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Abstract 

To address the increasing global demand for Total Knee Arthroplasty and reduce the need for 

revisions, several technologies combining 3D planning and artificial intelligence have emerged. These 

innovations aim to enhance customization, improve component positioning accuracy and precision. The 

integration of these advancements paves the way for the development of personalized and connected 

knee implant.  

These groundbreaking advancements may necessitate changes in surgical practices. Hence, it is 

important to comprehend surgeons' intentions in integrating these technologies into their routine 

procedures. Our study aims to assess how surgeons' preferences will affect the acceptability of using 

this new implant and associated technologies within the entire care chain. 

We employed a Discrete Choice Experiment, a predictive technique mirroring real-world healthcare 

decisions, to assess surgeons' trade-off evaluations and preferences. 

A total of 90 experienced surgeons, performing a significant number of procedures annually (mostly 

over 51) answered. Analysis indicates an affinity for technology but limited interest in integrating 

digital advancements like preoperative software and robotics. However, they are receptive to practice 

improvements and considering the adoption of future sensors. 

In conclusion, surgeons prefer customized prostheses via augmented reality, accepting extra cost. 

Embedded sensor technology is deemed premature by them. 
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1 Introduction 

Total Knee arthroplasty (TKA) is continuously increasing for several decades and is expected to 

explode in the next years [1]. 

This increase is chiefly driven by the natural rise in the incidence of osteoarthritis, related in 

particular to the combined effects of population aging and obesity [2] and the broadening of TKA 

indications towards younger patients (<65 years) allowed by improvements in both surgical techniques 

and knee implants [3,4]. As a result, implanted for more than 20 years in active subjects, these 

prostheses are more frequently revised, leading to expensive and less effective procedures. A +182% 

growth in revision Knee Arthroplasty is, for example, expected in the USA by 2030 [5]. 

To address this major public health problem and improve primary TKA surgery, thereby preventing 

revisions caused by premature wear, loosening, and infection, several factors must be considered: 

implant design, surgical technique, and patient follow-up[6–8]. Their improvements will enable the 

development of customized and connected implants, as proposed in FollowKnee project [9]. 

However, these advancements also represent a breakthrough, and the implementation of this new 

care chain may necessitate adaptations and changes in surgical practices. Therefore, it is crucial to 

understand surgeons' intentions regarding the adoption of these technologies as part of their routine 

practice. By considering their preferences, we can better assess the impact of these technologies on 

patient care. 

Our study aims to assess how surgeons' preferences will affect the acceptability of using this new 

implant and associated technologies within the entire care chain. To the best of our knowledge, no study 

on surgeons' choices has been reported thus far. 

 

2  Material and Methods 

Discrete Choice Experiment (DCE) represents a quantitative stated preference technique for 

eliciting individual preferences [30]. We assessed surgeons’ preferences by using a questionnaire 

[10,11] with 16 choice set scenarios with an status quo option. Surgeons were asked to select the one 

they would prefer between the three possibilities. Based on literature review, experts’ consultation and 

pre-testing questionnaire, we characterize four attributes (figure 1): customized prosthesis, prosthesis 

including sensors, augmented reality tools (AR) and extra cost. A status quo option (ie “no change with 

my usual practice”) is included.  

The answers were analyzed in accordance with McFadden’s Random Utility Theory. To address the 

variability in preference among surgeons, a Mixed Logit Model was used. 

The questionnaire was distributed in France via the French national association of orthopaedic 

surgeons and a regional orthopaedic congress. 
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Figure 1: Example of a discrete choice experiment choice set. Four attributes where identify: (1) 

Customized Prosthesis (Prosthesis fitting to patient’s morphology), (2) Prosthesis including sensors 

(Prosthesis integrating pressure, movement, temperature and pH sensors. Data will allow a better 

post-operation follow-up in order to avoid retrievals (due to wear, loosening and infections), (3) 

Augmented Reality (Use of augmented reality in the operating room to improve accuracy of the 

prosthesis placement) and (4) Extra-cost (How much extra cost (€) would you be willing to accept for 

yourself due to the use of an innovative prosthesis?) 

