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allometry 61
alloys 28

mechanical properties 28
molecular structure 28
strengthening 28
see also metals

alumina 35
anatomy

ankle 150–1
elbow 136–7
hip 98–9
knee 112–15
shoulder 126–9

ankle 150–3
axis of motion 151
dorsiflexion–plantarflexion arc 150
functional anatomy 150–1
gait rockers 154–5
ligaments 205
loads acting on 150

ankle arthrodesis 153
ankle fractures 204

conservative treatment 204
lateral displacement of talus 17
Lauge–Hansen classification 70
open reduction and internal fixation 204–5
stable 205
unstable 205

ankle replacement 152–3
biomechanics 152
component design/alignment 152–3

annealing 26
area moment of inertia 56–7
articular cartilage 88–9
axial force 52

balanced (Hamilton–Russell) traction 162–3
Bankart lesion 126

bony 126
beams 54–7

geometric properties 56
mechanics 54–5
stiffness 57
theory 54–5
types of 55

bending 50–1, 54–7
three-point 54

bending load fractures 66
biceps 11
biceps brachii 136
bioactive ceramics 34–5
bioinert ceramics 34–5
biomaterials 24–48

ceramics 24–5, 32–4
composites 24–5, 40–2
definition 24
metals 24–7
molecular structure 25

polymers 24–5, 36–9
structure and properties 24

biomechanics 2–3
orthopaedic 3

biotribology 80–94
friction 9, 81–3
lubrication 81, 86–93
wear 81, 84–5

blister formation 81
bone 10, 44–7

ageing 46–7, 61
anisotropy 46
arrangement of 70
brittleness 46
cancellous (trabecular) 44
characteristics 45
cortical (compact) 44
fatigue properties 65
mass 47
material properties 60, 70
mechanical properties 46–7
molecular structure 44–5
remodelling 45
stiffness 46
strength 16
structural properties 70
viscoelasticity 46
see under specific bones and types

bone cement 38–9
time–temperature curve 39

bony Bankart lesion 126
boosted lubrication 90–1
boundary lubrication 86–7
brachialis 11, 136, 140
brittle fractures 62
brittleness 21, 32

bone 46
buckle fracture 68
butterfly fragment fractures 66–7

calcium carbonate 44
calcium hydroxyapatite 34–5
calcium phosphate 44
cancellous screws 169
cancellous (trabecular) bone 44
cannulated screws 169
cantilever beams 55
carbon fibre composites 42
carbon fibre reinforced polymer (CFRP) 43
carrying (cubitus) angle 136–7
case-based discussions 186–206
casts 164–5

biomechanics 164
bone-cast construct 164
fracture reduction 165
full 164
spica 164

ceramic on ceramic bearing surface 110

ceramics 24–5, 32–4
bioactive 34–5
bioinert 34–5
chemistry 33
classification 33
mechanical properties 32
molecular structure 32
orthopaedic uses 34

cerclage wires 167
Charnley stem 102–3
children

bone structure 46, 60
clubfoot deformity 23
cubitus angle 136
femoral fractures 178
fracture patterns 68–9
long bones 60
traction 160–3

clavicle fractures 188
intramedullary nails 189
plate fixation 188–9

cobalt–chrome 30–1
collagen 44
composite beam stem 102–3
composites 24–5, 40–2

laminated 41
mechanical properties 40
molecular structure 40
orthopaedic uses 42

compression 50–3
stresses 52

compressive load fractures 66
concrete 41
copolymers 36
corrosion 74–5

chemistry 75
protection against 74
types of 74

cortical (compact) bone 44
cortical screws 169
couple 6–7
creep 22–3
crevice corrosion 74
cruciate ligaments 114–15
cubitus (carrying) angle 136–7

deep flexion arc of knee 116
deltoid 129
double-leg stance 98
dough time 39
ductile fractures 62–3
ductility 20
dynamic hip screw 198–9
dynamics 2

elastic deformation 20
elastic stability 179
elastohydrodynamic lubrication 86, 91
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elbow 136–41
dislocation 139
flexion forces 11
functional anatomy 136–7

