
ARTIFICIAL INTELLIGENCE IN KNEE ARTHROPLASTY
🔗 https://doi.org/10.71165/kc44-8oyf

AUTHORS

Cécile Batailler - Hôpital de la Croix-Rousse, Lyon, France

Jobe Shatrov - Landmark Orthopaedics, Saint-Leonards, Australia

Sébastien Parratte - Hôpital Sainte-Marguerite, Marseille, France

Sébastien Lustig - Hôpital de la Croix-Rousse, Lyon, France

SUMMARY

Background: Artificial  intelligence  (AI)  encompasses  algorithms  capable  of  reasoning  and  complex

decision-making.  In knee arthroplasty (KA),  the rapid evolution of  machine learning,  natural  language

processing, and computer vision has introduced various tools designed to optimize patient care. However,

the clinical integration of these technologies requires rigorous validation to distinguish clinically relevant

applications from industry-driven trends.

Objective: This  review  aims  to  provide  a  comprehensive  analysis  of  AI-based  tools  utilized  in  the

preoperative, perioperative, and postoperative management of patients undergoing KA, evaluating their

clinical relevance and current limitations.

Key  Points: Preoperative  AI  applications  include  predictive  modeling  for  patient  selection,  immersive

virtual reality for surgical education, and automated 3D bone segmentation for preoperative planning and

implant  sizing.  Perioperatively,  semi-autonomous  robotic-assisted  systems  utilize  machine  learning  to

enhance the accuracy of bone resections, ligament balancing, and component alignment. Augmented and

mixed reality platforms offer real-time intraoperative navigation with a smaller physical footprint than

traditional robotics. Postoperatively, remote patient monitoring via wearable technology and smartphones

allows for continuous data collection and tracking of rehabilitation progress. Despite these advancements,

current  predictive  models  for  clinical  outcomes  are  limited  by  potential  data  biases,  ethical  concerns

regarding data ownership, and the need for larger, representative datasets to replicate clinical acumen.

Conclusion: AI-based  tools  in  KA  demonstrate  significant  potential  to  improve  surgical  precision,

personalize patient pathways, and enhance postoperative monitoring. While these technologies assist in

clinical  decision-making, further high-level  evidence is required to confirm their cost-effectiveness and

long-term impact on patient outcomes.
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Artificial  intelligence  (AI)  is  defined as  the  study of  algorithms that  give  machines  the  ability  to  reason and

perform cognitive functions such as problem-solving, object, images and word recognition, and decision-making

[1].  Over the last  70 years,  AI  has evolved rapidly with the development of  computer models  and algorithms

designed to replicate human intelligence and perform specific tasks within various industries. Surgeons are key

stakeholders  in  adopting  AI-based  technologies  for  medical  care.  It’s  the  responsibility  of  the  health-care

professionals to guide data scientists and engineers in the development of clinically relevant software. In fact, the

goal is to see how AI can help to answer clinically relevant questions and appropriately interpret data to improve

patient  outcomes.  Research and development  in  this  domain are  mostly  industry  driven.  As  often with  new

technologies, a rigorous validation process and a clinical relevance analysis are required. The goal of this process

is to distinguish which AI-based tool is a clinically relevant tool and which one is just a hype.  Several sections of

AI can be used in medical care including analytic models, predictive models and machine learning (ML), natural

language processing, robotic, augmented, and mixed realities.

During the past years, many studies reporting the interest of AI-based tools in the orthopedic field have been

published. With the growing interest toward AI-based tools in knee arthroplasty (KA), it was our goal to provide a

clear and comprehensive analysis of the clinical relevance of the available AI-based tools for the pre, peri and

post-operative management of the patients undergoing KA.

The tools evaluated in this article included different sub-groups of AI tools defined and described as below: 

Predictive  modeling  is  a  discipline  of  AI  where  algorithms  generate  estimates  for  a  defined  target  output.

