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            초록
          
        

        
          Owing to the extended average life expectancy and continued labor by older people, incidence of spinal degenerative diseases, such as spondylolisthesis and lumbar spinal stenosis, has increased. Surgical treatments of these diseases involve procedures to correct the deformation of the vertebrae using implantable devices such as pedicle screws, rods, nut screws, and lumbar interbody fusion cages. Mechanical evaluations of the pedicle screw design have thus far been limited by the consideration of only the pitch and lead of the screw's thread. In this study, we propose pedicle screws of various shapes and evaluate their mechanical strengths according to ASTM standards. In addition, biomechanical finite element models are established to overcome the limits of the tests and experiments. The stresses of individual screws and vertebrae were analyzed in detail according to the pullout forces and screw designs of the models.

        

      

      
        Keywords: 
Pedicle screw, Pullout test, Compressive bending test, Finite element analysis

      

    

    

  
    
      Acknowledgments
      이 성과는 2018년도 정부(과학기술정보통신부)의 재원으로 한국연구재단의 지원을 받아 수행된 연구임(No. NRF-2018R1A2B2002683)

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Hilibrand, A. S., 1999, Rand N. Degenerative Lumbar Stenosis : Diagnosis and Management, J. Am. Acad. Orthop. Surg., 7 239-249.
			[https://doi.org/10.5435/00124635-199907000-00004]
		
        

        
          	
            
              2. 
            
          
          	Taylor, V. M., Deyo, R. A., Cherkin, D.C., Kreuter, W., 1994, Low Back Pain Hospitalization : Recent United States Trends and Regional Variations, Spine, 19 1207-1213.
			[https://doi.org/10.1097/00007632-199405310-00002]
		
        

        
          	
            
              3. 
            
          
          	Johnsson, K. E., Rosen, I., Uden, A., 1992, The Natural Course of Lumbar Spinal Stenosis, Clin Orthop., 279 82-86.
			[https://doi.org/10.1097/00003086-199206000-00010]
		
        

        
          	
            
              4. 
            
          
          	Cho, J. M., Yoon, S. H., Park, H. C., Park, H. S., Kim, E. Y., Ha, Y., 2004, Surgery of Spinal Stenosis in Elderly Patients: Bilateral Canal Widening Through Unilateral Approach, J. Korean Neurosurg. Soc., 492-497.
        

        
          	
            
              5. 
            
          
          	Rao, R. D., Wang, M., Singhal, P., McGrady, L. M., Rao, S., 2002, Intradiscal Pressure and Kinematic Behavior of Lumbar Spine After Bilateral Laminotomy and Laminectomy, Spine, 2 320-326.
			[https://doi.org/10.1016/S1529-9430(02)00402-3]
		
        

        
          	
            
              6. 
            
          
          	Chen Y. C., Lee, S. H., Chen, D., 2003, Intradiscal Pressure Study of Percutaneous Disc Decompression With Nucleoplasty in Human Cadavers, Spine, 28 661-665.
			[https://doi.org/10.1097/01.BRS.0000051920.45671.88]
		
        

        
          	
            
              7. 
            
          
          	Suk, S. L., Kim, W. J., Lee, S. M., Kim, J. H., Chung, E. R., 2001, Thoracic Pedicle Screw Fixation in Spinal Deformities, Spine, 26:18 2049-2057.
        

        
          	
            
              8. 
            
          
          	Oda, I., Cunningham, B. W., Lee, G. A., Abumi, K., Kaneda, K., McAfee, P. C., 2000, Biomechanical Properties of Anterior Thoracolumbar Multi-Segmental Fixation, Spine, 25:18 2303-2311.
        

        
          	
            
              9. 
            
          
          	Postacchini, F., Cinotti, G., Perugia, D., Gumina, S., 1993, The Surgical Treatment of Central Lumbar Stenosis. Multiple Laminotomy Compared With Total Laminectomy, J. Bone and Joint Surgery, 75 386-392.
			[https://doi.org/10.1302/0301-620X.75B3.8496205]
		
        

        
          	
            
              10. 
            
          
          	Verbiest, H., 1954, A Radicular Syndrome From Developmental Narrowing of the Lumbar Vertebral Canal, J. Bone and Joint Surgery, 36B 230-237.
			[https://doi.org/10.1302/0301-620X.36B2.230]
		
        

        
          	
            
              11. 
            
          
          	Nasca, R. J., 1989, Rationale for Spinal Fusion in Lumbar Spinal Stenosis, Spine, 14 451-454.
			[https://doi.org/10.1097/00007632-198904000-00023]
		
        

        
          	
            
              12. 
            
