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Mechanical and histological evaluation of a titanium
device for orthodontic anchorage, placed with or
without cyanoacrylate adhesive
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Objective: The objective of the present study was to perform a histological evaluation of a titanium mini-implant for
orthodontic anchorage. Shear strength and fracture patterns that occurred immediately, 30 and 60 days after insertion

with or without N-2-butyl-cyanoacrylate adhesive were evaluated.

Methods: Ninety-six mini-implants (Arrow, Peclab, Brazil) were placed in the tibia of 9 male rabbits, with or without
an adhesive (Vetbond™, 3M, USA). Histological evaluation was done by optical light microscope. Shear strength testing

was performed, followed by fracture analysis with visual inspection.

Results: Close contact between the newly formed bone and the device was evidenced in the group without adhesive,
whereas gaps in the group with adhesive were found. Tukey test showed similar values in both groups at the immediate
time point (20.70 N without adhesive and 24.69 N with adhesive), and higher values for the non-adhesive group, after 30
and 60 days (43.98 N and 78.55 N, respectively). The values for the adhesive group were similar for the immediate time
point (24.69 N), 30 days (18.23 N) and 60 days (31.98 N). The fractures were adhesive for both groups at the immediate
time point. The fractures were cohesive in bone for the non-adhesive group after 30 and 60 days.

Conclusions: The mini-implants showed close bone contact and required higher shear strength for removal at 30 and 60
days for the non-adhesive group. Further studies are needed to assess the proper way to remove the orthodontic anchorage

without cohesive fractures in bone.
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Mechanical and histological evaluation of a titanium device for orthodontic anchorage, placed with or without cyanoacrylate adhesive

INTRODUCTION

The search for stable anchorage in orthodontics has
been sought over the years, particularly because of low
compliance by patients. Traditional extra- and intraoral
devices are being replaced by osseointegrated implants,
including palatal implants, onplants, miniplates and
mini-implants, in an effort to achieve higher success
rates and shorter treatment time." Despite the clinical
advantages of mini-implants, there are some disadvan-
tages, such as risk of root damage, nasal floor or max-
illary sinus perforation,® tooth ankylosis,” and lack of
space for insertion, among others.!

Secking a simple and safer way to achieve skeletal
anchorage, Xie et al* presented the concept of bone-
bonding anchorage, using an adhesive to attach the de-
vice to the bone. They demonstrated the fixation of a
stainless steel piece to the cortical bone surface using
N-butyl-2-cyanoacrylate adhesive. Synthetic cyanoac-
rylate adhesives are a family of liquid monomers that
cure at room temperature, in an exothermic reaction
on contact with a small amount of water or basic flu-
id. In 1988, the FDA approved 2-octyl-cyanoacrylate
(Dermabond®) for topical use as a substitute for sutures,
and, later, 2-butyl-cyanoacrylate (Hystoacryl®, Inder-
mil®).>¢ These cyanoacrylate adhesives have been found
to be biocompatible, bacteriostatic and hemostatic, in
addition to offering easy handling’ and shorter operative
time during surgical procedures.®

In an endeavor to overcome some of the disadvan-
tages during mini-implant placement, the present group
of authors developed a novel device with reduced di-
mensions and an active anchoring part in the shape of an
arrow. The ‘Arrow’ device was designed to be placed in
the cortical portion of the bone and facilitates its place-
ment, enhancing mechanical anchorage. Furthermore,
the use of a N-butyl-2-cyanoacrylate-based adhesive
may result in better primary stability and a higher suc-
cess rate. The ultimate purpose of this innovative con-
cept 1s to create a skeletal anchorage system that ensures
good stability and decreases the risk of damage to im-
portant structures during insertion.

Therefore, using an animal model, the aims of this
study were: to perform a histological assessment of
the interlocking of the Arrow device to the cortical
bone, by optical microscopy observation; to mechani-
cally evaluate the maximum loading capacity by shear
strength test; and to study the types of fractures that oc-
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curred during the mechanical test, by visual inspection
immediately, 30 and 60 days after its insertion, with or
without N-2-butyl-cyanoacrylate adhesive.

MATERIAL AND METHODS

This study was approved by the Ethics Committee
on Animal Research of Federal University of Minas
Gerais (protocol no. 330/2014).

The device for orthodontic anchorage (Arrow) was made
with commercially pure titanium grade 4 (ASTM F67)
(PecLab, Belo Horizonte, Brazil). The Arrow is com-
posed by three parts: head, base and an arrow-shaped
extension. The head is 2.4 mm wide and 1.2mm high,
with a 0.7 mm diameter hole for orthodontic wire fixa-
tion (Fig 1). The base is 3.5 mm in diameter, with an ar-
row-shaped extension, 1.3 mm high and 1.25 mm wide.