Predictive models are “trained” to identify relationships between a set of features (e.g., age, BMI, gender) and the

target (e.g., occurrence of myocardial infarction). Statistical models (e.g., regression models) and machine learning

(ML)  techniques  (e.g.,  random  forest  models  or  neural  networks)  are  used  to  learn  the  target-predictors

relationship in the data [2].  ML enables computers to make predictions by recognizing patterns.  ML allows a

computer to utilize partial labeling of the data (supervised learning), or the structure detected in the data itself

(unsupervised learning) to explain or make predictions about the data without explicit programming. Supervised

learning is useful for training a ML algorithm to predict a known result or outcome, while unsupervised learning

is useful in searching for patterns within data. Deep learning models (e.g., neural networks with several hidden

layers)  have  seen  wide  success  in  image  recognition  and  classification  where  the  input  is  represented  by

unstructured data (e.g., pixel values). The predictive models and the ML can be used in several domains in surgical

management (decision-making, aid to surgical planning).

Natural language processing (NLP) aims to understand human language and is crucial for large-scale analyses of

content such as electronic medical record (EMR) data, such as physicians’ narrative documentation. Computer

vision describes machine understanding of images and videos, and advances have resulted in machines in some

circumstances  achieving  human-level  capabilities  in  object  and  scene  recognition.  More  recently  digital

technologies used in augmented and mixed realities have been developed to interact with the human senses.

These technologies enable user projection into a reality described through a digital memory. Augmented Reality

INTRODUCTION

DIFFERENT SUB-GROUPS OF AI TOOLS

Mentors in Orthopedics | No. 020: November-December 2022 2/12



(AR) technologies aim to introduce virtual  elements into the user’s environment (e.g.,  superimposition of the

values  of  bone  resection  axis  and  the  virtual  bone  cuts  onto  real-knee  surfaces  during  TKA  procedure)  by

measuring  and understand the  user’s  reality,  processing  and then computing  the  information required,  and

finally rendering it to project this information to the user in correlation with reality. Mixed Reality (MR) presents

the surgeon with holographic elements that align with the real world, and the surgeon can manipulate the digital

content generated by the MR device.

Patient decision aid

A critical determinant of success in KA is the indication for surgery. Interest is growing around the decision-

making algorithms to determine the appropriateness of TKA surgery as some studies are suggesting that up to

33% of TKA surgery may be performed inappropriately. These patients are then dissatisfied with the outcomes of

the TKA [3]. To help surgeons and improve patient selection, organizations such as the American Academy of

Orthopedic Surgeons, have developed best practice guidelines in an attempt to the standardize decision-making

process.  These  guidelines  are  based  on  analytic  models.  Following  the      development  of  ML  and  its  use  in

medicine, ML-based predictive models have been developed to help the surgeon and improve the decision-making

process [4] (Figure 1).

Figure 1: Some algorithms are based on a pre-operative self-administered questionnaire and try to predict the

likelihood that a patient improves its pain score postoperatively [4].

Shared decision-making is a ML-based concept that requires effective communication between the patient and

the clinician to develop a relationship that promotes integration of patient preferences, values, and needs, with

the  transfer  of  knowledge  regarding  treatments,  risks,  benefits,  and  alternatives  before  making  informed

decisions.  The  decision-making  process  is  based  on  relevant  and  validated  predictive  factors,  for  example

demographics  or  preoperative  patient-reported  outcome  measurements  (PROMs)  [5].    Other  studies  have

examined the use of ML algorithms to assess specific preoperative parameters, which are useful in the decision-

making process. ML algorithms have for example been used to grade knee osteoarthritis severity, reducing the

interobserver  variability  [6],  or  to  identify  the  models  of  implants  before  a  TKA revision [7].  A  recent  study

A.I. IN THE PREOPERATIVE PERIOD
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evaluated the ability of a ML algorithm to diagnose prosthetic loosening from preoperative radiographs [8]. The

authors  reported  the  ML algorithm identified loosening  based on plain  radiographs  and clinical  data  with  a

precision of > 95%.

Surgical Education

Traditionally surgical training (beside theoretical training) used to be based on face-to-face time spent in the

operating room, technical skills being acquired by the trainee under the supervision of senior surgeons. With the

development of virtual reality, surgical training has evolved. Immersive virtual reality (IVR) is a teaching tool that

provides surgical trainees of all levels (Figure 2), access to various techniques that replicate real-life procedures

with  a  lot  of  advantages:  no  risk  for  the  patient,  no  need  for  costly  resources  (e.g.,  cadavers),  the  learning

experience  can  be  obtained  without  direct  supervision,  data  collection  all  along  the  training  process.  Actual

limitations of IVR systems are image quality, degree of presence, cyber-sickness, haptic realism, device-related

issues (e.g., battery capacity and wireless technology), and access/cost considerations. Immersive virtual reality

can simultaneously assess the technical and cognitive ability of users by assessing decisions on implant choice,

tracking procedural errors and efficiency, the use of adjunct operating equipment such as fluoroscopy or retractor

placement, and completion times.

