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§ ABSTRACT

Techniques to measure miniscrew implant

Private Practice in Orthodontics, Ankara, 'Department of Orthodontics, Erciyes University, College of Dentistry,

The use of miniscrews for anchorage control during orthodontic treatment has the potential to improve the treatment of certain
types of malocclusions. However, miniscrew failures will greatly influence the efficiency and efficacy of treatment. Having
a better understanding of the healing process that occurs around miniscrew implants will provide valuable information that
could enhance the predictability of their use. There are several methods to evaluate the stability. These fall into two main
groups, which are invasive techniques and non-invasive techniques. The non-invasive measurement technique, resonance
frequency analysis, holds great promise for the clinical evaluation of miniscrew implant stability. It may be used to evaluate
the transition from primary to secondary stability, producing a better understanding of the time periods that are high risk for
screw failure. The technique also provides a method to determine the effect that a modification of the placement protocol of
miniscrew implants might have on the transition from primary to secondary stability. On that basis, this review will cover
the methods to evaluate miniscrew implant stability longitudinally, both in vitro and in vivo.
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Miniscrew Implants in Orthodontics

Anchorage, defined as a resistance to unwanted tooth
movement, is a prerequisite for the orthodontic treatment of
dental and skeletal malocclusions.!'' In fact, being able to
achieve adequate anchorage during orthodontic treatment
is an important determinant of the treatment outcome.
Various methods have been introduced to maintain
anchorage. In the past, extraoral headgear, elastics, and
a number of other appliances have been suggested as
effective forms of orthodontic anchorage. However,
the main drawback of these appliances is that they all
rely on patient compliance to be successful. Currently
miniscrew implants are becoming increasingly popular in
orthodonticsP® because they provide absolute and skeletal
anchorage for orthodontic tooth movements.”!
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Definitions

Terms such as mini-implants, miniscrews, microimplants,
and microscrews have been used to describe the devices
for skeletal anchorage. Actually implants and mini-
implants refer to systems, which by definition imply that
osseointegration sets in prior to loading, whereas screws
to self-tapping devices may be used without the condition
of osseointegration.” However, since 2004, it has been
agreed that the word mini-implant should be applied both
to palatal implants, to mini-implants, to miniscrews, and
to microscrews.!

Papadopoulos and Tarawneh? advocate the use of the
term miniscrew implants as more appropriate, which will
be used in this article instead of the terms mini-implants,
microimplants, miniscrews, and microscrews.

Primary and Secondary Stability

There is clinical evidence from dental implantology that it
is an implant’s primary stability, beyond the factors such
as bone quality and oral hygiene, that mainly determines
its survival rate and reliability.l'*'? Implant stability
immediately after insertion is called primary stability. Due
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to osseointegration, an implant gains secondary stability,
which can be determined after the healing phase or at the
end of its use period.

Studies have shown the importance of adequate primary
stability or initial stability for orthodontic loading.!'>¢!
Insufficient primary stability causes deficient healing
and premature loss of the miniscrew implant (failure).!™
Therefore, the primary stability observed during
implantation plays an important role in the success rates of
the miniscrew implants.['%% Stability, an indirect indication
of osseointegration, is a measure of implant’s resistance
to movement."! Quantification of implant stability at
various time points provides significant information about
individual healing times.'"” The available methods for
studying stability can be categorized as invasive, which
interfere with the osseointegration process of the implant,
and non-invasive, which do not.

Invasive Methods

Histologic and histomorphometric technique

The implant’s stability can be estimated indirectly by
examining the bone—implant interface. With a microscope,
the bone—implant interface can be studied, cell proliferation
and local bone morphology can be observed, and the
implant’s capability to resist movement can be estimated.
Histomorphometry is commonly used as a quantitative
method for establishing the percentage of bone to implant
contact from the ground sections of implants.['2% Typical
parameters measured include percentage of bone contact
and the bone area within the threads. In addition, the
number of osteocytes can be counted.

There are several histomorphometric studies of
miniscrew implants. Vannet showed that the amount of
osseointegration, estimated based on bone-to-implant
contact, was independent of loading time and location.!?"
His findings support previous animal studies in evaluating
miniscrew impantsi?22! and dental implants.?*2% Melsen
and Lang showed that there was a significant increase
in bone-to-implant contact and in bone density after
6 months.?? Unlike all other methods, histologic and
histomorphometric evaluations evaluate osseointegration
directly. Thus, they provide the best methods for
establishing secondary stability.

