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Abstract

Effect of microthreads on
removal torque and
bone-to-implant contact
-An experiment study in miniature pigKwon Yeeseo
School of Dentistry
Department of Dentistry
Seoul National University

Purpose: The objective of this study was to evaluate the effect
of microthread of implant on removal torque and bone-toimplant contact
Methods: 12 miniature pigs for each experiment, total 24
animals were used. In removal torque experiment, each animal
received 2 types of implants at each tibia which are treated
with same surface treatment (SLA) but with difference in
existence of microthread at the marginal portion. The animals
were sacrificed after 4, 8, 12 weeks of healing period. Each
subgroup was consists of 4 animals and tibias were extracted
i

and removal torque was measured. In bone-to-implant contact
experiment, each animal received 3 types of implants. 2 types
of implants used in removal torque test and another type of
implant as control. BIC experiment was conducted in mandible
of the animals. P1~M1 teeth were extracted and after 4 months
of healing period, 3 types of each implant at each side of
mandible, total 6 implants per animal were placed. The animals
were sacrificed after 2, 4, 8 weeks of healing period. Each
subgroup was consists of 4 animals. Mandibles were extracted,
specimen was made and BIC was analyzed by light microscopy
and image analysis software program.
Results: No significant difference was found between implant
with microthread and without it for removal torque test or BIC
test. In removal torque experiment, removal torque value
increased between 4 weeks and 8 weeks of healing period for
both type of implant, but there was no significant difference
between 8 weeks and 12 weeks. In BIC experiment, BIC %
increased between 2 weeks and 4 weeks for every type of
implant, but there was no significant difference between 4
weeks and 8weeks for all types of implant.
Conclusions: Existence of microthread was not significant factor
for mechanical and histological stability. This result which
seems inconsistent with previous study may due to thread pitch
of the microthread and its effect on stress distribution. Further
study on optimal thread pitches at the marginal portion of
ii

implant and its effect on biomechanical and histological stability
are needed.

Keywords : Dental implant, Osseointegration, biomechanics,
removal torque
Student Number : 2010-22430
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1. Introduction

Osseointegration and stability of implant is critical factor to the
success of implant. Removal torque (Klokkevold 1997) and
Bone-to-implant contact (Albrektsson & Johansson) are two
important measures that indicate stability and osseointegration.
Geometry and surface roughness of the implant are thought to
be

important

factors

that

influence

osseointegration

and

stability. Many previous studies regard to surface roughness
and its effect on osseointegration demonstrated that rough
surface shows higher biomechanical and histomorphometrical
properties than smooth surface (Carlsson 1988; Shalabi, Wolke
& Jansen 2006). In order to increase surface roughness, many
techniques have been developed and their effects on removal
torque and bone-to-implant contact have been studied.
Geometry of implant, especially on thread pattern has been
widely studied. Effects of thread shape, pitch, depth and width
on BIC, stress distribution, and marginal bone loss have been
studied. Microthread has been suggested to increase implant
surface area. Smaller thread pitch of microthread makes larger
number of thread possible within limited length of implant and
leads to greater surface area. Thus increased surface area of
microthread makes more favorable stress distribution and it
makes

implant

stable.

Previous
１

researches

regard

to

microthread seems to support this rationale. Implants designed
with microthread at the marginal portion are reported to show
less marginal bone loss (Lee et al 2007) and higher BIC
(Abrahamsson & Berglundh 2006). However, there is lack of
research related to microthread and its effect on biomechanical
stability.
In this research implants with/ without microthread were used
to evaluate the effect of microthread design of implant on
removal torque and bone-to-implant contact.

２

2. Materials and methods

2.1 Animals and preparation
The protocol of this study was approved by MedikineticsInstitutional Animal Care and Use Committee (M-IACUC),
(Medikinetics-IACUC: 100125-001). 12 adult male miniature
pigs (Medi Kinetics micropigs®) were used in experiment after
physical condition check verification by expert breeder (Medi
Kinetics Co., Ltd., Korea). Removal torque was measured in
tibia of miniature pigs and histomorphometric analysis was
conducted in mandible of miniature pigs.
The animals were premedicated with atropine (0.05 mg/kg).
Zoletil®

(Virbac

Laboratories,

Carros,

France),

xylazine

(Narcosyl; Intervet Korea, Seoul, Korea) were used to induce
anesthesia. Isoflurane

(Ifran®, Hana Pharm Co., Ltd., Seoul,

Korea) with oxygen in 1:1 ratio(5-10 ml/kg/min) were used to
maintain anesthesia during experiment.

