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LECTURE OVERVIEW

e Joint Mechanics

— Joint-Articulating Surface Motion

> Lower Extremities
— Knee
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Knee Joint Mechanics —
Joint-Articulating Surface Motion
Introduction
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INTRODUCTION

* The knee Is the intermediate joint of the
lower limb

e Itis composed of the
— distal femur and
— proximal tibia
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INTRODUCTION

e |t Is the largest and most complex joint In
the body

« The knee joint

—1s composed of the tibiofemoral articulation
and

— the patellofemoral articulation
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GEOMETRY OF THE ARTICULATING
SURFACES

e The shape of the articular surfaces of the
proximal tibia and distal femur

— must fulfill the requirement that they move in
contact with one another

 The profile of the femoral condyles varies
with the condyle examined
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GEOMETRY OF THE ARTICULATING
SURFACES

Geometry of
distal femur
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GEOMETRY OF THE ARTICULATING
SURFACES

Geometry of distal femur
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GEOMETRY OF THE ARTICULATING
SURFACES

 The tibial plateau widths are greater than
the corresponding widths of the femoral
condyles
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GEOMETRY OF THE ARTICULATING
SURFACES

Contour of the tibial
plateau (transverse
plane)
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GEOMETRY OF THE ARTICULATING
SURFACES

Contour of the tibial plateau (transverse
plane)
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GEOMETRY OF THE ARTICULATING
SURFACES

 The shape of the femoral surfaces Is
complementary to the shape of the tibial
plateaus

« The shape of the posterior femoral
condyles may be approximated by
spherical surfaces
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GEOMETRY OF THE ARTICULATING
SURFACES

 The geometry of the patellofemoral
articular surfaces remains relatively
constant as the knee flexes

« The knee sulcus angle changes only 3.4
from 15to 75 of knee flexion

* The mean depth index varies by only 4%
over the same flexion range
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GEOMETRY OF THE ARTICULATING
SURFACES

The trochlear geometry indices. The sulcus angle is
the angle formed by the lines drawn from the top of
the medial and lateral condyles to the deepest point
of the sulcus. The depth index is the ratio of the
width of the groove (WG) to the depth (DG). Mean
and SD; n = 12. (From Farahmand et al. J. Orthop.
Res. 16: 1, 140.)
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GEOMETRY OF THE ARTICULATING
SURFACES

 Similarly, the medial and lateral patellar
facet angles

Medial ( m) and lateral ( n) patellar
facet angles. (From Ahmed A.M.,
Burke D.L. and Hyder A. 1987. J.
Orthop. Res. 5: 69-85.)

Patellar Facet Angles
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GEOMETRY OF THE ARTICULATING
SURFACES

However, there Is a significant difference
petween the magnitude of the medial and

ateral patellar facet angles
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JOINT CONTACT

e The mechanism for movement between
the femur and tibia is

— a combination of rolling and gliding

e Backward movement of the femur on the
tibla during flexion has long been
observed in the human knee
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JOINT CONTACT

« The magnitude of the rolling and gliding
changes through the range of flexion

 The tibial-femoral contact point has been
shown to move posteriorly as the knee is
flexed,

— reflecting the coupling of posterior motion 25
mm from the anterior edge of the tibial plateau
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JOINT CONTACT

« The medial femoral condyle rests further
anteriorly on the tibial plateau than the
lateral plateau

— The medial femoral condyle Is positioned 35
4 mm from the posterior edge

— The lateral femoral condyle is positioned 25
4 mm from the posterior edge
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JOINT CONTACT

e During knee flexion to 90°,

—the medial femoral condyle moves back
15 2mm and

— the lateral femoral condylemoves back 12 2
mm

e Thus, during flexion the femur moves
posteriorly on the tibia
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JOINT CONTACT

Posterior Displacement of the Femur Relative to the Tibia
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JOINT CONTACT

 The patellofemoral contact area is smaller
than the tibiofemoral contact area (A,) the
knee the posterior edge

