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Effects of Microgrooves on the Success Rate and Soft Tissue Adaptation

of Orthodontic Miniscrews

Tae-Woo Kim?; Seung-Hak Baek®; Jong-Wan Kime; Young-ll Chang®

ABSTRACT

Objective: To evaluate the effect of microgrooves on orthodontic miniscrews in terms of success
rate and soft tissue adaptation in animal experiments.

Materials and Methods: The sample consisted of a non-microgroove (NMG) group and a micro-
groove group (MG; 50 pm pitch and 10 wm depth microgroove on the upper surface of the
miniscrew). Miniscrews of 1.6 mm diameter and 6.0 mm length were placed into beagle dogs.
Histomorphometric analysis in each group focused on bone-to-implant contact (BIC) and the bone
area (BA) of pressure and tension sides. Independent and paired ftests were completed for
statistical analysis.

Results: The success rate was found to be higher in the MG group than in the NMG group. The
MG group showed significantly higher BIC on the pressure side when compared with the NMG
group (P < .01). Although the NMG group showed significantly lower BIC on the pressure side
than on the tension side at the upper side of the miniscrew (P < .01), the MG group revealed no
significant differences between BIC on pressure and tension sides. The MG group generally ex-
hibited perpendicular or circular alignment of the gingival connective tissue fiber with the mini-
screw; the NMG group showed parallel alignment.

Conclusions: The orthodontic load may affect bone remodeling on the pressure side of the
miniscrew and may affect stability. The microgroove could exert some positive effects on soft
tissue adaptation and bone healing.

KEY WORDS: Orthodontic miniscrew; Microgroove; Soft tissue adaptation; Bone remodeling; His-
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INTRODUCTION

Recently, the orthodontic miniscrew was introduced
as a new device for anchorage reinforcement.'- Be-
cause it usually is applied only during orthodontic
treatment, this miniscrew is called a temporary an-
chorage device (TAD).#* To enhance the success rate,
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the size, shape, and threads of the miniscrew have
been modified.>”

Soft tissue contact with the implant surface could be
considered one of the important factors in implant fail-
ure.®"" One of the main differences between the gin-
gival connective tissue fibers (GCTFs) that surround a
natural tooth and those that surround an implant is the
orientation of the GCTF just below the gingival sur-
face. In a natural tooth, the GCTFs, which are inserted
into the cementum and the bone, are oriented perpen-
dicularly or obliquely to the tooth surface.® However,
the GCTFs that surround an implant are mainly par-
allel to the implant surface.*'2 This position might al-
low epithelial downgrowth, which may result in deep
pocket formation and invasion of microorganisms be-
tween the implant and the soft tissue. It also may
cause implant failure.’ Studies have suggested that
the presence of a dominant circular system of GCTFs
around the abutment was consistent with the concept
of a peri-implant “circular ligament.”14-16

Surface topography could affect cell growth and ori-
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entation.’'® The smooth surface of the miniscrew
may allow pronounced downgrowth of the epithelial
tissue as opposed to result with a rougher surface.'”
However, the shallow horizontal grooves showed less
epithelial downgrowth and a longer connective tissue
seal when compared with machined implants.’® A
grooved surface might have a certain conductive effect
on connective tissue adhesion during healing, thereby
inhibiting epithelial downgrowth.®

Because microtextured implants could enhance the
tissue healing response through their structural resem-
blance to the natural extracellular matrix network,2021
and since pillars might reduce inflammation and for-
mation of capsules around implants,?? microtextures
could inhibit epithelial downgrowth.8.1°

The microgroove on the implant surface is known to
play a role in proliferation and migration of fibroblasts,
formation of thick connective tissue, the adaptation ef-
fect of connective tissue, and, finally, maintenance of
soft tissue around the implant.2324 Stress on the very
small surface around the miniscrew may be as great
as 33 MPa, although the orthodontic load may be
small.25 High stress concentrations may cause margin-
al bone resorption around the implants.2® One group
reported that bone remodeling was different between
compression and tension sides of the implant used for
orthodontic anchorage.?”

However, few studies have examined the soft tissue
adaptation of the orthodontic miniscrew with compari-
son of the pressure vs the tension side around the
miniscrew. This study was conducted to compare the
pressure and tension sides around miniscrews and to
evaluate the effects of the microgroove on soft tissue.