Cutting torque resistance analysis

Cutting torque resistance analysis was originally developed
by Johansson and Strid?>*! and later improved by Friberg
et al.B%3M It is based on the energy (J/mm?) required for
an electric motor to cut off a unit volume of bone during

implant surgery. This energy has been shown to be
significantly correlated with bone density, which has been
suggested as one of the factors that influences implant
stability.1*? Cutting torque resistance analysis can be used
to identify areas of low bone density and to quantify bone
hardness during the low-speed insertion of implants. In
orthodontics, cutting torque has also been used to improve
the clinician’s ability to detect root contact when placing
mini-implants.B¥ The major limitation of cutting torque
resistance analysis is that it does not give any information
on bone quality until the osteotomy site has been prepared.
Furthermore, it does not allow longitudinal changes in
bone quality to be assessed. Its primary use, therefore,
lies in estimating primary stability indirectly, through the
quantification of bone hardness, before placement.

Reverse/removal torque value

The reverse torque test was first proposed by Roberts et al.>4
and developed further by Johansson and Albrektsson.?”
It measures the critical torque threshold when the bone—
implant contact is broken. Removal torque provides
information on the degree of bone-to-implant contact in
a given implant.

Okazaki et al.B® used removal torque to evaluate the
stability of miniscrew implants placed in dog femurs.
They inserted 1.2-mm-diameter miniscrew implants using
1.0 mm and 1.2 mm pilot holes and showed that the
removal torque values, compared to initial insertion torque
measurements, increased for the implants placed in the 1.2
mm pilot holes and decreased in the 1.0 mm pilot holes. As
a result, the removal torque values at 6, 9, and 12 weeks
post-insertion were almost equal for the two pilot holes.

Insertion torque analysis

Insertion torque analysis quantifies the amount of force that
is applied to the implant as it is inserted. Implant placement
insertion torque is initially minimal, and increases rapidly
until the cortical layer is fully engaged. The analysis consists
of finding the maximum insertion torque value when the
screw head contacts the cortical plate. Further insertion of
the screw beyond that point leads to fracture of the implant
or stripping of the surrounding bone; eventually, the screw
spins freely in the hole with its holding strength severely
limited.””! This test has been generally well accepted and
has been used for evaluating various implant designs.B®
Insertion torque has been found to correlate with bone
density, which has in turn been shown to be correlated
to implant stability.®”' In other words, insertion torque
measurements allow assumptions to be made about the
quality of bone that supports the implant. Insertion torque
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has been shown to increase as the thickness of the cortical
bone increases.*%*! In a study by Lim and coworkers,
insertion torque significantly increased with increasing
screw length and diameter.¥ Values of insertion torque less
than 15 N cm have been related to failure of both machined
and sandblasted miniscrew implants.*? Extreme insertion
torque values, either too high or too low, have also been
related to implant failure." However, insertion torque
has been shown to be limited in certain applications. With
self-drilling miniscrews, insertion torque may not reflect
differences in the cortical bone thickness.*® Moreover, it
is impossible to estimate the quality of the bone until you
actually start implant insertion. As such, insertion torque
measurements cannot be used for the selection of implant
sites. Additionaly, insertion torque does not offer the
possibility of sequential measurements without damaging
the bone-to-implant interface; as such it cannot be used to
follow implant healing and osseointegration procedures.

Pullout test

A pullout test is another indirect test of an implant’s
anchorage potential. It usually measures the required
tensional force applied vertically to the surface of bone into
which an implant has been inserted to pull the implant out
of the bone. The force is applied parallel to the long axis
of the implant. Pullout tests have been extensively used for
the evaluation of dental implants.®*? Pullout strength has
typically been used to evaluate the design of implants and
the mechanical interface between bone and implants.#4

