implants that were subjected to
pre-treatment for hydrophilizing the titanium surface and
coated with rhBMP-2 and alendronate were used as the
experimental group.

As shown in FIG. 6, the removal torque was increased 
by about 23% in the experimental group compared to the 
negative control group, from which it was confirmed that 
the osseointegration at the implant-bone interface was 
increased by the use of the osteoclast activity inhibitor in 
combination with the osteogenic protein.

[0041] The present invention is not limited to the
above-described specific embodiments and description,
and it will be appreciated by those skilled in the art that
changes may be made in these embodiments without
departing from the principles and spirit of the invention,
the scope of which is defined in the appended claims and
their equivalents.

Claims

1. A dental implant comprising:

a roughened surface; and
an osteoclast activity inhibitor coating film which
is formed on the surface of the dental implant to
enhance initial stability of the implant and os-
seointegration at an implant-bone interface.

2. The dental implant of claim 1, wherein the osteoclast
activity inhibitor comprises a therapeutic agent for
osteoporosis.

3. The dental implant of claim 3, wherein the therapeu-
tic agent for osteoporosis comprises at least one se-
lected from the group consisting of bisphosphonate,
transforming growth factor β1 (TGFβ1), calcitonin, a
selective estrogen receptor modulator (SERM), os-
teoprotegerin (OPG), a receptor activator of nuclear
factor-κB ligand (RANKL) inhibitor, disintegrin, a
cysteine-protease inhibitor, an H+-ATPase inhibitor,
and strontium salt.

4.  The dental implant of claim 3, wherein the bisphos-
phonate comprises at least one selected from the
group consisting of etidronate, clodronate, tiludro-
nate, pamidronate, alendronate, risedronate, iband-
ronate, zolendronate, and pharmaceutically accept-
able salts, esters, and acids thereof.

5. The dental implant of claim 1, wherein the osteoclast
activity inhibitor coating film further comprises a bone
growth factor.

6. A method for manufacturing a dental implant, the
method comprising the steps of:

roughening a surface of a dental implant;
subjecting the roughened surface of the dental
implant to hydrophilization treatment; and
forming an osteoclast activity inhibitor coating
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film on the surface of the hydrophilized surface
of the dental implant.

7. The method of claim 6, wherein the hydrophilization
treatment is performed by plasma or ultraviolet treat-
ment on the surface of the dental implant.

8. The method of claim 6, wherein the osteoclast ac-
tivity inhibitor comprises a therapeutic agent for os-
teoporosis.

9. The method of claim 8, wherein the therapeutic agent
for osteoporosis comprises at least one selected
from the group consisting of bisphosphonate, trans-
forming growth factor β1 (TGFβ1), calcitonin, a se-
lective estrogen receptor modulator (SERM), oste-
oprotegerin (OPG), a receptor activator of nuclear
factor-κB ligand (RANKL) inhibitor, disintegrin, a
cysteine-protease inhibitor, an H+-ATPase inhibitor,
and strontium salt.

10. The method of claim 9, wherein the bisphosphonate
comprises at least one selected from the group con-
sisting of etidronate, clodronate, tiludronate, pamid-
ronate, alendronate, risedronate, ibandronate, zo-
lendronate, and pharmaceutically acceptable salts,
esters, and acids thereof.

11. The method of claim 6, wherein the osteoclast ac-
tivity inhibitor coating film further comprises a bone
growth factor.

12. An osteoclast activity inhibitor for application to al-
veolar bone, the osteoclast activity inhibitor being
applied to the surface of the alveolar bone, which is
in contact with a dental implant, before implantation
of the implant to inhibit bone resorption of the alveolar
bone, thus enhancing initial stability of the implant
and osseointegration at an implant-bone interface.

13. The osteoclast activity inhibitor for application to al-
veolar bone of claim 12, wherein the osteoclast ac-
tivity inhibitor comprises a therapeutic agent for os-
teoporosis.

14. The osteoclast activity inhibitor for application to al-
veolar bone of claim 13, wherein the therapeutic
agent for osteoporosis comprises at least one se-
lected from the group consisting of bisphosphonate,
transforming growth factor β1 (TGFβ1), calcitonin, a
selective estrogen receptor modulator (SERM), os-
teoprotegerin (OPG), a receptor activator of nuclear
factor-κB ligand (RANKL) inhibitor, disintegrin, a
cysteine-protease inhibitor, an H+-ATPase inhibitor,
and strontium salt.

15. The osteoclast activity inhibitor for application to al-
veolar bone of claim 14, wherein the bisphosphonate

comprises at least one selected from the group con-
sisting of etidronate, clodronate, tiludronate, pamid-
ronate, alendronate, risedronate, ibandronate, zo-
lendronate, and pharmaceutically acceptable salts,
esters, and acids thereof.
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