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Mechanical stability and clinical applicability assessment of novel
orthodontic mini-implant design

Part 3

Ha Na Song**; Christine Hong"*; Robert Banh°; Tania Ohebsion®; Greg Asatrian°; Ho-Yin Leung®;

Benjamin M. Wue¢; Won Moon®

ABSTRACT

Objective: To compare the stability and clinical applicability of a novel orthodontic mini-implant
design (N2) with the most widely used commercially available (CA) design.

Materials and Methods: Two groups of mini-implants were tested: a CA design (1.5-mm diameter,
6-mm length) and N2 (3-mm diameter, 2-mm length, tapered shape). Implants were inserted in
bone blocks of cortical bone simulation with varying densities (20 pounds per cubic foot [pcf],
30 pcf, and 40 pcf). A torque test was used to measure maximum insertion torque (MIT) and
maximum removal torque (MRT). Compression and tension force vectors were applied at angles of
10°, 20°, 30°, and 40° using customized load pins to determine primary stability.

Results: Mean MIT and MRT were higher in the N2 than the CA design at all three cortical bone
densities except MRT in 20 pcf bone (not statistically significant). The mean compression force
required to displace the N2 at all distances and angulations was greater for the N2 than the CA
design. At all displacement distances, the highest mean tension force required for N2 displacement
was at 10° angulation, whereas at 30° and 40°, the mean tension force required to displace the CA
design was greater.

Conclusions: The primary stability of the N2 is superior to that of the CA design and is promising
for both orthodontic and orthopedic clinical applicability, especially under compression force. The
short length of the N2 reduces risk of damage to anatomic structures and root proximity during
placement and orthodontic treatment. The stability of the N2 may be compromised in areas of high

bone density and highly angulated tension force. (Angle Orthod. 2013;83:832—-841.)
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INTRODUCTION

Orthodontic mini-implants have grown in popularity
over the past decade as an important tool in
establishing absolute anchorage, achieving mechani-
cal stability, and decreasing reliance on patient
compliance.® Improvements in mini-implant design
have focused on maximizing orthodontic anchorage
while reducing unwanted tooth movements. As a result
of efficient mechanics, mini-implants have been
successfully used in treating complex cases that would
not have been treatable with conventional orthodontics
alone.®®

Currently, the scope of mini-implants has expanded
to encompass both orthodontic and orthopedic move-
ments.” For orthodontic tooth movements, a light force
of 20-200g is ideal for various clinical treatments,
including retraction, molar intrusion, extrusion, and open-
bite correction.®'* In contrast, dentofacial orthopedic
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Figure 1. Characteristics of two mini-implant designs.

movements normally use forces greater than 500g for
maxillary and mandibular growth modification in efforts to
correct skeletal discrepancies.”™ Traditional orthopedic
treatments include palatal expansion devices and
extraoral appliances, such as headgears and face
masks.™ "> Recently, mini-implants have been applied
with palatal expanders to achieve greater sutural
expansion.®'® With the broadened application of the
mini-implants used in orthodontics, there is a need to
examine the stability of these implants under various
clinical conditions.

In Part 1 of this study, the N1 design was invented to
address the issues of mini-implant stability and
damage to nearby biological structures during implant
insertion. Although the N1 design was found to
enhance implant stability, it also produced high
insertion torque that compromised the surrounding
bone." In Part 2 of this study, the novel implant design
N2 was introduced with revisions of reduced length,
tapered shape, and tapered hollow interior (Figure 1).
Results showed that the N2 design mitigated insertion
torque problems, microdamage to surrounding bone,
and risk of damage to anatomic structures.'® Torque
and lateral displacement tests indicated the superior
stability of the N2 compared with the commercially
available (CA) design.