MATERIALS AND METHODS

The sample consisted of a non-microgroove (NMG)
group and a microgroove (MG) group (Figure 1). The
microgroove was 50 um pitch and 10 pwm depth in 300
wm on the upper surface of the miniscrew. Miniscrews
measured 1.6 mm in diameter and 6.0 mm in length
(Jeil Medical Corporation, Seoul, Korea) and were
placed into two beagle dogs (male, 20 months old, 15
kg; female, 14 months old, 10.5 kg).

Surgical Procedures

Anesthesia was given through inhalation of halo-
thane and oxygen. Miniscrews were inserted under ir-
rigation and without a drilling procedure into the buccal
and palatal sides of the maxilla and the buccal side of
the mandible (Figure 2). Two miniscrews were insert-
ed into each buccal side, and eight were inserted into
each palatal side. The MG group was placed on the
right side of the maxilla and the mandible, and the
NMG group was placed on the left side.

Angle Orthodontist, Vol 78, No 6, 2008

KIM, BAEK, KIM, CHANG

Figure 1. The surface of the orthodontic miniscrew for soft tissue
contact in the microgroove (MG) group. The microgroove is 50 pm
pitch and 10 wm depth in 300 wm on the surface.

Figure 2. Miniscrews inserted into the palate of the maxilla (A) and
the buccal gingiva of the mandible (B).
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Figure 3. Injection timing of tetracycline, calcein, and alizarin red (Sigma, St Louis, Mo) for fluorescent microscopy observation.

Orthodontic Loading

One week after insertion, a force of 200 to 300 g
was applied between the right and left screws in the
palate and between the mesial and distal ones in the
buccal side of the maxilla and the mandible with the
use of a nickel-titanium (Ni-Ti) coil spring (Ormco,
Orange, Calif).

Bone Labeling for Fluorescent Microscopy
Observation

Three fluorescent dyes (Sigma Co, St Louis, Mo)—
tetracycline (25 mg/kg) immediately and 12 weeks af-
ter loading, calcein (25 mg/kg) at 4 weeks after load-
ing, and alizarin red (25 mg/kg) at 8 weeks after load-
ing—were injected intramuscularly for fluorescent mi-
croscopy observation (Figure 3).

Specimen Preparation

Two beagle dogs were sacrificed for histomorpho-
metric analysis 16 weeks after miniscrews were in-
serted. Miniscrew specimens along with the surround-
ing tissue were fixed in 4% paraformaldehyde for 48
hours, were dehydrated sequentially in 70%, 90%,
95%, and 100% alcohol, and were embedded in a
light-curing resin (Technovit 7200VLC; Heraeus Kulz-
er, Dormagen, Germany). Embedded specimens were
sliced and ground into 40 to 50 pm with the Exakt
cutting and grinding system (Exakt Apparatebau,
Nordstedt, Germany).?® Specimens were prepared so
that the pressure side was to the left of the vertical
axis of the miniscrew and the tension side was to the
right. Specimens were stained with hematoxylin and
eosin (HE).

Histomorphometric Analysis

Before the specimens were stained, they were ob-
served under a fluorescent microscope (Nikon Eclipse
TE 200; Nikon, Toyko, Japan). Histologic observation
was performed with an Olympus BX51 microscope
(Olympus Co, Toyko, Japan). The following parame-
ters?® of the three best consecutive screw threads of
each screw were measured with the use of image an-
alyzing software (KAPPA; Opto-electronics GmbH,

Table 1. Loss Rate (%) of the Orthodontic Miniscrew

Orthodontic Miniscrew Loss Rate, %
(Loss Number/Total Number)

Area NMG Group MG Group Total
Palate 37.50% (3/8) 12.50% (1/8) 25.00% (4/16)
Maxilla 25.00% (1/4) 0.00% (0/4) 12.50% (1/8)
Mandible 0.00% (0/4) 0.00% (0/4) 0.00% (0/8)
Total 25.00% (4/16) 6.25% (1/16) 15.63% (5/32)

MG indicates microgroove group; NMG, non-microgroove group.

Kelines Feld, Germany): (1) bone-to-implant contact
(BIC), that is, the percentage of total bone contact
length on the threads of each screw, and (2) bone
area (BA), that is, the percentage of total bone area
within the threads of the screw.

