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Do miniscrews remain stationary under
orthodontic forces?

Eric J. W. Liou, DDS, MS,? Betty C. J. Pai, DDS,® and James C. Y. Lin, DDS®
Taipei, Taiwan

Miniscrews have been used in recent years for anchorage in orthodontic treatment. However, it is not clear
whether the miniscrews are absolutely stationary or move when force is applied. Sixteen adult patients with
miniscrews (diameter = 2 mm, length = 17 mm) as the maxillary anchorage were included in this study.
Miniscrews were inserted on the maxillary zygomatic buttress as a direct anchorage for en masse anterior
retraction. Nickel-titanium closed-coil springs were placed for the retraction 2 weeks after insertion of the
miniscrews. Cephalometric radiographs were taken immediately before force application (T1) and 9 months
later (T2). The cephalometric tracings at T1 and T2 were superimposed for the overall best fit on the
structures of the maxilla, cranial base, and cranial vault to determine any movement of the miniscrews. The
miniscrews were also evaluated clinically for their mobility (0: no movement, 1: =0.5 mm, 2: 0.5—1.0 mm, 3:
>1.0 mm). The mobility of all miniscrews was 0 at T1 and T2. On average, the miniscrews tipped forward
significantly, by 0.4 mm at the screw head. The miniscrews were extruded and tipped forward (—1.0 to 1.5
mm) in 7 of the 16 patients. Miniscrews are a stable anchorage but do not remain absolutely stationary
throughout orthodontic loading. They might move according to the orthodontic loading in some patients. To
prevent miniscrews hitting any vital organs because of displacement, it is recommended that they be placed
in a non-tooth-bearing area that has no foramen, major nerves, or blood vessel pathways, or in a
tooth-bearing area allowing 2 mm of safety clearance between the miniscrew and dental root. (Am J Orthod

Dentofacial Orthop 2004;126:42-7)

methods that require minimal compliance and

provide maximal anchorage control, particu-
larly by adults, has led to the expansion of implant
technology in orthodontics.* Endosseous implants and
onplants have been used as direct or indirect orthodon-
tic anchorage for different clinical purposes. They have
been used in mandibular retromolar or edentul ous areas
for direct anchorage for molar protraction or upright-
ing®® and in the palate as an indirect anchorage for
canine or anterior teeth retraction or molar distaliza-
tion.%

Although endosseous implants and onplants have
been used successfully for orthodontic anchorage, their
clinical applications are still limited in edentulous or
retromolar areas because of their size and complicated
fixture designs. Other disadvantages include a long
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waiting period (2 to 6 months) for bone healing and
osseointegration,>3® comprehensive clinical and labo-
ratory work, difficult removal after treatment, and high
cost. Miniplates®*® and miniscrews*® have recently
been introduced as simpler aternatives to endosseous
implants and onplants in orthodontics. Their advan-
tages include smaller size, greater number of implant
sites and indications, ssmpler surgical placement and
orthodontic connection, shorter (or even no) waiting
period, no need for laboratory work, easier removal
after treatment, and lower cost.

Endosseous implants and palatal onplants are
thought to provide absolute or rigid anchorage.>°
They integrate with the surrounding bone and thus
remain absolutely stationary under orthodontic load-
ing.’6*® For the miniscrews, it is suggested that a
waiting period for bone healing and osseointegration
before loading is unnecessary because the primary
stability (mechanical retention) of the miniscrews is
sufficient to sustain a regular orthodontic load-
ing.*1°2° However, the behavior of miniscrews under
orthodontic loading is not clear clinically; do they
remain absolutely stationary like endosseous implants
or move according to the orthodontic loading? The
answer could affect their use as orthodontic anchorage.
The purpose of this clinical cephalometric study was to
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Fig 1. Miniscrews and screwdriver used in study.

answer this question and report the behavior of minis-
crews under orthodontic loading.

MATERIAL AND METHODS

Sixteen consecutive women who had miniscrews as
anchorage for the en masse retraction of anterior teeth
were included. Their ages ranged from 22 to 29 years
old. All patients gave informed consent for both the
traditional and the miniscrew anchorage methodolo-
gies, surgical techniques, and the possibilities of fail-
ure, irritation, or local inflammation during orthodontic
treatment.

