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Mechanical stability assessment of novel orthodontic

mini-implant designs: Part 2

Christine Honga; Peter Truongb; Ha Na Songa; Benjamin M. Wuc; Won Moona

ABSTRACT
Objective: To assess the mechanical stability of a newly revised orthodontic mini-implant design
(N2) compared with a design introduced in Part 1 of the study (N1) and the most widely-used
commercially-available design (CA). To evaluate the mean buccal bone thickness of maxillary and
mandibular posterior teeth using cone-beam computed tomography (CBCT).
Materials and Methods: From the CBCT scans of 20 patients, six tomographic cross-sections
were generated for each tooth. Buccal bone thickness was measured from the most convex point
on the bone to the root surface. CA (1.5 mm in diameter and 6 mm in length), N1, and N2 (shorter
and narrower than N1) were inserted in simulated bone with cortical and trabecular bone layers.
Mechanical stability was compared in vitro through torque and lateral displacement tests.
Results: The bone thickness ranged from 2.26 to 3.88 mm. Maximum insertion torque was
decreased significantly in N2 compared to N1. However, force levels for all displacement distances
and torque ratio were the highest in N2, followed by N1 and CA (a 5 .05).
Conclusions: Both torque and lateral displacement tests highlighted the enhanced stability of N2
compared with CA. Design revisions to N1 effectively mitigated N1’s high insertion torque and thus
potentially reduced microdamage to the surrounding bone. The N2 design is promising as
evidenced by enhanced stability and high mechanical efficiency. Moreover, N2 is not limited to
placement in interradicular spaces and has the capacity to be placed in the buccal bone superficial
to the root surface with diminished risk of endangering nearby anatomic structures during
placement and treatment. (Angle Orthod. 2011;81:1001–1009.)
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INTRODUCTION

Orthodontic anchorage is defined as the resistance
to unwanted tooth movement, and the control of
anchorage is essential for successful orthodontic
treatment outcomes. Mini-implants have grown in
popularity as an important tool to facilitate maximum
anchorage without the use of extra-oral appliances.1–4

As a result, patient compliance has become less
crucial in treatment predictability. If placed properly,
mini-implants can provide the patient with a more
esthetic, convenient, and comfortable experience.
Mini-implants have opened a new realm of orthodon-
tics with treatment outcomes that were not previously
possible with orthodontics alone.5

While the efficacy of mini-implants in orthodontics is
no longer in question, prior studies have evaluated risk
and stability factors with the goal of reducing the failure
rates of orthodontic implants.6,7 Possible complications
identified include root, nerve, blood vessel, and sinus
damage during placement, implant fracture during
removal, soft tissue inflammation, and infection.8

Different placement sites have been explored and
interradicular sites are most commonly utilized.9 Ideal
interradicular sites have been restricted to the buccal
space mesial and distal to first molars10,11 because it is
often challenging to find adequate interdental spac-
ing.12 In addition, interradicularly placed mini-implants’
proximity or contact with roots is possible during
placement and tooth movements, and can contribute
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to implant loosening.7,13,14 Other non–tooth-bearing
placement sites such as zygomatic buttress and
retromolar pads often require additional surgical
procedures2,15,16 and experience more frequent soft-
tissue inflammation and clinical difficulty.17

In Part 1 of this study, a new mini-implant (N1) was
introduced.18 N1 is significantly shorter than commer-
cial designs to engage mostly in cortical bone as the
quality and thickness of cortical bone is known to play
a crucial role in its stability.19,20 Part 1 reported N1’s
improved stability compared with commercially-avail-
able designs and potential clinical strengths from short
length to avoid biologic damages.18 However, it was
concluded that N1’s high insertion torque can intro-
duce clinical difficulty and compromised stability from
damage to surrounding bone,5,21 requiring further
design improvements.

To maximize the possibility of utilizing mini-implants
conveniently without the limitations of interradicular
space and with decreased risk of root proximity, it
would be beneficial to place the implant in the bone

superficial to the root. A pilot study using cone-beam
computed tomography (CBCT) was performed to
evaluate the average buccal bone thickness of
maxillary and mandibular posterior teeth where mini-
implants are most frequently placed. This information
was used to determine the appropriate length of the
revised design (N2). Compared with N1, N2 has
reduced length and diameter to decrease insertion
torque, a tapered shape to enhance stability, and a
tapered hollow interior to facilitate insertion with
decreased friction (Figure 1).