Statistical Methods

Fisher's exact test was performed so that differenc-
es in the success rate between groups could be ex-
amined. Success was defined as no loss and no mo-
bility of the miniscrew. Independent t-tests were done
to detect differences between the two groups in terms
of BIC and BA; paired ttests were used to evaluate
the differences between the tension and pressure
sides of the miniscrews in each group. P < .05 was
considered significant.

RESULTS
Loss Rate of the Miniscrew

Five miniscrews (15.63% of the total) failed in this
study (Table 1). The loss rate of the NMG group
(25.00%) was greater than that of the MG group
(6.25%). However, no significant difference in the suc-
cess rate was noted between groups when Fisher’s
exact test was performed (P > .05).

Histomorphometric Analysis

No significant differences in BIC and/or BA were re-
ported between the two groups, except for BIC on the
pressure side (Tables 2 and 3). The BIC on the pres-
sure side in the MG group was significantly higher than
that in the NMG group (P < .01; Table 2).

Angle Orthodontist, Vol 78, No 6, 2008



1060

Table 2. Comparisons of Bone vs Implant Contact (BIC) Between
NMG and MG Groups

BIC, % (expressed as mean = SD)
NMG Group (n = 12) MG Group (n = 15) Sig.

Pressure side 23.39 + 9.10 40.08 = 16.85 *
Tension side 44.37 + 23.59 41.63 + 14.17 NS
Average 33.88 = 13.48 40.85 + 14.44 NS

MG indicates microgroove group; NMG, non-microgroove group;
Sig., significance by independent ttest; SD, standard deviation;
* P < .01; NS, not significant.

Table 3. Comparisons of Bone Area (BA) Between NMG and MG
Groups

BA, % (mean = SD)
NMG Group (n = 12) MG Group (n = 15) Sig.

Pressure side 50.50 = 13.88 50.21 = 16.42 NS
Tension side 51.53 + 15.68 55.77 = 16.78 NS
Average 51.01 = 12.72 52.99 + 15.09 NS

MG indicates microgroove group; NMG, non-microgroove group;
Sig., significance by independent t-test; SD, standard deviation. NS,
not significant.

Table 4. Comparisons of Bone vs Implant Contacts (BIC) in a
Thread Between Upper and Lower Sides on Pressure and Tension
Sides and Between Pressure and Tension Sides of the Upper and
Lower Portions of the NMG Group

BIC, % (mean * SD)

Pressure Side Tension Side Sig.
Upper side 31.81 = 8.756 46.95 = 13.48 **
Lower side 40.71 = 12.15 35.05 = 14.90 NS
Slg. * *k

NMG indicates non-microgroove group; SD, standard deviation;
Sig., significance by paired t-tests;
* P < .05; ** P < .01; NS, not significant.

The pressure sides on the upper portion of the NMG
group showed a significantly lower BIC when com-
pared with the tension side (P < .01; Tables 2 and 4).
However, no significant difference between pressure
and tension sides was seen in the MG group (Table
5). A significant difference between the upper and low-
er sides was noted on both sides of the NMG group
and on the tension side of the MG group (Tables 4
and 5).

Histologic Findings

Generally, most implants showed osseointegration
with surrounding bone. Harversian systems, lamellar
bone, and new bone were seen around the miniscrew
(Figure 4). The GCTF in the MG group ran perpendic-
ular to the miniscrew surface or circularly around the
miniscrew surface. However, in the NMG group, the
GCTF ran parallel to the miniscrew surface (Figure 4).
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Table 5. Comparisons of Bone vs Implant Contacts (BIC) in a
Thread Between Upper and Lower Sides on Pressure and Tension
Sides and Between Pressure and Tension Sides of the Upper and
Lower Portions of the MG Group

BIC, % (mean = SD)

Pressure Side Tension Side Sig.
Upper side 46.15 = 11.24 52.14 + 14.52 NS
Lower side 48.70 = 15.81 37.84 = 19.28 NS
Sig. NS *

MG indicates microgroove group; SD, standard deviation; Sig.,
significance by paired t-tests;
* P < .01; NS, not significant.

Fluorescent Microscopic Results

Generally, more bone remodeling could be seen on
the pressure side than on the tension side (Figure 5).
A site-specific difference in expression pattern was
also observed: On the pressure side, more bone re-
modeling could be seen in the upper part than in the
lower part, and the tension side showed the opposite
tendency.