The miniscrew was 2 mm in diameter and 17 mmin
length (Leibinger, Tuttlingen, Germany) (Fig 1). The
implant site was the zygomatic buttress of the maxilla
(Fig 2,A). The zygomatic buttress of the maxilla is a
pillar of cortical bone running along the zygomatic
process of the maxilla and the zygoma. It is usually
located above the maxillary first molar in an adult or
between the maxillary second premolar and the first
molar in ayounger patient. It is palpable clinicaly as a
ridge running upward along the curvature between the
aveolar process and the zygomatic process of the
maxilla. The thickest area of the zygomatic buttress of
the maxilla is above the junction (turning point) be-
tween the alveolar process and the zygomatic process
of the maxilla. Cortical bonethicknessis approximately
3 to 4 mm, and cancellous bone thickness is approxi-
mately 4 to 5 mm (Fig 2, B). However, its thickness
varies on the pneumatization of the maxillary sinus.

The miniscrews were inserted under local anesthe-
sia A 4-mm vertical incision was made with a #15
surgical blade at the mucogingival junction above the
maxillary second premolar and first molar. A mucope-
riosteal flap was elevated to expose the zygomatic
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process of the maxilla. After the turning point of the
zygomatic process of maxilla was located, a 1.5-mm
spiral drill was used to drill a pilot hole under normal
saline-solution irrigation. The drilling speed was kept at
500 to 800 rpm. The pilot hole was irrigated thoroughly
with normal saline solution. The miniscrew was then
driven into the pilot hole with a screwdriver (Fig 3).
The head of the miniscrew remained outside the mu-
cogingival junction so that a nickel-titanium (Ni-Ti)
coil spring could be attached. The wound was thor-
oughly irrigated with norma saline solution before
closure with a stitch of suture. The surgical procedures
were performed on both sides, and 32 miniscrews were
placed. One week of antibiotics and 2% chlorhexidine
mouth rinse were prescribed, and the patients were
instructed to maintain ora hygiene. The miniscrews
were left for 2 weeks (waiting period) for adequate
wound healing before loading.

The appliances for en masse anterior retraction
were a .016 X .022-in stainless steel basal archwires
with incisor lingual root torque, 2 lever arms (.016 X
.022-in stainless steel) for intrusion of the anterior
teeth, and 4 Ni-Ti coil springs for en masses retraction
(Fig 4). On each side, the lever arm was inserted into
the auxiliary tube on the first molar and hooked on the
basal archwire for intrusion of the anterior teeth. Two
Ni-Ti coil springs were used on each side. One Ni-Ti
coil spring with aforce of 150 g was attached between
the miniscrew and the canine, and another with aforce
of 250 g was attached between the miniscrew and the
hook on the basal archwire between the lateral incisor
and the canine. The patients were seen at 1-month
intervals.

Lateral cephalometric radiographs were taken 2
weeks after placement of the miniscrews (T1) and 9
months after placement of the en masse anterior retrac-
tion (T2). All T1 and T2 lateral cephalometric radio-
graphs were traced with a 0.3-mm pencil. The images
of the right- and left-side miniscrews were averaged to
eliminate errors from head posture differences during
x-rays. The landmark screw tail was defined as the
midpoint between the pointed tips of the right and left
miniscrews; the landmark screw head was defined as
the midpoint between the blunt ends (the end that fits
onto the screwdriver) of the right and left miniscrews;
and the landmark screw body was defined as the
midpoint between screw tail and screw head (Fig 5).