The aim of this study was to assess the stability of
the improved design (N2) compared with N1 and the
most widely used commercially-available design (CA)
using torque and lateral displacement tests.

MATERIALS AND METHODS

Buccal Bone Measurement: Pilot Study

Twenty subjects (mean age: 27.4 6 7.4 years; range
18–43 years; 11 female and 9 male) with CBCT for

Figure 1. N1 and N2 dimension comparisons.

Figure 2. Three-dimensional orientations. (a) Frontal view. (b) Right lateral view. (c) Submentovertex view.

1002 HONG, TRUONG, SONG, WU, MOON

Angle Orthodontist, Vol 81, No 6, 2011



initial orthodontic diagnostic records at the University
of California, Los Angeles (UCLA) Section of Ortho-
dontics were randomly selected for evaluation of
buccal bone thickness for maxillary and mandibular
premolars and molars. Exclusion criteria included
patients with craniofacial and bone anomaly and teeth
with excessive buccal or lingual root torque. According
to the UCLA Office for Human Research Protection,
this study was exempt from review by the institutional
review board.

CBCT scans were captured using NewTom 3G
(AFP Imaging, Elmsford, NY). Scans were performed
using 12-inch field-of-view, 12-bit gray scale, and a
0.4-mm isotropic voxel. The scans were uploaded into
Dolphin 3D software. Three-dimensional orientation of
the skull was achieved in three views using a line
drawn between Z points (Figure 2a), Frankfort hori-
zontal plane (Figure 2b), and a line connecting the
medial terminations of zygomaticotemporal sutures
(Figure 2c). For each tooth, both right and left sides
were measured and six tomographic cross-sections
were resliced from mesial to distal. The distance
between the most convex point of the buccal bone to
the root surface was measured at the level of the
furcation for molars and at the level where the root can
be visualized in its entirety for premolars (Figure 3).
The measurements were made by one operator
separated by 2 weeks.

Mechanical Testing

Ti-6Al-4V (ASTM F138) alloy mini-implants (Table 1)
were divided into three groups: commercially-available
(CA) design with 1.5 mm diameter and 6 mm length; the
initial design (N1) with cylindrical shape, single-threading,
shorter and wider dimensions; and the revised design

(N2) with tapered shape, single-threading, and a de-
creased length and width from N1 (Figure 4).

For each test, 20 mini-implants of each design were
inserted by one technician into biosynthetic bone
(Sawbones, Vashon, Wash) composed of two layers:
2 mm-thick 30 pcf cortical bone and 10 pcf trabecular
bone (Table 2). A 1-mm thick acrylic sheet was used to
simulate soft tissue thickness. All mini-implants were
inserted perpendicular to the bone surface until their
necks contacted the soft tissue simulation.20

Torque Test

As in Part 1,18 each design of mini-implants (n 5 20)
was inserted and removed using a surgical engine and
contra-angle handpiece (ElcomedSA200C, W&H,
Burmoos, Austria). The unit was calibrated at each
time, and rotation speed was set for 30 rpm. Maximum
insertion torque (MIT) and maximum removal torque
(MRT) were measured. Torque ratio (TR) of MRT to
MIT was calculated: TR 5 MRT/MIT.

Lateral Displacement Test

Lateral displacement test was performed as de-
scribed in Part 1.20 After a new set of mini-implants was
inserted using a manual driver, mechanical testing was
performed using the compression mode of Instron
5560 (Instron Corporation, Norwood, Mass). The
software was programmed to record the perpendicular
force as implants were displaced at 0.01 mm, 0.02 mm,
and 0.03 mm, respectively, from their original position.

Statistical Method

Mean MIT, MRT, and force levels for each lateral
displacement distance were compared across designs

Figure 3. Measurement of buccal bone thickness using cross-sectional views of CBCT three-dimensional images.

Table 1. Chemical Composition and Mechanical Properties of Micro-implants

Alloy

Chemical Composition, % Mechanical Propertiesa

N C H Fe O Al V Ti TS, MPa YM, GPa YS, MPa

ASTM F138 0.05 0.08 0.01 0.25 0.13 5.5–6.5 3.5–4.5 Balance 860–896 110 795–827

a TS indicates tensile strength; TM, Young’s modulus; YS, yield strength.

