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Abstract : Recently, a dynamic flat panel detector (FPD) system is appeared as a new digital X-ray modality,
and makes it possible to provide dynamic X-ray images for a screening examination of knee function. Knee joint
incongruity and osteoarthritis may be diagnosed as the screening examination. We developed a computer analysis
method for knee joint movement with using the dynamic FPD. On lateral view of knee joint X-ray images, a
movement of the lateral condyle of femur during flexion and extension movement is important in clinical practice,
and a relationship between the movement of the lateral condyle of femur and knee joint angles during the
movement is also important. We obtained 30 images of five healthy volunteers at 10 seconds during the knee-
bending movement. An outline of the lateral condyle of femur were enhanced by the Sobel operator, which
selected edge gradients within a limited range of orientations, and then detected by Binarization and the Template
matching technique. The knee joint angles were automatically calculated by techniques such as the Sobel operator,
and the Hough transform. It concludes that a possibility of computer analysis for a knee joint movement with the
dynamic FPD as a new examination was indicated.
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Fig. 1 The anatomy of knee joint
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Table 1 Types of the lateral condyle of femur on 60 X-ray images.

[ Maximum | Minimum Mean+ SD

Vertical size 150 69 125+22.7

L_” ‘Horizontal size 319 131 222+33.8
(Pixel)
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Table 2 Details of 4 type’s template.
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| Detection of the lateral condyle of femur }

Fig. 2 Flowchart for the detection of the lateral condyle
of femur
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Type 1 Type 2 Type 3 ] Type 4
 Vertical size 80 120 160 200
Horizontal size 140 180 220 260
(Pixel)
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Toh. KETIE, KRENETIRO T v VAR
(ZHHAR S L5 -180° <0<25° ZIFH L7-.

FKIZ, FrTFL—bwvFr okt — %
DEEDIHIZ, BFEEESTEROT v VR
Tl LA, ZOMBIE, MEERTE L%\ Sobe
BIfEEBRLTITo7/. bbb, X#HAFPDIZ
R AST S B MO SRR & IEE R B 2
ZEERFIF LR, FORBEL, EELICIERED
=N EERSE, I—FNO—HIIETLE
7LD, HEMEDTOHBEIE, 20H—F0
0T 2HETHL, -

DHFLEDE 7 %

(c)
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The steps of the detection of the lateral condyle
of femur (a) Original Image, (b) Edge-
enhanced image by the Sobel operator, {(c)
Edge-removed images of the skin and patella
edges, (d) Edge-enhanced image by the Sobel
operator with a limited orientation, (e) Binalized
image, (f) Template matched image
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Fig. 4 Flowchart for the automated calculation of the
knee joint angle
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Images of Hough transform (a) Original Image, (b) Hough transform of the edge-enhanced image in Fig. 3 (d),

(a) Detected 2 straight line of the femur and the tibia on the image
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Table 3 Table of success rate of detecting the lateral condyle of femur using the template matching technique.

T Case ) Earse_lw B Case 2 Case 3 Case 4 B Case 5 | Meemii ﬂ)
Success 30/30 26/30 24/30 18/30 17/30 115/150
| Images/30 _ B
% 100% 86.7% 86.7% 60% 56.7% 76.8% £ 18.3
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Fig. 6 The movement track of the lateral condyle of
femur during extension. The graph starts from 0
that means the first image of dynamic images.
(a) The straight line shows automatic detected
points. (b) The dotted line shows manual
detected points. (area A) The area A indicates
that the first movement of the lateral condyle of
femur roughly drew an arched line. (area B)
The area B indicates that the latter movement
of the lateral condyle of femur roughly drew
accumulated area.
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Fig. 7 The graph shows that the relationship between
the absolute value distance of the movement

track of the lateral condyle of femur during
extension and knee joint angles.
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