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Fig. 1.  Classification of proximal femoral canal geometry. (Right femur on A-P view and lateral view) Thirty-six normal femora and 113
osteoarthritis femora were reconstructed from 3D-CT data by using a computer aided design system. We analyzed each femur, and it
became clear that there are 3 types of proximal femur in Japanese osteoarthritis patients. In TypeA, the configuration is the same as
normal (42%). In TypeB, the posterior cortex inclines anterior (26%). In TypeC, the medial cortex is steeper (29%).

Fig. 2. Construction of a solid model from CT images. Inner and outer borders of the cortex were delineated on the CT images (A). A
three-dimensional solid model was constructed by CAD software (B, C).
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Fig. 3. Construction of a solid model from real bone images. Inner and outer borders of the cortex were delineated on the sliced real bone
images (A). A three-dimensional solid model was constructed by CAD software (B, C).

Fig. 4. Comparisons between the solid models constructed from preoperative 3-D CT (A) and the one from the real bone images (C). We
compared the relative dimensions of the femoral canals on a workstation with coincidences of the bone axis, the center of the femoral
head, and the level of the apex of the lesser trochanter (B).
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Fig.5. Femoral cortical and canal lines of the CT and the real
bone models on the frontal (A) and the lateral (B) planes.
Cortical and canal lines corresponding well between the two
models. (Blue) cortical line of the real bone model, (Green)
cortical line of the CT bone model, (Red) canal line of real
bone model, (Light blue) canal line of CT bone model.

Canal lines

Fig. 6. Average differences of the canal dimensions. At a same
cross-sectional plane, we calculated the average differences of
canal dimensions defined by E=S/L. S, a crossing area made
by two canal lines; L, a circumferen.
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Fig.7. Three-dimensional canal fill ratio of the standard stem
in the proximal potion of the femoral canal. The canal fill ratio
was defined as the ratio of the stem volume to that of the canal.
The canal fill ratio of the proximal potion was calculated
between the level of the apex of the lesser trochanter and the
level 10mm proximal to the apex.
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Fig. 8.  Finite element models of the standard stem inserted in the three different types of femur (Left femur). (A) Type A. (B) Type B.
(C) Type C. To simulate standing on one leg, the femoral head (prosthetic head in implanted models) was loaded with 1500 newton and
the top of the greater trochanter was derived with 1000 newton. The joint reaction force was inclined 13° and the derived force 20
from the vertical. For all analyses, the distal end of the femur was fully constrained.

Fig. 10. Standard stem in Type A, B, C (Right femur). The standard stem did fit Type A, but did not fit Type B and C. The posterior cortex
of Type B inclines anterior in comparison with Type A, so the stem hits against the posterior cortex (red area pointed by the arrow) and
the posterior cortex is likely to be cracked, or the stem will be inserted on a slant. The medial cortex of Type C is steeper than Type A, so
the stem hits against the medial cortex (red area pointed by the arrow). If we try to insert the stem by force, the medial cortex is likely to
be cracked. These situations in an actual operation necessitates the choice of a smaller stem.
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25 iR LR~ 6mm M CRI21R 7 4 A LiTor, &
1z, KUETFIEES, RORETH, ABRHEES, MM MR M
FfFo7z. CTAT A AIBT A EREOHHIMEIZB VT,
CTHEIZ 81T 5 BE & ANMEF THERIE 5 T M3 T 200 4 5 300,
PI#&T 50042 5 600, /MET-LAT ORH OIS CIE, Y,
P& & 129004 5 10001 3% LERp 2 i L 72 (M24). =
ool 7% % =%kmrikL, CAD/CAM YV 7 b
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Difference (mm)**

Medial Lateral Anterior Posterior
Ed

Level (mm) Out In Out In Qut In Out In
+15 0.85 0.3 1.04 048 0.44 0.2 0.62 0.42
+10 —0.5 0.34 0.67 —0.45 0.3 —0.32 -0.1 0.09

