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Evaluation of the effect of force direction on stationary anchorage success

of mini-implant with a lever-arm–shaped upper structure

Ki-Ho Parka; Eun-Man Leeb; Seung-il Shinc; Seong-Hun Kimd; Young-Guk Parke; Su-Jung Kimf

ABSTRACT
Objective: To compare the effect of clockwise and counterclockwise torque on the primary stability
of a mini-implant with a lever-arm–shaped upper structure.
Materials and Methods: Twenty-four white rabbits were used for this study. Two screw-type mini-
implants were placed in each tibia. In all, 96 screws were inserted. Two weeks later, a 2-N force
was applied to the mini-implants without an upper structure in eight rabbits (control group). The
mini-implants of the other 16 rabbits were loaded with an upper structure (experimental group). In
the experimental group, the two left mini-implants were loaded in a clockwise direction (CW group)
and the two right implants were loaded in a counterclockwise direction (CCW group). The rabbits
were sacrificed at 1 week or 8 weeks after loading in both control and experimental groups. The
removal torque value (RTV) was measured in 15 of 16 mini-implants in each group and the
remaining implant was processed for histologic examination.
Results: At 1 week there were no significant differences in the mean RTV between the control,
CW, and CCW groups. At 8 weeks, the RTV was higher in the control and experimental groups
than in the respective 1-week groups. At 8 weeks, there were no significant differences in the RTV
between the control and CW groups, but the CCW group showed a lower RTV.
Conclusions: CCW torque can decrease the stability of a mini-implant, whereas a CW torque has
no effect. (Angle Orthod. 2011;81:776–782.)
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INTRODUCTION

Various aspects of force affect the stability of mini-
implants, including the timing of force application, its
magnitude, and its direction. There have been many
studies about the optimal timing of force loading. Some

authors have insisted that a healing period after the
placement of mini-implants is indispensible for the
stability of the implant,1–6 while others have stated that
the early loading is possible since the orthodontic force
applied was within the primary stability gained by the
mechanical binding between the mini-implant and
surrounding bone.7–12 There are no reports of the
maximum force that can be tolerated by a mini-implant.
However, most studies have used a force of 1.5 to 3 N
to test mini-implants.2,3,13–15

Most previous mini-implant studies used mini-im-
plants without a lever-arm–shaped upper structure,16–18

so they estimated only simple lateral forces (Figure 1).
Therefore, few studies have reported on the effect of
force direction with a rotational moment on the stability
of the mini-implant. However, when an orthodontic
force is applied to a mini-implant with a lever-arm–
shaped upper structure, either a clockwise moment or
counterclockwise moment is applied (Figures 2 and 3).
Therefore, studies investigating the effect of force
direction on the stability of mini-implants are needed.

Costa et al.7 reported that mini-implant failure can
occur when the torque moment is applied in a
unscrewing direction clinically. Huja et al.19 suggested
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that a rotational force would break the mechanical and
chemical bonds between the mini-implant and bone.
Cho et al.14 investigated the effects of torque moment
on mini-implant stability by examining the histological
findings and success rate. The aforementioned studies
measured the clinical success rate or examined
histological samples to assess the effect of rotational
moment on the stability of mini-implants.7,14,19 Howev-
er, none of them examined the stability of mini-
implants using removal torque values (RTVs).

Clinical determination of a mini-implant’s anchorage
can be done by measuring the removal torque. The
concept of removal torque was first introduced by
Carlsson et al.15 for the development of an implant
design. Klokkevold et al.20 interpreted higher RTVs as
indicative of increased bone-to-implant contact and
osseointegration.

The aim of this study was to estimate the effect of
force direction on the stability of mini-implants with a
lever-arm–shaped upper structure by examining his-
tological findings and measuring removal torque after
applying a clockwise or counterclockwise moment in
two time frames: at the first week, prior to formation of

bridging callus; and at the eighth week, after formation
of bridging callus.

MATERIALS AND METHODS

Materials

The protocol of the animal study was approved by
the Ethics Committee on Animal Research at Kyung
Hee Medical Center, Kyung Hee University. A proto-
type mini-implant, 7 mm in length and 1.6 mm in
diameter that had been sandblasted and acid etched in
its threaded portion (Figure 4), and a lever-arm–
shaped upper structure, was used in this study
(Figure 5).