          
          	Esses, S. I., Doherty, B. J., Crawford, M. J., Dreyzin, V., 1996, Kinmetic Evaluation of Lumbar Fusion Techniques, Spine, 21 676-684.
			[https://doi.org/10.1097/00007632-199603150-00003]
		
        

        
          	
            
              13. 
            
          
          	Suk, S. I., Kim, W. J., Lee, S. M., Kim, J. H., Chung, E. R., 1995, The Diameter and Changes of the Vertebral Pedicles After Screw Insertion, J, Korean Orthop., 2:2 168-176.
        

        
          	
            
              14. 
            
          
          	Kim, K. T., Lee, S. U., Kim, Y. W., Hong, G. P., Mun, M. S., 1998, A Biomechanical Study of Screw Designs of Transpedicular Screw on the Fixation Strength, J. Korean Orthop., 33:2 350-358.
        

        
          	
            
              15. 
            
          
          	Yoo, M. C., Lee, S. U., Kim, K. T., Sun, S. D., Kim, I. Y., Moon, M. S., 1995, A Biomechanical Study on the Fixational Strength of the Trans-Pedicular Screw -In Vitro Measurement, J, Korean Orthop., 30:3 459-469.
        

        
          	
            
              16. 
            
          
          	Ahn, M. W., Han, J. H., Koo, J. W., Chung, S. M., Cho, J. H.,, 2007, Morphologic Feasibility of Pedicle Screw Insertion in Korean, J. Korean Orthop., 42:2 255-263.
        

        
          	
            
              17. 
            
          
          	Fritz, J. E., Delitto, A., Welch, W. C., Erhard, R. E., 1998, Lumbar Spinal Stenosis : A Review of Current Concepts in Evaluation, Management and Outcome Measurements, Arch. Phy. Med. Rehabil., 79 700-708.
			[https://doi.org/10.1016/S0003-9993(98)90048-X]
		
        

        
          	
            
              18. 
            
          
          	Nam, K. W., Chang, S. M., Lee, S. H., Cho, M. W., 2001, A Study on the Finite Element Analysis and Machining Methods for Optimum Design of Pedicle Screw System, Proceedings of the Korean Soc. Precis. Eng., Autumn Conference, 634-638.
        

        
          	
            
              19. 
            
          
          	ASTM, 2004, Standard Test Methods for Spinal Implant Constructs in a Vertebrectomy Model, ASTM F1717-04, USA.
        

        
          	
            
              20. 
            
          
          	Park, W. M., Kim, Y. H., 2009, Analysis of Static Properties of Polyaxial Pedicle Screw System According to Tightening Torque, Proceedings of the Korean Soc. Precis. Eng., Autumn Conference, 619-620.
        

        
          	
            
              21. 
            
          
          	ASTM, 2013, Standard Specification and Test Methods for Metallic Medical Bone Screws, ASTM F543-13, USA.
        

        
          	
            
              22. 
            
          
          	Yaman, O., Demir, T., Arslan, A. K., Iyidiker, M. A., Tolunay, T., Camuscu, N., Ulutas, M., 2015, The Comparison of Pullout Strengths of Various Pedicle Screw Designs on Synthetic Foams and Ovine Vertebrae, Turk Neurosurg., 25:4 532-538.
        

        
          	
            
              23. 
            
          
          	Goel, V. K., Monroe, B. T., Gilbertson. L. G., Brinckmann, P., 1995, Interlaminar Shear Stresses and Laminae Separation in a Disc. Finite Element Analysis of the L3-L4 Motion Segment Subjected to Axial Compressive Loads, Spine, 20:8 887-900.
        

        
          	
            
              24. 
            
          
          	Shirazi-Adl S. A., Suresh, C., Shrivastava, E. S., Abdul, M. A., 1995, Stress Analysis of the Lumbar Disc-Body Unit on Compression: A Three-dimensional Nonlinear Finite Element Study, Spine, 20:8 887-900.
        

        
          	
            
              25. 
            
          
          	Sharma, M., Langrana, N. A., Rodriguez, J., 1995, Role of Ligaments and Facets in Lumbar Spinal Stability, Spine, 20:8 887-900.
        

        
          	
            
              26. 
            
          
          	Smit, T. H, Odgaard, A., Schneider, E., 1997, Structure and Function of Vertebral Trabecular Bone, Spine. 22:24 2823–2833.
        

        
          	
            
              27. 
            
          
          	Park, J. S., Seo, T. I., Bae, J. S., Yoon, G. S., 2006, Development and Evaluation for the Micro-Movement Structure of Interspinous, J. Korean Soc. Manuf. Technol. Eng., 15:3 127-132.
        

      

    

    

  OEBPS/images/big_27_5.jpg





OEBPS/images/_common/images/orcid.gif





OEBPS/images/_common/images/crossref.gif