Figure 2: Immersive virtual reality provides surgical trainees access to various techniques that replicate real-

life procedures, especially for complex surgery such as cruciate-retaining TKA.

Whilst these IVR have been evaluated in hip and shoulder arthroplasty [9, 10], their use for training assessment in

KA remains largely underutilized and represent an area for future development. Immersive virtual reality has

been used in revision TKA to plan extraction of implants from a virtual bone model where it can be examined in a

360° fashion.  Using an assistive mode,  feedback on key steps,  such as planning the bone resections,  implant

positioning, sizing, assessment of the virtual range of motion and gap balancing can be provided to surgeon to

anticipate difficulties or to achieve a surgical target   [11]. These key steps provide both technical and cognitive

practice for the surgeon.
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Preoperative planning and modelization

Proper surgical planning in surgery in general and even more for KA is crucial to perform a successful operation.

Aspects such as alignment, implant positioning, gap balancing, and the size of the implants can all be planned

pre-operatively.  Recent studies have suggested formulas in an attempt to predict TKA component size based on

demographic data such as gender, height, weight, age, ethnicity/race, and shoe size. However, these algorithms

have shortcomings, as not all predictive factors were being considered, and sizing being limited to one implant

system. More recent predictive models have been developed to predict the size of the implants preoperatively [12,

13].  These  demographic-based  multivariate  linear  regression  models  more  accurately  predicted  implanted

component size compared to digital templated sizes for both the femoral (p=0.04) and tibial (p<0.01) components

[13]. A TKA implant sizing application was created, allowing users to input data and receive individualized sizing

predictions and explanations (🔗 https://orthopedics.shinyapps.io/TKASizing_Calculator/) [12].

AI-based 3D model reconstruction can be used to improve preoperative surgical planning before TKA. The bone

segmentation,  first  step  of  this  process  used  to  be  performed  manually  by  the  engineers  through  a  time-

consuming  and  costly  process.  Using  AI-based  image  recognition  software,  new  tools  have  been  developed

reducing the time and the human involvement and consecutively the cost of the process. In a recent study based

on a CT scan, AI-based 3D model segmentation tools recreated a 3D model reconstruction of the lower limb more

efficiently compared to the usual operator-based reconstruction [14]. The AI-based 3D segmentation tools have

been so far mainly developed for spine or trauma surgery. For KA, this process is part of the robotic-assisted

systems currently available. In fact, current robotic systems require a 3D plan of the patient bones. This 3D model

can  be  obtained  intraoperatively  using  a  process  called  bone-mapping  (imageless  system)  [15]  or  using

preoperative images acquired through CT scan or specific x-rays (image-based system). The image-based systems

(Ct-based or X-ray based systems) are both using a segmentation process providing a 3D reconstruction of the

patient knee and global anatomy of the lower limb (Figure 3).

Figure 3: The CT-based systems provide a 3D reconstruction of the patient knee and global anatomy of the

lower limb. The precise anatomical landmarking and alignment allow 3D pre-operative planning of TKA.

These  information  have  been  shown  to  provide  better  surgical  accuracy  for  the  components  alignment,  the

ligament balance and a better prediction of the implant sizes when performing robotic-assisted TKA compared to

image-less robotic-TKA systems [16].
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Robotic-assisted knee arthroplasty

A robot is  defined as a machine capable of  automatically carrying out a complex series of  actions,  especially

programmable by a computer. The semiautonomous robotic-assisted systems in KA are a typical example of an

AI-based tool. This system integrates information from preoperative imaging or intraoperative surface mapping

and specific bone landmarks (bone shape, tibial and femoral alignment), as well as from the ligament balancing

intraoperatively. The collected data are included in algorithms for both bone and implant alignment and soft-

tissue balance to propose surgical planning, secondarily adjusted according to the surgeon's requests and targets.

