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Abstract. Our team applies Mixed Reality (MR) technology to bring the concept 

of the acetabular safe zone in Total Hip Arthroplasty (THA) directly into the sur-

geon’s field of view, offering a novel surgical navigation solution. The system 

provides real-time feedback on acetabular cup placement angles and intuitively 

displays critical information through a head-mounted display (HMD), enhancing 

surgical precision. Unlike current navigation products, our system is the first to 

apply this concept in clinical practice. Accurate cup placement is essential to re-

duce the risk of dislocation and early loosening, yet current methods rely on post-

operative imaging or costly intraoperative navigation systems, which are prone 

to human error and affected by changes in pelvic orientation. Our prototype ad-

dresses these challenges with an average registration time of 23 seconds, angular 

accuracy of less than 2 degrees, and a compact design weighing just 1.5 kilo-

grams, achieving a 95% reduction in size and weight compared to traditional sys-

tems. 
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1 Motivation 

This work was conceived by the current ortho-

pedic surgeon at the hospital. It starts from the 

pain points encountered by actual doctors when 

operating, provides many practical problems 

and medical expertise, and provides the actual 

operating room environment for reference. This 

work has been developed through the actual 

needs of doctors. The navigation system for or-

thopedic surgery has changed the way tradi-

tional Total Hip Replacement (THR) surgery is 

performed. Hip replacement surgery is the re-

placement of the original damaged hip joint 

with an artificial joint. The procedure is shown in Fig 1. However, nearly 15% of 

Fig 1. THR process step 
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patients will experience dislocation and other problems due to the inaccurate placement 

of the acetabular cup during surgery, requiring further surgery. With the development 

of new orthopedic surgical navigation technology, real-time image guidance will fur-

ther improve accuracy and reduce intra-operative errors. In total hip replacement sur-

gery, precise placement of the acetabular cup is particularly critical. With the advent of 

mixed reality technology, surgeons can now achieve greater accuracy, which is ex-

pected to significantly reduce patient risks such as hip dislocation, impingement, early 

loosening, and edge loading that can occur after surgery. In current orthopedic surger-

ies, the angle of the acetabular cup is primarily determined post-operatively through X-

ray measurements, confirming whether the cup's 

abduction angle and anteversion angle are within 

the safe zone, shown in Fig 2. If the angle needs 

to be ascertained during the surgery, the preva-

lent solution is to use expensive traditional surgi-

cal navigation systems, such as infrared naviga-

tion. If opting not to use the navigation system, 

surgeons must rely on traditional surgical instru-

ments for guidance. However, this method may 

lead to human error due to intraoperative pelvic 

movement or differences in the interpretation of instrument manipulation.  

1.1 Overcoming Pain Points of Traditional Infrared Navigation with an 

Innovative MR-Assisted System 

Traditional infrared navigation systems face several critical limitations that hinder their 

effectiveness and widespread adoption. These systems are often bulky, with complex 

and time-consuming computations that prolong surgical procedures. Additionally, their 

high cost and lack of compatibility with various surgical instruments further restrict 

global adoption. Traditional systems also rely heavily on pre- and postoperative com-

puted tomography imaging for surgical planning and positioning, increasing radiation 

exposure risks for both patients and medical staff. Moreover, conventional navigation 

technologies cannot provide real-time visualization of the acetabular safe zone, increas-

ing the likelihood of improper cup placement and subsequent complications such as hip 

dislocation, early loosening, and impingement. 

To address these challenges, our team has developed an innovative MR-Assisted 

Navigation System for Hip Arthroplasty. Utilizing Mixed Reality (MR) technology, 

this system integrates lightweight, head-mounted MR glasses with specialized naviga-

tion software, simplifying surgical equipment requirements and optimizing workflow. 

The compact design significantly improves comfort and usability in the operating room. 

Importantly, this system eliminates the need for pre- and intraoperative CT imaging, 

greatly reducing radiation exposure risks. Through proprietary algorithms, the MR sys-

tem provides real-time visualization of the acetabular safe zone angles, enabling more 

precise cup placement and minimizing the risk of postoperative complications such as 

dislocation, impingement, early implant loosening, and edge loading. This solution 

Fig 2. The Lewinnek safe zone (40° ab-

duction and 15° anteversion) is de-

picted by the box. 
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represents a significant advancement in orthopedic surgical navigation, offering safer, 

faster, and more accurate outcomes for both surgeons and patients. 

