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Introduction: Computer assisted navigation systems have developed to help surgeons improve alignment accuracy, and have been shown to reduce some alignment errors. However, navigated TKA still depends on the use of cutting blocks and oscillating jigs which could result in inferior bone resection. To further improve the accuracy of implant selection, position and alignment as well as bone resection, robotic systems for TKA have been developed. Only few data exist concerning outcomes after total knee arthroplasty (TKA) using a surgical robotic system. We conducted this study to evaluate the clinical and radiographical results in robotic-assisted implantation of TKAs with a minimum follow-up of two years.
Materials and Methods: We have studied 50 primary TKAs which were conducted using ROBODOC® system (Integrated Surgical Systems, Sacramento, CA, USA) from July 2004 September 2005. Two year follow up was then conducted. The mean duration of follow-up was 28.3 months. The study group consisted of 46 female and 4 male patients, with an average of 66.1 years (range, 37 to 84) and their BMI was 26.3 (range, 20.4 to 37.2 kg/m2). The ROBODOC( system consists of two components: the ORTHODOC( preoperative planning workstation, the ROBODOC® Surgical Assistant (surgical robot). The surgical robot receives the preoperative planning datafrom the ORTHODOC and uses that data (with surgeon assistance) to control the robot. The radiographic measurement with regard to the change of mechanical axis, and the inclination of the femoral and tibial components were assessed. Outcome was defined as “excellent” when values were within ( 2°, as “acceptable” when within ( 3°, and as “outliers” when >( 3° of optimum. Also we evaluated clinical results with the range of motion (ROM), Hospital for Special Surgery (HSS) scores, and Western Ontario and McMaster University (WOMAC) scores.
Surgical Techniques: 
Robotic TKA was carried out in two steps, i.e., CT-based preoperative planning using ORTHODOC( and robot-assisted surgery using the ROBODOC® Surgical Assistant.
A helical CT scan was obtained from 5 areas, the ankle, mid-tibia, knee,mid-femur, andthe femoral head. The operative leg was scanned in 15-20 degrees of flexion. A motion detection rod was strapped to the lateral side of the operative leg in order to monitor bone motion during the scan. The CT data obtained was then transferred to the ORTHODOC( pre-surgical planning workstation. The ORTHODOC( combines the CT data and displays three-dimensional cross-sections of the bone on a high-resolution screen. After creating a surface model of the tibia and femur, the first step in planning involves establishing femoral and tibial mechanical axes according to the anatomical centers of hip, knee, and ankle, and the bone is then aligned along these axes. The second step involves femoral component planning. Once the correct size, position, alignment, and rotation of the components have been individually set, the tibial component is added following a process similar to that of the femoral component for correct size, position, alignment and rotation. We set the position of the femoral component to allow a relatively lax flexion gap (2mm larger than the extension gap) for good postoperative flexion. After selecting the appropriate thickness liner, the virtual surgery function was used to verify component alignment versus the established mechanical axis. After confirming the correct position, transfer data containing information for the robot control unit was created and uploaded to the control unit of surgical robot.
After flexing the patient’s knee to 70-80 degrees using a special leg holder. A conventional medial parapatellar arthrotomy with patellar eversion was used to expose the knee joint. The leg was then fixed to the robot using two Steinmann and Hoffman fixation systems, 4 recovery markers and 2 bone motion monitors were installed. When the surface registration and verification processes had been completed using the robot’s DIGIMATCH™ ball probe, milling of the femur and tibia were started. Having completed the cutting, the robot was removed from the operative field. Soft tissue release was then performed. After obtaining acceptable soft tissue balance, implants were inserted manually with cement.
Results: The average operative time was 96 minutes (range 85-122 minutes) base on the tourniquet time (skin incision to application of dressings). The mechanical axis was changed from 6.57° varus to 0.49° valgus. Mean coronal inclination of the femoral and tibial component were 89.52° and 90.12° at the last follow up. There were no outliers and 96% of them were classified as excellent. Also, mean sagittal inclination of the femoral and tibial component were 1.06° and 85.56°. All prostheses had no radiolucent lines at the last follow up. On the clinical assessment, the range of motion improved from 124.9° to 128.4°, and the improvement of HSS score and Womac score were 70.06 to 95.72 and 65.64 to 28.92 in each. No major adverse events related to the use of the robotic system was observed. However, one case of the formation of seroma around the pin track and two cases of the partial abrasion of patellar tendon occurred in relation to procedures.
Conclusion: Use of a surgical robot system in TKAs provides good clinical and radiographical results at least 2 years follow-up, however further study for the long term follow-up may be needed. A clear advantage of robot-assisted TKA seems to be ability to execute a highly precise preoperative planning and intraoperaive procedures which result in excellent alignment. But current disadvantages such as increased operating times and inability of adjusting the preoperative planning during the procedure have to be resolved in the future.
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