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Abstract

Introduction: The knee is a biomechanically complex joint supported by multiple anatomical structures, making it vulnerable to multiple injuries. Finite element analysis is a valuable tool for studying joint biomechanics, particularly in pre-operative planning and injury evaluation. However, most models are based on computed tomography, which limits soft tissue visualization. Thus, a magnetic resonance imaging-based finite element model of the knee, incorporating bones, ligaments, tendons, cartilage, and menisci, was developed to improve realism and clinical relevance in biomechanical simulations. Materials and methods: Magnetic resonance imaging data were obtained from a healthy adult male using a 1.5T scanner and processed using RETOMO and Rhinoceros software for 3D reconstruction and modeling. Meshes were cleaned, optimized, and anatomically validated. All major knee structures were modeled, including the femur, tibia, fibula, patella, cruciate and collateral ligaments, patellofemoral ligaments, quadriceps and patellar tendons, menisci, and articular cartilage. Results: The resulting model reconstructed both hard and soft tissues of the knee joint with high anatomical fidelity, based on direct MRI segmentation and literature-supported anatomical definitions. The use of magnetic resonance imaging enabled high-resolution identification of soft tissues, while advanced mesh refinement preserved anatomical detail with optimized file management. The inclusion of structures like the anterolateral ligament and patellofemoral ligaments expands the model’s clinical relevance in addressing a wider range of knee pathologies. Conclusion: This magnetic resonance imaging-based finite element analysis model provides a detailed and comprehensive, representation of the healthy human knee, including bones, cartilage, menisci, and tendons. While some ligament attachment points were derived from literature rather than MRI data, the model provides a foundation for future biomechanical studies, surgical planning and personalized treatment simulations.
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Introduction
The knee is the largest and most complex joint in the human body. It plays a vital role in mobility and is vulnerable to a variety of injuries due to its intricate anatomy and the high mechanical demands placed upon it [1]. The primary components of the knee joint include the femur, tibia, fibula, and patella. These bones are supported by various soft tissues, such as joint capsule, menisci, ligaments, tendons, fat pads, and muscles, all of which work synergistically to provide structural and biomechanical stability [1, 2]. Several anatomical structures contribute to the knee stability, including the medial and lateral menisci and key ligaments, such as the anterior cruciate ligament (ACL), posterior cruciate ligament (PCL), medial collateral ligament (MCL), lateral collateral ligament (LCL), anterolateral ligament (ALL), medial patellofemoral ligament (MPFL), lateral patellofemoral ligament (LPFL). Additionally, tendons such as the quadriceps tendon (QT) and patellar tendon (PT) play important biomechanical roles [1, 3].
Magnetic resonance imaging (MRI) is a widely used imaging modality for detailed assessment of both bone and soft tissues. It is particularly valuable for detecting and characterizing traumatic and non-traumatic knee injuries, assisting in diagnosis, treatment planning, and monitoring [4]. With advances in computational technologies, finite element analysis (FEA) has emerged as a powerful tool for biomechanical modeling [1, 5]. FEA enables the creation of detailed three-dimensional (3D) anatomical models and allows simulation of complex loading conditions that are difficult to replicate in traditional experimental setups. As a non-invasive, repeatable, and precise approach, FEA supports the evaluation of stress, strain, displacement, and rotation, thereby aiding in injury mechanism analysis and operative planning [5, 6]. While many studies have focused on FEA models derived from computed tomography (CT) or MRI data [7–12], these models often prioritize bony structures and provide limited representation of the detailed soft tissue architecture of the knee joint.
Thus, the primary objective of the present study was to develop an anatomically comprehensive, MRI-based model of the knee joint, including the majority of the critical anatomical structures, and it is intended to serve as a valuable reference for future biomechanical studies and clinical applications.
Materials and methods
General information
A healthy male volunteer (32 years old, 179 cm, 74 kg, body mass index 23.1 kg/m2) with no history of knee pathology, trauma, or surgery participated in this study. Ethical approval was obtained from the university’s institutional review board, and written informed consent was provided by the volunteer.
Acquisition of MRI data
An MRI scan was first performed to obtain the anatomical structures on a 1.5T system (MAGNETOM® Avanto Tim + Dot system, Siemens, Munich, Germany) with an 8-channel knee coil. The MRI examination was performed with the knee in slight flexion with the STIR, T1, and T2 acquisitions in all three anatomical planes (sagittal, coronal, transverse). Acquisition parameters were as follows: FoV read, 150 mm; FoV phase, 100%; slice thickness, 0.6 mm; slice spacing, 0.6 mm; resolution, 512 × 512; TE, 4.76 ms; TR, 11 ms. A total of 1130 Digital Imaging and Communication in Medicine (DICOM)-format images were acquired.
3-dimensional (3D) reconstruction process
The DICOM (.dcm) images were imported into RETOMO (BETA CAE Systems International AG, Root, Switzerland). Initial segmentation was performed automatically and refined manually. Segmentation was based on grayscale intensity, and iterative seed/grow methods were used to enhance segmentation accuracy. The final 3D meshes were exported and saved in the stereolithography (STL) format.
3D knee modeling
