UNIVERSITI
S MALAYSIA

U:NIAP PERLIS

Evaluation of Internal Implant Failure in Long Bones
Fractures

Izzawati Binti Basirom
(1741412456)

A thesis submitted in fulfillment of the requirements for the degree of
Doctor of Philosophy

Faculty of Mechanical Engineering Technology
UNIVERSITI MALAYSIA PERLIS

2021



ACKNOWLEDGMENT

Alhamdulillah, all praises and thanks to Allah for all things. He has done to me
and bestowed on me wisdom, ideas, and strength to complete this Ph.D. thesis within
three years.

First and foremost, | would like to express sincere gratitude to my supervisor,
Associate Professor Ir. Dr. Ruslizam Daud, for his guidance, support, suggestion,
constructive criticism, and encouragement. 1 would also like to thank Associate
Professor Ir. Dr. Mohd Shukry Abdul Majid and Associate Professor Ts.~-Dr. Afendi
Rojan, my co-supervisor with the knowledge of the fracture field. Special'thanks to you
for your guidance in journal publishing and for providing me the wonderful’'opportunity
to work with the composite team. | would like to thank my field"supervisor from
Hospital Tuanku Fauziah, Dr. Mr Asrul Fahmi bin Azizan for his input and suggestions
during the planning and development of this research work.

My sincere thanks to the Postgraduate Society. of the School of Mechatronic
Engineering for the discussion, which has helped me.bring the thesis to full completion.
This study would not have been possible without the financial support and opportunity
from the Ministry of Education Malaysia and Universiti Malaysia Perlis, UniMAP. | am
forever indebted to my beloved parents, Basirom Ahmad and Rasidah Karim, for their
continuous encouragement and du’a. My, humble thanks to all family members for
endless moral support. | hope that<this tiny masterpiece would instigate more
significance researches for the goodness of humankind. May Allah accept this work as
good-deed.



TABLE OF CONTENTS

PAGE

DECLARATION OF THESIS [
TABLE OF CONTENTS ii
LIST OF FIGURES Xi
LIST OF ABBREVIATIONS Xviii
LIST OF SYMBOLS XX
ABSTRAK XXIV
ABSTRACT XXV
CHAPTER 1: INTRODUCTION 1
1.1  Research Background 1
1.2 Research Motivation 5
1.3 Research Question 6
1.4 Problem Statement 7
1.5 Research Objective 8
1.6\ Scope 9
1.7  Thesis Organization 10
CHAPTER 2: LITERATURE REVIEW 12
2.1  Chapter Overview 12
2.2 Principle of Fracture Healing 12
2.2.1 Classification of Femoral Diaphysis Fractures 16

2.3 The Structure and Mechanic of the Internal Fixation 19


file:///E:/Correction%20Viva/Final%20Thesis%20(IZZAWATI)%20Correction%20-no%20update%20title%20yet.docx%23_Toc64858381

2.4

2.5

2.6

2.7

2.3.1 Intramedullary Fixation

2.3.2 Flexible Nailing Fixation or Wires

2.3.3 Plating Fixation

2.3.4 Damage Evolution and Localization on the Component’s Failure

2.3.4.1 Plate Failure

Implant Stability Assessment for Successful Osseointegration
2.4.1 Implant Stability Implies Primary and Secondary Stability

2.4.1.1 Primary Stability
2.4.1.2 Interfragmentary Strain Measurement

2.4.2 Stability Classification

2.4.2.1 Secondary Stability

The Fracture Mechanics of Orthopaediciimplant

2.5.1 Stress Intensity Factor (SIF) Analysis of Fracture
Fracture Parameter Based.on DEM and J-Integral

2.6.1 Displacement Extrapolation Method (DEM)

2.6.2 J-integral

19

20

21

22

24

25

29

30

32

32

33

34

38

40

41

43

2.6.3 .Two'Parameters Fracture Mechanic Based on Bone-Screw Interactions

Chapter Summary

CHAPTER 3: METHODOLOGY

3.1

3.2

3.3

Chapter Overview

Research Design and Methodology

Three-dimensional (3D) FE Femur Bone under Single Leg Stance
3.3.1 Mechanical Properties of Bone and Implant Fixation