DISCUSSION

Tissue adaptation around the implants may be im-
portant for more stable use of implants. Therefore, the
relationship between the load to the implant and the
bone response has been studied. An in vitro study re-
ported that stress concentrations may occur in the
marginal peri-implant bone after lateral or oblique load
application.® Finite element analyses showed that the
local strain distribution may have a significant impact
on the biological activity of adjacent bone tissue.®" A
high stress concentration may cause marginal bone
resorption around implants.2®6 Most implant losses
were considered to be the result of excessive strains
and stresses at the bone/implant interface.??

Fluorescent microscopic views (Figure 5) showed
active bone remodeling on the upper side of the pres-
sure side and on the lower side of the tension side
through tipping of the miniscrew. From the superim-
position of labeling, the large orange circles and circles
of other colors were broad around the tip and on the
pressure side. This means that initial bone remodeling,
which was labeled by the first tetracycline, might occur
extensively around the tip and on the pressure side.

Four weeks after loading, the bone remodeling la-
beled by calcein (green color) might happen around
the tip of the miniscrew and on the pressure side.
Then, the bone remodeling that appears red (from aliz-
arin red) 8 weeks after loading might occur in the lower
part of the tension side and in the upper part of the
pressure side. Many large, incomplete circles could be
seen around the tip and on the pressure side. This
indicates that serial bone remodeling might happen
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Connective tissue

Figure 4. Soft tissue and bone tissue around miniscrews of the non-microgroove (NMG) and microgroove (MG) groups. (A) A miniscrew of
the NMG group. (B) The pressure side of the screw from part A of this figure. (C) The soft tissue of the screw in part A. (D) A miniscrew of
the MG group. (E) The pressure side of the screw from part D of this figure. (F) The soft tissue of the screw in part D.
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Figure 5. Fluorescent microscopic view. More bone remodeling is seen on the pressure side (left) than on the tension side (right). (A) Yellow
or orange caused by tetracycline. (B) Green by calcein. (C) Red by alizarin red. (D) Superimposition of A, B, and C.

and may overlap around the tip and on the pressure
side. Small orange circles within green or red circles
could be seen all around the miniscrew. This shows
that the bone remodeling that was labeled by the last
tetracycline 12 weeks after loading might happen all
around the miniscrew.

Histomorphometric results from the BIC of the NMG
group showed differences between pressure and ten-
sion sides in the upper portion (P < .01; Tables 2 and
4). On the pressure side of the NMG group, the upper
side showed a lower BIC than on the lower side, as
opposed to the tension side, on which the upper side
showed higher BIC than could be seen on the lower
side. The upper portion on the pressure side and the
lower portion on the tension side may be the areas in
which stress was concentrated because the orthodon-
tic load might induce tipping of the miniscrew to the
pressure side.

Excessive loading to bone may reduce bone for-
mation, although bone might exhibit a positive re-
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sponse, such as bone repositioning under 250 psi.33
Although the orthodontic force from 100 to 300 g is
lower than the occlusal force, the stress applied to
bone tissue around the miniscrew in a small area may
be concentrated and as high as 33 MPa (about 4785
psi).2® This pressure could be excessive because the
miniscrew has a smaller surface area than is seen in
a prosthodontic implant. This could induce bone re-
modeling around the miniscrew. Another study report-
ed that the miniscrews under orthodontic load were
tipped to the pressure side and suggested that this
might be caused by interposition of the fibrous tissue
between the miniscrew and surrounding bone tissue.®*
Results of this study suggest that this event may be
caused by active bone remodeling on the pressure
side and fibrous tissue interposition. Initial bone re-
modeling on the upper end of the pressure side of the
miniscrew may be harmful to the stability of the mini-
screw. The microgroove could support soft tissue ad-
aptation above the pressure side of the miniscrew un-
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der active bone remodeling. A difference in alignment
of GCTF around the neck of the miniscrew was ob-
served between the MG and NMG groups, although
this was not evident in all cases. The MG group
showed perpendicular or oblique alignment with the
miniscrew surface. However, the NMG group exhibited
parallel alignment with the miniscrew surface (Figure
5). This means that the microgroove of the MG group
may have a certain conductive effect on connective
tissue adhesion, thereby inhibiting downgrowth of the
epithelium.3®

Parallel alignment of the GCTF with the implant sur-
face could not prevent downgrowth of epithelial tis-
sue.™11.35 Therefore, results of this study suggest that
the microgroove could positively affect the alignment
of the GCTF, might induce good soft tissue adaptation
to the miniscrew on the pressure side, and could even-
tually support the stability of a miniscrew while bone
remodeling happens in the upper portion of the pres-
sure side. Additional studies on other aspects such as
surface treatment and microthreads of the miniscrew
are needed to investigate soft tissue adaptation and
bone remodeling on the pressure side.