« During knee flexion to 90° , the medial
femoral condyle moves back joint moves
from extension to flexion,

—a band of contact moves upward over the
patellar surface
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JOINT CONTACT

Patellofemoral
Contact Area
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JOINT CONTACT

Diagram of the tibial plateau, showing
the tibiofemoral contact pattern from O
to 90 of knee flexion, in the loaded
knee. In Dboth medial and lateral
compartments, the femoral condyle rolls
back along the tibial plateau from 0 to
30 . Between 30 and 90 the lateral
condyle continues to move posteriorly,
while the medial condyle moves back
little. (From Scarvell, J.M., Smith, P.N.,
Refshauge, K.M., Galloway, H.R.,
andWoods, K.R. Evaluation of a method
to map tibiofemoral contact points in the
normal knee using MRI. J. Orthop. Res.
22:788-793, 2004.)

UEMB 4123 — Biomechanics Il (LeCture 10) Trimester 1’ January 2009

24



JOINT CONTACT

As knee flexion increases,
+ not only does the contact area move superiorly,
+ but it also becomes larger

At 90 of knee flexion,

+ the contact area has reached the upper level of
the patella

+ As the knee continues to flex, the contact area is
divided into separate medial and lateral zones
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AXES OF ROTATION

The tibiofemoral joint is mainly
+ a joint with two degrees of freedom

The first degree of freedom allows

+ movements of flexion and extension in the
sagittal plane
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AXES OF ROTATION

- The axis of rotation lies perpendicular to
the sagittal plane and Intersects the
femoral condyles

Both fixed axes and screw axes have been
calculated
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AXES OF ROTATION

Approximate location of the optimal axis (case 1 — nonsymmetric, case 3 — symmetric) and
the screw axis (case 2) on the medial and lateral condyles of the femur of a human subject for
the range of motion of 0 to 90 flexion (standing to sitting, respectively).
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AXES OF ROTATION

The optimal axes are fixed axes,

+ whereas the screw axis IS an instantaneous
axis

The symmetric optimal axis Is constrained

+ such that the axis i1s the same for both the
right and left knee
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AXES OF ROTATION

The screw axis may sometimes coincide
with the optimal axis but not always,

+ depending upon the motions of the knee joint

The second degree of freedom is the axial
rotation around the long axis of the tibia

+ Rotation of the leg around its long axis can
only be performed with the knee flexed

+ There Is also an automatic axial rotation which
IS involuntarily linked to flexion and extension
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AXES OF ROTATION

- When the knee is flexed,
+ the tibia internally rotates

Conversely, when the knee Is extended,
+ the tibia externally rotates

During knee flexion,

+ the patella makes a rolling/gliding motion
along the femoral articulating surface
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AXES OF ROTATION

Throughout the entire flexion range,
+ the gliding motion is clockwise

Position of patellar
ligament, patella and
quadriceps tendon and
location of the contact
points as a function of the
knee flexion angle
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AXES OF ROTATION

In contrast, the direction of the rolling
motion is

+ counter-clockwise between 0 and 90 and
+ clockwise between 90 and 120

- The mean amount of patellar gliding for all
knees is

+ approximately 6.5mm per 10 of flexion
between 0 and 80 and

+ 4.5 mm per 10 of flexion between 80 and
120
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AXES OF ROTATION

The relationship between the angle of
flexion and the mean rolling/gliding ratio

for all knees I1s shown

Calculated rolling/gliding ratio for the
patellofemoral joint as a function of the
knee flexion angle
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AXES OF ROTATION

Between 80 and 90 of knee flexion,

+ the rolling motion of the articulating surface
comes to a standstill and the changes
direction

The reversal in movement occurs at the
flexion angle where the quadriceps tendon
first contacts the femoral groove
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NEXT LECTURE

Joint Mechanics

+ Joint-Articulating Surface Motion

> Upper Extremities
+ Hip
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