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The effect of drill design on stability and efficacy of dental implants

"Department of Biomedical Engineering School of Medicine,
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Purpose : The objective of this research was to investigate an optimization of drill design factors for implant stability and
efficacy through comparative evaluation by the cutting time, heat generation and initial stability.

Materials and Methods : Three design factors were considered for the purpose of drill design optimization; the number of
flute(2 flute, 3 flute), helix angle(15°, 25°) and drill tip shape(straight, 2-phase). Design factors were selected through comparative
evaluation by temperature change, cutting time and ISQ value.

Results : Heat generation and cutting time are influenced by all design factors(p<0.05). Drill tip shape was the only factors
which influenced to the largest initial stability(p<0.05).

Conclusion : Drills with 2 flutes, 2-phase formed drill tip, and 25 degrees of helix angle exhibit a better performance than other
design.
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Fig. 1. Artificial bone for heat generation test(left), cutting efficiency and initial stability test(right).
11.5mm Name : TSI
Code : TS2M35115
Diameter : 3.5mm
Length : 11.5mm
Body shape : Tapered
Surface treatment : SA
Fig. 2. Dental implant used in drill design optimization.
Table 1. Characteristics of experimental drills for drill design optimization
-! Helix angle
Group Point angle Helix angle Flute Drill tip shape
Group 1 118° 15° 3 Straight
Group 2 118° 15° 3 2-phase
Group 3 118° 15° 2 Straight
Group 4 118° 15° 2 2-phase
Group 5 18° 25° 3 Straight
Group 6 118° 25° 3 2-phase
Group 7 118° 25° 2 Straight
Group 8 118° 25° 2 2-phase
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Fig. 3. Temperature measurement equipment(left), drilling condition applied to heat generation test(right).
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Fig. 4. Comparison of mean temperature changes of drill design optimization.

Table 2. All pairwise comparison among levels of design factor(response variable temperature changes)

Design factor N Mean *Tukey Difference Difference
g (c) grouping of means('C) of SD
No. of 3 20 32.03 A
flute 2 20 17.18 B 14.850 0.358
Drill tip Straight 20 25.96 A
shape 2-phase 20 23.24 B 215 0.359
Helix 15° 20 28.58 A”
angle 25° 20 20.63 B" 1.955 0.359
*Group with the same letters are not significantly different (p)0.05).
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Fig. 5. Bone temperature distribution according to drill design.

Table 3. Mean cutting time and SDs of drill design optimization

Design Factor Cutting time *Tukey
No. of flute Drill tip shape Helix angle (second) grouping
3 Straight 15° 5 11.92 £ 0.18
3 2-phase 15° 5 11.52 + 0.19 A
2 Straight 15° 5 8.30 £ 0.26 C
2 2-phase 15° 5 728 £ 0.24 D
3 Straight 25° 5 10.74 = 0.21 B
3 2-phase 25° 5 10.38 £ 0.19 B
2 Straight 25° 5 3.80 £ 0.19 E
2 2-phase 25° 5 3.00 + 0.16 F
“Group with the same letters are not significantly different (p)0.05).
Aol TRl TAQ] QA o] A4 2703, IV, A3 01 kb
=8 AT @4do] 2-phaseolth. Tl 847k
Foag adte AR FoASHA okt A3} YSHUE =Yo] BAO MY o]gato]
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Table 4. Results of GLM for cutting time

Source DF SS F Sig.
No. of flute 1 307.47 7431.31 0.000
Drill tip shape 1 4.16 100.55 0.000
Helix angle 1 77.01 1861.18 0.000
No. of flute*Drill tip shape 1 0.70 16.97 0.000
No. of flute*Helix angle 1 26.08 630.39 0.000
Drill tip shape™Helix angle 1 0.04 1.02 0.320
No. of flute*Drill tip shape*Helix angle 1 0.02 0.49 0.489
Error 32 1.32
Total 39 416.81
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Fig. 6. Comparison of mean ISQ value of drill design optimization.

Table 5. All pairwise comparison among levels of design factor (response variable max. 1SQ value)

C el TR OE
e ; A o : o8 034
oite - Sta 20 G873 B - o
:negl)é 122 SS ;} gg ﬁ 0.35 0.34

“Group with the same letters are not significantly different (p)0.05).
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