Placement of Mini-implants

Twenty-four New Zealand white rabbits were used.
The rabbits were divided into two groups containing 12
rabbits each according to the duration of loading
(1 week or 8 weeks). In the control group, a 2-N force
was applied to the mini-implants without an upper
structure. In the experimental groups, a 2-N force was
applied to the upper structure (clockwise group,
counterclockwise group).

Each rabbit was anesthetized intramuscularly with
Zoletil 50 (zolazepam and tiletamine, 0.2 mL/kg;
Virbac, Carros Cedex, France). The hair around the
implantation site (tibia near the femur of the hind leg)
was removed completely using a depilatory. The

Figure 1. Force loading on the mini-implants without upper

structures. Schematic diagram of the mini-implants without upper

structures (upper right). a indicates the direction of force (only simple

lateral force was applied).

Figure 2. A schematic diagram of clockwise loading on lever-arm–

shaped upper structures. a indicates the direction of force; b,

clockwise moment.

Figure 3. A schematic diagram of counterclockwise loading on lever-

arm–shaped upper structures. a indicates the direction of force; b,

counterclockwise moment.

Figure 4. Screw part of new mini-implant. a indicates the implant

body; b, implant head.
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surgical site was scrubbed with Potadine (povidone
iodide) and the tibia was exposed by incisions with a
no. 15 blade. A flap was reflected with a periosteal
elevator and the mini-implants were placed using a
manual driver with cooling water. The first implant was
placed in the tibia 20 mm away from the femur, and the
second implant was placed 10 mm distal to the first
mini-implant (Figure 6). Implants were placed bilater-
ally in all animals.

No initial load was applied and, after sufficient saline
irrigation, the implantation area was sutured with
chromic 4-0 sutures (AILEE, Seoul, Korea) in the
muscle and with 4-0 black silk (AILEE) in the skin.

Two weeks after implantation, the head of the screw
part was exposed by a second surgery. A nickel-
titanium closed-coil spring (Ormco, Orange, Calif) was
applied to the coronal portion of the mini-implants
without an upper structure with a 2-N force in eight
rabbits (Figure 7).

In the remaining 16 rabbits, a 11-mm-long upper
structure was attached to the exposed head of the
threaded portion of the implant in the parallel position
and a nickel-titanium closed-coil spring (Ormco) was
engaged. A 2-N clockwise force was applied to the left
tibia, and a counterclockwise 2-N force was applied to
the right tibia (Figures 8 and 9).

Euthanasia and Tissue Preparation

The rabbits were sacrificed at either 1 or 8 weeks
after loading using an overdose of Zoletil 50 (zolaze-
pam and tiletamine, 0.2 mL/kg, Virbac). The implanted
sites were exposed and excised, including 5 to 10 mm
of bone tissue surrounding the implanted site. The
peak RTV of the 15 mini-implants in each group was
measured using an analog torque gauge (6BTG,
TOHNICHI, Tokyo, Japan). The remaining mini-im-
plant in each group was processed for histological
observation.

Tissue blocks, including the mini-implants, were
harvested and fixed in 10% formalin solution for
1 month. After fixation, the tissue samples were
serially dehydrated in 80% to 100% concentrations of
alcohol, embedded in polymethylmethacrylate, and
hardened under vacuum conditions using a light-curing
unit. The resin-embedded tissue blocks were sec-
tioned using a sawing machine (BS3000N, Exakt,
Norderstedt, Germany), and undecalcified samples
50 mm thick were prepared with a microgrinding
machine (4110, Exakt) and stained with hematoxylin-
eosin.

Figure 5. Upper structure of new mini-implant.

Figure 6. Placement of a new mini-implant.

Figure 7. Force loading (prototype without upper structure).

Figure 8. Clockwise loading.
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Statistical Analysis

Statistical analyses were carried out using SPSS
software (13.0). The data of the three groups in each
loading group (1 and 8 weeks) was tested using one-
way analysis of variance and a Duncan post hoc test.
The differences in RTV of each loading method
between the 1-week and 8-week groups were com-
pared using a t-test. A P , .05 was considered
significant.