2.2 Implant
2 types of implants (Osstem Implant Co., Seoul, Korea) with
same diameter and length were used (ø3.7 X 8.5 mm) in
removal torque test. Both types of implants were treated with
alumina sandlasted and acid etching (SLA) at the surface and
３

they were different only with the existence of microthread at
the marginal portion. Group A has microthread and group B has
not.
Group B has thread with 0.8mm pitch and 0.25mm depth. On
the other hand, group A has microthread at the marginal portion
with 0.4mm thread pitch and 0.25mm depth and thread with
same dimension as in group B at the apical portion.
In bone-to-implant contact experiment, addition to group A
and B, implant group C (ø3.5 X 8.0 mm, Astra Tech AB,
Molndal, Sweden) was used as control (Fig.1)

2.3 Removal torque test
At both tibias in 12 miniature pigs each, group A, group B, both
types of implants were placed. Each miniature pigs received 4
implants, 2 on each side of the tibia and position of each
implants were rotated for each animal. Thus 24 implants were
placed for each type of implants and it makes total number of
implants 48.
After disinfect surgical area with Betadine and ethanol, only
the surgical area was exposed. After initially drilled, cortical
drill with 2.0, 3.3mm diameter was used in drilling and implants
were placed.
The miniature pigs were sacrificed after healing periods of
4,8,12 weeks. Each subgroup was consists of 4 miniature pigs.
４

Tibias of sacrificed miniature pigs were extracted, soft tissue
removal and cover screw removal was followed. In order to
measure removal torque, Digital torque gauge (KANON DTDKN5EXL; Nakamura Mfg. Co., Ltd., Tokyo, Japan) was connected
to fixture driver and the fixture driver was connected to fixture.
Removal

torque

was

measured

by

rotating

fixture

counterclockwise.
Maximum torque limit between fixture and fixture driver was
260Ncm. Implants which showed higher removal torque than
this limit were slipped and was unable to remove from the tibia.
In this case, torque when slip has been occurred was measured.

2.4 Bone-to-implant contact analysis
Total 12 miniature pigs were used. In each animal, P1 ~ M1 of
both mandible was extracted and after 4 month of healing
period, 3 implants were placed with 1mm subcrestal level.
Position of each implants were rotated for each animal. Implants
group A, B, C was used and 24 implants for each group of
implants were placed, thus 72 implants were placed as total.
After

disinfect

oral

cavity

with

0.1%

chlorhexidine,

mucoperiosteal flap was formed to expose mandible bone. Initial
drilling was performed followed by drilling with diameter 2.0,
3.0, 3.6 mm were used in order and implants were placed. Astra

５

implant was placed after initial drill, 2.0, 3.0, 3.4 mm drills were
used.
The animals were sacrificed after 2,4,8 weeks. Each subgroup
was consists of 4 miniature pigs. Specimen was gathered which
include implant and peripheral bone tissue. The specimen was
fixed with 10% phosphate buffered formalin, consecutively
dehydrated using alcohol and embedded with resin (Technovit
7210 VLC; Heraeus Kulzer GmbH, Wehrheim, Germany).
Embedded blocks were severed in bucco-lingual direction
using

diamond

band

cutting

system

(ExaktⓇ CP;

Exakt

Apparatebau, Norderstedt, Germany), grinded in 30~40 ㎛
thickness using micro grinding system (ExaktⓇ 400CS; Exakt
Apparatebau, Norderstedt, Germany) and H&E stained.
Light microscopy (BX51; Olympus Co., Tokyo, Japan), digital
camera (DP71; Olympus Co., Tokyo, Japan) and image analysis
software (Image-Pro Plus™; Media Cybernetics, Inc. Maryland,
SA) were used in histological and

histomorphometrical

analysis with X100 magnification.
Bone-to-implant contact analysis was performed in the
portion with microthread and corresponding portions in each
type of implants.(Fig. 2) Samples with errors in production of
specimen were excluded.

2.5 Statistical analysis
６

Mean and standard deviation values were calculated for each
type of implants and healing period in both removal torque and
BIC experiments. Due to small number of implants used in
experiment, the assumption of normally distributed groups
could not be made and t-test could not be applied in this case.
Therefore nonparametric methods were used to test difference
between each implant type. In this case, Mann-Whitney U test
was used to investigate differences between each implant type.
p-values < .05 were considered as significant. Statistical
analysis was performed using the SPSS 19.0 software program.

７

3. Results

3.1 Clinical observation
No remarkable complications were found during healing period
at both experiments. There were no open wounds, infections,
fractures or lost implants. At sacrifice, all 48 implants were
considered

successfully

integrated

in

removal

torque

experiment. For the BIC experiment, 2 out of 72 implants
showed inadequate level of bone regeneration and showed
mobility at sacrifice. These sites were excluded from the
analysis.

3.2 Removal torque
Mean and standard deviation of removal torque is illustrated
in Table 1 and Fig. 3. There was no significant difference
between Group A and B for every healing period. Removal
torque values of both type of implant increased between 4 and
8 weeks but there was no significant differences between 8 and
12 weeks for both type of implants.

