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Stability and success rate of dual-thread miniscrews:
A retrospective study using the buccal alveolar region as the insertion site

Yeji Lee?; Sung-Hwan Choi°; Hyung-Seog Yu®; Tselmuun Erenebat?; Jing Liu®; Jung-Yul Cha®

ABSTRACT

Objectives: To date, the clinical stability of dual-thread orthodontic miniscrews has not been
studied. This study aimed to compare the primary stability and long-term clinical success rate of
dual-thread and cylindrical orthodontic miniscrews and to examine the association between various
clinical factors and the success rate of miniscrews.

Materials and Methods: A total of 145 cylindrical and 135 dual-thread miniscrews were inserted in
the maxillary and mandibular buccal alveolar areas of 142 patients. The torque and Periotest
(Siemens, Bensheim, Germany) values were recorded during insertion and removal. The effect of
clinical variables such as sex, age, screw design, jaw, side of placement, root proximity, and site of
placement on the success rate was examined using logistic regression analysis.

Results: There was no statistically significant difference (P = .595) in the overall clinical success
rate between the two designs, with an overall success rate of 82.1% and 84.4% for the cylindrical
and dual-thread miniscrews, respectively. Age and screw-root proximity were significantly
associated with failure (P < .05).

Conclusions: The dual-thread miniscrews did not show superior long-term stability and clinical
success rate as compared with the cylindrical miniscrews. The results of this study suggest that
patient age and screw-root proximity influence the clinical success rate of miniscrews. (Angle
Orthod. 2021;91:509-514.)

KEY WORDS: Stability; Success rate; Orthodontic miniscrews; Dual-thread; Cylindrical; Screw-
root proximity; Age

INTRODUCTION between approximately 75% and 90%, has been
reported, limiting the predictability of achieving reliable
clinical outcomes.'®

Primary stability is considered important for the
success of miniscrews.* Key factors contributing to
primary stability may be divided into host- and screw-
related factors. Host factors include bone quality, bone
quantity, cortical bone thickness, and the patient’s age,

whereas screw-related factors include the length,

The introduction of miniscrews to clinical orthodon-
tics has provided a solution to absolute anchorage and
allowed for more efficient and diverse orthodontic tooth
movement. Despite successful treatment results using
miniscrews, a wide range in the success rate, varying
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diameter, and design of the miniscrews.® Clinically,
because of the anatomical limitations of the buccal
alveolar area, screw-related factors are more readily
managed to acquire improved primary stability.
Primary stability can be improved by increasing the
diameter and length of the miniscrew. However, the
extent to which the diameter and length can be
increased is limited by proximity to the adjacent tooth
roots and risk of root contact.>®*” To compensate for
this limitation, tapered miniscrews have been devel-
oped. The tapered shape increases primary stability by
applying a compressive force to the cortical bone while
reducing the risk of root contact. In a clinical study,
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Cylindrical Dual-thread

Figure 1. (A) Schematic diagram of cylindrical and dual-thread
miniscrews (the abbreviations are described in Table 1). (B)
Photograph of cylindrical and dual-thread miniscrews (left and right,
respectively).

tapered miniscrews showed higher initial stability than
cylindrical miniscrews, while long-term stability was
unaffected.®

Dual-thread miniscrews were developed based on
the microthread concept of prosthetic implants. Pros-
thetic implants designed with microthreads in the neck
region were considered to distribute stress more
favorably to the peri-implant tissue.® In artificial bone
models, the dual-thread design reportedly improved
mechanical stability.” However, in a study using
artificial bone models, it was found that excessive
stress can be applied to the peri-implant bone in cases
of thick cortical bone." To date, the clinical stability of
dual-thread miniscrews has not been studied.

This study aimed to compare the stability and clinical
success rate of dual-thread and cylindrical orthodontic
miniscrews and to examine the association between
various clinical factors and the success rate of
miniscrews.

MATERIALS AND METHODS

Case records in which miniscrews were inserted for
anchorage from February 2009 to August 2014 were
retrospectively investigated. Two types of miniscrew
designs were alternately selected during the period.
Two hundred eighty self-drilling miniscrews (145
cylindrical and 135 dual-thread; Biomaterials Korea,
Seoul, Korea) were inserted in the maxillary and
mandibular buccal alveolar areas of 142 patients (56
male and 86 female). Patients with no relevant medical
history and who required miniscrews for successful
orthodontic treatment were included. A power analysis
was performed using G power version 3.1.9.4 (Franz
Faul, Universitat Kiel, Germany). It was determined
that a sample size of 105 miniscrews in each group
would provide greater than 95% power to detect a
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Table 1. Description of Miniscrews Tested in This Study (Unit: mm)