RESULTS

Results of Removal Torque Testing

In the 1-week group, the RTV was similar in all three
groups (Table 1). In the 8-week group, there was no
significant difference in the RTV between the control
group and clockwise group, but the counterclockwise
group had a lower RTV than the other groups
(Table 2). In the control and experimental groups, the
RTV was significantly higher at 8 weeks than at 1 week
(Table 3).

Histological Findings

Destructive bone fragments caused by mechanical
trauma while placing the mini-implant and soft tissue
were observed histologically in the 1-week samples
(Figures 10 through 12). There were no histological
differences between the control and experimental
groups (both clockwise and counterclockwise groups).
Owing to new bone apposition in the 8-week group,
which was independent of the force application

method, the amount of mini-implant/cortical bone
contact increased compared to the 1-week group
(Figures 13A, 14A, 15A). However, the counterclock-
wise group showed a larger bone defect area between
the mini-implant and the cortical bone than the
clockwise and control groups (Figures 13B, 14B, 15B).

DISCUSSION

Stability is the most important consideration when
using mini-implants for anchorage. Various factors
affect the stability of mini-implants when force is
applied, including the timing/duration of application,
direction, and magnitude of force.

In the present experiment, orthodontic force was
applied 2 weeks after mini-implants were placed.
Some previous studies insisted that a long healing
period after implantation is necessary to ensure the
stability of an implant. Wehrbein et al.,2 Saito et al.,3

and Roberts et al.5 applied a 2-N force and allowed a
healing period longer than 8 weeks after implantation.
Roberts et al.1 concluded that the formation of a
bridging callus is essential for achieving stability and
resistance to an applied force. They also reported that
immediate loading after placement is not recom-
mended because 6 weeks, 12 weeks, and 18 weeks
are needed for rabbits, dogs, and humans, respec-
tively, for a bridging callus to form.

However, others insisted that early loading or
immediate loading is possible if the orthodontic force
is within the primary stability gained by the mechanical
binding between the mini-implant and surrounding
bone. Majzoub et al.8 demonstrated histologically that
endosseous implants can be used as an anchor for
orthodontic tooth movement during the early post-
insertion healing period (2 weeks). Deguchi et al.9

reported that, even with immature surrounding bone, a
mini-implant in adult dogs can tolerate an orthodontic

Table 1. Removal Torque Values (in Ncm) of the 1-Week Group

Group Sample Size Mean SD

Control 15 5.63A 0.931

Clockwise loading 15 5.81A 0.881

Counterclockwise loading 15 5.37A 0.791

A Groups with different letters are significantly different from each

other (P 5 .05).

Table 2. Removal Torque Values (in Ncm) of the 8-Week Group

Group Sample Size Mean SD

Control 15 10.1C 0.946

Clockwise loading 15 9.72C 0.891

Counterclockwise loading 15 7.32B 0.743

B,C Groups with different letters are significantly different from

each other (P 5 .05).

Table 3. Comparison of Removal Torque Values (in Ncm) of Each

Loading Group Between 1 and 8 Weeks

Group Mean (1 wk) Mean (8 wk) Sig.a

Control 5.63 10.1 *

Clockwise loading 5.81 9.72 *

Counterclockwise loading 5.37 7.32 *

a Sig., significance of periods by t-test.

* Values are significantly different from each other (P 5 .05).

Figure 9. Counterclockwise loading.
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load 3 weeks after implant insertion and suggested that
a mini-implant could be used as an anchor, even with a
shorter healing period. Recently Park10 reported that
orthodontic force loading is possible as soon as the soft
tissue is healed. In the present experiment, an ortho-
dontic force was applied 2 weeks after mini-implant
placement based on the findings from earlier studies that
early loading of mini-implants is possible.8–10

There are no reports on the maximum force
tolerated by a mini-implant. However, most studies
used a force of 1.5 to 3 N to test mini-implants.2,3,13–15 In
the present study, a 2-N force was applied, which falls
within this range.

In the present study, an orthodontic force was
applied with a rotational moment. This is different from
most reports, which used a unilateral horizontal force.
Costa et al.,7 Huja et al.,19 and Cho et al.14 examined
the stability of mini-implants when a rotational moment
was applied. However, unlike the present study, they
did not examine the stability of a mini-implant through
measurement of removal torque.