3.3.2  Sensitivity Analysis

45

48

50

50

50

53

56

56



3.3.3 Loading Parameter Based on a Different Level of Load 58
3.4  Three-Dimensional (3D) Model of Clinical Fixation Model 60
3.4.1 Mechanical Properties of Bone-Implant System 63
3.4.2 Sensitivity Analysis and Mesh Refinements 63
3.4.3 Fixation Interface Condition 65
3.4.4 Finite Element Assembly of Bone-Implant under Compression Load 65
3.4.5 Working Length Based on Screw Configuration 66
3.5  Determining the Load Distribution Among Implant Screws 68
3.5.1 Model Development 68
3.5.2 Mechanical Properties and Boundary Conditien 69
3.5.3 Primary Implant Stability Based on Settling Effect 70
3.6 Two-Dimensional Model Generation of Rull Out Structural 72
3.6.1 Sensitivity Analysis and Thearetical Validation 73
3.6.2 Fracture Interaction in.the Bone-Screw System 77
CHAPTER 4 : RESULTS.AND DISCUSSION 79
4.1  Chapter Overview 79
4.2  Biomechanical Analysis of Femoral Bone and Implant Fixation 79
4.2.1 “Stress and Strain Distribution Within The Femoral Bone 80
4.2:2 Effect of Fracture Angle on the Bone Stress 81
4.2.3 Characterisation of Fracture Angle on the Implant Screws Behaviour 84
4.2.4 Effect Fracture Angle on VMS of DC-LCP 87
4.3  Clinical Fixation Technique Affects Bone-Fixation Stability 90
4.3.1 Effect of Screw Types and Penetration Depth 91

4.3.1.1 Effect of Unicortical Screw on Stress Distribution of Screw
and DC-LCP 94

4.3.1.2 Effect of Bicortical Screw on Stress Distribution of Screw
and DC-LCP 96



4.4

4.5

4.3.2 Effect of Screw Configuration on the Working Length 101
4.3.3 Interfragmentary Strain as A Function of Screw Configuration 103
4.3.4 Interfragmentary Strain as A Function of Compression Loading 105
4.3.5 Interfragmentary Strain as A Function of Configuration 109
4.3.6 Stress Shielding of the Bone-Implant with Different Materials 115
Prediction of Stress Distribution on the Implant Screws 120
4.4.1 Implant Stability Based on Bone-Screw Interaction 125
4.4.2 Assessment of The Bone Quality on the Primary Implant.Stability 128
4.4.3 Influence of Micro-Mobility of Perfect Fitting on-Primary Implant
Stability 130
4.4.4 Effect of Loosening Gap (Non-Perfect Fitting) on Primary Implant
Stability 132
Fracture Behaviour of the Screw in the-Bone-Implant System 133
45.1 Influence the Load And.Crack Length on the Mechanical Stress
Behaviour 133
4.5.2 Mode I and Made 11 Transverse Crack for Simple Crack Propagation
136
4.5.273. Mode I Error Analysis for S-Model 138
45.2.2 Mode I Transverse Crack of the SERR for S-Model 140
4.5.3 Mode | and Mode Il Transverse Crack for the Threaded Model 142
4.5.3.1 Mode I Error Analysis For Th-Model 143
4.5.3.2 Mode I Transverse Crack of SERR for Th-Model 145
4.5.4 Mode | and Mode Il Transverse Crack for Fully Threaded Model 147
4.5.4.1 Mode I Error Analysis for a SC -Model 149
4.5.4.2 Mode I Transverse Crack SERR for SC -Model 151
4.5.5 Mode | And Mode Il Transverse Crack for the Bone-Screw Model 153

Vi



4.5.5.1 Mode I Error Analysis for BSc-Model
455.2 Mode | Transverse Crack SERR for BSc-Model

46  Comparison of Toughness Parameters Based on Bone-Screw Interactions

4.6.1 Comparison of Stress Distribution between Bone-Screw

Interactions
4.6.2 Enriched Shape Correlation Factor on Fracture Toughness
4.6.3 Enriched FE Formulation with Interfacial-interaction
4.6.4 Comparison of SERR Between Bone-Screw Interactions

