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ABSTRACT   

We report an electromagnetic inductance/coil-based non-destructive method to target distal screw-holes in an 
intramedullary interlocking-nail surgical operation for fixing a long-bone fracture. The method is a radiation-free 
approach addressing the over-exposure issue of radioactivity caused by the typical X-ray-imaging approach. According 
to the method, we fabricate a targeting-system consisting of an internal inductance, external coil, guiding-mechanism, 
and driving/measurement electronics. When a voltage is applied to the internal inductance embedded in one of the distal 
screw-holes of a nail inserted in a bone, a directional magnetic flux is generated by the internal inductance due to the 
electromagnetic induction. Subsequently, the directional magnetic flux penetrates the nail and bone. When the external 
coil outside the bone scans along the axial and angular directions of the nail/bone, different amount of the generated 
magnetic flux is detected by the coil and consequently corresponding voltage response is induced in the coil due to the 
electromagnetic induction. In contrast to the magnetic flux generated and detected by the inductance and coil, 
respectively, we also investigate the reverse physics-behavior of the flux transmission (i.e., flux generated and detected 
by the coil and inductance) in order to improve the approach. Finally, by correlating the induced-voltage responses with 
the scanned axial-locations along the nail/bone, correlation curves are plotted. Through analyzing the curves, a criterion 
for predicting the location of the screw-holes of the nail is established. When compared the predicted location with the 
actual location of the screw-hole, the maximum targeting error is 2 mm for locating a screw-hole with a diameter of 5 
mm. The result shows the targeting-method is accurate, fast, and easy for the surgeons and significantly simplifies the 
existed interlocking-nail surgical procedures. 
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1. INTRODUCTION  
Nowadays, surgeons frequently use the intramedullary interlocking-nail in the surgical operation for the treatment of a 
long-bone fracture. However, surgeons have a difficulty to locate the distal screw-holes of the nail after the nail is 
inserted into the medullary canal of the long-bone. That is, the distal screw-holes cannot be observed by naked eye. To 
address this issue, surgeons utilize X-ray imaging methods to locate the screw-holes [1]. Although the X-ray imaging 
methods help surgeons locate the screw-holes accurately, patients have to suffer the over-exposure radiation. Due to this, 
a radiation-free targeting approach is needed. Recently, researches demonstrated several radiation-free approaches such 
as ultrasonic, fiber-optic, magnetic, and mechanical targeting-methods [2-12]. However, all of the approaches have 
drawbacks such as complicated, expensive, and/or inaccurate. Due to the drawbacks, researchers still search for a better 
approach. Hence, in this paper, we provide a novel electromagnetic inductance/coil-based non-destructive method which 
is a radiation-free, easy, cheap, and accurate approach. 
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successfully predicts one of the distal screw-hole. Furthermore, because the distance between each distal screw-hole is 
known when manufactured, the location of each distal screw-hole is also obtained. Finally, when we compare the 
predicted and actual locations of the distal screw-holes, as shown in figure 5(c) and 5(e), the targeting error of locating 
the screw hole with a diameter of 5 mm in design I and II is 6 mm and 2 mm, respectively. Due to this, the design II with 
a targeting error of 2 mm is accurate enough for the intramedullary interlocking-nail surgery. 
      

6. CONCLUSION 
We successfully fabricated an electromagnetic inductance/coil-based targeting system demonstrating a location-targeting 
of the distal screw-holes of a nail inside a bone for the surgical operation in intramedullary interlocking-nail surgery. 
From the approach utilized by the system, two designs for investigating the magnetic-flux transmission between the 
inductance and coil are derived in order to optimize and improve the system. Experimental results show the maximum 
targeting error is 2 mm for the location-targeting of a distal screw-hole with a diameter of 5mm. 
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