Part 3 of this study introduces angulated compres-
sion and tension tests to simulate forces applied to
the N2 under diverse clinical conditions. This study

introduces lateral displacement tests with the applica-
tion of angulated compression (pushing the implant into
the bone) or angulated tension (pulling the implant out
of the bone) forces on the implant neck. Compression
and tension forces depend on the direction of the forces
and the anatomic bony structures surrounding the mini-
implant. Moreover, recent studies have demonstrated
that cortical bone density is related to the success of
mini-implants.' Insertion torque has been shown to
vary among different designs of mini-implants in varying
bone densities.?° Because bone differs in density in the
maxilla and mandible,?' torque tests were performed on
varying cortical bone densities.

The aim of this study is to compare the stability and
clinical applicability of the N2 with the CA design.
Because bone densities as well as angulated tension
and compression forces are variables in clinical
applications, torque and angulated lateral displace-
ment tests were used to assess and compare the
stability of the CA design and the N2.

MATERIALS AND METHODS

According to the shape and thread design, Ti-6Al-4V
alloy mini-implants (Biomaterials Korea, Seoul,
Korea)'® were divided into two groups: (1) a CA design
with a 1.5-mm diameter and 6-mm length and (2) the
N2 with a 3-mm diameter, 2-mm length, tapered
shape, and single threading.

Table 1. Properties of Biosynthetic Material Simulating Cortical and Trabecular Bone*

Density Compressive Tensile Shear Cell Size
Material pcf glcc S (MPa) M (Mpa) S (Mpa) M (Mpa) S (Mpa) M (Mpa) (mm)
SRPF 20 0.3 8.4 210 5.6 284 4.3 49
30 0.5 18 445 12 592 7.6 87
40 0.6 31 759 19 1000 11 130 -
CRPF 10 0.2 2.3 23 - - - - 0.5-2.0

2 SRPF indicates solid rigid polyurethane foam; CRPF, cellular rigid polyurethane foam; S, strength; M, modulus; pcf, pounds per cubic foot.
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Figure 2. Lateral displacement force application. (A) Compression
force. (B) Tension force.

For each test, mini-implants of each design were
inserted by one technician into biosynthetic bone
(Sawbones, Vashon, Wash). The bone block was
composed of two layers: 2-mm thick cortical bone
simulation of varying densities (20 pounds per cubic foot
[pcfl, 30 pcf, and 40 pcf)*®> and 20-mm thick, 10-pcf
trabecular bone (Table 1). A 1-mm thick acrylic sheet
was used to simulate soft tissue thickness. All mini-
implants were inserted perpendicular to the bone
surface. The CA design was inserted until its neck
made contact with the acrylic sheet. On the other hand,
as the N2 is designed to be placed directly on the
alveolar bone after removing overlying soft tissue
via tissue punch, the acrylic sheet was not used for
the N2.

Torque Test

As in Hong et al.,"® mini-implants (n = 20) of each
design were inserted and removed using a surgical
engine and contra-angle hand piece (Elcomed-
SA200C, W&H, Burmoos, Austria) for each cortical
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bone density (20 pcf, 30 pcf, and 40 pcf). The
maximum insertion torque (MIT) and maximum re-
moval torque (MRT) were measured for each insertion
and removal. The unit was calibrated each time and
rotation speed was set at 30 rpm.

Angulated Lateral Displacement Test

For each design, 15 new mini-implants were
inserted for each angle and for both compression
and tension forces (Figure 2). As in Part 2,'® after the
120 mini-implants were properly inserted using a
manual driver, mechanical testing was performed
using the compression mode of Instron 5560 (Instron
Corporation, Norwood, Mass). With a 1 kN load cell,
applied force value and lateral displacement data were
computed using Bluehill 2, version 2.2, integrated
software (Instron Corporation). The biosynthetic bone
with mini-implants inserted was secured with the vise
and positioned to allow the indenter to deliver a force
perpendicular to the neck of the mini-implants. The
compression and tension force vectors were applied at
the four varying angles of 10°, 20°, 30°, and 40° using
customized loading pins. The software recorded the
force as implants were displaced from their original
position at 0.01 mm, 0.02 mm, and 0.03 mm by the
indenter.

