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ABSTRACT

A Study on a Mock-up Clinical Trial for Dental Implant Surgery

using RCM Manipulator

Shin Sang Ho

Advisor : Prof. Jeong, Sang-Hwa, Ph.D.

Department of Mechanical Engineering,

Graduate School of Chosun University

Correct position, angle, and the depth of implant holes according to pre-operative plan

are essential to place implants. It can assure the durability of implants. In addition, it

makes the patient feel more comfortable by shortening the length of procedures.

ARDIS(Assistant Robot for Dental Implant Surgery) is a semi-automatic robot which

assists the dentist for the purpose of controlling the angle and the depth. It is also a

RCM(Remote Center of Motion) manipulator which guides the drill into the region for

implant surgery. A newly developed method in this thesis, ARDIS drilling method, makes

plans for surgical procedures using CT images of bone specimen. Drilling to the correct

depth follows after that. To prove the safety of the method, accuracy such as the actual

force affect on the bone and blurring is checked. Force sensor and acceleration are used

to confirm it. The result from this thesis was compared to the one using previous surgical
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guide.

Cow rib used as a bone specimen shows a similarity to the jawbone. This thesis

experiment was done under the same circumstance of actual surgeries. This thesis mainly

verifies three issues; whether there is any problem in use, whether it is easy to install and

whether it disturbs the surgery.
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1.

Fig. 1-2 Minimally-Invasive Surgery[6]



Fig. 1-3 History of surgical robot[7]



Fig. 1-4 Navigation system of dental implant





Fig. 2-1 Structure of implant[9]



Fig. 2-2 3D Simulation and program[19]



Fig. 2-3 Adoption of robot-assisted surgery





Fig. 2-4 Dental drill attached to the haptic device[21]

(a) Controlling the plan before drilling

(b) Executing the drilling by robot assistance (Patient in fixed position)

Fig. 2-5 Robot for implant dentistry[23]



 



 

(a) Distance between two axes(), initial angle deviation(), reached depth()



(b) Starting with tolerated initial angle

deviation

(c) Growing distance between two axes

during drilling

Fig. 2-6 Components considered in dental implant drilling[24]

 sin



Table 2-1 Drilling velocity according to drill diameter of handpiece
[25-30]

Drill diameter() 2.0 2.7 3.0 3.3

Drilling velocity( ) 800 20

(a) Angle control in conventional manipulator

(b) Angle control in RCM manipulator

Fig. 2-7 Angulation methods of manipulator[24]



Fig. 2-8 Parallelogram RCM mechanism



Fig. 2-9 Hierarchy relationship of circle motion mechanism[31]



Fig. 2-10 Expansion of 1DOF double parallelogram linkage[33]

(a) Inclined end-effector

(b) Perpendicular end-effector

Fig. 2-11 Coincidence methods of end-effector and remote center of motion[33]



(a)

(b)

(c)

Fig. 2-12 Expansion of 2DOF double parallelogram linkage[33]



 

  

 

(a) RCM mechanism architecture

(b) Link dimension

Fig. 2-13 Design parameter of double parallelogram for kinematic analysis[33]
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Fig. 2-14 Link length in complex plane[33]
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Fig. 2-15 Design scheme of double parallelogram linkage[34]
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(a) Horizontal section (b) Vertical section

Fig. 2-16 Geometric configurations of mandible section[35]



Fig. 2-17 CATIA design of RCM manipulator



Table 2-2 Specifications for design of RCM manipulator
[36]

Component Spec.

 377.36

 320

 200

 13.205

 58.995

 2.005

Drilling depth < 15

Handpiece angle ±14.5



Table 2-3 System specifications of RCM manipulator[37]

System Spec. Range

Motor 1 Worm gear 1/180, 360

Motor 2
Ball screw ∅8 lead,

cross roller
±10

Motor 3
Ball screw ∅8 lead,

cross roller
±60

F/T sensor ATI 6-axis F/T sensor
force : ±50 ,

torque : ±500

Link Aluminum-7016

Handpiece ACL451, NSK EC
32:1,

Max 25,000 



 

