
Computer and Robot Assisted Total Knee Replacement (TKR) 
Total Knee Replacement (TKR) has greatly benefited from progresses in prosthesis design, 
biomaterial, and technical improvements of the surgical instrumentation. At present failures are 
mainly attributed to mistakes in the surgical technique, such as insufficient bone prosthesis contact, 
inaccurate positioning, incorrect limb alignment or ligaments balance, which can produce functional 
problems, loosening or abnormal polyethylene wear. We have proposed a new approach to total 
knee replacement, able to improve the accuracy and reliability of the intervention by the use of 
modern computer techniques for preoperative simulations and of a dedicated robot for assisting the 
execution of bone resections. 
The intervention is planned on a standard PC with a dedicated software, which shows to the surgeon 
the limb alignment and the knee state from CT scans of the patient. 

The computer planning assists the surgeon to choose the ideal limb alignment and the optimal 
position/orientation of the two prosthetic components providing automatic computations and asking 
the interactive definition of the most typical anatomical features of the limb (the hip, knee and ankle 
centers, the knee articular line, the hip retroversion) and can be used to simulate different surgical 
strategies pre-operatively. 

                                          

 
Once the surgical strategy is accepted by the surgeon the robot assisted TKR is performed with the 
knee flexed at 90° in a special thigh-holding device, adapting Orthofix external fixator to this task. 
The knee joint is sterilised and exposed as usual, then the surgeon uses an electronic sensor (FARO 
Arm) to digitise the shape of femoral condyles and of the proximal tibia, and a computer program, 
based on ICP algorithm, computes the transformation between the intraoperative knee position and 
the one during the pre-operative CT examination. This registration step is performed in real time 
and no introdues trauma and does not require any additional surgical exposure. Bone resections for 
a press-fit implant are then realised by the surgeon, holding a MIDAS milling machine on a plane-
guide firmly grasped by the robot in the planned location. 

                                                           
The procedure has been analysed in in-vitro experiments on phantoms and mocks, in order to 



analyse the inaccuracy of each step of the procedure and the ergonomy of the different phases. 
Moreover tests on clinical cases have been performed using the planning software to simulate the 
interventions and compare the results with the classical approach, and to develop a surgical protocol 
to perform the intraoperative registration and use the new electronic and robotic equipment in the 
operating room. 
Our results show that the average difference between the planned implant and the one realised with 
the robot assisted technique is less than 2 mm/2°, that the intraoperative time of this technique is for 
the moment comparable with the classical intervention, the use of the equipment is simpler than the 
use of the classical instrumentation and the classical intraoperative decisions are moved to the 
computer assisted phase, the flatness of the robot assisted resection is twice better than that of the 
manual executed, the bone temperature during robot assisted milling always stays below the critical 
temperature of 44 °C without any additional cooling procedure, and the cost of the prototype 
suggests the possibility to obtain clinical costs lower than present commercial systems for robot 
assisted orthopaedic interventions. 

            

After the completion of the prototype,a collaboration with ORTHOMAQUET to develop a new 
computer and robot assisted system for TKA started. 
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