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Abstract
OBJECTIVES: To compare the biomechanical performance of stainless 
steel and FiberWire in a tendon-loop tension band wiring (TBW)  construct 
with cannulated screws using finite element analysis.
MATERIALS AND METHODS: A three-dimensional finite element 
analysis model of a mid-pole transverse patellar fracture was reconstructed 
from CT data. Two models combined stainless steel cannulated screws with 
a figure-of-eight tendon loop made of either 1.25-mm stainless steel wire or 
0.75-mm FiberWire No. 5. Under a 400-N load at 45° of knee flexion, von 
Mises stress and maximum deformation were evaluated for the complete 
fixation assembly (“cannulated construct”) and the isolated loop component 
(“figure-of-eight tendon-loop construct”).
RESULTS: Both fixation models demonstrated stable behavior under the 
simulated loading condition. Peak von Mises stresses in the cannulated 
constructs were 435.87 MPa for stainless steel and 451.55 MPa for FiberWire, 
whereas the corresponding values in the figure-of-eight tendon-loop                    
constructs were 329.18 and 319.03 MPa, respectively. Maximum deformation 
remained below 0.3 mm in all analyses. FiberWire demonstrated stress             
distribution and deformation patterns comparable to those of stainless steel.
CONCLUSION: The finite element analysis indicated that FiberWire 
provides fixation stability comparable to that of stainless steel in tendon-loop 
TBW constructs combined with cannulated screws. By modeling the tendon-
loop technique rather than screw-loop modifications, this study reflects the 
most common surgical practice and supports FiberWire as a clinically relevant 
alternative to stainless steel. However, the clinical significance of these                
findings requires further investigation.

Keywords: patellar fracture, tension band wiring, FiberWire, stainless steel, 
finite element analysis, tendon-loop

Patellar fractures account for approximately 1% of all skeletal 
injuries and frequently compromise the knee extensor mechanism, 
thereby necessitating surgical fixation to restore function and 

achieve reliable union.1-5 Among the available surgical methods, tension 
band wiring (TBW) has become the standard treatment for simple                 
transverse fractures. The principle underlying TBW is the conversion of 
tensile forces acting on the anterior surface of the patella into compressive 
forces at the fracture site during knee flexion.6

	 The conventional TBW technique involves placing a figure-of-eight 
wire loop around the quadriceps and patellar tendons, secured with 
parallel implants such as Kirschner wires or cannulated screws to                
maintain alignment.7-10 This construction is widely employed because of 
its technical simplicity and dependable biomechanical stability.                   
However, complications associated with stainless steel (SS) wire—              
including migration, breakage, and soft-tissue irritation—remain a  
frequent cause of morbidity and secondary surgical intervention.11-15

	 Prior studies have introduced screw-loop configurations, in which 
the wire is threaded through cannulated screws.16-19 Although these 
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models offer biomechanical appeal, they differ fundamentally 
from the tendon-loop technique, which remains the most                
commonly used method in clinical practice. This difference is 
not merely technical but also biomechanical, as tendon-loop     
fixation involves soft-tissue loading and transmits stresses 
differently from screw-loop constructs.

	 FiberWire, a high-strength braided polyester suture, has 
attracted attention as a potential alternative to stainless steel. 
Previous biomechanical and clinical investigations have               
suggested that FiberWire provides equivalent or superior 
stability, with the added benefit of reducing complications 
related to metallic implants.19-23 Despite these promising               
results, few finite element analyses have evaluated FiberWire 
specifically in the tendon-loop figure-of-eight construct              
combined with cannulated screws, leaving a gap in evidence 
relevant to standard surgical practice.

	 The present study addresses this gap by directly comparing 
stainless steel and FiberWire in tendon-loop TBW constructs 
using finite element analysis. By replicating the conventional 
surgical technique rather than the screw-loop variation, this 
investigation provides biomechanical insights that are                  
directly translatable to clinical application.