The STL files were imported into Rhinoceros (Rhino & SR38, Robert McNeel and Associates for Windows, Washington DC, USA). While major osseous structures, menisci, and cartilage were directly segmented from MRI data, several ligamentous and tendinous structures were reconstructed using a hybrid approach that combined MRI visualization with established anatomical descriptions from the literature. This approach was adopted due to the limited visibility of fine ligament boundaries on conventional clinical MRI sequences. Anatomical attachment sites and fiber trajectories were defined based on published anatomical studies and subsequently adjusted to match subject-specific MRI morphology.
The initial geometry of the tibia and fibula, exported as a single conjoined mesh from the 3D reconstruction process, consists of approximately 528,000 triangles and was separated into individual bones within Rhinoceros. The femur consisted of 536,000 triangles, while the patella included 50,000. To optimize the model for further processing, the meshes were reduced to 10,000 triangles for the tibia and fibula, 5,000 for the femur, and 2,500 for the patella using the ReduceMesh Rhino function. This represents an approximate 98–99% reduction in polygon count achieved across all structures while maintaining anatomical accuracy. Additionally, the Mesh decimation significantly reduced the model’s size, enabling overall easier file management and smoother mesh manipulation. Rhinoceros software has been employed in similar biomedical workflows to refine 3D anatomical surfaces derived from medical imaging data prior to downstream analysis or fabrication [13, 14]. Rhinoceros allows accurate creation and manipulation of complex anatomical surfaces and free-form geometries, such as bone and soft tissue structures, making it suitable for reconstructing detailed patient-specific anatomy [13].
Peripheral noise and artifacts were removed to clean the external geometry of the model, followed by the elimination of internal bone artifacts generated during the 3D reconstruction process. All bone geometries were then converted into quad meshes using Rhino's QuadRemesh command, resulting in cleaner topology and the elimination of any intersecting faces. Any remaining surface holes were closed, and all face normals were verified and corrected when necessary to ensure geometric consistency.
Following initial cleanup, the ligament modeling was initiated by defining the anatomical attachment points between the relevant bones. Between each pair of attachment points, two to five guide curves were created to define the path, thickness, and shape of the ligament. The final ligament shapes were created using Rhino’s Sweep1 or Sweep2 commands. In cases requiring more complex forms, the Multipipe function was applied after inserting several cross-sections along the guide curves between the attachment point outlines. The same methodology was followed for modeling the tendons.
For the articular cartilage, most geometries were designed using a single top view by designing the cartilage footprint and then projecting it onto the respective bone. For the femoral articular cartilage, a multiplanar spatial curve was manually defined. Unlike the other cartilage structures, which were constructed in a single top view, the femoral outlines were designed and projected separately across bottom, front, and back views, and afterwards were joined into a single curve. The final curve continuously transitions across curved surfaces and varying anatomical planes, following the distal femur. Once the cartilage outlines were finalized, a 1 mm thick mesh was created by trimming a copy of a bone’s surface and then applying thickness to it using Weaverbird’s Mesh Thicken function to create the tissue’s volume.
Finally, the medial and lateral menisci were constructed by designing the characteristic C-shaped footprints of the medial meniscus (MM) and lateral meniscus (LM) on top of MTP and LTP cartilages. A series of inward polylines was then generated using Grasshopper’s Clipper Polyline offset function. These contour lines were distributed at varying heights to approximate the natural wedge-shaped cross-section of each meniscus. The final 3D geometry was obtained by patching the curves, resulting in anatomically realistic, crescent-shaped meniscal surface structures.
All anatomical structures were identified from the MRI images with additional reference to descriptions found in the literature [15–20] and confirmed by two experienced orthopaedic surgeons. The 3D modeling was performed by an experienced architect under the guidance and supervision of an orthopaedic surgeon. The finalized 3D knee model can be made available to other researchers upon reasonable request. All anatomical structures can be exported in standard 3D format, such as STL, enabling replication, modification, and use in other FEA studies.
Results
An MRI of the left knee (Figure 1) obtained from a healthy individual was used to develop an MRI-based FEA model. The imaging dataset demonstrated normal joint morphology, with intact osseous structures, cartilage surfaces, menisci, and ligaments. No pathological findings, anatomical variations, or degenerative changes were identified. The knee joint was imaged apprpximately10 cm proximal and distal to the joint line. All anatomical structures were either segmented directly from the patient’s MRI data or and reconstructed using literature-based anatomical definitions adapted to the subject-specific MRI geometry [15–20]. The MRI data were imported into RETOMO software, where all relevant bones were successfully identified. As expected, four bones forming the knee joint were clearly visualized and incorporated into the 3D model (Figure 2A). After removal of noises and artifacts, as well as the elimination of internal bone irregularities, the bone geometries were converted into quadrilateral meshes. Remaining surface holes were closed, resulting in a cleaner anatomical representation and improved geometry consistency (Figure 2B).
	[image: Thumbnail: Figure 1 Refer to the following caption and surrounding text.]	Figure 1 The left knee of a healthy individual (A) was imaged using magnetic resonance imaging (MRI) to obtain detailed anatomical views (B).