3.3 Bone-to-implant contact
Mean and standard deviation of BIC is illustrated in Table 2
and Fig. 4. At every healing period, there was no significant
８

difference between A and B. Also there was no significant
difference between A and C, B and C for every healing period.
BIC values increased between 2 and 4 weeks for every type of
implants including group C, but there was no significant
differences between 4 and 8 weeks for every type of implants.

９

4. Discussion

The purpose of present study is to reveal the effect of
microthread at the crestal portion of implant on biomechanical
and histological stability.
Microthread in the crestal portion has been suggested in order
to maintain marginal bone and soft tissues around the implants.
Many studies regard to microthread at the neck of implant
fixture and its effect on marginal bone loss demonstrated less
marginal bone loss level in long term period (Lee et al 2007).
Histological evaluation of previous researches demonstrated
higher BIC values in microthreaded implants (Abrahamsson &
Berglundh 2006). Rationale of higher BIC and less marginal
bone loss is related to small thread pitch of microthread. The
pitch is considered to have a significant effect among implant
design variables, because of its effect on surface area
(Steigenga et al 2003). As thread pitch decreases, surface area
increases and produce more favorable stress distribution.
Microthread in the crestal portion creates greater surface area
for the limited length available at the marginal portion and it
transfer vertical load into more compressive, less shear
stresses

at

the

bone-implant

interface

(Hudieb

M.I.,

Wakabayashi N., Kasugai S. 2010). On the other hand, implants
１０

with smooth neck transmit negligible forces to the marginal
bone and leading to its resorption. These effects of microthread,
less of marginal bone loss level and increased BIC are thought
to be contributed not only to the preservation of marginal bone
and

soft

tissue

around

the

implants

but

also

to

the

biomechanical stability as well.
In present study, removal torque was measured in tibia of
miniature pigs to estimate the effect of microthread on
biomechanical stabilization. Removal torque values showed no
significant

difference

between

implant

with

and

without

microthread. This result implies that microthread at the crestal
portion alone does not contribute to the biomechanical stability
and it does not provide significant mechanical interlocking
effect at the bone-implant interface. BIC was measured in
mandible of miniature pigs, and it also showed no significant
differences between them. Although it is not consistent with the
previous studies that microthreaded implants or smaller thread
pitch shows higher BIC, two things should be considered
beforehand.
First, previous studies regard to microthread and its effect on
BIC (Abrahamsson & Berglundh 2006; Rasmusson 2001), they
compared microthread implants and smooth neck implants
which has no thread at the marginal portion. Smooth portion of
implants create more shear stresses which have negative effect
on bone regeneration (Misch et al 2008). However in present
１１

study, BIC was compared between microthreaded implant and
implants with larger thread at the crestal portion. Thus shear
stresses were lessened by both types of implants. The
magnitude and direction of the stresses that transmitted from
vertical load into compressive and shear stresses by each
thread pitch are critical factors for the BIC in this case.
Secondly, there is studies regard to thread pitch and its effect
on crestal bone loss level (Chung et al 2008), resistance to
vertical load (Ma et al 2007) and stress distribution (Chun et al
2002). These studies demonstrated lower thread pitch makes
favorable resistance and stress distribution and less crestal
bone loss level. However it is not sufficient to conclude there is
simple

linear correlation that lowers

the

pitch,

as

like

microthread, higher histological and biomechanical stabilization.
On the other hand Kong et al (2006) considered 0.8mm as the
optimal thread pitch for achieving primary stability and optimum
stress production on cylindrical implants with V-shaped
threads using finite element analysis. In present study thread
pitch

of

microthread

corresponding

was

0.4mm

non-microthreaded

and

thread

implant

was

pitch

of

0.8mm.

Although it is not legitimate to implement Kong’s result in this
case because of tapered shape implants used in study, this
gives interesting insights and needs of further study on effect
of microthread and its thread pitch on biomechanical features
and its overall effect on bone reaction. This result suggests
１２

possibilities of finding optimal thread pitch and implant design to
achieve highest biomechanical, histological stabilization and
osseointegration as well.
Removal torque values of all kind of implants increased
between 4 weeks and 8weeks but there was no significant
difference between 8 weeks and 12 weeks for both types of
implants. On the other hand, BIC values of all kind of implants
increased between 2 weeks and 4 weeks but there was no
significant difference between 4 weeks and 8 weeks. As
removal torque experiment was conducted in tibia and BIC
measurement was conducted in mandible of miniature pig, this
result

indicate

that

dynamic

healing

process

and

osseointegration is completed within 8 weeks and 4 weeks for
tibia and mandible of miniature pig respectively.

１３

5. Conclusion

In the present study, removal torque and BIC values of implant
in vivo was measured for the presence and absence of
microthread at the marginal portion of implant. Existence of
microthread was not significant factor for mechanical and
histological stability. This result which seems inconsistent with
previous study may due to thread pitch of the microthread and
its effect on stress distribution. Further study on optimal thread
pitches at the marginal portion of implant and its effect on
biomechanical and histological stability are needed.

