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Two and three-dimensional photoelastic studies were employed in order to
investigate changes in stress distribution under knee flexion and genu varum in
the patello-femoral joint. A comparison was made of normal stress in the patello-
femoral joint with the stress caused by patello-femoral arthrosis and genu varum.
The causes of patello-femoral arthrosis and rotation of the tibia as a result of
genu varum were considered. In addition, the effects and problems encountered

when Maquet’s operation is performed for patello-femoral arthrosis were dis-
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cussed.

At 30° of knee flexion, it was found that equal contact pressures originate
at the bilateral facets of the normal patello-femoral joint. At 60° and 90° of
flexion, heavy contact pressures originate at the lateral facet of the patello-femoral
joint.

When the alignment of the femur and tibia is normal, heavy contact pressure
originates at the lateral facet of the patello-femoral joint, and a cartilaginous
disorder occurs at the lateral facet. In the case of genu varum, heavy contact
pressure originates at the medial facet and a cartilaginous disorder occurs at the
medial facet.

Since the osteoarthritic knee with genu varum tends to have degeneration of
the medial facet of the patella, it is thought that the tibial condyle rotates
medially against the femur.

Even if there is only 1cm advancement of tibial tuberosity, Maquet’s procedure
can improve the patello-femoral stress; the effect is especially large under 30°
to 60° knee flexion, which is required for walking in daily life.

Key Words (1) Photoelastic study (2) Patello-femoral contact stress
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Fig. 2. Two-dimensional photoelastic
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Fig. 5. Three-dimensional photoelastic
model.
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Fig. 8. Isochromatic patterns with increasing knee flexion of the two-dimensional
photoelastic model.
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Fig. 9. Principal stress trajectories with increasing knee flexion of the two-
dimensional photoelastic model.
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Fig. 13. Isochromatic patterns of the trans verse cross section.
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Fig. 14, Patello-femoral contact stresses

following knee flexion.
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Fig. 15. Principal stress trajectories
of the transverse cross section.
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Fig. 16. Patello-femoral contact stresses
in genu varum with external rotation
of tibia.
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Fig. 17. Patello-femoral contact stresses

in genu varum with internal rotation
of tibia.
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Fig. 18. Isochromatic patterns of the trans verse cross section following advance-
ment of the tibial tuberosity.
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Fig. 19. Patello-femoral contact stresses
following advancement of the tibial
tuberosity.
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femoral region. Principal stress tra-
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becular pattern.

a: principal stress trajectory.
b: bone trabecular pattern.
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Fig. 21. Effect of an anterior displacement
of the patella tendon on force Pa. Pa:
force normally transmitted by the
patella tendon when displaced forward.
c: leverarm of Pa. ¢’: leverarm of Pa’.

(Maquet, 1976)

Fig. 22. Opening of the angle § formed
by the line of action of Mv anp Pa
decreases the magnitude of resultant
force R. (Maquet, 1976)



OGN =N ST E 1) v 87

J 60° JEEh T 1em y% 1T #940%, 2cm %
2%, 3cm {F ET50% D EEEN AL
Maquet OFDOBFHENHERTE 2. LrLs
D 3 L EHMEER T, lem #1T40%
LERE A L, 2cem T 20% L
AT, FEARE S TIUEERETER
WA+ 5 LRSI ENHHRTE, Zh
IS E RIS BT X > TEER N P&
TWbhs LRI, WEE N~ &
230 EEE O s KERE & BT A MRS
%t ddIT,  FEME B AN D Sl 2 HE I &
{TeBEnFEREEZ bRD.

S I BE A o> I X5 B X 0 B R
FEElcm - 2cm - 3cm &, KEHMHE O BY)
D DEX5em - 10cm, FIUCHEE 30 60° «

90" 60" 30"
1 ¢
2cm
3cn
= | o0
1!:'" *
2em
em
10cm

Fig. 23. The changes of the patellar
position following knee flexion and
advancement of the tibial tuberosity.
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