Ninety-six Arrow devices were placed bilaterally in
the tibia of nine male New Zealand male white rabbits
(similar to those used by Xie et al*), aged 5 to 6 months
old and weighing 3 to 3.5 kg. This experimental de-
sign was based in that performed by Xie et al,* to re-
duce the number of animals used in the study, as sug-
gested by the Ethics Committee on Animal Research.
From a total of 96 devices placed in the tibias, 90 were
used to evaluate the shear strength, and the other six
devices were used for histological evaluation. The fac-
tors studied were: (1) use or non-use of an adhesive
for mini-implants fixation; (2) evaluation time points:
immediately following, and 30 and 60 days after. Nine
animals were divided into three groups. Twelve devic-
es were placed bilaterally (six in each tibia) on one rab-
bit from each group, and ten devices (five in each tibia)
were placed on the other animals. The devices were
placed with adhesive on the right tibia of all animals,
and without adhesive on the left tibia.

The surgical procedures began one week after the ani-
mals arrived at the laboratory. The animals were anesthe-
tized with intramuscular ketamine (30 mg/kg) and xyla-
zine (5 mg/kg). Following skin preparation, trichotomy
and antisepsis with povidone-iodine, 2% lidocaine with
epinephrine 1:100.000 was applied as the local anesthet-
ic. All the surgeries were conducted under sterile condi-
tions, in an operating room specific for animals.

The skin was incised and dissected, and the tibia
was exposed. Five or six holes were made in the cor-
tical bone with a 1.1 mm manual drill, at intervals of
8 mm. N-2-butyl-cyanoacrylate (Vetbond™, 3M,
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Figure 1 - Arrow mini-implant: (A) Identification of device parts. (B) Mini-implant.

St. Paul, MN, USA) was used to place the mini-im-
plants in the right tibia of the animals (Fig 2A). Dur-
ing insertion, the mini-implants were first fixed with
a special locking device, and then a drop of the adhe-
sive was dispensed onto an applicator brush, and im-
mediately applied to the prepared surface. The Arrow
devices were placed in position with a surgical ham-
mer and a tweezer, under manual pressure, until the
device was visually close to the bone surface (Fig 2B).
No torque was applied during insertion of the devic-
es. The soft tissues were closed with 4-0 nylon suture
(Ethicon, Sio Jos¢ dos Campos, SP, Brazil). The same
procedure was used for the groups without adhesive,
except for application of the adhesive.

After surgery, the animals received analgesics and
antibiotics intramuscularly every day for three con-
secutive days. According to the different group times
(immediately following, and 30 and 60 days after), the
animals were cuthanized with an overdose of sodium
pentobarbital 60-80 mg/kg IV.

Bone sections 7-8 mm thick were removed from the
animals that received one more device than the others
in each tibia. The samples were fixed, embedded, sec-
tioned and stained with Stevenel’s blue, Van Gieson’s
and alizarin red. Histological analysis was performed by
optical microscope, with a digital camera and with im-
age processing software (AxioVision, Carl Zeiss, Got-
tingen, Germany).

The samples were submitted to shear strength testing
on a universal testing machine (EMIC DL 2000, Sio José
dos Pinhais, PR, Brazil), at a speed of 1 mm/min and a
50 kgfload cell. The test was performed by fixing a metal
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device, which held the tibia motionless inside the device,
to the lower part of the machine (Fig 3A), and locking
each mini-implant into place, by applying a horizontal
force perpendicular to its major axis (Fig 3B).

Immediately following the shear strength test, visual
inspection was performed by two operators, to evalu-
ate the fracture types qualitatively: adhesive, when the
fracture was observed in the contact surface between
the mini-implant and the bone; cohesive in bone, when
there was bone at the base of the implant; and cohesive
in mini-implant, when there was a piece of mini-im-
plant remaining in the bone.

The statistical analysis was performed by verify-
ing the assumptions of normality and homoscedastic-
ity. The shear strength values of the mini-implants were
submitted to analysis of variance (ANOVA) followed by
Tukey’s test (p<0.05), and the statistical analysis was per-
formed using SPSS 20 (SPSS Inc., Chicago, IL, USA).

RESULTS

All the 96 mini-implants inserted achieved primary
stability. The rabbits had no complications during the
healing process. Since all the mini-implants remained
stable over the entire study, the success rate was 100%.

Figure 4 shows the histological results. In both
groups, without (Fig 4A) and with adhesive (Fig 4B),
the presence of gaps was observed at the immediate time
point, between the mini-implant and the cortical bone,
with no close contact between the surfaces.

After 30 days, the group without adhesive (Fig 4C)
showed interlocking between the mini-implant and
the cortical bone, and absence of gaps at this interface.
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Figure 2 - A) Adhesive application. B) Mini-implant placement.