１４
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Table 1.

Mean and standard deviation of removal torque

(Ncm) for implant types and healing period.

Healing

Group A

Group B

p-value

169.1 40.3

145.7 56.5

0.694

periods
4 Weeks
8 Weeks

0.2

12 Weeks

0.694

Values are presented as mean SD.

P<0.05 was considered statistical significant.
a)

Statistically significant between 4 weeks and 8 weeks.

b)

Statistically not significant between 8 weeks and 12 weeks.

１９

Table 2. Mean and standard deviation of BIC(%) for implant
types and healing period.

Healing

Group A

Group B

Group C

2 Weeks

33.3 17.0

46.0 20.8

40.9 8.6

4 Weeks

75.9 5.5a)

81.0 7.7a)

73.2 15.5a)

8 Weeks

75.0 9.0b)

77.6 14.3b)

78.9 11.7b)

p-value

Group

Group

Group

A/B

A/C

B/C

2 Weeks

0.281

0.368

0.927

4 Weeks

0.259

0.534

0.181

8 Weeks

0.383

0.397

0.867

periods

Values are presented as mean SD.

P<0.05 was considered statistical significant.
a)

Statistically significant between 2 weeks and 4 weeks.

b)

Statistically not significant between 4 weeks and 8 weeks.

２０

Group A

Group B

Group C

Figure 1. Design of implants used in experiments

２１

Figure 2
A

B

C

B
I

B
Cross section of implant in mandible
A. Implant group A. Red square indicate region where BIC
measurement taken place (H&E x10);
B. Implant group B. Red square indicate region where BIC
measurement taken place (H&E x10);
２２

C. Larger magnification of marginal portion where BIC
measurement was taken place. Region stained in purple indicate
bone. In this picture osseointegration can be observed at the
implant-bone interface. (H&E x100)

２３

Figure 3. Mean and standard deviation of removal torque (Ncm)
at each healing period.

２４

Figure 4. Mean and standard deviation of BIC(%) at each
healing period.

２５

국문초록

임플란트 microthreads 의
removal torque 와
bone-to-implant contact 에
대한 영향
권 이 서
치의학과
서울대학교 치의학대학원

목 적: 본 연구의 목적은 implant fixture 의 microthreads design
에 의한 removal torque 와 bone-to-implant contact (BIC) 의
영향을 밝히는 것이다.
방 법: Removal torque 와 BIC 측정실험 각각에 12마리씩 총
24마리의 miniature pig 가 사용되었다. Removal torque
분석에서는 각 실험동물의 tibia 에 2종류의 implant fixture 가
식립되었는데 두 종류는 모두 sandblasting and acid etching
표면처리를 하였으나 marginal portion 에 microthreads 의 존재
유무로서 구분되었다. 실험동물들은 각각 4마리씩으로 나뉘어
4,8,12 주 후에 희생시킨 후 removal torque 를 측정하였다.
２６

BIC 분석에서는 각 실험동물의 하악에 3 종류의 implant fixture
가 식립되었다. 2 종류의 implant 는 removal torque 분석시
사용된 것과 동일한 것이었으며 다른 한 종류는 통제군으로서
사용되었다. 실험동물들은 제1소구치에서 제1대구치까지 치아를
발치한 후 4개월의 치유기간을 거쳐 2 종류의 임플란트와 통제군
임플란트를 좌우 양쪽에 하나씩 총 6개를 식립하였다.
실험동물들은 각각 4마리씩으로 나뉘어 2,4,8 주 후에 희생시킨 후
BIC를 분석하였다.
결 과: Microthreads 유무에 따른 implant fixture 의 removal
torque 값의 크기는 통계적으로 유의미한 차이를 나타내지 않았다.
Removal torque 값은 4주와 8주간 치유기간을 가진 두 그룹
간에서 두 종류의 implant 모두 증가하였으며 8주와 12주간
치유기간을 가진 두 그룹 간에서는 통계적으로 유의미한 차이를
나타내지 않았다.
BIC 퍼센테이지는 2주와 4주간 치유기간을 가진 두 그룹 간에서
모든 implant 에서 증가하였으나 4주와 8주간 치유기간을 가진 두
그룹 간에서는 통계적으로 유의미한 차이를 나타내지 않았다.
결 론: Microthread 의 존재는 생역학적, 조직학적 안정성에 주요한
인자가 아니다. 이러한 결과는 과거 thread pitch 와 연관된 연구와
상반된 것 처럼 보이는데 이는 microthread 의 pitch 차이와
stress 분산에 따른 결과로 해석된다. 추후 생역학적,조직학적
안정성을 최대로 하는 thread pitch 와 그 디자인에 대한 연구가
필요할 것이다.
주요어 : 임플란트, 골유착, 생역학, 제거 토크
학 번 : 2010-22430
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Abstract

