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GENERAL MECHANICS
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ABSTRACT: This paper represents the development of a prototype robotic

system for automatic bone drilling in orthopaedic surgery. A new design of

the mechanical structure is proposed, answering the surgical requirements for

the robot dimensions and weight to be as small as possible. The new structure

design is based on idea of parallelism of the axis of the linear actuator and the

axis of the rotary one. The control system is improved by using a new micro-

controller. A new type of linear drive and a new force sensor (load cell) are built

in, so that the quality characteristics of the “Orthopaedic bone Drilling Robot”

(ODRO) are not only the same as previous its two versions, but becomes better.

An experimental setup is arranged and experiments are executed to test and to

verify the robot quality features and functional capabilities.
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1. INTRODUCTION

The drilling of bones is one of the most important manipulations in the orthopaedic

surgery. Spine column pedicle, hip head arthroplasty, various type of femur fractures

are some examples, where such a manipulation take place and orthopaedic screws

are implanted in the bones after drilling. This operation is executed relying on the

subjective factor or simply saying – the surgeon’s skills, i. e. handily. That’s a reason

for appearance of some problems reflecting to the operation quality, as precision and
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— going back to reference position: after 1152 CP.

The total drilling time is about 35 s. The drill bit penetration outside the far cortex

is about 1 mm, or less. The final result of the bicortical drilling is shown in Fig. 7, in

which the drill bit is moved further to illustrate the penetration of the far cortex.

The speed reduction to 1 mm/s at the drilling end allows forming the breakthrough

very precisely, without bone debris. The surgeon is responsible for the orientation of

the drill-bit, as well as he is responsible for the abutment of the hand-held robot on

the bone.

   

± going back to Reference Position: after 1152 CP. 
 

The total drilling time is about 35 s. The drill bit 

penetration outside the far cortex is about 1 mm, or less, as it 

is shown in Fig. 7. 

The speed reduction to 1 mm/s at the drilling end 

allows forming the breakthrough very precisely, without bone 

debris. The surgeon is responsible for the orientation of the drill-

bit, as well as he is responsible for the abutment of the hand-held 

robot on the bone. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 7. The final snapshot of the experiment where a minimal 
penetration after the breakthrough is realized and, therefore, 
the soft tissue will not be damaged. The drill bit edge can be 
seen after additional force applying handily 

 
5. Drilling execution, measurement and display information 

 
The thrust force control during the drilling process is 

performed by translation motion control.  It is realized by 

setting the concrete values of specific controller parameters, 

which define the maximal translation speed, maximal 

acceleration and target position in correspondence of the 

current position. 

The drilling is executed very slowly, first 1 mm with 0.5 

mm/s speed, after the contact registration with the bone. This 

way, a µcenter¶ is formed to eliminate the drill bit slide on 

the bone. That is important, because the drill bit is usually 

Fig. 7. The final snapshot of the experiment. The drill bit edge can be seen after additional

force applying handily.

5. DRILLING EXECUTION, MEASUREMENT AND DISPLAY INFORMATION

The thrust force control during the drilling process is performed by translation motion

control. It is realized by setting the concrete values of specific controller parameters,

which define the maximal translation speed, maximal acceleration and target position

in correspondence of the current position.

The drilling is executed very slowly, first 1 mm with 0.5 mm/s speed, after the

contact registration with the bone. This way, a ‘center’ is formed to eliminate the

drill bit slide on the bone. That is important, because the drill bit is usually not

perpendicular to the bone surface. The next 1 mm is drilling with 2 mm/s and identi-

fication is performed for the concrete object under manipulation. The result is a value

characterizing the bone density. Algorithm, for target position calculation, is created

in dependence of arising resistant force. Its purpose is minimizing the difference be-

tween identified resistant force and the actual resistant force, measured by the force

sensor.

The robot works only when the surgeon keeps the start button pressed. Any mo-

tion stops immediately, if the button is released. When the button is pressed again,
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hole appears online on the display. The measurement in the concrete case is per-

formed with 0.1 mm accuracy. Moreover, the system capability is higher – 4932

motor steps/mm. But, from practical view point (except the spine column operation

[19]), the existing accuracy is enough, because the screw length possesses steps of

2 mm. The information in Fig. 8 is also important, in the sense of optimal choosing

the implant screw length.

6. CONCLUSION

The work presents new prototype of the medical bone drilling robot in the orthopaedic

surgery – ODRO-2. The new mechanical structure design characterizes by parallel

drives axes, instead of co-linear ones. It shortens the length of ODRO by one third,

keeping in the same time all the functional characteristics. The last are verified by

experiments which are comprised with the previous robot’s (ODRO) behaviour.

Moreover, a new load cell is incorporated in the control block, which character-

istics are better than the previous one. That reflects to less signal noise and better

signal processing and better control, respectively.

Answering the surgeon’s requirements for less robot weight, the later optimization

is planned to make the corpse and other metal components by titanium alloy, which

will reduce the weight by 40%.

Concluding, the robot ODRO-2 is a more modern version having totally differ-

ent concept, comprising with the previous one. It makes the automatic bone drilling

machine more user-friendly, being in the same time a perfect assistant in orthopaedic

surgery for solving various tasks in practice, which are difficult to be performed hand-

ily.
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