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Influence of Surface Characteristics on
Survival Rates of Mini-Implants
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ABSTRACT
Objective: To compare the clinical performance and the survival rate of two mini-implant systems
with different surface characteristics under immediate orthodontic loading.
Materials and Methods: Seventeen machined titanium (MT) mini-implants and 15 sandblasted,
large grit, acid-etched (SLA) mini-implants were placed in 10 patients. The mini-implants were
immediately loaded and the patients seen at 7, 14, 30, 60, and 150 days. Clinical parameters
such as anatomical location, character of the soft tissue at the screw head emergence, type of
mini-implant system, diameter, and length were analyzed. In addition, the insertion torque record-
ed at the time of insertion was also assessed. Survival rate and clinical parameters were evaluated
by the chi-square exact tests using the SAS version 9.1.
Results: The overall survival rate was 87.5%. Over the four failing mini-implants, three were MT
and one SLA resulting in an individual survival rate of 82.4% and 93.4%, respectively. In the
failure group, all the fixtures had their screw emergence at the oral mucosa and recorded a torque
range of less than 15 Ncm. The insertion torque statistically influenced the survival rate of the
mini-implants (P � .05). Surface treatment, anatomical location, as well as soft tissue emergence
were not statistically significant.
Conclusion: Surface characteristics did not appear to influence survival rates of immediately
loaded mini-implants.
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INTRODUCTION

Anchorage control is a fundamental aspect of ortho-
dontic biomechanics. Poor anchorage control during
therapy may increase treatment time and lead to an
unfavorable result.1 Concerns with commonly used ex-
traoral apparatus include socially unacceptable es-
thetics, the potential for injury, and an impractical de-
pendence on patient compliance.2 The historical suc-
cess of root-form dental implants to replace missing
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teeth3,4 supported the migration of implantology into or-
thodontics. Current interest in utilizing implants as os-
seous anchors for orthodontics may represent a valu-
able alternative to conventional methods.5

Pioneering data from Linkow,6 added to that of later
investigators,7,8 have demonstrated the utility of im-
planted anchors in orthodontics. Moreover, the appli-
cation of orthodontic forces appears to have a positive
effect on peri-implant osseous tissue.9,10 Initially, large
diameter implants were inserted into the alveolar pro-
cess, the palate, and the retromolar area.11–15 More re-
cently, strategically placed mini-implants, requiring
minimally invasive surgery appear to have overcome
many of the issues associated with the larger devices.
While preliminary data look promising, mini-implants
have not equaled the success of root-form devices
and concerns regarding design, osseointegration,
post-insertion infection, and questions about optimal
preload healing time remain subjects for further inves-
tigation.16–19

The purpose of the present study was to evaluate
the survival rate and to compare clinical performance
of two mini-implant systems with different surface
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Figure 1. Machined titanium.

Figure 2. Sandblasted, large grit, acid-etched.

characteristics under immediately applied continuous
orthodontic loading.

MATERIALS AND METHODS

The performances of two screw-shaped titanium
mini-implant systems were assessed in the present
study. The Dual-Top (Jeil Medical Corporation, Seoul,
Korea) is a machined pure titanium (MT), self tapping,
threaded mini-implant available in diameters of 1.4,
1.6, and 2.0 mm and in lengths of 6.0, 8.0, and 10.0
mm. The insertion protocol recommends either a hand
or a motorized screw driver (Figure 1). The C-implant
(Implantium Inc, Seoul, Korea) is also a titanium mini-
implant with a distinctive characteristic of having a
sandblasted, large grit and acid-etched (SLA) surface
treatment and a 2-mm machined polished collar. Its
1.8 mm diameter is available in lengths of 8.5, 9.5 and
10.5 mm and can only be inserted with a hand screw
driver (Figure 2).

Ten healthy patients, ages 13 to 65 years, whose
treatment plan included the use of temporary anchor-
age devices (TADs), were included in the study. Clin-

ical and radiographic data were analyzed to determine
the survival rate of the two mini-implant systems. Data
were captured for 32 TADs.

