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Introduction.This study aimed to evaluate the effects of resorbable blastingmedia (RBM) treatment on early stability of orthodontic
mini-implants by mechanical, histomorphometric, and histological analyses.Methods. Ninety-six (64 for mechanical study and 32
for histological study and histomorphometric analysis) titanium orthodontic mini-implants (OMIs) with machined (machined
group) or RBM-treated (CaP) surface (RBM group) were implanted in the tibiae of 24 rabbits. Maximum initial torque (MIT) was
measured during insertion, and maximum removal torque (MRT) and removal angular momentum (RAM) were measured at 2
and 4 weeks after implantation. Bone-to-implant contact (BIC) and bone area (BA) were analyzed at 4 weeks after implantation.
Results. RBM group exhibited significantly lower MIT and significantly higher MRT and RAM at 2 weeks than machined group.
No significant difference in MRT, RAM, and BIC between the two groups was noted at 4 weeks, although BA was significantly
higher in RBM group than in machined group. RBM group showed little bone resorption, whereas machined group showed new
bone formation after bone resorption. Conclusions. RBM surface treatment can provide early stability of OMIs around 2 weeks after
insertion, whereas stability of machined surface OMIs may decrease in early stages because of bone resorption, although it can
subsequently recover by new bone apposition.

1. Introduction

In recent times, mini-implants have been used in orthodontic
treatment for absolute anchorage, and these can be used to
apply various orthodontic forces to the teeth because of their
small size [1–3].However, orthodonticmini-implants (OMIs)
with a small diameter can be easily loosened by a small
removal torque [4]; furthermore, the success rate of mini-
implants with a short length has been reported to be low [5].

The failure rate of small-sized OMIs may be higher than
that of conventional implants [6, 7]. In particular, the initial
stabilitymay be low [8].The success rate of OMIs is limited by
their diameter and length, because they frequently need to be

inserted between tooth roots [9].The failure rate ofOMIs that
are conventionally inserted in the buccal alveolar bone was
reported to be approximately 10%–30% [6], which was higher
than that of surgical plates or palatal implants. Owing to their
small diameter, OMIs could easily loosen under loading [10],
and the osseointegration could support the stability of OMI
[11].The properties of an implant surface can affect osseointe-
gration on the surface and stability of the implant [12]. Some
surface characteristics of implants, including surface com-
position and structure, surface energy, oxide thickness, and
topography, may play important roles in the formation and
maintenance of bone at the implant surface [13] and may also
affect its mechanical properties [14].
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Table 1: Chemical composition and mechanical properties of Ti-6Al-4V alloy.

Alloy

Chemical composition (%) Mechanical properties

N C H Fe O Al V Ti Tensile strength
(MPa)

Young’s
modulus
(GPa)

Yield strength,
0.2% offset
(MPa)

Ti-6Al-4V 0.05 0.08 0.012 0.25 0.13 5.5–6.5 3.5–4.5 Balance 860–896 110 795–827

The surface roughness of implants appears to be the factor
that maximizes new bone formation [15–17]. The surface
roughness of the implant can affect cell function and matrix
deposition and mineralization [18]. Bone growth into the
micropores on the implant may result in mechanical inter-
locking between the implant and bone, leading to a stronger
bone-implant interface [19]. Recently, sand blasting of dental
implant surfaces with resorbable blasting media (RBM)
such as hydroxyapatite or calcium phosphate particles was
reported [20]. Furthermore, it was reported that RBM treat-
ment is associated with a greater removal torque and inter-
facial bone contact compared with machined implants and
appears to have the most benefit on early bone formation and
initial implant stability [21].

This study aimed to analyze the histological and mechan-
ical effects of RBM surface treatment on the initial stability of
OMIs in comparing removal torque and histomorphometric
parameters such as bone-to-implant contact (BIC) and bone
area (BA). It also aimed to determine the healing processes
with both implant surface types by conducting histological
and fluorescence evaluations. It was hypothesized that RBM
surface treatment would not significantly affect the initial
stability of OMIs.

