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ABSTRACT

Operative procedures such as core drilling with
and without fibular bone grafting have been
recognized as the treatment methods for
osteonecrosis of femoral head(ONFH) by delaying
or preventing the collapse of the femoral head. In
addition, core drilling with cementation using
polymethylmethacrylate = (PMMA) has  been
proposed recently as another surgical method.
However, no definite treatment modality has been
found yet while operative procedures remain
controversial to many clinicians.

In this study, a finite element method(FEM)
was employed to analyze and compare various
surgical procedures of ONFH to provide a
biomechanical insight. This study was based
upon biomechanical findings which suggest stress
concentration within the femoral head may
facilitate the progression of the necrosis and
eventual collapse. For this purpose, five
anatomically relevant hip models were
constructed in three dimensions : they were (1)
intact(Type D), (2) necrotic(Type O), (3) core
drilled only(Type M), (4) core drilled with fibular
bone graft(Type IV), and (5) core drilled with
cementation(Type V). Physiologically relevant
loading were simulated. Resulting stresses were
calculated. Our results showed that the
volumetric percentage subjected to high stress in
the necrotic cancellous region was greatest in the
core drilled only model(Type I), followed by the
necrotic(Type II), the bone graft (Type IV), and
the cemented(Type V) models. Von Mises
stresses at the tip of the graft(Type IV) was
found to be twice more than those of cemented
core(Type V) indicating the likelihood of the
implant failure. In addition, stresses within the
cemented core(Type V) were more evenly

distributed and relatively lower than within the
fibular bone graft(Type V).

In conclusion, our biomechanical analyses have
demonstrated that the bone graft method(Type
IV) and the cementation method(Type V) are
both superior to the core decompression
method(Type II) by reducing the high stress
regions within the necrotic cancellous bone. Also
it was found that the core region filled with
PMMA(Type V) provides far smoother transfer
of physiological load without causing the
concentration of malignant stresses which may
lead to the failure than with the fibular bone
graft(Type IV). Therefore, considering the above
results along with the degree of difficulties and
risk of infection involved with preparation of the
fibular bone graft, the cementation method
appears to be a promising surgical treatment for
the early stage of osteonecrosis of the femoral
head.
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Fig. 4. Validation of the positions
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Fig. 5. Von Mises stress distributions
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Table 1. Material properties [6,7,8]

Young’'s Modulus Possion’s
(MPa) Ratio
Cortical Head 1372 0.32
bone |Pure cortical 14000 0.32
Cancellous Head 550 0.32
Proximal 411 0.32
bone Distal 345 032
Necrosis 154 0.32
Fibular cortical bone 14000 0.32
Cement 2200 0.23

Table 2. The results of the validation

ethod Experimental Results from
results present study using
\ from Oh et al.[10] FEM"
Locati Mean£SD (g ¢)
Medial 1 1827+ 601 1990363
Medial 2 1419628 1480+89
Lateral 10191404 698171
Anterior 261 £236 371£230
Posterior 193%136 146109
. Matching nodal
Remarks Studied results
values
* . Intact model

Table 3. Von Mises stress distributions within
the necrotic region

odel

Typel | Typel |{Typell | TypelV | TypeV
(MPa)

V.PA%) | VP.(%) | VP(%) | V.P.(%) | VP.(%)
Stress
0~3 79 84.3 81.6 87.8 87.7
3~10 19.5 146 17.1 11 11.2
10~30 15 1.1 1.2 1.2 1.0

* V.P. : Volumetric percentages

Table 4. Von Mises stress distribution at particular
locations (M)

Location 2 Location . . .
Location 1 | Location 2 | Location 3
Model
| Type 1 796 8.42 9.67
Fig. 7. Von Mi Type I 7.96 6.61 9.68
{ i ig. 7. Vo
it coment model stres for the Iocai Te M | 825 9% 55
stress fo
T the focations Type IV 9.29 28.61 8.90
Type V 898 15.19 6.08

Table 5. Von Mises stress distributions within
the core decompression region

Stress | 0 | 1 | 2|3|4]|5][10]20]|50

MPa) | 2 { { ! { t { t {

Model 1 2 3145 |10})20(|50|99

(a) () pe 01| 14|66 |75| 89 |362|368| 44| 02
Type V

Fig. 8. Von Mises stress distributions (V.P.%) 106(19.1{16.1|14.1/11.7{200| 7.8 | 06| O

(a. Bone graft b. Cement bar)
* V.P. . Volumetric percentages
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