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EFFECT OF DUAL-THREAD, LENGTH AND INSERTION 
ANGLE IN ORTHODONTIC MINISCREWS PRIMARY 
STABILITY - AN IN VITRO STUDY

Abstract
The aim of the study was to determine the effect of dual-thread, length, and insertion angle on orthodontic miniscrew primary sta-
bility, and define the best shape and diameter of miniscrew that can be used to confer the best stability.  
The study sample consisted of 48 orthodontic miniscrews made of Ti-6Al-4V alloy with 2 shapes, standard and dual-thread, 2 
lengths were used: 7 and 8mm. Miniscrews  were inserted according to 2 angles (45°, 90°)  with respect to bone surface. The 
maximum insertion torque, the Periotest value and the maximum removal torque were measured.
The results showed that the maximum insertion and removal torque were statistically  higher while the Periotest values were statis-
tically lower when using the dual-thread, 8mm length, and 90° insertion angle than the regular shape, 7mm length and 45° insertion 
angle  (p <0.01). 
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Résumé

L’objectif de l’étude était de déterminer l’effet du double pas de vis, de la longueur et de l’angle d’insertion sur la stabilité primaire 
des minivis orthodontiques et de définir la forme et le diamètre du minivis qui confèrent la meilleure stabilité.
L’échantillon de l’étude était compris de 48 minivis orthodontiques en alliage Ti-6Al-4V. Deux formes et deux longueurs ont été utili-
sées. Les minivis ont été insérés suivant deux angles (45° et 90°) par rapport à la surface de l’os. Le couple d’insertion maximal, la 
valeur du Periotest et le couple de désinsertion maximal ont été mesurés.
Les résultats ont montré que les valeurs des couples d’insertion et de désinsertion étaient statistiquement plus élevées tandis que 
les valeurs du Periotest étaient statistiquement plus faibles lors de l’utilisation du minivis à double pas de vis, de longueur 8 mm et 
inséré perpendiculairement à la surface de l’os (p < 0.01).

Mots-clés: minivis orthodontique – Périotest – stabilité primaire.
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Introduction
Anchorage has been a chal-

lenge since the introduction of fixed 
appliances in orthodontics. Typically, 
orthodontic movement of a tooth is 
anchored by a large group of teeth so as 
to minimize undesired displacements 
of anchoring teeth. Adequate ancho-
rage becomes difficult when posterior 
teeth are missing [1]. Intra - and extra 
-oral auxiliary devices can be used to 
assist movement, but the effectiveness 
of these measures is dependent upon 
the level of patient cooperation [1].

Conventional titanium implants 
have emerged as an excellent alterna-
tive to traditional orthodontic ancho-
rage methodologies, mainly when 
anchorage dental elements are insuffi-
cient in quantity or quality [2].

The entry of skeletal anchorage 
devices to the clinical orthodontic 
enabled orthodontic specialists to 
overcome many of the difficulties that 
occur during orthodontic treatment 
as controlling anchorage, the need 
for patient cooperation, and posterior 
tooth loss [3, 4].

Titanium miniscrews (1.2 mm in 
diameter and 6.0 mm in length) for 
orthodontic anchorage were proposed 
by Kanomi [5]. Their major advantages 
include small size, minimal anatomic 
limitation for placement, lower medi-
cal cost, simpler implantation and 
removal surgery, less discomfort after 
implantation, and the possibility of 
immediate or early loading; moreo-
ver, miniscrews can provide effective 
anchorage that is not dependent on 
patient compliance [6].

Because these devices are used for 
specific -mainly short- time periods, 
they mostly rely on mechanical reten-
tion and do not always osseointegrate 
[7]. 

The success of any implant in pro-
viding definitive anchorage depends 
on its stability [8]. The stability of 
miniscrews consists of primary and 
secondary stability. 

The primary stability is believed to 
result from mechanical interlock with 
alveolar cortical bone [9].
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Many researchers have investiga-
ted the risk factors for failure of minis-
crews to improve the success rate. 
They found that the primary stability 
of miniscrews is related to the mecha-
nical characteristics of the interface 
between the miniscrews and bone in 
relation to factors such as bone qua-
lity and quantity, and screw diameter, 
length, and design [10]. Researchers 
concluded that stability can be 
enhanced by maximizing the inter-
locking surface area (SA) between the 
bone and implant, which can be achie-
ved by increasing diameter, increasing 
length and adding threading [11-13]. 

