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Abstract 

 

Total hip replacement has steadily 

advanced (e.g., better acetabular and femoral 

component design, refined implantation 

surgical techniques, and increased 

understanding of cementing procedures), 

leading to appreciable advancements in 

implant survival and clinical outcomes. 

Clinical outcomes over the past 30 years 

have shown that total hip replacement is one 

of the most successful and effective surgical 

methods for treating a variety of pathological 

hip problems, and it is recognised as a 

milestone treatment in the history of 

contemporary medicine. Total joint 

arthroplasty has experienced an increase in 

the use of 3D printing technologies in recent 

years. By using this technology to develop 

patient-specific guidance, patient-specific 

instrumentation (PSI) enables the operating 

surgeon to precisely position the implants in 

accordance with the preoperative strategy. It 

is now possible to simulate surgery using 

virtual reality by using "virtual" surgical 

simulation, which just requires a set of 

controllers connected to a laptop computer 

and a set of special glasses. The learning and 

consolidation of surgical methods and 

movements is made possible by this 

simulation, which can be accessed from 

anywhere and provides an unlimited number 

of practise hours. We have also benefited 

from the understanding of our long-term 

goals provided by robotic technology and 3D 

planning and execution. We must be aware of 

each patient's functional hip position in order 

to give customized THA. This will 

eventually lead to the recognition of robotic-

arm aided surgery as a cost-effective 

approach and a crucial instrument in the 

surgical toolbox, as well as a decrease in 
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complications, readmission, and revision 

rates, and an increase in patient satisfaction. 
 
Keywords: hip replacement, arthroplasty, 3D 

printing, Patient specific instrumentation, 

virtual reality, robotic surgery 
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I. INTRODUCTION 

 

Since the 1940s, hip replacement surgery has been reported in the literature [1,2]. The 

first clinical application of Sir John Charnley's low-friction total hip arthroplasty occurred in 

the 1960s [3,4]. The early outcomes of total hip arthroplasty with and without bone cement 

were underwhelming due to the poor design of the implants, the small femoral components, 

the mediocre cementing technique, the periprosthetic osteolysis, and the considerable wear of 

the polyethylene liner [5–12]. However, over the past three decades, total hip replacement has 

steadily advanced (e.g., better acetabular and femoral component design, refined implantation 

surgical techniques, and increased understanding of cementing procedures), leading to 

appreciable advancements in implant survival and clinical outcomes. Clinical outcomes over 

the past 30 years have shown that total hip replacement is one of the most successful and 

effective surgical methods for treating a variety of pathological hip problems, and it is 

recognised as a milestone treatment in the history of contemporary medicine [13]. 

 

Total joint arthroplasty has experienced an increase in the use of 3D printing 

technologies in recent years. By using this technology to develop patient-specific guidance, 

patient-specific instrumentation (PSI) enables the operating surgeon to precisely position the 

implants in accordance with the preoperative strategy [14]. Additionally, the ability of 3D 

printed metal to mimic the pore size and elasticity of trabecular bone opens up a wide range 
of possibilities for cementless implants [15]. 

 

Technical goals for THA include restoring native hip biomechanics and achieving 

correct implant location. In order to reduce human error and increase implant placing 

precision, computer navigation and robotics have been developed as a result of advancements 

in surgical technology. With the aid of preoperative CT scans, this cutting-edge technology 

typically allows surgeons to plan and carry out the best acetabular implant sizing and 

positioning in order to achieve the desired femoral offset, inclination, anteversion, and leg-

length correction while maintaining hip stability [16]. 

 

II. FUTURE OF TOTAL HIP ARTHROPLASTY 

 

Technology has some really intriguing applications, particularly in the field of 

orthopaedic surgery. However, one can question whether these technological developments 

actually enhance THA and how this stacks up to the most advanced treatment available 

today. 

 

III. VIRTUAL REALITY AND SURGICAL TRAINING 

 

Since Rembrandt's time in the 17th century, surgeons have traditionally been taught 

on cadavers through cadaver dissection [17]. This strategy demands particular conditions, is 

costly, occasionally difficult to set up, and carries the danger of infecting trainers and trainees 

[18]. It is now possible to simulate surgery using virtual reality by using "virtual" surgical 

simulation, which just requires a set of controllers connected to a laptop computer and a set 

of special glasses. The learning and consolidation of surgical methods and movements is 

made possible by this simulation, which can be accessed from anywhere and provides an 

unlimited number of practise hours [19]. As a result, execution errors could be reduced while 

maintaining the ability for continuous operator assessment [20]. Multiple operators can also 
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"operate" concurrently remotely on the same surgical site by coordinating their efforts. 