Statistical Method

Mean MIT and MRT were compared across implant
designs and cortical bone densities using two-way
analysis of variance (ANOVA). Mean force levels for
each lateral displacement distance were compared
across designs and angulations using two-way AN-
OVA. Post hoc tests compared the two implant
designs for statistical significance (« = 0.05). Intra-
class correlation was used to determine intrarater
reliability. Data were analyzed using Statal1 (Stata
Corp LP, College Station, Tex). Means and standard
deviations were reported.

RESULTS
Torque Test

The mean MIT and MRT were higher in the N2
than in the CA design at all three cortical bone
densities with the exception of MRT in 20 pcf bone
density, a result that was not statistically significant
(Table 2). The MRT was lower than the MIT in all
groups. Both the CA design and the N2 displayed
increasing MIT and MRT with increasing cortical
bone density, and the N2 reached a high of
19.56 Ncm MIT in 40 pcf bone density. Although
the N2 displayed a steep rise in MIT in response to
increased cortical bone density, the CA design
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Table 2. Maximum Insertion Torque (MIT, Mean Ncm + SD) and Maximum Removal Torque (MRT, Mean Ncm *+ SD) of each design®

Design
CA N2
Bone Density (pcf) 20 30 40 20 30 40
Measurements Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
MIT 4.16 0.51 6.98 0.87 8.53 0.66 7.15** 030 13.73"*  0.66 19.56™** 1.25
MRT 2.64 0.34 4.07 0.54 5.71 0.38 2.28% 0.25 5.72***  0.66 6.43*** 1.09

2 CA indicates commercially available design; N2, new implant design; pcf, pounds per cubic foot; NS, not significant.
* P < .05; *** P < .001. Statistical comparisons relate the N2 values to the CA design values at the respective angle.

showed a more gradual rise (Figure 3). Both the CA
design and the N2 displayed a gradual increase of
MRT with an increase in cortical bone density. For
both mini-implant designs, 40 pcf cortical bone
required the greatest amount of MIT and MRT.
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Figure 3. Mean measurements of (A) maximum insertion torque and
(B) maximum removal torque.

Lateral Displacement Test

The mean compression force required to displace
the N2 was greater than that required for the CA
design at all distances and at all angulations (Figure 4;
Table 3). As the angulation increased, the force
required to displace the N2 also increased substan-
tially. Figure 4D shows that at 40°, the N2 required a
significantly greater force for displacements of 0.01,
0.02, and 0.03 mm compared to the smaller angles of
10° to 30°. This steady increase in force in response to
increased angulation was not as pronounced for the
CA design, which required similar or decreased force
to displace it at 40°. The force required to displace the
CA design 0.01 and 0.02 mm at 40° was actually
reduced from 30° (Table 3).

At 10°, compared to the CA design, the N2 required
significantly greater mean tension force for 0.01 mm
displacement (Figure 5; Table 4). The N2 required
less mean tension force at 20° than at 10°, but the
difference between the two angles for 0.01 mm was
not statistically significant (Table 4). At angulations
of 30° and 40°, the mean tension force required to
displace the CA design was significantly greater at all
distances. As opposed to the previous trend in
compression force, the tension force needed to
displace the mini-implants remained relatively con-
stant as the angulation increased for both the CA and
N2 groups (Figure 5). As previously seen in com-
pression force, at 40° the force required to displace
the CA design 0.01 and 0.02 mm was reduced from
the force at 30° (Table 4). Conversely, the N2 did not
show a clear pattern in mean tension force decline.
However, at all displacement distances, the mean
tension force required for N2 displacement was
highest at a 10°, contrary to the N2 compression
force requirement, which was highest at 40° for all
displacement distances.