For orthodontic purposes, a minis-
crew should be small enough to allow 
ready placement in any area of the 
alveolar bone, including the apical 
bone, thus enabling various ortho-
dontic movements [13]. The most 
frequently used insertion site is the 
alveolar ridge. However, tooth injury 
represents a risk that shouldn't be 
underestimated.

To avoid root damage, Park et al. 
introduced an oblique instead of a 
perpendicular miniscrew insertion 
because more space was available near 
the apical region [14-16]. 

The stability of implants can be 
evaluated using the mobility test, the 
resonance frequency analysis, and the 
torque analysis [17]. 

Placement torque is the measure-
ment of the resistance at the screw-
bone interface; it reflects the level of 
bone deformational strain caused by 
the miniscrew [18]. Although insertion 
torque analysis was developed as a 
method to assess stability and suppor-
tive capacity of the implant [19], the 
insertion torque may have a low rela-
tionship to stability; removal torque 
can be more useful to test the mecha-
nical stability of implants [20]. 

In addition, the Periotest is used to 
evaluate and test the periodontal tis-
sues, evaluate the implant osseointe-
gration throughout the various stages 
of the implant procedure, and it is one 
of the reliable methods to estimate 
implant stability [21].

The aim of the present study was 
to determine the effect of dual-thread, 
length, and insertion angle on the 
orthodontic miniscrew primary stabi-
lity, and define the best shape and dia-
meter of miniscrew that can be used to 
obtain the best stability.

Materials and methods

The research material consisted of:
- Miniscrews (Yesanchor Mini 

Implant, Ortholution Co., Korea).
- Accessory help to compose 

the miniscrew on the handpiece 
of the implantation system (Orlus 

Fig. 1:  Accessory help to compose the miniscrew on the handpiece of the implantation system.
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Fig. 3: NSK Surgic XT.
Fig. 2: Sawbones.

Fig. 4: Periotest device.

Density Compressive strength (MPa) Tensile strength (MPa) Shear strength (MPa)

(pcf) (g/cc) Strength Modulus Strength Modulus Strength Modulus

30 0.48 20 533 11 640 8 > 9 122

*pcf: per cubic foot.
Table 1: Mechanical properties of the solid rigid polyurethane foam (Sawbones) for insertion 
of the orthodontic miniscrews.

Screwdriver, Ortholution Co., Korea). 
(Fig. 1).

- Artificial bone: solid rigid poly-
urethane foam (Sawbones, Pacific 
Research Laboratories Inc, Vashon, 
Wash); homogeneous 30 pounds per 
cubic foot (pcf) density (Table 1 [21]; 
Fig. 2).

- The implantation system (NSK 
Surgic XT, NSK, Japan) (Fig. 3).

- The Periotest device (Periotest, 
Medizintechnik Gulden, Germany) (Fig. 
4).

The sample consisted of 48 minis-
crews made with Ti-6Al-4V alloy. Two 
shapes (regular and dual-thread) were 
inserted (Fig. 5) with 2 lengths (7-8 
mm) and one diameter (1.6 mm).

The miniscrews were inserted 
along 2 axes, vertical on the Sawbones 
surface and 45° angled on the same 
surface. 

The miniscrews were divided into 8 
groups:

Group 1: Regular shape, length 7 
mm, insertion angle 90°.

Group 2: Dual-thread shape, length 
7 mm, insertion angle 90°.

Group 3: Regular shape, length 8 
mm, insertion angle 90°.

Group 4: Dual-thread shape, length 
8 mm, insertion angle 90°.

Group 5: Regular shape, length 7 
mm, insertion angle 45°.

Group 6: Dual-thread shape, length 
7 mm, insertion angle 45°.

Group 7: Regular shape, length 8 
mm, insertion angle 45°.

Group 8:  Dual-thread shape, length 
8 mm, insertion angle 45°.

The miniscrews were inserted into 
the Sawbones with 20 rpm rotational 
speed. We used the miniscrew nick as 
a standard stopper because soft tis-
sues thickness differs among humans. 

The miniscrews were either perpendi-
cular to the Sawbones surface or beve-
led with a 45° insertion angle (Fig. 6).

- Three tests were applied:
- The maximum insertion torque 

(MIT).
- The Periotest. 
- The maximum removal torque 

(MRT).
When recording the Periotest 

values, the distance separating the 
device head and the miniscrew was 0.6 
to 2 mm. Measurements were repeated 
three times and the results’ mean was 
considered.

Statistical analysis
Two- way analysis of variance with 

three factors (shape, angle, length) 
was conducted followed by multiple 
comparison test. The SPSS software 
(version 18) was used to analyze the 
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results. The level of significance was 
set at p-value = 0.05.

