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Introduction
This study explores the biomechanical impact of tibial extension stems in total knee arthroplasty using finite element digital modelling. The objective is to enhance stem selection by assessing stress and strain distribution in periprosthetic bone under varied loading scenarios.
Methods
Six patient-specific FE models were created, each with different stem dimensions, to evaluate how stem geometry affects implant stability and fracture risk.
Results
Extension stems reduce strain under the tibial baseplate but increase stress and fracture risk in the surrounding bone, particularly at the stem tip. Larger stem diameters were linked to higher fracture risks due to increased press-fit contact.
Conclusion
These findings are consistent with previous research emphasizing the importance of stem design in achieving a balance between implant stability and bone preservation. The study offers a biomechanical foundation for surgical planning, potentially improving TKA durability and functional outcomes. Incorporating these insights into clinical practice may enhance the longevity of knee replacements and overall patient quality of life.
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1 INTRODUCTION
Total knee arthroplasty (TKA), also known as total knee replacement, is an increasingly common surgical intervention that aims to definitively treat symptoms of osteoarthritis in our patients (Kurtz et al., 2007; Huizinga et al., 2012). Although TKA survival rates are currently estimated at around 90% after 15 years (Frehill et al., 2015; Kim et al., 2021; Putman et al., 2018), there are still mechanical complications, particularly aseptic loosening, which can cause implant migration, which is the leading cause of early mechanical failure (Bae et al., 2012; Laver et al., 2024). Additionally, it has been shown that obesity may increase the occurrence of these mechanical complications (Druel et al., 2024). In the vast majority of cases, these much-feared complications result in a tricky surgical revision. These biomechanical complications seem to be mainly related to two factors: a pre-existing bone fragility and/or a suboptimal bone–implant interface in which loading is unevenly distributed across the epiphyseal surface (Cuckler, 2004).
One potential solution to compensate for issues of bone fragility is the addition of tibial extension stems. These devices are believed to improve primary mechanical stability by increasing the intramedullary anchoring surface and/or establishing a more robust contact zone in the cortical bone. In this respect, previous studies have shown that extension stems significantly contribute to a reduction in equivalent stresses in osteoporotic epiphyses (Mabry and Hanssen, 2007; Conlisk et al., 2018). However, these extension systems have their limits, in particular the risk of bone resorption triggered by the phenomenon of stress shielding.
The use of a digital model based on finite element (FE) method might help surgeons during preoperative planning by including an analysis of what the mechanical response of periprosthetic bone might be depending on which stem is chosen (Shu et al., 2018). The creation of these “digital twins” would provide a biomechanical basis for choosing a given stem and its length and diameter. Looking at the current literature, the choice at present seems to be at the surgeon’s discretion rather than having any real scientific basis.
Therefore, the objective of this study is to evaluate the biomechanical effect of tibial extension stems on the stability of the tibial component of the TKA, taking into account the mechanical properties of the recipient patient’s bone tissue. This research thus explores the creation of “patient-specific” models that make it possible to determine how stresses will be distributed across the periprosthetic bone and how stable implants will be based on the geometry of the extension stem.
2 MATERIALS AND METHODS
2.1 Development of the digital model
To develop the digital model, CT-scan images of the right knee of an 80-year-old male volunteer suffering from osteoarthritis were used (MR-004, IRB validated). The resulting volumes were composed of voxels of 0.449 × 0.449 × 0.499 mm3 in size. Next, the images were processed using semi-automatic volumetric image segmentation techniques using 3D Slicer software (Version 5.6.2, Kitware, France). The 3D geometry of the tibia was extracted and then imported into Ansys SpaceClaim (Version 2024R1, Ansys Inc., United States) to prepare the geometric model. To perform a virtual total arthroplasty, a 2 mm orthogonal cut was made to the tibial epiphysis under the damaged medial plateau at a joint line obliquity (JLO) of 3° (Figure 1a) to model a émechanical alignment of the tibial implant (Rivière et al., 2017). The dimensions of the cementless tibial insert’s endplate (U2 MB, United Orthopedic, Taiwan) were chosen to maximise coverage of the tibial section while ensuring that the implant did not protrude (Figure 1b). The implant positioning was validated by an experienced orthopaedic surgeon.
