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Basic Research

Correlation of drilling frequency with torque, and with vertical force

moon | NUYJVEIEEEE PV . EEHHDOREE

poster presentation

Yoshihiro Sakaguchi, Masashi Takahashi GC Corporation, Tokyo, Japan

Background and Aim

There are various factors for success of the implant treatment. One
of the keys is to make an appropriate hole by using an appropriate
drill. Each implant system has its recommended drill frequency
which is unique to each system. However it is not clear how the drill
frequency should be set.

The aim of this study is to evaluate the correlation of drilling
frequency with torque, and with vertical force.

Methods and Materials

The maximum torque (Max Mz), maximum vertical force (Max Fz)
and minimum vertical force (Min Fz) was measured by
4-Component Dynamometer (Kistler Japan Co., Ltd. Fig.1) by
drilling up Polytetrafluoroethylene block by the diameter 2.0mm
twist drill.

Frequencies of drill were 500rpm, 1000rpm, 1500rpm and
2000rpm. The measurement was performed three times by each
rotational speed.

4-Component Dynamometer (Kistler Japan Co., Ltd. Fig.1)
Multiple quartz plates can be connected electrically and
mechanically in parallel. 4-component sensor is created for Fx, Fy,
Fz and Mz.

=}

Fig.1 4-Component Dynamometer

Table 1 Time base range and Threshold level of 4-Component Dynamometer
Horizontal force (FX Fy) -5~5KN
Time base range Vertical force (Fz) -5~20KN
Torque (Mz) -200~200N*m
Horizontal force (FX Fy) <0.01N
Threshold level Vertical force (Fz) <0.02N
Torque (Mz) <0.02N-cm

s, Y 3 974

Table 2
Frequency Max Mz Max Fz Min Fz
[rpm] [N-cm] [N] [N]
500 5.61(0.49) 19.55(2.83) 0.22(0.85)
1000 6.05(0.51) 13.12(0.87) -2.27(1.46)
1500 6.36(0.26) 9.56(1.75) -4.91(0.71)
2000 6.07(0.49) 10.12(4.23) -6.46(1.42)
Cutting torque
6.5
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Fig. 2 Correlation of drilling frequency with torque
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Fig. 3 Correlation of drilling frequency with vertical force

Conclusions

The cutting torque increases when the frequency increases.
Maximum and minimum vertical force decreases when the
frequency increases.

These results show

If frequency is too high, we should be careful for the bone burn.

If frequency is too high or too low, we should be careful for the over
drilling.
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The Evaluation of the Fatigue Strength in the Screw-retained Abutments
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Introduction

The abutments for Dental Implant system are classified
into two types. One is the screw-retained type (Fig.1)
and the other is the cement-retained type (Fig.2).
Especially, screw-retained abutments with
superstructure (prosthetic screw and gold cylinder with
casting alloy) have a complicated structure compared
with the cement-retained abutments, so there are a few
reports of the fatigue strength of those abutments.

In this study, the fatigue strength of the implant system
including implant, screw-retained abutment and

Fig.1 Fig.2
Screw-retained Cement-retained

superstructure with several angulations is investigated. abutment abutment
Material and Methods
Materials

Fatigue Test Setting and Materials

Loading

® Components Materials
@ Implant ASTM F136
® Abutment ASTM F136
@  Gold Cylinder Gold Alloy
) ®  Prothetic Screw Gold Alloy
:';{i-gu o test ®  Casting Alloy  Gold Alloy (Type 4)
model @ Cap Cr-Mo Steel

Conponents of Trial Implant system
1) Superstructure

A) B) A)Wax-up models were made on the Gold Cylinder
B) Substituted by Casting Alloy and heat-treated of the
porcelain baking process.
The shape of superstructure was the mechanically worst

case determined by Finite Element Method (FEM), as below.
2) Screw-retained Abutments 3)Implant