In orthodontics, Huja et al.*! showed that pullout
measurements are significantly higher in the posterior
part of the mandible of dog specimens than in the anterior
part. They also found a weak correlation between pullout
and cortical bone thickness. Salmoria et al.® found that
pullout decreases over time, which they related to the
resorption of the cortical plate. Their findings have been
confirmed by others.*”l Because they could not establish
a relationship between insertion torque and cortical
bone thickness, Salmoria et al. concluded that pullout
measurements are more efficient (easier to show difference)
than insertion torque. ! Miniscrew pullout tests have also
been used to evaluate different designs. Carano et al.,*®
who studied three different designs of miniscrews of the
same dimensions, concluded that screws with asymmetric
cut show higher pullout values. Leung et al.*” found that
cylindrical 2.0-mm miniscrews connected with mini-
plates produced significantly higher pullout forces than
miniscrews of lesser diameters. Pullout tests suffer from
the same limitations as those of insertion torque. Since
the procedure is invasive, the implant site is destroyed
after the test has been performed, making it impossible to

use pullout tests to evaluate the implant-bone interface
periodically. Because it cannot be used in normal clinical
situations, this test is limited to laboratory experiments.

Non-invasive Methods

Non-invasive methods to measure implant stability differ
from the invasive methods by virtue of the fact that the use
of these measurements does not disturb the bone—implant
interface. Consequently, they can be used to study the
changes in the stability of individual implants over time.

Radiographic analysis

Radiographic analysis was one of the first methods applied to
evaluate the implants after they had been placed. The density,
and therefore the physical properties of the surrounding
bone, can be indirectly estimated through radiographs. This
method is more commonly used and more efficient with
dental implants, due to their position after placement. Dental
implants are oriented with their long axis parallel to the long
axis of the surrounding teeth, which makes them well suited
for radiographic analysis. Hermann et al.*® described how the
technique of taking successive bitewing radiographs could
be used to evaluate the height of crestal bone around dental
implants. These radiographic techniques may not be useful to
evaluate miniscrew implants. Miniscrews are rarely oriented
in the same direction as dental implants, so bitewings cannot
be used to evaluate the bone level. To evaluate the changes
over time, radiographs must be standardized; otherwise, they
can become distorted and useless.

Finite element analysis

Two- and three-dimensional finite element models provide
a computer-simulated, theoretical analysis, based on
known material properties. Young’s Modulus, the Poisson
ratio, and bone density are typically the properties used.
By altering the boundary conditions, such as the bone
level, finite element modeling can theoretically be used
to calculate the anticipated stresses and strains in various
simulated peri-implant bone levels.'52

Finite element modeling has been used to study the stress
and strain provided by miniscrew implants.?¢>3 Dalstra
and Melsen?®! used the finite element method for stress/
strain analysis of complex bone—implant interactions. Their
study showed that the miniscrew implants” dimensions and
geometry play a significant role in the transfer of load from
the implant to the bone. The diameter and the length of the
implant were especially important.?®! Miyajima et al.”* noted
that the further away from the surface of the bone that the
orthodontic forces are applied, the higher the stress in both
the alveolar bone and the miniscrew. A serious limitation of
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finite element modeling is that it is a theoretical approach,
based on assumptions derived from average bone properties.
It is essentially a static analysis that is difficult to apply in
clinical situations.

Percussion test

A percussion test is one of the simplest methods that
can be used to estimate osseointegration. It is based
upon vibrational acoustic science and impact response
theory. A clinical judgment about osseointegration is
made based on the sound heard upon percussion with a
metallic instrument. A “ringing” sound indicates successful
osseointegration, whereas a “dull” sound indicates no
osseointegration. However, this method heavily relies on
the clinician’s experience level and it is very subjective.
It has not been used experimentally and is difficult to
standardize clinically.

Pulsed oscillation waveform

Pulsed oscillation waveform is based on the frequency
and amplitude of the implant vibration induced by a
small pulsed force.b*>”! Kaneko et al.¥ used a pulsed
oscillation waveform to analyze the mechanical vibrational
characteristics of the bone-to-implant interface using forced
excitation of a steady-state wave. An in vitro study showed
that the sensitivity of the pulsed oscillation waveform test
depended on load directions and positions; sensitivity was
low for the assessment of implant rigidity.>*

Impact hammer method

The impact hammer method is an improved version of
the percussion test. The response detection was enhanced
using various devices. Although it was developed for
measuring natural tooth mobility,® the Periotest method
has been reported to be reliable for evaluating implant
stability .86 Periotest uses an electromagnetically driven
and electronically controlled metallic tapping rod located
in a handpiece. The implant’s response to striking is
measured by a small accelerometer incorporated into the
head of the device. Contact time between the test object
and tapping rod is measured and then converted to the
Periotest value (PTV). There has been great interest using the
Periotest for evaluating miniscrew stability. Orquin et al.[°"
used the Periotest to show that neither the length nor the
diameter of miniscrew influences their primary stability.