CHAPTER S : CONCLUSION

51  Research Conclusion

5.2  Research Contribution
5.2.1 Theoretical Contribution Based.on Numerical Assessment
5.2.2 Fracture Behaviour Assessment of Implant Fixation System
5.2.3 Knowledge Contribution to Clinical Practice Implant Fixation

5.3  Recommendation for Future Works

REFERENCES
APPENDIX A
APPENDEX'B
APPENDIX C
APPENDIX D

LIST OF PUBLICATIONS

vii

156

158

160

160

164

167

169

174

174

175

175

176

176

177

178

192

193

194

197

198



Table 2.1

Table 2.2:

Table 2.3:

Table 2.4:

Table 3.1:

Table 3.2:

Table 3.3:

Table 3.4:

Table 3.5;

Table 3.6;

Table 3.7:

Table 3.8:

Table 3.9:

Table 3.10:

LIST OF TABLES

Winquit-Hansen Classification

Difference implant stability measurements based on non-

invasive/non-destructive methods (V. Swami. 2016)

Difference methods of implant stability measurement based

on invasive/destructive methods (Swami et al., 2016)
Various method instability assessment

Dimensional parameters for conventionahscrew
Dimensional parameters for compression plate

Mechanical properties of bone structures and implant

materials
Compression lgadon the femoral head and greater trochanter

Mechanical properties of bone structure and implant

materials

Mesh node and the element of the level-based type of

configurations

Type interaction in the bone-implant model

The degraded Young’s moduli values used in the FE model
Material properties of the pathology grade

Comparison SIFs between DEM and CINT Method in
Mode |

viii

PAGE

18

27

28

28

55

55

56

59

63

64

65

69

69

74



Table 3.11:

Table 4.1:

Table 4.2:

Table 4.3:

Table 4.4:

Table 4.5;

Table 4.6:

Table 4.7:

Table 4.8:

Table 4.9:

Table 4.10;

Tabled.11:

Table 4.12:

Table 4.13:

Table 4.14:

Comparison SIFs between DEM and CINT method in Mode
I with theoretical Brown and Srawley, Gross and Brown and
Tada.

Bone stress under different load based on increasing load
Bone-implant stresses at different X’F and implant materials

Effect of screw configuration on the interfragmentary strain
of callus at 800 N

Normality analysis on IFM strain and the screw

configuration

Slopes IFM calculated for each screw configuration using

compression load

Correlations between screw type and interfragmentary strain

between regression slopes. caleulated for compression loads

Correlations between compression load and interfragmentary

strain between regression slopes calculated for screw type
Maximum VMS of implants

STP. with different implant material

SEDTP with different implant material

ISQ characteristic stability of implant screw with perfect

fitting

Comparison of SIFs between FE analysis and three empirical

formulation in Mode | for S-model
SERR, G; for $-model in Mode |

Comparison of SIFs between FE analysis and three empirical

formulations for Mode | for Th-model

74

80

82

103

109

113

114

114

115

117

117

130

139

141

144



Table 4.15:

Table 4.16:

Table 4.17:

Table 4.18:

Table 4.19:

Table 4.20:

Table 4.21:

Table 4.22:

Table 4.23:

Table 5.1:

Table 5.2:

SERR, G;;, in Mode | for Th-model

Comparison of SIFs between FE analysis and three empirical

formulations in Mode | for Sc-model

SERR, G, for Sc-model in Mode |

Comparison SIF between FE analysis and three empirical

formulations for Mode I for ( BSc-model).

SERR, G, for BSc-model In Mode |

SIFs for Mode | for different models

Effect of different geometry on shape correction factor
Different interface level of the geometries

SIFs for Mode | for different'models

Summarise of material used in orthopaedic implant

Summarize of the implant design based on previous studies

146

150

152

157

159

161

165

167

169

192

193



Figure 1.1:

Figure 2.1:

Figure 2.2:

Figure 2.3:

Figure 2.4:

Figure 2.5:

Figure 2.6:

Figure 2.7:
Figure 2.8:

Figure 2.9:

Figure 2.10:

Figure 2.11:

LIST OF FIGURES

Implant failure (a) pedicle screw breakage, (b) pedicle screw

thread damage (Heini, 2010; Voleti et al., 2014)
Bone hierarchical structure (Zimmermann et al., 2015)