Then,  a  robotic  arm allows  performing  the  bone  resections  or  positioning  a  cutting  guide,  with  a  real-time

automatic feedback system following the knee movements or the cuts progression. Progressively, the algorithms

of the robotic system integrate ML models to improve surgical planning according to the previous surgeries.

Based  on  the  results  of  the  literature,  the  main  benefit  offered  by  robotics  systems  for  KA  is  accurate  and

reproducible  bone  preparation  thanks  to  the    robotic  interface,  regardless  the  system  used.  Most  currently

available robotic platforms allow an assessment of the ligament balancing according to the bone cuts and the

implant positioning during the surgery. The aim of robotic systems is not to replace the surgeon but to be an

accurate  and  consistent  delivery  tool.  Current  evidence  shows  advantages  of  robotic-assisted  TKA  in  knee

alignment, implant positioning, ligamentous balance, and soft tissue protection [17-20].

Robotic-assisted systems have, however, some limitations. In addition to the cost related to the capital investment

and the consumables in the operating room, there is also an amount of education required for surgeons and staff

to optimize the safety and efficiency of robotics. The specific hardware required for the use of the robotic system

remains unpractical,  with bony trackers and bulky robotic unit.  The operative time may be longer, especially

during the  learning curve.  A  robotic  system is  usually  compatible  only  with  one type of  implant.  The laxity

assessment at the beginning of the surgery is manual and thus lacks accuracy. Current research on the topic aim

not only to prove the clinical benefits of these systems, but also to precisely evaluate the cost-efficiency of such

systems.

Augmented and Mixed reality

Augmented reality-based navigation systems superimpose clinical information into the sight of the surgeon and

have been developed to guide TKA implantation. AR platforms require three process’s, tracking, computing, and

visualization. Tracking of object position is achieved by contact, semi-contact, and contactless methods. The semi-

contact system requires attachment to the anatomy and marker and a contactless link between the features and

the cameras. The marker’s 3D positions are used to triangulate the marker’s 2D position in each camera of the

optical system. Contactless systems are still to be developed. Tracking is done without the need for attachment to

the object or patient, and has been made possible with the apparition of depth cameras. Depth cameras are active

sensors that project a structured light pattern onto a scene, creating a pattern that is used to reconstruct the 3D

surface  of  the  object.  The  computing  requires  two  operations,  the  first  operation  to  register  the  anatomical

features  tracked  with  the  preoperative  images,  and  the  second  to  compute  the  clinical  index  from  raw

information,  which  compares  the  actual  situation  with  the  preoperative  plan.  Registration  prevents  errors

occurring  from  adopting  different  positions  during  imaging  and  the  operating  room.  The  final  step  is

visualization which produces an image for the user.  In augmented reality,  the digital  image must align with

surgeons’ reality. Augmented reality technology helps the surgeon focus attention on the patient by overlaying

feedback information directly into the surgical field.

A.I. DURING THE KNEE ARTHROPLASTY PROCEDURE
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AR systems have  recently  been studied  in  TKA.  The  proposed advantages  of  AR platforms compared to  the

robotic-assisted systems are a  smaller physical footprint, a lower cost (no capital investment) the ability to have

the intra-operative data in the same field of view, the absence of intraosseous trackers and an easier workflow [21].

The Pixee Medical system is a computer-assisted orthopaedic surgery solution using AR to support TKA (Pixee

Medical, Besancon, France) (Figure 4).

Figure 4: The Pixee Medical system is a computer-assisted orthopedic surgery solution using augmented

reality to support TKA, with connected glasses and specific markers on the knee (QR-Code) providing intra-

operative data on the bone cuts axis.

The  software  installed  in  smart  glasses  is  combined with  reduced-size  MIS instrumentation.  The  connected

glasses precisely calculate the 3D coordinates of the instruments thanks to the analysis of their specific markers

(QR-Code),  filmed by the integrated camera. The navigation information is displayed in the surgeon’s field of

vision, which interacts with the application thanks to the glasses’ accelerometers. The NextAR™ system (Medacta,

Castel San Pietro, Switzerland), another AR-based navigation system for TKA, requires sensors to be anchored to

the femur and tibia using pins inserted within the surgical wound. A preoperative plan is generated based on CT

imaging and a dedicated algorithm used to identify ligament origin and insertion to monitor balance during

intraoperative navigation. To date to our knowledge, no clinical studies have yet been published on the accuracy

and the clinical efficiency of these novel devices. Despite a current important mediatization, it remains unclear

whether these devices lead to improved patient outcomes and/or are cost-effective.

