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Abstract ： 

Background:The aim of this experiment is to compare the biomechanical strength of 

six distinct internal fixation techniques for Mayo type IIA olecranon fractures using 

biomechanical analysis. Methods: This study utilized tensile tests on artificial, 

shape-mimicking olecranon bones to assess their biomechanical properties. A tensile 

test was performed on the artificial, shape-mimicking olecranon bone at a 90° angle, 

with the tensile load applied at a rate of 2 mm/min until the test displacement reached 

2 mm, at which point the test was halted. Throughout the test, the testing system was 

able to collect load and displacement data in real-time and simultaneously monitor the 

changes in the load-displacement relationship.Results:The maximum loads for groups 

A-F were (75.34 ± 2.54), (85.53 ± 2.45), (106.57 ± 3.57), (115.21 ± 11.96), (92.76 ± 

3.22), and (147.19 ± 4.29) N, respectively, and the stiffnesses were (33.46 ± 2.96), 

(39.29 ± 1.12), (51.07 ± 3.22), (53.76 ± 5.26), (40.99 ± 1.34), and (71.66 ± 1.77) 

N/mm, respectively.Conclusions:When the implantation depth of the Kirschner wires 

reached four times the standard deviation depth, its maximum load and stiffness 

performance were superior to those of the double cortical Kirschner wire tension band 

fixation. 
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Ningbo Clinical Research Center for Orthopedics, Sports Medicine 
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Intruduction 

Olecranon fractures account for 8 to 10% of all elbow fractures, exhibiting a 

bimodal distribution1. The Mayo classification is widely used in clinical practice, 

categorizing fractures into: Type I (non-displaced), Type II (stable, displaced), and 

Type III (unstable, displaced).At present, the common internal fixation methods for 

the treatment of the Olecranon fracture include tension band fixation,K-wire/screw 

tension band fixation, intramedullary nail fixation, and plate fixation2-4, tension band 

wiring remains the gold standard for the management of displaced, non-comminuted 

fractures2,5.However, recent studies6 have demonstrated that the failure rate associated 

with the standard Kirschner wire tension band technique for internal fixation can 

reach 39.6%.When the Kirschner wire is implanted too deeply through the anterior 

cortex of the coronoid process, it can limit forearm rotation and increase the risk of 

neurovascular injury7,8.Huang et al9 compared three tension band wiring techniques 

for olecranon fractures. They found that placing Kirschner wires in the distal ulnar 

canal minimized proximal pin migration and reduced elbow irritation, making it the 
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preferred configuration for stability and fewer complications.Therefore, to identify the 

optimal tension band wiring (TBW) configuration and construct, this study analyzed 

the biomechanical stability of intramedullary Kirschner wire (K‑wire) fixation using 

four different insertion depths—specifically 2, 3, 4, and 5 times a defined anatomical 

reference distance (D), where D represents the vertical span along the ulnar axis 

between the tip of the olecranon and the tip of the coronoid process. These 

intramedullary constructs were compared with bicortical K‑wire tension band fixation 

and olecranon locking plate fixation. The results establish the minimal required 

intramedullary K‑wire insertion depth, offering a biomechanically informed reference 

for clinical decision‑making. 

Materials and Methods 

Specimen Preparation and Study Design 

This biomechanical study utilized eighteen synthetic ulnar bone models (Model 

3426 C01371, Sawbones, USA). A standardized transverse olecranon fracture pattern 

(Mayo Type IIA)10 was simulated in each specimen. Using an oscillating saw, an 

intra-articular osteotomy was performed at the center of the semilunar notch, 

corresponding precisely to the depth of the trochlear notch, to replicate the clinical 

fracture morphology (Fig. 1). 

The specimens were subsequently randomized into six experimental groups (n=3 

per group) for evaluation of different fixation constructs. The primary intervention 

involved intramedullary Kirschner wire (K-wire) tension band fixation, tested at four 

defined insertion depths. Insertion depth was standardized using an anatomical 

reference measurement (D), defined as the vertical distance measured along the ulnar 

axis from the tip of the olecranon to the tip of the coronoid process. The tested depths 

were 2D, 3D, 4D, and 5D. These experimental constructs were compared against two 

control fixation methods: conventional bicortical K-wire tension band fixation and 

fixation with an olecranon locking plate system. 

Surgical Techniques 

Groups A-D (Intramedullary K-wire Fixation) 

For Groups A through D, fixation was performed using an intramedullary K-wire 

tension band technique. Two 2.0-mm K-wires were inserted in parallel from the 

olecranon tip into the medullary cavity to the specified depth (2D, 3D, 4D, or 5D for 

Groups A, B, C, and D, respectively). Subsequently, a 2.0-mm transverse drill hole 

was created through the dorsal ulnar cortex approximately 4 cm distal to the tip of the 
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olecranon. A 1.3-mm stainless steel cerclage wire（Guangci Medical, China） was 

passed through this hole, crossed over the exposed K-wire ends, and routed beneath 

the triceps tendon in a figure-of-eight configuration. The wire was tightened and 

secured with a single knot to generate interfragmentary compression. 

Group E (Bicortical K-wire Fixation) 

In Group E, two 2.0-mm K-wires were inserted in parallel from the olecranon to 

engage the anterior cortex, achieving bicortical purchase. The subsequent tension 

band wiring procedure (drill hole, cerclage wire placement, and knot fixation) was 

identical to that described for Groups A-D. 