Crack-bridging and deflection promote extrinsic toughness

(Zimmermann et al., 2015)

Primary healing morphology (a) based implant<fixing

(b) bone enlargement after 24 weeks (c) histological healing

gap and osteotomy (Claes et al., 2012h)
Secondary healing bone diaphysis (Ghiasi et al., 2017)

Femoral fractures classification in AO classification
(Bayram & Cakirolld, ;2016)

Femoral diaphysis pattern classification (AO Fundation,
2014)

Fracture pattern based on Winquist-Hansen classification
Radiograph of the intramedullary nails (Pires et al., 2010)

Different internal fastening screws; (a) nail reconstruction,

(b) femoral nail and (c) dynamic hip-compressor

Pre-operative (a) immediate postoperative (b) flexible nail

insertion (c) a union in fracture shaft

Comparison between (a) fracture bone and (b) plating

technique (Taljanovic et al., 2003)

Xi

PAGE

14

14

15

16

17

17

18

20

20

21

21



Figure 2.12:

Figure 2.13:

Figure 2.14:

Figure 2.15:

Figure 2.16:

Figure 2.17:

Figure 2.18:

Figure 2.19:

Figure 2.20:

Figure 2.21:

Figure 2.22:

Figure 2.23:

Figure 3.1:

Comparison between experimental and numerical simulation
(Wick et al., 2015)

Illustration and characteristic length scales for material
damage in screws (Wick et al., 2015)

(a) Crack formed in holes (b) enlargement crack in thread
(Bilmont et al., 2015; Kanchanomai et al., 2010)

Implant stability device (a) Rachet torque, (b) Reverse torque
test and (c) Resonance frequency analysis (RFA) (Aziz:et.al,

2014; McCracken et al., 2010)

Graphical representation of primary, secondaryand total
stability (Dantas et al., 2017)

Appearance of broken screw (a) crest and screw thread root
(b) screw thread root at high magnification (c) as-received

screw thread root (Yokoyama et al., 2002).

Shape of cracks at.screw root (a) crack propagation,
(b) main crackyand (c) shear crack (Yokoyama et al., 2002).

(a) Grain-structures of titanium root as-received; (b)
enlargement of the intact screw (c) broken screw retrieved

(d) crack line on the screw (Yokoyama et al., 2002).

Bone failure progression based on surface energy driven
growth (SDEG) (Feerick & McGarry, 2012)

Bone—cement and cement—implant interfacial interaction
(A. Kumar et al., 2020)

(@) Schematic Barsoum singularity element

(b) computational of SIFs using DEM method
J -Integral contour definition (Park & Seo, 2011)

Research framework

xii

23

24

25

26

29

34

35

35

36

39

41

44

52



Figure 3.2:

Figure 3.3:

Figure 3.4:

Figure 3.5:

Figure 3.6:

Figure 3.7:

Figure 3.8:

Figure 3.9:

Figure 3.10:

Figure 3.11:

Figure 3.12:

Figure 3.13:

Figure 3.14:

3D model of femur bone (a) Medial, (b) Lateral, (c) Anterior

and (d) Posterior
Implant component and bone structure

Development of fracture line and screw orientation
based-fracture angle (Anterior view) (a) 0° (b) 30° (c) 45°

Effect of number of elements on maximum VMS

Meshing element (a) 916,310 elements and (b) 271, 559

elements

Hip joint mechanics on SLS condition (a) femaral4oad and

(b) contraint (posterior view)
Schematic diagram bone-implant with 6-screws (axial view)

Implant components such as(&)-locking screw and (b)

conventional screw (c) DCsLCP plate

Configuration of plate-screw implant-bone fixation

(@) unicortical conventional (UC), (b) unicortical locking
(UL) (c) bicortical conventional (BC) and (d) bicortical
locking (BL)

Serew configurations based on implant group (a) screw
position (b) Unicortical Conventional (UCn) (c) Unicortical
Locking (ULn) (d) Bicortical Conventional (BCn)

(e) Bicortical Locking (BLn), where n is screw configuration
Meshed model with the enlargement area

Boundary condition of compression load (A) unicortical and

(B) bicortical conventional screw setup

Working length determination

Xiii

53

54

54

57

57

58

60

60

61

62

64

66

67



Figure 3.15:

