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LECTURE OVERVIEW

e Joint Mechanics

— Joint-Articulating Surface Motion

> Upper Extremities
— Ankle
— Knee
— Hip
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INTRODUCTION

 Knowledge of joint-articulating surface motion
IS essential for

— design of prosthetic devices to restore
function

— assessment of joint wear, stability, and
degeneration

— determination of proper diagnosis and
surgical treatment of joint disease
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INTRODUCTION

 In general, kinematic analysis of human
movement can be arranged into two separate
categories

— (1) gross movement of the limb segments
Interconnected by joints, or

— (2) detailed analysis of joint articulating
surface motion
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INTRODUCTION

e (Gross movement

—1s the relative three-dimensional joint
rotation

>as described by adopting the Eulerian angle
system
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INTRODUCTION

* |n general,

— the three-dimensional unconstrained rotation
and translation of an articulating joint can be
described utilizing the concept of the screw
displacement axis
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INTRODUCTION

« The most commonly used analytic method
for the description of 6-degree-of-freedom
displacement of a rigid body is the screw
displacement axis
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INTRODUCTION

 Various degrees of simplification have
been used for kinematic modeling of joints

A hinged joint
— Is the simplest and

— most common model used to simulate an
anatomic joint in planar motion about a single
axis embedded Iin the fixed segment

UEMB 4123 - Biomechanics Il (Lecture 9) Trimester 1, January 2009

9



INTRODUCTION

 Experimental methods have been
developed for determination of the
Instantaneous center of rotation for planar
motion

e The Instantaneous center of rotation IS
defined as the point of zero velocity
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INTRODUCTION

e For a true hinged motion, the
Instantaneous center of rotation will be a
fixed point throughout the movement

e Otherwise, loci of the Instantaneous center
of rotation or centrodes will exist
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INTRODUCTION

e The center of curvature has also been
used to define joint anatomy

« The center of curvature is defined as the
geometric center of coordinates of the
articulating surface
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INTRODUCTION
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« For more general planar motion of an
articulating surface, the term sliding,
rolling and spinning are commonly used
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INTRODUCTION

Shding Spinning Rolling
IC F{D O
ST REEErrr AT R g.l
ICR °
ICRH at = 51 = SE

o Sliding (gliding) motion is defined as the
pure translation of a moving segment
against the surface of a fixed segment
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INTRODUCTION

Shding Spinning Rolling
IC F{D O
ST REEErrr AT R g.l
ICR °
ICRH at = 51 = SE

e The contact point of the moving segment
does not change, while the contact point
of the fixed segment has a constantly
changing contact point
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INTRODUCTION

Shding Spinning Rolling
IC F{D O
ST REEErrr AT R g.l
ICR °
ICRH at = 51 = SE

* |If the surface of the fixed segment is flat,
the Instantaneous center of rotation IS
located at infinity
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INTRODUCTION

Shding Spinning Rolling
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e Otherwise, It Is located at the center of
curvature of the fixed surface

e Spinning motion (rotation) is the exact
opposite of sliding motion
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INTRODUCTION
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* In this case, the moving segment rotates,
and the contact points on the fixed surface
does not change
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INTRODUCTION

Shding Spinning Rolling
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e The Instantaneous center of rotation IS
located at the center of curvature of the
spinning body that is undergoing pure
rotation
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INTRODUCTION

Shding Spinning Rolling
IC F{D O
ST REEErrr AT R g.l
ICR °
ICRH at = 51 = SE

 Rolling motion occurs between moving
and fixed segments where the contact
points In each surface are constantly
changing and the arc lengths of contact
are equal on each segment
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INTRODUCTION

Shding Spinning Rolling
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 The instantaneous center of rolling motion
IS located at the contact point

 Most planar motion of anatomic joints can

be described by using any two of these
three basic descriptions
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Joint Mechanics —
Joint-Articulating Surface Motion
Lower Extremities — Ankle

UEMB 4123 - Biomechanics Il (Lecture 9) Trimester 1, January 2009

22



JOINT-ARTICULATING SURFACE MOTION
UPPER EXTREMITIES — ANKLE

« The ankle joint iIs composed of two joints
— the talocrural (ankle) joint and
— the talocalcaneal (subtalar joint)