Type
Dual
Abbreviation Measurement Cylindrical Thread

D1 External diameter 1.45 1.45
D2 Collar diameter 1.50 1.50
d Internal diameter 0.95 0.95
d, Internal diameter of dual part — 1.03
L, Length of spiral part 6.00 3.20
L, Length of dual part — 2.80
L, Total length 7.00 7.00
P Pitch 0.70 0.70
Py Pitch of dual part — 0.35

significant difference with a 0.5 effect size at a
significance level of o = .05. Therefore, the numbers
of the two designs of miniscrews during this period
were considered adequate. Each miniscrew was
considered as independent. The mean age of the
patients was 20.7 = 7.5 years. All patients provided
written informed consent prior to the placement of
miniscrews. The ethics committee of Yonsei Dental
Hospital approved the present study (2-2012-0011).

Two types of self-drilling miniscrews with a 1.5-mm
diameter and 7.0-mm length were placed in the
maxillary and mandibular buccal alveolar areas (Figure
1; Table 1). The miniscrews were installed using a
manual hand driver, without predrilling. Each screw
was placed by one of four orthodontic specialists,
following a standardized protocol. Insertion and re-
moval torque were measured using a torque sensor
(MGT50, Mark-10, Copiague, NY) and mobility was
measured using the Periotest (Siemens, Bensheim,
Germany) device. Postoperative periapical radio-
graphs were obtained for each case.

Most of the screws were loaded with a 200-250 g
force in the third week after placement. The average
placement period was 18.8 months (cylindrical: 19.1
months; dual thread: 18.5 months). A successful
miniscrew was defined as one that was maintained
for longer than 6 months. Removal periods were not
recorded in three patients because of transfer, despite
a maintenance period longer than 6 months. Miniscrew
loss or excessive mobility was indicative of failure. The
patient’'s sex, age, date of surgery, miniscrew design,
and insertion site were recorded.

An independent two-samples ftest was used to
compare insertion torques and Periotest values (PTVs)
between the cylindrical and dual-thread miniscrews. A
chi-square analysis was performed to evaluate the
success rates of the two miniscrew designs and to
analyze the relationship between the success rates
and various variables including the operator, sex, jaw,
side of placement, root proximity, and site of place-
ment. Logistic regression analyses were used to
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Table 2. Success Rates of the Two Different Miniscrew Designs in
the Maxilla and Mandible

Cylindrical Dual Thread P (Chi-square)
Maxilla 79.1% (72/91) 88.2% (75/85) .103
Mandible 87.0% (47/54) 78.0% (39/50) 224
P (chi-square) .230 113
Total 82.1% (119/145) 84.4% (114/135) .595

evaluate the association between the success rate and
clinical variables. All statistical analyses were carried
out using IBM SPSS 25 (IBM Corp., Armonk, NY).
Statistical significance was set at P < .05.

RESULTS

There was no statistically significant difference in the
overall success rate between the two miniscrew
designs (P = .595). The overall success rates of the
cylindrical and dual-thread miniscrews were 82.1% and
84.4%, respectively. Despite the absence of a signif-
icant difference (P > .05) in the success rate between
the two designs, the dual-thread miniscrews had an
enhanced success rate in the maxilla, while the
cylindrical miniscrews had a superior success rate in
the mandible (Table 2). The difference in the success
rates between the maxilla and mandible was not
statistically significant between cylindrical (P = .230)
and dual-thread miniscrews (P =.113).

In the maxilla, the insertion torque and implantation
PTV did not significantly differ between the designs (P
> .05). In the mandible, the insertion torque was
significantly greater in the dual-thread (8.0 Ncm) than
in the cylindrical (6.2 Ncm) miniscrews (P < .05). The
insertion PTV in both the maxilla and mandible did not
differ between the designs (P > .05). Similarly, there
was no significant difference in the removal torque and
PTV between the two designs in both the maxilla and
mandible (P > .05; Table 3).

The chi-square test showed no difference in the
success rates among the four operators (P = .260). In
addition, sex, jaw, side of placement, and site of
placement did not significantly influence the success
rate (P > .05). However, the success rate was affected
by screw-root proximity (P < .05). Miniscrews exhibited
a higher success rate when placed in the middle of the
interradicular space between adjacent teeth than when

511

placed in close proximity to or in contact with the roots
(Table 4).

In both the maxilla and mandible, the insertion torque
and PTV did not significantly differ between the
successful miniscrews and those that failed (P > .05;
Table 5).