[image: Three labeled diagrams: a) Side view of a green structure with a flat upper surface, resembling a tibia. b) Top view of the same structure with a blue overlay showing a rounded, symmetric design. c) Cross-section of the structure displaying an internal cavity and layered construction.]FIGURE 1 | (a) Visualisation of the cut plane of the tibial plateau; (b) Visualisation of the space occupied by the insert; (c) Visualisation of the space prepared for the implant’s insertion in the tibia.In this study, we considered press-fit tibial extension stems. Thus, once this implant in position, a boolean geometry operation was performed in the tibia to create a space for the implant (Figure 1c). Several models were developed in order to take into account multiple extension stem dimensions (may it be in diameter or in length). To develop the finite element models, each of the geometric models was then imported into the program Ansys Mechanical (Version 2024R1, Ansys Inc., United States). Discretisation of the different bodies was performed using quadratic tetrahedral elements (TET10).
To define optimal mesh parameters, in order to obtain a good accuracy of the results while maintaining reasonable computation costs, a convergence study was carried out (Ayturk and Puttlitz, 2011). In this study, the element type remained unchanged (TET10), and only the element size was varied. Several models were developed with element sizes ranging from 3 mm to 0.5 mm. An adaptive mesh refinement was applied in the contact region between the tibia and the implant components (tibial baseplate and extension stem), which was the main area of interest in this study. Mesh refinement was continued until the variation in results between two successive mesh densities was less than 5% for key output parameters, including strain, stress, and fracture risk. This ensured that the mesh was sufficiently refined to provide reliable and mesh-independent results in the regions under analysis.
As a result of the mesh convergence analysis, element size for the tibia and the implant was set to 1 mm, whereas in the contact zone around the bone and the prosthesis, element size was set to 0.75 mm (Figure 2a). With these parameters, each model was composed of approximately 2.6 million elements, and could be computed in about 1 hour.
[image: Three-panel illustration of knee joint models. Panel (a) shows a detailed cutaway view of bone and joint structure. Panel (b) displays a top view with colored sections: blue representing 40% lateral, red representing 60% medial. Panel (c) shows a cross-section with a prosthetic component highlighted in red.]FIGURE 2 | (a) Display of the mesh (section view); (b) Display of the boundary conditions: increasing force (blue and pink arrows) applied on the superior face of the tibial endplate, with 40% of the load applied on the lateral plateau and 60% of the load applied on the medial plateau (Mündermann et al., 2008; Lee et al., 2025), and the fixed support condition at the distal tibia (in orange); (c) Contact zone between the tibia and the implant (section view).Tibial baseplate and extension stem were assumed to be composed of cobalt–chrome–molybdenum (CoCrMo) (Table 1). For the tibia, the heterogeneous distribution of the patients’ bone density was taken into account (Zannoni et al., 1999; Cattaneo et al., 2001; Schileo et al., 2007), in order to develop patient-specific finite element models. To do that, both the mesh of the tibia and the CT-scan images were imported into a custom-made Python script (QCTMA: pypi. org/project/qctma) used to integrate the values of the CT-scan over each element of the mesh using gaussian quadrature. This protocol is based on the heterogenous distribution of Hounsfield units (HU) in the imaging. A specific density can be associated with each HU (Ese and Waldemar, 2019) and, by the means of a conversion law, can then be linked to a local elasticity modulus. The conversion laws used for both cortical and cancellous bone are shown in Table 1.
TABLE 1 | Mechanical properties of materials used in the digital models.	Component	Material	Mechanical property	References
	Tibia	Cortical bone	Ecortical=3890×ρlocal2.39
ν = 0.3	Snyder and Schneider (1991)
	Cancellous bone	Ecancellous=6570×ρlocal1.37
ν = 0.3	Rho et al. (1995)
	Implant	CoCrMo	E = 220 GPa, ν = 0.3	Luyckx et al. (2024)