Figure 3.16:

Figure 3.17:

Figure 3.18:

Figure 3.19:

Figure 3.20:

Figure 3.21:

Figure 3.22:

Figure 3.23:

Figure 3.24:

Figure 3.25:

Figure-4(1:

Figure 4.2:
Figure 4.3:

Figure 4.4:

Figure 4.5:

(@) The meshed assembly, (b) meshed model of screw and

(c) Cross section view of the screw-bone interface
Cross-sectional penetrated screw

Different loads (a) normal (pull-out) (b) oblique load and

(c) shear load

(@) Top view of the assembly bone-screw model

(b) cross-sectional view for non-perfect fitting

Enlargement of non-perfect fitting (i.e. w=0.1 mm, W="0.1

mm and W= 2 mm respectively).

Single edge crack of conventional screw properties based on
pull-out loading for transverse bone_ fracture induced by

bending loading

Crack node at the crack tip

Variation of SIF by increment crack tip elements.
Variation of DELR on the theory-based normalized
Variation-NTHET on the normalised SIFs

The different 2D model in the bone-screw system

Stress contour results in femoral (a) Medial, (b) Lateral,
(c) Anterior and (d) Posterior

Effect of fracture angle on bone stress
Effect of fracture angle on the screw stress

The stress behaviour of the screw for different orientation
and position (a) £F=0°, (b) £F=30° and (c) £F = 45°

Stress concentration in screws at different fracture angle and

materials

Xiv

68

70

70

71

71

72

73

75

75

76

78

81

83

84

86

87



Figure 4.6:
Figure 4.7:
Figure 4.8:

Figure 4.9:

Figure 4.10:

Figure 4.11:

Figure 4.12:

Figure 4.13:

Figure 4.14:

Figure 4.15:

Figure 4.16:

Figure 4.17;

Figure 4.18:

Figure 4.19:

Figure 4.20:

Effect fracture angle on VMS of the DC-LCP plate
Equivalent VMS at compression plate different fracture angle
The effect of screw configuration on the implant stress
Maximum VMS on implant screws and plate for Group UL

Maximum von mises stress on implant screws and plate for
Group BC (bicortical conventional) based on standing

loading
Effect of working length on the plate stress

Effect of compression load on the interfragmentary strain at

different screw configurations: (a) C12z4 and(b) Cizs,

Effect of compression load on theinterfragmentary strain at
different screw configurations: (a) Ci23, and (b) C124

Effect of different screw configuration on interfragmentary

strain at different compression loads
Stress distribution along the screw in cross section view
StresS distribution on the neighbouring bone interfaces

The effect of screw material on average STPs/ SEDTPs (a)
3-point bending load (3-PB) and (b) 4-point bending load (4-
PB)

FE analysis of stress distribution of the implant screws under

bending loading

Distribution stress at different load scenario (a) pull-out load

(b) oblique loading (c) shear loading

STP of bone-screw at different load scenario (a) pull-out load

(b) oblique loading (c) shear loading

XV

88

89

92

95

98

102

106

107

111

116

116

119

120

122

124



Figure 4.21:

Figure 4.22:

Figure 4.23:

Figure 4.24:

Figure 4.25:

Figure 4.26:

Figure 4.27:

Figure 4.28:
Figure 4.29:
Figure 4.30:

Figure.4.31:

Figure 4.32:

Figure 4.33:

Figure 4.34:

Figure 4.35:

Total deformation of bone-implant model with high modulus
of bone (D1-D4) under (a) normal (pull-out) (b) oblique load
and (c) shear load

Total deformation of the bone-implant model with low
modulus of bone (E1-E3) under (a) normal (pull-out) (b)

oblique load and (c) shear load

Maximum stress of screw under different load (a) normal

(pull-out) (b) oblique and (c) shear load

The relationship between ISQ and Young moduli at-different

type of load with perfect fitting
Load response based on Young’s modulus-of bone

The relationship between ISQ and-micro mobility with the

characteristic equation.

