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Distal Femoral Rotational Alignment Based on Mechanical Axis of the Femur: A
3-Dimensional Computed Tomographic Scan in Vivo Assessment
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Figure 2. The intercondylar notch center was defined as the middle of
the line connecting the narrowest anterior-to-posterior borders on an
axial section of the distal femur.
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Figure 1. (A) The position of femoral head
center (FHC) was determined by placing
a circle onto the circumference of the
femoral head on a set of axial and coronal
section views, showing the largest bone
contour of the femoral head. (B) The FHC
locations were determined as the center
of the circle that matched the largest bone
contours.
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Figure 3. Construct of the reference axes on axial computed tomogra-
phic scan of the distal femoral condyle is shown.
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Figure 4. Real posterior condylar axis was drawn. As the most lateral posterior condyle and the most medial posterior condyle did not exist on the
same plane, real posterior condylar axis was drawn on the most medial posterior condylar plane by superimposing the most lateral posterior condyle
to the medial plane. MAPC, medial apex of posterior condyle; LAPC, lateral apex of posterior condyle.

) : Figure 5. (A) Construct of the reference
Anteroposterior axis axes on 3-dimensional (3D) computed
. tomographic bone model of the distal
Anatomical femoral condyle is shown. 3D bone
transepicondylar model was rotated until the center of
femoral head was synchronized with
the center of intercondylar notch. From
caudocranial view, medial point of surgical
transepicondylar axis was not detected
because of hoarse-shoe shaped notch. (B)
In obliquely rotated view, medial point of
surgical transepicondylar axis is seen.
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Table 2. Overview of the Angles* of Distal Femoral Rotational
Alignment between the Surface Derived Axes on 3-Dimensional Bone
Model

A-TEA AP axis AP axis
and rPCA and rPCA and A-TEA
Observer1-1* 6.52+1.57° 03.20+4.23°  86.67+4.04°
Observert-2" 6.79+2.19° 92.83+4.05°  86.04+4.70°
Observer2-1* 6.09+1.45° 94.00+3.27°  87.91+3.44°
Observer2-2" 5.76+2.03° 03.29+3.43°  87.53+4.04°
Total 6.29+1.86° 93.33+3.76°  87.04+4.11°

*Values are means=standard deviation; rPCA, real posterior condylar
axis; A-TEA, anatomical transepicondylar axis; AP axis, anteroposterior
axis (Whiteside’s line).

Table 1. Overview of the Angles* of Distal Femoral Rotational Alignment among the Surface Derived Axes on Computed Tomograph

S-TEA and rPCA

A-TEA and rPCA

Observer1-1* 6.28+1.44° 2.35+1.91°
Observer1-2" 6.43+1.16° 2.53+1.53°
Observer2-1* 6.30+1.26° 2.24+1.45°
Observer2-2™ 6.35+1.04° 2.61+1.28°
Total 6.34+1.23° 2.43+1.56°

AP axis and rPCA A-TEA and S-TEA AP axis and A-TEA
96.33+1.96° 3.93+0.97° 90.06+1.60°
96.36+1.64° 3.91+0.94° 89.93+1.92°
96.62+1.83° 4.06+0.87° 90.32+1.45°
96.78+1.67° 3.74+0.82° 90.43+1.40°
96.52+1.77° 3.91+0.90° 90.19+1.61°

*Values are means=standard deviation; rPCA, real posterior condylar axis; A-TEA, anatomical transepicondylar axis; S-TEA, surgical transepicondylar

axis; AP axis, anteroposterior axis (Whiteside’s line).

Table 3. Comparison of Measurement of Intra-Observer and Inter-Observer on 3-Dimensional Computed Tomographic Image

Measuring point Comparison Obs-trial
A-TEA and rPCA Intraobservers. Obs1-1st
Obs2-1st