2. Materials and Methods

2.1. Implants. Ninety-six titanium OMIs (length, 6.0mm;
diameter, 1.6mm; Dual-Top®, Jeil Medical Corporation,
Seoul, Republic of Korea), composed of Ti-6Al-4V alloy
(Table 1), were used in this study. Of the 96, 64 were used
for mechanical studies (32 for removal at 2 weeks and 32 for
removal at 4 weeks) and 32 for specimen preparation of his-
tological studies and histomorphometric analyses (Table 2).
The surfaces of these implants were either machine-treated
(48 OMIs, machined group) or RBM-treated (48 OMIs, RBM
group). RBM treatment was performed with CaP and HNO

3

(Figure 1) by the OMI product company. Mechanical study
at 2 weeks and 4 weeks and histological study were done each
with 16OMIs ofmachined group and 16OMIs of RBMgroup.

2.2. Scanning Electron Microscopy, Scanning Interferometry,
and Energy-Dispersive Spectrometry. A topographic evalu-
ation was performed using scanning electron microscopy
(JSM-840A, JEOL, Tokyo, Japan) to compare the surface
structures between the two groups.

Two samples from each group were randomly selected
and scanned by the Optical Profiler (Wyko NT8000, Veeco,

Table 2: Number of OMIs used in each study.

Number of OMIs
Machined
group

RBM
group Total

Mechanical study
Removal at 2 weeks after
insertion 16 16 32

Removal at 4 weeks after
insertion 16 16 32

Histological study
Specimen preparation at 4 weeks
after insertion 16 16 32

Total 48 48 96

Tucson, AZ, USA) for analyzing the following surface rough-
ness parameters: 𝑅

𝑎
, which was the arithmetic average devi-

ation in the roughness profile from the mean line; 𝑅
𝑞
, which

was the root mean square height corresponding to 𝑅
𝑎
; and

𝑅
𝑧
, which was the maximum peak to valley height in the

evaluated area.

2.3. Animals. This studywas approved by the EthicsCommit-
tee for Research on Animals (Seoul National University Eth-
ical Board, SNU 120308-2). In all, twenty-four 3-month-old
New Zealand white rabbits (mean weight, 3.5–4.0 kg) were
included; of these, 16 rabbits were used for the mechanical
studies and 8 rabbits for the histological studies.

2.4. Surgical Procedures. The rabbits were anesthetized with
an intravenous injection of tiletamine/zolazepam (Zoletil® 50,
Virbac, 7.5mg/kg) and xylazine 2% (Rompun, Bayer, 0.15mL/
kg). Then, 0.5mL of 2% lidocaine (1 : 100 000 epinephrine)
was applied to the surgical site to provide local anesthesia.

One mini-implant from each group was inserted into
each tibia of rabbits using a surgical implant engine (Elcomed
SA200C, W&H, Bürmoos, Austria) after predrilling (Ø
1.0mm) under saline irrigation (Figure 2). Postoperatively,
ketoprofen (7mg/kg) as an anti-inflammatory drug and gen-
tamicin (5mg/kg) as an antibiotic were administered subcu-
taneously for 1 week from the day of operation.

For one week after surgery the rabbit’s body weight was
recorded daily. The rabbit’s general condition as well as con-
dition of the surgical wound was evaluated every day for as
long as needed.

2.5. Evaluation of Insertion and Removal Torques and Removal
AngularMomentum. Sixty-four OMIs were inserted and half
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Figure 1: (a) Design of the mini-implant, which had a diameter of 1.6mm and a length of 6.0mm. (b) Machined group. (c) Resorbable
blasting media (RBM) group.

(a) (b) (c)

Figure 2: Procedure and equipment for placement of the orthodontic mini-implant. (a) Predrilling into the tibia of rabbits using a surgical
implant engine under saline irrigation. (b) Insertion of the mini-implant under 20 rpm with measuring torque. (c) Surgical engine that can
measure and record the torque.

of them were removed at 2 weeks and another half at 4 weeks
after implantation. Torque values were recorded by the sur-
gical engine (Figure 2(c)) [22], which had a rotational speed
of 20 rpm. Impdat software (Kea Software GmbH, Poecking,
Germany) was used for the readout of the recorded torque
value.The torquewas recorded 8 times per second.Maximum
insertion torque (MIT), maximum removal torque (MRT),
and removal angular momentum (RAM) were measured to
evaluate the mechanical stability (Figure 3). To analyze the
energy required to remove the mini-implant to the bone, the
removal angular momentum (RAM, Ncms) was calculated
by integrating the torque during a half turn, which took 1.5
seconds under 20 rpm, after MRT.

