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= Abstract=
Stress Distribution on the Tibio-Femoral Joint after Menisectomy

Dae-Mang Kim, M.D., Myun-Whan Ahn, M.D. and Joo-Chul Thn, M.D.

Department of Orthopedic Surgery, College of Medicine, Yeungnam University, Daegu, Korea

To observe the change in the status of stresses according to size of the meniscus, a 3-dimensional
photoelasticity model of the knee joint was made of epoxy. Three kinds of meniscus models were made
of rubber. Through the axial application of a vertical compressive load of 8kg equivalent to the joint re-
action of 3,000N in the human knee joint, the peculiar patterns of the isochromatic fringes were ob-
served and stresses around the knee joint were analyzed according to the size of the defect in the medial
meniscus.

Even distribution of the photaelasticity fringe patterns were observed in the normal knee joint model
with both menisci intact. Stress concentration was increased at the margin of the medial side of the
knee joint model with the medial menicus removed partially in about 30-50% of its central portion. In
addition, the magnitude of stresses were also noted as increased in the lateral part of this type model. In
the knee joint model with nearly all of the medial meniscus removed, strssess were concentrated mar-
kedly in the central portion of the knee joint just outside of both tibial spines.

Stress was increased in its magnitude according to the size of the defect of the meniscus, and was
focalized after menisectomy. In the model for partial menisectomy, the maximum stress concen-
tration point of the removed side migrated to the margin of the same side of the joint. But in the
mode] of total menisectomy, maximum stress concentration points of both side were more central-
ized.

Not only an increment of stresses in magnitude but also centralization of the maximum stress
concentration point in its location could contribute to the degenerative process of the knee joint
after menisectomy. In addition, articular cartilage can be easily damaged with a relatively small
amount of external force.

Key Words:Knee, Experimental, Stress, Meniscus, Photoelasticity.
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Fig. 3. Three dimensional epoxy model of hu-+
man knee joint with meniscus model of permalstic,

light bodied.

Fig. 4. Meniscus models were made of rub-
ber(permlastic, light bodied.) These were di-

bided into 3 groups. A-type meniscus covers all -

over the cartilagenous surface of the tibia and
femur, which implied;the meniscus with normal
weight-bearing function. In the B-type meiscus,
30-50% of central portion of the medial and
tibio-femoral contact could be done only
through both medial and lateral meniscus model.
In the C-type meniscus, nearly all of the medial
meniscus was removed so that tibia was con-
tacted with the resulting direct load trans-mis-
sion through the articular cartilages of both
bones.

HEa

Fig. 5. Three dimensional epoxy model was pr-
aced in the loading device in the stress freezing
furnace.
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Fig. 6. Stress freezing cycle.
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Fig. 8. Photoelasticity arrangement of isochromatic fringes and photoelastic apparatus.
L:light source C,Cs:condenser lens F:filter F.L.:field lens P,:polarizer P:analyzer T:test piece
P.L.:project lens S.C.:screen Qi, Q::quarter wave plate
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Fig. 9. In the normal knee joint medel with the intact medial meniscus which possesses the normal

weight-bearing function. The pattern of the isochromatic fringe is characterized by relatively even dis-
tribution.

L:lateral side of the joint M:medial side of the joint F:fumur T:tibia

Fig. 10. In the partial nienisectomy model wit

p
about 30-50% of its central portion, the pattern of the isochromatic fringe is characterzed by
laterlization of the points of the maximum stress concentration, and increased stresses in its magnitude
on both sides of the knee joint model.

L:lateral side of the joint M:medial side of ihe joint F:femur T:tibia
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Fig. 11. In the total menisectomy model with the medial meniscus model removed in nearly all of its
central portion, the pattern of the isochromatic fringe is characterized by centralization of the points of
the maximum stress concentration, and markedly increased stresses in its magmtude on both sides of
the knee joint model.

L:lateral side of the joint M:medial side of the joint F:femur T:tibia.
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Table 1. The relationship between the size of
the defect in the meniscus and the magnitude
of the maximum stresses in the 3 dimensional
photoelasticity model of the knee joint.

Normal Partial Total

Medial 2.5(32.90) 5.0(65.79) 7.0( 92.11)
2.5(32.90) 3.5(46.05) 8.0(105.26)
Remark :number-photoelasticity fringe orders

(Kg/cm?®)-real magnitude of the siress concen-
tration

Lateral

'

Fig. 12. In the normal knee joint model with
the intact medial meniscus which possesses the
normal. weiéht_—bearing function, stresses are
evenly distributed along the joint surface on the
both sides of the tibia-and the femur. The curve
of stress distribution is characterized by its
smooth patterns.

L:lateral side of the joint
M :medial side of the joint
2N:2 photoelastictity fringe orders.
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Fig. 13. In the partial menisectomy model
with the medial meniscus model removed par-
tially in about 30-50% of its central portion, the
magnitude of stresses are increased compared
to the normal knee joint model. the curve of
stress distribution is characterized by its sharp
curve with its magnitude increased evenly on
the lateral side of the knee joint model.
L:lateral side of the joint
M :medial side of the joint
2N:2 photoelasticity fringe orders.
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Fig. 14. In the total menisectomy model with
the medial meniscus model removed in nearly
all of its central portion, stresses are markedly
increased in its magnitude on both sides of joint,
and the pattern of stress distribution reveals
centralized sharp steep curve on both sides of
the knee joint model.

L:lateral side of the joint
M :medial side of the joint
2N :2 photoelasticity fringe orders.
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Fig. 15. ldealized model for biomechanical
analysis of centralization of the maximum
stress concentration point of both sides of the
joint. Centralization of the maximum stress con-
centration of both sides means shertened width
of this idealized model.

F:force in an arbitrary direction

@:direction of the force

vertical compressive force =F* sin 6

horizontal frece=F* cos 6

F=F* sin 8+F* cos §—formula 1.

t:thickness of model 2b:width of model
distance from neutral axis to an arbitrary point
in the cross section under moment:y

stress resulted from vertical compressive force o,
moment resulted from horizontal load : M,

stress resulted from above moment: g,

the 2nd moment of the area with respect to the
X-axis:Ix

Maximum stress: ma

=F* sin 6/2b* t
M,=F* cos 6*a
I.=T*(2b)3/12
om=M.*y/l.

Omax =0c+ On

=F* sin 6/2b* t+ Mx*y na/1x

=F* sin 8/2b*t+F* cos 0*a*b/t*(2b)3/12

=F* sin 6/ 2b* t+3F* cos §*a/2th?
If the articular cartilage could be damaged at
this maximum sttrss(om..) which is constant to
the human knee joint, centralization of the
maximum stress concentration point which me-
ans shortened widsh(2b) could provoke articu-
lar damage with lesser amount of forces at this
rate,
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