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ABSTRACT

A Study on Design of Dental Manipulator using

Double Parallelogram Linkage

Sung Been Im

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

Department of Mechanical Engineering,

Graduate School of Chosun University

There are much technical progresses in dental implantology. Development of

CT(Computerized Tomography) and 3D visualization technique help to make the

treatment plan and the surgical navigation assists the dentist during the

intraoperative phase. Regardless of the technical progress the "freehand" drilling of

implant is performed frequently in the numerous implant surgery. In spite of the

excellent preoperative plan, the hand tremble of a dentist caused by vibration of

drill, the mobility of patient, and the fatigue and unskillfulness of surgeon turn

down the success rate of the dental implant surgeries. Computer-guided navigation

has proven a valuable tool in several surgical disciplines. Although the navigation

technique facilitates the positioning, the image guided adjustment of the angle

cannot be attained easily in the dental surgery. Furthermore, the influence of random
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factors such as the trembling cannot be substantially eliminated by the computer

assisted navigation. On the other hand, surgical guide can not be modified during

the surgery. A completely alternative way could be a robot. After the gross

positioning of the dental drill, the end-effector should set the final angulation. The

setting of the final orientation requires 2 degree of freedom and takes place very

close to the patients. Therefore, high accelerations and complicated kinematics have

be avoided for safety reasons.

In this thesis, design of manipulator for dental implant using double parallelogram

linkage is studied. Angulation device performs a task by cooperative manipulation.

The double parallelogram mechanism can provide a fixed entry point during the

surgery, enhance the safety and quality, and give facilities for surgeons.

RCM(Remote Center of Motion) for drill tip is simulated by using ADAMS. Double

parallelogram manipulator is developed as RCM manipulator and motor controller is

produced. Performance of RCM manipulator is evaluated.







Fig. 1-1 Surgical robot history[9]



Fig. 1-2 Research of medical robot[10][11][12][13][14]



(a) (b)

Fig. 1-3 Navigation for surgery scenes and images[21]



Fig. 1-4 Contents of study





Fig. 2-1 Implant surgery process



Fig. 2-2 Implant surgical guide system[18][19][20][21]







Fig. 2-4 Robot for implant dentistry[2]





(a) Single-revolute-joint RCM

mechanism

(b) Circular-prismatic-joint RCM

mechanism.

(c) Parallelogram-based RCM

mechanisms

(d) Synchronous-transmission RCM

mechanism

(e) Instantaneous RCM mechanism

Fig. 3-1 RCM mechanisms[36]





Fig. 3-2 Distance between drill tip and implant-axis[34][35]



(a) Traditional angulation

(b) Angulation of rcm

Fig. 3-3 Angulation method



Fig. 3-4 Series of double parallelogram[37]



 



Fig. 3-5 Component of double parallelogram[37]





    

    

     



     



   







     

Fig. 3-6 Geometry of double parallelogram[37]
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Fig. 3-7 Torque of double parallelogram[37]
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Fig. 4-1 Design of parallelogram linkage
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Table 4-1 Modeling specification









 

 



Fig. 4-2 Virtual center of motion



Fig. 4-3 CATIA design of dental manipulator





Fig. 4-4 Angle of handpiece drilling axis
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Fig. 4-5 Fluctuation drill tip caused by angulation
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(a) Motor displacement according to time
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Fig. 4-6 Angle and motor displacement according to time
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Fig. 4-7 Drill tip angle according to motor displacement



Fig. 5-1 Schematic diagram for experiment



Fig. 5-2 UMI-7764 motion I/O terminal block



Fig. 5-3 Wiring diagram schematic of motor driver



Fig. 5-4 PNP type driver input signal



Fig. 5-5 Connecting wire diagram of motor and limit sensor



Fig. 5-6 Tilting sensor

Table 5-1 Tilting sensor specification



Fig. 5-7 Laser displacement sensor

Table 5-2 Laser displacement sensor specification

Ω
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(a) Tilting sensor voltage according to negative angle
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(b) Tilting sensor voltage according to positive angle

Fig. 5-8 Tilting sensor calibration
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(c) Handpiece angle according to motor displacement

Fig. 5-9 Yaw angle of handpiece according to input signal of motor2



(a) 2 Pulse

(b) 1 Pulse

Fig. 5-10 Motor rotation direction control



(a) Trajectory generator

(b) Position command profile

Fig. 5-11 Theory of motor velocity control
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Fig. 5-12 Experiment of motor velocity control
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Fig. 5-13 Travel measurement

-10 -8 -6 -4 -2 0

0

1

2

3

 Angle
 Fitting line

A
n

g
le

(d
e

g
)

Displacement(mm)

Fig. 5-14 Angle according to displacement using laser displacement sensor



Table 5-3 Comparison with simulation and experiment of angle according to

motor displacement handpiece.

