
 

 

 

  

Abstract—Femoral fixation surgery is usually operated in 
case of hip fracture problem resulting from fall or injury. 
Traditionally, this kind of surgery may involve optical 
navigation system to help the surgeons to detect the precise and 
progress of operation might not be real-time processed and give 
patients unwanted radioactivity. Inertial Measurement Unit 
(IMU) sensors possess very high sensitivity and tiny size, which, 
compared to optical ones, could be used during tracking and 
navigating more efficiently. This paper proposes a novel method 
to detect the drilling process during the surgery using combined 
IMU and acoustic sensors. Data fusion and drilling pattern 
recognition algorithms are used for subsequent detection.  

I. INTRODUCTION 

Most elderly people will face the problem of osteoporosis 
[1], in which bone density is depressed, contributing to a more 
fragile structure of femur bones. Statistic data [2] also showed 
that one-third of the elderly over 65 age old experienced 
accidental falls within a year. The delicate femurs may add the 
severeness of fall, and cause internal bleeding and swelling as 
well.  

In real clinical practice, optical tracking systems are 
involved in terms of this kind of fracture, like C-arm X-ray 
machines. While CT image could provide direct indication, it 
also has several drawbacks, first of which is that it’s 
radioactive. What’s more, C-arm apparatus is usually 
space-occupying, which needs more nurses to handle and 
limits surgeons’ moving area.  

Nowadays, IMU is widely used in consumer electronics to 
measure an objective’s velocity, orientation, and gravitational 
forces, using a combination of accelerometers and gyroscopes, 
sometimes also magnetometers. It has already used in some 
daily activities measurement while there is no application for 
IMU to be utilized in hip fracture surgery. Since its integrated 
tiny size and high sensitivity, IMU would provide real-time 
and efficient feedback of this drilling process when placed on 
appropriate locations during the surgery. 
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II. EXPERIMENTAL SET-UP 
The bone consists of osseous substance, periosteum and 

bone marrow. For osseous substance, it can usually be 
subdivided into compact substance outside and spongy 
substance inside the bone. Since these two materials have 
different density and structure, when drilled in, vibration and 
acoustic signals would show different waveform patterns, 
which could be considered to distinguish the procedure and 
identify the drilling depth. 

In our experimental set-up, InvenSense MPU-6050 is 
chosen as IMU chip, which is embedded with Arduino Uno 
motherboard. To increase the accuracy, we also add electret 
microphone chip, TI Opa344 to help monitor the process from 
acoustic view. Basic structure is shown in Fig. 1. Specific 
surgical drill will be used with Kirschner wires and the pin for 
fixing the fractures are 1.6mm or 2.5mm while 3.5mm for drill 
femoral neck. In our preliminary setup, a home used Bosch 
GSR 1080-Li cordless drill is utilized and the diameter chosen 
to drill and fix is 3.5mm. Six axes signals collected when drill 
the bone model in half way are shown in Fig. 2. 

 
Fig. 1 Bone drill experiment setup 

 
Fig. 2 Waveforms in six axes when drilling half path of bone model 
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