2 System Function Descriptions 

This work "Mixed Reality Surgical Navigation" is an auxiliary navigation system de-

signed to assist orthopedic surgeons during artificial hip joint surgeries. It enables the 

real-time application of MR technology, providing essential information such as the 

angle, depth, leg length, and torque of the acetabular cup. This system overlays the 

assistance content directly onto the surgeon's field of vision, allowing for an immediate 

spatial integration with the patient's body data. This intuitive guidance aids surgeons in 

the accurate placement of the artificial hip joint, thereby facilitating precision in the 

positioning of artificial joints. 

This system is divided into two main components: hardware instruments and algo-

rithmic software, which include navigation algorithms and a user interface is shown in 

Fig 3. The hardware instruments are utilized for registering the patient's physiological 

data coordinates and points in space. Markers are used as positioning points to facilitate 

the spatial coordinate point calculations by the algorithm. The navigation algorithm is 

employed to compute the distances and rotational relationships between coordinate 

points in space, thereby deriving the necessary information for the MR assistance sys-

tem (such as visualization of the safe zone, angles, depths, leg lengths, and torque). The 

safe zone in the space will diverge in the form of four-cornered vertebrae with the hip 

center as the center, and the screen information and the actual patient will be mixed and 

displayed on the head-mounted display; the user interface will display the current steps 

of the auxiliary system and inform the operator of the current what actions need to be 

performed in the steps and reminders, and important information can also be displayed 

in the interface. 

 

Fig 3. Our team self-developed system 

The usage process and scenarios of the entire system will start from the pre-prepa-

ration for artificial hip replacement surgery to the end of the final surgery. During the 

process, the system will be used as an auxiliary tool, only providing surgical infor-

mation designed by our team, and the final decision-maker will still follow doctors, 

who can make slight adjustments for different patients based on their judgment. 
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3 CI/AI Techniques Applied on the Systems 

This work, "Mixed Reality Surgical Navigation" differs significantly from traditional 

infrared navigation technology in terms of 

technical application. Traditional infrared nav-

igation primarily relies on the reflection of in-

frared light from reflective spheres to register 

and recognize a patient's physiological infor-

mation, shown in Fig 4. In contrast, this work 

uses deep learning image recognition technol-

ogy to identify and determine the position of 

Markers as well as the three-axis vectors in 

space. Using these vectors, the system can es-

tablish a reference coordinate system, a foun-

dation for locating specific coordinates in 

space and defining a patient's physiological in-

formation (Anterior Pelvic Plane, APP), 

shown in Fig 5(a). This physiological information forms the basis for mathematical 

calculations and is overlaid with feature surfaces and depths of different object faces 

through the optical lens and ToF (Time of Flight) sensor in the MR glasses. This creates 

a spatial three-dimensional map of the environment, combined with IMU (Inertial 

Measurement Unit) data to track the operator's rotation and displacement matrix in real-

time, achieving positioning within the spatial three-dimensional map (Simultaneous 

Localization and Mapping, SLAM). Furthermore, the system visualizes the safe zone, 

angles, depths, leg lengths, and torque, among other important information, positioning 

them in space based on the reference coordinate system, shown in Fig 5(b). The user 

interface utilizes the same deep learning image recognition SLAM technology, posi-

tioning it in the spatial three-dimensional map in a 3D format, shown in Fig 5(c). More-

over, the system, through image recognition technology, tracks hand movements, al-

lowing users to move or resize the user interface in space with gestures, placing it in 

the most comfortable and intuitive position for the operator. This series of technological 

applications realizes a Mixed Reality (MR) technology distinctly different from AR 

technology, seamlessly integrating information with the real world, significantly en-

hancing the presentation of information in traditional surgeries and the comfort of the 

operator. 