The cephalometric tracings of T1 and T2 were
superimposed for an average best fit among the ana-
tomic structures of the maxilla, cranial base, and cranial
vault.?"2* They were registered on sella and oriented
on the anterior cranial base to obtain an anatomic best
fit on the maxilla, with the outline of the crania vault
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Fig 2. A, Implant site: zygomatic buttress of maxilla (arrow). B, Part of zygomatic process of maxilla
is removed to reveal thickness of cortical bone (a) and cancellous bone (b).

used for final confirmation.®* A horizontal reference line
through the sella was then constructed anteriorly 7° to the
sdllanasion line, and a perpendicular line through sella
was congtructed as the vertical reference line. The vertica
and horizontal changes from T1to T2 at screw tail, screw
body, and screw head were measured and analyzed by
pared t tet (P < .05). Eight cases were randomly
sdlected, traced, superimposed and measured again 2
months later for error analysis (P < .1).%

The miniscrews were also evaluated clinically for
their horizontal mobility?® at T1 and T2. The horizontal
leg of an L-shaped .018 X .025-in stainless-steel wire
was inserted into the mesial opening of the auxiliary
tube on the maxillary first molar, and its vertica leg
was adjusted to rest on the distal aspect of the screw
head. The vertical leg was used as the reference for
measuring miniscrew mobility. The screw head was
connected to an orthodontic tension gauge (Tomy,
Tokyo, Japan) with a ligature wire. The orthodontic
tension gauge was then pulled mesially by applying
400 g of force, and the horizontal distance between the
vertical leg and the screw head was recorded with a
sliding caliper. The scale for horizontal mobility was as
follows: 0: no movement, 1: =0.5 mm, 2; 0.5—1.0 mm,
3. >1.0 mm.

RESULTS

All patients tolerated the miniscrews well through-
out the 9 months of treatment. Error analysis showed
that there was no significant difference between thefirst
and second measurements on the vertical and horizontal
changes of the screw tail, the screw body, and the screw
head (Table I). The random errors of the vertical and
horizontal measurements ranged from 0.0 to 0.3 mm
(TableI). All 32 miniscrews remained stable clinically
(scale: 0) at T1 and T2.

On average, the miniscrews were tipped forward
significantly at the screw head (Table Il). The tipping

Fig 3. Miniscrew is driven into zygomatic buttress by
screwdriver.

and extrusion at the screw tail and the screw body were
not significant. In 9 of thel6 patients, the miniscrews
were not displaced in any direction (0.0 mm) at the
screw head, the screw body, and the screw tail. In the
remaining 7 patients, the miniscrews were displaced
during treatment (Table I11) (Fig 6). At the screw tail,
the miniscrews were extruded and tipped from —1.0
mm backward to 1.0 mm forward. At the screw body,
the miniscrews were extruded and tipped forward from
0.0 to 1.0 mm. At the screw head, the miniscrews were
extruded and tipped forward from 0.5 to 1.5 mm.

DISCUSSION

This study showed that miniscrews are a stable
anchorage for orthodontic tooth movement. The mini-
screws remained stationary under orthodontic loading
in 9 of the 16 patients. Although the screw head was
tipped forward significantly, 0.4 mm on average, the
displacement would be clinically insignificant.

However, the miniscrews were extruded and tipped
forward in the direction of orthodontic loading in 7 of
the 16 patients. The tipping and extrusion ranged from
—1.0 to 1.5 mm, which was much greater than the
random errors in vertical and horizontal measurements
(0.0 to 0.3 mm). Thus, the miniscrews remained clini-
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Fig 4. Appliances for en masse anterior retraction. A, During en masse anterior retraction. B, At end

of en masse anterior retraction.

Fig 5. Cephalometric landmarks of screw head, screw
body, and screw tail.

Table I. Analysis of method errors

Difference between first and second measurements (mm)

Mean D t value Random error

Screw tail

Horizontal 0.0 0.0 0.0

Vertica 0.1 0.4 1.0 (ns) 0.3
Screw body

Horizontal 0.0 0.2 0.5 (ns) 0.1

Vertica 0.1 0.2 1.5 (ns) 0.1
Screw head

Horizontal 0.0 0.2 0.8 (ns) 0.1

Vertica 0.1 0.2 1.0 (ns) 0.1

D, standard deviation; ns, nonsignificant, paired t test, P < .1.
Random error®; \/(SD)?/2.

cally stable but not absolutely stationary under ortho-
dontic loading. The miniscrews were not an absolute
anchorage, like an endosseous implant. The displace-
ment could be attributed to several factors, such as
fixture size, orthodontic force magnitude, depth of the
miniscrew inside the implant site, bone quality and

T
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Fig 6. Displacement of miniscrew of patient 5 at T1-
T2.