2.6. Fluorescence Bone Labeling. Two fluorochromatic dyes
were used for fluorescence bone labeling. Tetracycline hydro-
gen chloride (Sigma, St. Louis, MO, 15mg/kg) was intra-
muscularly injected on the first day after implantation, while

calcein (Sigma, St. Louis, MO, 10mg/kg) was intramuscularly
injected at 2 weeks after implantation.

2.7. Specimen Preparation. Eight rabbits were euthanized
for histomorphometric analysis at 4 weeks after implanta-
tion. Mini-implant specimens with the surrounding tissue
were embedded in light-curing resin (Technovit 7200VLC;
Heraeus Kulzer, Dormagen, Germany), sliced, and ground
into 40–50𝜇m using the Exakt cutting and grinding system
(Exakt Apparatebau, Norstedt, Germany) [23]. Specimens
were stained with hematoxylin and eosin (HE).

2.8. Histomorphometric Analyses. Each specimen of 32 OMIs
(16 of machined group and 16 of RBM group) was observed
using a fluorescence microscope (Nikon Eclipse TE 200
microscope, Nikon, Tokyo, Japan) before staining. Histolog-
ical examinations were performed using an Olympus BX51
microscope (Olympus Co., Tokyo, Japan). The following
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Figure 3: Schematic graph to explain the mechanical characteristics of mini-implants. (A) Maximum insertion torque (MIT). (B) Time of
MIT. (C)Maximum removal torque (MRT). (D) Time ofMRT. (E) 1.5 seconds afterMRT, which is the time needed for a half turn. (F) Removal
angular momentum (RAM), which is the torque integrated from the time of MRT to 1.5 seconds under 20 rpm after MRT.
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Figure 4: Scanning electron microscopy findings. (a) Machined group. (b) Resorbable blasting media (RBM) group. Although the surface of
the machined group showed smooth surfaces with linear scratches, the RBM group showed a rough surface with irregular indentation.

parameters [24] for the 3 best consecutive threads were mea-
sured using image analyzing software (KAPPA, Optoelec-
tronics GmbH, Kleines Feld, Germany): the bone-to-implant
contact (BIC), which was the percentage of total bone contact
length on the threads of the implant, and bone area (BA),
whichwas the percentage of total BAwithin the threads of the
implant.

2.9. Statistical Analysis. All measurements were statistically
evaluated using the independent 𝑡-test to determine any
difference in MIT, MRT, RAM, BIC, and BA between the
machined and RBM groups. A 𝑃 value of <0.05 was consid-
ered statistically significant.

3. Results

3.1. Topographic Findings. Scanning electron microscopy
analysis demonstrated that the implant surfaces in the RBM
group were rough and irregular, while those in the machined
group were relatively smooth (Figure 4). The surfaces in the
RMB group appeared reticulated with undermining defor-
mation of the remaining metal. Overall, the roughness of

Table 3: Surface roughness of machined group and RBM group in
topographic evaluation.

Surface roughness (𝜇m)
Machined group RBM group

𝑅
𝑎

0.51 1.66
𝑅
𝑞

0.61 1.94
𝑅
𝑧

1.64 5.02
𝑅𝑎: arithmeticmean of the departures of the roughness profile from themean
line.
𝑅𝑞: root mean square parameter corresponding to 𝑅𝑎.
𝑅𝑧: maximum peak to valley height in the evaluation area.

implant surfaces was greater in the RBM group (𝑅
𝑎
, 1.66 𝜇m;

𝑅
𝑞
, 1.94 𝜇m; and 𝑅

𝑧
, 5.02𝜇m) than in the machined group

(𝑅
𝑎
, 0.51 𝜇m; 𝑅

𝑞
, 0.61 𝜇m; and 𝑅

𝑧
, 1.64 𝜇m) (Table 3 and

Figure 5).