Virtual reality offers several prospects for complete joint replacement [21], not merely for the 

development of technical skills [22]. Surgeons may test out fresh surgical techniques and 

practise utilising new instruments thanks to this great technology.  

 

Virtual reality can also be a huge help in arthroplasty's tough learning curve and 

technically demanding skills. The first two steps involve breaking down a skill into smaller, 

more achievable tasks and confirming the learning curve. The implementation of a 

proficiency-based technique, in which less experienced surgeons proceed in phases only after 

passing competency criteria, is therefore an option [23]. Virtual reality has the potential to 

improve orthopaedic teaching, according to an increasing body of research. A thorough 

examination of 18 primary studies revealed significant improvements and "real-world" 

advantages for knee and shoulder arthroscopic procedures, but not enough proof to support 

the use of VR for arthroplasty [24]. Studies on cost-effectiveness are also required to decide 

whether simulators' increased cost is reasonable. 

 

IV. 3D PRINTING AND ORTHOPEDICS 

 

The use of 3D printing is considered an industrial revolution nowadays. The 

"subtractive" manufacturing of implants, in which the final implant design is produced by 
manually or mechanically modifying metal subtraction to obtain the appropriate features 

from a mould made by forging, is a practise to which we have grown accustomed. 

Applications in orthopaedics are presently limited, mostly because it takes so long to process 

each successive layer to create an implant of a quality that is acceptable and because mass 

production is so expensive. Orthopaedics today uses specialised equipment manufactured to 

order, such as prototypes or case-specific implants, as well as medical technology developed 

in small quantities [25].  

 

For knee prostheses, for example, functional models can be made directly from 

computer plans in orthopaedics using PSI (patient-specific instrumentation) [26], single-use 

instruments for particular indications, especially in maxillofacial surgery, or prototypes 

intended for the evaluation of new implants. An important use is the incorporation of metal to 

complex structures such porous surfaces in accordance with a preset design [27], duplicating 

the cortical bone's 3D structure with flawless substrate cohesiveness [15]. This is frequently 

employed in the cementless implantation of tibial endplates and knee prosthesis cups [28, 

29]. Additionally, this technology enables the exact replication of complicated bone 

structures, such as implants for severe bone loss used in tumour surgery that are specially 

created for this purpose [25]. 

 

Prosthetic surgery is a very promising technology for the future because, despite its 

current drawbacks, the costs connected with its technological requirements are so high. The 

time needed for mass manufacture as well as the legal specifications for the certification of 

3D-printed implants are additional considerations. 

 

V. ROBOTICS IN TOTAL HIP ARTHROPLASTY 

 

Although robotic-assisted hip arthroplasty has been tried before, it needs to be 

revisited since new technology allows for improved planning and user experience and is  
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anticipated to produce significantly better results than earlier versions [31]. 

 

There is a risk that all systems and all approaches will be grouped together when 

analysing any type of robotic or computer-assisted surgery [32]. Resisting this is necessary. 

Robotic-assisted surgery is currently a very competitive business, and each system must 

produce its own evidence-based data and be evaluated separately [34]. In a similar spirit, 

robotics is distinct from navigation and must be assessed with a flexible perspective [33]. 

Navigation commonly increased implant delivery accuracy during arthroplasty procedures, 

particularly in the knee [34]. Modern robotics offers much more, and it may someday allow 

us to provide patient-specific functional plans with the necessary accuracy, competence, and 

precision [35]. There are numerous ways that robots can work. Some are autonomous, while 

others are activity restricted and, in essence, the surgeon's slaves. The Mako system is 

currently the most widely used system for hip arthroplasty. It is an active-constrained system 

that gives the surgeon a 3D plan based on CT scans so they may then optimise the intended 

surgery on that basis. 

 

 
Stryker Mako Robotic Arm. (https://www.stryker.com/us/en/portfolios/orthopaedics/joint-

replacement/mako-robotic-arm-assisted-surgery.html) 

 

Once the bone has been registered intraoperatively, good implant delivery and precise 

bony preparation are both made possible [36]. The goal is to go from this level to high 

accuracy and high precision, which are needed to construct patient-specific designs [37]. 

Currently, manual techniques tend to have poor accuracy and low precision. The planning of 

robotic THA is a development that allows for knowledge of spinopelvic parameters and 

intraoperative analysis of potential impingement [38], whether it be implant-on-bone or bone-

on-bone, and allows us to minimise it. This journey also calls for a clear understanding of the 

outcomes we hope to achieve for each patient. 