Effect of microthreads on
removal torque and
bone-to-implant contact
-An experiment study in miniature pigKwon Yeeseo
School of Dentistry
Department of Dentistry
Seoul National University

Purpose: The objective of this study was to evaluate the effect
of microthread of implant on removal torque and bone-toimplant contact
Methods: 12 miniature pigs for each experiment, total 24
animals were used. In removal torque experiment, each animal
received 2 types of implants at each tibia which are treated
with same surface treatment (SLA) but with difference in
existence of microthread at the marginal portion. The animals
were sacrificed after 4, 8, 12 weeks of healing period. Each
subgroup was consists of 4 animals and tibias were extracted
i

and removal torque was measured. In bone-to-implant contact
experiment, each animal received 3 types of implants. 2 types
of implants used in removal torque test and another type of
implant as control. BIC experiment was conducted in mandible
of the animals. P1~M1 teeth were extracted and after 4 months
of healing period, 3 types of each implant at each side of
mandible, total 6 implants per animal were placed. The animals
were sacrificed after 2, 4, 8 weeks of healing period. Each
subgroup was consists of 4 animals. Mandibles were extracted,
specimen was made and BIC was analyzed by light microscopy
and image analysis software program.
Results: No significant difference was found between implant
with microthread and without it for removal torque test or BIC
test. In removal torque experiment, removal torque value
increased between 4 weeks and 8 weeks of healing period for
both type of implant, but there was no significant difference
between 8 weeks and 12 weeks. In BIC experiment, BIC %
increased between 2 weeks and 4 weeks for every type of
implant, but there was no significant difference between 4
weeks and 8weeks for all types of implant.
Conclusions: Existence of microthread was not significant factor
for mechanical and histological stability. This result which
seems inconsistent with previous study may due to thread pitch
of the microthread and its effect on stress distribution. Further
study on optimal thread pitches at the marginal portion of
ii

implant and its effect on biomechanical and histological stability
are needed.

Keywords : Dental implant, Osseointegration, biomechanics,
removal torque
Student Number : 2010-22430
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1. Introduction

Osseointegration and stability of implant is critical factor to the
success of implant. Removal torque (Klokkevold 1997) and
Bone-to-implant contact (Albrektsson & Johansson) are two
important measures that indicate stability and osseointegration.
Geometry and surface roughness of the implant are thought to
be

important

factors

that

influence

osseointegration

and

stability. Many previous studies regard to surface roughness
and its effect on osseointegration demonstrated that rough
surface shows higher biomechanical and histomorphometrical
properties than smooth surface (Carlsson 1988; Shalabi, Wolke
& Jansen 2006). In order to increase surface roughness, many
techniques have been developed and their effects on removal
torque and bone-to-implant contact have been studied.
Geometry of implant, especially on thread pattern has been
widely studied. Effects of thread shape, pitch, depth and width
on BIC, stress distribution, and marginal bone loss have been
studied. Microthread has been suggested to increase implant
surface area. Smaller thread pitch of microthread makes larger
number of thread possible within limited length of implant and
leads to greater surface area. Thus increased surface area of
microthread makes more favorable stress distribution and it
makes

implant

stable.

Previous
１

researches

regard

to

microthread seems to support this rationale. Implants designed
with microthread at the marginal portion are reported to show
less marginal bone loss (Lee et al 2007) and higher BIC
(Abrahamsson & Berglundh 2006). However, there is lack of
research related to microthread and its effect on biomechanical
stability.
In this research implants with/ without microthread were used
to evaluate the effect of microthread design of implant on
removal torque and bone-to-implant contact.

２

2. Materials and methods

2.1 Animals and preparation
The protocol of this study was approved by MedikineticsInstitutional Animal Care and Use Committee (M-IACUC),
(Medikinetics-IACUC: 100125-001). 12 adult male miniature
pigs (Medi Kinetics micropigs®) were used in experiment after
physical condition check verification by expert breeder (Medi
Kinetics Co., Ltd., Korea). Removal torque was measured in
tibia of miniature pigs and histomorphometric analysis was
conducted in mandible of miniature pigs.
The animals were premedicated with atropine (0.05 mg/kg).
Zoletil®

(Virbac

Laboratories,

Carros,

France),

xylazine

(Narcosyl; Intervet Korea, Seoul, Korea) were used to induce
anesthesia. Isoflurane

(Ifran®, Hana Pharm Co., Ltd., Seoul,

Korea) with oxygen in 1:1 ratio(5-10 ml/kg/min) were used to
maintain anesthesia during experiment.