The density limit for distinguishing between cortical and cancellous bone was set at 1.68 g/cm3 (Aubert et al., 2021), as this corresponds to the point where the function defining the modulus of cancellous bone intersects the function defining the modulus of cortical bone.
2.2 Structure of the study
In this study, one model was developed for a specific implant configuration, with longer or wider extension stems. A total of six models were developed. Model 1 corresponds to a tibia equipped with an implant used without an extension stem. Models 2 to 6 differ by the dimension of the stem. The dimensions of the extension stems correspond to those proposed in the U2 MB product range. This is summarised in Table 2.
TABLE 2 | Summary of the implant variations between each model.		Model 1	Model 2	Model 3	Model 4	Model 5	Model 6
	Stem Length (mm)	—	20	45	70	45	45
	Stem Diameter (mm)	—	9	9	9	12.5	14


The boundary conditions comprised the fixation of the distal part of the tibia and the application of a compressive force on the superior surface of the implant plateau, with the mechanical axis initially defined at the time of the proximal tibial cut (see Figure 2b). In order to more accurately model the distribution of the force on the physiological tibial plateau, 60% of the load was applied on the medial plateau, and 40% on the lateral plateau (Mündermann et al., 2008; Lee et al., 2025). The rationale for selecting the value of this compression force was that it should represent the stress measured at the tibial plateau during a range of activities, such as: walking in single leg support phase (3 × body weight = 3 × 750 = 2250 N), moving from sitting to standing or going up or down stairs (5 BW = 3750 N), and running (12 BW = 9000 N) (Saxby et al., 2016; Rooney and Derrick, 2013). To represent the case of a secondary stability of the implant (i.e., post osteointegration), a bonded contact condition was imposed between the implant (tibial baseplate and extension stem) and the tibia (Figure 2c).
For each of the six models, strain and stress distribution were observed in the periprosthetic tibial bone, and the minimal principal strain were computed (Wearne et al., 2024). Finally, the risk of fracture of the bone (RF) was computed and presented in percentage. This value is expressed as the ratio between the maximum principal strain in the tibial bone and the ultimate strain limit, which has been described to be equal to 70% of the compressive strain for bone (0.0104), thus equal to 0.0073 (Piovan et al., 2024). These results provide information on the local effects that could result in damage to the bone, potentially damaging implant stability.
3 RESULTS
Figure 3 illustrates the distribution of strains in the tibia under the tibial baseplate. The data indicates that models incorporating an extension stem exhibit less strain under the tibial baseplate across all three loading steps. For these models, the strain is primarily located in the bone surrounding the extremity of the stem. However, no difference in strain values was observed in the contact zone where the lateral fins of the implant engage with the tibia.
[image: Grid of simulation results showing three sets of six models labeled Model 1 to Model 6. Each row corresponds to different BW values: 3 BW, 5 BW, and 12 BW. The simulations use a color scale from dark blue to red, indicating varying stress levels with legends marking values like 0.00012 for 3 BW, 0.002 for 5 BW, and 0.0048 for 12 BW. Each model displays a cross-sectional view with stress concentrated around a central circular area.]FIGURE 3 | Distribution of strain over the tibial plateau, under the tibial baseplate.A similar observation can be made from Figure 4, which shows the strain distribution in the periprosthetic bone. For each loading state, models with a stem exhibit very similar strain distribution. At the 12 BW loading step, Model 1 (without an extension stem) appears to have higher strain levels. However, the highest strain value was computed for Model 5.