	[image: Thumbnail: Figure 2 Refer to the following caption and surrounding text.]	Figure 2 MRI data were imported into RETOMO, and the four knee joint bones were identified and incorporated into the 3D model (A). Post-processing of cleaned bone geometries following noise removal, artifact elimination, quadrilateral mesh conversion, and surface hole closure (B).



Ligaments (ACL, PCL, ALL, MCL, LCL, MPFL, LPFL) and tendons (quadricep and patellar) were modeled by defining anatomical attachment points, generating guide curves to capture their shape and thickness, and constructing final geometries using Rhino’s Sweep and multiple functions (Figure 3). Articular cartilage geometries were successfully reconstructed by projecting anatomically defined footprints onto bone surfaces, with the femoral cartilage requiring a multi-planar approach to accurately capture its complex curvature. The finalized cartilage structures were generated as 1 mm thick meshes, reflecting realistic anatomical shape and spatial continuity across joint surfaces. The medial and lateral menisci were accurately reconstructed as anatomically realistic, crescent-shaped 3D structures by offsetting their C-shaped footprints on the tibial cartilage and generating wedge-shaped cross-sections through height-varying contour lines (Figure 4). The reconstructed geometries were anatomically consistent with published descriptions of knee morphology, although no quantitative geometric validation against cadaveric or imaging ground truth was performed.
	[image: Thumbnail: Figure 3 Refer to the following caption and surrounding text.]	Figure 3 Post-processing ligament and tendon models were created by defining anatomical attachment points and generating geometries.



	[image: Thumbnail: Figure 4 Refer to the following caption and surrounding text.]	Figure 4 Reconstruction of articular cartilage and menisci geometries. Cartilage was modeled by projecting anatomical footprints onto bone surfaces, with the femoral cartilage requiring a multi-planar approach; menisci were generated from C-shaped footprints and height-varying contour lines to capture their wedge-shaped, crescent-like anatomy.