STABILITY ASSESSMENT OF NEW DESIGNS 1003

Angle Orthodontist, Vol 81, No 6, 2011



using one-way analysis of variance (ANOVA). Intra-
class correlation was used to determine intrarater
reliability. Statistical significance was defined as P ,

.05. Means and standard deviations were reported.

RESULTS

Buccal Bone Measurement: Pilot Study

Intrarater reliability was high (r 5 0.95), and the
measurements proved to be reproducible. Mean values
of buccal bone thickness are presented in Table 3 and
Figure 5. The bone thickness ranged from 2.26 to
3.88 mm, and the thickest buccal bone was present in
mandibular second molars and the least in the mandib-
ular first premolars. The average buccal bone thickness
of maxillary and mandibular posteriors was 2.71 mm.

Torque Test

Both mean MIT and MRT were highest in N1,
followed by N2 and CA (Table 4, Figure 6a). MRT was
lower than MIT in all groups. The means of both MIT
and MRT in all groups were statistically different at
P , .0001 (Table 4). N2 showed higher MIT and MRT
than the CA mini-implants. N2 with decreased length
and diameter resulted in reductions in both MIT and
MRT compared to N1. Torque ratio of N2 was the
highest followed by N1 and CA (Figure 6b), and the

means of TR in all groups were statistically different at
P , .05 (Table 4). TR of N2 was high because MIT
was decreased significantly from N1 by 7.63 Ncm, but
MRT was decreased relatively less by 2.0 Ncm.

Lateral Displacement Test

Unlike the torque tests, mean force required for all
three distances was greatest in N2, followed by N1 and
CA (Figure 7a, Table 5). The means in all groups were
significantly different at P , .0001 (Table 5).

Figure 7b shows the force levels for the differences
of each displacement distance by design. Across
designs, the means of increment force levels were
different at P , .05. For all designs, the initial
displacement of 0.01 mm required the highest force
compared with subsequent displacements. N1 experi-
enced statistically significant reduction in force re-
quired for all three subsequent increments, but N2 and
CA force levels for second and third 0.01-mm
displacement increments were not statistically different
(Table 6).

DISCUSSION

Interradicular spaces are generally the site of choice
for mini-implant placement for their ease of access,
simplicity of procedure, and less traumatic placement.9,22

Figure 4. Characteristics of three mini-implant designs.

Table 2. Properties of Biosynthetic Material Simulating Cortical and Trabecular Bone

Material

Density Compressive Tensile Shear
Cell Size

pcf g/cc S, MPa M, MPa S, MPa M, MPa S, MPa M, MPa mm

SRPF 30 0.48 18 445 12 592 7.6 87 –

CRPF 10 0.16 2.3 23 – – – – 0.5–2.0

a SRPF indicates solid rigid polyurethane foam; CRPF, cellular rigid polyurethane foam; S, strength; M, modulus.
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However, the availability of sufficient interradicular
spacing can be limited given the recommended mini-
mum clearance of 2 mm between the implant and tooth
surface.4 Thus, placement in interdental spaces restricts
the choice of placement sites, biomechanics of ortho-
dontic treatment, and size of mini-implants as the
spaces are not always adequate to accommodate
mini-implants with varying dimensions.23 It is therefore
recommended that for placement in interradicular
spaces, implants should be smaller than 1.5 mm in
diameter and 6 mm in length.21,24 The commercial design
used in this study has these dimensions and showed
significantly compromised stability compared with the
new designs (N1 and N2). In addition, mini-implants in
interradicular spaces can damage or encroach upon
roots and periodontal ligament during placement and
orthodontic treatment and eventually lead to implant
loosening.25,26 The new implants are designed to avoid
root and other biologic damage and to allow placement
in the bone superficial to the root surface in addition to
interradicular bone.