In the present study, in the 1-week group (ie,
3 weeks after implantation), the RTV was similar in
the control, clockwise, and counterclockwise groups.
This suggests that at 1 week, a 2-N force in either the
clockwise or counterclockwise direction does not affect
the stability of mini-implants. There were no significant
differences in the histological findings of the mini-
implant/cortical bone interface between the control,
clockwise, and counterclockwise groups. The Cho et
al.14 study, which applied immediate loading, also
observed no differences between clockwise and
counterclockwise groups after 3 weeks of implantation
in terms of bone-to-implant contact. Therefore, it can
be concluded that there was no difference in stability
between the clockwise and counterclockwise groups
after 3 weeks of implantation, which is within the period
of bridging callus formation. In addition, there was no
difference in stability for immediately loaded implants
and implants loaded after 2 weeks.

Figure 11. Clockwise group at 1 week (340).

Figure 12. Counterclockwise group at 1 week (340).

Figure 13. Control group at 8 weeks (340). (A) New bone

proliferation throughout the implant surface. (B) Surface area of

defects at the interface.

Figure 10. Control group at 1 week (340).
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The RTV of the mini-implants in all groups increased
between 1 and 8 weeks. Roberts et al.1 concluded that
the formation of a bridging callus is essential for
achieving stability and withstanding an applied force
and reported that 6 weeks is required for a rabbit to
form a bridging callus. The increased RTV in the 8-
week group can be explained by the histological
findings. Histologic examination of the 8-week samples
showed a larger mini-implant/cortical bone interface
than the 1-week samples. These results are similar to
those of Cho et al.,14 who reported significantly higher
bone-to-implant contact around implants that had
healed for 12 weeks than around implants that had
healed for 3 weeks, regardless of which loading
method had been used.

In this study, the counterclockwise group showed a
lower RTV than the control and the clockwise groups
at 8 weeks. Also, no significant difference was
observed between the clockwise and control groups
at 8 weeks. The histological findings indicated that the
counterclockwise group had a larger bone defect area
at the mini-implant/cortical bone interface than the
control group and the clockwise group. Cho et al.14

observed lower bone-implant contact in the counter-
clockwise group than in the clockwise group at
12 weeks. Orthodontic force was loaded in the
direction of mini-implant loosening in the counterclock-
wise group, which could be considered a cause of the
lower bone-implant contact. Implant failure without
infection under these conditions is caused, in most
cases, by excessive pressure on the bone–implant
interface.21–23 Loading with a counterclockwise rota-
tional moment could induce excessive pressure on the
bone/mini-implant interface, decreasing the stability of
the implant. Therefore, it is recommended that a force
system that produces a counterclockwise moment on

mini-implants should be avoided. Also, in the counter-
clockwise group, a longer healing period is recom-
mended, since greater stability was achieved after
8 weeks than after 1 week in the present study.

Further studies of mini-implant stability relative to the
magnitude of force and the time elapsed prior to
loading are required. Finally, additional studies of the
RTV of the prototype should be performed beyond
8 weeks to determine long-term stability. The cortical
bone thickness of the rabbit tibia varies widely and
there is a rapid tissue turnover rate. Therefore, these
results should be applied with caution to the clinical
situation.

CONCLUSIONS

N After 8 weeks, significant increases in both RTV and
bone-implant contact were observed for all groups,
suggesting that delayed loading may be preferable to
immediate loading.

N In the 8-week group, there were no significant
differences between the control and clockwise
groups, but the RTV was lower in the counterclock-
wise group. In addition, the counterclockwise group
had a larger bone defect area in the bone-implant
interface than did the clockwise group.

N Counterclockwise torque could decrease the stability
of a mini-implant after 8 weeks, whereas a clockwise
torque has no effect. Therefore, a force system that
produces a counterclockwise moment to mini-im-
plants should be avoided.
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Figure 14. Clockwise group at 8 weeks (340). (A) New bone

proliferation throughout the implant surface. (B) Surface area of

defects at the interface.

Figure 15. Counterclockwise group at 8 weeks (340). (A) New bone

proliferation throughout the implant surface. (B) Surface area of

defects at the interface.
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