[image: Illustration of stress distribution in six models under three loading conditions: three, five, and twelve body weights (BW). Each row represents a different BW condition, showing varying stress concentrations with color gradients from blue (low stress) to red (high stress). The models indicate differences in stress levels across conditions.]FIGURE 4 | Distribution of strains in the periprosthetic tibial bone.Figure 5 shows the stress distribution in the periprosthetic tibial bone. We can observe that although the results are quite similar between all models, the models that implement an extension stem (models 2–6) tend to present higher stress values in the diaphysis cortical bone. The maximum stress values were determined in the Model 5.
[image: Simulation results of stress distribution for six models under three different body weights (3 BW, 5 BW, and 12 BW) using finite element analysis. Each column represents a model, with stress visualized in color gradients. Legends indicate stress levels in megapascals (MPa), ranging from low (blue) to high (red).]FIGURE 5 | Distribution of von Mises stresses (MPa) in the periprosthetic tibial bone.Figure 6 shows the distribution of risk of fracture in the tibial bone (Piovan et al., 2024). The most critical zone is located in the bone surrounding the extremity of the extension stem, consistent with the strain distribution shown in Figure 4. The highest fracture risk was observed in Model 5.
[image: Finite element analysis showing stress distribution in six different models of a prosthetic component under three body weight (BW) conditions: 3 BW, 5 BW, and 12 BW. Each row corresponds to a different weight condition, with increasing stress levels marked by a color gradient from blue to red. Stress values in megapascals are listed beside each row, showing a range from light to maximum stresses for each condition.]FIGURE 6 | Distribution of the risk of fracture (%) in the periprosthetic tibial bone (Piovan et al., 2024).Table 3 summarizes the results obtained for each simulation. It presents the maximum values of von Mises stress, equivalent elastic strain, and risk of fracture. For each of these mechanical fields, the lowest values were computed for Model 1. For Models 2 to 6 (which implement an extension stem), von Mises stress values are similar. Specifically, Model 6 (stem of 14 mm in diameter and 45 mm in length) shows values of 8.81 MPa at 3 BW, 14.68 MPa at 5 BW, and 35.24 MPa at 12 BW, compared to Model 2 (stem of 9 mm in diameter and 20 mm in length) with values of 9.52 MPa at 3 BW, 15.88 MPa at 5 BW, and 38.10 MPa at 12 BW. Similar observations can be made for equivalent elastic strain results, with peak strain values of 0.0012 at 3 BW, 0.0020 at 5 BW, and 0.0048 at 12 BW for these models.
TABLE 3 | Summary of the results of von Mises stress, equivalent elastic strain, risk of fracture, and Minimum principal strain, for each of the 3 loading states.			Model 1	Model 2	Model 3	Model 4	Model 5	Model 6
	3 BW	Von Mises stress (max, MPa)	8.30	9.52	9.37	8.94	9.33	8.81
	Equivalent elastic strain (max)	0.0009	0.0010	0.0011	0.0010	0.0012	0.0010
	Risk of fracture (max, %)	3.29	4.31	4.41	4.28	4.81	4.25
	Minimum principalmicro-strains (median (90th percentile))	−121.56 (−214.67)	−140.59 (−383.67)	−146.01 (−396.69)	−149.37 (−395.17)	−141.74 (−376.05)	−142.55 (−379.75)
	5 BW	Von Mises stress (max, MPa)	13.84	15.88	15.62	14.90	15.55	14.68
	Equivalent elastic strain (max)	0.0014	0.0017	0.0018	0.0017	0.0020	0.0017
	Risk of fracture (max, %)	5.48	7.19	7.35	7.14	8.01	7.08
	Minimum principalmicro-strains (median (90th percentile))	−202.60 (−357.78)	−234.32 (−639.45)	−243.36 (−661.15)	−248.96 (−658.62)	−236.23 (−626.76)	−237.58 (−632.92)
	12 BW	Von Mises stress (max, MPa)	33.21	38.10	37.48	35.76	37.32	35.24
	Equivalent elastic strain (max)	0.0034	0.0041	0.0044	0.0042	0.0048	0.0041
	Risk of fracture (max, %)	13.14	17.26	17.64	17.13	19.23	16.99
	Minimum principalmicro-strains (median (90th percentile))	−486.25 (−858.68)	−562.36 (−1534.70)	−584.06 (−1586.80)	−597.50 (−1580.70)	−566.95 (−1504.20)	−570.20 (−1519.00)


