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8.8. Loading of the Tibiofemoral Joint during Quadriceps Muscle
Exercises with the Knee Extended and Flexed

The quadriceps muscle is exercised isometrically with the knee flexed
30° and 90°. Because the purpose of the example is to show the effect of
the knee joint angle on the internal forces on the tibiofemoral joint, the
external force is kept constant.

The angles given for the line of application of the patellar tendon force
are based on the average angles for 26 young men (Smidt, 1973).

Problems

8.8A. A patient is sitting and exercising the quadriceps muscle with the
knee flexed 30°. At the ankle, 0.4 m from the center of motion of
the knee, an external force of 150 N is applied perpendicular to
the long axis of the tibia (Figure 8.8A). The moment arm of the
quadriceps muscle force is 0.05 m. The force transmitted through
the quadriceps tendon acts at an angle of 20° to the long axis of
the tibia. The tibial plateau is perpendicular to this long axis. The
weight of the lower leg may be disregarded.

How large a force {(Q) must the quadriceps muscle exert for the lower
leg to remain in 30° of flexion?

How large is the tibiofemoral joint reaction force (R)?

How large is the shear force (S) on the tibiofemoral joint?

In Figure 8.8A, draw in the force components acting on the lower leg
parallel to the tibiofemoral joint surface.

8.8B. The same patient flexes the knee 90°. The patellar tendon then
parallels the long axis of the tibia (Figure 8.8B). All other conditions
are identical to those in problem 8.8A.

How large a force (Q) must the quadriceps muscle produce for the
joint angle of 90° to be maintained?

How large is the tibiofemoral joint reaction force (R)?

How large is the shear force (S) on the tibiofemoral joint?

In Figure 8.8B, draw in the force components acting on the lower leg
parallel to the tibiofemoral joint surface.

Discussion Questions

1. Is the magnitude of the tibiofemoral joint reaction force (R) affected
by the knee joint angle?

2. Which cruciate ligament transmits loads during the quadriceps
muscle exercise against resistance with the knee flexed 30°? With the
knee flexed 90°? Assume that the anterior cruciate ligament absorbs ven-
trally directed shear forces and that the posterior cruciate ligament ab-
sorbs dorsally directed shear forces.

K15
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Figure 8.8A. Quadriceps muscle exercise with the patient in a sitting position and the
knee flexed 30°. An external force of 150 N is applied to the ankle perpendicular to the
long axis of the tibia. The alignment of the patellar tendon is shown.

Y/

Figure 8.8B. Quadriceps muscle exercise with the patient in a sitting position and the
knee flexed 90°. An external force of 150 N is applied to the ankle perpendicular to the
long axis of the tibia. The alignment of the patellar tendon is shown.
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FIG. 3. Force ratio (F/Fg) of ligamentum pateliae force (F,)
to quadriceps tendon force (Fp) as function of flexion angie.

Fig. 10. Ratio F,,/F, between patellar ligament force and At 30° F, is approximately 30% greater than F,. At 90 and
quadriceps force vs flexion angle. 120° F, is approximately 30% less than F.

angle of flexion

from Eijden et al. (1986). J. Biomech., 19, 219-29. from Huberti, et al. (1984). J. Orthop. Res. 2: 49-54.
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Figure 7. The ratio of the patellar tendon force (PTF) and the quadriceps
tendon farce {(QTF) plotted against knee flexion {(mean and SD). The
current study is compared with previous in vitro®® and theoretical

studies'>s,

from Miller et al. (1997). Clinical Biomechanics, 12, 1-7.
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8.6. The Patellofemoral Joint Reaction Force during Quadriceps
Muscle Exercises with the Knee Extended and Flexed

This example shows the effect of the knee joint angle on the patello-
femoral joint reaction force during quadriceps muscle exercises. It can be
used in planning and discussing exercise programs for patients with
chondromalacia patellae, in whom the magnitude of the patellofemoral
joint reaction force must be taken into consideration.

