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Measurement of femoral axial offset
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Abstract

Purpose to examine the accuracy and reproducibility of the femoral axial offset

measured from the retrocondylar plane by computed tomography (CT). Bone spe-

cimens of the femur of 15 males and 15 females were analyzed. CT imaging was

performed and data of the coordinates were collected (center of femoral head,

center of an ellipse around greater trochanter, center of an ellipse around the base

of femoral neck, posterior edge of great trochanter, and both posterior condyles).

The angle between the line connecting center of the femoral head and center of an

ellipse around greater trochanter and the line connecting both posterior condyles

was set as anteversion 1. The angle between the line connecting the center of

femoral head and center of an ellipse around base of the femoral neck and the line

connecting both posterior condyles was set as anteversion 2. The femoral axial

offset was measured from the retrocondylar plane. Measurements were performed

three times on the same subject, and intrarater reliability (ICC) was determined. In

addition, interrater reliability (ICC) was determined by comparing data from three

raters. The mean value for anteversion 1 was 20.1° for males and 22.7° for females.

The values for anteversion 2 were 16.0° and 19.9° for males and females, respec-

tively. Offset was 34.0 and 33.4 mm in males and females, respectively. Intrarater

ICC and interrater ICC exceeded 0.81 for both methods, suggesting that the method

of measurement was reliable. Accuracy and reproducibility of the measurement of

femoral axial offset from the retrocondylar plane were high.
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1 | INTRODUCTION

It is not clear why femoral anteversion is expressed as an angle. In

external rotation femoral osteotomy, the external rotation angle of

the hip increases while the internal rotation angle decreases. In in-

ternal rotation femoral osteotomy, the internal rotation angle of the

hip increases while the external rotation angle decreases. Thus, with

respect to perception, it is easier to understand femoral anteversion

when it is expressed as an angle. However, cases where the pre-

dicted hip rotation angle cannot be obtained, despite proper os-

teotomy having been performed, are often experienced in clinical

practice.

When only rotation femoral osteotomy is performed, it is easy to

evaluate femoral anteversion after surgery. However, when rotation
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and flexion/extension femoral osteotomy is performed, it is difficult

to evaluate femoral anteversion after surgery. Therefore, we con-

sidered a method that can evaluate femoral anteversion even when

flexion/extension femoral osteotomy is added to rotation osteotomy.

There are many methods for measuring femoral anteversion.

Two‐dimensional (2D) measurement methods using computed tomo-

graphy (CT)1–5 and 3D measurement methods6 are available. The re-

producibility of the measurements recorded with the respective

measurement methods is reported to be high.6,7 However, there is no

specific method for measuring femoral anteversion as no method has

been proven to be conclusively superior to date. It is difficult to define

femoral anteversion because femoral torsion in 3D is being measured in

2D, and there is no femoral head center in extension of the longitudinal

axis of the neck of the femur.8 There are concerns regarding whether

measurement of femoral anteversion by an angle is the correct ap-

proach. We have measured femoral anteversion as an axial offset from

the retrocondylar plane and have reported our findings here.

2 | AIM

To examine accuracy and reproducibility of the femoral axial offset

measured from the retrocondylar plane by CT.

3 | SUBJECTS

The right femoral bone specimens of 15 males and 15 females with a

mean age of 61.3 years (20–79 years) are stored at the Department

of Macroscopic Anatomy, Nagasaki University Graduate School of

Biomedical Sciences.

All procedures performed in this study were in accordance with

the ethical standards of the Ethics Committee of Nagasaki University

Graduate School of Biomedical Sciences (approval number:

15033076) and of the 1964 Declaration of Helsinki and its later

amendments or comparable ethical standards.

4 | METHODS

Imaging was performed using a Toshiba Activision 16®CT. The spe-

cimens were obtained with their longitudinal axis along the CT bench

for scanning. The scans were all reformatted to transverse slices with

a slice distance of 0.5 mm and a slice thickness of 0.5 mm. The matrix

was 512 × 512 pixels. The coordinates were measured for the

DICOM data using YAMAKI DICOM Tools ver1.1.5.0 (Department of

Diagnostic Imaging and Nuclear Medicine, Graduate School of

Medicine Kyoto University, Kyoto, Japan) and EV Insite S 3.2.1.3

(Public and social system solution Provider, Tokyo, Japan).