3.2. Mechanical Assessments. The RBM group exhibited a
significantly lower MIT and a significantly higher MRT and
RAM compared with the machined group at 2 weeks after
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Figure 5: Three-dimensional roughness of the analyzed OMI’s surfaces. (a) Machined group. (b) Resorbable blasting media (RBM) group.
The surface of the RBM group was rougher than that of the machined group. The peak to valley height in the evaluated area was higher and
the roughness surface area was larger in the RBM group than in the machined group.

implantation (𝑃 < 0.05, Tables 4, 5, and 6). However, at 4
weeks after implantation, MRT and RAM showed no signifi-
cant difference between the groups.

3.3. Histomorphometric Findings. At 4 weeks after implan-
tation, there was no significant difference in BIC between
the machined and RBM groups (Table 7), whereas BA was
significantly higher in the RBM group than in the machined
group (𝑃 < 0.05).

3.4. Histological Findings. Results of light microscopy
revealed new bone formation after old bone resorption
around the OMI surfaces. New bone growth was observed on
the OMI surfaces on the marrow side (Figures 6(a) and 6(c)).

The old lamella bone was more evident in the RBM group
than in the machined group (Figures 6(b) and 6(d)).
However, bone remodeling was greater in the machined
group than in the RBM group. Fluorescence microscopy
revealed only calcein deposition, which was green, compared
with tetracycline deposition, which was orange or yellow,
in both the groups (Figure 6(e)). In machined group, active
osteogenic cells such as osteoblast and osteoclast were found
to be more than RBM group (Figure 7).

4. Discussion

In topographic analysis, 𝑅
𝑎
in the RBM group was 1.66 𝜇m,

which was higher than that in the machined group and close
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Figure 6: Histological specimens from the machined group (a, c, e, and g) and resorbable blasting media (RBM) group (b, d, f, and h).
Microscopic views of hematoxylin-eosin-stained sections are observed from (a) to (d), and fluorescence microscopic views are observed
from (e) through (h). (a) In the machined group, a large area of new bone formation (white arrows) surrounds the resorbed old bone (black
arrows; ×4). (b) In the RBM group, there is a large area of intact old lamellar bone (black arrows) and little new bone formation (white arrows;
×4). (c) A magnified view of the white box in (a). New bone (white arrows) occupies the area of the resorbed old bone (black arrow; ×10).
(d) A magnified view of the white box in (b). Old lamellar bone (black arrow) is resorbed with a thin surface margin and little new bone
formation (white arrow; ×10). (e) Fluorescence bone labeling image of (a). Green color (calcein, white arrows) is widely observed at the bone-
mini-implant interface (×4). (f) Fluorescence bone labeling image of (b). There is a small green-colored area (calcein, white arrows; ×4). (g)
A magnified view of the white box in (e). A green-colored area (calcein, upper white arrow) which was formed at 2 weeks after mini-implant
insertion is observed beside old bone (left black arrow).The other new bone (lower white arrow) which was formed after 2 weeks is observed
between upper white arrow and left black arrow.There are scattered large green color areas. (h) Amagnified view of the white box in (f).Thin
green lines can be observed (calcein, lower white arrow) around remaining old bone (left black arrow). There is an area which was formed
after 2 weeks between green line (lower white arrow) and resorbed area (right black arrow). The new formed bone is smaller than new bone
of (g).

to the optimal surface roughness (1.0–2.0 𝜇m) for adequate
retention in the bone [25]. Therefore, RBM-treated implants
might be associated with initial bone formation on the
implant surface in contact with bone without extensive bone
resorption in the early stage after implantation, thus main-
taining early stability.

The histological and fluorescence results of this study
showed that the machined group had broad old bone resorp-
tion and new bone apposition at 2 weeks after implantation.
There was little tetracycline, which was injected 1 day after
implantation. This finding may suggest that there is more
bone resorption than bone apposition during the early stage
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Figure 7: Higher magnification histology images of machined group ((a) and (b), black boxes in Figure 6(a), ×40) and RBM group ((c) and
(d), black boxes in Figure 6(b), ×40). (a) An active bone cone with osteoclasts (black arrow) and osteoblasts (white arrow) is in old lamella
bone. (b)There are several active bone cones which have osteoclasts (black arrow) and osteoblasts (white arrow) in old lamella bone and new
bone. (c) There are few bone cones which show unclear osteoclasts and osteoblast (black and white arrows). (d) Although there are several
bone cones in old lamella bone, they are less active than (b) and they have unclear osteoclast (black arrow) and osteoblast (white arrow).