Logistic regression analysis identified age, insertion
PTV, and root proximity as variables affecting the
failure rates (Table 6). The failure rate decreased as
age increased and increased as the insertion PTV
increased. In addition, the failure rate markedly
increased when the miniscrew was placed in close
proximity to or in contact with the tooth roots, as
opposed to insertion in a position located midway
between the roots of adjacent teeth. Sex, design, jaw,
side of placement, insertion torque, and the operator
did not affect the success rate.

DISCUSSION

This was the first clinical study to evaluate the
stability and clinical success rate of dual-thread
miniscrews. The torque and PTV during insertion and
removal were investigated to assess initial and long-
term stability. In addition, various clinical factors were
examined to evaluate each factor's effect on the
clinical success of miniscrews. Dalessandri et al.
showed that the success rate did not differ among
miniscrews with a diameter >1.3 mm.?%7 It is recom-
mended that the length of miniscrews penetrating the
bone should be >6 mm."® In this study, 1.5-mm
diameter and 7-mm length miniscrews were used to
control screw-related variables other than the screw
design.

The overall success rate achieved in this study was
83.2%, which is within the wide range of success rates
reported. Many studies have shown success rates of
80-90%."® Cheng et al.” reported a success rate of
89%, whereas Motoyoshi et al.”® reported a success
rate of 85.5%. Because each study was performed
under different clinical conditions, applying different
implantation methods, variable success rates have
been reported.

In the current study, the success rates using the
cylindrical and dual-thread miniscrews did not differ
significantly. Only a limited number of studies evaluat-

Table 3. Peak Insertion and Removal Torque Values (in Ncm) and Periotest Values

Insertion

Removal

Torque Value, Ncm Periotest Value

Torque Value, Ncm Periotest Value

Cylindrical Dual-thread P Cylindrical Dual-thread

P Cylindrical Dual-thread P  Cylindrical Dual-thread P

Maxilla  6.00 = 3.17 6.19 = 2.62 .189 1.83 + 5.77 1.15 = 4.66 .751 3.82 = 2.60 3.94 + 2.55 909 7.66 * 6.26 6.43 = 5.09 .629
Mandible 6.48 = 2.81 8.03 = 3.88 .013* 3.69 = 3.83 2.81 = 5.13 .255 3.92 = 3.66 3.61 = 2.09 .100 7.12 = 5.38 9.72 = 6.05 .522

* Significance at the .05 level.
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Table 4. Success Rates and Number of Miniscrews According to
Clinical Variables*
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Table 6. Logistic Regression Analysis of Factors Associated With
Failure of Miniscrews

Success Success/ P
Clinical Variable Rate, %  Total Miniscrews, n  (Chi-square)
Sex
Male 80.2 81/101 .310
Female 84.9 152/179
Jaw of placement
Maxilla 83.5 147176 .857
Mandible 82.7 86/104
Side of placement
Right 81.8 112/137 522
Left 84.6 121/143
Root proximity
Center of roots 91.9 181/197 .000*
Close root 67.6 46/68
Root contact 40.0 6/15
Site of placement
Incisors to PM2 87.9 51/58 .536
PM2 to M1 81.7 161/197
M1 to M2 84.0 21/25

2 PM2 indicates second premolar; M1, first molar; M2, second
molar.
* Significance at the .05 level.

ing the clinical success rate of dual-thread miniscrews
have been undertaken. One split-mouth clinical trial
reported that the clinical success rate of dual- and
mono-thread miniscrews did not differ; however, the
sample size was small.”* Meanwhile, studies have
concluded that prosthetic implants with microthreads
demonstrated reduced marginal bone loss and a
higher clinical success rate due to improved stress
distribution.®’> However, the features of prosthetic
implants differ from those of orthodontic miniscrews.
Prosthetic implants have a rough surface, osseointe-
gration is a prerequisite, and immediate loading is
unnecessary.

In the mandible, dual-thread miniscrews had a
higher insertion torque than cylindrical miniscrews,
although there was no significant difference in the
maxilla. Therefore, this finding was consistent with that
of a previous in vitro study using an artificial bone
model that found that dual-thread miniscrews resulted
in a higher insertion torque. In addition, the insertion
torque and strain on the surrounding bone have been

Table 5. Mean and Range of Insertion Torques and Periotest
Values for Success and Failure Group

Insertion Torque, Ncm Periotest Value

Location n Mean + SD P Mean + SD P
Maxilla

Success 147 6.0 + 2.88 .295 1.21 £ 497 468

Failure 29 6.3 = 3.15 2.97 + 6.42
Mandible

Success 86 7.3 = 3.47 561 292 + 420 .371

Failure 18 7.0 + 3.37 49 *+ 557

Angle Orthodontist, Vol 91, No 4, 2021

Clinical Variable Odds Ratio 95% Cl P Value*®
Age 0.932 0.878-0.990 .021
Insertion Periotest value 1.126 1.043-1.216 .002
Contact
Center between roots
Close root 7.421 3.239-17.001 .000
Root contact 44.126 10.911-178.459 .000

* Significance at the .05 level.

observed to markedly increase as the cortical bone
thickness increased." Therefore, it was presumed that
the thicker cortical bone and higher bone density of the
mandible created a significant difference in insertion
torque between the designs only in the mandible.