Discussion
This study presents a detailed MRI-based knee joint model for FEA, including major and secondary stabilizers, with an emphasis on anatomical completeness rather than quantitative validation of geometric accuracy. MRI enables superior soft-tissue visualization and reconstruction compared with traditional methods, aiding understanding of joint function and injury mechanisms. It is important to note that although MRI provides excellent soft tissue contrast, not all ligamentous structures can be fully delineated with sufficient clarity for direct segmentation. Consequently, several ligaments were reconstructed using manually defined attachment points and trajectories informed by established anatomical literature. While this introduces a degree of uncertainty at the individual subject level, this methodology is commonly employed in computational knee modeling and enables the inclusion of clinically relevant stabilizing structures that are otherwise difficult to segment directly from MRI data.
The development of FEA models of the human joints has been widely described in the literature [7–9, 21]. These models are commonly used to analyze joint biomechanics under various physiological and pathological conditions. Watanabe et al. constructed a CT-based finite element model (FEM) of the knee joint to predict intra-articular stress and strain in the load response phase of walking, using gait analysis. Their work highlights the complex biomechanical behavior of the knee joint during the FEM analysis [7]. Interestingly, Kozaki et al. developed an FEA model from patient DICOM data obtained via CT to compare the effects of medial meniscus extrusion in relation to variations in knee alignment, ranging from varus to valgus [8]. The creation of an FEA model enables detailed biomechanical analysis, allowing for precise assessment of how anatomical variations influence joint stress. Moreover, Kang et al. [21] developed a subject-specific finite element knee model of a healthy lower extremity using 3D anatomical data from CT images, in order to evaluate forces exerted on cruciate ligaments and contact stresses on the tibiofemoral and patellofemoral joints in relation to three different posterolateral corner reconstruction techniques. They emphasized the advantages of computational models over in vitro studies in terms of methodological quality.
MRI-based FEA models have emerged as a powerful computational tool for knee biomechanics studies, but they also present some limitations and challenges. While CT-based FEA models are effective for visualizing and modeling bony structures, MRI-based FEA models offer superior visualization of soft tissues, including ligaments, tendons, cartilage, and menisci, which are crucial for understanding joint kinematics and pathology [1, 22]. However, the process of converting MRI data into a 3D FEA model is more complex and time-consuming, requiring significant manual intervention for segmentation and meshing [23]. Our model utilized MRI data to achieve a more comprehensive anatomical representation of the knee, allowing for more accurate biomechanical simulation of soft tissue behavior. This provides a significant advantage for assessing injuries, such as ligament/tendon tears, cartilage damage, or meniscal degeneration, and can be particularly valuable in pre-operative planning and post-operative evaluation [4, 24].
Furthermore, one of the major strengths of the present study is the inclusion of nearly all the major anatomical structures of the knee joint. Most existing models either focus on bone and cartilage or include only a limited number of ligaments, often excluding secondary stabilizers due to imaging and segmentation constraints [7–9, 21]. By including anatomical structures, such as ALL, as well as the MPFL and LPFL, this model enhances its capacity to assess a broader spectrum of clinical scenarios. These additions are particularly relevant in the area of knee surgery, where understanding the roles of secondary anatomical stabilizers is crucial for reconstructive surgeries, especially in rotational instability cases and patellofemoral disorders.
Interestingly, the future of MRI-based FEA models is promising. Advances in technology, particularly the integration of artificial intelligence (AI) and machine learning (ML), are expected to streamline the process of model creation [25]. These technologies could enable automated segmentation and meshing, significantly reducing the time and effort required to build a patient-specific model, making it more feasible for clinical use [1, 25]. Additionally, the development of more sophisticated models will lead to more realistic simulations, improving our understanding of joint biomechanics and pathologies like ligament tears [4, 24–26]. As computational power continues to increase, it will become possible to perform more detailed and complex analyses of the human body, such as simulating the effects of different surgical techniques or predicting the progression of knee diseases, like meniscal tears, over time [7, 23, 25, 26]. These will ultimately lead to better pre-operative planning, more personalized treatment strategies, and improved patient post-operative outcomes.
While the present study focused on developing a detailed MRI-based FEA model of the knee joint, the model provides a robust foundation for future clinical applications. Potential uses include simulation of ligament reconstruction techniques, such as ACL, PCL, and MPFL reconstruction, allowing evaluation of post-operative joint kinematics and ligament loading. The model can also support planning and optimization of meniscal repair techniques, root repair with bone tunnel, suture anchor, or all-inside approaches, as well as assessment of meniscal or cartilage injury mechanics under physiological or pathological loading conditions. Additionally, the model enables patient-specific biomechanical simulations that could inform pre-operative planning, predict surgical outcomes, and guide post-operative rehabilitation strategies. Although clinical case simulations were not performed in this study, the model is designed as a versatile platform for future research aimed at translating computational findings into clinical practice.
This study has several potential limitations. First, it was based on MRI data from a single healthy male subject and therefore does not capture gender-specific anatomical differences or inter-individual variability. While this approach was appropriate for developing a detailed MRI-based FEA knee model, future studies incorporating female subjects and a larger cohort are warranted to enhance generalizability and enable population-based analyses. Second, a 1.5T MRI system with updated software and an advanced protocol was used in the present study. Although 3T MRI scanners may offer certain advantages, MRI remains a reliable modality for detecting knee injuries. Moreover, a systematic review by Cheng and Zhao [27] demonstrated that both 1.5T and 3.0T MRI systems provide high diagnostic accuracy for meniscal and ligament evaluation, with no significant differences in diagnostic performance between them. Another limitation of the present model is that certain ligament attachment points were defined based on anatomical literature rather than being fully derived from subject-specific MRI data, which may reduce individual-level geometric precision but enhances anatomical completeness.
Conclusion
An anatomically comprehensive MRI-based FEA model of the human knee was successfully developed, encompassing bones, articular cartilage, menisci, ligaments, and tendons. By leveraging high-resolution MRI data and advanced modeling tools, the present study addresses the limitations of previous CT-based models, especially in representing soft tissue anatomy. By including secondary stabilizers, such as the ALL and patellofemoral ligaments, the model offers broader clinical relevance, supporting simulations for ligament reconstruction, instability, and patellofemoral disorders. Future integration of AI and automated tools may streamline model generation, promoting patient-specific simulations and advancing personalized orthopaedic care.