4.1 | Parameters of femoral torsion and offset

We determined (1) the center of the widest femoral head diameter

as the center of the femoral head (Figure 1); (2) the center of an

ellipse around the greater trochanter on a transverse slice located

between the tip of the greater trochanter and the minor trochanter

(Figure 1); (3) the center of an ellipse around the base of the femoral

neck on a transverse slice (Figure 1); and (4) the posterior edge of

the great trochanter and the bilateral posterior condyles (Figure 2).

The angle between the line connecting the center of the femoral

head and the center of an ellipse around the greater trochanter and

F IGURE 1 The coordinates of the center
of the femoral head, the center of an ellipse
around the greater trochanter, and the center
of an ellipse around the base of the femoral
neck [Color figure can be viewed at
wileyonlinelibrary.com]
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the line connecting both the posterior condyles was defined as

anteversion 1 (Figure 3).1 The angle between the line connecting the

center of the femoral head and the center of an ellipse around

the base of the femoral neck made and the line connecting both the

posterior condyles was defined as anteversion 2 (Figure 4).2

The retrocondylar plane consists of the posterior edge of the

great trochanter and the two posterior condyles. The retrocondylar

plane corresponds to the tabletop plane on which the femur is

placed, so it is also called the tabletop plane (Figure 5).9 The shortest

distance of the center of the femoral head from the retrocondylar

plane was defined as the femoral axial offset (Figure 5).

The coordinates of the site closest to the neck and the site

closest to the intercondylar area were determined and the two dis-

tances defined as the femur length (Figure 6).

Data of the respective coordinates obtained was inputted into a

Microsoft® Excel for Mac ver16.16.9 so that the respective angles and

distances could be calculated automatically. The formula is as follows.

Center of the femoral head x coordinate: Hx

Center of the femoral head y coordinate: Hy

Center of the femoral head z coordinate: Hz

Center of an ellipse around the greater trochanter x

coordinate: Gx

F IGURE 2 The coordinates of the posterior edge of the great
trochanter and the bilateral posterior condyles [Color figure can be
viewed at wileyonlinelibrary.com]

F IGURE 3 The angle between the line connecting the center of the
femoral head and the center of an ellipse around the greater trochanter
and the line connecting both the posterior condyles was defined as
anteversion 1 [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 4 The angle between the line connecting the center of
the femoral head and the center of an ellipse around the base of the
femoral neck made and the line connecting both the posterior
condyles was defined as anteversion 2 [Color figure can be viewed at
wileyonlinelibrary.com]
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Center of an ellipse around the greater trochanter y coordinate: Gy

Center of an ellipse around the base of the femoral neck x

coordinate: Nx

Center of an ellipse around the base of the femoral neck y

coordinate: Ny

Posterior edge of the great trochanter x coordinate: Px

Posterior edge of the great trochanter y coordinate: Py

Posterior edge of the great trochanter z coordinate: Pz

Medial posterior condyles x coordinate: Mx

Medial posterior condyles y coordinate: My

Medial posterior condyles z coordinate: Mz

Lateral posterior condyles x coordinate: Lx

Lateral posterior condyles y coordinate: Ly

Lateral posterior condyles z coordinate: Lz

Anteversion 1

=

− × − + − × −

− + − × − + −

× ∘
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π
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Femoral axial offset
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4.2 | Statistical analysis

To determine the intra‐rater errors, three measurements were per-

formed over a period of at least 1 week by an orthopedic surgeon

(Shohei Matsubayahi), who had more than 10 years of experience. To

determine the inter‐rater errors, two orthopedic surgeons (Shohei

Matsubayahi and Takeshi Imamura) with more than 10 years of ex-

perience, and a medical student (Yuusaku Isobe) performed the

measurements. All the observers were initially instructed in CT

measurement technique on different single‐femur CT Scans in ad-

vance, before the data were recorded. For the statistical analyses,

IBM SPSS Statics Version 21.0 (IBM Corporation) was used. Intra‐
and Inter‐rater agreement was graded according to Landis and

Koch,10 who characterized values <0 as indicating no agreement,

0–0.21 as slight, 0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–0.80

as substantial, and 0.81–1 as almost perfect. In addition, a regression

analysis was performed for anteversion 1 and offset/length, and

F IGURE 5 The shortest distance of the
center of the femoral head from the
retrocondylar plane was defined as the
femoral axial offset [Color figure can be
viewed at wileyonlinelibrary.com]

F IGURE 6 The coordinates of the site closest to the neck and the
site closest to the intercondylar area were determined and the two
distances defined as the femur length [Color figure can be viewed at
wileyonlinelibrary.com]
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anteversion 2 and offset/length, and the correlation coefficient was

determined. For the statistical analyses, Microsoft® Excel for Mac

ver16.16.9 and JMP Pro, Version 12. (SAS Institute Inc) were used. A

p < .01 was considered a significant difference.