Postoperative remote patient monitoring

Owing to the increasing number of patients owning smartphones, the applicability of technologies for patient

monitoring and communication has increased significantly. A remote patient monitoring (RPM) platform that

A.I. IN THE POSTOPERATIVE PERIOD
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uses wearable technology may holistically capture patients' status after TKA to provide continuous subjective and

objective data (Figure 5).

Figure 5 : A remote patient monitoring (RPM) platform that uses wearable technology may holistically capture

patients' status after TKA to provide continuous subjective and objective data

The  first  platforms  have  been  limited  by  the  absence  of  interconnectivity  between  applications,  poor  user

engagement, high cost of sensors and deployment, and inability to scale [22-24]. A machine learning-based RPM

system using an open-source software development kit  designed for smartphones has been developed. These

devices allow for real-time tracking of  patient participation in physical  therapy and home exercise programs

through  the  patient’s  smartphone.  A  pilot  study  of  25  patients  who  underwent  TKA  has  been  validated

demonstrating the ability of this technology to passively collect data from each patient’s smartphone without

interruptions [25]. A recent randomized clinical trial on 242 patients operated of hip or knee arthroplasty found

no significant difference in the rate of discharge to home between the usual care arm and the RPM arm, but a

statistically significant reduction in rehospitalization rate in the RPM arm [26].

Predictive models and machine learning for postoperative outcomes

The increasing availability of large digital healthcare datasets facilitates the development of predictive models

(PM) for postoperative outcomes after TKA. These PM examine how variables such as patient-specific attributes,

functional  scores  and  preoperative  pain  [27],  comorbidities  [28],  psychological  features  [29],  socioeconomic

indicators [29],  or perioperative recovery location influence clinical  outcomes. The goal is to use these PM to

estimate and predict the likelihood of improvements in function and satisfaction after TKA to support patient and

surgeon  decision-making  [30].  Development  of  PM  requires  the  choice  of  the  correct  input  factors,  and  the

selection of the outcomes that can be considered really  useful measures of clinical satisfaction [31, 32]. The main

preoperative predictive factors described in the literature for the postoperative outcomes after  TKA are pain

scores (VAS and back pain), knee specific PROMs (such as KOOS and WOMAC), range of motion, quality of life

PROMs (EQ-5D), and mental health (assessed by anxiety and depression scales and SF-12). Other factors that have

also been evaluated are comorbidities (ASA score), demographic data (such as BMI, gender, age), previous knee

surgery, severity of osteoarthritis,  and preoperative knee alignment [33].  The data set construction is another

challenge while using PM. In fact, the quality of the initial data set used to evaluate the post-operative outcomes

based on the pre-operative parameters will determine the accuracy of the PM.  As such the initial data set should
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be representative of the patient population on which the PM will be used.   For this reason, PM using data from

very large populations, including several centers or countries, and objective preoperative 3D anatomy assessment

are  more reliable  than those  built  on limited data  sets.  To overcome these  limitations,  increasingly  complex

algorithmic approaches have been developed and are still developed. So far none of the available PM have been

able to replicate surgeon clinical acumen or become a practical tool for clinical use yet and these PM models are

still in their research/pre-clinical phase.

Limitations and future expectations

Although  the  technology  behind  AI  is  exponentially  advancing,  it  has  various  limitations  to  bear  in  mind.

Surgeons  are  currently  key  stake  holders  between  industry  and  the  patient  and  have  an  ethical  and  moral

responsibility to ensure that the technology is  used appropriately and to benefit the patient.  For this reason,

evidence must be critically analyzed. As with any scientific endeavor, the use of AI hinges on whether the correct

scientific question is being asked and whether one has the appropriate data to answer that question. The outputs

of ML and other AI analyses are limited by the types and accuracy of available data sets. Systematic biases in

clinical data collection can affect the type of patterns AI recognizes or the predictions it may make. For example,

this can affect women and racial  minorities due to long-standing under-representation in a clinical  trial  and

patient registry populations. Ethical considerations regarding the ownership and use of data in AI also remain

unanswered.  The  robotic  platform  stores  surgeon  and  patient  information  sometimes  without  the  express

consent of the patient, and this is then used for product development. Whilst aggregate data is deidentified, the

question of  who should have access to  this  data and for what purpose has still  been debated.  The European

Commission has proposed a regulatory framework (released on April 2021) to monitor AI with this aim.