0 —0.48 —1.51 0.83 —0.34 0.15 0.06 0.45 0.1

—18 0.2 0.27 0.44 0.56 0.0 0.82 0.21 0.9

—-30 —0.43 —0.46 —0.53 0.19 —0.04 0.3 0.1 0.8
—90 0.23 0.38 —0.04 0.08 —0.04 —0.09 —0.28 0.51

X+SEM (mm) 0.15+0.21 0.2340.28 040024 0.09£0.17 0.140.08 0.16=0.16 0.17£0.14 0.35£0.13

* () is the level of the apex of the lesser trochater. ** Difference between the real bone and the CT models in the distance from the
bone axis to the cortical line {out line) and the canal line (in line) on the frontal and the lateral planes were calculated at each level of

the femur.

0.00

Fig. 9.
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Average difference (mm)
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Average differences of canal dimensions at each cross-sectional level between the two solid models.
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Fig. 11. The mean canal fill ratio. The mean canal fill ratio in

Group A was significantly higher than the other groups. * p
< 0.01.
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Fig. 12. Von Mises stress distribution in the coronal plane. (A) Standard stem in Type A. (B) Standard stem in Type B. (C) Standard stem

in Type C.
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Fig. 13. Von Mises stress distribution in the axial plane at the lesser trochanter. (A) Standard stem in Type A. (B) Standard stem in Type
B. (C) Standard stem in Type C.

Fig. 14. Tentative stems for TypeB and TypeC. The standard stem fits Type A, but not Types B and C, so the development of a more
suitable stem for Types B and C needs to be considered. (A) Standard stem, frontal view. (A’) Standard stem, lateral view. (B) Stem for
Type B, lateral view. The posterior configuration has an anterior incline as compared with the standard stem. (C) Stem for Type C,
frontal view. The medial configuration is steeper than the standard stem.
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Three-dimensional Canal Fill Ratio of a Cementless Anatomic Stem for the Proximal Femur in Japanese Patients
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Abstract

Osteoarthrosis of the hip in Japan is mostly secondary to developmental hip dysplasia, so in Japanese the femoral shape
found in most osteoarthrosis cases is different to that found in Caucasian patients. There are three types of proximal femur in
Japanese patients: a ‘normal’ configuration (Type A), an anterior inclined posterior cortex configuration (Type B). and a steep
medial cortex configuration (Type C). In total hip arthroplasty. anatomical cementless stems made in the United States
sometimes do not fit the femora of Japanese osteoarthrosis patients due to difference in the shape of the proximal femoral
canal. To develop a new stem that would be more suitable for the Japanese patient. a morphological analysis of normal
femora and osteoarthrosic fernora was performed using a computer aided design (CAD) system and the three-dimensional
canal fill ratio was calculated for a new stem (standard stem) designed from the normal femora data. Initially. two solid
femoral models were compared one constructed from 3-D CT images and one from sliced real bone images using CAD
software, and the accuracy of the CT-based cross-sectional geometry assessed. The average differences in canal dimensions
between the two solid models were 0.116 % 0.015mm (X £ SE) in the metaphysial region, and 0.087 == 0.003mm (X £SE)
in the diaphysial region. Femoral canal dimensions at each cross-sectional level corresponded well between the two models.
50 it was determined that the solid model from the 3-D CT images was accurate enough for bone morphological
measurements. Next. the three-dimensional canal fill ratio of the standard stem in the proximal potion of the femoral canal
was caleulated for each type. The mean canal fill ratio was 76.4% in Type A, 57.2% in Type B. and 60.0% in Type C; being
significantly higher in Type A than in the other types. Finite element analysis was also done for the three models of the
different types of femur with the standard stem inserted. Adequate stress transmission to the proximal area was observed in the
Type A model, but an unbalanced stress distribution was observed in both the Type B and C models. This indicates that the
standard stem designed from and for the normal femora does fit in Type A cases. but does not fit well for Types B and C,
given which the development of a more suitable stem for Types B and C needs to be considered.