cubitus (carrying) angle 136–7
range of motion 136
supination–pronation 137

reaction forces 140–1
extension 140
flexion 140

stabilisers 138–9
dynamic 138
static 138

equilibrium conditions 6
erosive corrosion 74
external fixation 180–5

bone–frame construct 182
bone–pin interface 182
ring fixator 184
spatial configuration 182
stiffness 183, 185

humerus fractures 190–1
monobody 181
pin diameters 181
pin-to-bar 180–1, 183
ring 184–5

facet joints of vertebrae 142
fatigue fractures 64
fatigue life 65, 72
fatigue limit 64–5
fatigue strength 65
femoral stem implants

cemented fixation 102–3
cementless fixation 104–5

femur
age-related changes 61
fractures

dynamic hip screw 198–9
external fixation 181
intramedullary nails 178–9, 198–9

fibre reinforced polymer composites 43
filiform corrosion 74
flexible nails 178–9
fluid film lubrication 86–7, 93
fluids, friction in 82
foot 156–7

external fixation of fractures 181
gait rockers 154–5
as rigid lever 156
as shock absorber 156
subtalar joint 150–1, 156–7

force 4–5, 12, 16, 53
alignment 53
axial 52
ground reaction 9
joint reaction 10
moment of 6–7
and musculoskeletal system 5
normal 52
shear 52
stress–strain relationships 17
transverse 52

forearm fractures

external fixation 181
humerus

distal 194–5
mid-shaft 192–3
proximal 161, 190

intramedullary nails 179
radius 196

forearm mass 11
fractures (general) 62–79

acute 64
brittle 62
ductile 62–3
fatigue 64
fundamentals 62
healing 187
mechanics 70
mechanism 64–5
patterns 66–71

bending load fractures 66
children 68–9
compressive load fractures 66
tensile load fractures 66
torsional load fractures 66

S-N curve 64–5
fractures (specific)

ankle 204
lateral displacement of talus 17
Lauge–Hansen classification 70

clavicle 188–9
intramedullary nails 189
plate fixation 188–9

femur 178–9, 198–9
humerus

distal 194–5
mid-shaft 192–3
proximal 161, 190

radius 196
tibia

distal third 200
pilon 202–3

ulna 181
fracture fixation 187, 158–85

casts 164–5
external 180–5
intramedullary nails 176–9
plates 172–5
principles 158
surgical screws 168–71
traction 160–3
wires 166–7
see under individual methods for detail

fracture gap length 17
fracture healing 76–7

biomechanical process 78–9
interfragmentary strain 78, 80–94
primary (cortical) bone 76–8
secondary (callus) bone 76–9

fracture point 18
fracture stiffness 78
free-body force diagrams 8

inclined surface 53
interactions between objects 9
lower limb 9

hip 99, 101

knee 119
upper limb 11

elbow 141
shoulder 131

fretting corrosion 74
friction 9, 81–3

in fluids 82
in joints 82

friction equation 82
frictional torque 82
fully threaded screw 170
functional arc of knee 116
functional brace 164–7
functional spinal unit 145

gait cycle 154–5
Gallow’s traction 162–3
galvanic corrosion 74
geometric properties 50–1

beams 56
columns and ties 52
long bones 60
shafts 58

glass fibre reinforced polymer (GFRP) 43
glenohumeral joint 126–7
glenohumeral ligaments 128
glenoid labrum 126–7
grain boundary 26
grain size reduction 28–9
greenstick fracture 68
ground reaction force 9