Figure 3 - A) Metal device fixed in the machine. B) Locking device attached
to the mini-implant.
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In contrast, the group with adhesive (Fig 4D) showed
gaps between the device and cortical bone, in the ar-
row-shaped extension and at the base of the device.

After 60 days, the group without adhesive (Fig 4E)
showed no gaps between the interface of the device and
the cortical bone. However, gaps were observed in the
group with adhesive (Fig 4F). In addition, the group
without adhesive clearly showed that the cortical bone
was practically wrapped around the device, from the ar-
row base to the head, whereas there was just one inter-
locking of the cortical bone lateral to the base, on the
devices with adhesive.

The shear strength test produced no mini-implant
fracture. The statistical analysis showed significant in-
teraction between the ‘adhesive’ and the ‘time’ factors
under study (p<0.001). The Tukey test revealed no
significant difference in shear strength of the mini-im-
plants with or without use of cyanoacrylate, at the im-
mediate time point. Nevertheless, after 30 and 60 days,
the shear strength of the device was significantly higher
in the absence of adhesive. When the cyanoacrylate was
applied, the shear strength was not significantly affected
by the time point (Table 1).

Analyzing the types of fractures that occurred, ad-
hesive failure corresponded to 100% at the immediate
time point in the groups with and without adhesive,
versus 75% at 30 days and 30% at 60 days in the group
with adhesive. The cohesive in bone fractures corre-
sponded to 100% in 30 and 60 days in the group with-
out adhesive (Fig 5), versus 70% in 60 days and 25%
in 30 days in the group with adhesive. There was no
cohesive in mini-implant fracture (Table 2).
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Figure 4 - Photomicrographs of the mini-implant. (A) Immediate time point without adhesive. (B) Immediate time point with adhesive. (C) 30 days without adhe-
sive. (D) 30 days with adhesive. (E) 60 days without adhesive. (F) 60 days with adhesive.

Table 1 - Mean values and standard deviations of shear strength (Newtons) of Arrow anchorage, according to the use of cyanoacrylate adhesive and time points.

Cyanoacrylate adhesive to mini-implants fixation

Time point
Presence Absence
Immediate 24.69 (12.27)% 20.70 (9.47)
30 days 18.23 (11.50)%= 43.98 (18.21)%
60 days 31.98 (14.19)8 78.55 (18.51)%

Means followed by uppercase letters indicate a significant difference between the presence and absence of adhesive, at each time point. Means identified by dif-
ferent lowercase letters show a significant difference among the times points, considering the use or non-use of adhesive.

DISCUSSION

The size of the mini-implant is a factor that may
hinder its use in certain areas and increase the risk of
damage to adjacent structures,>” whereas the prox-
imity of the mini-implant to the root can lead to loss
of the device,' root resorption and ankylosis. It has
been suggested that mini-implants should be small
enough to be placed anywhere in the alveolar bone.?

The Arrow was developed for the aforementioned
reasons. The structure of this novel device is arrow-
shaped at its active extremity, and offers conicity

and more manageable dimensions, good primary

- . . . . 1
Figure 5 - Mini-implant with cohesive in bone fracture. Stablhty and low Surglcal trauma durlng mnsertion.
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Table 2 - Distribution of fracture modes by study group.

Time point and adhesive
Adhesive

100%
100%
75%

Immediate with adhesive
Immediate without adhesive
30 days with adhesive

30 days without adhesive 0
60 days with adhesive 30%
60 days without adhesive 0

Fracture mode

Cohesive in bone

Cohesive in mini-implant

0 0
0 0
25% 0
100% 0
70% 0
100% 0

The device is placed in such a way that its active part
is located almost entirety in the cortical bone due
to its dimensions'>" (Fig 4), thereby reducing the
risk of perforating the dental root or other impor-
tant anatomical structures. Because of the reduced
dimensions of its design, Arrow was manufactured
with commercially pure titanium Grade 4, to enable
osseointegration. As shown in the present study, this
novel mini-implant did not fracture during the shear
strength test performed at different time points, de-
spite the finding that osseointegration may increase
the possibility of mini-implant fracture." Although
the reduced length of the device may contribute to
fracture resistance, as observed by Vilani et al,” who
reported that shorter mini-implants have a lower
risk of fracture, this occurrence was not reported in
the present study. The absence of fractures may be
related to the mechanical properties of the titanium
Grade 4, which has high strength, with minimum
yield strength of 480 MPa. This alloy combines ex-
cellent corrosion resistance and good formability
and weldability. '

In the present study, 100% of the devices showed
osseointegration and cohesive bone fracture after 30
and 60 days in the group without adhesive. In both
the adhesive and non-adhesive groups, there was ad-
hesive failure only at the immediate time point, since
there was no time for osseointegration. Although
Arrow design could provide immediate stability and
provided osseointegration over time, cohesive bone
fracture is related as one of the limitations of this
anchorage device, and methods to minimize bone
loss during removal of this device need to be devel-
oped. Furthermore, it was observed that the use of
adhesive led to a lower prevalence of cohesive bone
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fractures (25% and 70% in 30 and 60 days, respec-
tively), and that the presence of the adhesive hin-
dered osseointegration.