Funding
This research did not receive any specific funding.

Conflicts of interest
The authors declare that they have no relevant financial or non-financial interests to report.

Data availability statement
The data that support the findings of this study are available from the corresponding author upon reasonable request.

Author contribution statement
Author 1: Conceptualization, Writing original draft, Data collection, Literature search.
Author 2: Writing original draft, Data collection, and Analysis.
Author 3: Writing original draft, Data collection, and Analysis.
Author 4: Writing original draft, Literature search, and Reviewing manuscript.
Author 5: Conceptualization, Reviewing, and Editing manuscript.
Author 6: Reviewing manuscript and Supervision.
Author 7: Reviewing manuscript and Supervision.
Author 8: Reviewing manuscript and Supervision.

Ethics approval
This study was approved by the Research Ethics Committee of the Faculty of Medicine, under protocol number 570/05.03.2024.

Informed consent
Written informed consent was obtained from all patients and/or their families.

References
	Yan M, Liang T, Zhao H, Bi Y, Wang T, Yu T, Zhang Y (2024) Model properties and clinical application in the finite element analysis of knee joint: A review. Orthop Surg 16, 289–302.
	Younas A, Gu H, Zhao Y, Zhang N (2021) Novel approaches of the nanotechnology-based drug delivery systems for the knee joint injuries: A review. Int J Pharm 608, 121051.
	Hassebrock JD, Gulbrandsen MT, Asprey WL, Makovicka JL, Chhabra A (2020) Knee ligament anatomy and biomechanics. Sports Med Arthrosc Rev 28, 80–86.
	Heylen S, Braeckevelt T, Verdonk P, Krause M, Michielsen J (2024) Diagnosing popliteofibular ligament injuries in anterior cruciate ligament-injured knees: A prospective magnetic resonance imaging study investigating the inter- and intraobserver reliability of identification of the popliteofibular ligament. J Exp Orthop 11, e12112.
	Vasiliadis AV, Giovanoulis V, Maris A, Chytas D, Katakalos K, Paraskevas G, Noussios G, Vassiou A (2024) Finite element analysis of the knee joint: a computational tool to analyze the combined behavior after treatment of torn ligaments and menisci in the human knee joint. SICOT-J 10, 45.
	Trivedi S (2014) Finite element analysis: A boon to dentistry. J Oral Biol Craniofac Res 4, 200–203.
	Watanabe K, Mutsuzaki H, Fukaya T, Aoyama T, Nakajima S, Sekine N, Mori K (2020) Development of a knee joint CT-FEM model in load response of the stance phase during walking using muscle exertion, motion analysis, and ground reaction force fata. Medicina (Kaunas) 56, 56.
	Kozaki T, Fukui D, Yamamoto E, Nishiyama D, Yamanaka M, Murata A, Yamada H (2022) Medial meniscus extrusion and varus tilt of joint line convergence angle increase stress in the medial compartment of the knee joint in the knee extension position -finite element analysis. J Exp Orthop 9, 49.
	Watanabe K, Mutsuzaki H, Fukaya T, Aoyama T, Nakajima S, Sekine N, Mori K (2023) Simulating knee-stress distribution using a computed tomography-based finite element model: A case study. J Funct Morphol Kinesiol 8, 15.
	Demitras Y, Kati YA (2023) A novel patella fracture fixation technique: finite element analysis. Arch Orthop Trauma Surg 143, 5105–5115.
	Dastgerdi AK, Esrafilian A, Carty CP, Nasseri A, Bavil AY, Barzan M, Korhonen RK, Astori I, Hall W, Saxby DJ (2023) Validation and evaluation of subject-specific finite element models of the pediatric knee. Sci Rep 13, 18328.