Hamilton–Russell (balanced) traction 162–3
hardness 20
Haversian canals 44
hip 96–110

functional anatomy 98–9
prosthesis see hip replacement
reaction forces 98–101

clinical implications 100
double-leg stance 98
single-leg stance 98–9

with 100N load in opposite hand 100–1
with cane support in opposite hand

100–1
hip replacement 83, 100

bearing surfaces 110
advantages/disadvantages 111
ceramic on ceramic 110
metal on metal 110
metal on polyethylene 110
Oxinium™ 110

cemented fixation 102–3, 105
composite beam 102–3
femoral stem implant design 102–3
load transfer 103
surface finish 102
taper slip 102
vs cementless fixation 104

cementless fixation 104–5
femoral stem implant design 104–5
vs cemented fixation 104

components 106–7
alignment 106
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design 106
femoral head

head–neck ratio 109
jump distance to dislocation 109
size 108–9
wear patterns 91, 108

linear 108
volumetric 108

hybrid fixation 105
Hooke’s law 18, 23
humeroulnar articulation 138
humeroulnar joint 136
humerus

distal 136–7, 195
fractures see humerus fractures
head 126

humerus fractures
distal humerus 194–5
external fixation 181
mid-shaft 192–3

functional brace 193
intramedullary nails 192–3
plate fixation 192–3

proximal humerus 161, 190
open reduction/internal fixation 190–1
shoulder arthroplasty 190

hydrodynamic lubrication 86, 91
hydroxyapatite 44

coating of pin threads 182
hysteresis 22–3

incline plane-based simple machines 12–13
inertia

area moment 56–7
moment 79
polar moment 58

infraspinatus 128
interfragmentary strain 78–9
intervertebral disc 144–5
intramedullary nails 176–9

biomechanics 176
bone–nail construct 176–7

flexible nails 178
clavicle fractures 189
elastic stability 179
femoral fractures 178–9, 198–9
flexible 178–9
forearm fractures 178–9

humerus 192–3
stiffness 177
tibial fractures 200–1
working length 177

joint reaction force 10
joints 10

artificial see prosthetic joints
friction in 82
synovial see synovial joints
wear 84
see under individual joints

k-wires 166–7
Kapandji technique 196–7
radius fractures 196–7

Kapandji k-wiring technique 196–7
kinematics 2
kinetics 2
knee 112–25

axes 113
flexion–extension arc 116–17

deep flexion arc 116
functional arc 116
patellofemoral contact zones 116–17
screw home arc 116

functional anatomy 112–15
geometry and alignment 112–13

patellofemoral joint 80
tibiofemoral joint 112

prosthesis see knee replacement
Q-angle 113
reaction forces 118–19

patellofemoral joint 118
tibiofemoral joint 118–19

soft tissues 114–15
cruciate ligaments 114–15
menisci 114–15

knee replacement
classification of prostheses 121
component alignment 124–5

femoral component 124
patellar component 124
tibial component 124

component design 120–3
fixed bearing vs mobile bearing 122–3
patellar component 122
single-radius vs multi-radius 120–1
stability vs mobility 120

range of motion 125

lag screw fixation 170–1
lateral collateral ligament 139
Lauge–Hansen classification 70
lever-based simple machines 12
levers 6, 7, 13

first-class 6
musculoskeletal system 6, 14
second-class 6
third-class 6

ligamentotaxis 161
ligaments

ankle 205
elbow 139
shoulder 128
spine 144
see under individual ligaments

load bearing 159
loading 3, 50–1

geometric properties 50–1
material properties 50–1
modes of 50–1

loading curve 23
locking plates 172
locking screws 169
long bones 60–1

geometric properties 60–1
material properties 60

lower limb
ankle 150–3

axes 96–7
anatomical 96
mechanical 96
relationships 96
weight-bearing 96

foot 156–7
fractures see fractures (specific)
hip 96–110
knee 112–25
relationships 97

lubrication 81, 86–93
modes of 86

boundary 86
fluid film 86
mixed 86

prosthetic joints 92
Stribeck curve 88–9, 93
synovial fluid 88
synovial joints 90

boosted lubrication 90–1
squeeze film lubrication 90–1
weeping lubrication 90–1

machines, simple 12
concept of 12
incline plane-based 12–13
lever-based 12
mechanism of action 13

materials
classification 19
properties 50–1

bone 46–7, 60, 70
mechanical 20

viscoelastic 22–3
see also biomaterials

McKellop’s classification 85
mean 3
mechanical properties 20

bone 46–7
ceramics 32
metals 26
polymers 36

viscoelasticity 36
strain-rate dependent 22

medial collateral ligament 139
median 3
menisci of knee 114–15
metal on metal bearing surface 110
metal on polyethylene bearing surface 110
metals 24–7

ductile to brittle transition 63
mechanical properties 26

elasticity 26
plasticity 26–7

molecular structure 26–7
orthopaedic uses 30
see also alloys, individual metals

mixed lubrication 86–7
mode 3
moment of force 6–7
moment of inertia 79
monobody external fixator 181
motion 12