Analyzing images of the histological sections of
the group without adhesive at the immediate time
point, gaps were observed between the bone and the
device (Fig 4A), since there was no time for osseoin-
tegration. At the 30- and 60-day time points (Fig 4C
and 4E), interlocking of newly formed cortical bone
with mini-implant was observed without gaps, show-
ing osscointegration. On the other hand, gaps were
noticed between the newly formed cortical bone
and the device, along the arrow-shaped extension
(Fig 4B, 4D and 4F) in the group with adhesive, at all
the time points. This is probably due to the adhesive
present on these sites, as also observed by Xie et al.*

As shown in Table 1, there was no significant dif-
ference in shear strength between the groups with or
without adhesive, at the immediate time point. How-
ever, it should be considered that the application of
adhesive could have some effect on mini-implant to
bone adherence. This could explain the tendency of
higher average load values (24.69 N) of the adhesive
versus non-adhesive group (20.70 N). All the groups
with adhesive showed no significant difference in
shear strength average values, and trended toward
decreasing values at 30 days (18.23 N) and increas-
ing values at 60 days (31.98 N). The shear strength
of the device was significantly higher in the absence
of adhesive (43.98 N at 30 days, and 78.55N at 60
days), compared with the adhesive group. The lower
average values observed in the adhesive group may
be related to the cyanoacrylate not being metabo-
lized," thereby hindering the interlocking of newly
formed bone with the titanium device."
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A systematic review! reported that the shear
strength levels used in orthodontic treatments ranged
from 50 to 400 g, but the majority of studies have used
200 g or less.*” Once rigid fixation (secondary stabil-
ity) is achieved, orthodontic forces are not a threat to
mini-implants and bone integration.?' In this study,
mechanical evaluation conducted with the shear
strength test indicated that all the groups with and
without adhesive achieved average values above the
optimum values required for use in orthodontic skel-
etal anchorage, at all the tested time points.

Comparing the Arrow device used in the adhe-
sive group with the device used by Xie et al,* the lat-
ter had lower values (10.84 N) at the immediate time
point, and also exhibited a decreasing trend in aver-
age values at 15 days (6.23 N) and 30 days (1.8 N),
and an increasing trend at 60 days (45.69 N), all in-
dicating a significant difference. According to these
authors, the decreasing trend occurred because of
reduced adhesion strength, due to adhesive hydro-
lysis. In the adhesive group, higher average shear
strength values were verified at the immediate time
point and at 30 days, compared with those by Xie
et al* at the same time points. This is probably due
to the arrow-shaped structure extending from the
base, which anchors the device and keeps it in posi-
tion. Regarding the results observed after 60 days,
Xie et al* recorded higher values than the present
study at this same time point, using a device with a
flat base, probably due to the amount of new bone
tissue around the device.

The thickness of the cortical bone has a major im-
pact on primary stability, especially in dolichofacial
patients, with high mandibular and gonial angles, be-
cause their cortical bone is very thin.''#" Alternative
anchorage devices should be used on these patients
to achieve primary stability. Other considerations
for these devices include the use of biological adhe-
sive, a greater device diameter, a surface treatment or
the combined insertion of mini-implant and auxil-
lary accessories with indentations facing the cortical
bone.>!??? The application of small amounts of the
adhesive lateral to the device® should be evaluated for
primary stability in patients with thin cortical bone.

Better results for the mini-implants, especially in
patients with thin cortical bone, could be obtained
by developing an adhesive agent, together with a
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method for its application, which ensures primary
stability in almost 100% of the cases, thus promot-
ing an increase in bone implant contact, achiev-
ing secondary stability, so that it can be used as an
orthodontic anchorage. Further studies are needed
to assess the best location of the biological adhesive
during device insertion, use of other types of adhe-
sive, a shear strength test that simulates orthodontic
active treatment, and a way of removing the device
in a clinical trial.

CONCLUSIONS

There was new bone formation, achieving close
contact with the device in 30-60 days in the nonad-
hesive group. In the adhesive group, there were gaps
between the device and the bone. At the immediate
time point, the shear strength was similar between
the groups with and without adhesive. Higher shear
strength was found for the group without adhesive
at 30 and 60 days, increasing over time. The Arrow
showed no mini-implant fracture.
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