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Diagram of miniscrew placement. Miniscrews were inserted at

30, 60 and 90 degrees to the bone surface. A minimum clearance
of 3 mm between miniscrew implants was maintained
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A digital torque wrench was used to assess the maximum inser-
tion torque during miniscrew implant placement
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Custom-made 3-D Surgical Guide was prepared to allow precise
miniscrew placement to the bone
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The platform of miniscrew head was placed 1mm far from cortical
bone surface
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Fig. 5 A custom-made base to hold the specimens and grip to grasp

miniscrew head was specially designed and to allow controlled
angle to the axis of the pull
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Fig. 6 A custom-made grip was specific designed to hold the head
of miniscrew
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Table 1 Maximum pullout strength (N) values of miniscrews inserted at angulation in maxilla and mandible.
Maxilla Mandible
Angulations p-value
Mean s.d. Mean s.d.
30° 195.51 102.77 305.45 14512 0.000*
60° 217.36 133.81 493.47 296.73 0.000*
90° 233.29 131.43 422.78 277.63 0.000*

*t-test is significant at o:=.05
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Table 2 Maximum insertion torque (Ncm) values of miniscrews inserted at angulation in maxilla and mandible.
Maxilla Mandible
Angulations p-value
Mean s.d. Mean s.d.
30° 3.03 1.85 4.51 1.97 0.000*
60° 3.14 2.15 5.34 2.92 0.000*
90° 3.42 2.13 4.53 2.83 0.017*

*t-test is significant at o:=.05
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Table 3 Maximum pullout strength (N) values of miniscrews inserted at angulation in maxilla.
Anterior Middle Posterior ,
Angulations Tukey's
Mean s.d. Mean s.d. Mean s.d.
30° 94.04 38.56 24117 86.97 251.32 86.22 Ant < Mid = Post
60° 98.04 51.73 221.32 113.91 332.72 104.56 Ant < Mid < Post
90° 126.54 51.73 231.60 89.80 334.67 139.70 Ant < Mid < Post
Tukey's 30°=60°=90 30°=60°=90" 30°=60°=90°

Ant=Anterior; Mid=Middle; Post=Posterior
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Table 4 Maximum insertion torque (Ncm) values of miniscrews inserted at angulation in maxilla

Anterior Middle Posterior ,
Angulations Tukey’s
Mean s.d. Mean s.d. Mean s.d.
30° 1.15 0.82 3.77 1.39 417 1.53 Ant < Mid = Post
60° 1.27 1.00 3.50 2.00 4.64 1.78 Ant < Mid = Post
90° 1.53 1.20 3.79 1.96 4.95 1.58 Ant < Mid = Post
Tukey’s 30°=60°=90° 30°=60°=90° 30°=60°=90°

Ant=Anterior; Mid=Middle; Post=Posterior
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Table 5 Maximum pullout strength (N) values of miniscrews inserted at angulation in mandible

Tukey’s

Anterior Middle Posterior
Angulations
Mean s.d. Mean s.d. Mean s.d.
30° 220.04 123.95 395.46 102.38 300.86 152.70
60° 135.11 61.93 715.86 196.14 629.44 156.24
90° 107.59 66.27 468.17 153.70 692.58 167.24
Tukey'’s 30°>90°=60° 30°=90°<60° 30°<90°=60°

Ant < Mid = Post
Ant < Mid = Post
Ant < Mid < Post

Ant=Anterior; Mid=Middle; Post=Posterior
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Table 6 Maximum insertion torque (Ncm) values of miniscrews inserted at angulation in mandible

Anterior Middle Posterior ,
Angulations Tukey's
Mean s.d. Mean s.d. Mean s.d.
30° 3.05 1.47 5.12 1.97 4.64 1.69 Ant < Mid = Post
60° 1.90 1.34 7.16 1.64 6.96 1.83 Ant < Mid = Post
90° 1.37 1.40 5.31 1.71 6.92 1.70 Ant < Mid < Post
Tukey's 30°>90°=60° 30°=90°<60° 30°<90°=60°

Ant=Anterior; Mid=Middle; Post=Posterior
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the Mechanical Retention

Abstract

The use of reduced angle of insertion during miniscrew implant placement has been
reported to increase the mechanical retention of miniscrew implants. However, the effects of
the insertion angulation in the dentoalveolar bone have not been investigated. The purpose of
this study was to investigate the effects of insertion angulation on the biomechanical
performance of miniscrews implanted in the dentoalveolar bone. Three hundred and sixty
self-tapping miniscrew implants (1.6 x 8 mm) (BMK, Seoul, Korea) were systematically
inserted in fresh maxillary and mandibular dentoalveolar bone (anterior, middle and posterior
sites) of minipigs at 30, 60 and 90 degrees to the bone surface, aided by a 3-D Surgical Guide
(Y&B Products, Chiangmai, Thailand). Maximum insertion torque and pullout strength were
assessed with the Imada torque wrench and the Instron Universal Testing Machine,
respectively. Results were recorded and analyzed by One way analysis of variance; ANOVA
and Pearson correlation coefficients. It was found that maximum insertion torque and pullout
strength had significant correlation (r = 0.81). In the maxilla, no significant difference in the
maximum insertion torque and pullout strength was observed between miniscrews implanted
at 30, 60 or 90 degrees. Although miniscrews inserted at 30 degrees exhibited the highest
mechanical performance than those inserted at 60 and 90 degress in the anterior portion of
the mandible, they exhibited significantly reduced insertion torque and pullout strength values
than those inserted at 60 and 90 degress in the middle and posterior sites. No significant
difference was observed between miniscrews inserted at 60 and 90 degrees. In conclusion,
insertion angulation did not improve the mechanical performance of miniscrews implanted in
the maxillary dentoalveolar bone. Reduced insertion angulation (30 degrees) was effective
only in the anterior portion of the mandible.

Key words: anchorage; dentoalveolar bone; insertion angulation; miniscrew implant