According to the pilot CBCT study, the minimum
average buccal bone thickness of 2.3 mm was
discovered, and the length was shortened from
2.6 mm (N1) to 2 mm (N2) to be embedded exclusively
in the bone superficial to tooth surfaces. Design
revisions of shortened length, decreased diameter,
and tapered interior successfully reduced excessive
insertion torque of N1. The tapered and hollow interior
of N2 likely diminished bone friction experienced
during placement of N1 and thus further decreased
insertion torque. An insertion torque range of 3.28 to
14.65 Ncm without implant breakage and bone fracture
was identified,27 and N2’s mean MIT was within this
physiologic limit, while N1’s mean MIT exceeded this
range. Insertion torque needs to be balanced as high
insertion torque was found to cause tensile and
compressive stress to both cortical and cancellous
bone tissue, and excessive stress could cause
irreversible damage to the bone.28 On the other hand,
very low tensile stress during placement can be
insufficient to properly stimulate bone repair.28

N1 showed greater MIT and MRT than N2 consis-
tent with previously reported positive correlation
between diameter and torque values.18,29 In contrast,
N2 required the greatest force to displace all three
distances of 0.01, 0.02, and 0.03 mm in the lateral
displacement test. This discrepancy in stability hierar-
chy may contribute to the microcracks introduced
during the placement of N1 with high MIT. The study
by Lee and Baek29 highlighted the increase in micro-
damage, such as the number of cracks, crack length,
and crack radius, with the greater diameter but not with
the added tapering of mini-implants. Similarly, N1’s
large diameter led to compromised mechanical stabil-
ity by generating microdamage to the surrounding

Figure 5. The mean buccal bone thickness (mm) for posterior teeth.

Table 3. Average Buccal Bone Thickness (mean mm 6 SD) for

Maxillary and Mandibular Posterior Teeth

Tootha

Buccal Bone Thickness

Mean SD

U7 2.72 0.76

U6 2.74 0.82

U5 2.63 0.64

U4 2.58 0.65

L7 3.88 1.18

L6 2.51 0.55

L5 2.38 0.64

L4 2.26 0.49

a U indicates upper; L, lower; 4, first premolar; 5, second premolar;

6, first molar; 7, second molar.
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Figure 6. (a) The means of maximum insertion and removal torque. (b) The means for torque ratio (MRT/MIT).

Table 4. Maximum Insertion Torque (MIT, Mean Ncm 6 SD), Maximum Removal Torque (MRT, Mean Ncm 6 SD), and Torque Ratio (TR,

MRT/MIT) (Mean 6 SD) of Each Design

Measurementa

CAb N1b N2b

CA and N1 N1 and N2 CA and N2Mean SD Mean SD Mean SD

MIT 5.78 0.39 19.04 1.75 11.41 0.91 *** *** ***

MRT 3.26 0.57 9.56 1.16 7.56 0.93 *** *** ***

TR 0.57 0.11 0.51 0.08 0.67 0.09 * *** *

a MIT, F ratio 656.2 Ncm (P , .0001); MRT, F ratio 245.4 Ncm (P , .0001); TR, F ratio 14.92 (P , .0001).
b CA indicates commercially-available design; N1, initial new implant design; N2, revised new implant design.

* P , .05; *** P , .001. NS indicates not significant.
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bone, while N2’s tapering enhanced stability without
the increase in microdamage. In addition, TR indicates
mechanical efficiency of easy placement but relatively
more difficult removal.30 Compared with N1, N2
experienced a considerable reduction in MIT (by

40%) as desired but not as much reduction in MRT
(by 20%). Therefore, TR of N2 was significantly higher
than N1 and CA. In mini-implant assisted orthodontics,
high torque ratio of N2 design can be a more valuable
mechanical property than individual torque values.

Figure 7. (a) Lateral displacement test summary. (b) Force required for subsequent 0.01 mm displacement.

Table 5. Force Levels (Mean g 6 SD) at 0.01-, 0.02-, 0.03-mm Lateral Displacement of Each Design

Distance, mma

CAb N1b N2b

CA and N1 N1 and N2 CA and N2Mean SD Mean SD Mean SD

0.01 110.86 10.60 189.16 26.83 221.68 14.27 *** *** ***

0.02 212.79 16.94 349.88 48.66 422.16 21.48 *** *** ***

0.03 311.01 23.92 503.87 68.70 621.65 34.39 *** *** ***

a 0.01 mm, F ratio 187.9 g (P , .0001); 0.02 mm, F ratio 217.8 g (P , .0001); 0.03 mm, F ratio 227.9 g (P , .0001).
b CA indicates commercially-available design; N1, initial new implant design; N2, revised new implant design.

