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Abstract—Fluoroscopic x-ray is an essential tool for orthopedic 
surgery, especially, Close Intramedullary Nailing Operation. 
Close intramedullary nailing is a very efficiency technique for 
treatment the long bone fracture. In this technique, surgeon is 
required to insert an intramedullary nail into the medullary 
canal to stabilize the fractured bone. The most difficult task for 
the surgeon is to identify two screwing holes at the distal 
location of the nail. In conventional method, surgeon requires a 
lot of fluoroscopic exposures to recover distal interlocking 
holes. Therefore, both of surgeon and patient continually 
absorb an irradiation that is harmful for their long term 
health. 
 This paper presents a system for fluoroscopic 
navigation in close intramedullary nailing. The systems are 
integrated with three sub-systems: 1) A recovery of distal 
interlocking holes system for locating distal interlocking holes. 
2) An optical tracking system for registering an x-ray image 
coordinate into the world coordinate. 3) A surgical guiding 
robot system for guiding a position and orientation of distal 
interlocking holes using robot guidance.  

Keywords-Intramedullary nailing; Fluoroscopic Navigation; 
Navigation System; Robot-Assisted Surgery; Computer-
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I.  INTRODUCTION  
 Engineering and healthcare have been an important 
part of human life. Recently, engineering has paid more 
influence to several healthcare procedures. Computer-
Integrated Surgery (CIS) and Robot-Assisted Surgery 
(RAS) play important roles in numerous medical operations. 
An important section of CIS/RAS is “medical navigation” 
which involves surgical planning and guiding in pre- and 
intra-operative procedures. 
 Orthopedic surgery is one of the most common 
operations in hospitals. Closed intramedullary nailing 
(Closed Nailing) is a frequent orthopedic treatment for 
fixing a long bone’s fractures. This technique requires the 
surgeon to insert an intramedullary nail into the bone canal 
of the fractured long bone, such as, femur, tibia and 
humorous, after bone-fixing process. The intramedullary 
nail is used as an internal structure to hold the fractures 
together in their proper shapes. Closed Nailing is a 
minimally invasive surgery (MIS) which requires only a few 
small incisions during its process. That can prevent an 
infection at wound area and a bone can be healed by 
conventional healing process. Since surgeon inserted a nail 
into a bone completely. Surgeon proceeds to the 

interlocking process. This process Surgeon needs to drill a 
bone and interlock by insert two screws into proximal and 
distal holes of intramedullary nail. At the proximal 
interlocking hole is easy to locate because a surgeon can use 
a mechanical mounted targeting device to aim that proximal 
hole. However, the most difficult task of this process is to 
locate position and orientation of distal interlocking holes. 
The two major causes of the difficulty of distal locking are: 
1) C-arm image is two-dimensional image but the bone 
drilling trajectory needs to guide in three-dimensions. 
Therefore, a large number of C-arm images are required to 
target a bone drilling trajectory. That requires many time 
and x-ray radiation in the operation. 2) Intramedullary nail 
is deformed by external force and toques [1] during the 
insertion that changes a shape and position of distal holes in 
nail. Then an external mechanical guide cannot be used to 
target a drilling trajectory. In conventional method surgeon 
uses Fluoroscopic X-ray (C-arm) images to locate and 
identify the position and orientation of a distal locking hole 
of intramedullary nail.  A surgeon uses trial and error to 
adjust C-arm into right position that is perpendicular with 
distal holes axis and makes distal holes appear perfectly 
circular shape on the screen. Therefore, a large number of 
X-ray images are required. The effect of X-ray radiation 
harms to both of surgeon and patient in long term health. 
The overall of radiation exposure time in close 
intramedullary nailing operation varies from 3 minute to 30 
minute with 31%-51% of the overall radiation being from 
distal locking only depend on the patient anatomy and the 
surgeon’s skill [2].  

Many devices and techniques [3] have been developed 
to overcome these difficulties. For example, nail mounted 
targeting device, image intensifier mounted targeting 
device, self locking nailing system, stereo fluoroscopy and 
computer navigation system. However, these devices and 
techniques have several disadvantages. For example, these 
devices are lack of versatility and user-interface. These are 
also not easy to use. 

 The concept of the proposed approach is to integrate 
systems including image processing system to locate 
position and orientation of distal interlocking holes, tracking 
and matching coordinate system and guidance system. The 
integrated system used for generating a navigation trajectory 
path of distal locking holes drilling axis.  
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Figure 3.  The images after applied canny edge dec
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Figure 5.  A design of robot-guidan
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Figure 6.  (a) a prototype of robot guidance. (b) a se
drilling tool. 
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