The calculated 1SQ values of the implant screw with

non-perfect fitting

Stress field on-the crack tip for different geometry models
Effect.of crack to width ratio on distribution stress

SIF for simple crack propagation model

Comparison of SIFs Mode | for different empirical

formulation
Variation of SERR, G and its conversion

SIF by the crack extension for threaded Th-model

SIFs in Mode | for the different empirical formulation

K, Th pes * K, The, @Nd K, Th ge

Variation of SERR, G and its conversion

XVi

126

126

127

128

129

130

132

134

135

137

139

141

142

144

147



Figure 4.36:

Figure 4.37:

Figure 4.38:

Figure 4.39:
Figure 4.40:

Figure 4.41:

Figure 4.42:

Figure 4.43:

Figure 4.44:

Figure 4.45:

Figure 4.46:

Figure4.47:
Figure 4.48:
Figure 4.49:

Figure 4.50:

Figure 4.51:

Threaded model crack extension SIFs

SIFs by crack extension for Sc-model
Variation of SERR, G, and its conversion

SIF by the crack extension for threaded BSc-model
Strain field of bone-screw model

Bone-screw model (a) contact stress penetration (b) critical

contact stress

Crack opening BSc-model (a) 0.285 mm (b) 06585 mm of

crack length

Comparison of SIF Mode | for the different empirical

formulation K, oo, K| gse., »and K, g

| BSc !
Variation of SERR, G and-its conversion

Comparison of SIFs'Mode I, K for various geometric

I(s T sc,Bsc)

models

Comparison of SIFs Mode I, K, for various geometric

S,Th,Sc,BSc)

models
Normalised SIFs for Mode | for different interaction models
Shape correction for different interaction models

Variation of a/w against T-stress for bone-screw

Comparison of SERRs Mode I, G, . ~for various
geometric models
Comparison of SERR Mode I, K ) for various

I(S .Th,Sc,BSc

geometric models

XVii

148

150

152

153

154

155

155

157

159

162

162

163

166

168

170

171



2D

3D

AO
AO-OTA
BC

BIC

BL

BSc-model

BW
CAD

CINT
cT

LC
DCP
DELR
DEM
DOF
EPFM
FE
FEA
FEM
GUI
IFM
1SQ
JINT
KSCON
LCP
DC-LCP
LEFM
NTHET
ORIF
RFA

S-model

LIST OF ABBREVIATIONS

Two-dimensional
Three-dimensional

American Orthopaedic

American Orthopaedic Trauma Association
Bicortical Conventional
Bone-Implant Connection
Bicortical Locking

Bone and screw model

Body weight

Computer-Aided Design
C-Integral

Computed Tomography

Locking Compression

Dynamic Screw Plate

Radius of First Row Element
Displacement Extrapolation Method
Degree of freedom

Elastic Plastic Fracture Mechanics
Finite Element

Finite Element Analysis
Finite.Element Method

Graphic User Interface
Interfragmentary movement
Implant Stability Quotient
J-Integral

Element around the crack tip has a better stress and strain singularity

Locking Screw Plate
Dynamic and Locking Compression Plate

Linear Elastic Fracture Mechanics

Number of Element Around the Circumference

Open Reduction Internal Fixation
Resonance Frequency Analysis
Simple Crack Propagation Model

xviii



Sc-model
SE

SED
SEDTP
SERR
SETP
SIF
SSD
STP
Th-model
TPFM
ucC

Ss

Ti

UL
XFEM

Full threaded screw model

Strain Energy

Strain Energy Density

Strain Energy Density Transfer Parameter
Strain Energy Release Rate

Strain Energy Transfer Parameter
Stress Intensity Factor

Stress Shielding Damage

Stress Transfer Parameter

Screw thread model
Two-Parameter Fracture Mechanic
Unicortical Conventional

Stainless steel

Titanium

Unicortical Locking

Extended Finite Element Methad

XiX



LIST OF SYMBOLS

A Transferability Parameter
£F Fracture Angle
Ty Average Principle Stress
o, Principle Stress by Direction (n=12,and 3)
& Strain
a Crack Length
n No of the crack tip element
D, d Distance
D Bone Properties Based on Densest Class
E Young Modulus
Eij Elastic Modulus with Radial; Axial; Tangential;
En Bone Properties Based On Pathology Grade
G12 Shear Modulus with Radial; Tangential; Axial (ij=1,2 and3)
K Stress Intensity Factor (Sif)
r Crack Length
Density
Angular Function
w,W Width
o Normal.Stress
ot Stress in Screw Thread
b Stress in Bone
GB Gross and Brown Formulation
BS Brown and Srawley Formulation
J J-integral
J, J-integral For Elastic Plastic
K, SIF
K, SIF For Mode |
K, Critical SIF
K SIF For Mode I (S-model)