Results

When evaluating the MIT values, 
the three studied variables, i.e. shape, 
length and diameter of miniscrews 
influenced significantly the obtained 
mean and standard deviation values (p 
< 0.05). 

Also, there was an effect of three 
variables on PTV (p < 0.05). An inter-
cept effect between shape and angle of 
insertion on PTV was noted (p < 0.05).

Statistically significant differences 
in MIT values were found when the 
shape of miniscrews was considered; 
those differences were in favor of the 
dual-thread shape that confered grea-
ter stability (p <0.01) (Table 2).

Also, when the length of miniscrews 
was considered, statistically signifi-

Fig. 5a - 5b: The dual-thread and 
normal shape of the miniscrew. 

Fig. 6: A 45° bevel base.  

Fig. 7: Means of MIT, MRT and PTV for the 8 groups. 

cant differences in MIT values among 
most of the groups were in favor of the 
length of 8mm (p <0.01). However, in 
the groups 1 and 3, the difference was 
not statistically significant (Table 3).

Concerning the insertion angle of 
the miniscrews, statistically signifi-
cant differences were found among 
the groups; those differences were in 
favor of the insertion angle value of 90º 
which gave greater stability (p < 0.01) 
(Table 4).

When evaluating the PTV values, 
statistically significant differences 
between most of the groups were 
obtained depending on the shape 
of the miniscrews. Those differences 
were in favor of the dual-thread shape 
which gave greater stability (p < 0.01). 
However, between groups 5 and 6, the 
difference was not statistically signifi-
cant (Table 5).

Statistically significant differences 
were obtained in PTV values when the 
length of miniscrews was considered. 
Those differences were in favor of the 
length of 8mm (p < 0.01) (Table 6).

Also, when the insertion angle 
of miniscrews was considered, sta-
tistically significant differences were 
noted; those differences were in favor 
of the insertion angle 90° which gave 
greater stability (p < 0.01) (Table 7).

Concerning the shape of minis-
crews, the differences in MRT values 
between the groups were statisti-
cally significant; the differences were 
in favor of the dual-thread shape (p 
<0.01) (Table 8).

Additionally, statistically signi-
ficant differences were obtained 
between most of the groups when the 
length of the miniscrews was evalua-
ted. The differences were in favor of 
the length of 8 mm (p < 0.05).  Between 
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* p < 0.05; ** p < 0.01. 
SD: Standard deviation.
Table 2: Effect of the shape of  miniscrews on the MIT.

p-valuedfTSig.F
Mean ± SD

(N/cm)
Groups

0.781
10

0.2810.8710.027
16.42 ±0.6691

21.50916.33 ±0.7783

0.003 **
10

-3.3700.1262.532
17.50 ±0.9052

21.64018.83 ±1.0304

0.000 **
10

-4.3040.0295.436
13.50 ±0.9055

18.68714.83 ±0.5777

0.004 **
10

-3.1711.0000.000
14.83 ±1.0306

22.00016.17 ±1.0308

p-valuedfTSig.F
Mean ± SD

(N/cm)
Groups

0.000 **
10

8.9830.2871.189
16.42 ± 0.6691

20.25613.50 ± 0.9055

0.000**
10

6.7390.1262.532
17.50 ± 0.9052

21.64014.83 ± 1.0306

0.000**
22

5.3610.2341.497
16.33 ± 0.7783

20.29014.83 ± 0.5777

0.000**
10

6.3431.0000.000
18.83 ± 1.0304

22.00016.17 ± 1.0308

* p < 0.05; ** p < 0.01. 
Table 3: Effect of the length of miniscrews on the MIT.

* p < 0.05; ** p < 0.01. 
Table 4: Effect of the insertion angle of miniscrews on the MIT.

p-valueDfTSig.F
Mean ± SD

(N/cm)
Groups

0.003 **
10

-3.3360.2871.189
16.42 ±0.6691

20.25617.50 ±0.9052

0.000 **
10

-6.7080.0156.972
16.33 ±0.7783

20.47718.83 ±1.0304

0.003 *
10

-3.3700.1262.532
13.50 ±0.9055

21.64014.83 ±1.0306

0.001 **
10

-3.9120.00020.439
14.83 ±0.5777

17.29316.17 ±1.0308
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p-valuedfTSig.FMeanGroups