Finally, we examined the median and 90th percentile values for minimal principal µ-strain, linked to a compressive load (Wearne et al., 2024). These strains were computed only for the mesh elements located in the more refined zone (Figure 1a). We observed that the lowest values were found in the model with the longest extension stem, while the model without a stem produced the higher values.
4 DISCUSSION
In this study, various finite element (FE) models of knees with implants were developed to evaluate the biomechanical effects of adding an extension stem on the stability of total knee replacements. These patient-specific models account for the mechanical properties of the recipient’s bone. The results suggest that adding an extension stem tends to reduce strain under the tibial baseplate. However, stress appears to increase in the bone surrounding the extremity of the extension stem, regardless of stem dimensions.
To assess the plausibility of the strain levels predicted by our finite element models, we compared them with published experimental data (Correa et al., 2018). Reported cortical strain magnitudes in the order of a few hundred to about one thousand µ-strain in the tibia under walking and stair-climbing loads, using digital image correlation and strain gauges. The values obtained in our simulations in the cortical bone surrounding the stem tip fall within this range, which supports the realism of our predictions despite the simplifications inherent to the modelling approach.
The geometric parameter of the stem that appears to have the greatest impact on fracture risk is the diameter. Our results show that for each loading state, stems with the largest diameters (12.5 mm and 14 mm) exhibit the largest zones of high fracture risk and strain. A similar observation was previously noted in the literature by Awadalla et al. (2018). This may reflect greater cortical contact with larger diameters under compressive loading.
Our findings align with observations by Completo et al. (2009), who highlighted the significant impact of stem geometry on stress shielding and stress concentrations in the tibial bone. Specifically, they demonstrated that short stems induce less stress shielding and fewer stress concentrations at the stem tip compared to long stems. Additionally, Scott and Biant (2012) noted that although stems improve the mechanical stability of tibial components, they can lead to reduced bone density along their length, consistent with our findings of increased strain at the stem extremity. These insights underscore the importance of optimizing stem design to ensure implant stability while minimizing adverse effects on surrounding bone.
In addition, Eidel et al. (2021) emphasise that optimising force transmission through the tibial plate–replicating pre-surgical loading conditions–can significantly reduce stress shielding. Their work demonstrates that by using a compliant bone-stem interface, achieved through sliding friction conditions, load can be preferentially transmitted through the plate rather than the stem. This is consistent with our results showing reduced strain below the baseplate but increased stress at the stem tip. Designs promoting plate-mediated load transfer may therefore help preserve bone loading and reduce periprosthetic fracture risk. This bionics-inspired strategy offers a promising way to balance implant stability with preservation of bone quality.
These findings should be interpreted as biomechanical tendencies under the bonded interface assumption, and they should not be directly translated into clinical recommendations for press-fit stem selection without additional validation, including explicit modelling of initial stability and micromotion.
In this study, we focused on secondary stability with secure anchorage of the prosthesis in the tibia. Future work could extend this approach to primary stability to assess the impact of anchorage on our results (Eidel et al., 2021). This would also allow for the study of relative displacements between the tibial implant and bone, which were assumed to be negligible in the present work. In addition, the present work did not include a systematic sensitivity analysis of the HU-to-modulus conversion laws or of variations in elastic modulus. Although the chosen density–modulus relationship was consistent with reported tibial bone properties, future studies should test the influence of alternative conversion equations and ±15% changes in modulus to fully quantify their effect on the results. Additionally, our numerical models were based on data from a single patient. These findings should therefore be interpreted as qualitative trends in load redistribution rather than absolute thresholds of clinical risk, since small differences between peak values may not be clinically meaningful and could be influenced by inter-patient variability in bone density and tibial morphology. Developing models from a broader patient base, considering variations in bone geometries and mechanical properties, would help capture this variability more comprehensively. Finally, while we simulated daily activities by varying compressive forces, future studies should also vary the direction of loading (Calliess et al., 2014). This simplification, together with the absence of varus/valgus malalignment, posterior slope variations, and shear or torque components, restricts direct clinical extrapolation of the present findings.
5 CONCLUSION
This study highlights the critical role of tibial extension stems in improving the biomechanical stability of total knee arthroplasty. Our results show that in the case of compressive loadings, the addition of an extension stem tends to increase both stress and strain in the periprosthetic bone, in particular around the extension stem, but seems to decrease their values under the implant’s baseplate. In addition, an increase in stem diameter correlates with a higher risk of fracture due to increased cortical contact within the tibia. Using patient-specific finite element models, this work provides the basis for a surgical planning strategy based on accurate biomechanical data. This approach allows surgeons to optimise implant selection, thereby improving durability and functional outcomes for patients. By integrating these findings into clinical practice, we can potentially improve the longevity of knee replacements and the overall quality of life for patients.
DATA AVAILABILITY STATEMENT
The datasets presented in this article are not readily available because results obtained from patients imaging. Requests to access the datasets should be directed to MS, mathieu.severyns@hotmail.fr.
ETHICS STATEMENT
The studies involving humans were approved by MR-004 reference methodology framework. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
MS: Validation, Methodology, Writing - original draft, Visualization, Conceptualization, Investigation. FZ: Conceptualization, Formal Analysis, Data curation, Methodology, Software, Writing – original draft. MG: Software, Data curation, Writing – original draft, Formal Analysis. AG: Writing – original draft, Methodology, Investigation, Data curation. TV: Writing – original draft, Investigation, Data curation, Project administration.
FUNDING
The author(s) declare that no financial support was received for the research and/or publication of this article.
ACKNOWLEDGMENTS
We would like to thank United Orthopedic for providing the 3D models of the implants.
CONFLICT OF INTEREST
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.
REFERENCES
	Aubert, K., Germaneau, A., Rochette, M., Ye, W., Severyns, M., Billot, M., et al. (2021). Development of digital twins to optimize trauma surgery and postoperative management. A case study focusing on tibial plateau fracture. Front. Bioeng. Biotechnol. 9 (octobre), 722275. doi:10.3389/fbioe.2021.722275