Resonance frequency analysis

Resonance frequency analysis (RFA) is a method used
to determine implant stability based on vibrations of the
implant within the bone. According to resonance frequency
theory, any object has a tendency to oscillate at larger

amplitudes for certain frequencies. RFA uses this concept
to excite a dental implant or miniscrew implant by some
mechanical means and then measures the oscillation
pattern of the implant/bone complex in order to determine
the stability of the implant in the bone. The current device
that uses resonance frequency for evaluating the stability
of dental implants is the Osstell Mentor device.[%23 The
results are presented as the implant stability quotient (ISQ).
ISQ is based on the underlying resonance frequency and
ranges from 1 (lowest stability) to 100 (highest stability).
For the measurement of miniscrew implant stability in bone
with RFA, a horizontal force that is perpendicular to the
long axis of the miniscrew implant is used.

The Osstell device has been found to be better than the
Periotest device for measuring dental implant stability in
the clinical® and laboratory environments.l%! Current
FRA systems are battery driven and use third-generation
transducers that are precalibrated by the manufacturer.[

Substantial literature exists that supports this method
for evaluating dental implant stability, but only limited
literature demonstrating its efficacy in measuring miniscrew
implant stability is available. Using a third-generation
Osstell Mentor device, Katsavrias® showed that the device
was reliable when measuring miniscrew implants with
a length of 11 mm and an external diameter of 1.6 mm
placed in synthetic bone. In an in vitro study, Veltri et al.1*”!
showed that resonance frequency could be used for
different types of miniscrew implants.

Conclusions

With their increased popularity, miniscrew implants will
soon be implemented extensively in everyday clinical
practice. Their possible failure will heavily influence the
outcome and efficiency of the treatment. As such, an in
vivo method to evaluate miniscrew implant stability would
hold great clinical implications. By quantifying stability, it
would be possible to follow the changes that occur during
the transition from primary to secondary stability. Changes
in stability due to inflammation of the peri-implant tissues,
overloading, etc. could also be evaluated. Resonance
frequency has been used to quantify implant stability in
dental implants for the last 10 years. There is substantial
support for the method in the literature, especially when
compared to other available methods. RFA also holds
great potential for quantifying the stability of miniscrew
implants. Finally, it should be kept in mind that most of
the literature regarding stability of implants is provided for
dental implants, therefore it should be carefully evaluated
when miniscrew implants are under consideration.

8

Journal of Orthodontic Research | January-April 2013 | Vol 1| Issue 1



Sakin and Aylikci: Techniques to measure miniscrew implant stability

References

L.

Al

10.

11.

12.

13.

14.

16.

17.

18.

Daskalogiannakis ]. Glossary of orthodontic terms. Leipzig:
Quintessence Publishing Co.; 2000.

Turley PK, Kean C, Schur ], Stefanac J, Gray J, Hennes J, et
al. Orthodontic force application to titanium endosseous
implants. Angle Orthod 1988;58:151-62.

Papadopoulos MA. Overview of the intra-maxillary non-
compliance appliances with absolute anchorage. In:
Papadopoulos MA, editor. Orthodontic treatment for the Class
I non-compliant patient: Current principles and techniques.
Edinburgh: Elsevier, Mosby; 2006. p. 341-4.

Harry DR, Sandy J. Orthodontics. Part 9:Anchorage control
and distal movement. Br Dent ] 2004;196:255-63.
Papadopoulos M, Tarawneh F. The use of miniscrew
implants for temporary skeletal anchorage in orthodontics: A
comprehensive review. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2007;103:6-15.

Labanauskaite B, Jankauskas G, Vasiliauskas A, Haffar
N. Implants for orthodontic anchorage. Meta-analysis.
Stomatologija 2005;7:128-32.

Costa A, Raffainl M, Melsen B. Miniscrews as orthodontic
anchorage: A preliminary report. Int ] Adult Orthodon
Orthognath Surg 1998;13:201-209.