CONCLUSIONS

« A significant difference in the BIC was observed be-
tween the pressure and tension sides of the upper
portion in the NMG group.

» The MG group generally showed a perpendicular ar-
rangement of connective tissue fibers to the mini-
screw, but the NMG group showed a parallel ar-
rangement.

» The microstructure such as microgrooves could
have some effects on the arrangement of gingival
connective tissue fibers and could positively affect
soft tissue and bone tissue adaptation around the
miniscrew.

ACKNOWLEDGMENT

This study was supported by grant no. 03-2006-007 from the
SNUDH Fund.

REFERENCES

1. Kanomi R. Mini-implant for orthodontic anchorage. J Clin
Orthod. 1997;31:763-767.

2. Umemori M, Sugawara J, Mitani H, Nagasaka H, Kawamura
H. Skeletal anchorage system for open-bite correction. Am
J Orthod Dentofacial Orthop. 1999;115:166—174.

3. Park YC, Lee SY, Kim DH, Jee SH. Intrusion of posterior
teeth using mini-screw implants. Am J Orthod Dentofacial
Orthop. 2003;123:690-694.

4. Mah J, Bergstrand F. Temporary anchorage devices: a sta-
tus report. J Clinic Orthod. 2005;39:132-136.

5. Chen F, Terada K, Handa K. Anchorage effect of various
shape palatal osseointegrated implants: a finite element
study. Angel Orthod. 2005;75:378-385.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

1063

Kim JW, Ahn SJ, Chang YI. Histomorphometric and me-
chanical analyses of the drill-free screw as orthodontic an-
chorage. Am J Orthod Dentofacial Orthop. 2005;128:190—
194.

Chen F, Terada K, Hanada K, Saito I. Anchorage effects of
a palatal osseointegrated implant with different fixation: a
finite element study. Angle Orthod. 2005;75:593-601.
Cochran D, Oates T, Morton D, Jones A, Buser D, Peters
F. Clinical field trial examining an implant with a sand-blast-
ed, acid-etched surface. J Periodontol. 2007;78:974-982.
Stem IB. Current concepts of the dentogingival junction: the
epithelial and connective tissue attachments to the tooth. J
Periodontol. 1981;52:465-476.

Berglundh T, Lindhe J, Ericsson |, Marinello CP, Liljenberg
B, Thomsen P. The soft tissue barrier at implants and teeth.
Clin Oral Implants Res. 1991;2:81-90.

Buser D, Weber HP, Donath K, Fiorellini JP, Paquette DW,
Williams RC. Soft tissue reactions to non-submerged un-
loaded titanium implants in beagle dogs. J Periodontol.
1992;63:225-235.

Comut AA, Weber HP, Shortkroff S, Cui FZ, Spector M.
Connective tissue orientation around dental implants in a
canine model. Clin Oral Implants Res. 2001;12:433—440.
Brunette DM, Kenner GS, Gould TR. Grooved titanium sur-
faces orient growth and migration of cells from human gin-
gival explants. J Dent Res. 1983;62:1045-1048.
Schierano G, Ramieri G, Cortese M, Aimetti M, Preti G.
Organization of the connective tissue barrier around long-
term loaded implant abutments in man. Clin Oral Implants
Res. 2002;13:460—464.

Ruggeri A, Franchi M, Marini N, Trisi P, Piatelli A. Supra-
crestal circular collagen fiber network around osseointe-
grated nonsubmerged titanium implants. Clin Oral Implants
Res. 1992;3:169-175.

Piattelli A, Scarano A, Piattelli M, Bertolai R, Panzoni E.
Histologic aspects of the bone and soft tissues surrounding
three titanium non-submerged plasma-sprayed implants re-
trieved at autopsy: a case report. J Periodontol. 1997;68:
694-700.

