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Abstract: This study investigated the correlation between bone characteristics, the design of or-
thodontic mini-implants, the pull-out force, and primary stability. This experimental in vitro study
has examined commercial orthodontic mini-implants of different sizes and designs, produced by two
manufacturers: Tomas-pin SD (Dentaurum, Ispringen, Germany) and Perfect Anchor (Hubit, Seoul,
Korea). The total number of 40 mini-implants were tested. There are two properties that are common
to all tested implants—one is the material of which they are made (titanium alloy Ti-6Al-4V), and the
other is the method of their insertion. The main difference between the mini-implants, which is why
they have been selected as the subject of research in the first place, is reflected in their geometry or
design. Regardless of the type of implant, the average pull-out forces were found to be higher for a
cortical bone thickness (CBTC) of 0.62–0.67 mm on average, compared to the CBTC < 0.62 mm, where
the measured force averages were found to be lower. The analysis of variance tested the impact of
the mini-implant geometry on the pull-out force and proved that there is a statistically significant
impact (p < 0.015) of all three analyzed geometric factors on the pull-out force of the implant. The
design of the mini-implant affects its primary stability. The design of the mini-implant affects the
pulling force. The bone quality at the implant insertion point is important for primary stability; thus,
the increase in the cortical bone thickness increases the value of the pulling force significantly.
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1. Introduction

The introduction of mini-implants into orthodontics stands out as one of the most
significant changes in clinical work [1]. On the market, many types of implants are available,
having similar characteristics, made of an alloy titanium and vanadium or aluminium.
Most common is the mini-screw system. From a clinical point of view, the screw consists
of three parts: the head, which can have a different shape; the transgingival part; and
the threaded body, which is mainly in form of a cylinder, cone, or a combination of the
two. These implants provide the clinical practitioners with solid control of 3D tooth
displacement [2], which is why their application is ever-increasing. In the current practice
of using mini-implants, the preference is given to a smaller diameter and lower profile
of the head for better hygiene and greater comfort for the patient. In essence, these are
self-tapping bone screws with a diameter of 1.5–2.5 mm and a length of 6–10 mm, with
different lengths of the transmucosal neck (1.5–2.5 mm) which compensate for the thickness
of the mucosa. The head can have classic twist slots, cross-placed slots 0.021 × 0.025, or a
ball. A chain or loop of a Ni–Ti tension spring is applied to the ball, and a wire is applied
to the slot.
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Stability of orthodontic mini-implants is generally defined by two major compo-
nents [3]: primary stability achieved by mechanical bonding between the bone and the
mini-implants; and secondary stability achieved through continuous bone remodeling
around the implant, thus leading to osseointegration [4].

Primary stability of a mini-implant depends on a number of factors, primarily in-
cluding the place where the implant itself is inserted, its proximity to the root, geometric
design of the mini-implant, soft tissue condition, operating techniques, and the strength
and the duration of the applied orthodontic forces. Friberg et al. [5] were among the
pioneers who dealt with this specific group of parameters. Many authors after them have
also used these parameters to describe the factor of primary stability [6–8]. The length of
the mini-implant is determined by cortical bone thickness (CBTC) and quality, implant
insertion angle, thickness of transmucosal tissues, and by properties of other surrounding
anatomical structures [9,10]. Experimental studies performed on a synthetic bone show
that the geometrical design characteristics of mini-implants, featured through the so-called
thread shape factor (TSF), play a key role in maintaining primary stability [11,12].

Once the implant is inserted into the bone, a number of specific corresponding mea-
surement methods are used in order to evaluate its primary stability. These methods
distinguish between non-invasive clinical tests (insertion torque, radiography, periotest,
etc.) and invasive research methods (pull-out test and removal torque testing) [13].

Many in vitro studies have used wood, polyvinyl chloride, and pig bone as the test
sample materials [13–15]. The thickness of the pig bone cortex is similar to the thickness
of the human maxillary and mandibular cortexes [16]. The specific purpose of this study
was to identify the correlation between the bone properties, the geometrical design of
commercial orthodontic mini-implants, pull-out forces, and primary stability.

2. Materials and Methods

This experimental in vitro study examined three types of orthodontic mini-implants
of different sizes and designs, produced by two manufacturers: Tomas-pin SD (Dentaurum,
Ispringen, Germany) and Perfect Anchor (Hubit, Seoul, Korea). A total number of 40 mini-
implants were tested (20 Tomas-pin mini-implants with a thread diameter of 1.6 mm and
a thread length of 6 mm, and 20 Perfect Anchor mini-implants, of which 10 had a thread
diameter of 1.4 mm and thread length of 8 mm, while 10 had a thread diameter of 1.6 mm
and a thread length of 8 mm, according to the manufacturers’ specifications).