SIF for Mode | of S-model based on FEA

I Srea

A A

SIF for Mode | of S-model based on Grown and Brown Formulation

| Sgp

XX



| Sgs

= X X
=
o

—
=

= = 4
& ol =
& & i

L

w
o

I SCrea

x~ X X X X R

| Scep

| Scgg

| BSc
| BSCrgp

K, BSCas

| BScgg

w

X X X X
3

w
o

Il BSc

»
g

®» O -OARX

w
@
1)

ol

O O
=

SIF for Mode | of S-model based on Brown and Srawley Formulation

SIF for Mode | Based on Empirical Theory

Stress Intensity Factor for Mode | (Th-model)

SIF for Mode I of Th-model based on FEA

SIF for Mode | of Th-model based on Grown and Brown Formulation
SIF for Mode | of Th-model based on Brown and Srawley Formulation
SIF for Mode I Sc-model

SIF for Mode | of Sc-model based on FEA

SIF for Mode I of Sc-model based on Grown and-Brown

Formulation

SIF for Mode | of Sc-model based on Brewn and Srawley

Formulation

Stress Intensity Factor for Model “BSC-model
SIF for Mode | of BSc-model based on FEA

SIF for Mode | of BSc-model based on Grown and Brown

Formulation

SIF for Mode I BSc-model based on Brown and Srawley Formulation
SIF for Mode 11 (S-model)

SIF for Mode 11 (Th-model)

SIF for Mode 11 ( Sc-model)

SIF for Mode II ( BSc-model )

SERR for S-model

SERR for S-model Based on FEA

SERR for S-model Based on Brown and Srawley Formulation
SERR for S-model Based on Grown and Brown Formulation
SERR for S-model Conversion Formulation

SERR for Th-model

SERR for Th-model based on FEA

XXI



O ©

SCrea

@

Scas

@

SCeg

@

SCCOI’W

o O

BSC rea

(@)

BSC gg

@

BSC g

@

BSC Conv

<
R A Al
Y

<

[os]
w
o

=N

Q

SERR for Th-model based on Brown and Srawley Formulation
SERR for Th-model based on Grown and Brown Formulation
SERR for Th-model Conversion Formulation

SERR for Sc-model

SERR for Sc-model based on FEA

SERR for Sc-model based on Brown and Srawley Formulation
SERR for Sc-model based on Grown and Brown Formulatien
SERR for Sc-model Conversion Formulation

SERR for BSc-model

SERR for BSc-model based on FEA

SERR for BSc-model based on Brownand Srawley Formulation
SERR for BSc-model based on-Grown and Brown Formulation

SERR for BSc-model Conversion Formulation

Position Screw from Left (1=12..8)

Correlation Factor-Based Tada Theory

Correlation Factor-Based Gross’s Theory

Correlation Factor-Based Brown and Srawley Theory
Correlation Factor-Based S-model

Correlation Factor-Based Th-model

Correlation Factor-Based Sc-model

Correlation Factor-Based BSc-model

Effective Distance

Effective Stress
Maximum Principle Stress ( y-direction )

Load Functions
Slope of The Stress Distribution

Angular Function

XX1i



) Kronecker’s Determinant

(o}) Stress Ratio Between the Midpoint of The Screw Thread
(a}) The Bone Above the Screw Thread

N Total Number of Screw Threads

v Poisson’s Ratio

r Crack Length Radius

AL Changes in Length

L Initial Length

p Density

£ Interfragmentary Strain

A Change Displacement

L Independent Variable

L. Length from Origin to Point 1 (n=12...n)

al/n Radius of First-Row Element

XX Screw Length

v, Poisson Ratio Radial; Tangential; Axial ( j=1, 2, and 3)
s Plane Strain

| Length of Element (i= x or y-direction )

v, U, Displacement Vector (ij=1,2,..n)