5 | RESULTS

The mean value for the anteversion 1 angle was 20.1° ± 7.8° for

males, and 22.7° ± 5.0° for females. The values for the anteversion 2

angle were 16.0° ± 8.0° and 19.9° ± 5.4° for males and females, re-

spectively. Offset was 34.0 ± 5.3mm and 33.4 ± 3.8 mm in males and

females, respectively (Table 1). Intra‐rater ICC and inter‐rater ICC

exceeded 0.81 in both methods, suggesting that the method of

measurement was reliable (Tables 2 and 3).

In the regression analysis, the correlation coefficient for ante-

version 1 and offset/length, and that for anteversion 2 and offset/

length exceeded 0.81 for both males and females, showing a strong

positive correlation (Figures 7–10).

6 | DISCUSSION

When we performed flexion and internal rotation femoral

osteotomy, we experienced a case wherein the internal rotation

angle of the hip improved more than that expected before surgery.

We performed 30° flexion and 30° internal rotation osteotomy,

which resulted in 60° improvement in the patient's hip internal ro-

tation.11 When observed from a position close to the femur, flexion

osteotomy and internal rotational osteotomy are similar from the

viewpoint of the axial offset of the retrocondylar plane. Osteotomies

of the femur include flexion/extension, internal/external rotation,

and abduction/adduction osteotomies. But some of them are com-

patible or incompatible combinations. However, when we look at it

from the retrocondylar plane, we can understand how compatible or

incompatible combinations they are.

In a conventional method, femoral offset is measured using the front

of a simple X‐ray, and there is a relationship between femoral offset and

range of abduction.12 Here, we evaluated whether femoral axial offset

measured from the retrocondylar plane can be measured accurately; we

also analyzed the reproducibility of the measurement method.

There are many methods for measuring femoral anteversion

using CT.1–6 The reproducibility of the various measurement meth-

ods is reported to be high.6,7 If there is a good measurement method,

then this measurement method should gradually become the primary

measurement method. The difficulty in measuring femoral

TABLE 1 Average value

Anteversion 1

M 20.1° ± 7.8°

F 22.7° ± 5.0°

Anteversion 2

M 16.0° ± 8.0°

F 19.9° ± 5.4°

Offset

M 34.0 ± 5.3mm

F 33.4 ± 3.8mm

TABLE 2 Intraclass correlation coefficient

Anteversion 1 Anteversion 2 Offset

M 0.969 0.960 0.950

F 0.969 0.954 0.976

TABLE 3 Interclass correlation coefficient

Anteversion 1 Anteversion 2 Offset

M 0.962 0.840 0.944

F 0.969 0.954 0.948

F IGURE 7 Correlation between anteversion 1 and offset/length
in men

F IGURE 8 Correlation between anteversion 2 and offset/length
in men
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anteversion is due to the segmental torsion of the femur.13 More-

over, femoral torsion in 3D is being measured in 2D at one site. As

there is no femoral head center in extension of the longitudinal axis

of the neck of the femur,8 it is difficult to define anteversion.

We observed accuracy and reproducibility of the femoral axial

offset that we measured from the retrocondylar plane, indicating

that the method was not inferior to the conventional methods for

measuring femoral anteversion. Moreover, a high correlation be-

tween this method and the conventional methods for measuring

femoral anteversion was observed; thus, we were successful in ex-

pressing the femoral anteversion angle as distance. We believe the

usefulness of this method because it is easier than the conventional

method, and the measurement results are more stable. A future

study could analyze the association between the femoral axial offset

measured from the retrocondylar plane and hip range of motion.

This time, we used bone specimens rather than data from

clinical practice. Because in clinical practice, the patients'

lower limb positions are not constant when taking CT. In bone

specimens, the position of femurs can be kept constant when

taking CT. Therefore, it is easy to set the retrocondylar plane in

bone specimen. We thought that it is important to establish the

method in bone specimen at first. Next, we would like to estab-

lish a method using data from clinical practice to obtain the mean

offset in the normal population. Furthermore, we want to be able

to reproduce before and after the osteotomy during the surgery.

One of the limitations of this study is that it is difficult to mark

the center of the femoral head in hips with femoral head deformity,

so the femoral axial offset might not reflect femoral anteversion by

the shift of the center of the femoral head. Therefore, we should

continue to study cases with femoral head deformity.

7 | CONCLUSION

The accuracy and repeatability of the method where the femoral

axial offset is measured from the retrocondylar plane were high.
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