Material and Methods

CT Image Acquisition and Reconstruction

	 CT imaging was first used to acquire the anatomical                
geometry of the patella. High-resolution scans of an uninjured 
right patella were obtained from a 46-year-old man (70 kg, 
165 cm). The Digital Imaging and Communications in                
Medicine (DICOM) dataset was imported into Mimics 10.01 
(Materialise, Leuven, Belgium), where segmentation was 
performed to isolate cortical and cancellous bone regions. 
Adjacent soft tissues such as capsule, cartilage, and ligaments 
were excluded. Using reverse engineering techniques, a                  
triangulated three-dimensional (3D) surface mesh of the               
patella was generated and exported as an STL file.19, 24

Solid Model Preparation

	 The STL file was then processed in Geomagic Studio 
(Morrisville, NC, USA) to remove image artifacts, smooth 
irregularities, and generate a watertight solid geometry. A 
standardized transverse mid-pole fracture was introduced in 
accordance with AO/OTA classification 34-C1, with a 0.5 mm 
gap created at the mid-height of the patella to replicate a 
clinical fracture pattern. The finalized solid CAD model was 
then exported to SolidWorks (Dassault Systèmes, Vélizy-
Villacoublay, France) for implant modeling and assembly.

Implant Modeling and Assembly

	 Two fixation models were designed. Model 1 consisted of 
two 4.0-mm stainless steel cannulated cancellous screws 
combined with a 1.25-mm stainless steel wire arranged as a 
figure-of-eight tendon loop. Model 2 employed the same stainless 
steel cannulated screw configuration but used 0.75-mm                 
FiberWire No. 5 arranged as an identical figure-of-eight tendon 
loop. Screw positioning was standardized at one-third and 
two-thirds of the patellar width, perpendicular to the fracture line.

	 In both fixation models, the wire or suture was looped 
around the quadriceps and patellar tendons in accordance with 
the tendon-loop technique rather than passed through the screw 
cannulations. Anatomical fidelity was preserved, with               
superior widths measured at 38.02 mm anteriorly and 21.56 
mm laterally, and inferior widths at 28.74 mm anteriorly and 
20.34 mm laterally. For simulation purposes, the tendon-loop 
was positioned close to the bone surface. The quadriceps and 
patellar tendons were not modeled as separate deformable 
structures. Instead, the wire or suture trajectory was positioned 
according to anatomical tendon insertion sites to approximate 
the tendon-loop configuration used clinically. This simplification 
was adopted to facilitate comparison between fixation                      
materials while maintaining computational efficiency.25,26 

(Figure 1)

Figure 1: (a) Knee flexion at 45° was simulated by applying a pulling force at 67.5° to each fragment, perpendicular to the                                
patellofemoral joint. The resultant joint reaction force of 306 N was derived from two 153-N force components acting in the same 
vector direction. (b) Trigonometric calculation of the force vectors. (c, d) Graphic representation of the patellar model with a transverse 
0.5-mm fracture gap, two 4.0-mm cannulated cancellous screws, and tendon-loop tension band wiring; the sphere represents the 
femoral condyle.

(a) (b) (c) (d)
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Material Properties

	 Mechanical properties of the materials were defined as              
isotropic, homogeneous, and linearly elastic, consistent with 
previous finite element studies (Table 1).19 Biomechanical                     
properties of bone27-29 and implant materials30-32 were assigned 
to the model. The specifications of the 4.0-mm cannulated 
cancellous screws were based on Synthes screws (Synthes 
GmbH, Oberdorf, Switzerland) with a 2.6-mm core diameter 
and a 1.2-mm cannulated diameter. For braided polyester, we 
used biomechanical properties of FiberWire No.5 (Arthrex, 
Naples, FL, USA).33

Boundary Conditions and Loading

	 The figure-of-eight loop was modeled close to the               
anterior bony surface of the patella, reflecting the clinical 
technique where the wire or suture contacts bone to improve 
construct stability through compression at the fracture site.34 

The sphere acting as femoral condyle contacted the posterior 
surface of the patella. The patellofemoral joint reaction force 
peaks at approximately 45° of knee flexion.18 A quadriceps 
force of ~400 N is typically required to achieve full extension.35 
Therefore, the simulation was performed at 45° of flexion with 
a 400 N load applied to the superior pole of the patella. The 
distal pole was fixed at the patellar tendon attachment to             
represent the in vivo anchorage. Contact conditions were  
defined as follows: the screw–bone interface was bonded, with 
no relative motion; the wire–bone interface was defined as a 
no-separation contact to allow load transfer; and the fracture 
surfaces were defined as no-separation contacts to represent 
stable fragment apposition without gap closure (Figure 1).