Comparison Angle(°)

Simulation 0.268°

Experiment 0.25°



(a) Blend factor : -1

(b) Blend factor : 0

(c) Blend factor : delay time

Fig. 5-15 Blended coordinate spaces



Fig. 5-16 Blending move profile in blend factor -1
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Fig. 5-17 Hysteresis in velocity 5000pulse/sec
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Fig. 5-18 Hysteresis in velocity 10000pulse/sec







참 고 문 헌

1. Brief. J., Hassfeld, S., Redlich, T., and Ziegler, C., "Robot Assisted Insertion of

Dental Implants A clilical evaluation," International Journal of Computer Assisted

Radiology and Surgery, pp. 932~937, 2000.

2. Brief, J., Hassfeld, S., and Boesecke, R., Volele, M., Krempien, R. "Robot assisted

Dental Implantology," International Poster Journal, Vol. 4, No 1, Poster 109, 2002.

3. Davies, B., "A review of robotics in surgery," Proc Inst Mech Eng [H], Vol. 214,

pp. 129-140, 2000.

4. Lavallee. S, Troccaz. J, Gaborit. L, Cinquin. P, A. Benabid. L, and Hoffmann. D,

"Image-guided operating robot: a clinical application in stereotactic neurosurgery,"

in Computer-Integrated Surgery, R. H. Taylor, S. Lavallee, G. C. Burdea, and R.

Mosges, Eds.: MIT Press, pp. 343-351, 1995.

5. Shunsaku, N., and Nobuhiko, S,, J Orthop SCI, "Clinical accuracy evaluation of

femoral canal preparation using the ROBODOC system", Vol. 9, pp. 452 641,

2004.

6. Mettler, L., Ibrahim, M,. and Jonat, W., " One year of experience working with

the aid of a robotic assistant (the voice-controlled optic holder AESOP) in

gynaecological endoscopic surgery", Human Reproduction , Vol. 13, No. 10, pp.

2748-2750, 1998.

7. Boehm. D. H., Reichenspurner. H, Detter. C, Arnold. M, Gulbins. H, Meiser. B,

and Reichart. B, "Clinical use of a computer-enhanced surgical robotic system for

endoscopic coronary artery bypass grafting on the beating heart [In Process

Citation]," Thorac Cardiovasc Surg, Vol. 48, pp. 198-202, 2000.

8. Guthart. G. S., and Kenneth Salisbury. J. J., "The intuitive telesurgery system:

overview and application," IEEE International Conference on Robotics and



Automation, pp. 618-21, 2000.

9. Troccaz, J., Introduction to medical robotics, Common Problems. School material,

slides:www.Limm.fr/manifs/UEE/school.htm.

10. Duchemin G. et al., "SCALPP: a 6-dof robot with a non-spherical wrist for surgical

applications", Advances in Robot Kinematics, Piran-Portoroz, Slovenia, pp. 165-174,

2000.

11. Korb, W., Marmulla1, R., and Raczkowsky, J., Department of Maxillofacial and

Craniofacial Surgery, "Robots in the operating theatre chances and challenges"

University Hospital, Heidelberg, Germany, 2004.

12. Taylor, R., Iordachita, I., and Kapoor, A., "Steady-Hand Manipulator for Retinal

Surgery", The Johns Hopkins University, Baltimore, Maryland.

13. Wilson, A., Rebecca, S., and Filip, B., "Electromagnetic tracker accuracy in the

CyberKnife suite", A Imaging Science and Information Systems (ISIS) Center,

Department of Radiology, Georgetown.

14. Harris SJ, Arambula-Cosio F, Mei Q, Hibberd RD, Davies BL, Wickham JE, Nathan

MS, and Kundu B. "The Probot - an active robot for prostate resection" Proc Inst

Mech Eng Vol. 211(4), pp. 317 25, 1997.

15. , "

", 19 3 , 2007.

16. Burgerta, O., Salba, T., Gockela, T., Dillmanna, D., "A system for facial

reconstruction using distraction and symmetry considerations", University of

Karlsruhe, Gebaude, Institute of Real-Time Computer Systems and Robotics, 2007.

17. Branemark, P. -I,. Breine, U,. Adell R,. Hansson, B, O,. Lindstrom, J and Ohlsson

A,. "Intra-Osseous Anchorage of Dental Prostheses" Scand J Plast Reconstr Surg

Vol. 3 pp. 81-100, 1969.

18. Carini S. (;alcagno E, Fortori-l)onati P. Andreussi I., "A new model for non-invasive,

reproducible fixation of a stereotaxic frame using an orthodontic resin plate",



(technical note). Acta Neurochir Wien; Vol. 118 pp. 159- 161, 1992.

