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Medical Application of the Nondestructive Ultrasonic Tests:
Diagnosis of Micro Bone Fractures using Ultrasonic C Scan Images

!
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Abstract Ulirasonic tests employing non-ionizing radiation are preferred in nondestructive examinations since they are
safe and simple in use. The same principles of the techniques have been taken as valuable tools in medical area for the
diagnoses of diseases, in other words, defects of the human body. The paper overviews the principles of the medical
diagnosis based on nondestructive ultrasonic tests, and then evaluates experimentally the clinical potential of C scan
images not popular in medicine, for detecting the micro fractures of the cortical bone. In the experiment the micro bone
fractures were created on the femurs of porks by loading three point bending forces (2 - 4 kN) with the speed of 1
mny/min, As the extent of the frachare was altered, not only X ray images but also ultrasonic C scan images using a
focused ultrasonic probe resonated at 25 MHz were obtained. The results showed that ultrasonic C scan images were
capable of detecting the micro bone fractures which were not possible to identify by conventional X ray images.
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Table 2 Typical values of the ultrasonic reflection
coefficient for normal incidence

muscle

fat -

fat — kidney
blood - muscle 0.03
fat - bone . 069
muscle - bone 0.64
kidney - liver 0.01
liver - muscle 0.02
soft tissue - waier -0.05
soft tissue - air -0.99

3.2. ARES 2| 9 oS g8 o

A EEE 2854 A% A BE A A ge
A} (echo)e] A71E QAQPoE FASHE ot
Fig. 25 A-E=8 9= 7|8 488 B9} Fig 3
A7 e Ul AZE NEE BAFT 2t (reting)
o] 434 ¥ B (sder o B9 AL 289
A-EES o83l zRHoz AvE 4 o [,

electricat

transducer
putse ’

i reflectors
/ transmitted

-y
disturbance pulse /’/ \\
J\M- T Al l - AA,L - w-l
\P 7

e gthe pulses

receivad signat

|

Fig. 2 The principle of the ulirasonic A mode display

echo

amplitude A-scan display

depth of reflector



380 3

ultrasonic
transducer

detached retina
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Fig. 3 Ultrasonic A mode signal for the case of the
detached retina from the posterior sclera
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Fig. 4 The principle for constructing ultrasonic B mode
images
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Fig. 5 Scanning pattems for making ultrasonic B mode
images. (a) linear, (b) sector, (c) compound, (d)
circular
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Fig. 6 Various ultrasonic B mode images. (a) Early
pregnancy (image courtesy of Medison SA-6000
Digital ultrasound), (b) Carotid artery (image
courtesy of Medison SA-6000 Digital ultrasonic
Scanner), (¢} lumen and walls of an LAD (left
anterior descending) artery in an adult heart
(obtained using a 30 MHz intravascular scanner)
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Fig. 7 Principle of the ultrasonic C mode image
{a) C scanning, (b) C mode image
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Fig. 8 Ultrasonic M mode display. (@) Ultrasonic M
scanning for the motion of the miral valve of
the human heart, (b) A typical M mode image
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Fig. 9 Test bone (pork femur) fracture induced by the
three point bending forces (d = 50mm, a = 6mm,
force = 2 — 4 kN with the speed of 1mmymin)

Fig. 10 A pork femur with the significant fractures
produced by the three point bending force
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(@) b ©

Fig. 12 Appareni fraciure line on the cortical bone of
the pork femur. (3) optical photograph, (b) X
ray image, (c) ultrasonic C scan image

@ (b) ©

Fig. 13 Micro fracture shown on the cortical bone of
the pork femur. (@) optical photograph, (b) X
ray image, (¢) ulirasonic C scan image

(a) (b) (c)

Fig. 14 micro fracture line on the cortical bone of the pork
femur. (a) optical photograph, (b) X ray image (not
visible), (0) utrasonic C scan image (visible)
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Fig. 15 Ultrasonic pulse echo signal reflected from (a)
the normal test bone surface and {(b) the
fractured area of the bone. (horizontal axis is
time with 0.15 #s/div, vertical axis represents
relative amplitudes)
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Fig. 16 Ultrasonic C scanning and resulting images for the cortical bone with a fracture line. (@) upper:
ultrasonic C scanning for the cortical bone without skin, low: the resulting ultrasonic C scan
image, (b) upper: ultrasonic C scanning for the cortical bone covered with the skin taken from a

rat, low: the resulting ultrasonic C scan image
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