Meshing and Analysis

	 The reconstructed CAD assembly was discretized using 
4-node tetrahedral elements, which are well suited for modeling 
complex bony geometries. Mesh density was refined in regions 
of interest (around the fracture site, screws, and wire/suture 
loops) to improve accuracy of stress distribution results. A 
mesh convergence test was performed by progressively               
refining element size until the variation in peak von Mises 
stress was less than 5%, ensuring a balance between                         
computational efficiency and numerical accuracy. Static               
structural analysis was carried out in ANSYS Workbench 
(ANSYS Inc., USA). Boundary conditions and loading were 
applied as described above, and the solver was set to linear 
elastic mode with isotropic material properties.19

Outcome Measures

	 The following outcome measures were extracted from the 
simulations: 

1.		 von Mises stress distribution (MPa) to identify stress 
concentration zones in implants and bone 

2.		 maximum implant deformation (mm) and qualitative 
assessment of stress distribution patterns

	 For each fixation model, von Mises stress and maximum 
deformation were evaluated for the complete screw–loop                 
assembly, referred to as the “cannulated construct.” The figure-
of-eight loop component was subsequently isolated and               
analyzed separately, referred to as the “figure-of-eight  
tendon-loop construct,” to compare the mechanical behavior 
of stainless steel wire and FiberWire.

Results

Stress Distribution

	 Stress concentration was primarily observed at the                   
wire–screw junction and the anterior surface of the patella 
(Figure 2). Both stainless steel and FiberWire constructs  
demonstrated stable stress distributions under the simulated 
loading condition.

•	  Cannulated construct: peak von Mises stress was 
435.87 MPa for stainless steel and 451.55 MPa for 
FiberWire.

•		  Figure-of-eight tendon-loop construct: peak stresses 
were 329.18 MPa (stainless steel) and 319.03 MPa 
(FiberWire).

	 These findings indicate that FiberWire showed a slightly 
higher peak stress in the cannulated configuration but                                 
demonstrated lower peak stresses than stainless steel in the 
tendon-loop figure-of-eight construct.

Implant Deformation

	 Maximum implant deformation was minimal in all                    
simulations, remaining under 0.3 mm (Figure 3).

•		  Cannulated construct: 0.268 mm for stainless steel 
vs. 0.272 mm for FiberWire.

•	 Figure-of-eight tendon-loop construct: 0.265 mm for 
stainless steel vs. 0.260 mm for FiberWire.

	 The close similarity between materials suggests                            
comparable fixation stability under the tested loading condition.

Comparative Assessment

	 Both stainless steel and FiberWire constructs demonstrated 
comparable mechanical performance. Differences in peak 
stress were observed, while differences in deformation between 
the two materials were less than 0.01 mm, suggesting similar 
fixation stability under the applied loading condition.

Patella (bone)
Stainless steel 316L
FiberWire No. 5

Material Density (kg/mm³ ×10-6)

Table 1: Material properties

Young’s Modulus (MPa) Poisson’s Ratio
1.80
7.95
5.50

5,000
186,400
190,000

0.30
0.31
0.39
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Stainless Steel wire: 1.25 mm FiberWire No.5: 0.75 mm

Figure 2: Cannulated construct: peak von Mises stress was 435.87 MPa for stainless steel and 451.55 MPa for 
FiberWire. Figure-of-eight tendon-loop construct: peak stresses were 329.18 MPa (stainless steel) and 319.03 
MPa (FiberWire).

Figure 3: Cannulated construct: 0.268 mm for stainless steel vs. 0.272 mm for FiberWire. Figure-of-eight 
tendon-loop construct: 0.265 mm for stainless steel vs. 0.260 mm for FiberWire.

Stainless Steel wire: 1.25 mm FiberWire No.5: 0.75 mm
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Stress Distribution Characteristics

	 Although differences in stress distribution were observed 
between fixation materials, both constructs maintained stable 
biomechanical behavior under loading. Interpretation of these 
differences should be limited to the modeled conditions and 
should not be extrapolated directly to clinical outcomes.