	Awadalla, M., Al-Dirini, R. M. A., O’Rourke, D., Solomon, L. B., Heldreth, M., and Taylor, M. (2018). Influence of varying stem and metaphyseal sleeve size on the primary stability of cementless revision tibial trays used to reconstruct AORI IIA defects. A simulation study. J. Orthop. Res. 36 (7), 1876–1886. doi:10.1002/jor.23851

	Ayturk, U. M., and Puttlitz, C. M. (2011). Parametric convergence sensitivity and validation of a finite element model of the human lumbar spine. Comput. Methods Biomechanics Biomed. Eng. 14 (8), 695–705. doi:10.1080/10255842.2010.493517

	Bae, D. K., Song, S. J., Park, M. J., Hyung Eoh, J., Song, J. H., and Park, C. H. (2012). Twenty-year survival analysis in total knee arthroplasty by a single surgeon. J. Arthroplasty 27 (7), 1297–1304.e1. doi:10.1016/j.arth.2011.10.027

	Calliess, T., Bocklage, R., Karkosch, R., Marschollek, M., Windhagen, H., and Schulze, M. (2014). Clinical evaluation of a mobile sensor-based gait analysis method for outcome measurement after knee arthroplasty. Sensors (Basel) 14 (9), 15953–15964. doi:10.3390/s140915953

	Cattaneo, P. M., Dalstra, M., and Frich, L. H. (2001). A three-dimensional finite element model from computed tomography data: a semi-automated method. Proc. Inst. Mech. Eng. H. 215, 203–212. doi:10.1243/0954411011533760

	Completo, A., Talaia, P., Fonseca, F., and Simões, J. A. (2009). Relationship of design features of stemmed tibial knee prosthesis with stress shielding and end-of-stem pain. Mater. and Des. 30 (4), 1391–1397. doi:10.1016/j.matdes.2008.06.071

	Conlisk, N., Howie, C. R., and Pankaj, P. (2018). Optimum stem length for mitigation of periprosthetic fracture risk following primary total knee arthroplasty: a finite element study. Knee Surg. Sports Traumatol. Arthrosc. 26 (5), 1420–1428. doi:10.1007/s00167-016-4367-8

	Correa, T. A., Pal, B., van Arkel, R. J., Vanacore, F., and Amis, A. A. (2018). Reduced tibial strain-shielding with extraosseous total knee arthroplasty revision system. Med. Eng. and Phys. 62 (décembre), 22–28. doi:10.1016/j.medengphy.2018.09.006

	Cuckler, J. M. (2004). Bone loss in total knee arthroplasty. J. Arthroplasty 19 (4), 56–58. doi:10.1016/j.arth.2004.03.002

	Druel, J., Gelin, N., Ollivier, M., Roseren, F., Chabrand, P., Jacquet, C., et al. (2024). Outcomes of short and long tibial stems for primary total knee arthroplasty in a population of obese patients at two-year follow-up: a clinical and biomechanical study. J. arthroplasty 39 (8S1), S174–S182. doi:10.1016/j.arth.2024.02.047

	Eidel, B., Gote, A., Fritzen, C. P., Ohrndorf, A., and Christ, H. J. (2021). Tibial implant fixation in TKA worth a revision? how to avoid stress-shielding even for stiff metallic implants. Comput. methods biomechanics Biomed. Eng. 24 (3), 320–332. doi:10.1080/10255842.2020.1830274

	Ese, Z., and Waldemar, Z. (2019). Influence of 12-bit and 16-bit CT values of metals on dose calculation in radiotherapy using PRIMO, a Monte Carlo code for clinical linear accelerators. Curr. Dir. Biomed. Eng. 5 (1), 597–600. doi:10.1515/cdbme-2019-0150

	Frehill, B., Crocombe, A. D., Agarwal, Y., and Bradley, W. N. (2015). Finite element assessment of block-augmented total knee arthroplasty. Comput. methods biomechanics Biomed. Eng. 18 (15), 1726–1736. doi:10.1080/10255842.2014.948429