 
(a) 

 
(b) 

 
(c) 

Fig 5. Operational Real-time Imaging of Mixed Reality Surgical Navigation 

Fig 4. Traditional Infrared Navigation 

Schematic Diagram 
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4 System Target Users and Environments 

The Mixed Reality Surgical Navigation is designed for patients requiring hip replace-

ment due to conditions such as degenerative arthritis, avascular necrosis, femoral neck 

fractures, and rheumatic diseases. It supports various surgical approaches, including 

anterior, anterolateral, and posterior methods. Patients, especially those with higher fi-

nancial means, are often willing to invest additional funds to enhance surgical precision, 

ensuring optimal implant positioning, better postoperative range of motion, and reduc-

ing complications such as impingement or leg length discrepancies. This system helps 

surgeons accurately determine implant angles and leg lengths during surgery, improv-

ing outcomes and minimizing the risk of postoperative issues. It is suitable for both 

traditional and minimally invasive hip replacement procedures, provided the patient has 

a stable bone structure for positioning. 

5 System Operation Scenario 

The operation scenario of this work "Mixed 

Reality Surgical Navigation" will minimize 

the intervention in the traditional artificial 

hip replacement surgery process. Unlike tra-

ditional infrared navigation that requires in-

tervention from beginning to end, this head-

mounted MR glasses system only needs to 

be worn and intervention is only required in 

a few critical steps. The traditional artificial 

hip replacement surgery process is shown in 

Fig 6, which is mainly divided into three ma-

jor steps: A. Preoperative Preparation, B. 

Start of Surgery, and C. End of Surgery. 

5.1 Preoperative Preparation 

The system will be prepared in the ware-

house. When the patient enters the operating 

table for position confirmation, anesthesia, 

disinfection, and draping, the system will 

enter the operating room at the same time, 

count equipment, package and adjust 

glasses, then enter patient information and 

ensure all equipment quantities and func-

tions are correct. After confirming that it is correct, the doctor will put on the head-

mounted MR glasses to adjust the user interface and start the "Mixed Reality Surgical 

Navigation". First, the positioning tool will be installed as the reference coordinate sys-

tem and origin of this system. Based on the reference coordinate system and origin, 

Fig 6. Our system operation sce-

nario 
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instruments can be used to define and register the patient's physiological information, 

and then find the pelvic APP plane and Hip Joint Center position, and then remove the 

head-mounted MR glasses. 

5.2 Start of Surgery 

After the doctor starts the wound of incision removes the bone and reaming the acetab-

ulum, he needs to put on the head-mounted MR eye to put the artificial hip locator 

(Impactor) into the reaming acetabulum. Then calculate the abduction angle and ante-

version angle of the acetabular cup according to this system, and place it in the safe 

zone. After the acetabular cup is driven in and fixed, the glasses can be removed. The 

surgeon then proceeds to fit the femoral stem and ball head, testing for proper fit before 

removing the implant. Finally, the definitive femoral stem and ball head are installed, 

followed by irrigation, suturing of the wound, and removal of the positioning tools. 

5.3 End of Surgery 

After ensuring all are removed, the system's instruments are organized and cleaned. 

Enter medical and surgical records to update. Finally, the drapes are removed from the 

patient, the patient is awakened, and they are transferred to the recovery room, com-

pleting the entire artificial hip joint replacement surgery process. 

6 Conclusions 

Our team uses MR mixed reality technology, which has brought the concept of the 

acetabular cup's safe zone in THR surgeries into the surgical view of orthopedic sur-

geons through MR. This offers a novel type of orthopedic surgical navigation solution, 

providing real-time calculations of the acetabular cup's placement angles and intuitively 

presenting essential intraoperative information through the head-mounted display. To 

date, major navigation manufacturers worldwide have yet to apply this concept in sur-

gical settings, making this a pioneering navigational medical device. Whether in supine 

or lateral total hip arthroplasty surgeries, the placement angle of the acetabular cup is 

crucial. If not positioned within the safe zone, the risk of dislocation or early loosening 

of the artificial hip joint increases. Our "Mixed Reality Surgical Navigation" objec-

tively informs the surgeon about the visualization of the safe zone, angles, depths, leg 

lengths, and torque, among other vital information. Unlike previous methods based on 

the surgeon's subjective judgment, this system allows calculations from scientific and 

mathematical perspectives, significantly enhancing the accuracy of positioning the ac-

etabular cup within the safe zone and improving the success rate of artificial hip joint 

replacement surgeries. 