Prior to beginning treatment, standard orthodontic
records were obtained for each patient. Treatment
plans were then developed through orthodontic and
periodontal collaboration. The two mini-implant sys-
tems were alternately placed until a minimum of 15
mini-implants were placed for both systems. Some pa-
tients received implants from both systems under
study while other patients were treated with implants
from either the MT or the SLA system.

Immediately prior to the procedure, patients rinsed
with a prophylactic mouthwash (0.12% chlorhexidine).
Mini-implant patients were placed under local anesthe-
sia; no incision or mucoperiosteal flaps were required
for any of the sites. A starter drill, used at 800 rpm
under copious irrigation, was utilized to enter the al-
veolar cortex. The mini-implants were placed using the
system-specific screw driver. At the final revolutions of
implant placement, a torque ratchet was utilized to
identify implants which required greater than 15 Ncm
of torque for final seating (Figures 3 and 4). Patients
were instructed to continue a twice daily regimen of
chlorhexidine rinses for 1 week. Follow-up data were
captured at 7, 14, 30, 60, and 150 days after loading.

Following surgical placement, the mini-implants
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Figure 3. Torque ratchet.

Figure 4. Close-up view of torque ratchet.

Figure 5. Immediately loaded large grit acid-etched implants.

were immediately loaded with a NiTi coil-spring or an
elastic chain generating an initial force magnitude of
50 to 100 g (Figure 5). After 2 weeks of healing, the
force was increased reaching a level of 250 g. The
orthodontic movements accomplished included molar
intrusion, molar uprighting, retraction of protruded an-
terior teeth, and protraction of posterior teeth.

Anatomical location (posterior maxilla vs posterior
mandible), the design (machined titanium vs sand-
blasted, acid-etched) and dimensions of each implant,
the character of soft tissue at the screw head emer-
gence (keratinized vs oral mucosa), and magnitude of
applied orthodontic forces were recorded for each pa-
tient. In addition, the torque range at the time of in-
sertion was recorded. A perception of surgical chal-
lenge for each type of mini-implant was recorded by
the periodontist on a three-point scale (simple, mod-
erate, and difficult). Postsurgical pain encountered for
the first few days was recorded by each patient; using
a four-point scale (no pain, mild, moderate, severe).
During the course of orthodontic treatment, the implant
sites were examined at every visit for signs of infection
or others complications.

The absence of inflammation or clinically detectable
mobility, and the ability to maintain implant stability un-
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Table 1. Distribution of the Implants Based on the Surface Treat-
ment and the Location

Assessment
Number of
Implants

Percent of
Implants

Anatomical location

Maxilla 17 53.1
Mandible 15 46.9

Soft tissue location

Keratinized 11 34.4
Oral mucosa 21 65.6

Implant surface

Machined titanium 17 53.1
Sandblasted, acid-etched 15 46.9

Table 2. Distribution of the Implants in Relation to the Diameter,
Length, and Torque Value

Assessment Number of Implants Percent of Implants

Implant diameter

1.4 mm 4 12.5
1.6 mm 9 28.1
1.8 mm 15 46.9
2.0 mm 4 12.5

Implant length

6 mm 5 15.6
8 mm 7 21.9
8.5 mm 15 46.9

10 mm 5 15.6

Torque range

�15 Ncm 13 40.6
�15 Ncm 19 59.4

Table 3. Correlation Between Surface Characteristic and Clinical Parametersa

Assessment

Surface Characteristic MT

Number Percent

Surface Characteristic SLA

Number Percent P value Significance

Surgical handling

Simple 16 94.1 1 6.7 .0001 *
Moderate 1 5.9 14 93.3
Difficult 0 0.0 0 0.0

Torque range

�15 Ncm 6 35.3 7 46.7 .513 NS
�15 Ncm 11 64.7 8 53.3

a MT indicates machined titanium; SLA, sandblasted, large grit, acid-etched; NS, not significant.
* P � .05.

der orthodontic load, identified a successful implant. If
an implant failed during the orthodontic treatment, the
time from implant insertion to failure diagnosis was
also recorded.

Statistical Analysis

Correlation between the two different implant sys-
tems and the clinical parameters gathered were eval-
uated by chi-square exact tests using the SAS version

9.1. The influence of the clinical parameters on the
survival rate of the mini-implants was also evaluated
using chi-square exact tests.