* P , .05; *** P , .001. NS indicates not significant.
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The lateral displacement test measures the force
applied in transverse direction consistent with how
mini-implants are utilized during orthodontic treat-
ment.18 The lateral displacement test may be a more
accurate method of assessing mechanical stability
than torque testing as it better corresponds to clinical
orthodontics. Clinicians experience that initial micro-
movement or mobility is crucial to the success of mini-
implants. Critical threshold of 50 mm to 150 mm micro-
movement exists for dental implants according to Holst
et al.,26 but these values cannot be applied to
orthodontic implants because of differences in size
and force level. Thus, in this study, the force for the
smallest distances within the range of Instron 5560
equipment’s sensitivity for accurate measurements
was used. Pilot studies showed that 0.01 mm and
additional increments of 0.01 to 0.03 mm demon-
strated an evident pattern. Unlike N1, N2 did not show
statistically reduced force level for 0.02- to 0.03-mm
increments compared with 0.01- to 0.02-mm incre-
ments. Thus, N2’s capacity to withstand as much force
for subsequent displacements can be indicative of
superior stability.

Therefore, N2 has the evident potential to be a
superior design maintaining the advantages of N1
reported in Part 1: improved stability with maximum
surface area engaged in cortical bone. As Cope

recommended for mini-implant’s future,31 N2’s capacity
to withstand force greater than 500 g with minimal
displacement makes mini-implants for orthopedic
movements a reality. N2’s shorter length can further
minimize risks to nearby anatomic structures such as
root structures, sinus, and neurovascular bundles. For
carefully selected cases, N2 can also be placed in the
bone superficial to root surfaces and can continue
to allow the same convenience to the clinician and
patients as implants placed at interradicular sites. This
superficial placement permits mini-implants to perform
more efficient en-masse retraction and to be inserted
without the limitation of interradicular space (Figure 8).
When placing N2 in the buccal bone superficial to the
root, dental expansion and molar angulation alter-
ations need to be monitored, and the use of an
appliance such as a transpalatal arch to maintain
transverse dimension should be considered. Lastly,
clinical trials and in vivo studies examining bone
remodeling and cellular responses with N2 are
required to confirm the findings of this mechanical
study.

CONCLUSIONS

N Our pilot study on buccal bone thickness of posterior
teeth using CBCT showed minimum mean thickness
to be 2.3 mm, and the new design (N2) was
shortened to 2 mm accordingly.

N Both torque and lateral displacement tests highlight-
ed the enhanced stability of N2 compared with the
most widely used commercial design (CA), which
has recommended dimensions to be inserted in
interradicular spaces.

N N2’s modified dimensions effectively mitigated inser-
tion torque of N1, while generally maintaining
comparable removal torque, resulting in high torque
ratio and mechanical efficiency. N2 had superior
stability to N1 in lateral displacement tests, possibly
because of microdamage generated to the surround-
ing bone by N1’s large diameter.

N N2 design is very promising because it showed
enhanced stability with adequate insertion torque. It

Table 6. Cross Comparison of Force Required for 0.01-mm

Increment Within Each Designa Tested by Fisher LSD Test

Implant

Design

Displacement

Range, mm

Displacement

Range, mm Force Levels

CA 0.00–0.01 0.01–0.02 ***

0.02–0.03 ***

0.01–0.02 0.02–0.03 NS

N1 0.00–0.01 0.01–0.02 ***

0.02–0.03 ***

0.01–0.02 0.02–0.03 *

N2 0.00–0.01 0.01–0.02 ***

0.02–0.03 ***

0.01–0.02 0.02–0.03 NS

a CA indicates commercially-available design; N1, initial new

implant design; N2, revised new implant design.

* P , .05; *** P , .001. NS indicates not significant.

Figure 8. Potential placement sites for N2 and CA mini-implant designs.
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has the capacity to be placed in the buccal bone
superficial to the root surface and is not limited to
placement in interradicular spaces, thus minimizing
the risk of endangering nearby anatomic structures
during placement and orthodontic treatment.
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