A Biomechanical Study of the Acetabulum after
Total Hip Replacement
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Fig.1. Schematic drawing of the tested speci-
men.
Four strain gages are attached on the acrylic
core and cement layer is added. CH.0, CH.1;
the strain-gages and the lead wires are
shielded respectively by cellophane-tapes and
vinyl-pipes. CH.2; only the strain-gage is
shielded by cellophane-tape. CH.3; neither
the strain-gage nor the lead wire are shided.
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Fig.2. Location of the strain gages on the
acetabulum.
Seven strain-gages are attached to the aceta-
bular surface 20 mili-meters apart from the
acetabular edge at intervals of 40 degrees.
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Fig.3. Loading test.
Pelvic model is inversely set into fixtures in a
position such that loading simulated the
resultant joint force existing in a single-legged
stance. A longitudinal load up to 130 kgf is
applied on the acetabular component through
the femoral component.
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Fig.4. Diagram of the epoxy model (A) and
the bone model (B) for finite element method.
The material properties for each numberd
region are as indicated in Table 1.
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Fig.5. Diagram of the element meshes and
loading condition.
The model is devided into 296 elements with
304 nodes.
G, loaded point; O, P, Q, R, S, T, fixed
points.  Each numbered nodes (1-18) are
located at the bone-cement interface.
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Table 1. Mechanical properties of each materiales
Domain Material Young’s modulus(MPa) Poisson’s ratio
1 Femoral head 2,00 x 107 0.30
2 HDP socket 6.90 % 10* 0.35
3 Bone cement 2,60 x 108 .30
1 Epoxy resin 3.2 =08 0.35
3 Cortical hone 1.70 > 104 0.30
6 Cancellous hone 1.50 = 10% 0.30

Femoral head: Stainless steel
HDP : High density polyethylene

Table 2. Analized model for the double layered structure

Model . Young's modulus (MP‘a) . E,: B,
Cancellous bone (E) Cortical hone (E»)

TEST. 1 1.70>x 101 1.70 < 101 8:8

TEST. 2 9.81x10% 1.70x10? 4:8

TEST. 3 2,45 10% 1.70 < 104 1:8
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Fig. 6. Strain-stress curves.
The abscissa and the ordinate indicate the
load and the strain monitored respectively.
A, CHO; »,CH]l;m, CH2; @ CH3.
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Fig.7. Strain-stress curves for the epoxy
model.
The abscissa and the ordinate the load and
the strain monitored respectively. A, strain in
radial direction; B, strain in circumferential
direction. A, CH.O: ®, CH.1; @, CHZ2; *,
CH.3; o, CH.4; 1, CHS5; O, CHS.
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Fig.9. Principal tensile stress distributions
after total hip replacement.

300 - A, epoxy model ; B, bone model.
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Fig.8. Strain-stress curves for the cadaveric
hemipelvis.
The abscissa and the ordinate indicate the
load and the strain monitored respectively.
A, strain in radial direction; B, strain in
circumferential direction. A, CHO; m, Fig.10. Principal compressive stress distribu-
CH1; @, CH2; #, CH3; A, CH4; 0, tions after total hip replacement.
CH5; O, CH.6. A, epoxy model ; B, bone model.




614 A

Wil otz

2) EMEIEH

i) TRFBBRENETL (K 10A)

FIES &KX 35MPa DEMES I E L.

i) NEBf#ETE7 L (K 10B)

HMETEIWEHREK 46MPa, FEBIZIE B X
110MPa OEHEEIBELT:. WERHE LOBHRE
Zid, METEL D/ RERLS (BX 23MPa )
NELL. WERKST2HEBTE LERED T
NAEEEEE N L CTEECA» - 7.

2. B/BEYAVINEREOBH

1) ®BIGH (K 11A)

i) ZRFUEBREBHRETL

TEOMALZ~14ZBWTEERIGT (HiS13T
BK 5MPa), #DORBICEMET (HE16THEK
12MPa) »&U7:.

i) NEBBETETN

FESICHEYS T 28 H10~1423 RGN (Bi&12

tensile

HPa

20

compressive

NODE + 2 3 a4 5 6 7 B 8 10 1 12 13 14 16 16 17 18

tensile

Mra 1o}

20k

compressive

NODE + 2 3 2 5 & 7 8B 9 10 n 12 13 14 1 16 17

B

Fig.1l. Tangential stresses (A) and perpendicu-
lar stresses (B) at the bone-cement interface.
@, epoxy model ; O, bone model.
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Fig.12. Principal tensile stress distributions after the total hip replacement for

the double layered structure model.
A, TEST.1; B, TEST.2; C, TEST.3.
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Fig.13. Tangential stresses (A) and perpendicu-
lar stresses (B) at bone-cement interface for
the double layered structure model.
®, TEST.1; v, TEST.2; m, TEST.3.
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Fig.14 Illustration of the strains on the aceta
bulum (A) and the deformations of the aceta-
bulum (B) under loading.
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Abstract

Mechaical beheviors of the acetabulum, especially of bone-cement interface after total
hip replacement were analyzed. At first, conventional cemented total hip replacements
were performed on the hemipelivic model of epoxy resin and the hemipelvis of the
cadaveric bone. The strains of the acetabulum under load were monitered by strain-gauges
embedded inside the bone-cement interface of the acetabulum. In both the model and the
cadaveric bone, high tensile strains were observed at the weight-bearing areas (strains on
cadaveric pelvis were greater), and compressive strains were observed at its surrounding
areas. Secondly, computer analysis was undertaken by using the two-dimensional finite
element method. Great tensile stresses in the tangential direction of the bone-cement
interface were observed at the weight-bearing areas, and compressive stresses were observed
at its surrounding areas. From this study, it is thought that the acetabulum after total hip
replacement is deepened and transformed into oval hemisphere under the load. Because the
pelvis consists of cortical bone and cancellous bone like the double layered structure, high
tensile stresses were created at the weight-bearing areas of the subchondral bone after total
hip replacement. The significant tensile stress was considered to be the cause of loosening
of the acetabular component.