 

A segmented CT scan was the first step in the workflow for robotic THA [39]. In 

order to facilitate registration, arrays are attached to both the femur and the pelvis in addition 

to the standard surgical exposure. Then, using a robotic arm and computer to prepare the 

bone, the components are carefully inserted to enable the replication of length, offset, and 

centre of rotation [15]. 
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The surgeon's role is vital since the robotic arm implements a surgeon-led plan. An 

experienced surgeon may easily incorporate this into their workflow, which will be helpful 

for both common and challenging patients. However, it also offers a fantastic chance to 

collect a wealth of data collected at each stop along the way, from the CT through planning, 

plan modifications, and final execution that results in the patient's ultimate outcome [39]. We 

will soon be able to use artificial intelligence and machine learning to make better surgical 

plans for doctors who might perform fewer operations [40]. 

 

We have also benefited from the understanding of our long-term goals provided by 

robotic technology and 3D planning and execution. We must be aware of each patient's 

functional hip position in order to give customized THA [35]. This will eventually lead to the 

recognition of robotic-arm aided surgery as a cost-effective approach [39, 42] and a crucial 

instrument in the surgical toolbox [40], as well as a decrease in complications, readmission, 

and revision rates, and an increase in patient satisfaction [41]. 

 

 
ROBODOC system (https://www.researchgate.net/figure/The-ROBODOC-system-for-

orthopedic-surgery-a-The-robot-is-being-used-for-total-hip_fig2_43352313) 

 

VI. IMPLANTS IN THA 

 

Larger femoral heads: Larger femoral heads have been used in THA more commonly over 

the past 10 years because they increase the hip's range of motion prior to impingement and 

consequently reduce dislocation rates [43]. The most common femoral head dimensions, 

according to various arthroplasty registries, are 32 and 36 millimetres [44–46]. One purported 

disadvantage of larger heads is corrosion at the taper-trunnion interface, which may produce 

groyne discomfort and reduce the lifespan of THA [47]. 32 mm and 36 mm heads appear to 

be superior in dislocation rate and implant survival, depending on the articulating materials. 

There were no long-term studies that supported the safety of femoral heads larger than 36 

mm until recently. 

 

Dual mobility cups: Dual mobility cups have been in use in France for a while, though not 

frequently. Dual mobility has become much more common and used outside of France over 

the last 10 to 15 years [48, 49]. Dual mobility cups, which extend range of motion, head-to-
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neck ratio, and jump distance, reduce the risk of instability [50, 51]. Dual-mobility cups 

decrease the rate of dislocation in both initial and revision THA [52]. Dual-mobility cups 

have drawbacks such as higher wear and intra-prosthetic dislocation [53]. Dual mobility is an 

excellent choice for patients who are at risk for instability following an original or revision 

THA [54]. Additionally, even after going through rigorous testing and certification 

procedures, some potentially undiscovered side effects of new THA implants can only be 

discovered after extended follow-up.  

 
Dual mobility cup.  

(https://www.jnjmedtech.com/en-US/product/pinnacle-dual-mobility-liner) 

 

VII. CONCLUSION 

 

Total hip replacement is a safe operation with a big effect size that offers patients 

significant improvements at a reasonable price. However, there has been a noticeable increase 

in the total number of THAs carried out globally, along with a substantial rise in the 

proportion of younger patients receiving THA. The best functional outcomes are essential 

since this generation is more demanding and frequently looks forward to returning to sports. 

Along with the developments and discoveries in the field, this shift in the population's interest 

in THA shows that significant advancements are still possible. 

 

The use of virtual reality in total hip arthroplasty allows for a better education for the 

upcoming generation of hip arthroplasty surgeons. It might also make it simpler to 

experiment with brand-new techniques and tools. Applications in total hip arthroplasty are 

still, however, restricted, mostly because of time and financial limitations. The possibilities 

are numerous with three-dimensional printing. Using promising 3D printing technology, 

patient-specific tools, case-specific implants, and prototypes can be made. Robotic 

technologies and computer-assisted surgery have demonstrated superiority in the 

radiographic placement of implants despite the paucity of long-term data demonstrating 

improvements in quality of life. 

 

According to preliminary research, the use of a robotic arm facilitates precise and 

reproducible implant placement, with simultaneous anteversion and centre of rotation 

measurements being of utmost importance. It is crucial to know the functional hip position 
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and pelvic alignment in order to reduce impingement and make the transition to customized 

THA easier in the future. 

 

Additionally, robotic technology opens up a wide range of opportunities for data 

collecting, from CT scans through the planning and execution of implant positioning. Big 

data, machine learning, and artificial intelligence will help us personalise our approach and 

better understand the steps needed to achieve individualised care. Our surgical plan can also 

be made more accessible to physicians outside of the top, high-volume arthroplasty 

specialists and run more smoothly with the use of AI and machine learning. 
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