 

3 Results 

The questionnaire was return by 90 surgeons, that were all males. 60%±10% work in public hospital 

and 62.2%±10% performed over 51 prostheses per year. They mostly not used planning software 

(52.2%±10.3%), navigation systems or robots (68.9%±9.6%). Surgeons expressed interest in embracing 

technological innovations, indicating a willingness to extend surgical time by 10 to 20 minutes 

(74.4%±9%). Their specific interest lies in incorporating sensors to monitor patients, in addition to 

standard consultations (73.3%±9.1%).  

Table 1 shows positive and statistically significant coefficients for all attributes. This implies that 

surgeons see value in incorporating these attributes into their current practices. However, the significant 

ASC underscores preference for maintaining their current practices despite their desire for benefits from 

the proposed technologies. Higher coefficients for attributes reflect greater utility, with AR and 

personalization emerging as the most significant factors. Use of sensors has the lowest importance 

compared to others attributes. 

Personalized prostheses provide the highest utility in both subgroups based on experience. Among 

those conducting fewer than 51 procedures annually, AR holds an equal ranking with sensor usage. 
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Conversely, among surgeons performing over 51 procedures per year, AR is the second-highest 

preference, while sensors rank the lowest. Notably, significant standard deviations across all groups 

highlight statistically significant heterogeneity in surgeons' preferences for all attributes. 

 

 All surgeons 
50 and under 

procedures per year 

51 and over 

procedures per year 

 Coeff SE p Coeff SE p Coeff SE p 

ASC 0.503 0.069 *** 0.264 0.110 * 0.649 0.089 *** 

Customized 

Implant 
         

Yes 0.829 0.069 *** 0.949 0.116 *** 0.853 0.088 *** 

No (ref) -   -   -   

Connected 

Implant 
         

Yes 0.383 0.062 *** 0.546 0.106 *** 0.339 0.078 *** 

No (ref) -   -   -   

Augmented 

Reality 
         

Yes 0.848 0.070 *** 0.933 0.120 *** 0.770 0.088 *** 

No (ref) -   -3   -   

Over-cost          

+10% 0.580 0.064 *** 0.590 0.106 *** 0.602 0.081 *** 

+25% (ref) -   -   -   

sd.Customized 

Implant 
1.062 0.080 *** 0.817 0.131 *** 1.180 0.102 *** 

sd.Connected 

Implant 
0.825 0.087 *** 0.753 0.139 *** 0.848 0.110 *** 

sd.Augmented 

Reality 
0.850 0.085 *** 0.789 0.146 *** 0.849 0.104 *** 

sd.Over-cost 0.690 0.083 *** 0.754 0.142 *** 0.654 0.100 *** 

Table 1: Results from the random parameters mixed logit model. “ASC” stand for Alternative Specific 

Constant and “sd” for the standard deviation.  

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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4 Conclusion 

This pilot study reveals that surgeons are receptive to practices advancement. Depending on 

experience in practice, they express a preference for utilizing a customized prosthesis through 

augmented reality, even at an additional measured cost. However, it appears that embedded sensor 

technology is currently less appealing to them. 

Personalized implants preserve patient anatomy, with practitioners optimistic about their potential 

benefits [12]. Preferences among surgeons may vary based on practical experience and the development 

stage of CI [8]. 

Accurate positioning is vital for individual patient morphology. Assisted technologies, developed 

over the past decade [13], enhance efficiency but may be complex and bulky in the operating room. 

Augmented Reality stands out as a promising innovation, with surgeons' high preference indicating 

openness to user-friendly technologies. 

Smart sensors in implants show promise in monitoring parameters, aiding surgeons, and facilitating 

rehabilitation [7]. However, limitations and insufficient evidence persist, reflected in surgeons' 

preferences. 

In economic terms, a substantial rise (+25%) would negatively impact technology utilization. 

In conclusion, technologies in the emerging care chain exhibit varied maturity and usage levels, 

reflecting expressed preferences. Given differences in technology adoption among countries [15] 

comparing preferences can enhance our understanding of international adoption processes.  

 

 

5 Aknowledgement 

The French National Research Agency funded this study as part of the France 2030 Investment for 

the Future Program under the government grant number ANR-17-RHUS-0005. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Surgeons preferences on innovative prosthesis M. Le Stum et al.