There are two properties that are common to all tested implants—one is the material
of which they are made (titanium alloy Ti-6Al-4V) and the other is the method of their
insertion. The main difference between the mini-implants, which is why they have been
selected as the subject of research in the first place, is reflected in their geometry or design.
The implants differed in terms of length, diameter, body shape, head shape, and thread
properties (Figure 1).

Fresh pork ribs were used as the test model in this experiment. The total number of
ribs corresponded to the total number of implants tested.

The process of preparing the ribs included their scaling and cleaning by way of
complete removal of soft tissues mechanically. The ribs were neither cut nor treated with
any chemical agents, all with the aim of preserving the original bone structure, which
would not be altered in any way.

The study included four stages: (i) mini-implant geometry analysis; (ii) bone scanning;
(iii) implant insertion; and (iv) pull-out test.

The geometrical design analysis of orthodontic mini-implants included a series of
measurement that covered the following parameters: thread length, pitch, thread bearing
depth, multi-point thread diameters, and multi-point screw diameters based on which the
degree of taper has been determined on the threaded section.
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Figure 1. Mini-implants (right-to-left: Perfect Anchor 1.4 × 8 mm, 1.6 × 8 mm, and Tomas-pin
1.6 × 6 mm, respectively).

Measurements of these parameters were performed with a Zeiss-ZKM 01-250 C
universal two-coordinate measuring microscope (Figure 2).

Figure 2. Zeiss measuring microscope—ZKM 01-250 C.

On the basis of the identified dimensions of the above parameters, the so-called thread
shape factor (TSF) and the degree of thread taper were established (Figure 3 and Table 1).

Figure 3. Geometric parameters of the mini-implant threading: Perfect Anchor (a); Tomas-pin (b).

Cortical bone thickness (CBTC) measurements were performed at the mini-implant
insertion point by using Cone-Beam computed tomography.

Images of the prepared samples were taken by facescan on a GALILEOS Comfort plus
device (Sirona Dental System GmbH Fabrikstrage 31 D-64625 Behshein, Germany) (Figure 4a).
The frame exposure parameters used were 98 kV and 10 mAs, exposure field 15 × 15 cm,
exposure time 12 s.

CBTC measurements were performed by using the GALILEOS Implant Viewer, which
allows different measurements of anatomical structures (bone density, length, and width
of anatomical structures, etc.). Measurements of the pig rib CBTC were taken in a sagittal
cross-section, at an angle of 90◦ to the wire (Figure 4b).
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Table 1. Values of geometric parameters of mini-implants established by measurement.

Type of Implant d (mm) h (mm) d1min
(mm)

d1max
(mm) P (mm) D (mm) B (◦) α (◦) 1:k TSF

Perfect Anchor 1.4 × 8
and 1.6 × 8 mm 1.6 7.7 0.8 1 0.8 0.3 16 1.5 1:24 0.375

Tomas-pin
1.6 × 6 mm 1.6 6 1.04 1.2 0.9 0.26 16 2 1:17 0.29

d—nominal diameter; h—thread length; d1min—minimum thread core diameter; d1max—maximum thread core diameter; P—Pitch;
D—thread profile bearing depth; B—thread lead friction angle; α—half-angle of thread core taper; 1:k—thread core taper; TSF—thread
shape factor.

Figure 4. Sample positioned for scanning, implant insertion point placed at the center of the region of interest (a);
measurements of pork rib cortical bone thickness (CBTC) by Galileos Implant Program (GALILEOS Implant Viewer) (b).

This test was performed on a pig rib bone, with the aim of determining the load-
bearing capacity of the bone–implant interface or the value of force that would result in
extraction of the implant from the bone–implant interface.

Prior to performing an experimental analysis of the mini-implant primary stability, it
was necessary to prepare the sample adequately. Once the bone scan was completed, the
bone was placed on a steel attachment pad designed for the purpose of this experiment.
The attachment pad was designed in such a way so as to transfer the pull-out force from
the clamp to the implant as directly as possible.

