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Abbreviations ; CT, computed tomography; OAH, osteoarthrosis of the hip; ROI, regions of interest; THA, total hip
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Fig. 1. Example of the contour extraction section. (A) CT section. (B) Femoral cortex with some threshold using an image analysis
program, Medvision®. (C) CT section after being extracted the inner (I) and outer (O) borders of the cortex. The inner and outer
borders of the cortex were delineated at intervals of 6mm in areas distal and proximal to the section corresponding to the apex of the
lesser trochanter.

Fig.2. (A) Calculation of the centers of gravity (G) of the outer borders of the cortex. X, section 18mm distal of the apex of the lesser
trochanter; Y, section 102mm distal of the apex of the lesser trochanter. (B) Calculation of the bone axis (Ax). A regression line was
determined from the centers of gravity, using the least squares method.
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Fig.3. Solid model and corrected sections. The solid model was re-sliced perpendicular to the bone axis (Ax) at 6mm intervals. These
sections were regarded as corrected sections (Cs).

Fig.4. Definition of the torsion basal plane (BP). We took a plane which passes through the tangent line to the posterior surface of the
femoral condyle and is pararell to the base axis connecting the apex of the greater trochanter (GT) and the intercondylar notch (IN), and
used this plane as the torsion basal plane.



.

Fig.5. Measurement of the anteversion angle of the femoral neck (A). The line along which the plane passing through the center of the
femoral head (FH) and vertical to the bone axis (Ax) crosses the torsion basal plane (BP) was deemed as the corrected basal line (CBL).
To find the anteversion angle of the femoral neck, we measured the angle between this corrected basal line and the line perpendicular
from the center of the femoral head to the bone axis.

Fig. 6. Measurement of the torsion angle (T) of the'proximal segment of the femur. (A) Principal axis of a corrected section. (B)
Principal axis of each corrected section. (C) Measurement of the torsion angle of each corrected section. We defined the principal axis
(PQ) as the line passing through the center of gravity (W) of the outer border of the cortex which minimized the moment of inertia. We
used the intersections between the basal plane (BP) and the corrected section as the corrected basal line (CBL). For each corrected
section, we defined the angle between the corrected basal line and the section's principal axis as the section's torsion angle. Ax, Bone
axis.
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Fig.7. Comparison between CT section (CTs) and corrected section (Cs). These corrected sections were not co-planer to the original CT
sections. Ax, Bone axis.

Fig.8. Difference of the shape between CT section (A) and corrected section (B) corresponding to the apex of the lesser trochanter.
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Fig.9. Scatter diagram of the anteversion angle of the femoral
neck. O, OAH group; @, control group. The mean
anteversion angle of the femoral neck for the control group
was 34.0 degrees (- ), and the standard deviation was 7.5
degrees (—). The X = 2SD of this parameter for the
control group was regarded as the normal range. Using this
range as a criterion, the hips of OAH group were divided into
three groups by the anteversion angle of the femoral neck
(angle A). A, angle A< 19.0 degrees; B, 19.0 degrees = angle
A < 49.0 degrees; C, angle A = 49.0 degrees.
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Fig.10. The torsion angle in the proximal segment of the femur
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WMEWEIZCTHE L IR 2AFEOABREOMETH S,
2F) ZORL D AEOREEOWE L HICHED SN2
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Fig.11. The torsion angle in the proximal segment of the femur
of OAH groups as a function of the distance from the apex of
the lesser trochanter, <, group A; O, group B; 4, group G
R, control group. * p <0.0001 between the groups. T bars
are omitted.
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Fig. 12. Difference of the torsion angle in the proximal segment of the femur between the CT sections (O) and corrected sections (@). A
E represent 5cases with the largest difference in the angle between the CT sections and corrected sections, which are 30.22 (8), 17.14
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A new Morphological Measurement Technique of the Femur and its Application for Japanese Patients with
Osteoarthrosis of the Hip Toshinori Miura, Department of Orthopaedic Surgery, School of Medicine, Kanazawa
University, Kanazawa, 920-8640 — J. Juzen Med Soc., 107, 504 — 516 (1998)
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Abstract

It has been noted that it is difficult to achieve a good fit between cementless femoral prostheses developed in Western
countries and some Japanese femora, because there are many patients of secondary osteoarthrosis of the hip (OAH)
particularly in Japan. To design femoral prostheses better suited to Japanese patients of OAH, it is required to establish a new
morphometry method of the femur which can precisely determine particular features of the femora of Japanese OAH patients.
In this study, a new morphological measurement technique of the femur was proposed and applied to a number of Japanese
OAH patients, in order to measure the femoral torsion. In the proposed technique, a 3-dimensional (3-D) solid model of the
femur is first constructed based on the outer and inner borders of the femoral cortex obtained from 3-D CT images by using an
engineering computer-aided design software on a workstation. Next, the bone axis (Ax) is defined as the line of best fit to the
centers of gravity of the outer borders of cortex on CT sections by using the least square method. A new femur coordinate
system is assumed based on this Ax. The corrected outer borders of the cortex are then reconstructed in sections from the
solid model perpendicular to the Ax. This proposed method provides a highly reproducible measurement independent of the
leg position during the CT scan. The anteversion angle of the femoral neck (angle A) between the perpendicular line to the Ax
through the center of the femoral head and a torsion basal plane (BP) defined by the femur coordinate system, and the torsion
angle (T) of the proximal segment of the femur between the principal axis of inertia of the outer borders of the corrected
sections and BP are selected as giving a good measurement of the torsion value to characterize the femur morphology. The
angle A and the angles of principal axis were measured in 110 OAH and 36 normal hips. Regarding the angle A, the mean of
this parameter was significantly greater, and the range was wider in the OAH group. Sixty-seven percent of patients with
OAH showed the values within the normal range and twenty-nine percent showed greater values. Furthermore, it was
observed that the T of the femoral body especially in the proximal region above the section 6mm below the level of the lesser
trochanter was significantly greater in the OAH group than the control group. Besides the T of the femoral body in the
proximal region was also significantly greater in high T group of the femoral neck in the OAH group than the control group.
It is suggested that the anteversion of the femoral neck leads to greater torsion of the femoral body below the level of the
lesser trochanter in some femora of OAH, which characterizes secondary OAH. The present study has provided a new reliable
morphological technique to measure the torsions of the femur of OAH patients, which will be useful in designing cementless
femoral prostheses more suitable for Japanese OAH patients.