19. Dr. N. Jörg., Int Poster J Dent Oral Med, "Fabrication of Surgical Template for

CT-based Implant Planning", Vol. 6, No 04, Poster 248, 2004.

20. Korves B, Klimek L, Klein HM, and Mosges R. Image- and model- based surgical

planning in otolaryngology. J Otolaryngol, Vol. 24 pp. 265-70, 1995.

21. Valentea, F., Sbrennab, A., and C. Buonic., “CAD CAM drilling guides for

transferring CT-based digital lanning to flapless placement of oral implants in

complex cases,” International Journal of Computer Assisted Radiology and Surgery,

pp. 413~426, 2006.

22. Franz. r. W., Wolfgang, B., Journal of Cranio-Maxillofacial Surgery, "Positioning

of dental implants using computer-aided navigation and an optical tracking system:

case report and presentation of a new method", 1999.

23. Zoppi, M., and Zlatanov, D., "Analytical kinematics models and special geometries

of a class of 4-DOF parallel mechanisms", IEEE Transactions, on Robotics, Vol.

6, pp. 1 10, 2005.

24. Szymanskia, D., and Heinb, A., "Navi-X planning and treatment system for dental

implantology based on navigated projection images", A Department of Maxillofcial

Surgery and Clinical Navigation and Robotics, Medical Faculty Charite, pp.1243

1249.

25. Franz, J., and Kramer, C., "Navigated vs. conventional implant insertion for

maxillary single tooth replacement A comparative in vitro study", Department of

Oral and Maxillofacial Surgery, Medical University of Hannover, Germany.

26. , , “

” No.2, Vol.21, 1996.

27. Marmulla, J., Brief, J., and Heurich, T., "The Perspectives in the computer-aided

implantology", pp. 152 158, 2002.

28. R, Taylor., and J, Funda., "A telerobotic system for augmentation of endoscopic



surgery", 14th IEEE Medicine & Biology Conf., pp. 54-56, 1992.

29 R. Taylor., J. Funda., "A telerobotic assistant for laparoscopic surgery", Engineering

in Medcine and Biology Maggazine, pp. 279-288, 1995.

30. R. Taylor., J. Funda., "A steady-hand robotic system for microsurgical

augmentation", The International journal of Robotics Research, pp. 201-210. 1999.

31. Kim, D., and Kobayashi, E., "A new compact MR-compatible surgical manipulator

for minimally invasive liver surgery", 5th International conference on medical image

computing and computer assisted intervention, pp. 264-169, 2002.

32. Lum, M., "kinematic Optimization of a 2-DOF Spherical Mechanism for a

Minimally Invasive Surgical Robot", Unerversity of Washington, Washington, 2004.

33. Guerrouad, A., and Vidal, P., "Stereotaxical microtelemanipulator for ocular

surgery", Proceeding of the Annual International Conference of the IEEE

Engineering in Medcine and Biology Society, Seattle, Wa, pp. 879-880, 1989.

34. Koulechov, K., and Lueth, T., "A new metric for drill location for Navigated Control

in navigated dental implantology".

35. Rita, C., Evelina, L., "An image analysis approach for automatically re-orienteering

CT images for dental implants", University of Modena and Reggio Emilia,

Computerized Medical Imaging and Graphics, Italy, pp. 185 201, 2004.

36. Guanghua, Z., Xu., Y, Jingjun., B, Shusheng., "Classification and type synthesis

of 1-DOF remote center of motion mechanisms", Robotics Institute, Beihang,

University, China, pp.1585~1595, 2007.

37. Zong, G., Pei, X., Yu, J., Bi s. and Sun, M, "Design of double parallelogram

remote center of motion mechanisms," Chinese Journal of mechanical Engineering,

Vol. 43, No. 12, pp. 103-107, 2007.


	제 1 장 서  론
	제 1 절 연구배경 및 목적
	제 2 절 관련 연구현황
	제 3 절 연구 내용

	제 2 장 임플란트 개요
	제 1 절 임플란트 수술 방법 및 현황
	제 2 절 로봇 임플란트 시술

	제 3 장 메니퓰레이터의 이론적 해석
	제 1 절 RCM 메커니즘
	제 2 절 각도 조절 메커니

	제 4 장 메니퓰레이터 모델링 및 시뮬레이션
	제 1 절 이중평행사변형을 이용한 기구설계
	제 2 절 가상중심 메커니즘
	제 3 절 ADAMS를 이용한 시뮬레이션

	제 5 장 메니퓰레이터 제작
	제 1 절 시스템 구성 및 특성
	제 2 절 시스템 성능평가
	제 3 절 히스테리시스 측정

	제 6 장  결    론
	참 고 문 헌