Despite its pitfalls and potential shortcomings, AI provides a unique ability to create meaningful change in TKA to

optimize patient-specific surgical pathway.   AI is now being applied to TKA procedures with the use of robotic

systems that execute plans with a high level of accuracy and repeatability (Figure 6).

Figure 6: AI is now being applied to TKA procedures with the use of robotic systems that execute plans with a

high level of accuracy and repeatability

The next challenge will be to “close the loop”, using accurate interconnected data sets and PM during the different

phases of the patient path (preoperatively, intraoperatively and during follow-up) to help surgeons and health-

care providers and support decision-making (Figure 7).
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Figure 7: Diagram explaining the principle of the feedback loop, which interconnects data collection

(preoperatively, intraoperatively and during follow-up) via connected tools to create mega data information,

used then to adjust the surgical planning.

The goal is not to replace the health-care providers but to assist the medical decision in a collaborative manner,

combining the doctor’s experience and the AI-based tools. The answer is probably towards a form of collaborative

intelligence to adjust the patient management using predictive models and clinical experience and make the next

surgery better for every patient.

Artificial intelligence is a rapidly expanding field in surgery. Its applications are multiple and can improve the

decision-making  process,  the  surgical  planning,  the  accuracy  and  repeatability  of  surgical  procedures,  the

postoperative follow-up, with adapted and personalized targets for each patient. Whilst the proposed benefits are

many, and the possibilities can potentially improve patient outcomes, clinical evidence is still needed to confirm

the interest of AI-based tool for KA.

CONCLUSION

Mentors in Orthopedics | No. 020: November-December 2022 10/12



REFERENCES

1. Bellman R. An introduction to artificial intelligence: Can computers think?1978.

2. Bini SA, Shah RF, Bendich I, Patterson JT, Hwang KM, Zaid MB. Machine Learning Algorithms Can Use
Wearable Sensor Data to Accurately Predict Six-Week Patient-Reported Outcome Scores Following Joint
Replacement in a Prospective Trial. J Arthroplasty. 2019;34(10):2242-2247. Doi:10.1016/j.arth.2019.07.024.

3. Riddle DL, Jiranek WA, Hayes CW. Use of a validated algorithm to judge the appropriateness of total
knee arthroplasty in the United States: a multicenter longitudinal cohort study. Arthritis Rheumatol.
2014;66(8):2134-2143. Doi:10.1002/art.38685.

4. Twiggs JG, Wakelin EA, Fritsch BA et al. Clinical and Statistical Validation of a Probabilistic Prediction
Tool of Total Knee Arthroplasty Outcome. J Arthroplasty. 2019;34(11):2624-2631. Doi:10.1016/
j.arth.2019.06.007.

5. Noonan VK, Lyddiatt A, Ware P et al. Montreal Accord on Patient-Reported Outcomes (PROs) use series -
Paper 3: patient-reported outcomes can facilitate shared decision-making and guide self-management. J
Clin Epidemiol. 2017;89125-135. Doi:10.1016/j.jclinepi.2017.04.017.

6. Schwartz AJ, Clarke HD, Spangehl MJ, Bingham JS, Etzioni DA, Neville MR. Can a Convolutional
Neural Network Classify Knee Osteoarthritis on Plain Radiographs as Accurately as Fellowship-Trained
Knee Arthroplasty Surgeons? J Arthroplasty. 2020;35(9):2423-2428. Doi:10.1016/j.arth.2020.04.059.

7. Yi PH, Wei J, Kim TK et al. Automated detection & classification of knee arthroplasty using deep learning.
Knee. 2020;27(2):535-542. Doi:10.1016/j.knee.2019.11.020.

8. Shah RF, Bini SA, Martinez AM, Pedoia V, Vail TP. Incremental inputs improve the automated detection
of implant loosening using machine-learning algorithms. Bone Joint J. 2020;102-B(6_Supple_A):101-106.
Doi:10.1302/0301-620X.102B6.BJJ-2019-1577.R1.

