Evaluation of tensile strain distribution in loaded
proximal femur in relation to lengths of
cementless stems
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Fig. 1. Materials. (A) Cementless straight stem, ABC Hip System
HS5H [K-Max series], (JMM, Osaka, Japan). (B) Sizing of the
sten. The stem size was properly selected to fit the shape of
the bone model. The ball offset was selected to be the same
position of the bone model and it was +/- 0. (C) Stem in several
lengths. The evaluated stem was JMM ABC Hip cementless
straight stem in several lengths, The 50, 70 and 100mm stems
were also evaluated in additon to the 130mm standard length
stem.
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Fig. 2. Experimental strain analysis. (A), (B) Three-element
stram rosette. Three-element strain rosette was used for strain
gauge. They were attached at the both of medial and lateral
cortex of 20, 50, 70, 100, and 130mm from neck cut level. (C)
Experimental strain analysis. The model of femur was fixed to
the base plate made from resin in accordance with ISO7206-4.
The stem was set in the femur at the angle of 10 degrees
valgus and 9 degrees flexion. The femoral head was loaded on
the 250kgf,
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Fig. 3. Experimental strain analysis. (A) Experimental device for
push-in test. Push-in test was performed to find the effect of
stem length on the behavior of the stem in femur. 4 collarless
stems with different length based on of ABC hip system were
prepared, and pushed into rigid urethane foam by applying
vertical downward force on artificial head. (B) Measurement of
stem deviation angle. Stem deviation angle was measured in
every Imm moving of the head center until reaching to 15mm.
(C) Measurement of stem sinking distance. Sinking distance
was measured in every lmm moving of the head center until
reaching to 15mm. The blue line is a base line, on the other
hand the yellow line shows the end point. And the vellow
arrow shows stem sinking distance,
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Fig. 4. FEM analysis. (A), (B) The strain distribution on the
femur analyzed by FEM was measured with the 130 and 50mm
stem lengths. The cortical bone thickness was set with Smm
(Test 3-1) and 6.5mm (Test 3-3). The load axis was 10 degrees
valgus (a) and 9 degrees flexion (b). The weight was 250kgf.
(Test 3-1, 3-3) The changes of strain distribution in relation to
the differences of load axis were evaluated by FEM analysis as
well. Load axis was changed into less valgus (a =8 deg.) more
flexion (b =11 deg.) setting and more valgus (a =12 deg.) less
flexion (b =7 deg.) setting. (Test 3-2)
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Fig. 5. The maximum strains. 4, 130mm stem; A, 100mm stem; X, 70mm stem; ll, 50mm stem; @, without stem. (A) The tensile strains
on the lateral femora. The strain peaks at the area between 50 and 70mm from the neck cutting line regardless of the stem length. The
shorter the stem length was, the lower the stain of the lateral femora was. The strain distribution of the short stem was more similar to
that of the original bone than the longer stem. (B) The compression strain on the medial femora. The tendency was similar to the
distribution of the lateral femora. The shorter the stem length was, the lower the stain of the medial femora was.
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Fig. 6. (A) Stem deviation angle. @, 130mm stem; ll, 100mm
stem; A, 70mm stem; @, 50mm stem. The shorter the stem
length was, the more the stem took varus position. (B) Sinking
distance. The longer the stem length was, the more the stem
sank.
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Table 1. The maximum strains on the lateral and medial femur

Maximum strains (z«)

Stem length (mm) Medial femur Lateral femur
130 2490 2180
50 3150 2280

Table 2. The maximum strains on the lateral and medial femur in
different stemn setting angle

Setting angle (deg.) Maximum strains (ze)
Stem length (mm) Valgus Flex  Medial femur Lateral femur

130 10 9 2490 2180
130 8 1 2960 2470
50 10 9 3150 2280
50 8 1 3748 2970

Table 3. The maximum strains on the lateral and medial femur in
different thickness of the cortical bone

Thickness of the Maximum strains ( z« )
Stem length (mm) cortical bone (mm) Medial femur Lateral femur
130 8 2490 2180
130 6 3200 2760
50 8 3150 2280
50 6 4950 3620
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B Valgus 12 deg. 10 deg. 8 deg.
A Flexion 7 deg. 9 deg. 11 deg.
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Fig. 7. The tensile strain distribution using FEM analysis. (A) The distributions were similar with the both length stem, whereas the pealk of
the sirain was seen at a little more proximal in the case of the short stem. (B) 130mm standard stem. The strain was bigger with the small
valgus angle and the big flexion angle of the femur. (C) 50mm short stem. The strain was bigger with the small valgus angle and the big
flexion angle of the femur. Even if the stem length was short, the range of the maximum tensile strains increased slightly, when the
setting angles were the same. The differences of the maximum strains were much bigger by changing the femoral angle than changing
the stem length. (D) The thinner the cortical bone was, the higher the level of the tensile strain was, regardless of the stem length.

Setting angle in
experimental test

Moment arm L [mm]

Fig. 8. The length of the moment arm. (A), (B) The strain on the femur is influenced by the length of the moment arm. By changing the
valgus and flexion setting, the moment arm length would be changed. In short, in this test, the moment arm length in 8 degrees of the
valgus angle and 11 degrees of the flexion was the longest and the length of that in 12 degrees of the valgus and 7 degrees of the flexion
was the shortest.
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Evaluation of tensile strain distribution in loaded proximal femur in relation to lengths of cementless stems
Tomonari Ando, Department of Division of Cancer Medicine, Graduate School of Medical Science, Kanazawa University,
Kanazawa 920-8640 Juzen Med. Soc., 119, 99 — 109 (2010)
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Abstract

The short stem has an advantage in bone preservation in total hip arthroplasty. To evaluate the influence of the length of
cementless stems on loaded proximal femur, the tensile strain was measured by the experimental strain analysis and the finite
element method (FEM) analysis. Cementless stems in several lengths (130mm [standard length], 100mm, 70mm, 50mm,
ABC Hip System [K-Max series], JMM, Osaka, Japan) were evaluated. The strain distribution was measured with three-
element strain rosettes after implantation of the stem into the Sawbone Composite Femora #3306 (Pacific Research
Laboratories, Vashon Island, WA, USA). FEM analysis of the stem in the same length was also conducted. The changes of
strain distribution in relation to differences of setting angle of the stem in the femora and the thickness of the cortical bone
were also evaluated by the FEM analysis. The tensile strain showed its peak in the lateral area 50-70mm from the bone
cutting line regardless of the stem length, with anterior transition distally. In the experimental analysis, the strain was lower
when the stem length was short, whereas the FEM analysis showed higher strain in the proximal area when the stem length
was short. On the other hand, the strain was bigger with the decreased valgus angle and the increased flexion angle of the
femur. The tensile strain was also higher when the cortical bone is thinner. It was found that the tensile strain is more
susceptible to the fixation angle of the stem and the thickness of cortical bone than the stem length. Therefore it is important
that the stem length stays within the range of the solid cortical bone to reduce the risk of femoral fracture.