(a) RCM linkage



(b) Motor controller

(C) Handpiece body

Fig. 2-18 Photograph of manufactured RCM manipulator



(a) Generic trapezoidal velocity profile

(b) Position command profile

Fig. 2-19 Trajectory generator[37]



Fig. 2-20 Stopping modes of motor[37]





(a) Linear motor(motor2, motor3)

(b) Rotational motor(motor1)

Fig. 2-21 Find home algorithm
[37]



(a) Assembly F/T sensor (b) Picture of F/T sensor joystick

Fig. 2-22 F/T sensor joystick[38]



(a) Applied force and torque vector of transducer

(b) Electronic hardware outline

(c) Signal acquisition process

Fig. 2-23 6-axis F/T sensor[38]



(2-19)

(2-20)



Fig. 3-1 Schematic diagram of drilling cow bone using ARDIS method





Fig. 3-2 Dental high speed air turbine handpiece



Fig. 3-3 RCM point moves ±10 with mortor2



 





Table 3-1 Hunsfield Unit

Tissue Hounsfield

Air -1000

Water 0

Muscle 35~70

Fibrous tissue 60~90

Cartliage bone 150~900

Cotical bone 900~1800

Dentin 1600~2400

Enamel 2500~3000

Fig. 3-4 The photograph of cow's cancellous bone used in experiment



Fig. 3-5 Universal 3-way tilting vise

Table 3-2 Specifications of vice

Model A B C H L
Vertical

height
Weight

HY-3 90 30 80 150 396 386 17



Fig. 3-6 Photographs of the drills used in this experiment (Osstem system : Lance drill,

2 Twist Stopper, 3.0, 3.3, 3.6, 3.8, 4.1, 4.3, 4.6 Twist drill)



Fig. 3-7 Drill geometry affecting bone chip formation







Fig. 3-8 Photographs of 3 different implant drills



Table 3-3 Drill design affecting the bone chip formation and removal

Osttem

system

Drill

shape

Number

of flute
Web Thinning Flute

Rake

angle

2 tapered

straight
Lance 3 0.3 No 0.85 0°

2.0 twist

stopper

Parallel,

Twist
2 1.2 No 0.95 15°

3.0 twist

drill

Parallel,

Twist
2 1.4 3 0.65 40°

3.3 twist

drill

Parallel,

Twist
2 1.5 3 0.9 40°

3.6 twist

drill

Parallel,

Twist
2 1.6 3 0.9 40°

3.8 twist

drill

Parallel,

Twist
2 1.7 3 1.0 40°

4.1 twist

drill

Parallel,

Twist
2 1.8 3 1.0 40°

4.3 twist

drilll

Parallel,

Twist
2 2.0 3 1.05 40°

4.6 twist

drill

Parallel,

Twist
2 2.1 3 1.15 40°









 

 

 씹을 때  최대로 물면 약 의 힘을 적용한다 치과용

드릴의 스피드는  힘은 이 일반적으로 사용되므로 를 사용하여

드릴링을 할 때 열로 인한 뼈의 괴사가 일어나지 않고 안전범위 내에서 구멍을 뚫을 수

있도록 핸드피스의 에 따른 힘을 측정하였다



Table 3-4 Review of literature dealing
[43]

Study Date Forces( )
Drill

speed( )

Cutting tool

diamter
Bone tested

Mattthew

and Hirsch
1972 20, 59, 118 345, 885, 2900

3.2

Surgical bit

Human

femur

Abouzgia

and James
1997

1.5, 2.2, 3.6,

4.5, 6.0, 9.0
49,000

2.5

Surgical bit

Bovine

femur

Brisman 1996 12 and 24 1800 and 2400
3.25

Dental burr

Bovine

femur

Abouzgia

and

Symington

1996
1.5, 2.2, 3.6,

4.5, 6.0, 9.0

20,000 to

100,000

2.5

Sugical bit

Bovine

femur



(a) Photograph of force sensing resistor

(b) Interface of FSR

Fig. 3-9 Force sensing resistor



Table 3-5 FSR specifications

Features Specification

Model UST-SNR-FSR no.402

Measuring range 0.1kg/ ~ 10kg/

Size range
Max=20"×24"(510×610)