127



6 References 

 

[1] Sloan M, Premkumar A, Sheth NP. Projected Volume of Primary Total Joint Arthroplasty in the 

U.S., 2014 to 2030. JBJS 2018;100:1455–60. https://doi.org/10.2106/JBJS.17.01617. 

[2] Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. The Lancet 2019;393:1745–59. 

https://doi.org/10.1016/S0140-6736(19)30417-9. 

[3] Falez F. Knee arthroplasty today. International Orthopaedics (SICOT) 2014;38:221–5. 

https://doi.org/10.1007/s00264-013-2274-x. 

[4] Kurtz SM, Lau E, Ong K, Zhao K, Kelly M, Bozic KJ. Future Young Patient Demand for Primary 

and Revision Joint Replacement: National Projections from 2010 to 2030. Clinical Orthopaedics 

and Related Research 2009;467:2606. https://doi.org/10.1007/s11999-009-0834-6. 

[5] Schwartz AM, Farley KX, Guild GN, Bradbury TL. Projections and Epidemiology of Revision 

Hip and Knee Arthroplasty in the United States to 2030. The Journal of Arthroplasty 2020. 

https://doi.org/10.1016/j.arth.2020.02.030. 

[6] Batailler C, Swan J, Sappey Marinier E, Servien E, Lustig S. New Technologies in Knee 

Arthroplasty: Current Concepts. Journal of Clinical Medicine 2021;10:47. 

https://doi.org/10.3390/jcm10010047. 

[7] Iyengar KP, Gowers BTV, Jain VK, Ahluwalia RS, Botchu R, Vaishya R. Smart sensor implant 

technology in total knee arthroplasty. Journal of Clinical Orthopaedics and Trauma 2021:101605. 

https://doi.org/10.1016/j.jcot.2021.101605. 

[8] Namin AT, Jalali MS, Vahdat V, Bedair HS, O’Connor MI, Kamarthi S, et al. Adoption of New 

Medical Technologies: The Case of Customized Individually Made Knee Implants. Value in 

Health 2019;22:423–30. https://doi.org/10.1016/j.jval.2019.01.008. 

[9] Improve Follow-up of Knee surgery. Agence nationale de la recherche n.d. 

https://anr.fr/ProjetIA-17-RHUS-0005 (accessed August 24, 2023). 

[10] Lancsar E, Louviere J. Conducting discrete choice experiments to inform healthcare decision 

making: a user’s guide. Pharmacoeconomics 2008;26:661–77. 

https://doi.org/10.2165/00019053-200826080-00004. 

[11] de Bekker-Grob EW, Donkers B, Jonker MF, Stolk EA. Sample Size Requirements for Discrete-

Choice Experiments in Healthcare: a Practical Guide. Patient 2015;8:373–84. 

https://doi.org/10.1007/s40271-015-0118-z. 

[12] Le Stum M, Bertin T, Le Goff-Pronost M, Apremont C, Dardenne G, Rolland-Lozachmeur G, et 

al. Three-Dimensional Printed Knee Implants: Insights into Surgeons’ Points of View. Journal of 

Personalized Medicine 2023;13:811. https://doi.org/10.3390/jpm13050811. 

[13] Sousa PL, Sculco PK, Mayman DJ, Jerabek SA, Ast MP, Chalmers BP. Robots in the Operating 

Room During Hip and Knee Arthroplasty. Curr Rev Musculoskelet Med 2020;13:309–17. 

https://doi.org/10.1007/s12178-020-09625-z. 

[14] Via GG, Brueggeman DA, Lyons JG, Ely IC, Froehle AW, Krishnamurthy AB. Funding has no 

effect on clinical outcomes of total joint arthroplasty emerging technologies: a systematic review 

of bibliometrics and conflicts of interest. Arthroplasty 2022;4:45. 

https://doi.org/10.1186/s42836-022-00146-3. 

[15] Shah SM. After 25 years of computer-navigated total knee arthroplasty, where do we stand today? 

Arthroplasty 2021;3:41. https://doi.org/10.1186/s42836-021-00100-9. 

 

Surgeons preferences on innovative prosthesis M. Le Stum et al.

128