 The talocrural joint

— 1s formed by
>the articulation of the distal tibia and
> fibula with the trochlea of the talus
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JOINT-ARTICULATING SURFACE MOTION
UPPER EXTREMITIES — ANKLE

« The talocalcaneal joint Is formed by the
articulation of the talus with the calcaneus
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ANKLE — GEOMETRY OF THE ARTICULATING
SURFACES

« The upper articular surface of the talus iIs
wedge-shaped, its width diminishing from
front to back

« The talus can be represented by a conical
surface

UEMB 4123 - Biomechanics Il (Lecture 9) Trimester 1, January 2009

25



ANKLE — GEOMETRY OF THE ARTICULATING
SURFACES

e The wedge shape of the talus is

— about 25% wider in front than behind with an
average difference of 2.4 1.3mm and

— a maximal difference of 6mm
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ANKLE — JOINT CONTACT

« The talocrural joint contact area varies with
flexion of the ankle

e During plantarflexion,

— such as would occur during the early stance
phase of gait

>the contact area is limited and the joint is
Incongruous
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ANKLE — JOINT CONTACT

Talocalcaneal (Ankle) Joint Contact Area
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ANKLE — JOINT CONTACT

o As the position of the joint progresses from
neutral to dorsiflexion,
— as would occur during the midstance of gait

>the contact area Increases and the joint
becomes more stable

e The area of the subtalar articulation iIs
smaller than that of the talocrural joint
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ANKLE — JOINT CONTACT

« The contact area of the subtalar joint is 0.89
0.21 cm? for the posterior facet and 0.28
15 cm? for the anterior and middle facets

 The total contact area (1.18 0.35 cm?) is
only 12.7% of the whole subtalar
articulation area (9.31 0.66 cm?)
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ANKLE — JOINT CONTACT

Ratio of total contact area to joint area in the
(a)anterior/middle facet and
(b) posterior facet of the subtalar joint as a function of applied axial load for

three different positions of the foot

*The contact area/joint area ratio increases with increases in applied load
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ANKLE — AXES OF ROTATION

e Joint motion of the talocrural joint has been
studied

— to define the axes of rotation and

— their location with respect to specific anatomic
landmarks
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ANKLE — AXES OF ROTATION

Axis  of
Rotation
for the
Ankle
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ANKLE — AXES OF ROTATION

« Three types of motion have been used to
describe the axes of rotation

— Fixed
— Quasi-instantaneous
— Instantaneous axes
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ANKLE — AXES OF ROTATION

Variations in
angle
between
middle of tibia
and empirical
axis of ankle

The
histogram
reveals a
considerable
spread of
individual
values
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ANKLE — AXES OF ROTATION

« The motion that occurs in the ankle joints
consists of

— Dorsiflexion
— Plantarflexion

« Minimal or no transverse rotation takes
place within the talocrural joint

e The motion axes of the talocalcaneal joint
have been described by several authors
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ANKLE — AXES OF ROTATION

Axis of Rotation for the Talocalcaneal (Subtalar) Joint
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ANKLE — AXES OF ROTATION

« The axis of motion Iin the talocalcaneal joint
passes from the anterior medial superior
aspect of the navicular bone to the
posterior lateral Inferior aspect of the
calcaneus

e The motion that occurs In the talocalcaneal
joint consists of inversion and eversion
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ANKLE — AXES OF ROTATION

(a) Variations in inclination of axis of subtalar joint as projected upon the sagittal plane. The
distribution of the measurements on the individual specimens is shown in the histogram. The
single observation of an angle of almost 70 was present in a markedly cavus foot.
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ANKLE — AXES OF ROTATION

(b) Variations in position of
subtalar axis as projected onto
the transverse plane. The
angle was measured between
the axis and the midline of the
foot. The extent of individual
variation is shown on the
sketch and revealed in the
histogram.
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NEXT LECTURE

e Joint Mechanics

— Joint-Articulating Surface Motion

> Lower Extremities
— Knee
— Hip
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