Min=0.2"×0.2"(5×5)

Device thickness 0.008" to 0.050"(0.20 to 1.25)

Temperature range -30°C to +170°C

Non-linearity <1% FS
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Fig. 3-10 Force sensing calibration



 

Table 3-6 Force following for 

 MAX Voltage MAX Force

218 2.08 13.1

625 1.837 8.9

812 1.656 6.8
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Table 3-7 Input conditions for FEA of ARDIS

Mesh

Mesh Type Solid mesh

Mass 55Kg

Nodes 170894

Elements 87701

Properties (Aluminum-7016)

Young's modulus 71GPa

Poisson's ratio 0.33

Density 2780kg/m

Yield stress 315MPa

Ultimate stress 360MPa

Boundary condition

Static structural analysis
- Fixed support

- 25 force in handpiece drill

Modal analysis - Fixed support



(a) 1st mode(2460 ) (b) 2nd mode(2640 )

(c) 3rd mode(7200 ) (d) 4th mode(9000 )

Fig. 3-11 Modal analysis of ARDIS









 





Fig. 3-12 Accelerometer fixing position

Table 3-8 LabVIEW's measurement establishment

Input channel parameters

Minimum value(g) -100

Maximum value(g) 100

IEPE excitation source Internal

IEPE current value 0.004

Averaging parameter

Averaging mode RMS(Root Mean Square)

Number of averages 10

Weighting mode Exponential

Linear mode Auto restart

Accelerometer parameters

Sensitivity 100

Sensitivity units mVolts/g

Number of Samples 600
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(b) Input of 218

Fig. 3-13 Signal of accellerometer
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(a) 500

0 50 100 150 200 250 300

0.00

0.05

0.10

0.15

0.20

rm
s[

m
m

]

Frequency [Hz]

(c) 1000

0 50 100 150 200 250 300

0.00

0.05

0.10

0.15

0.20

rm
s[

m
m

]

Frequency [Hz]

(d) 1250

Fig. 3-14 FFT of RCM manipulator according to handpiece 
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(b) 500
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(d) 1250

Fig. 3-15 FFT of RCM manipulator according to drilling of handpiece and motor2
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Fig. 3-16 FFT of RCM manipulator according to type of bone

(drilling with 1250  )





 









Fig. 3-17 Drilling into cow bone using Freehand method

Fig. 3-18 Drilling into cow bone using ARDIS method



(a) Cow bones after drilling

(b) 3D CT images of cow bone

Fig. 3-19 Images of cowbone after drilling



Fig. 3-20 Explanation of CT-image

Fig. 3-21 Deviation between planned size of hole and hole after drilling[50]



Fig. 3-22 Registration of CT image of planned and post-drilling cow bone
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Table 3-9 Measure hole after drilling using freehand and ARDIS method

Freehand method

Drill
Top of the

hole (a)

Bottom of

the hole (b)
Depth (c)

Degree

( )

Deviation of

hole( )

2.0 twist stopper 2.107 2.137 10.925 4.6° 0.03

3.0 twist drill 3.217 3.18 10.469 3.1° 0.037

3.3 twist drill 3.388 3.435 15.766 3.4° 0.047

3.6 twist drill 3.729 3.754 13.782 5.3° 0.025

3.8 twist drill 3.784 3.854 13.634 2.8° 0.07

4.1 twist drill 4.152 4.245 14.224 3.1° 0.093

4.3 twist drilll 4.486 4.574 12.716 10.4° 0.088

ARDIS method

Drill
Top of the

hole (a)

Bottom of

the hole (b)
Depth (c)

Degree

()

Deviation of

hole ( )

2.0 twist stopper 2.074 2.095 9.724 2.4° 0.021

3.0 twist drill 3.123 3.082 10.171 1.3° 0.041

3.3 twist drill 3.363 3.325 10.169 1.3° 0.038

3.6 twist drill 3.609 3.634 9.787 0.6° 0.025

3.8 twist drill 3.791 3.773 9.620 0.7° 0.018

4.1 twist drill 4.042 4.023 9.724 1.6° 0.019

4.3 twist drilll 4.167 4.224 9.535 1.6° 0.057
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