Table 4: Maximum insertion torque of machined group and RBM
group.

Maximum insertion torque (Ncm)
𝑃 value∗Machined group RBM group

Mean SD Mean SD
11.11 2.05 9.57 1.47 0.001†

SD: standard deviation.
∗Independent 𝑡-test; †𝑃 < 0.01.

Table 5: Maximum removal torque of machined group and RBM
group at 2 weeks and 4 weeks after the implantation.

Time
Maximum removal torque (Ncm)

𝑃 value∗Machined group RBM group
Mean SD Mean SD

2 weeks 5.45 1.35 7.06 1.78 0.007†

4 weeks 6.41 2.3 7.08 3.12 0.530
SD: standard deviation.
∗Independent 𝑡-test; †𝑃 < 0.05.

after implantation. However, less bone resorption and more
old lamellar bone were observed in RBMgroup.This suggests
that the RBM surface could prohibit initial bone resorption

Table 6: Removal angularmomentumofmachined group andRBM
group at 2 weeks and 4 weeks after the implantation.

Time
Removal angular momentum (Ncms)

𝑃 value∗Machined group RBM group
Mean SD Mean SD

2 weeks 6.45 1.67 7.9 1.86 0.026†

4 weeks 13.62 5.07 12.52 2.93 0.489
Removal angular momentum was the integrated removal torque during the
first half turn.
SD: standard deviation.
∗Independent 𝑡-test; †𝑃 < 0.05.

and maintain the stability of OMI after implantation; in
contrast, the machined surface could induce bone resorption
and new bone remodeling, resulting in low stability in the
early stage.

Histomorphometric analysis revealed similar BIC in both
groups at 4 weeks after the implantation (Table 7). However,
BA was lower in the machined group than in the RBM group
because there was more old bone resorption and new bone
apposition in the former than in the latter.This phenomenon
may decrease the early stability because the formation of new
bone and its transition into old bone may require some time.
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Table 7: Histomorphometric analysis of the machined group and
RBM group in noncalcification specimens at 4 weeks after the
implantation.

Measurement Machined group RBM group P value∗
Mean SD Mean SD

BIC (%) 68.21 9.12 69.23 12.53 0.793
BA (%) 67.99 10.68 77.30 11.82 0.026†

Bone-to-implant contact (BIC) and bone area (BA) were measured.
SD: standard deviation.
∗Independent 𝑡-test; †𝑃 < 0.05.

Another study [26] reported similar results that OMIs placed
in the mandible show decreased stability during the first 3
weeks and increased stability over the next 2 weeks.

Therefore, the lowerMRT at 2 weeks after implantation in
the machined group compared with that in the RBM group
may be attributed to the greater initial old bone resorption
in the former during the 2 weeks after implantation. After
old bone resorption, there was greater new bone apposition
in the machined group than in the RBM group, and MRT
in the machined group recovered at 4 weeks after implanta-
tion. Machined group showed more osteogenic cell such as
osteoblast and osteoclast then RBM group. The low MIT in
the RBM group may have been caused by surface blasting
treatment, which could have decreased theOMIdiameter and
the decreased diameter of OMI could have affected the MIT
of the RBM group [27]. Therefore the null hypothesis, which
stated that RBM surface treatment would not significantly
affect the initial stability of OMIs, was rejected. Although the
stability of implants in themachined groupmay be decreased
during the first 2 weeks after implantation, it may recover by
4 weeks after the procedure [28].

The results of this study suggest that RBM surface
treatment can preserve the intact old lamellar bone in the
early stages after implantation, indicating that RBM surface
treatment can support the early stability of OMIs and that
OMIs with machined surfaces can have decreased early sta-
bility because of greater surrounding bone resorption in the
early stage, although this stability can recover through new
bone apposition after old bone resorption.