9. Logishetty K, Gofton WT, Rudran B, Beaule PE, Cobb JP. Fully Immersive Virtual Reality for Total Hip
Arthroplasty: Objective Measurement of Skills and Transfer of Visuospatial Performance After a
Competency-Based Simulation Curriculum. J Bone Joint Surg Am. 2020;102(6):e27. Doi:10.2106/
JBJS.19.00629.

10. Lohre R, Bois AJ, Athwal GS, Goel DP, Canadian S, Elbow S. Improved Complex Skill Acquisition by
Immersive Virtual Reality Training: A Randomized Controlled Trial. J Bone Joint Surg Am. 2020;102(6):e26.
Doi:10.2106/JBJS.19.00982.

11. Goh GS, Lohre R, Parvizi J, Goel DP. Virtual and augmented reality for surgical training and simulation
in knee arthroplasty. Arch Orthop Trauma Surg. 2021. Doi:10.1007/s00402-021-04037-1.

12. Kunze KN, Polce EM, Patel A, Courtney PM, Levine BR. Validation and performance of a machine-
learning derived prediction guide for total knee arthroplasty component sizing. Arch Orthop Trauma Surg.
2021. Doi:10.1007/s00402-021-04041-5.

13. Wallace SJ, Murphy MP, Schiffman CJ, Hopkinson WJ, Brown NM. Demographic data is more
predictive of component size than digital radiographic templating in total knee arthroplasty. Knee Surg
Relat Res. 2020;32(1):63. Doi:10.1186/s43019-020-00075-y.

14. Li Z, Zhang X, Ding L et al. Deep learning approach for guiding three-dimensional computed
tomography reconstruction of lower limbs for robotically-assisted total knee arthroplasty. Int J Med Robot.
2021e2300. Doi:10.1002/rcs.2300.

15. Batailler C, Hannouche D, Benazzo F, Parratte S. Concepts and techniques of a new robotically
assisted technique for total knee arthroplasty: the ROSA knee system. Arch Orthop Trauma Surg. 2021.
Doi:10.1007/s00402-021-04048-y.

16. Batailler C, Fernandez A, Swan J et al. MAKO CT-based robotic arm-assisted system is a reliable
procedure for total knee arthroplasty: a systematic review. Knee Surg Sports Traumatol Arthrosc. 2020.
Doi:10.1007/s00167-020-06283-z.

17. Kayani B, Konan S, Pietrzak JRT, Haddad FS. Iatrogenic Bone and Soft Tissue Trauma in Robotic-Arm
Assisted Total Knee Arthroplasty Compared With Conventional Jig-Based Total Knee Arthroplasty: A
Prospective Cohort Study and Validation of a New Classification System. J Arthroplasty.
2018;33(8):2496-2501. Doi:10.1016/j.arth.2018.03.042.

Mentors in Orthopedics | No. 020: November-December 2022 11/12



18. Sires JD, Wilson CJ. CT Validation of Intraoperative Implant Position and Knee Alignment as
Determined by the MAKO Total Knee Arthroplasty System. J Knee Surg. 2020. Doi:10.1055/s-0040-1701447.

19. Kayani B, Konan S, Huq SS, Tahmassebi J, Haddad FS. Robotic-arm assisted total knee arthroplasty
has a learning curve of seven cases for integration into the surgical workflow but no learning curve effect
for accuracy of implant positioning. Knee Surg Sports Traumatol Arthrosc. 2019;27(4):1132-1141.
Doi:10.1007/s00167-018-5138-5.

20. Sultan AA, Samuel LT, Khlopas A et al. Robotic-Arm Assisted Total Knee Arthroplasty More Accurately
Restored the Posterior Condylar Offset Ratio and the Insall-Salvati Index Compared to the Manual
Technique; A Cohort-Matched Study. Surg Technol Int. 2019;34409-413. 

21. Auvinet E, Maillot C, Uzoho C. Augmented Reality Technology for Joint Replacement. In: Riviere C,
Vendittoli PA, editors. Personalized Hip and Knee Joint Replacement. Cham (CH)2020. p. 321-328.