2.2 Implant
2 types of implants (Osstem Implant Co., Seoul, Korea) with
same diameter and length were used (ø3.7 X 8.5 mm) in
removal torque test. Both types of implants were treated with
alumina sandlasted and acid etching (SLA) at the surface and
３

they were different only with the existence of microthread at
the marginal portion. Group A has microthread and group B has
not.
Group B has thread with 0.8mm pitch and 0.25mm depth. On
the other hand, group A has microthread at the marginal portion
with 0.4mm thread pitch and 0.25mm depth and thread with
same dimension as in group B at the apical portion.
In bone-to-implant contact experiment, addition to group A
and B, implant group C (ø3.5 X 8.0 mm, Astra Tech AB,
Molndal, Sweden) was used as control (Fig.1)

2.3 Removal torque test
At both tibias in 12 miniature pigs each, group A, group B, both
types of implants were placed. Each miniature pigs received 4
implants, 2 on each side of the tibia and position of each
implants were rotated for each animal. Thus 24 implants were
placed for each type of implants and it makes total number of
implants 48.
After disinfect surgical area with Betadine and ethanol, only
the surgical area was exposed. After initially drilled, cortical
drill with 2.0, 3.3mm diameter was used in drilling and implants
were placed.
The miniature pigs were sacrificed after healing periods of
4,8,12 weeks. Each subgroup was consists of 4 miniature pigs.
４

Tibias of sacrificed miniature pigs were extracted, soft tissue
removal and cover screw removal was followed. In order to
measure removal torque, Digital torque gauge (KANON DTDKN5EXL; Nakamura Mfg. Co., Ltd., Tokyo, Japan) was connected
to fixture driver and the fixture driver was connected to fixture.
Removal

torque

was

measured

by

rotating

fixture

counterclockwise.
Maximum torque limit between fixture and fixture driver was
260Ncm. Implants which showed higher removal torque than
this limit were slipped and was unable to remove from the tibia.
In this case, torque when slip has been occurred was measured.

2.4 Bone-to-implant contact analysis
Total 12 miniature pigs were used. In each animal, P1 ~ M1 of
both mandible was extracted and after 4 month of healing
period, 3 implants were placed with 1mm subcrestal level.
Position of each implants were rotated for each animal. Implants
group A, B, C was used and 24 implants for each group of
implants were placed, thus 72 implants were placed as total.
After

disinfect

oral

cavity

with

0.1%

chlorhexidine,

mucoperiosteal flap was formed to expose mandible bone. Initial
drilling was performed followed by drilling with diameter 2.0,
3.0, 3.6 mm were used in order and implants were placed. Astra

５

implant was placed after initial drill, 2.0, 3.0, 3.4 mm drills were
used.
The animals were sacrificed after 2,4,8 weeks. Each subgroup
was consists of 4 miniature pigs. Specimen was gathered which
include implant and peripheral bone tissue. The specimen was
fixed with 10% phosphate buffered formalin, consecutively
dehydrated using alcohol and embedded with resin (Technovit
7210 VLC; Heraeus Kulzer GmbH, Wehrheim, Germany).
Embedded blocks were severed in bucco-lingual direction
using

diamond

band

cutting

system

(ExaktⓇ CP;

Exakt

Apparatebau, Norderstedt, Germany), grinded in 30~40 ㎛
thickness using micro grinding system (ExaktⓇ 400CS; Exakt
Apparatebau, Norderstedt, Germany) and H&E stained.
Light microscopy (BX51; Olympus Co., Tokyo, Japan), digital
camera (DP71; Olympus Co., Tokyo, Japan) and image analysis
software (Image-Pro Plus™; Media Cybernetics, Inc. Maryland,
SA) were used in histological and

histomorphometrical

analysis with X100 magnification.
Bone-to-implant contact analysis was performed in the
portion with microthread and corresponding portions in each
type of implants.(Fig. 2) Samples with errors in production of
specimen were excluded.

2.5 Statistical analysis
６

Mean and standard deviation values were calculated for each
type of implants and healing period in both removal torque and
BIC experiments. Due to small number of implants used in
experiment, the assumption of normally distributed groups
could not be made and t-test could not be applied in this case.
Therefore nonparametric methods were used to test difference
between each implant type. In this case, Mann-Whitney U test
was used to investigate differences between each implant type.
p-values < .05 were considered as significant. Statistical
analysis was performed using the SPSS 19.0 software program.

７

3. Results

3.1 Clinical observation
No remarkable complications were found during healing period
at both experiments. There were no open wounds, infections,
fractures or lost implants. At sacrifice, all 48 implants were
considered

successfully

integrated

in

removal

torque

experiment. For the BIC experiment, 2 out of 72 implants
showed inadequate level of bone regeneration and showed
mobility at sacrifice. These sites were excluded from the
analysis.

3.2 Removal torque
Mean and standard deviation of removal torque is illustrated
in Table 1 and Fig. 3. There was no significant difference
between Group A and B for every healing period. Removal
torque values of both type of implant increased between 4 and
8 weeks but there was no significant differences between 8 and
12 weeks for both type of implants.