Interobservers. Obs1
S-TEA and rPCA Intraobservers. Obs1-1st
Obs2-1st

Interobservers. Obs1
A-TEA and S-TEA Intraobservers. Obs1-1st
Obs2-1st

Interobservers. Obs1
AP axis and A-TEA Intraobservers. Obs1-1st
Obs2-1st

Interobservers. Obs1
AP axis and rPCA Intraobservers. Obs1-1st
Obs2-1st

Interobservers. Obs1

Obs-trial Mean error+SD

Obs1-2nd 0.16+0.67° 0.921
Obs2-2nd 0.05+0.77° 0.997
Obs2 0.02+0.85° 0.999
Obs1-2nd 0.18+0.95° 0.939
0Obs2-2nd 0.37+1.20° 0.633
Obs2 0.11£1.74° 0.985
Obs1-2nd 0.02+0.56° 0.999
Obs2-2nd 0.32+0.90° 0.285
Obs2 0.13+1.45° 0.885
Obs1-2nd 0.13+1.45° 0.978
Obs2-2nd 0.11£0.79° 0.987
Obs2 0.26+1.14° 0.844
Obs1-2nd 0.03+1.80° 0.999
Obs2-2nd 0.16+1.18° 0.971
Obs2 0.29+1.13° 0.852

Obs, observer; SD, standard deviation; rPCA, real posterior condylar axis; A-TEA, anatomical transepicondylar axis; S-TEA, surgical transepicondylar

axis; AP axis, anteroposterior axis (Whiteside’s line).
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Table 4. Comparison of Reference Angles according to the Gender

Reference angles Male (n=38) Female (n=12) Total (n=50)

A-TEA and S-TEA 3.92+0.81° 3.87+1.16° 3.91+0.90° 0.735
A-TEA and rPCA 6.37+1.29° 6.23+0.99° 6.34+1.23° 0.488
S-TEA and rPCA 2.45+1.53° 2.36+1.65° 2.43+1.56° 0.727
AP axis and A-TEA 90.24+1.48° 90.02+1.97° 90.19+1.61° 0.430
AP axis and rPCA 96.61+1.79° 96.26+1.71° 96.52+1.77° 0.232

rPCA, real posterior condylar axis; A-TEA, anatomical transepicondylar axis; S-TEA, surgical transepicondylar axis; AP axis, anteroposterior axis
(Whiteside’s line).
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Distal Femoral Rotational Alignment Based on Mechanical
Axis of the Femur: A 3-Dimensional Computed Tomographic
Scan in Vivo Assessment

Kwang Kyoun Kim, M.D., Woo Suk Lee, M.D.*, Youn Moo Heo, M.D.,
Jin Woong Yi, M.D., Jung Bum Lee, M.D., and Dong Sik Chae, M.D.
Department of Orthopedic Surgery, Konyang University College of Medicine, Daejeon, *Yonsei University College of Medicine, Seoul, Korea

Purpose: To measure and to analyze the relationships among the rotational axes of the distal femoral region by means of
3-dimensional (3D) computed tomographic (CT) images taken perpendicularly to the mechanical axis and a 3D rendering program.
Materials and Methods: Fifty cases involving the lower extremity were included in this study, which used 3D computed
tomographic angiograms. CT images of the perpendicular cross-sections to the mechanical axis of the femur were obtained by
processing 3D recombinant images using Aquaris NET®. The following anatomical angles were obtained from axial imaging using the
3D reconstructed bone model: transepicondylar axis, surgical transepicondylar axis, anteroposterior axis, and real posterior condylar
axis.

Results: In the tomographic images, the angles to the real posterior condylar axis formed by the anatomical femoral transepicondylar
axis, the anatomical femoral transepicondylar axis, and the anteroposterior axis were 6.34+1.23°, 2.43+1.56°, and 96.52+1.77°,
respectively. The angles to the anatomical femoral transepicondylar axis formed by the anteroposterior axis and the surgical femoral
transepicondylar axis were 90.19+1.61° and 3.91+0.90°, respectively. In the recombinant 3D femur model, the angles to the real
posterior condylar axis formed by the anatomical femoral transepicondylar axis and the anteroposterior axis were 6.29+1.86°, and
93.33+3.76°, respectively. And, the angle for anteroposterior axis from anatomical transepicondylar axis was 87.04+4.11°.
Conclusion: The method of measuring the rotational axes of the distal femur using the CT image taken perpendicularly to the
mechanical axis is considered reproducible. In particular, the measurement method using the anatomical transepicondylar axis is
more accurate than that using the anteroposterior axis.

Key words: total knee arthroplasty, anatomical transepicondylar axis, surgical transepicondylar axis, Whiteside's line, posterior
condylar axis
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