7, Shear Stress of Single Crack

X, Coordinate Directions

r Path Around Crack Tip

W. Strain Energy Density

'|'i Traction Vector

n, Unit Vector Normal To I’

ds Length Increment Along the Contour I”
C. & Stress and Strain Tensor

XXiii



Penilaian Kegagalan Implan Dalaman terhadap Kepatahan Tulang Panjang

ABSTRAK

Kestabilan penetapan implan dalaman sangat penting untuk meningkatkan
penyembuhan tulang dan osseointegrasi. Ketidak stabilan implantasi dalaman boleh
menyokong kepada komplikasi kegagalan implan. Secara klinikal, kegagalan implantan
masih belum dijelaskan. Kelongaran implan dan kerosakkan tulang~di sekitar
disebabkan oleh pengagihan tekanan yang tidak baik dan dapat diperbaiki dengan
menggunakan beberapa kajian terhadap parameter tulang dan implan seperti konfigurasi
skru, kedalaman tembusan, jenis skru, dan pemuatan mekanikal,dan) keadaan tulang.
Oleh itu, penyelidikan mengenai interaksi mekanikal elastik antaraiskru dan tulang yang
bertempat pada antara muka tulang implan masih tidak-jelas. Oleh itu, kajian ini
bertujuan untuk menjelaskan mekanisme interaksi diantara antara muka tulang-implan
terhadap pelbagai Kklinikal konfigurasi fiksasi dalaman, *Sebagai penyelesaian yang
dicadangkan, satu siri simulasi implan biomekanik'dilakukan dengan menggunakan
analisis elemen hingga (FE). Tiga dimensi medel fiksasi dalaman (3D) dirancang
berdasarkan amalan fiksasi klinikal yang sebenar untuk menyerupai taburan tegangan-
regangan, ragangan antara kerangka (IFM), parameter pemindahan tekanan (STP),
parameter pemindahan ketumpatan tenaga.regangan (SEDTP), faktor intensiti tekanan
(SIF) pada antara muka implan tulang<pada tahap penyembuhan tulang yang berbeza.
Penyelidikan lebih lanjut berkaitan_interaksi skru tulang mengenai kestabilan fiksasi
implant dan mempertimbangkan arah beban, pergerakkan mikro, modulus muda tulang
sekitar, dan pelonggaran implan tulang. Satu set simulasi pengkomputeran mekanik
fraktur dilakukan untuk meramalkan faktor intensiti tekanan (SIF) berdasarkan prinsip
mekanik kepatahan linar-elastik (LEFM) dan mekanik kepatahan elastik plastic (EPFM).
Berdasarkan FEA, bahagian tengah tulang femur mencapai nilai tekanan yang maksima
42.396 MPa. Sudutpatah £F = 0°, sudut sifar orientasi skru dan bahan keluli tahan karat
mempunyai kerosakan tulang di sekitarnya yang minimum tekanan, 152.10 MPa. Jenis
skru yang paling stabil adalah Kumpulan BC (cerun=1.64x10") dan 134 konfigurasi
telah mencapai kestabilan mutlak (IFM <2%). Konfigurasi C134 adalah paling stabil
berdasarkan ujian normaliti (p > 0,05) dan nilai varians malar minimum, (F=0.0059)
menunjukkan peramal baik untuk penilaian kestabilan. Modulus tulang berdasarkan
mobiliti mikro korelasi berkurang kira-kira 50% apabila 1SQ meningkat dari 60%
menjadi 70%. Interaksi geometri mempengaruhi tekanan pemanduan K,/K_, hasil

penguatan berlaku. Faktor ketetapan menghasilkan SERR, G, . g5, Yang lebih besar,

dan mengakibatkan kemerosotan kestabilan mekanikal. Oleh itu, normalisasi SERR,
mempunyai kesan yang signifikan terhadap geometri dan kekangan. Sebagai
kesimpulan, indeks kestabilan implantasi dalaman diperkenalkan bergantung kepada
berbagai faktor fiksasi klinikal, implan biomekanik, dan keadaan tulang melalui banyak
jenis model angka yang dikembangkan. Untuk penyelidikan masa depan, jangkitan
tulang implan, bahan implan, dan morfologi permukaan implan, faktor liang pada tulang
harus dipertimbangkan mengenai penilaian kestabilan fiksasi implan dalaman.
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