DISCUSSION

The torque analysis data showed enhanced primary
stability of the N2 compared to the CA design. Despite
being shortened to avoid root proximity, MIT and MRT

Angle Orthodontist, Vol 83, No 5, 2013
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Figure 4. Lateral displacement summary for compression force (A) 10°, (B) 20°, (C) 30°, and (D) 40°.

were higher in the N2, supporting previous studies that
primary stability is not significantly affected by implant
length but rather dependent on increased surface area
and mechanical interlocking in cortical bone.2°?®
According to linear regression analysis, a high
correlation (R? = 0.83) exists between bone density
and insertion torque.?* As cortical bone density varies
widely for the mandible and maxilla and for each
individual, it was necessary to determine the most
favorable bone density for N2 stability.

Results from this study suggest that although mini-
implants should be placed in sites with adequate cortical
bone density to achieve primary stability, excessive
insertion torque may lead to decreased secondary
stability, bone microfractures, ischemic bone necrosis,
and eventually mini-implant failure.?® The mean MIT of
the N2 reached as high as 19.3 Ncm in 40 pcf cortical
bone density, exceeding the physiological limit of

Angle Orthodontist, Vol 83, No 5, 2013

14.65 Ncm.?? Evidently, the N2 is not ideal for insertion
into areas of very high bone density.

The N2 required a significantly higher compressive
force than the CA design for all displacement
distances, with increasing compressive force and
increasing angulations for both designs. The N2’s
larger diameter (3.0 mm) and enhanced mechanical
interlocking with the cortical bone improved stability.'®
In addition, the tapering of the N2 provided better
control during insertion by reducing the wiggle effect,
one of the factors associated with mini-implant
failure.?® As the angle of compression force increased,
the force vector directed on the N2 displaced the mini-
implant into the bone, providing it with more underlying
bone support against further compressive force. This
increased supportive bone mass necessitates more
compressive force to displace the N2 (Figure 4;
Table 3).
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Table 3. Force Levels (Mean g = SD) at 0.01, 0.02, and 0.03 mm Lateral Displacement of Each Design

Force Vectors®
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on Angulated Compression

Angulated Coi

mpressive Force Vectors

10° 20°
CA N2 CA N2
Distance (mm)? Mean SD Mean SD Mean SD Mean SD
0.01 161.28 24.46 225.74** 19.11 208.59 52.22 305.33** 50.14
0.02 313.43 47.37 438.44*** 45.40 413.08 52.22 596.48*** 86.13
0.03 475.57 94.65 654.85*** 77.01 614.02 88.65 898.05** 91.48

2 CA indicates commercially available design; N2, revised new implant design; NS, not significant.

* P < .05; *** P < .001. Statistical comparisons relate the N2 values to

As the N2 displayed sufficient stability to withstand
compressive force as high as 1619g for 0.03 mm
displacement at 40° (Table 3), it has the potential to be
applied clinically for the purpose of achieving both
orthodontic and orthopedic correction. In growing
patients, the growth modification of facial structures
with orthopedic devices is necessary to achieve
skeletally balanced treatment results and to possibly
avoid orthognathic surgery.?” However, conventional
orthopedic devices can produce unwanted tooth
movements, induce excessive stress on supporting
structures, and generate issues with patient compli-
ance.?®?® Mini-implants, with enhanced stability to
withstand the forces required for orthopedic move-
ments, have the potential to accomplish skeletal
correction by applying forces directly onto skeletal
structures without undesirable dental movements.?*° [f
the N2 can be further modified to contain an orthopedic
spring or integrated within a functional appliance
apparatus for both Class Il and Class Il skeletal
discrepancy, it is possible for the N2 to be used directly
in orthopedic correction.

During the application of tension force at low
angulations of 10°, the N2 displayed superior stability
to the CA design. However, at higher angulations of
20-40°, the force required for N2 displacement was
less than the force required for displacement of the CA
design. Therefore, the tension stability threshold for
the N2 exists between 10° and 20°, as the N2 requires

the CA design values at the respective angle.

significantly less force than the CA design for
displacement at force vectors beyond 20°. A probable
explanation is that tension force, unlike compression
force, pulls the mini-implant away from the bone such
that the decreased length of the N2 compromises the
ability to withstand displacement as the angulation of
the force vector increases. With less supportive bone
mass with the shorter length of the N2, less tension
force is required for lateral displacement (Figure 5;
Table 4).

