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Abstract 
Orthopaedic surgery is one of the first fields where robotic tools have been used and 

currently their use is growing thanks to the benefits and advantages of robotics. During 
the last two decades several robotic devices characterized by high accuracy during both 
the preoperative and intraoperative phases have been developed. The success of the 
rehabilitation treatment, which is complementary to the surgical phase, is crucial to the 
complete recovery of functions: however although computer-assisted navigation is 
more precise than the conventional techniques, it is still subject to errors. The aim of 
this study is to present an integrated approach, named "Precision Orthopaedic Surgery - 
Precision Orthopaedic Rehabilitation" (POS-POR), based on new applications for 
orthopaedic trauma treatment and rehabilitation. 

1 Introduction 
Bone fractures represent rather common injuries often requiring surgical treatments. Orthopaedic 

surgery is one of the first fields where robotic tools have been used and currently their use is growing 
thanks to the benefits and advantages of robotics (Lang JE, 2011).  

Surgical phases, such as the placement on an implant, the reduction of fracture and the cutting or 
drilling of bone, should be carried out in a very accurate way: the misalignment of the fracture 
segments is probably the most significant disadvantage because of its high impact on the process of 
the fracture repair, e.g., development of infections and incomplete recovery of functions.  
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Optimal axis alignment correlates with less pain, better knee range of motion, faster rehabilitation, 
and improved quality of life for patients (Longstaff LM, 2009). 

During the last two decades several robotic devices characterized by high accuracy during both the 
preoperative and intraoperative phases have been developed (Amiot LP, 1995). Currently the 
scientific literature on the management of long bone fractures shows several studies based on 
computer-assisted surgical procedures (Matcuk GR, 2016).  

The success of the rehabilitation treatment, which is complementary to the surgical phase, is 
crucial to the complete recovery of functions: however although computer-assisted navigation is more 
precise than the conventional techniques, it is still subject to errors (Mavrogenis AF, 2013).  

The aim of this study is to present an integrated approach based on new applications for 
orthopaedic trauma treatment and rehabilitation. 

 

2  Material and Methods 
The integrated approach that we are proposing aims to provide a continuity of care from hospital 

admission to social and work re-entry and it is based on the following phases (Figure 1):  
• pre-operative planning based on i) clinical evaluation, ii) multimodal sensor data acquisition and 

processing and c) an accurate biomechanical model of the joint(s)/segment(s) to be treated; 
• surgical treatment (even using robotic devices); 
• intra-operative assessment using high-quality online 2D and 3D images; 

 
Figure 1: Scheme of the "Precision Orthopaedic  Surgery - Precision   Orthopaedic 
Rehabilitation"  integrated approach 

Precision Orthopaedic Surgery and Precision Orthopaedic Rehabilitation: a Novel .. P. Dario et al.

245



• post-operative assessment (using mechanical, ultrasound, electromagnetic, optical 
techniques,…), where pre-operative data acquisition and processing provide additional inputs; 

• precision rehabilitation, where a planning phase based on the outputs of the previous phase 
provides data and information needed during the hospital rehabilitation (using conventional and robot-
assisted treatments). 

The functional recovery assessment and the subsequent planning are fundamental for the delivery 
of home-based rehabilitation treatments where serious games and apps can be used for remote 
monitoring of motor performance. The entire process is intended to lead to an optimal functional 
recovery and to increase the quality of life of patients. 

The name of such integrated approach is "Precision Orthopaedic Surgery - Precision Orthopaedic 
Rehabilitation" (POS-POR). 

 

3 Results 
The success of the entire process depends heavily on the success of each of the phases. 

Nonetheless, one crucial aspect is represented by the biomechanical data recorded during the surgical 
treatment phase representing essential inputs to the musculoskeletal model to be used during the 
robot-assisted hospital rehabilitation (Figure 2).  

The case of long bones fracture treatment represents an example where the presented integrated 
approach can provide relevant clinical outcomes. 

Markers can be used to monitor the distance (d) of distal segments of the bone. This parameter 
along with the orientation angles around the x-, y- and z-axis (θ, φ, ψ, respectively) and the reaction 

 
Figure 2: From orthopaedic surgical intervention to 
orthopaedic rehabilitation. 
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forces to external perturbations (FT) represent some of the inputs to the musculoskeletal model whose 
outputs feed the adaptive control scheme of the robotic system (e.g., impedance-based control 
strategy).  

The motion and the forces exerted by the patient who dynamically interacts with the robot during 
the rehabilitation session represent other inputs to the adaptive control scheme of the robotic system. 

4 Discussion 
The proposed POS-POR integrated approach may provide potential advantages to the achievement 

of optimal functional recovery that represents the final objective of the entire surgical and 
rehabilitation orthopaedic process.  

Indeed as a consequence of such approach the quality of life of patients who need surgical 
interventions due to orthopaedic injuries and trauma may increase.  

The potential advantages of the application of the POS-POR approach may have an impact in 
terms of healthcare costs and resources optimization as well. The future works will be focused on the 
identification of specific clinical cases to be investigated for a validation of the POS-POR approach. 
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