Table Il. Average movement (mm) of miniscrews at
T1-T2

Paired t
T1-T2 (mean = D) test

Screw tail

Horizontal -0.1+05 ns

Vertical 02*04 ns
Screw body

Horizontal 01+0.3 ns

Vertical 02=+03 ns
Screw head

Horizontal 04+ 05 *

Vertical 01=+02 ns

Positive value: forward or downward movement; negative value:
backward or upward movement.
*P < .05.

quantity at the implant site, and waiting period. Among
these factors, the waiting period might play a determin-
ing role in displacement.

For the endosseous implants or palatal onplants, a
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Table IIl. List of 7 patients whose miniscrews moved
at T1-T2 (mm)

Screw tail Screw body Screw head
(horizontal, (horizontal, (horizontal,
Patient no. vertical) vertical) vertical)
1 (0.0,0.5) (0.5,0.0) (0.5,0.0)
2 (—0.5, 0.0) (0.0,0.0) (0.5,0.0)
3 (—0.5,0.0 (0.0,0.0) (0.5,0.0)
4 (—=0.5,05) (0.0,0.5) (0.5,0.5)
5 (1.0, 1.0) (1.0,1.0) (1.5,0.5)
6 (0.0, 1.0) (0.5,0.5) (2.0, 0.0
7 (-1.0,05) (0.0,05) (1.0,0.5)

Positive value: forward or downward movement; negative value:
backward or upward movement.

waiting period of 2 to 6 months>>2"3! is necessary for
complete peri-implant osseointegration so that the en-
dosseous implant or palatal onplant can remain station-
ary throughout force application.’®*® Nevertheless, an
osseointegrated endosseous implant at a site of very
low bone quality might be subject to movement during
the first few days of loading and then settle into a fixed
position after a few weeks.® This is because of the
microfracture or microcrack of the peri-implant micro-
calli and strong bone remodeling and resorption on the
tension and compression sides.® This could possibly
explain the miniscrew displacement in this study if the
miniscrews were 0sseointegrated.

Conversely, it has been suggested that a waiting
period is not necessary for miniscrews because their
primary stability (mechanical retention) is sufficient to
sustain normal orthodontic loading, and this would not
compromise the clinica stability of the mini-
screws. 11920 The waiting period was 2 weeks in this
study. Apparently, 2 weeks was long enough for soft
tissue healing but not long enough for osseointegration.
It has been shown histologicaly that, when the load
was placed prematurely, alayer of fibrous tissue would
interpose at the bone-implant contacts.® Although
there was no histologic evidence in this study, we
hypothesize that the miniscrews were not osseointe-
grated and that a layer of fibrous tissue was interposed
between the miniscrews and the surrounding bone. This
layer of fibrous tissue allowed the miniscrew to be
extruded and tipped in the direction of orthodontic
loading, just like a tooth against the periodontal liga-
ment. The fibrous tissue was compressed, and then the
threads of the miniscrew mechanically locked into the
surrounding bone. This hypothesis explains why some
miniscrews in this study were displaced and still had no
mobility clinically.

Another explanation is that the interposed soft
tissue was a layer of inflammatory infiltrate caused by
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bone overheating during drilling; this has been corre-
lated with complete loosening and failure of an endos-
seous implant.>**® However, no miniscrews in this
study loosened or failed during the treatment. Further
studies are needed to determine the exact tissue reaction
at the peri-miniscrew contact surface.

The fixture size of the miniscrews in this study was
2.0 mm in diameter, and the orthodontic force magni-
tude was 400 g; these were larger and greater than those
used in other clinical reports and studies on mini-
screws. 1> However, a larger implant fixture and a
smaller orthodontic force does not guarantee the reten-
tion of an endosseous implant inside the implant site. It
was reported in an experimental study in rabbits that 1
of 16 endosseous implants (4.0 mm in diameter) was
displaced 0.5 mm under 150 g of orthodontic force over
8 weeks when the implants were loaded prematurely 2
weeks after the insertion.®® Again, the premature load
or length of the waiting period seemsto be more critical
to displacement.

