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An Analysis of Stress Transfer Behaviors within the Necrotic Cancellous Bone

following Surgical Procedures for the Management

of the Osteonecrosis

of the Femoral Head
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Department of Biomedical Engineering, College of Health, Inje University,

ABSTRACT

Operative  interventions for the management of
osteonecrosis of the femoral head (ONFH) include core
drilling, with or without vascularized fibular bone grafting.

Nevertheless, their clinical results have not been
consistently  satisfactory. Recently, a new surgical
procedure that incorporates cementation with

polymethylmethacrylate (PMMA) after core drilling has
been tried clinically. In this study, a biomechanical
analysis using a finite element method(FEM) was
undertaken to evaluate surgical and their
underlying surgical parameter. Our finite element models
included five types. They were (1) normal model (Type I),
(2) necrotic model (Type II), (3) core decompressed model
(Type 1), (4) fibular bone grafted model (Type IV), and
(5) cemented with PMMA model (Type V). The geometric
dimensions of the femur were based on digitized CT-scan
data of a normal person. Various physiological loading
conditions and surgical penetration depths by the core
used as mechanical variables to study their
biomechanical contributions in stress transfer within the
femoral head region. In addition, the peak von Mises
stress(PVMS) within the necrotic cancellous bone of the
femoral head was obtained. The fibular bone grafted
method and cementation method provided optimal stress
transfer behaviors. Here, substantial increase in the low
stress level was observed when the penetration depth was
extended to Omm and S5mm from the subchondral region.
Moreover, significant decrease in PVMS due to surgery
was observed in the fibular bone grafted method and the
cementation method when the penetration depths were
extended up to 0 and Smm from the subchondral region.
The drop in PVMS was greater during toe-off than during
heel-strike (57% vs. 28% in Type IV and 49% vs. 22%
in Type V). Both the vascularized fibular bone grafting
method (Type IV) and the new PMMA technique (Type
V) appear to be very effective in providing good stress
transfer and reducing the peak Von-Mises stress within the
necrotic region. Overall results show that fibular bone

methods

were

grafting and cementation methods are quite similar. In
light of above results, the new cementation method
appears to be a promising surgical alternative for the
treatment of ONFH. The use of PMMA for the core can
be less prone to surgical complication as opposed to
preparation of fibular bone graft and can achieve more
immediate fixation between the core and the surrounding

region.

A8
A 2F FEE AASE ARI}7] AT HEH
A FErIdezs B AYeH vlFE oA eTol
Atk olEFd NMES FFE UtE EFAY T
=3 AdANE Zsigdezn 259 FEg WAG
Ad, AZAIZH. 2=y, AA GdeliM e A=

BEAYPA I BEA, =39 el 5z v
[1). HIe FAHed & T F AE
(Polymethymethacrylate, PMMA)Z Z2 A7) = 2
AlgHo] Aol MEEHJY. AANDEHA T4
A F AYWEZE F olAHe FxAHR XA &
"&5%5] FPYE F 9\1""4 PdEel AdEd o 7t
7HRIA B ARE WA 9 o dskA s
Z Aot} B °E‘—r"°ﬂ*'] FRALHE o] §3o 7}
Fe7Ide 3 ¥ 98 #APAA A8
ol ]| 5 °4?‘°ﬂ/“]" gefdt stFa JFT 49
o] HE Zolo Wit FFAHA WEEM T F&7)
Hel §848 s

[e]
g2

—1-1‘ =

As R 8y

1L feeand 74

B Ao FE3 2de 25 1471Aolt). WA,
validation& 93] H4 Zd(Type [)o] F+AFA L,
5o A Ao FAL ZAl(Type Mol a9
71EE€ 2AF7] Y8l .44 g 7
Hol wetA, Y AgES Aled 44 2% ‘“é
(Type M), HA} FE& AFI T vl oj4H&
AF F o] Z(Type V)3 Z o]4 ¥ Mo #
AYES 2727 AHNE 2ed(Type V)L FE3IY

-1;

2059

CIEYOES B pat]



1997 #Astaris] =2y M19A R2% 97/11

Figure 1. Schematic representation of the surgical model
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Figure 2. Finalized view of a FEM model with a mesh
generation and boundary conditions
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5. Validation and data analysis
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Table 3. The normalized peak von Mises stress
within the necrotic cancellous bone

Normalized PVMS

Penetration

Model type depth (am) after_ before
heel-strike toe-off

Type OO - 1.00 1.00
15 mm 1.00 1.00

10 mm 1.00 1.00

Type I 5 mn 1.12 0.92
0 mm 1.19 0.92

15 mm 1.01 1.00

10 mm 1.00 1.00

Type IV 5 m 0.86 1.03
0 mm 0.72 0.43

15 mm 1.00 1.00

10 mm 1.00 1.00

Type V 5 mn 0.88 1.04
0 mm 0.78 0.51

*PVMS : Peak von Mises stress
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Table 4. Relative volumetric percent change(%) in
von-Mises stress distribution within the
necrotic region due to surgery

Von-Mises stress distribution(MPa)

IY[I‘;‘;ZI l;zg:;m(t;zg Heel-strike Toe-off
05 511 11- 05 511 11-
15 m 06 06 +0.1 -0.4 +02 +0.1
10 mm -2.3 422 +0.1 -1.3 +1.1 +03
Type 5 0 24 417 +0.8 -1.0 +0.1 +0.9
Omm -1.8 +1.1 +0.8 -2.0 +1.1 +0.9
15 m -08 07 +02 02 0 +02
Type v 10 +12 <14 403 406 09 +03
5m  +44 -35 -08 +33 -3.0 -0.2
0mm +7.4 52 2.1 +52 -40 -12
150 05 04 +01 0 O +01
Type v 10 m  +12 <13 401 04 07 403
5mm +3.8 -29 -08 427 2.5 -0.2
0mm +65 -43 2.1 +48 -3.6 -12
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