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Purpose: We wanted to measure the femoral neck anteversion (FNA) anglesusing a 3D CT scan that perpendicularly

cut the mechanical axis of the femur and to assess the accuracy and reproducibility of different measuring methods.

Materials and Methods: We obtained 95 cases of 3D CT images of the cross-section perpendicular to the
mechanical axis of the femur. The methods used to measure the FNA angles included a method using the CT image
of the area where the femoral neck is confluent to the greater trochanter (method 1), a method using the CT image
taken from the neck base immediately prior to the beginning of the area of the lesser trochanter (method 2) and a

method by which measurements are made after putting 3D bone models on a horizontal plane in virtual space

(method 3). The reference axes of the distal femur we used were the anatomical transepicondylar axis, the surgical

transepicondylar axis and the real posterior condylar axis.

Results: The FNA angles measured by method 1 were 4.79+6.41° to the anatomical transepicondylar axis (ATEA),
6.09+6.58" to the surgical transepicondylar axis (STEA) and 7.966.81° to the real posterior condylar axis (rPCA).
The FNA angles measured by method 2 were 16.01+8.31° to the ATEA, 19.52+8.38" to the STEA and 21.79+
8.52° to the rPCA. The FNA angles measured by method 3 were 20.15+12.89° to the rPCA.

Conclusion: The measurement of the FNA angle using a 3D CT scan perpendicular to the mechanical axis is
reproducible. The measurement method on the neck base level is more reliable than the one on the proximal neck
confluence, and more similar to the measurement method by classic definition.
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Fig. 2. The intercondylar notch center was defined as the
middle of the line connecting the narrowest anterior-to-
posterior borders on an axial section.
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Fig. 1. The position of femoral head center was determined by placing a circle onto the circumference of the femora head on a set of
(A) axial and (B) coronal section views, showing the largest bone contour of the femoral head.
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Fig. 3. (A) Femora neck axis of method 1 was drawn femoral neck center using of CT image on proximal-most neck confluence
dlice level and superimposed femoral head center. (B) Femoral neck axis of method 2 was drawn using the center of the base
of the femoral neck and superimposed femoral head center.

Superimposed femoral neck axis

i Anatomical transepicondylar axis

Surgical fransepicondylar axis

Posterior cond

Real posterior condylar axis

Fig. 4. Posterior condylar line is the tangent of the posterior femoral condyles, the Anatomical Trans Epicondylar Axis (TEA)
connects the medial to the lateral epicondyle, the Surgical TEA connects the Media sulcus to the lateral epicondyle.
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Fig. 6. Femoral neck axis of method 3 was measured on 3D
bone model. On the top table position, the 3D bone A 1
model aligned to the mechanical axis. femoral neck
axis was defined by the line drawn using femoral head

center and the center of the middle of the line T 18 SA diE A7 siF-ehA Azt Sl
connecting the narrowest anterosuperior and e A 4.79+£6.41° (-18.4-26.37), &4 A7t 2o
posteroinferior border of the neck. A 6.09+6.58° (-16.7-28.5°), AA| F7t Zof A

Real posterior condylar axis

Fig. 5. Real posterior condylar axis was drawn. (A, B) As the most lateral posterior condyle and the most media posterior condyle
did not exist on same plane, (C) rea posterior condylar axis was drawn on the most media posterior condylar plane by
superimposing the most lateral posterior condyle to the medial plane. MAPC: media apex of posterior condyle, LAPC:
lateral apex of posterior condyle.

Table 1. Results of Femoral Neck Anteversion* Measured by Method 1, 2 and 3(°)
Method 1 Method 2 Method 3

Reference

Axis A-TEA" STEA® rPCA* A-TEA STEA rPCA rPCA

Obsl1-1¢ 3.24+7.69 6.38+-7.37 8.49+8.04 16.24+8.48 0.00+8.48 22.07+8.62 20.31+12.90
Obs1-2m 3.69+7.51 6.067.89 8.69+8.10 16.43+8.28 0.18+8.13 22.14+8.78 20.13+13.10
Obs2-1¢ 6.01+4.65 5.42+4.07 7.46+5.31 16.47+8.10 8.97+8.77 22.28+8.37 20.36+12.81
Obs2-2m 6.204.61 6.30+4.51 7.20+5.18 14.92+8.40 9.08+8.14 20.66+8.36 19.78+12.60
Total 4.79+6.41 6.09+6.58 7.96+6.81 16.01+8.31 9.52+8.38 21.79+8.52 20.15+12.89

*Values are means* SD, 'A-TEA; anatomical transepicondylar axis, *S-TEA; surgical transepicondylar axis,
‘rPCA,; real posterior condylar axis
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Table 2. Intraobserver and Interobserver Mean Error and Comparison of Method 1, 2 and 3(°)

Method Measuring Point Comparison Obs*-trial Obs-trial Mean Error+=SD P-value
Method 1 A-TEA Intraobs.’ Obs1-1% Obsl-2v 12+16 0.868
Obs2-1¢ Obs2-2+ 1.8+22 0.994

Interobs.” Obsl Obs2 23+32 0.987

STEA Intraobs. Obs1-1% Obsl-2+ 17+£15 1.000

Obs2-1¢ Obs2-2+ 13+14 0.917

Interobs. Obsl Obs2 23%4.2 0.091

rPCA Intraobs. Obs1-1% Obsl-2+ 0.8+15 0.985

Obs2-1¢ Obs2-2+ 14+28 0.800

Interobs. Obsl Obs2 1.6+37 0.321

Method 2 A-TEA Intraobs. Obs1-1% Obsl-2+ 14+17 0.999
Obs2-1¢ Obs2-2+ 19+21 0.573

Interobs. Obsl Obs2 21+36 0.998

STEA Intraobs. Obs1-1% Obsl-2+ 2.0£4.2 0.999

Obs2-1¢ Obs2-2+ 1.8+43 1.000

Interobs. Obsl Obs2 22+48 0.916

rPCA Intraobs. Obsl-1¢ Obs1-2 15+39 1.000

Obs2-1¢ Obs2-2+ 1.2+35 0.559

Interobs. Obsl Obs2 0.9+27 0.998

Method 3 rPCA Intraobs. Obsl-1¢ Obsl-2v 1.8+4.1 0.997
Obs2-1¢ Obs2-2+ 14+38 1.000

Interobs. Obsl Obs2 21+46 0.414

*QObs; observer, + Intraobs ; intrachserver, # Interobs ; interobserver

Table 3. Comparison of Femoral Neck Anteversion* Obtained by referencing rPCA with Those of Measuring Method(®)

Method 3 P-value
Method1 7.96+6.81 20.15+ 12.89 0.000
Method?2 21.79+8.52 T 0.621
*Values are means= SD
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