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

Carano A, Melsen B. Implants in orthodontics. Prog Orthod
2005;6:62-9.

Friberg B, Sennerby L, Meredith N, Lekholm U. A comparison
between cutting torque and resonance frequency measurements
of maxillary implants. A 20-month clinical study. Int ] Oral
Maxillofac Surg 1999;28:297-303.

Meredith N. Assessment of implant stability as a prognostic
determinant. Int ] Prosthodont 1998;11:491-501.

Ottoni JM, Oliveira ZF, Mansini R, Cabral AM. Correlation
between placement torque and survival of single-tooth
implants. Int ] Oral Maxillofac Implants 2005;20:769-76.
Cheng ], Tseng 1Y, Lee JJ, Kok SH. A prospective study of
the risk factors associated with failure of mini-implants used
for orthodontic anchorage. Int J Oral Maxillofac Implants
2004;19:100-6.

Miyawaki S, Koyama I, Inoue M, Mishima K, Sugahara T,
Takano-Yamamoto T. Factors associated with the stability of
titanium screws placed in the posterior region for orthodontic
anchorage. Am ] Orthod Dentofac Orthop 2003;124:373-8.
Motoyoshi M, Hirabayashi M, Uemura M, Shimizu N.
Recommended placement torque when tightening an orthodontic
mini-implant. Clin Oral Implants Res 2006;17:109-14.
Motoyoshi M, Yoshida T, Ono A, Shimizu N. Effect of cortical
bone thickness and implant placement torque on stability of
orthodontic mini-implants. Int ] Oral Maxillofac Implants
2007;22:779-84.

Atsumi M, Park SH, Wang HL. Methods used to assess implant
stability: Current status. Int ] Oral Maxillofac Implants
2007;22:743-54.

Sennerby L, Thomsen P, Ericson LE. A morphometric and
biomechanic comparison of titanium implants inserted in

rabbit cortical and cancellous bone. Int ] Oral Maxillofac
Implants 1992;7:62-71.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Johansson C, Albrektsson T. Integration of screw implants in
the rabbit: A I-year follow-up of removal torque of titanium
implants. Int ] Oral Maxillofac Implants 1987;2:69-75.
Ericsson I, Johansson CB, Bystedt H, Norton MR. A
histomorphometric evaluation of bone-to-implant Eontact on
machine-prepared roughened titanium and dental implants. A
pilot study in the dog. Clin Oral Implants Res 1994;5:202-6.
Vannet V. Osscointegration of miniscrews: A histomorphometric
evaluation. Eur ] Orthod 2007;29:437-42.

Melsen B, Lang N. Biological reactions of alveolar bone to
orthodontic loading of oral implants. Clin Oral Implants Res
2001;12:144-52.

Zubery Y, Bichacho N, Moses O, Tal H. Immediate
loading of modular transitional implants: A histologic
and histomorphometric study in dogs. Int | Periodontics
Restorative Dent 1999;19:343-53.

Nkenke E, Lehner B, Weinzierl K, Thams U, Neugebauer J,
Steveling H, et al. Bone contact, growth, and density around
immediately loaded implants in the mandible of mini pigs.
Clin Oral Implants Res 2003;14:312-21.

Kang YG, Kim JY, Lee Y], Chung KR, Park YG. Stability of
Mini-Screws mvading the dental roots and their impact on the
paradental tissues in beagles. Angle Orthod 2009;79:248-55.
Dalstra M, Cattaneo P, Melsen B. L.oad Transfer of Miniscrews
for Orthodontic Anchorage. Orthodontics 2004;1:53-62.
Kohn D, Rose C. Primary stability of interference screw
fixation: Influence of screw diameter and nsertion torque.
Am ] Sports Med 1994;22:334-8.

Piattelli A, Trisi B Romasco N, Emanuelli M. Histologic analysis
of a screw implant retrieved from man: Influence of early
loading and primary stability. ] Oral Implantol 1993;19:303-6.
Johansson P, Strid K. Assessment of Bone Quality From
Cutting Resistance During Implant Surgery. Int J Oral
Maxillofac Implants 1994;9:279-9.