Glauser R, Schipbach P, Gottlow J, Hdmmerle CH. Periim-
plant soft tissue barrier at experimental one-piece mini-im-
plants with different surface topography in humans: a light-
microscopic overview and histometric analysis. Clin Implant
Dent Relat Res. 2005;7(suppl 1):S44-S51.

Chehroudi B, Gould TR, Brunette DM. Effects of a grooved
titanium-coated implant surface on epithelial cell behavior in
vitro and in vivo. J Biomed Mater Res. 1989;23:1067—-1085.
Brunette DM. The effects of implant surface topography on
the behavior of cells. Int J Oral Maxillofac Implants. 1988;
3:231-246.

Meyle J, Wolburg H, von Recum AF. Surface micromor-
phology and cellular interactions. J Biomater Appl. 1993;7:
362-374.

Clark P, Connolly P, Curtis AS, Dow JA, Wilkinson CD. To-
pographical control of cell behavior: Il. Multiple grooved sub-
strata. Development. 1990;108:635—644.

Picha GJ, Drake RF. Pillared-surface microstructure and
soft-tissue implants: effect of implant site and fixation. J Bio-
med Mater Res. 1996;30:305-312.

Chehroudi B, Gould TR, Brunette DM. Titanium-coated mi-
cromachined grooves of different dimensions affect epithe-
lial and connective-tissue cells differently in vivo. J Biomed
Mater Res. 1990;24:1203—-1219.

Chehroudi B, Gould TR, Brunette DM. The role of connec-
tive tissue in inhibiting epithelial downgrowth on titanium-

Angle Orthodontist, Vol 78, No 6, 2008



1064

25.

26.

27.

28.

29.

coated percutaneous implants. J Biomed Mater Res. 1992;
26:493-515.

Motoyoshi M, Yano S, Tsuruoka T, Shimizu N. Biomechan-
ical effect of abutment on stability of orthodontic mini-im-
plant: a finite element analysis. Clin Oral Implants Res.
2005;16:480—-485.

Blichter A, Wiechmann D, Koerdt S, Wiesmann HP, Piffko
J, Meyer U. Load-related implant reaction of mini-implants
used for orthodontic anchorage. Clin Oral Implants Res.
2005;16:473-479.

Cattaneo PM, Dalstra M, Melsen B. Analysis of stress and
strain around orthodontically loaded implants: an animal
study. Int J Oral Maxillofac Implants. 2007;22:213—-225.
Donath K, Breuner G. A method for the study of undecal-
cified bones and teeth with attached soft tissues: the Sag-
Schliff (sawing and grinding) technique. J Oral Pathol. 1982;
11:318-326.

Vidigal GM Jr, Aragones LC, Campos A Jr, Groisman M.
Histomorphometric analyses of hydroxyapatite-coated and
uncoated titanium dental implants in rabbit cortical bone.
Implant Dent. 1999;8:295-302.

Angle Orthodontist, Vol 78, No 6, 2008

30.

31.

32.

33.

34.

35.

KIM, BAEK, KIM, CHANG

Mihalko WM, May TC, Kay JF, Krause WR. Finite element
analysis of interface geometry effects on the crestal bone
surrounding a dental implant. Implant Dent. 1992;1:212—
217.

Meyer U, Vollmer D, Runte C, Bourauel C, Joos U. Bone
loading pattern around implants in average and atrophic
edentulous maxillae: a finite-element analysis. J Cranio-
maxillofac Surg. 2001;29:100—105.

Adell R, Lekholm U, Rockler B, Branemark PI. A 15-year
study of osseointegrated implants in the treatment of the
edentulous jaw. Int J Oral Surg. 1981;10:387-416.

Rieger MR, Mayberry M, Brose MO. Finite element analysis
of six endosseous implants. J Prosthet Dent. 1990;63:671—
676.

Liou EJ, Pai BC, Lin JC. Do miniscrews remain stationary
under orthodontic forces? Am J Orthod Dentofacial Orthop.
2004;126:42-47.

Ericsson |, Johansson CB, Bystedt H, Norton MR. A histo-
morphometric evaluation of bone-to-implant contact on ma-
chine-prepared and roughened titanium dental implants.
Clin Oral Implants Res. 1994;5:202—206.