The question to be answered is this. does it realy
matter whether miniscrews move when loaded? Mini-
screws are used as temporary fixtures for orthodontic
tooth movement and will be removed at the end of
treatment. It seems that miniscrews, as temporary
fixtures, do not have to remain absolutely stationary
under orthodontic loading, as long as the treatment
effects are achieved. Nevertheless, the displacement of
miniscrews would be a serious matter when the dis-
placement harms adjacent vital organs, such as dental
roots, nerves, and blood vessels. This is a very impor-
tant, yet overlooked, possibility. Therefore, miniscrews
should not be placed at a site adjacent to any vita
organ. A suitable implant site for miniscrews could be
in a non-tooth-bearing area that has no foramen or
pathway for any major nerves and blood vessels. When
miniscrews are placed in a tooth-bearing area, a clear-
ance of 2.0 mm between the miniscrew and the dental
root is recommended for safety, based on the finding of
this study that displacement was —1.0 mm to 1.5 mm.

CONCLUSIONS

Miniscrews are a stable anchorage for orthodontic
tooth movement but do not remain absolutely station-
ary like an endosseous implant throughout orthodontic
loading. They might move according to the orthodontic
loading in some patients. To prevent hitting any vital
organs because of miniscrew displacement, it is recom-
mended that miniscrews be placed in a non-tooth-
bearing area that has no foramen, major nerves, or
blood vessd pathways, or in a tooth-bearing area
alowing a 2-mm safety clearance between the mini-
screw and dental root.



American Journal of Orthodontics and Dentofacial Orthopedics
Volume 126, Number 1

REFERENCES

1

10.

11.

12.

13.

14.

15.

16.

17.

Favero L, Brollo P, Bressan E. Orthodontic anchorage with
specific fixtures: related study analysis. Am J Orthod Dentofacial
Orthop 2002;122:84-94.

. Roberts WE, Marshal KJ, Mozsary PG. Rigid endosseous

implant utilized as anchorage to protract molars and close an
atrophic extraction site. Angle Orthod 1990;60:135-52.

. Roberts WE, Nelson CL, Goodacre CJ. Rigid implant anchorage

to close a mandibular first molar extraction site. J Clin Orthod
1994;28:693-704.

. Chen J, Chen K, Garetto LP, Roberts WE. Mechanica response

to functional and therapeutic loading of a retromolar endosseous
implant used for orthodontic anchorage to mesialy translate
mandibular molars. Implant Dent 1995;4:246-58.

. Liebenger WH. The use of endosseous implant for anchorage

during the orthodontic tooth movement of a molar using an
uprighting abutment. J Dent Assoc S Afr 1996;51:125-9.

. Block MS, Hoffman DR. A new device for absolute anchorage

for orthodontics. Am J Orthod Dentofacial Orthop 1995;107:
251-8.

. Wehrbein H. Feifel H. Diedrich P. Palatal implant anchorage

reinforcement of posterior teeth: a prospective study. Am J
Orthod Dentofacial Orthop 1999;116:678-86.

. Byloff FK, Karcher H, Clar E, Stoff F. An implant to eliminate

anchorage loss during molar distalization: a case report involving
the Graz implant-supported pendulum. Int J Adult Orthod Orthog
Surg 2000;15:129-37.

. Umemori M, Sugawara J, Mitani H, Nagasaka H, Kawamura H.

Skeletal anchorage system for open-bite correction. Am J Orthod
Dentofacial Orthop 1999;115:166-74.

Clerck H, Geerinckx V, Siciliano S. The zygoma anchorage
system. J Clin Orthod 2002;36:455-9.

Costa A, Raffainl M, Melsen B. Miniscrews as orthodontic
anchorage: a preliminary report. Int Adult Orthod Orthog Surg
1998;13:201-9.

Kanomi R. Mini-implant for orthodontic anchorage. J Clin
Orthod 1997;31:763-7.

Park HS, Bae SM, Kyung HM. Micro-implant anchorage for
treatment of skeletal Class | bialveolar protrusion. J Clin Orthod
2001;35:417-22.

Lee JS, Park HS, Kyung HM. Micro-implant for lingual treat-
ment of askeletal Class || malocclusion. J Clin Orthod 2001;35:
643-7.