Friberg B, Sennerby L, Roos ], Johansson P, Strid CG, Lekholm
U. Evaluation of bone density using cutting resistance
measurements and microradiography. An in vitro study in pig
ribs. Clin Oral Implants Res 1995;6:164-71.

Friberg B, Sennerby L, Meredith N, Lekholm U. A comparison
between cutting torque and resonance frequency measurements
of maxillary implants A 20-month clinical study. Int ] Oral
Maxillofac Surg 1999;28:297-303.

Friberg B, Sennerby L, Grondahl K, Bergstrom C, Back T,
Lekholm U. On Cutting Torque Measurements during
Implant Placement: A 3-Year Clinical Prospective Study. Clin
Implant Dent Relat Res 1999;1:75-83.

Wilmes B, Su'Y, Sadigh L, Drescher D. Pre-drilling force and
mnsertion torques during orthodontic mini-implant nsertion
in relation to root contact. ] Orofac Orthop 2008;69:51-8.
Roberts W, Smith R, Zilberman Y, Mozsary P, Smith R.
Osseous adaptation to continuous loading of rigid endosseous
implants. Am ] Orthod 1984;86:95-111.

Johansson C, Albrektsson T. A removal torque and
histomorphometric study of commercially pure niobium and
titanium implants in rabbit bone. Clin Oral Implants Res
1991;2:24-9.

Okazaki ], Komasa Y, Sakai D, Kamada A, Tkeo T, Toda I, et al.
Atorque removal study on the primary stability of orthodontic

titanium screw mini-implants in the cortical bone of dog
femurs. Int ] Oral Maxillofac Surg 2008;37:647-50.

Journal of Orthodontic Research | January-April 2013 | Vol 1| Issue 1



Sakin and Aylikci: Techniques to measure miniscrew implant stability

37. Cleck TM, Reynolds KJ, Hearn TC. Effect of screw torque 54. Kancko T, Nagai Y, Ogino M, Futami T, Ichimura T.
level on cortical bone pullout strength. ] Orthop Trauma Acoustoelectric technique for assessing the mechanical state
2007;21:117-23. of the dental implant-bone interface. ] Biomed Mater Res

38. Lim S, Cha J, Hwang C. Insertion torque of orthodontic 1986;20:169-76.
miniscrews according to changes in shape, diameter and 55. Kancko T. Pulsed oscillation technique for assessing the
length. Angle Orthod 2008;78:234-40. mechanical state of the dental implant-bone interface.

39. Turkyilmaz I, Tumer C, Ozbek EN, Tozum TFE Relations between Biomaterials 1991;12:555-60.
the bone density values from computerized tomography, and 56. Kancko T. Assessment of the interfacial rigidity of bone
implant stability parameters: A clinical study of 230 regular implants from vibrational signals. ] Mater Sci 1987;22:
platform implants. ] Clin Periodontol 2007;34:716-22. 3495-502.

40. Song YY, Cha JY, Hwang CJ. Mechanical characteristics of ~ 57. Kaneko T. Comparison between acoustic and mechanical
various orthodontic mini-screws in relation to artificial cortical tapping methods for assessing the interfacial states of bone
bone thickness. Angle Orthod 2007;77:979-85. implants. ] Mater Sci 1989;24:2820-4.

41. SongYY, Cha]JY, Hwang CJ. Evaluation of insertion torque and 58. Olive ], Aparicio C. Periotest method as a measure of
Pull-out strength of mini-screws according to different thickness osseointegrated oral implant stability. Int ] Oral Maxillofac
of artificial cortical bone. Korean ] Orthod 2007;37:5-15. Implants 1990;5:390-400.

42. Chaddad K, Ferreira A, Geurs N, Reddy M. Influence of 59. Manz MC, Morris HE, Ochi S. An evaluation of the Periotest
Surface Characteristics on Survival Rates of Mini-Implants. system. Part I: Examiner reliability and repeatability of
Angle Orthod 2007;78:107-13. readings. Imp Dent 1992;1:142-6.

43. Haas R, Haidvogl D, Dortbudak O, Mailath G. Part 1I: 60. Manz MC, Morris HF, Ochi S. An evaluation of the Periotest
Biomechanical findings. Clin Oral Implants Res 2002;13:581-6. system. Part II: Reliability and repeatability of instruments.