Discussion

Biomechanical Interpretation

	 This study suggests that FiberWire provides fixation stability 
comparable to that of stainless steel when paired with cannulated 
screws for transverse patellar fractures. Both materials                            
demonstrated stable stress patterns, with maximum deformation 
remaining below 0.3 mm under the modeled loading condition. 
As a braided suture material, FiberWire offers greater handling 
flexibility and conformability than stainless steel wire;                 
however, these practical characteristics were not directly 
evaluated in the present finite element model. Although stainless 
steel is mechanically robust, metallic fixation has been associated 
with implant-related complications, including implant migration 
and irritation.12,13 A central contribution of this study is the use 
of the tendon-loop figure-of-eight construct, in contrast to 
screw-loop models commonly reported in finite element 
analysis studies.8,19,23,36 Since the tendon-loop technique is the 
standard in clinical practice, our findings provide biomechanical 
evidence more directly applicable to everyday surgical decision-

Failure Mode

	 No numerical instability or excessive deformation was 
observed under the modeled linear-elastic conditions. Both 
constructs demonstrated stable stress and deformation patterns 
under the simulated static loading condition.

Note: The cannulated construct represents the complete screw–loop assembly, whereas the figure-of-eight tendon-loop construct represents 
the isolated loop analysis. Stainless steel cannulated screws were used in both fixation models.

Figure 4: Cannulated construct: peak von Mises stress was 
435.87 MPa for stainless steel and 451.55 MPa for FiberWire. 
Figure-of-eight tendon-loop construct: peak stresses were 
329.18 MPa (stainless steel) and 319.03 MPa (FiberWire)

Figure 5: Cannulated construct: 0.268 mm for stainless steel 
vs. 0.272 mm for FiberWire. Figure-of-eight tendon-loop 
construct: 0.265 mm for stainless steel vs. 0.260 mm for   
FiberWire.

making. These findings suggest that FiberWire may provide 
practical handling advantages while maintaining biomechanical 
performance comparable to that of stainless steel under the 
modeled conditions.

Interpretation of Stress Distribution

	 Differences in stress distribution were identified between 
fixation materials. However, because the present study                     
employed a static finite element model, no conclusions can be 
drawn regarding fatigue performance, cyclic durability, or 
long-term mechanical behavior. Additional experimental             
studies are required to investigate these aspects.

Comparison with Previous Studies

	 Mayurasakorn et al.19 and Xiang et al.23 reported                             
biomechanical performance comparable to that of stainless 
steel in screw-loop models. Our results extend this knowledge 
to the traditional tendon-loop construct, showing that                         
FiberWire maintains biomechanical reliability in the technique 

Peak Stress (MPa)

Table 2: Comparative results of finite element analysis

Maximum deformation (mm)
435.87
451.55
329.18
319.03

0.268
0.272
0.265
0.260

Cannulated construct + stainless steel wire
Cannulated construct + FiberWire
Figure-of-eight tendon-loop construct + stainless steel wire
Figure-of-eight tendon-loop construct + FiberWire

Construct
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Clinical Relevance

	 The clinical implications of this work are considerable. 
Stainless steel tension bands, while effective, are prone to 
hardware-related complications including cut-out, breakage, 
and symptomatic irritation that often require secondary                   
removal.11-13,20 FiberWire eliminates the metallic tension-band wire,  
potentially reducing these complications and improving patient 
comfort. The present findings demonstrate biomechanical 
feasibility under simulated conditions. Whether these findings 
translate into differences in patient outcomes, complication 
rates, or reoperation rates remains unknown and requires 
clinical investigation. Because the tendon-loop technique  
remains a standard surgical approach, our findings support 
FiberWire as a potentially viable alternative to stainless steel 
under the simulated conditions.

Limitations

	 This study has several limitations. First, the finite element 
model assumed isotropic and homogeneous material properties 
for bone, excluding natural anisotropy. Second, only static 
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modeling the tendon-loop configuration commonly used in 
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validate these findings and determine their clinical significance.
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