0.000 **
10

14.3850.00023.413
8.5167 ± 0.3691

16.7455.250 ± 0.6952

0.007 **
10

3.0010.00078.125

4.5167 ± 
1.41475

3

20.5932.500  ± 1.8494

0.066
10

1.9350.00114.440
11.300 ±1.17245

14.08010.600 ± 0.44316

0.000 **
10

4.8260.000727.375
6.500 ± 1.22257

13.5354.700 ± 0.4188

* p < 0.05; ** p < 0.01. 
Table 5: Effect of the shape of miniscrews on the Periotest values.

p-valuedfTSig.FMean ± SDGroups

0.000 **
10

9.477
0.000231.559

8.5167 ± 0.36891

12.4894.5167 ± 1.41473

0.000 **
10

4.8230.000425.681
5.2500 ±0.6952

14.0462.5000 ± 1.8494

0.000 **
109.817

0.2981.136

11.3000 ± 
1.1724

5

21.9629.8176.5000 ± 1.22257

0.000 **
1033.559

0.6100.268

10.6000 ± 
0.4431

6

21.92433.5594.7000 ± 0.4188

p-valuedfTSig.FMeanGroups

0.000 **
10

-7.8450.00018.464
8.517 ± 0.368861

13.15711.300 ± 1.17245

0.000 **
10

-22.4900.00113.470
5.250 ± 0.69482

18.67910.600 ± 0.44316

0.001 **
10

-3.6740.00017.513
4.517 ± 1.41473

21.5476.500 ± 1.22257

0.001 **
22

-4.0210.0001681.0
2.500 ±1.84884

12.1204.7000 ± 0.41788

* p < 0.05; ** p < 0.01. 
Table 6: Effect of the length of miniscrews on the PTV.

* p < 0.05; ** p < 0.01. 
Table 7: Effect of the insertion angle of miniscrews on the PTV.

Orthodontie / Orthodontics
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groups 5 and 7, the difference was not 
statistically significant (Table 9).

Also, statistically significant diffe-
rences in MRT values were observed 
when considering the insertion angle; 
those differences were in favor of the 
insertion angle value of 90º (p <0.01) 
(Table 10).

The Pearson correlation showed an 
inverse strong relationship between 
the PTV and the MIT and the MRT 
values. The relationship reached -0.604 
with the MIT and -0.622 with the MRT 
(p < 0.01). Also there was a very strong 
positive relationship between the MIT 
and the MRT values reaching 0.936 (p 
< 0.01) (Table 11).

Discussion

Effect of the shape on the primary 
stability of miniscrews

In the present study, 2 different 
shapes of the miniscrew were used; the 
regular and the dual thread shapes. 

The regular shape is tapered 
and has equal threads on the part of 
miniscrew inserted in the bone; the 
dual-thread shape is also tapered 
but has two types of threads: the cer-
vical part that is placed in the bone 
includes micro-threads closer to each 
other than the micro-threads  on the 
remaining two thirds of the miniscrew 
length.

The goal of this modification was 
to increase the surface area in contact 
with the cortical bone. 

Our study showed statistically 
significant differences between the two 
shapes. These findings were in favor of 
the dual-thread, modified shape which 
provided greater stability as reflected 
by the applied tests, MIT, PTV and MRT. 

These results are concordant with 
those of Kim et al. [17]. The used 
miniscrews were 1.6 mm in diameter, 
lengths were 6 and 8 mm, and shapes 
were conical, cylindrical and dual-
threaded. They studied the MIT and 
the MRT and concluded that the dual-
thread shape presented the highest 
MRT values in all lengths. 

Effect of the length on the primary 
stability of miniscrews

In the present study, we used 2 dif-
ferent lengths (7 and 8 mm). Increasing 
the length aims to increase the surface 
area of the part of the miniscrew inser-
ted in the bone. However, this also 
increases the risk of teeth roots injury 
or other anatomical structures sur-
rounding the miniscrew insertion site.

Statistically significant differences 
between the two studied lengths were 
observed. These findings were in favor 
of the 8mm length which provided 
greater stability in most of the tests: 
the average values of MIT and MRT 

were greater than those obtained in 
the 7mm length groups. The average 
values of the Periotest were smaller 
in the groups of miniscrews of 8 mm 
compared to those of 7mm length.

Increasing the length improved 
the primary stability of miniscrews 
because it increased the bone-to-
miniscrew contact surface, thus increa-
sing friction.

Increasing length helps to resist 
levering reaction applied on miniscrew 
during the application of the ortho-
dontic force upon it which seeks to 
uproot the miniscrew from the bone. 

Same results were reported by 
Jiang et al. [22] who used miniscrews 
ranging from 6 to 16 mm in length, and 
between 1 to 2 mm in diameter. They 
found that when the length exceeds 
11 mm, the miniscrews achieved bet-
ter stability. They also found that the 
longest length within the safe area is 
the ideal when choosing miniscrews 
[22].