The lower part of the profile contained four openings, designed for four connecting
screws through which the rib was fixed to the lower part of the profile by its lower, non-
operating surface. Once the bone was fixed to the lower part of the steel profile, the
mini-implant insertion was initiated. The upper part of the attachment pad was positioned
on the operating surface section of the pig rib bone, and then the orthodontic mini-implant
was inserted into the bone through the attachment pad opening, into a previously marked
spot in the middle part of the bone. The mini-implant was manually placed at an angle of
90◦, by using an instrument designed for such purposes, as instructed in the user manual
supplied by the manufacturer (Figure 5a).

To carry out the experimental pull-out testing trials, we used a universal material testing
machine [17,18] (Zwick GmbH & Co., Ulm, Germany model 143501 together with an HBM
U2A force transducer), including the attachment pads used during the testing (Figure 5b).
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Figure 5. Sample prepared to perform the pull-out testing (a). Direction of force (F) and displacement
(∆L) at implant–bone interface (b).

3. Results

Statistical data processing was performed by using the IBM SPSS Statistics V21 soft-
ware. Normality of the frequency distribution was tested by using the Kolmogorov–
Smirnov and the Shapiro–Wilk tests, while the homogeneity of sample variances was tested
by the Levene test. Subsequent (post-hoc) comparisons of the samples were made by using
the Scheffe test.

Table 2 and Figure 6 show the descriptive statistical values of the pulling forces (F)
applied in order to pull out the mini-implants for each sub-sample in the course of expe-
rimental procedure.

Table 2. Descriptive statistical values of the pulling force by implant type and cortical thickness.

Type of Implant Cortical Thickness FMean, N Std. Deviation n

Perfect Anchor
1.4 × 8 mm

<0.62 mm 113.50 36.46 4
0.62–0.67 mm 211.25 27.69 4
≥0.68 mm 158.50 58.69 2

Total 161.60 56.63 10

Perfect Anchor
1.6 × 8 mm

<0.62 mm 166.50 28.85 4
0.62–0.67 mm 183.00 43.71 3
≥0.68 mm 143.00 89.54 3

Total 164.40 52.47 10

Tomas 1.6 × 6
mm

<0.62 mm 174.14 36.83 7
0.62–0.67 mm 220.40 52.15 5
≥0.68 mm 252.12 52.77 8

Total 216.90 56.80 20
FMean—pulling forces; n—number of specimens.
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Figure 6. Statistical values of the pulling force by implant type and cortical thickness.

Tables 3 and 4 show the results of comparisons made between the samples by using
the Scheffe test.

Table 3. Multiple post-hoc comparisons (Scheffe test)—type of implant.

(I) Type of Implant (J) Type of Implant Mean Difference
(I−J)

p
95% Confidence Interval

Lower Bound Upper Bound

Perfect Anchor 1.4 × 8 mm
Perfect Anchor 1.6 × 8 mm −2.800 0.991 −57.668 52.068

Tomas 1.6 × 6 mm −55.300 * 0.020 −102.817 −7.783

Perfect Anchor 1.6 × 8 mm
Perfect Anchor 1.4 × 8 mm 2.800 0.991 −52.068 57.668

Tomas 1.6 × 6 mm −52.500 * 0.028 −100.017 −4.983

Tomas 1.6 × 6 mm
Perfect Anchor 1.4 × 8 mm 55.300 * 0.020 7.783 102.817
Perfect Anchor 1.6 × 8 mm 52.500 * 0.028 4.983 100.017

* The mean difference is significant at the 0.05 level.

Table 4. Multiple post-hoc comparisons (Scheffe test)—cortical thickness.

(I) Cortical
Thickness

(J) Cortical
Thickness Mean Difference (I−J) p

95% Confidence Interval

Lower Bound Upper Bound

<0.62 mm
0.62–0.67 mm −52.067 * 0.029 −99.584 −4.550
≥0.68 mm −56.605 * 0.014 −103.096 −10.114

0.62–0.67 mm
<0.62 mm 52.067 * 0.029 4.550 99.584
≥0.68 mm −4.538 0.972 −53.653 44.576

≥0.68 mm
<0.62 mm 56.605 * 0.014 10.114 103.096

0.62–0.67 mm 4.538 0.972 −44.576 53.653

* The mean difference is significant at the 0.05 level.

Table 5 shows the average values of the standard deviation of depth, pitch, and TSF
by type of mini-implant, while Table 6 presents the results of the variance analysis for the
TSF shape factor, depth, and pitch.



Appl. Sci. 2021, 11, 1183 7 of 10

Table 5. Depth, pitch and TSF average values and standard deviations by type of mini-implant.