The angle between the patellar tendon and the quadriceps tendon
(Figure 8.6) varies with the knee joint angle. In the example, the values
for this angle are taken from a study by Matthews et al. (1977), who
determined the angle radiographically after placing two metal wires along
each of these tendons.

Problems

8.6A. A patient is exercising the quadriceps muscle isometrically from a
sitting position with the knee flexed 5°. The quadriceps muscle
force (Q) is 1000 N. The angle between the patellar tendon and the
quadriceps tendon is 35° (Figure 8.6, top). How great is the pa-
tellofemoral joint reaction force (P) at equilibrium? The patella can
be considered as a frictionless pulley. The force transmitted through
the patellar tendon is designated as T.

8.6B. The patient exercises the quadriceps muscle with the knee flexed
45°, and then 90°. The quadriceps muscle force in both cases is
1000 N.

How large is the patellofemoral joint reaction force (P) at the two joint
angles if the angle between the patellar tendon and the quadriceps tendon
is 55° at 45° of knee flexion (Figure 8.6, middle) and 80° at 90° of knee
flexion (Figure 8.6, bottom)? Consider the patella as a frictionless pulley.

Plot the values for forces Q and P for each of the three joint angles in
a coordinate system in which the horizontal axis represents the knee joint
angle and the vertical axis represents the magnitude of the forces.

Discussion Question

Cite some factors that influence the magnitude of the patellofemoral
joint reaction force.

K23
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Figure 8.6. The angle between the pa-
tellar tendon (T) and the quadriceps
tendon (Q) is 35° at 5° of knee flexion
(top), 55° at 45° of knee flexion (mid-
dle), and 80° with the knee flexed 90°
(bottom).
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FIGURE 5-34

Concurrent force system at the
patellofemoral joint. Q = quad-
riceps muscle force; T = patellar
tendon force; E = equilibrant of
the two forces that occurs at the
patellofemoral joint. Note that
the magnitude of E changes as

T the knee angle and muscle force
change.

from LeVeau, B. (1992). Williams and Lisner’s
B Biomechanics of Human Motion. W.B. Saunders,
A Philadelphia.
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from Wiktorin & Nordin (1986).
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Figure 8.10.7. The patellofemoral joint reaction force (P) at three knee joint angles (5°,
45°, and 90°) with the quadriceps muscle force held constant (Q = 1000 N}.

from Nordin & Frankel (2001).

3000 oo Patellofemoral joint '
reaction force
=== Quadriceps muscle force

2000
€
g
hd

1000 -

0

Knee Flexion (degrees)

o721 I

Patellofemoral joint reaction force and quadriceps muscle
force during knee bend to 90° (three subjects). Adapted
from Reilly, D.T. & Martens, M. (1972). Experimental analysis of
the quadriceps muscle force and patellofemoral joint reaction
force for various activities. Acta Orthop Scand, 43, 126
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FIGURE 4-21

In locating the single resultant vector (R) of the combined
vastus lateralis (L) and medialis (M) muscle forces on the
patella, their action lines are extended to the point of in-
tersection.

\0\

FIGURE 4-22

Force vectors of quadriceps muscles resultant and patellar
tendon can give lateral resultant to produce subluxation or
dislocation.

Figures on this page from
LeVeau, B. (1992).
Williams and Lisner’s
Biomechanics of Human
Motion. W.B. Saunders,
Philadelphia.

K30



Biomechanics of the Knee (Incomplete Notes) K31

Mewiscvs

e

Cortical bone Bursa

Patella

Articular cartilage

Fibrous capsule

Articular cartilage

Quadriceps tendon

Biomechanics of the Knee (Incomplete Notes)

THE MECHANICS OF THE MENISCI

Anl, cruciate ligament

Coronary liy,
ticd, collateral l I g Trantverse by,
tigament NN

Lateral
collateral
tigament

ledial /
nieniscus

Figure 213-Tracings of
welght-bearing areas at

5 degrees hyperextentijon,
45 degrees flexion and 75
degrees flexion, Left: knee
with menisci, 'Right: knee
without menisci

45°

75°

7,

o v
e

N

K32