As such, the N2 can be used clinically with power-
chains, coil springs, and elastics, as it can withstand
light orthodontic tension and compression forces of
150-200g at all angles (Figure 6). In addition, the N2
has the potential for clinical application in conjunction
with orthopedic appliances, such as headgears and
face masks, if proper tubes and hooks are designed.
The N2 may also be beneficial in a low palatal vault but
should be avoided in regions that demand highly
angulated tension forces, such as a high palatal vault,
as the N2 exhibits decreased stability with higher
angled tension forces (Figure 7). Advantages in the
design of the N2 design may be further enhanced if
consideration is given to anatomic structures and
anatomic differences in each individual, as compres-
sion and tension forces can be defined relative to the
location of insertion. For example, the N2 can be
placed behind the external oblique ridge, to be used for
mandibular molar intrusion (Figure 8), or above the

Table 4. Force Levels (Mean g = SD) at 0.01, 0.02, 0.03 mm Lateral Displacement of Each Design on Angulated Tension Force Vectors®

Angulated Tension Force Vectors

10° 20°
CA N2 CA N2
Distance (mm) Mean SD Mean SD Mean SD Mean SD
0.01 123.00 12.06 141.15*** 10.70 125.26 12.51 118.85"° 8.36
0.02 254.93 20.40 260.38"° 15.96 257.93 19.63 221.11*** 20.39
0.03 381.24 31.43 370.55N 27.36 391.41 28.77 324.68*** 27.36

@ CA indicates commercially available design; N2, new implant design; NS, not significant.

* P < .05; *** P < .001. Statistical comparisons relate the N2 values to

the CA design values at the respective angle.

Angle Orthodontist, Vol 83, No 5, 2013
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Table 3. Extended.
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Angulated Compressive Force Vectors

30° 40°
CA N2 CA N2
Mean SD Mean SD Mean SD Mean SD
209.00 30.85 333.90*** 18.99 206.50 28.22 515.22*** 74.27
418.25 67.83 637.94*** 44.27 417.21 47.37 1072.72*** 199.08
616.29 104.37 946.46*** 7517 629.65 87.50 1619.70*** 337.62

maxillary anterior bulge when intrusion of the maxillary
anterior is desired. In such cases, although the
direction of the force may suggest a tension force,
the mini-implant is actually being driven into the bone
mass by a compressive force. In these situations, the
N2 can be beneficial with its superior stability against
angled compressive forces.

Overall, the N2 has enhanced primary stability in
various clinical orthodontic applications compared with
the most widely used CA design. Because of its
significantly short length, the N2 has the potential to be
placed superficial to root surfaces without compromis-
ing nearby anatomic structures and developing tooth
buds. This superficial placement may be particularly
beneficial in en masse retraction as the amount of
movement is not limited by the interradicular space.®
Future clinical trials will be necessary to examine soft
tissue responses and cellular processes surrounding
the N2 while confirming the findings of this mechanical
study.

CONCLUSION

« Both torque and angulated lateral displacement tests
indicate that the N2 has a superior primary stability
compared to the CA design.

« The N2 has promising clinical applicability for both
orthodontic and orthopedic treatments, especially
under compressive forces.

« As the short length of the N2 reduces the risk of
endangering proximal anatomic structures during
placement and orthodontic treatment, the N2 design

Table 4. Extended.

expands the number of clinically available placement
sites and extends its potential usage to the mixed
dentition age group.

« The superior stability of the N2 may be compromised

in areas of high bone density and highly angulated
applications.

« Future studies, including clinical trials, should be

performed to examine soft tissue responses and
cellular processes that surround primary and sec-
ondary stability of the N2 design.
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