Mini-Implants Depth (mm) Pitch (mm) TSF

Korean Hubit
Perfect Anchor 1.6 × 8 mm 0.272 (0.016) 0.800 (0.004) 0.340 (0.021)

Korean Hubit
Perfect Anchor 1.4 × 8 mm 0.303 (0.005) 0.799 (0.006) 0.380 (0.006)

Dentaurum
Tomas 1.6 × 6 mm 0.238 (0.017) 0.890 (0.011) 0.270 (0.025)

TSF—thread shape factor.

Table 6. Results of the variance analysis for the TSF shape factor, depth, and pitch.

Factors (F)
(p-Values)

Pitch 0.015
Depth 0.015

TSF 0.015
F—pulling force.

4. Discussion

This study was focused on the impact of bone quality and the impact of mini-implant
design (its length, diameter, and threading) on primary stability.

The highest average pull-out force (FMean = 252.12 N) was found in a Tomas-pin mini-
implant with a 1.6 mm-diameter and 6 mm-length at CBTC ≥0.68 mm, while the lowest
average pullout force (FMean = 113.50 N) was found in a Perfect Anchor mini-implant with
a 1.4 mm-diameter and 8 mm-length at CBTC <0.62 mm.

Regardless of the type of implant, the average pullout forces were found to be higher
for the CBTC between 0.62–0.67 mm on average, compared to the CBTC <0.62 mm, where
the measured force averages were found to be lower. A number of other studies also lead to
similar conclusions; namely, the success of a mini-implant depends largely on the cortical
bone thickness (CBTC) [19,20].

Experiments performed on animals have shown that a mini-implant’s stability is
determined by the quality and quantity of the bone into which the implant is inserted [9,16].

A visual observation made in our study showed that slightly larger differences oc-
curred in averages at the same CBTC with the Perfect Anchor 1.4 mm × 8 mm implant. It
could be said that the higher pulling force is more inherent to the thicker cortex, and vice
versa. However, in cases where the CBTC is ≥0.68 mm, such regularity (the greater the
CBTC, the higher the pulling force) was inherent only to the Tomas-pin 1.6 mm × 6 mm
implant, while the Perfect Anchor 1.6 mm × 8 mm and 1.4 mm × 8 mm implants showed
no such noticeable regularity. The Perfect Anchor 1.6 mm × 8 mm implant had a lower
average value at CBTC ≥0.68 mm compared to CBTC 0.62–0.67 mm and CBTC <0.62 mm,
while the Perfect Anchor 1.4 mm × 8 mm implant had a higher average value of the pullout
force at CBTC ≥0.68 mm compared to CBTC <0.62 mm, although as a result it had a lower
pullout force compared to the CBTC 0.62–0.67 mm.

An analysis of the standard deviation values associated with the pullout forces of the
three types of mini-implants at different CBTC values (Table 2) showed that variations of
the pullout forces were more often present at CBTC ≥0.68 mm compared to other CBTC
values, regardless of the type of mini-implant.

Table 3 shows the post-hoc results of the Scheffe test of later comparisons made between
the types of mini-implants. A statistically significant difference in the average values of the
pullout force was confirmed between the Perfect Anchor 1.4 mm × 8 mm implant and the
Tomas-pin 1.6 mm × 6 mm implant (p < 0.020), and between the Perfect Anchor 1.6 mm × 8
mm implant and the Tomas-pin 1.6 mm × 6 mm implant (p < 0.028), whereas the difference
was not found to be statistically significant between the Perfect Anchor 1.4 mm × 8 mm
implant and the Perfect Anchor 1.6 mm × 8 mm implant (p < 0.991).
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We can see from Table 4 that the existence of a statistically significant difference of the
average values of the pullout force was confirmed between the CBTC <0.62 mm and the
CBTC 0.62–0.67 mm (p < 0.029), and between the CBTC <0.62 mm and the CBTC ≥0.68 mm
(p < 0.014), whereas no statistically significant difference was confirmed between the CBTC
samples ≥0.68 mm and the CBTC samples 0.62–0.67 mm (p < 0.972).