Newton’s laws of 4
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multimode lubrication 91
muscles 10

shoulder 128
spine 144
see under individual muscles

musculoskeletal system 2
forces acting on 5
levers 6
simple machines 14
static analysis 10

nailing see intramedullary nails
Newton’s laws of motion 4
ninety degree–ninety-degree traction

162–3
normal force 52

orthopaedic biomechanics 3
orthopaedic surgery 3

see also prosthetic joints
osteons 44
overhanging beams 55
Oxinium™ bearing surface 110

paper-tearing experiment 70–1
partially threaded screw 170–1
patellofemoral contact zones 116–17
patellofemoral joint 80

reaction forces 118
physes (growth plates) 68
pilon fractures 202–3
pin-to-bar external fixator 180–1, 183
pitting corrosion 74
plaster of Paris 42–3
plastic deformation 18
plate fixation 172–5

biomechanics 172
bone–plate construct 172, 174–5

conventional vs locking plate 172
stiffness 172–3

clavicle fractures 188
humerus fractures 192–3
modes of application

bridging 174–5
buttress/antiglide 174–5
compression 174–5
neutralisation 174–5
tension band 174–5

tibial fractures 200–1
point loads 10
polar moment of inertia 58
polo mint concept 70
polydioxanone (PDS) 38
polyethylene 37

UHMWPE 38–9
polyglycolide (PGA) 38
polylactide (PLA) 38
polymers 24–5, 36–9, 46

biodegradable 38
long-term implantable 38
mechanical properties 36
molecular structure 36
orthopaedic uses 38
viscoelasticity 36–7

polymethylmethacrylate (PMMA)bonecement 38
prosthetic joints

lubrication 92
Stribeck curve 93
wear 83, 85
see under specific joints

proximal radioulnar joint 136
pulleys 13

musculoskeletal system 14–15

Q-angle 113

radius fractures 196
external fixation 181
Kapandji k-wiring technique 196–7
open reduction and internal fixation 196–7
percutaneous k-wire fixation 196–7

reaction forces
elbow 140–1

extension 140
flexion 140

hip 98–101
clinical implications 100
double-leg stance 98
single-leg stance 98–9

with 100N load in opposite hand 100–1
with cane support in opposite hand

100–1
knee 118–19

patellofemoral joint 118
tibiofemoral joint 118–19

shoulder 130–1
abduction with elbow in extension 130–1
abduction with elbow in flexion 130–1
clinical implications 130

reversed shoulder arthroplasty 135
reversed shoulder replacement 134–5

component design 134
mechanics 134
rotator cuff tear arthropathy 134

ring external fixator 184–5
bone–frame construct 184

rolling 12
rotator cuff muscles 128–9
rotator cuff tear arthropathy 134–5

S-N curve 64–5
scapula 126
screw 13

see also surgical screws
screw home arc of knee 116
self-tapping screws 169
shafts 58–9

geometric properties 58
shear force 52
shoulder 126–35

functional anatomy 126–9
geometry and alignment 126–7
glenoid labrum 126
joint capsule 128
ligaments 128
rotator cuff muscles 128–9

range of motion 129
reaction forces 130–1

abduction with elbow in extension 130–1
abduction with elbow in flexion 130–1
clinical implications 130

shoulder arthroplasty 190
shoulder replacement 132–3

component alignment 133
glenoid component 132
humeral component 132
implant types 133
resurfacing 133
reversed 134–5

