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Introduction
Our improvements in the understanding of the various medical and surgical pathologies along with developments in their respective treatments has resulted in improved outcomes in patient health care. A fine example of this are the advancements made in the field of Orthopaedic surgery. Joint replacement and reconstruction is one of the most rewarding surgery done by Orthopaedic surgeons worldwide, and various researches are constantly being done to improve the outcomes of this already rewarding surgery. Total knee arthroplasty is a commonly performed surgery and has seen numerous advances in terms of implant design, surgical approaches and surgical methods over the past years. Inspite of these improvements up to 20% of TKA patients are still dissatisfied, with their functional outcomes [1]. Bonnin et al in their study reported that only 62 percent of patients in a multicenter cohort of 347 TKA patients reported being completely pain-free during gait, 35 percent reported being pain-free while ascending or descending stairs, and 40 percent reported experiencing discomfort while running [2]. Only 48% of the patients regarded their experience as "extremely satisfied". Promising new knee arthroplasty technologies have recently been developed with improvements in functional outcomes as the main aim behind these developments. 
Amongst the new technologies and upcoming methods -patient-specific instrumentation (PSI), navigation, computer or robotic-assisted surgery (CAS) are promising. 

Patient Specific Instrumentation
Patient specific instrumentation uses preoperative 3D model, constructed using preoperative radiographs of the lower limbs, CT scans and MRI. These 3D models are used to create   disposable cutting blocks or positioning templates which are specific to the patient and take into account patient’s specific anatomical landmarks,deformities and osteophytes. These cutting blocks or pin guides are transported to the hospital in sterile packaging suitable for the operating room.  This not only improves the precision of the cuts but also facilitates the surgical procedure thereby decreasing the operative time and blood loss [3][4][5]. Orthopaedic implant manufacturers like Smith & Nephew, Wright Medical Technology, DePuy, Biomet, Zimmer etc currently provide PSI systems. These manufacturers have specific algorithms on the basis of which the bone cuts, position of implants, sizes and rotations are decided. Both complete and single-compartment knee arthroplasty procedures can be performed using these systems. 
For tibial cuts, the custom tibial guide is placed after appropriate exposure. Care is to be taken to not remove the osteophytes as they help in proper positioning of blocks. The advantage of using this guide is that it helps in determining the tibial bone resection level, the tibial slope and rotational alignment, thus decreasing the time otherwise consumed in conventional method for these steps. Similarly, for femur, the femoral guide is used which gives femoral alignment, cuts, size and rotation. Following the distal cuts, the remainder of the cuts are performed using the standard guide. It must be noted that these guides and blocks help is attaining, but do not replace, careful assessment of soft tissue balancing.
Although there have been studies that claim PSI improves implant location accuracy, the effects of PSI on radiologic outcomes have not been clearly demonstrated in several meta analyses [6]. Using postoperative long-leg radiographs from 569 TKAs with PSI and 155 with conventional method, Ng et al. found that there were substantially fewer HKA angle outliers with PSI than with standard instrumentation, 9 percent versus 22 percent, respectively [7]. The accuracy of alignment was studied by two meta-analyses. There was no discernible difference in the quantity of outliers in mechanical axis as well as coronal, sagittal, and axial alignment, according to Jiang et al compilation of 18 research involving 2417 individuals [8].
In a meta-analysis of 6 studies involving a total of 444 knees, Mannan et al. did identify positive femoral rotational results [9]. In contrast to conventional instrumentation, PSI did not increase the precision of femoral component rotation in TKA, according to Randelli et al randomized controlled experiment on 69 patients [10]. Other studies also described a cutting block for TKA that was patient-specific with an inadequate accuracy [11,12]. According to the technique (PSI or traditional), no investigation has found any difference in the clinical or functional outcomes [13-16]. 40 patients were randomly assigned to receive standard TKA or PSI when Abdel et al. did a gait examination on them. After three months, they found no differences in the functional or gait metrics [17].
The preoperative planning of PSI, which includes implant sizing, rotation, and femoral and tibial excision, should theoretically shorten the surgery time. However, Voleti et alrecent did meta-analysis of nine studies and 957 patients revealed a non-statistically significant trend toward shorter operating times, with a mean of just 5 minutes per patient [18]. Comparing the length of a surgical procedure using various modern technologies, such as PSI and CAS, would be intriguing and more pertinent.
In terms of functional outcome, studies have shown that there is no difference in clinical and functional outcome in short term and mid term results between patients operated using conventional methods and those using patient specific instrumentation. Goyal and colleagues [19] included five RCTs [20,21,22,23,24] involving 379 TKA in its meta-analysis. No significant improvement in short-term functional outcomes was seen after using PSI com- pared to the control in terms of PROMs or VAS. Thus, the available literature is not sufficient enough to say that PSI results in functional improvement.                                
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Patient specific instrumentation 3D model. (https://www.zimmerbiomet.lat/content/dam/zimmer-web/images/en-US/medical-professionals/knee/patient-specific-inst-hero.png)



Robotic assisted total knee arthroplasty
Robotic assisted TKA is another step towards improving accuracy of the surgical procedure. Along with the accurate bone cuts it also aids in assessing the soft tissues balance and appropriate positioning of the implant components. Usually a preoperative 3D image of the knee joint with femoro-tibial axis is made using CT scanning. The surgery is planned accordingly, and the robotic arm performs the accurate cuts based on the planning. Another method used is manual bone surface mapping done intraoperatively. This mapping is used to create a virtual 3 dimensional model which is used to plan the surgery. During the surgery the ligament balancing can be assessed and adjusted as per needs. Thus though the procedure does not require preoperative scans and planning, it’s cost, availability, possible errors in data entry are its associated demerits. There are 3 types of Commercially available robotic systems: autonomous, semiautonomous and passive. The autonomous and semiautonomous systems prevent removal of bone beyond the 3D plan whereas the passive system has no safeguards for bone preparation. 
Studies have shown that using the robotic systems improves the positioning of implants [25,26,27,28,29,30]. Though it is a step towards improving the accuracy and thereby the overall outcome , It is yet early to say if this system provides a better long term functional outcome.                    
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Stryker Mako Robotic Arm. (https://www.stryker.com/us/en/portfolios/orthopaedics/joint-replacement/mako-robotic-arm-assisted-surgery.html)

Sensors in total knee arthroplasty
This newer technique helps in improving a vital component of total knee arthroplasty, namely ligament balancing. Though the other technologies can assess the ligament and soft tissue tension, but still the mainstay remains the assessment by the surgeon, which relies on the BMI, the inherent laxity, joint contractures etc. The sensor, which is a wireless device, is inserted in the tibial tray. The capsule is closed by a few stitches. The leg is held in neutral position, and medial and lateral loading forces throughout the range of motion are observed. Less than differential loading of 15 pounds between the medial and lateral compartments is considered adequately balanced. A study done by Cho et al. showed that use of orthosensor improved soft tissue balancing [31].however other studies, like the one done by Song et al. showed no clinical difference between the TKAs done with or without a sensor system.  
The main disadvantage of the sensors is that the reference values for normal compartment pressures is not completely understood, thus an adequately balanced tka as per the sensors might be a cause of dissatisfaction to the patient. Hence it must be kept in mind that values for normal pressures might be different with each case and patient specific. [image: ]
Orthosensor (https://www.orthosensor.com/wp-content/uploads/2018/07/FEATURED-IMAGE-PERSONA-POST-2-900x600.jpg)
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