3.3 Bone-to-implant contact
Mean and standard deviation of BIC is illustrated in Table 2
and Fig. 4. At every healing period, there was no significant
８

difference between A and B. Also there was no significant
difference between A and C, B and C for every healing period.
BIC values increased between 2 and 4 weeks for every type of
implants including group C, but there was no significant
differences between 4 and 8 weeks for every type of implants.

９

4. Discussion

The purpose of present study is to reveal the effect of
microthread at the crestal portion of implant on biomechanical
and histological stability.
Microthread in the crestal portion has been suggested in order
to maintain marginal bone and soft tissues around the implants.
Many studies regard to microthread at the neck of implant
fixture and its effect on marginal bone loss demonstrated less
marginal bone loss level in long term period (Lee et al 2007).
Histological evaluation of previous researches demonstrated
higher BIC values in microthreaded implants (Abrahamsson &
Berglundh 2006). Rationale of higher BIC and less marginal
bone loss is related to small thread pitch of microthread. The
pitch is considered to have a significant effect among implant
design variables, because of its effect on surface area
(Steigenga et al 2003). As thread pitch decreases, surface area
increases and produce more favorable stress distribution.
Microthread in the crestal portion creates greater surface area
for the limited length available at the marginal portion and it
transfer vertical load into more compressive, less shear
stresses

at

the

bone-implant

interface

(Hudieb

M.I.,

Wakabayashi N., Kasugai S. 2010). On the other hand, implants
１０

with smooth neck transmit negligible forces to the marginal
bone and leading to its resorption. These effects of microthread,
less of marginal bone loss level and increased BIC are thought
to be contributed not only to the preservation of marginal bone
and

soft

tissue

around

the

implants

but

also

to

the

biomechanical stability as well.
In present study, removal torque was measured in tibia of
miniature pigs to estimate the effect of microthread on
biomechanical stabilization. Removal torque values showed no
significant

difference

between

implant

with

and

without

microthread. This result implies that microthread at the crestal
portion alone does not contribute to the biomechanical stability
and it does not provide significant mechanical interlocking
effect at the bone-implant interface. BIC was measured in
mandible of miniature pigs, and it also showed no significant
differences between them. Although it is not consistent with the
previous studies that microthreaded implants or smaller thread
pitch shows higher BIC, two things should be considered
beforehand.
First, previous studies regard to microthread and its effect on
BIC (Abrahamsson & Berglundh 2006; Rasmusson 2001), they
compared microthread implants and smooth neck implants
which has no thread at the marginal portion. Smooth portion of
implants create more shear stresses which have negative effect
on bone regeneration (Misch et al 2008). However in present
１１

study, BIC was compared between microthreaded implant and
implants with larger thread at the crestal portion. Thus shear
stresses were lessened by both types of implants. The
magnitude and direction of the stresses that transmitted from
vertical load into compressive and shear stresses by each
thread pitch are critical factors for the BIC in this case.
Secondly, there is studies regard to thread pitch and its effect
on crestal bone loss level (Chung et al 2008), resistance to
vertical load (Ma et al 2007) and stress distribution (Chun et al
2002). These studies demonstrated lower thread pitch makes
favorable resistance and stress distribution and less crestal
bone loss level. However it is not sufficient to conclude there is
simple

linear correlation that lowers

the

pitch,

as

like

microthread, higher histological and biomechanical stabilization.
On the other hand Kong et al (2006) considered 0.8mm as the
optimal thread pitch for achieving primary stability and optimum
stress production on cylindrical implants with V-shaped
threads using finite element analysis. In present study thread
pitch

of

microthread

corresponding

was

0.4mm

non-microthreaded

and

thread

implant

was

pitch

of

0.8mm.

Although it is not legitimate to implement Kong’s result in this
case because of tapered shape implants used in study, this
gives interesting insights and needs of further study on effect
of microthread and its thread pitch on biomechanical features
and its overall effect on bone reaction. This result suggests
１２

possibilities of finding optimal thread pitch and implant design to
achieve highest biomechanical, histological stabilization and
osseointegration as well.
Removal torque values of all kind of implants increased
between 4 weeks and 8weeks but there was no significant
difference between 8 weeks and 12 weeks for both types of
implants. On the other hand, BIC values of all kind of implants
increased between 2 weeks and 4 weeks but there was no
significant difference between 4 weeks and 8 weeks. As
removal torque experiment was conducted in tibia and BIC
measurement was conducted in mandible of miniature pig, this
result

indicate

that

dynamic

healing

process

and

osseointegration is completed within 8 weeks and 4 weeks for
tibia and mandible of miniature pig respectively.

１３

5. Conclusion

In the present study, removal torque and BIC values of implant
in vivo was measured for the presence and absence of
microthread at the marginal portion of implant. Existence of
microthread was not significant factor for mechanical and
histological stability. This result which seems inconsistent with
previous study may due to thread pitch of the microthread and
its effect on stress distribution. Further study on optimal thread
pitches at the marginal portion of implant and its effect on
biomechanical and histological stability are needed.