5. Conclusions

RBM surface treatment can support the early stability of
OMIs, while stability of machine treatment can decrease in
the early stage after implantation because of greater sur-
rounding bone resorption. However, the stability of OMIs
with machined surfaces can recover through new bone
apposition after old bone resorption.

Ethics Approval

This study was approved by the Ethics Committee for
Research on Animals (Seoul National University Ethical
Board, SNU 120308-2).

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgment

This study was supported by Grant no. 04-2011-0056 from the
SNUDH Research Fund.

References

[1] M. Umemori, J. Sugawara, H. Mitani, H. Nagasaka, and H.
Kawamura, “Skeletal anchorage system for open-bite correc-
tion,” American Journal of orthodontics and Dentofacial Ortho-
pedics, vol. 115, no. 2, pp. 166–174, 1999.

[2] R. Kanomi, “Mini-implant for orthodontic anchorage,” Journal
of Clinical Orthodontics, vol. 31, no. 11, pp. 763–767, 1997.

[3] H.-W. Ahn, K.-R. Chung, S.-M. Kang, L. Lin, G. Nelson, and S.-
H. Kim, “Correction of dental Class III with posterior open bite
by simple biomechanics using an anterior C-tube miniplate,”
Korean Journal of Orthodontics, vol. 42, no. 5, pp. 270–278, 2012.

[4] Y.-K. Kim, Y.-J. Kim, P.-Y. Yun, and J.-W. Kim, “Effects of the
taper shape, dual-thread, and length on the mechanical prop-
erties of mini-implants,” Angle Orthodontist, vol. 79, no. 5, pp.
908–914, 2009.

[5] N. Stanford, “Mini-screws success rates sufficient for orthodon-
tic treatment,” Evidence-Based Dentistry, vol. 12, no. 1, article 19,
2011.

[6] R. Reynders, L. Ronchi, and S. Bipat, “Mini-implants in
orthodontics: a systematic review of the literature,” American
Journal of Orthodontics & Dentofacial Orthopedics, vol. 135, no.
5, pp. 564.e1–564.e19, 2009.

[7] A. Trullenque-Eriksson and B. Guisado-Moya, “Retrospective
long-term evaluation of dental implants in totally and partially
edentulous patients. Part I. Survival and marginal bone loss,”
Implant Dentistry, vol. 23, no. 6, pp. 732–737, 2014.

[8] T.-Y. Wu, S.-H. Kuang, and C.-H. Wu, “Factors associated with
the stability of mini-implants for orthodontic anchorage: a
study of 414 samples in Taiwan,” Journal of Oral and Maxillo-
facial Surgery, vol. 67, no. 8, pp. 1595–1599, 2009.

[9] P.M. Poggio, C. Incorvati, S. Velo, andA.Carano, “‘Safe zones’: a
guide for miniscrew positioning in the maxillary andmandibu-
lar arch,” Angle Orthodontist, vol. 76, no. 2, pp. 191–197, 2006.

[10] A. Costa, M. Raffainl, and B.Melsen, “Miniscrews as orthodon-
tic anchorage: a preliminary report,” The International Journal
of Adult Orthodontics and Orthognathic Surgery, vol. 13, no. 3,
pp. 201–209, 1998.

[11] J.-W. Kim, S.-J. Ahn, and Y.-I. Chang, “Histomorphometric
and mechanical analyses of the drill-free screw as orthodontic
anchorage,” American Journal of Orthodontics and Dentofacial
Orthopedics, vol. 128, no. 2, pp. 190–194, 2005.

[12] Y.-T. Sul, C. Johansson, and T. Albrektsson, “Which surface
properties enhance bone response to implants? Comparison of
oxidized magnesium, TiUnite, and osseotite implant surfaces,”
International Journal of Prosthodontics, vol. 19, no. 4, pp. 319–
328, 2006.

[13] B. Kasemo, “Biocompatibility of titanium implants: surface
science aspects,”The Journal of Prosthetic Dentistry, vol. 49, no.
6, pp. 832–837, 1983.

[14] S.-C. Kim, H.-Y. Kim, S.-J. Lee, and C.-M. Kim, “Influence
of surface treatment on the insertion pattern of self-drilling



BioMed Research International 9

orthodontic mini-implants,” Korean Journal of Orthodontics,
vol. 41, no. 4, pp. 268–279, 2011.