A) B) ¢3.4mm
30°

gl
- 4.1mm 10mm

Two shapes of Abutments were chosen
A) Straight type Abutment

Trial implants have an Internal butt
joint connection

B)30° Angled Abutment
Experimental procedure > ;
FEM DS Fig.4
SOLIDWORKS Solidworks
The shape of superstructure was the SIMULATION Simulation

mechanically worst case determined
by Finite Element Method (FEM). a) bl o
® Software: Solidworks Simulation
2011 SP5.0 "
® Simulated Shapes: a) Straight shape E Q\
(Long), b) Straignt shape (Short), c) ot

10° Angled shape (Long) Fig.5 Simulated shape  Fig.6 FEM Setting of
® [ oading: 200N of Superstructure the Implant system

Fatigue Test

® |n accordance with ISO 14801
® Machine: MMT-500NV-10 (Shimadzu)
® Settings of Angulation:
i) 30° angled (straight abutment),
ii) 50° angled (Angled abutment)
® Frequency: 15Hz
® Loading Cycles: 5 million cycles
® Maximum endured load was

i

a:Total Angulation

determined by three specimens Fig.7 of the components Fig.8
reached .the spec.:ified number of Locations in accordance MMT-500NV-10
cycles with no failures. with 1S014801 (Shimadzu)

FEM

P1(N/m"2)
2,000,000,000.0
1,800,000,000.0
1,600,000,000.0
1,400,000,000.0

1,200,000,000.0
1,000,000,000.0
800,000,000.0
600,000,000.0

400,000,000.0
200,000,000.0
0.0
-200,000,000.0
-400,000,000.0

Max: Max:
4559MPa 4524MPa

Min:
-714MPa

Min: ==

-677MPa Min:*

-624MPa

a) Straight long b) Straight short ¢)10° Angled

® The position of stress concentration: The root of Abutment A B

thread was indicated in all shapes.

@ Maximum stress: Similar stress was shown in all shapes at 200N loaded.
® Selected shapes of fatigue tests E

A) Straight shaped (Short) superstructure for Straight Abutment
B) Angle shaped superstructure for Angled Abutment

Fatigue Test
A) Straight Abutment B) 30 degrees Angled Abutment
Loading Loading {30“: Abutment angle
50°

30°l, 50° 10°: Superstructure angle

30° : In accordance with ISO14801 10°: In accordance with 1ISO14801

Fractured point

Fractured point
. 1

+ Fractured sumples
O Surviving samples

1% %)
S 400 S 400 _
% + + % -&7_5L\L_-----:}.\.--.Q<.o;3
2 350 c 350 ~0<0:2
IS Lt IS |
O 300 O 300 .
3 + odot 8 ?‘ 0:2
< 250 < 250 1
o 230N . < 1
D e =Q40:3 8 1

200 L L L L 200 L L L L :

102 10° 104 10° 100 :‘107 102 10° 104 10° 100 3107

number of cycles 5%108 number of cycles 5%108

Fig.10 Locations, Fractured postions, and load-cycle diagrams

The fatigue tests of angle type were started from 300N which was determined by
flexural test. Since there were no fractures at the 300N, the fatigue tests were
performed at higher loads. As a result, maximum endured load was 375 N with no
fractures. At the 400N, the fractures of implant and abutment screw were found.
The fractured postion was consistent with the position of stress concentration
indicated by FEM. On the other hand, the fatigue tests of straight type were
started from 375N maximum of angle type. At 375N, the fracture of abutment
screw was occurred, so the fatigue tests were performed at lower loads. As a
result, maximum endured load was 230N with no fractures.

Conclusions

Generally, implants with greater insertion angle are
more likely to be suffered from high flexual stress.
According to the result of this study, the maximum s
endured load of angle type abutment was shown to === i

be higher than that of straight type abutment. w
Therefore, it was indicated that load to implant
systems can be controlled by adjusting direction with
appropriate selection of the angle type abutment.
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