RESULTS

The overall survival rate was 87.5%. The MT and
SLA mini-implant systems had survival rates of 82.5%
and 93.5% survival rates, respectively.

Seventeen of the implants placed were MT and 15
were SLA. The distribution of mini-implants based on
surface characteristics and location is shown in Table
1. The distribution of mini-implants based on diameter,
length, and torque is shown in Table 2. The majority
of the mini-implants emerged through the oral mucosa
as opposed to the keratinized tissue, and two-thirds
had a torque value higher than 15 Ncm at the time of
placement.

Surgeon-reported ease of use was significantly dif-
ferent between the two systems favoring the machined
titanium type (Table 3). Due to its insertion technique
and instrumentation design, most clinicians agreed
that MT was easier to use (94.1% rated simple) in
comparison to the SLA system (93.3% rated moder-
ate). None of the surgical procedures were considered
difficult.

Clinical mobility and peri-implant inflammation were
diagnosed on a total of four implants. Two implants
failed 14 days after placement and the other two failed
after being under loading for 85 days. Torque range
appears to be a critical variable for survival. All suc-
cessful mini-implants had a torque range at insertion
greater than 15 Ncm (Table 4).

Although the failed implants were all placed in areas
of nonkeratinized tissue with three of them in the pos-
terior maxilla (Table 4), correlations between anatom-
ical location, soft tissue type, and the survival rate
were not statistically significant.

Among the MT failure group, two mini-implants had
a diameter of 1.6 mm with a length of 10 mm and the
third had a diameter of 1.4 mm with a length of 6 mm.
Implant dimensions did not influence the survival rate.
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Table 4. Influence of the Clinical Parameters on the Survival Ratea

Assessment
Total Number

of Implants
Number of

Implant Failures Percent Survival P value Significance

Anatomical location .348 NS
Maxilla 17 3 82.3
Mandible 15 1 93.3

Soft tissue emergence .121 NS
Keratinized 11 0 100.0
Oral mucosa 21 4 81.1

Implant diameter .496 NS
1.4 mm 4 1 75.0
1.6 mm 9 2 77.8
1.8 mm 15 1 93.3
2.0 mm 4 0 100.0

Implant length .159 NS
6 mm 5 1 80.0
8 mm 7 0 100.0
8.5 mm 15 1 93.3

10 mm 5 2 60.0
Surface characteristic .348 NS

Machined titanium 17 3 82.4
Sandblasted, acid-etched 15 1 93.4

Torque range .004 *
�15 Ncm 13 4 69.2
�15 Ncm 19 0 100.0

a NS indicates not significant.
* P � .05.

The only SLA mini-implant failure had a diameter of
1.8 mm and a length of 8.5 mm. Although two-thirds
of the failing mini-implants were MT, the survival rate
was not statistically affected by the implant surface
characteristics.

The majority of the patients (8/10) reported either no
postinsertion pain or mild discomfort; two patients,
who had teeth extracted at the same appointment, re-
ported moderate pain the first few days. Interestingly,
no pain or other symptoms were reported by patients
with failing implants.

DISCUSSION

The overall success rate of 87.5% found in this
study compares favorably to reports by Park et al,20

and Buchter et al,21 who have reported 80% or greater
success rates.

Numerous reports in the periodontal literature imply
a preference for coated or roughened surface treat-
ments,22–24 suggesting the increased surface area may
enhance early osseointegration, even in poor quality
bone, and improve survival. Aldikacti,25 examining
peri-implant osseous tissue surrounding SLA implants
loaded with a continuous force of 200 g for 52 weeks
in dogs, found a thicker corticalization of bone trabec-
ulae and an increase in bone opposition.

In other observations, Chung et al26 and Randow et
al27 demonstrated successful distal molar movement
and en masse retraction of maxillary teeth with the aid

of SLA mini-implants. In these studies, however, the
authors recommend a 6- to 8-week preloading healing
period.

Early clinical experiences suggested 6 to 12 weeks
as an optimal osseointegration period before the or-
thodontic loading.28 In a more recent study, Lee and
Chung29 described the effect of early loading on the
osseointegration of an SLA mini-implant in animals
and found that premature loading after a 4-week heal-
ing period did not adversely affect the process. Inter-
estingly, Deguchi et al30 have demonstrated that mini-
implants with as little as 5% bone contact at the bone-
implant interface successfully resisted orthodontic
force.