[15] K. Gotfredsen, T. Berglundh, and J. Lindhe, “Bone reactions
adjacent to titanium implants with different surface character-
istics subjected to static load. A study in the dog (II),” Clinical
Oral Implants Research, vol. 12, no. 3, pp. 196–201, 2001.

[16] K. Gotfredsen, A. Wennerberg, C. Johansson, L. T. Skovgaard,
and E. Hjorting-Hansen, “Anchorage of TiO

2
-blasted, HA-

coated, and machined implants: an experimental study with
rabbits,” Journal of Biomedical Materials Research, vol. 29, no.
10, pp. 1223–1231, 1995.

[17] R. Liu, T. Lei, V. Dusevich et al., “Surface characteristics and
cell adhesion: a comparative study of four commercial dental
implants,” Journal of Prosthodontics, vol. 22, no. 8, pp. 641–651,
2013.

[18] D. M. Brunette, “The effects of implant surface topography
on the behavior of cells,” The International Journal of Oral &
Maxillofacial Implants, vol. 3, no. 4, pp. 231–246, 1988.

[19] I. Ericsson, C. B. Johansson, H. Bystedt, and M. R. Norton, “A
histomorphometric evaluation of bone-to-implant contact on
machine-prepared and roughened titanium dental implants. A
pilot study in the dog,” Clinical Oral Implants Research, vol. 5,
no. 4, pp. 202–206, 1994.

[20] P. G. Coelho, J. M. Granjeiro, G. E. Romanos et al., “Basic
research methods and current trends of dental implant sur-
faces,” Journal of Biomedical Materials Research Part B: Applied
Biomaterials, vol. 88, no. 2, pp. 579–596, 2009.

[21] M. Piattelli, A. Scarano, M. Paolantonio, G. Iezzi, G. Petrone,
and A. Piattelli, “Bone response to machined and resorbable
blast material titanium implants: an experimental study in
rabbits,” Journal of Oral Implantology, vol. 28, no. 1, pp. 2–8,
2002.

[22] J. Duyck, R. Roesems, M. V. Cardoso, T. Ogawa, G. De Villa
Camargos, and K. Vandamme, “Effect of insertion torque on
titanium implant osseointegration: an animal experimental
study,”Clinical Oral Implants Research, vol. 26, no. 2, pp. 191–196,
2015.

[23] K. Donath and G. Breuner, “A method for the study of unde-
calcified bones and teeth with attached soft tissues. The Sage-
Schliff (sawing and grinding) technique,” Journal of Oral Pathol-
ogy, vol. 11, no. 4, pp. 318–326, 1982.

[24] G. M. Vidigal Jr., L. C. A. Aragones, A. Campos Jr., and M.
Groisman, “Histomorphometric analyses of hydroxyapatite-
coated and uncoated titanium dental implants in rabbit cortical
bone,” Implant Dentistry, vol. 8, no. 3, pp. 295–302, 1999.

[25] A. Wennerberg and T. Albrektsson, “Effects of titanium surface
topography on bone integration: a systematic review,” Clinical
Oral Implants Research, vol. 20, supplement 4, pp. 172–184, 2009.

[26] L. O. Carney, P. M. Campbell, R. Spears, R. F. Ceen, A. C.
Melo, and P. H. Buschang, “Effects of pilot holes on longitudinal
miniscrew stability and bony adaptation,” American Journal of
Orthodontics and Dentofacial Orthopedics, vol. 146, no. 5, pp.
554–564, 2014.

[27] C. Maiorana, D. Farronato, S. Pieroni, M. Cicciu, D. Andreoni,
and F. Santoro, “A four-year survival rate multicenter prospec-
tive clinical study on 377 implants: correlations between
implant insertion torque, diameter, and bone quality,” Journal of
Oral Implantology, vol. 41, no. 3, pp. e60–e65, 2015.

[28] P. G. Coelho, E. A. Bonfante, R. S. Pessoa et al., “Characteriza-
tion of five different implant surfaces and their effect on osseoin-
tegration: a study in dogs,” Journal of Periodontology, vol. 82,
no. 5, pp. 742–750, 2011.