Lin JC, Liou EJ, Liaw JL. The survey and evaluation for the
implant-assisted orthodontics. J Taiwan Orthod Assoc 2001;13:
14-21.

Chen J, Esterle M, Roberts WE. Mechanical response to func-
tional loading around the threads of retromolar endosseous
implants utilized for orthodontic anchorage: coordinated histo-
morphometric and finite element analysis. Int J Oral Maxillofac
Implant 1999;14:282-9.

Saito S, Sugimoto N, Morohashi T, Ozeki M, Kurabayashi H,
Shimizu H, et al. Endosseous titanium implants as anchors for

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

35.

Liou, Pai, and Lin 47

mesiodistal tooth movement in the beagle dog. Am J Orthod
Dentofacial Orthop 2000;118:601-7.

Pauw GAM, Dermaut LR, Johansson CB, Martens G. A histo-
logical analysis of heavily loaded and non-loaded implants. Int
J Oral Maxillofac Implant 2002;17:405-12.

Melsen B, Verna C. A rational approach to orthodontic anchor-
age. Prog Orthod 1999;1:10-22.

Costa A, Dalstra M, Melsen B. L’Aarthus anchorage system.
Ortognatodonzia Italiana 2000;9:487-96.

Bjork A, Skieller V. Postnatal growth and development of the
maxillary complex. In: McNamara JA Jr, editor. Factors affect-
ing the growth of the midface. Monograph 6. Ann Arbor:
University of Michigan; 1976. 61-99.

Bjork A, Skidller V. Growth of the maxillain three dimensions
as revealed radiographically by the implant method. Br J Orthod
1977;4:53-64.

Nielsen |I. Maxillary superimposition: a comparison of three
methods for cephalometric evaluation of growth and treatment
change. Am J Orthod Dentofacial Orthop 1989;95:422-31.

Liou EJ, Huang CS, Chen YR, Figueroa AA. Vdlidity of using
fixation screws/wires as aternative landmarks for cephalometric
evaluation after LeFort | osteotomy. Am J Orthod Dentofacial
Orthop 1998;113:287-92.

Houston WJ. The analysis of errors in orthodontic measure-
ments. Am J Orthod 1983;83:382-90.

Fleszer TJ, Knowles JW, Morrison EC, Burgett FG, Nissle RR,
Ramjord SP. Tooth mobility and periodontal therapy. J Clin
Periodontol 1980;7:495-505.

Roberts WE, Arbuckle GR, Anaoui M. Rate of mesia tranda
tion of mandibular molars using implant-anchored mechanics.
Angle Orthod 1996;66:331-8.

Odman J, Lekholm U, Jemt T, Thilander B. Osseointegrate
implants as orthodontic anchorage in the treatment of partially
edentulous adult patients. Eur J Orthod 1994;16:187-201.
Roberts WE. Bone tissue interface. J Dent Educ 1988;52:804-9.
Roberts WE. Adjunctive orthodontic therapy in adults over 50
years of age. Clinical management of compensated, partially
edentulous malocclusion. J Indiana Dent Assoc 1997;76:33-41.
Roberts WE. Bone dynamics of osseointegration, ankylosis, and
tooth movement. J Indiana Dent Assoc 1999;78:24-32.

Trisi P, Rebaudi A. Progressive bone adaptation of titanium
implants during and after orthodontic load in humans. Int J
Periodontics Restorative Dent 2002;22:31-43.

Majzoub Z, Finotti M, Miotti F, Giardino R, Aldini NN, Cordioli
G. Bone response to orthodontic loading of endosseous implants
in the rabbit calvaria: early continuous distalizing forces. Eur
J Orthod 1999;21:223-30.

. Gristina AG. Implant failure and the immuno-component fibro-

inflammatory zone. Clin Orthop Relat Res 1994;298:106-18.
Piattelli A, Piattelli M, Mangano C, Scarano A. A histologic
evaluation of eight cases of failed denta implants: is bone
overheating the most probable cause? Biomaterials 1998;19:683-
90.



	Do miniscrews remain stationary under orthodontic forces?
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