	Bolcos PO, Mononen ME, Tanaka MS, Yang M, Suomalainen JS, Nissi MJ, Toyras J, Ma B, Li X, Korhonen RK (2020) Identification of locations susceptible to osteoarthritis in patients with anterior cruciate ligament reconstruction: Combining knee Joint computational modelling with follow-up T1ρ and T2 imaging. Clin Biomech (Bristol) 79, 104844.
	Bücking TM, Hill ER, Robertson JL, Maneas E, Plumb AA, Nikitichev DI (2017) From medical imaging data to 3D printed anatomical models. PLoS One 12, e0178540.
	Baronio G, Harran S, Signoroni A (2016) A critical analysis of a hand orthosis reverse engineering and 3D printing process. Appl Bionics Biomech 2016, 8347478.
	Meister BR, Michael SP, Moyer RA, Kelly JD, Schneck CD (2020) Anatomy and kinematics of the lateral collateral ligament of the knee. Am J Sports Med 28, 869–878.
	Totlis T, Tishukov M, Piagkou M, Vasiliadis AV, Tsiouris C, Domashenko P, Tsakotos G, Natsis K (2024) The anterolateral ligament of the knee is a nonisometric thin ligament with high prevalence and almost constant attachment to the lateral meniscus: A systematic review with meta-analysis. Arthroscopy 40, 1288–1299.
	Vasiliadis AV, Marin Fermin T, Papakostas E (2024) The ‘forgotten’ lateral patellofemoral ligament: The known unknown. J Exp Orthop 11, e12109.
	Shah KN, DeFroda SF, Ware JK, Koruprolu SC, Owens BD (2017) Lateral patellofemoral ligament: An anatomic study. Orthop J Sports Med 5, 2325967117741439.
	Aframian A, Smith TO, Tennent TD, Cobb JP, Hing CB (2017) Origin and insertion of the medial patellofemoral ligament: a systematic review of anatomy. Knee Surg Sports Traumatol Arthrosc 25, 3755–3772.
	Kyung HS, Kim HJ (2015) Medial patellofemoral ligament reconstruction: A comprehensive review. Knee Surg Relat Res 27, 133–140.
	Kang KT, Koh YG, Son J, Kim SJ, Choi S, Jung M, Kim SH (2017) Finite element analysis of the biomechanical effects of 3 posterolateral corner reconstruction techniques for the knee joint. Arthroscopy 33, 1537–1550.
	Florkow MC, Willemsen K, Mascarenhas VV, Oei EHG, van Stralen M, Seevinck PR (2022) Magnetic resonance imaging versus computed tomography for three-dimesnional bone imaging of musculoskeletal pathologies: A Review. J Magn Reson Imaging 56, 11–34.
	Drakopoulos F, Liu Y, Garner K, Chrisochoides N (2024) Image-to-mesh conversion method for multi-tissue medical image computing simulations. Eng Comput 40, 3979–4005.
	Mootanah R, Imhauser CW, Reisse F, Carpanen D, Walker RW, Koff MF, Lenhoff MW, Rozbruch SR, Fragomen AT, Dewan Z, Kirane YM, Cheah PA, Dowell JK, Hillstrom HJ (2014) Development and validation of a computational model of the knee joint for the evaluation of surgical treatments for osteoarthritis. Comput Methods Biomech Biomed Engin 17, 1502–1517.
	Kumar R, Sporn K, Ong J, Waisberg E, Paladugu P, Vaja S, Hage T, Sekhar TC, Vadhera AS, Ngo A, Zaman N, Tavakkoli A, Masalkhi M (2025) Integrating artificial intelligence in orthopaedic care: Advancements in bone care and future directions. Bioengineering (Basel) 12, 513.
	Blanke F, Boljen M, Oehler N, Lutter C, Tischer T, Vogt S (2024) An anterolateral stabilization procedure has the most protective effect on the anterior cruciate ligament in tibial external rotation. A human knee model study. Arch Orthop Trauma Surg 144, 2703–2710.
	Cheng Q, Zhao FC (2018) Comparison of 1.5- and 3.0-T magnetic resonance imaging for evaluating lesions of the knee: A systematic review and meta-analysis (PRISMA-compliant article). Medicine (Baltimore) 97, e12401.