The insertion torque reflects the initial stability.
However, this parameter is not perfectly related to the
stability of miniscrews. The results of this study
showed no difference in the insertion torque between
the miniscrews that were successful and those that
failed, possibly because excessive insertion torque
may induce pressure necrosis in the peri-implant
bone.'® A group of researchers proposed that, because
dual-thread miniscrews demonstrated a higher inser-
tion torque and strain in comparison with single-thread
miniscrews, dual-thread miniscrews should be placed
in areas with thin cortical bone or low bone density."”
The findings of the present study support those of
previous studies. The insertion torque of the dual-
thread miniscrews was higher than that of the
cylindrical miniscrews in the mandible; however, the
success rate of the dual-thread miniscrews was 78.0%
in the mandible, lower than their 88.2% success rate in
the maxilla or the 87.0% success rate for the cylindrical
miniscrews in the mandible. Although the differences
were not statistically significant, these results suggest-
ed that dual-thread miniscrews were not appropriate for
use in areas with high bone density or thick cortical
bone.

No significant difference in the insertion PTV was
found between the two designs in either the maxilla or
mandible. It has been suggested that the stability of
miniscrews can be evaluated using the insertion PTV,
especially in the mandible.'® In this study, there was no
difference in the insertion PTV between the miniscrews
that were successful and those that failed. Conversely,
according to the logistic regression analysis, the
probability of failure increased with an increase in
insertion PTV. These contradictory results may have
been due to the wide range of insertion PTVs.
Therefore, it would be difficult to predict long-term
stability using the insertion PTV.

The removal torque and PTV did not differ between
the two designs in either the maxilla or the mandible.
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Because the average placement period in the present
study was 18.8 months, it was concluded that the long-
term stability of the two designs did not differ. Despite a
high insertion torque, long-term stability has been seen
to decline over time, as the excessive stress initially
distributed to the surrounding bone is balanced or
micro-damage occurs.'®

In this study, screw-root proximity and age were the
factors affecting the success rate, whereas sex, jaw,
placement side, and placement location did not. In
instances in which the miniscrew contacted a root, the
success rate was 40.0%. The success rate markedly
improved to 91.9% when placed midway between the
roots of adjacent teeth. Screw-root proximity is
regarded as a major factor affecting the success of
miniscrews, as the orthodontic force applied to teeth
can be intermittently transmitted to the miniscrews,
which can result in their subsequent loss.?*?!

Age was also identified as an important factor
influencing the success rate of miniscrews. Previous
studies have also found that the success rate of
miniscrews is lower in adolescent groups younger than
20 years.®?*# Miniscrews show superior stability in
adults as compared with growing adolescents, be-
cause bone density and cortical bone thickness are
greater in adults. There is poorer bone quality and a
higher bone turnover rate in adolescents, complicating
the achievement of optimal mechanical miniscrew
stability in growing patients.®

Patient- and operator-related factors, such as bone
quality or screw-root proximity, influenced the success
rate of miniscrews to a greater extent than the design
factor, and these variables should be considered when
inserting miniscrews. Motoyoshi et al.?* suggested that,
in adolescents, the success rate can be improved
through delayed loading of 3 months. An interradicular
distance greater than 3 mm is required for safe and
successful miniscrew placement.”® As image distortion
is common in two-dimensional panoramic images, a
three-dimensional image could be acquired for more
precise evaluation.®® In addition, a surgical guide can
be fabricated to further increase the accuracy of
miniscrew placement.?”?®

CONCLUSIONS

- The initial stability and long-term success rate of
cylindrical and dual-thread miniscrews were similar.

« The insertion torque of the dual-thread miniscrews
was significantly higher than that of the cylindrical
miniscrews in the mandible.

- The insertion torque of the miniscrews that were
deemed successful did not differ from that of those
that failed.
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- Patient age and screw-root proximity influenced the
clinical success rate, while miniscrew type, sex, jaw,
side, and site of placement did not.
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