In our research, we have paid special attention to the design of the mini-implants
tested. Through a great number of studies, various authors have examined the effects that
the length of mini-implants can have on their long-term stability. Some authors have found
that their stability is greater the deeper the implant is inserted into the bone, which at the
same time requires the use of longer implants, but on the other hand these authors also
indicate that the greater length requires a higher insertion torque, which can result in the
occurrence of micro-cracks in the bone, which will eventually result in implant fall-out or
failure [1,16]. On the other hand, some studies [21,22] indicate that the length of implants
is not of relevance for their stability. Additionally, in one study [20] a group of authors
compared mechanical stability and clinical applications between two different mini-implant
designs—a newly invented design of orthodontic mini-implants (3 mm diameter and 2 mm
length) and a commercially available design of mini-implants (1.5 mm diameter and 6 mm
length), where they found that primary stability of the newly invented design of implants
was considerably greater compared to the one found in the commercially available design
of mini-implants.

The use of the newly invented implant design, due to their small length, was supported
by the fact that the vast majority of studies have shown that primary stability depends
not so much on the length of the implant, but depends more on the surface to which
the implant is applied, and on the implant–bone interface itself, which is in turn largely
influenced by the implant design.

The implant design includes the following features: body shape (cylindrical, or ta-
pered), individual implant lengths and diameters, thread depths, thread and taper angles,
and thread pitch (Table 1).

Prior to comparing the differences detected in the geometry of the tested implants
(tapers k, pitch p, and inner diameters d1), it is important to mention that we have come
across a rather unexpected piece of information specified in the user manual supplied
by the manufacturer. Specifically, after analyzing the geometry of the Korean implants
(Perfect Anchor), we found that the length and diameter of the implants do not match the
information presented in the user manual supplied by the manufacturer. Instead of the
specified 8 mm, the length of the threaded section of the Korean screw was actually 7.7 mm.
Additionally, the diameter of all Korean screws was 1.6 mm, although the diameter of ten
of them was supposed be 1.4 mm, as it was specified on the original product packaging.
This information explains the fact that no significant statistical differences were observed
in terms of the pull-out test results in the group of the Korean implants. As far as the
Dentaurum Tomas-pin implants were concerned, the length and diameter corresponded to
the information presented in the user manual supplied by the manufacturer.

A comparative analysis of the thread profile bearing depth and thread pitch of the mini-
implants showed an observable difference between all three types of implants. For a better
understanding of this relationship and its impact on primary stability, the so-called thread
shape factor (TSF) plays an important role used for evaluation of the load-bearing capacity
of the implant–bone interface [12]. Simply put, TSF represents the ratio between the mean
thread bearing depth and the pitch. An analysis of the values presented in Table 5 showed
that the highest TSF ratio is associated with the Perfect Anchor 1.4 mm × 8 mm mini-
implant (TSF = 0.380), which is followed by the Perfect Anchor 1.6 mm × 8 mm implant
(TSF = 0.340), while the lowest TSF ratio is associated with the Tomas-pin 1.6 mm × 6 mm
implant (TSF = 0.270).

The analysis of variance was used to test the impact of the mini-implant geometry on
the pullout force, and proved that there was a statistically significant impact (p < 0.015) of
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all three analyzed geometric factors on the pullout force of the implant, which is presented
in Table 6.

Our study shows that the implant with the highest average pitch value was found to
have the highest average pullout force (Tomas-pin 1.6 mm × 6 mm), while the implant
with the lowest average pitch value (Perfect Anchor 1.4 mm × 8 mm) was found to have
the lowest average pullout force.

Reducing the diameter of the mini-implant increases the likelihood of it loosening and
cracking, and ultimately increases the risk of it falling out [23,24]. Studies [25–29] have also
indicated that in addition to the mini-implant design, its primary stability also depends on
the bone quality and quantity at the point of its insertion.

The tests conducted show that there is a significant influence of the thread core
diameter and the thread core taper on the stability of the implant with the same nominal
diameter (1.6 mm). Thus, a Tomas-pin with larger core diameters and a larger half angle of
thread taper showed the higher values pullout forces in the pull-out test compared to the
Perfect Anchor, although it had a shorter threaded section.

This conclusion can be brought into connection with research undertaken as part
of a study [20] performed on shorter but thicker screws compared with the screws of
standard dimensions, which ultimately showed the advantage of non-standard (shorter
and thicker) screws.

After completing our study, we have moved a few steps closer to the view taken by a
group of authors in their research [16], who indicated that the design of a mini-implant,
i.e., its diameter and geometry, have a much greater impact on primary stability than the
length itself.

5. Conclusions

- The design of a mini-implant affects its primary stability.
- The design of a mini-implant affects the pulling force.
- The bone quality at the implant insertion point is important for primary stability; thus, the

increase in the cortical bone thickness increases the value of the pulling force significantly.
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