Effect of the insertion angle on 
primary stability of miniscrews

In the present study, miniscrews 
were inserted either perpendicular or 
beveled with a 45° angulation. Angled 
insertion of 45° with respect to the 
bone surface aims to avoid as much as 
possible the adjacent dental roots and 

p-valueDfTSig.F
Mean ± SD

(N/cm)
Groups

0.000 **
10

-9.8410.00016.844
3.50 ± 0.5221

16.7346.67 ± 0.9852

0.000 **
10

-4.7571.0000.000
5.83 ± 1.0303

22.0007.83 ± 1.0304

0.003 **
10

-3.3700.1262.532
2.17 ± 1.0305

21.6403.50 ± 0.9056

0.000 **
10

-5.3220.3380.957
2.50 ± 0.9057

21.5234.33 ± 0.7788

* p < 0.05; ** p < 0.01. 
Table 8: Effect of the shape of miniscrews on the MRT.
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p-valueDfTSig.F
Mean ± SD

(N/cm)
Groups

0.000 **
10

-7.0000.00090.829
3.50 ± 0.5221

16.3065.83 ± 1.0303

0.010 *
10

-2.8360.4440.607
6.67 ± 0.9852

21.9567.83 ± 1.0304

0.409
10

-0.8420.1262.532
2.17 ± 1.0305

21.6402.50 ± 0.9057

0.024 *
10

-2.4190.3380.957
3.50 ± 0.9056

21.5234.33 ± 0.7788

* p < 0.05; ** p < 0.01. 
Table 9: Effect of the length of miniscrews on the MRT.

p-valueDfTSig.F
Mean ± SD

(N/cm)
Groups

0.001 **
10

4.0000.00090.829
3.50 ± 0.5221

16.3062.17 ± 1.0305

0.000 **
10

8.2040.3990.741
6.67 ± 0.9852

21.8433.50 ± 0.9056

0.000 **
10

8.4240.1262.532
1.0303

21.6402.50 ± 0.9057

0.000 **
10

9.3910.0156.972
7.83 ± 1.0304

20.4774.33 ± 0.7788

* p < 0.05; ** p < 0.01. 
Table 10: Effect of the insertion angle of miniscrews on the MRT.

PTV MIT MRT

PTV

Pearson Correlation 1 -0.604** -0.622**

Sig. (2-tailed) 0.000 0.000

N 48 48 48

MIT

Pearson Correlation -0.604** 1 0.936**

Sig. (2-tailed) .000 0.000

N 48 48 48

MRT

Pearson Correlation -0.622** 0.936** 1

Sig. (2-tailed) 0.000 0.000

N 48 48 48

**: Correlation is significant at p < 0.01.
Table 11: Pearson correlation.

Orthodontie / Orthodontics
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thus to reduce the risk of injury during 
the insertion of the miniscrew.

The obtained results showed statis-
tically significant differences between 
the two evaluated insertion angles. 
These findings were in favor of the 90° 
angle which provided greater stability 
in most of the tests: the average values 
of MIT and MRT were greater and the 
average values of the Periotest were 
smaller than in the groups with the 45° 
angle insertion. 

Similar results were reported by 
Pickard et al. [8] who studied the effect 
of the miniscrew insertion on its sta-
bility. The authors inserted the minis-
crews in the lower jaw bone of human 
bodies with 90° and 45° angles. The 

extraction and shearing tests were 
applied to measure the miniscrews 
stability. They found that the minis-
crews inserted with a 90° angle had the 
highest value of extraction resistance 
[8]. Also, Wilmes et al. [13] inserted 
dual-thread miniscrews (1.6 × 8 mm 
and 2 × 10 mm) according to seven 
different angles (30°, 40°, 50°, 60°, 70°, 
80° and 90°). They measured the inser-
tion torque to determine the primary 
stability. They found that the insertion 
angle of the miniscrews had a signifi-
cant impact on the primary stability. 
However, the highest value for the MIT 
was observed with the angles between 
60° and 70° [18].

Conclusion

Within the limitations of the present 
study, we can conclude that modifying 
the shape of the miniscrew by adding 
the dual-threads in its cervical portion 
conferred better primary stability when 
compared with the normal shape. Also, 
increasing the length of the miniscrew 
and inserting the miniscrews perpen-
dicularly with respect to the bone sur-
face increases the primary stability.

Further studies are required to 
investigate the effect of changing the 
diameter of miniscrews on the primary 
stability. 
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