	Huizinga, M. R., Brouwer, R. W., Bisschop, R., Van Der Veen, H. C., Akker-Scheek, I. V. D., and van Raay, J. J. (2012). Long-term follow-up of anatomic graduated component total knee arthroplasty. J. Arthroplasty 27 (6), 1190–1195. doi:10.1016/j.arth.2011.11.020

	Kim, Y.-H., Park, J.-W., and Jang, Y.-S. (2021). The 22 to 25-year survival of cemented and cementless total knee arthroplasty in young patients. J. Arthroplasty 36 (2), 566–572. doi:10.1016/j.arth.2020.08.001

	Kurtz, S., Ong, K., Lau, E., Mowat, F., and Halpern, M. (2007). Projections of primary and revision hip and knee arthroplasty in the United States from 2005 to 2030. J. Bone and Jt. Surg. 89 (4), 780–785. doi:10.2106/JBJS.F.00222

	Laver, L., Maman, D., Hirschmann, M. T., Mahamid, A., Bar, O., Steinfeld, Y., et al. (2024). Big data analysis reveals significant increases in complications, costs, and hospital stay in revision total knee arthroplasty compared to primary TKA. Knee Surg. Sports Traumatol. Arthrosc. 9, 1015–1024. doi:10.1002/ksa.12499

	Lee, H. H., Hong, H.-T., Kim, J.-K., Koh, Y.-G., Kwan, K. P., and Kang, K.-T. (2025). Optimization of tibial stem geometry in total knee arthroplasty using design of experiments: a finite element analysis. Bioengineering 12 (2), 172. doi:10.3390/bioengineering12020172

	Luyckx, T., Bori, E., Saldari, R., Fiore, S., Altamore, V., and Innocenti, B. (2024). Effect of design and surgical parameters variations in mobile-bearing versus fixed-bearing unicompartmental knee arthroplasty: a finite element analysis. J. Exp. Orthop. 11 (4), e70053. doi:10.1002/jeo2.70053

	Mabry, T. M., and Hanssen, A. D. (2007). The role of stems and augments for bone loss in revision knee arthroplasty. J. Arthroplasty 22 (4), 56–60. doi:10.1016/j.arth.2007.02.008

	Mündermann, A., Dyrby, C. O., D’Lima, D. D., Colwell, C. W., and Andriacchi, T. P. (2008). In vivo knee loading characteristics during activities of daily living as measured by an instrumented total knee replacement. J. Orthop. Res. 26 (9), 1167–1172. doi:10.1002/jor.20655

	Piovan, G., Bori, E., Padalino, M., Pianigiani, S., and Bernardo, I. (2024). Biomechanical analysis of patient specific cone vs conventional stem in revision total knee arthroplasty. J. Orthop. Surg. Res. 19 (1), 439. doi:10.1186/s13018-024-04936-0

	Putman, S., Argenson, J.-N., Bonnevialle, P., Ehlinger, M., Vie, P., Leclercq, S., et al. (2018). Ten-year survival and complications of total knee arthroplasty for osteoarthritis secondary to trauma or surgery: a French multicentre study of 263 patients. Orthop. and Traumatology Surg. and Res. 104 (2), 161–164. doi:10.1016/j.otsr.2017.11.019

	Rho, J. Y., Hobatho, M. C., and Ashman, R. B. (1995). Relations of mechanical properties to density and CT numbers in human bone. Med. Eng. and Phys. 17 (5), 347–355. doi:10.1016/1350-4533(95)97314-F

	Rivière, C., Iranpour, F., Auvinet, E., Aframian, A., Asare, K., Harris, S., et al. (2017). Mechanical alignment technique for TKA: are there intrinsic technical limitations?Orthop. and Traumatology Surg. and Res. 103 (7), 1057–1067. doi:10.1016/j.otsr.2017.06.017

	Rooney, B. D., and Derrick, T. R. (2013). Joint contact loading in forefoot and rearfoot strike patterns during running. J. Biomechanics 46 (13), 2201–2206. doi:10.1016/j.jbiomech.2013.06.022

	Saxby, D. J., Modenese, L., Bryant, A. L., Gerus, P., Killen, B., Fortin, K., et al. (2016). Tibiofemoral contact forces during walking, running and sidestepping. Gait and Posture 49 (septembre), 78–85. doi:10.1016/j.gaitpost.2016.06.014

	Schileo, E., Taddei, F., Malandrino, A., Cristofolini, L., and Viceconti, M. (2007). Subject-specific finite element models can accurately predict strain levels in long bones. J. Biomechanics 40 (13), 2982–2989. doi:10.1016/j.jbiomech.2007.02.010

