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Medial closed wedge distal femoral osteotomy
(MCWDFO)

v’ Effective treatment for valgus knee osteoarthritis

Complication
v Hinge fracture
Cause

v Wedge angle
v Hinge position
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Purpose

To identify optimal hinge position using
finite element (FE) models with biomechanical tests

Strain around hinge area?

o1
o fracture
N . .
: Risk of hinge fracture?
Stram & 2) Li, S., et al. J Mech Behav Biomed Mater. 2013.
Hypothesis

» Smaller maximum principal strain reduces
the risk of hinge fracture




Modeling and Analysis
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Osteotomy CAD model

trabecular bone 0.5 mm

Osteotomy CAD model

BAnNalysis: Linear elastic
Software: ANSYS mechanical

BYoung's modulus
Cortical bone: 17 Gpa

Trabecular bone: 155 Mpa

B Poisson’'s ratio: 0.30
B Mesh: Tetrahedral mesh
B Elements: 4.3 x10°

B Nodes: 6.5 x10°
3) Tucker, S.M., et al. J Orthop Res. 2019.




Modeling and Analysis

Displacement | W Condition 1 B Condition 2
l  Wedge angle « Wedge angle: 5 degrees

andl |5 ouees . Hinge position
u.,f ::__:: C) 1'0 deggrees from the inflection point

D) 10 mm proximal

- Hinge position: E) Inflection point

Inflection point F) 5 mm distal
Inflection | & 4! Fixation
point B Distance between hinge and the lateral cortex: 5 mm
' % B Osteotomy: Single plane

The maximum principal strains at the hinge areas
were compared among the models
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Mechanical test

 The same models as FE models (Model A(E), C, D, and F)

“ BSk |

Model A (E) Model C Model D Model F

Inflection point Inflection point 10 mm proximal 5 mm distal
5 degrees 10 degrees to the inflection point to the inflection point

S degrees 5 degrees

Examine hinge fracture during closure




Result
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B Condition 1

Model C: 10 (° )

Model B: 7.5 (° )

Model A: 5(° )
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Hinge position
compared with the inflection point (mm)

Model D:10 mm proximal
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Model E:
Inflection point

Model F: 5 mm distal
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Distribution of maximum principal strain

0.0082772
0.0073

00063802
0.0054603
0.0045405
0.0036207
00027008

0.001781
0.000EB115
-5 BbBle-5
Maximum principal strain: Maximum principal strain: Maximum principal strain:
0.828% 0.789% 0.769%
Model D Model E Model F
10 mm proximal to the inflection point the inflection point 5 mm distal to the inflection point

Maximum area: Proximal area of hinge




Mechanical test

Model C Model D Model A(E) Model F

the inflection point 10 mm proximal the inflection point 5 mm distal
10 degrees to the inflection point 5 degrees to the inflection point
5 degrees S degrees

Hinge fractures occurred in Model A, C and D
No hinge fracture occurred in Model F
(5 mm distal to the inflection point)




Discussion

* The maximum principal strain increased
when the wedge angle was larger.

* Model F: 5 mm distal to the inflection point

FE Analysis: Minimum model of maximum principal strain

Mechanical test: No hinge fracture

« Hinge position should be in the lateral condylar regiong-
1) Nha, KW, et al. J Knee Surg. 2019. |

®» |Consistent with our results




Discussion

Maximum value of maximum principal strain: Proximal area of hinge
Mechanical test: '

Hinge fractures occurred in the proximal area of the hinge

« Condylar region may have more plasticity than supracondylar
reg lon 4) Kim, TW,, et al., Am J Sports Med. 2019.

Condyle Supracondylar
Strain Smaller Larger

Hardness Softer Harder

* The hinge proximal should be located in the condylar region




Conclusion

The hinge position distal to the inflection point
would be a favorable position in MCWDFO
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