44, Pfeiffer M, Gilbertson LG, Goel VK, Griss P, Keller JC, Ryken Dental Implant Clinical Research Group. Imp Dent
TC, et al. Effect of specimen fixation method on pullout tests 1992;1:221-6.
of pedicle screws. Spine ] 1996;21:1037-44. 61. Maria O, Ana M, Andreu P. Primary stability of microscrews

45. Huja SS, Litsky AS, Beck FM, Johnson KA, Larsen PE. Pull- based on their diameter, length, shape and area of insertion. An
out strength ()f m()n()c()rtical SCrews Placed n the maxi]]ge experimenta] study \’\/it]l periotest. Prog OTthOd 2008,982-8
and mandibles of dogs. Am ] Orthod Dentofacial Orthop ~ 62. Garg A. Osstell Mentor: Measuring dental implant stability at
2005;127:307-13. placement, before loading, and after loading. Dent Implantol

46. Salmoria KK, Tanaka OM, Guariza-Filho O, Camargo ES, Update 2007;18:49-53.
de Souza LI, Maruo H. Insertional torque and axial pull-out ~ 63. Sennerby L, Meredith N. Implant stability measurements using
strength of mini-implants in mandibles of dogs. Am ] Orthod resonance frequency analysis: Biological and biomechanical
Dentofacial Orthop 2008;133:790.e15-22 aspects and clinical implications. Periodontology 2000

47. Struckhoff J. Pull-out strength of screws placed in canine jaw 2008;47:51-66.
bones. Am ] Orthod Dentofacial Orthop 2005;127:307-13. 64. Zix], Hug$, Kessler-Liechti G, Mericske-Stern R. Measurement

48. Carano A, Lonardo P. Velo S, Incorvati C. Mechanical of dental implant stability by resonance frequency analysis
properties of three different commercially available miniscrews and damping capacity assessment: Comparison of both
for skeletal anchorage. Prog Orthod 2005;6:82-97. techniques in a clinical trial. Int ] Oral Maxillofac Implants

49. Leung MT, Rabie AB, Wong RW. Stability of connected mini- 2008;23:525-30.
implants and miniplates for skeletal anchorage in orthodontics. 65. Lachmann§, Jager B, Axmann D, Gomez-Roman G, Groten M,
Fur J Orthod 2008;30:438-9. Weber H. Resonance frequency analysis and damping

50. Hermann JS, Schoolfield JD, Nummikoski PV, Buser D, capacity assessment. Part I: An in vitro study on measurement
Schenk RK, Cochran DL. Crestal bone changes around reliability and a method of comparison in the determination
titanium implants: A methodologic study comparing linear of primary dental implant stability. Clin Oral Implants Res
radiographic with histometric measurements. Int J Oral 2006;17:75-9.

Maxillofac Implants 2001;16:475-85. 60. Katsavrias G. Reliabilty and validity of measuring implant

51. Simmons C, Meguid S, Pilliar R. Mechanical regulation of stability with resonance frequency analysis. unpublished thesis.
localized and appositional bone formation around bone- United status: Saint Louis University, MO; 2009.
interfacing irn[)lants‘ ] Biomed Mater Res 200175563-7] 67. Veltri M, Balleri B, Goraccl C, Giorgetti R, Balleri P, Ferrari

52. Van Oosterwyck H, Duyck J, Vander Sloten J, Van der Perre G, M. Soft bone primary stability of 3 different miniscrews for
Naert I. Peri-implant bone tissue strains in cases of dehiscence: orthodontic anchorage:.A resonance frequency investigation.
Afinite element study. Clin Oral Implants Res 2002;13:327-33. Am J Orthod Dentofacial Orthop 2009;135:642-8.

53. Miyajima SS, Sana M, Sakai M. Three-dimensional finite
element models and animal studies of the use of mini- TR : o :

. .. How to cite this article: Sakin C, Aylikci O. Techniques to measure
screws for orthodontic anchorage. Implants, Mlcr01mplallfs, miniscrew implant stability. J Orthod Res 2013:1:5-10.
Onplants, and Transplants:New Answers to Old Questions in _ _
Orthodontics. United States: University of Michigan; 2005. Sl TR O SFRONE L EOTiEE B Iz EEE D
10 Journal of Orthodontic Research | January-April 2013 | Vol 1 | Issue 1