22. Kline PW, Melanson EL, Sullivan WJ et al. Improving Physical Activity Through Adjunct
Telerehabilitation Following Total Knee Arthroplasty: Randomized Controlled Trial Protocol. Phys Ther.
2019;99(1):37-45. Doi:10.1093/ptj/pzy119.

23. Kang K, Geng Q, Xu HT et al. [Clinical study of a new wearable device for rehabilitation after total knee
arthroplasty]. Zhonghua Yi Xue Za Zhi. 2018;98(15):1162-1165. Doi:10.3760/cma.j.issn.0376-2491.2018.15.008.

24. Chiang CY, Chen KH, Liu KC, Hsu SJ, Chan CT. Data Collection and Analysis Using Wearable Sensors
for Monitoring Knee Range of Motion after Total Knee Arthroplasty. Sensors (Basel). 2017;17(2). Doi:10.3390/
s17020418.

25. Ramkumar PN, Haeberle HS, Ramanathan D et al. Remote Patient Monitoring Using Mobile Health
for Total Knee Arthroplasty: Validation of a Wearable and Machine Learning-Based Surveillance Platform. J
Arthroplasty. 2019;34(10):2253-2259. Doi:10.1016/j.arth.2019.05.021.

26. Mehta SJ, Hume E, Troxel AB et al. Effect of Remote Monitoring on Discharge to Home, Return to
Activity, and Rehospitalization After Hip and Knee Arthroplasty: A Randomized Clinical Trial. JAMA Netw
Open. 2020;3(12):e2028328. Doi:10.1001/jamanetworkopen.2020.28328.

27. Baker PN, van der Meulen JH, Lewsey J, Gregg PJ, National Joint Registry for E, Wales. The role of
pain and function in determining patient satisfaction after total knee replacement. Data from the National
Joint Registry for England and Wales. J Bone Joint Surg Br. 2007;89(7):893-900.
Doi:10.1302/0301-620X.89B7.19091.

28. Baker PN, Deehan DJ, Lees D et al. The effect of surgical factors on early patient-reported outcome
measures (PROMS) following total knee replacement. J Bone Joint Surg Br. 2012;94(8):1058-1066.
Doi:10.1302/0301-620X.94B8.28786.

29. Judge A, Arden NK, Cooper C et al. Predictors of outcomes of total knee replacement surgery.
Rheumatology (Oxford). 2012;51(10):1804-1813. Doi:10.1093/rheumatology/kes075.

30. Raghupathi W, Raghupathi V. Big data analytics in healthcare: promise and potential. Health Inf Sci
Syst. 2014;23. Doi:10.1186/2047-2501-2-3.

31. Lungu E, Desmeules F, Dionne CE, Belzile EL, Vendittoli PA. Prediction of poor outcomes six months
following total knee arthroplasty in patients awaiting surgery. BMC Musculoskelet Disord. 2014;15299.
Doi:10.1186/1471-2474-15-299.

32. Tolk JJ, Waarsing JEH, Janssen RPA, van Steenbergen LN, Bierma-Zeinstra SMA, Reijman M.
Development of Preoperative Prediction Models for Pain and Functional Outcome After Total Knee
Arthroplasty Using The Dutch Arthroplasty Register Data. J Arthroplasty. 2020;35(3):690-698 e692.
Doi:10.1016/j.arth.2019.10.010.

33. Batailler C, Lording T, De Massari D, Witvoet-Braam S, Bini S, Lustig S. Predictive Models for Clinical
Outcomes in Total Knee Arthroplasty: A Systematic Analysis. Arthroplast Today. 2021;91-15. Doi:10.1016/
j.artd.2021.03.013.

Mentors in Orthopedics | No. 020: November-December 2022 12/12


	Artificial Intelligence in knee arthroplasty
	Authors
	Summary
	Keywords
	Introduction
	Different sub-groups of AI tools
	A.I. in the preoperative period
	Patient decision aid
	Surgical Education
	Preoperative planning and modelization

	A.I. during the knee arthroplasty procedure
	Robotic-assisted knee arthroplasty
	Augmented and Mixed reality

	A.I. in the postoperative period
	Postoperative remote patient monitoring
	Predictive models and machine learning for postoperative outcomes
	Limitations and future expectations

	Conclusion
	References