Cite this article as: Vasiliadis AV, Valsamidou K, Chortis A, Chytas D, Noussios G, Paraskevas G, Katakalos K, & Vassiou A (2026) Development of a knee joint magnetic resonance imaging (MRI)-based model for finite element analysis (FEA) applications. SICOT-J 12, 18. https://doi.org/10.1051/sicotj/2026009.



All Figures
	[image: Thumbnail: Figure 1 Refer to the following caption and surrounding text.]	Figure 1 The left knee of a healthy individual (A) was imaged using magnetic resonance imaging (MRI) to obtain detailed anatomical views (B).
In the text



	[image: Thumbnail: Figure 2 Refer to the following caption and surrounding text.]	Figure 2 MRI data were imported into RETOMO, and the four knee joint bones were identified and incorporated into the 3D model (A). Post-processing of cleaned bone geometries following noise removal, artifact elimination, quadrilateral mesh conversion, and surface hole closure (B).
In the text



	[image: Thumbnail: Figure 3 Refer to the following caption and surrounding text.]	Figure 3 Post-processing ligament and tendon models were created by defining anatomical attachment points and generating geometries.
In the text



	[image: Thumbnail: Figure 4 Refer to the following caption and surrounding text.]	Figure 4 Reconstruction of articular cartilage and menisci geometries. Cartilage was modeled by projecting anatomical footprints onto bone surfaces, with the femoral cartilage requiring a multi-planar approach; menisci were generated from C-shaped footprints and height-varying contour lines to capture their wedge-shaped, crescent-like anatomy.
In the text





    
      Figure 1 

      
        [image: Figure 1 Refer to the following caption and surrounding text.]
      

      
        The left knee of a healthy individual (A) was imaged using magnetic resonance imaging (MRI) to obtain detailed anatomical views (B).

      

    

  
    
      Figure 2 

      
        [image: Figure 2 Refer to the following caption and surrounding text.]
      

      
        MRI data were imported into RETOMO, and the four knee joint bones were identified and incorporated into the 3D model (A). Post-processing of cleaned bone geometries following noise removal, artifact elimination, quadrilateral mesh conversion, and surface hole closure (B).

      

    

  
    
      Figure 3 

      
        [image: Figure 3 Refer to the following caption and surrounding text.]
      

      
        Post-processing ligament and tendon models were created by defining anatomical attachment points and generating geometries.

      

    

  
    
      Figure 4 

      
        [image: Figure 4 Refer to the following caption and surrounding text.]
      

      
        Reconstruction of articular cartilage and menisci geometries. Cartilage was modeled by projecting anatomical footprints onto bone surfaces, with the femoral cartilage requiring a multi-planar approach; menisci were generated from C-shaped footprints and height-varying contour lines to capture their wedge-shaped, crescent-like anatomy.

      

    

  OEBPS/sicotj250123-fig3_small.jpg
Tzl





OEBPS/sicotj250123-fig1.jpg
=
S

<






OEBPS/sicotj250123-fig2.jpg





OEBPS/sicotj250123-fig4_small.jpg





OEBPS/sicotj250123-fig3.jpg





OEBPS/sicotj250123-fig4.jpg








OEBPS/sicotj250123-fig1_small.jpg
®






OEBPS/sicotj250123-fig2_small.jpg
r\.v“
b=





OEBPS/dash.png