	Scott, C. E. H., and Biant, L. C. (2012). The role of the design of tibial components and stems in knee replacement. J. Bone Jt. Surg. Br. Volume 94-B (8), 1009–1015. doi:10.1302/0301-620X.94B8.28289

	Shu, L., Yamamoto, K., Yao, J., Saraswat, P., Liu, Y., Mitsuishi, M., et al. (2018). A subject-specific finite element musculoskeletal framework for mechanics analysis of a total knee replacement. J. biomechanics 77 (août), 146–154. doi:10.1016/j.jbiomech.2018.07.008

	Snyder, S. M., and Schneider, E. (1991). Estimation of mechanical properties of cortical bone by computed tomography. J. Orthop. Res. 9 (3), 422–431. doi:10.1002/jor.1100090315

	Wearne, L. S., Rapagna, S., Awadalla, M., Keene, G., Taylor, M., and Perilli, E. (2024). Quantifying the immediate post-implantation strain field of cadaveric tibiae implanted with cementless tibial trays: a time-elapsed micro-CT and digital volume correlation analysis during stair descent. J. Mech. Behav. Biomed. Mater. 151 (mars), 106347. doi:10.1016/j.jmbbm.2023.106347

	Zannoni, C., Mantovani, R., and Marco, V. (1999). Material properties assignment to finite element models of bone structures: a new method. Med. Eng. and Phys. 20 (10), 735–740. doi:10.1016/S1350-4533(98)00081-2


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 Severyns, Zot, Gardegaront, Germaneau and Vendeuvre. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fbioe-13-1634172-g005.jpg
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
3BW v > 4
Unit: MPa = ﬁ

9.5247 Max
8.3034

7.2661

6.2288

5.1915

4.1542

3.1169
2.0796

1.0423
0.00496 Min

5BW
Unit: MPa

15.875 Max
13.839

1211

10.381

86525

6.9236

5.1048

3.466

1.731
0.0082667 Min

12 BW
Unit: MPa

38.099 Max
33.214
29,065

24915
20,766
16.617
12468
8318
4.1691
0.01984 Min






OPS/images/fbioe-13-1634172-g006.jpg
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

TYVYYY
TYVYYY

3BW
4.807 Max
3.285

ke

2.8726

2.4603

2.0479

1.6356

1.2232

0.81085
0.39849
-0.013872 Min

5BW

8.011 Max
5.475

4.7877

41005

34132

27259

2.0387

1.3514

0.66415
-0.023119 Min

12 BW

19.23 Max
13.14

11.491

.84

81917

6.5423

4.8928

3.2434

1.5939
-0.055486 Min






OPS/images/fbioe-13-1634172-g003.jpg
3BW

0.0012 Max
0.0009
0.00079
0.00068
0.00056
0.00045
0.00034
0.00023
0.00011
8e-7Min

5BW

0.002 Max
0.0014
0.0012
0.0011
0.00088
0.0007
0.00053
0.00035
0.00018
1.3e-6 Min

12 BW

0.0048 Max
0.0034

0.003

0.0026
0.0021
0.0017
0.0013
0.00085
0.00043
3.2e-6 Min

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6





OPS/images/fbioe-13-1634172-g004.jpg
3 BW

0.0012 Max
0.0009
| 0.00079






OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Optimising tibial extension stem selection in total knee arthroplasty: the role of digital modelling		Introduction

		Methods

		Results

		Conclusion

		1 INTRODUCTION

		2 MATERIALS AND METHODS		2.1 Development of the digital model

		2.2 Structure of the study





		3 RESULTS

		4 DISCUSSION

		5 CONCLUSION

		DATA AVAILABILITY STATEMENT

		ETHICS STATEMENT

		AUTHOR CONTRIBUTIONS

		FUNDING

		ACKNOWLEDGMENTS

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		REFERENCES









OPS/images/cover.jpg
’ frontiers | Frontiersin Bioengineering and Biotechnology

Optimising tibial extension stem
selection in total knee
arthroplasty: the role of digital
modelling





OPS/images/fbioe-13-1634172-g001.jpg





OPS/images/fbioe-13-1634172-g002.jpg
b) B Lateral: 40%
Medial: 60%










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers i

Bioengineering and Biotechnology