component design 134
mechanics 134
rotator cuff tear arthropathy 134

simple beams 55
simple machines, musculoskeletal system 14
single-leg stance 98–9

with 100N load in opposite hand 100–1
with cane support in opposite hand 100–1

skin structure 81
SLAP tear 126
sliding 12
solid–solution strengthening 28–9
spica cast 164
spinal nerves 145
spine 142–9

biomechanics 142–5
curvatures 143
functional spinal unit 145
intervertebral disc 144–5
ligaments and muscles 144
loads acting on 148–9
stability 146–7

three-column classification 146–7
two-column classification 146–7

vertebrae 142–3
spinous process of vertebra 142
spiral fractures 66–7
spring-ball model 53
squeeze film lubrication 90–1
stability 158–9
stainless steel 30–1
standard screws 169
static analysis 8

assumptions 11
musculoskeletal system 10
see also free-body force diagrams

statics 2
stiffness 18, 20, 22, 158

beams 57
bone 46
fracture 78

straight traction 162–3
strain 16

force–stress relationships 17
strain-rate-dependent mechanical properties 22
strain–time curves 23
strength 20
stress raisers 72–3
stress relaxation 22–3
stress–strain curves 18

fractures 63
properties of 19
viscoelastic materials 23
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stress–time curves 23
stresses 16

compression 52
force–strain relationships 17
tension 52
torsion 58

Stribeck curve 88–9
prosthetic joints 93

subscapularis 128
subtalar joint 150–1, 156–7
supraspinatus 128–9
surface finish, hip prosthesis 102
surgical screws 168–71

biomechanics 168–9
bone–screw construct 170
characteristics 168–9
core diameter 168
fully threaded 170
functional anatomy 169
lag screw fixation 170–1
partially threaded 170–1
pitch 168
types of 169

sutures, synthetic 42
synovial fluid as a lubricant 88
synovial joints 80

lubrication 90
boosted 90–1
squeeze film 90–1
weeping 90–1

wear 84

talocalcaneal joint 150–1
talocrural joint 151
talus 150–1
taper slip stem 102
tensile load fractures 66
tensile strength 18
tension 50–3

geometric properties 50–2
stresses 52

teres minor 128

Thomas splint 162–3
three-point bending 54
tibial fractures

distal third 200
intramedullary nails 200–1
plate fixation 200–1

external fixation 181
pilon 202–3

external fixation 203
tibiofemoral joint 112

reaction forces 118–19
titanium 30–1
titanium alloys 30–1
torque 6

frictional 82
torsion 50–1, 58–9

stresses 58
torsional load fractures 66
torus fracture 68
toughness 18, 20–1
traction 160–3

balanced (Hamilton–Russell) 162–3
clinical perspective 161
Gallow’s 162–3
ninety degree–ninety-degree 162–3
straight 162–3
Thomas splint 162–3

transverse force 52
transverse process of vertebra 142
trauma meeting 186–206

clinical perspective 187
mechanics 186
see also case-based discussions

tribology 80
β-tricalcium phosphate 34
triceps brachii 140

UHMWPE see ultra-high molecular weight
polyethylene

ulnar fractures, external fixation 181
ultra-high molecular weight polyethylene

(UHMWPE) 38–9

unloading curve 23
upper limb

elbow 136–41
fractures see fractures (specific)
free-body force diagram 11
shoulder 126–35

van der Waal’s bonds 36
vertebrae 142–3

facet joints 142
spinous and transverse processes 142
vertebral body 142–3

viscoelastic materials 22–3
bone 46
polymers 36–7
stress–strain curves 23

wear 81, 84–5
joints 84
rate of 85

wear equation 84
wedges 13
weeping lubrication 90–1
wheel and axle 13

musculoskeletal system 14–15
windlass effect 156
wires 166–7

biomechanics 166
bone–wire construct 166
cerclage wires 167
k-wires 166–7
radius fractures 196–7
tension band principle 167

Wolff’s law 44
work 12
work hardening 28–9

yield strength 18, 20–1
Young’s modulus 18

zirconia 35
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