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Normal Lower Extremity Alignment
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Abstract

This study is performed to evaluate lower extremity alignment by a three-dimensional method using
computed radiography, and the biomechanical characteristics of normal knee is also discussed. In a
diagnosis of the lower extremity, an X-ray image of the anteroposterior view of the whole lower
extremity is ordinarily used. However, this view is unfeasible for detecting rotational or torsional
parameters for lower extremity alignment and in addition, measurement values are influenced by the
posture of the lower extremity. In diagnosing and probing the biomechanical characteristics of normal
knee, it is necessary to evaluate and analyze the lower extremity in a three-dimensional system not
affected by the posture of the lower extremity. In addition, it is important to detect the rotational
parameters in a standing position. A three-dimensional lower extremity alignment analysis system
using anteroposterior and 60-degree oblique computed radiography images in a standing position was
developed, and the established anatomical coordinate systems and clinical assessment parameters were
defined for comparison of individual data.

Assessments were made of the lower extremity alignment of sixty-seven volunteers in the adult group
including thirty-four males and thirty-three females.

The following characteristics were quantitatively demonstrated in the normal group; the femur and
tibia showed anterior shaft bowing, mainly. The femoro-tibial angle was from 175 to 178 degrees, and
the knee flexion angle was from 5 to 7 degrees, The medial knee joint-space inclination was narrower 1
degree than lateral one. The mechanicalv axis passed through the medial-anterior of the tibial plateau.

The femoral anteversion angle was from 24 to 31 degrees, the knee rotation angle was from 14 to 19
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degrees of external rotation, and the tibial torsion angle was 7 degrees of external rotation.
In the present study, the biomechanical characteristics of a normal knee was demonstrated in three

dimensions.
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1 Measurement setup.
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Plane marker

X2 Long cassette holder with frame markers.
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X4a: AP view. X4b: 60 degrees
: oblique view.

" 4 Detection of the shaft axis.

Postver‘ior tibial condyle line (y)
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S Direction of the X-ray projection

X5a: AP view. [XI5b: 60 degrees [X|5¢: Tibial plateau.
oblique view.

X5 Anatomical coordinate systems.
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G Direction of the X-ray projection
‘@ Passing point of mechanical axis

X7 Passing point of mechanical axis.
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MRS & B PR
Male Female Unpaired ttest
(n=34) (n=33) p value
Femur
Bowing rate (%) 3.06t0.64 3.6410.82 p<0.01
Anterior bowing rate (%) 2.971+0.64 3.53+0.75 p<0.01
Lateral bowing rate (%) -0.081+0.97 0.49+1.08 p<0.05
Maximum bowing point (%) 47.78+7.33 45.40t7.49 ns
Tibia .
Bowing rate (%) 1.8540.73 1.8110.61 ns
Anterior bowing rate (%) 1.78%+0.74 1.64%0.75 ns
Lateral bowing rate (%) -0.13+0.48 -0.28+0.58 ns
Maximum bowing point (%) 52.9216.88 53.30+10.31 ns
FTA (shaft length) 80% (deg.) 177.03%+2.69 175.46£2.42 p<0.05
60% (deg.) 177.83+2.74 176.081+2.50 p<0.01
40% (deg.) 177.84+2.85 176.161+2.66 p<0.05
Knee joint-extension angle (deg.) -6.841+4.83 -4.4913.65 p<0.05
Passing point of mechanical axis
Medial-lateral (%) -24.0971+20.36 -19.331+25.34 ns
Anterior-posterior (%) 25.22+54.85 57.03+44.91 p<0.05
Knee joint-space inclination (deg.) -0.99t2.64 -0.99+2.94 ns
Femoral anteversion angle (deg.) 23.72+11.27 31.37+£14.03 p<0.05
Knee rotation angle (deg.) 14.3549.48 19.2716.41 p<0.05
Tibial torsion angle (deg.) 7.811£9.20 7.83%7.90 ns

F*1

Lower extremity alignment data:
female subjects.
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K12 Comparison of femoral shaft bowing between normal male subjects and normal female

subjects.

M: normal male subjects (n = 34), F: normal female subjects (n = 33). *p<0.05,

#4p<0.01.
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[Xj13 Comparison of tibial shaft bowing between normal male subjects and normal female

subjects.

M: normal male subjects (n = 34), F: normal female subjects (n = 33).
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X114 Comparison of femoro-tibial angle (FTA), knee joint-extension angle between normal
male subjects and normal female subjects.
M: normal male subjects (n = 34), F: normal female subjects (n = 33). *p<0.05, **p<0.01.
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15 Comparison of passing point of mechanical axis on tibial plateau between normal male
subjects and normal female subjects.

M: normal male subjects (n = 34), F: normal female subjects (n = 33). *p<0.05.
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[X[16 Comparison of knee joint-space inclination, femoral anteversion angle between normal
male subjects and normal female subjects.

M: normal male subjects (n = 34), F: normal female subjects (n = 33). *p<0.05.
(a) Knee joint-space inclination
(b) Femoral anteversion angle
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- 17 Comparison of knee rotation angle, tibial torsion angle between normal male subjects
and normal female subjects.

M: normal male subjects (n = 34), F: normal female subjects (n = 33). *p<0.05.

(a) Knee rotation angle

(b) Tibial torsion angle
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