１４
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Table 1.

Mean and standard deviation of removal torque

(Ncm) for implant types and healing period.

Healing

Group A

Group B

p-value

169.1 40.3

145.7 56.5

0.694

periods
4 Weeks
8 Weeks

0.2

12 Weeks

0.694

Values are presented as mean SD.

P<0.05 was considered statistical significant.
a)

Statistically significant between 4 weeks and 8 weeks.

b)

Statistically not significant between 8 weeks and 12 weeks.
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Table 2. Mean and standard deviation of BIC(%) for implant
types and healing period.

Healing

Group A

Group B

Group C

2 Weeks

33.3 17.0

46.0 20.8

40.9 8.6

4 Weeks

75.9 5.5a)

81.0 7.7a)

73.2 15.5a)

8 Weeks

75.0 9.0b)

77.6 14.3b)

78.9 11.7b)

p-value

Group

Group

Group

A/B

A/C

B/C

2 Weeks

0.281

0.368

0.927

4 Weeks

0.259

0.534

0.181

8 Weeks

0.383

0.397

0.867

periods

Values are presented as mean SD.

P<0.05 was considered statistical significant.
a)

Statistically significant between 2 weeks and 4 weeks.

b)

Statistically not significant between 4 weeks and 8 weeks.

２０

Group A

Group B

Group C

Figure 1. Design of implants used in experiments

２１

Figure 2
A

B

C

B
I

B
Cross section of implant in mandible
A. Implant group A. Red square indicate region where BIC
measurement taken place (H&E x10);
B. Implant group B. Red square indicate region where BIC
measurement taken place (H&E x10);
２２

C. Larger magnification of marginal portion where BIC
measurement was taken place. Region stained in purple indicate
bone. In this picture osseointegration can be observed at the
implant-bone interface. (H&E x100)
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Figure 3. Mean and standard deviation of removal torque (Ncm)
at each healing period.
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Figure 4. Mean and standard deviation of BIC(%) at each
healing period.
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국문초록

임플란트 microthreads 의
removal torque 와
bone-to-implant contact 에
대한 영향
권 이 서
치의학과
서울대학교 치의학대학원

목 적: 본 연구의 목적은 implant fixture 의 microthreads design
에 의한 removal torque 와 bone-to-implant contact (BIC) 의
영향을 밝히는 것이다.
방 법: Removal torque 와 BIC 측정실험 각각에 12마리씩 총
24마리의 miniature pig 가 사용되었다. Removal torque
분석에서는 각 실험동물의 tibia 에 2종류의 implant fixture 가
식립되었는데 두 종류는 모두 sandblasting and acid etching
표면처리를 하였으나 marginal portion 에 microthreads 의 존재
유무로서 구분되었다. 실험동물들은 각각 4마리씩으로 나뉘어
4,8,12 주 후에 희생시킨 후 removal torque 를 측정하였다.
２６

BIC 분석에서는 각 실험동물의 하악에 3 종류의 implant fixture
가 식립되었다. 2 종류의 implant 는 removal torque 분석시
사용된 것과 동일한 것이었으며 다른 한 종류는 통제군으로서
사용되었다. 실험동물들은 제1소구치에서 제1대구치까지 치아를
발치한 후 4개월의 치유기간을 거쳐 2 종류의 임플란트와 통제군
임플란트를 좌우 양쪽에 하나씩 총 6개를 식립하였다.
실험동물들은 각각 4마리씩으로 나뉘어 2,4,8 주 후에 희생시킨 후
BIC를 분석하였다.
결 과: Microthreads 유무에 따른 implant fixture 의 removal
torque 값의 크기는 통계적으로 유의미한 차이를 나타내지 않았다.
Removal torque 값은 4주와 8주간 치유기간을 가진 두 그룹
간에서 두 종류의 implant 모두 증가하였으며 8주와 12주간
치유기간을 가진 두 그룹 간에서는 통계적으로 유의미한 차이를
나타내지 않았다.
BIC 퍼센테이지는 2주와 4주간 치유기간을 가진 두 그룹 간에서
모든 implant 에서 증가하였으나 4주와 8주간 치유기간을 가진 두
그룹 간에서는 통계적으로 유의미한 차이를 나타내지 않았다.
결 론: Microthread 의 존재는 생역학적, 조직학적 안정성에 주요한
인자가 아니다. 이러한 결과는 과거 thread pitch 와 연관된 연구와
상반된 것 처럼 보이는데 이는 microthread 의 pitch 차이와
stress 분산에 따른 결과로 해석된다. 추후 생역학적,조직학적
안정성을 최대로 하는 thread pitch 와 그 디자인에 대한 연구가
필요할 것이다.
주요어 : 임플란트, 골유착, 생역학, 제거 토크
학 번 : 2010-22430
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