Although the survival rate of the SLA mini-implants
in this investigation was higher compared with the MT
group (93.5% to 82.5%), the correlation between the
implant surface characteristics and the rate of success
was not statistically significant. These findings suggest
that altering an implant surface to create more surface
area and increase bone contact may not be the pri-
mary consideration when using mini-implants as ortho-
dontic anchors.

In the present study, more than half of the failing
mini-implants occurred in the posterior maxilla, but the
influence of skeletal topology on the survival rate was
not statistically significant. These findings are in agree-
ment with the experiences reported by Huja et al31 who
found that mini-screws with only 5% bone contact
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could resist a force application of 200–300 g. A ret-
rospective examination of 134 titanium screws and 17
plates inserted in 51 patients by Miyawaki’s group32

found that thin cortical bone significantly lowered suc-
cess rate. By contrast, Cheng et al33 proposed that the
high bone density in the posterior mandible might in-
duce overheating during the drilling sequence and,
therefore, increase the failure rate.

The anatomical location and inflammation of peri-
implant tissue has been shown to affect the survival
rate.34 Although statistically insignificant, all failing im-
plants in the present study had a screw emergence in
the oral mucosa rather than keratinized gingiva. It
must be noted that the number of mini-implants placed
through oral mucosa nearly doubled the number of
those placed in keratinized tissue (Table 1). Two mini-
implants from the four failing ones were placed on the
same patient and were able to withstand the immedi-
ate orthodontic loading for more than 85 days before
they were lost. Poor oral hygiene, resulting in localized
inflammation of the surrounding peri-implant tissue,
might be a better explanation for the failure rather than
immediate function.

Overall dimensions of the devices used in this study
were not demonstrated relevant to the survival rate.
The smallest mini-implant diameter inserted was 1.4
mm and the shortest length was 6 mm. Miyawaki32 re-
ported the successful fixation of 17 mini-plates with
two screws of 2.0 mm diameter and 5 mm length and
noted that monocortical insertion with a limited length
was sufficient to stabilize the fixtures. Moreover, the
same author demonstrated that screws with 1.0 mm
diameter or less had a significantly lower success rate
in comparison to the 1.5 or 2.3 mm diameter screws.

Recent clinical experiences with dental implants
have emphasized the importance of the torque value
related to immediate loading. In a study of immediately
loaded single tooth implants, Ottoni et al34 reported a
20% reduced risk of failure for every 9.08 Ncm added
to the torque range. Degidi et al35 recommended a
torque value of more than 25 Ncm for immediate load-
ing of dental implants.

A significant finding of the present study is the range
of torque values recorded at the time of placement. All
implants placed with a minimum torque value of 15
Ncm survived immediate loading. This finding was sta-
tistically significant. Motoyoshi et al36 recommended an
implant placement torque range of 5 to 10 Ncm. Their
recommendation was based on the fact that higher
torque values did not yield higher survival rates. The
latter study did not correlate torque values to other var-
iables to account for implant success. Perhaps, if all
other variables responsible for implant survival are ide-
al, insertion torque values smaller than 15 Ncm may
be clinically successful.

Although not recorded in this study, the SLA mini-
implants presented a higher level of osseointegration
at the time of removal. This clinical observation was
based on the higher torque necessary for removal of
SLA mini-implants when compared with smooth ma-
chined titanium implants. Our clinical experience indi-
cates that surface treated (SLA) implants could be ad-
vantageous in areas of poor bone quality, and loading
should be delayed for 6 to 8 weeks when initial os-
seointegration has occurred. Additionally, bone den-
sity, assessed by torque required for insertion, and
ability to control inflammation are perceived as essen-
tial to increase the survival rates of mini-implants.

CONCLUSIONS

• Surface characteristics did not appear to influence
survival rates of immediately loaded mini-implant.

• A torque value of more than 15 Ncm recorded at the
time of insertion appears to be one of the critical
variables for mini-implant survival under immediate
loading.
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