Group F (Locking Plate Fixation) 

Specimens in Group F were fixed using an olecranon locking plate system(Dabo 

Medical, China). The plate was contoured and applied to the dorsal surface of the 

ulna.After tapping, the screws were measured by the tap length after ulna fixation.The 

osteotomy was fixed with 4 3.5 mm locking cancellous screws proximally and 3 3.5 

mm locking bicortical screws distally.11 

Verification and Quality Control 

K-wire insertion depth was verified intraoperatively using a digital vernier 

caliper. Following construct completion, each bone-implant assembly was assessed 

with a high-frequency mobile C-arm X-ray system (BG9000-1) to confirm 

appropriate implant positioning, absence of iatrogenic fracture, and overall structural 

integrity prior to mechanical testing (Fig. 2). 

Biomechanical testing 

Testing Apparatus 

Biomechanical testing was performed using an MTS Bionix858 servo-hydraulic 

testing system capable of applying tensile, compressive, and torsional loads(Fig.3). 

The system has a static load capacity of 0–25 kN and a static torque range of 0–250 

N·m. The experimental setup was designed to evaluate the fixation stability of each 

construct under tensile loading, a method previously validated for assessing olecranon 

fracture fixation12. 

Testing Protocol 

Following specimen preparation, each bone-implant construct was mounted onto 

the testing frame. The ulnar axis and its articular surface were aligned perpendicular 
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to the loading axis of the machine. A horizontal cylindrical steel bar was positioned 

within the ulnar joint cavity to simulate the humeral trochlea and to standardize the 

joint articulation. To apply a tensile load simulating triceps tendon pull, a 2.0-mm 

transverse drill hole was created through the tip of the olecranon. A 1.3-mm metal 

cable was passed through this hole in a U-shaped configuration, with both free ends 

attached to the moving crosshead of the testing machine . This arrangement replicated 

the articulation between the ulna and humerus at 90° of elbow flexion, consistent with 

previously published methodologies12(Fig. 4). 

All tests were conducted under displacement control at a constant rate of 2 

mm/min until a total displacement of 2 mm was achieved13,14. Load and displacement 

data were recorded in real-time throughout the test, allowing for continuous 

monitoring of the load-displacement behavior and determination of structural 

stiffness . 

Statistical analysis 

Analyses were performed using the SPSS software (SPSS Version 20; SPSS Inc., 

Chicago, IL, United States). Differences in stiffness and strength among the six 

fracture fixation groups were evaluated using one-way ANOVA, with significance set 

at P < 0.05. 

Results 

The maximum load and stiffness values for groups A-F are summarized in Figure 

5. Group F (ulnar olecranon locking plate) demonstrated significantly greater 

maximum load and stiffness than all other groups. This was followed by groups C, D, 

and E, while groups A and B exhibited the lowest mechanical properties (Figs. 6 and 

7). Specific values were as follows: maximum loads (N): A = 75.34 ± 2.54, B = 85.53 

± 2.45, C = 106.57 ± 3.57, D = 115.21 ± 11.96, E = 92.76 ± 3.22, F = 147.19 ± 4.29; 

stiffnesses (N/mm): A = 33.46 ± 2.96, B = 39.29 ± 1.12, C = 51.07 ± 3.22, D = 53.76 

± 5.26, E = 40.99 ± 1.34, F = 71.66 ± 1.77. 

Although Group E demonstrated higher maximum load and stiffness than Group 

B, the differences were not statistically significant (P > 0.05). In contrast, Groups C 

and D exhibited significantly superior mechanical properties when compared to 
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Group E (P < 0.05; Table1).As shown in Table 2, the maximum load and stiffness of 

groups A to D demonstrate a progressive increase. This trend indicates a positive 

correlation between the implantation depth of the Kirschner wires and the 

enhancement of these biomechanical properties. 

Discussion: 

1、Advantages of ulnar tension band fixation  

The primary objective in the surgical treatment of olecranon fractures is to 

restore anatomical structure and provide sufficient absolute stability15. The tension 

band wiring (TBW) technique is considered the gold standard for non-comminuted 

olecranon fractures, typically involving two intramedullary Kirschner wires and a 

figure-of-eight cerclage wire16. This method offers several advantages, including 

technical simplicity, reliable fixation, the possibility of early postoperative 

mobilization, and excellent cost-effectiveness. 

Historically, the tension band principle for transverse olecranon fractures was 

described as converting distraction forces on the dorsal ulnar cortex into compressive 

forces at the articular surface during elbow flexion17. However, recent biomechanical 

studies have demonstrated that this conversion does not occur throughout the full 

range of movement18 . Despite this biomechanical clarification, the technique 

continues to yield excellent healing and functional outcomes in patients with good 

bone quality. 

Refinements in the Tension Band Wiring (TBW) technique have progressively 

improved fixation outcomes for olecranon fractures and lowered the incidence of 

postoperative complications, notably reducing the risk of fixation failure19,20. In a 

comparative study by Yu et al.21, the clinical performance of a perforated Kirschner 

wire (K-wire) tension band was evaluated against olecranon anatomical plating and 

conventional TBW in Mayo IIA fractures. The perforated K-wire method was 

associated with shorter operative time, less blood loss, fewer intraoperative 

fluoroscopies, and a lower rate of skin irritation. It also resulted in accelerated fracture 

healing, establishing it as a favorable surgical option that promotes recovery while 
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minimizing adverse events. 

Kuwahara et al.22 proposed a modified approach termed Locked Tension Band 

Wiring (LTBW), which involves coiling and securing the proximal K-wire ends and 

tension band with a flexible wire to prevent wire migration. This technique markedly 

reduced complication rates (10.3% vs. 37.9%), implant removal rates (41.4% vs. 

72.4%), and K-wire migration (3.79 mm vs. 8.97 mm) compared to conventional 

TBW. Although LTBW required longer operative time, functional outcomes were 

comparable between the groups. 

A prospective randomized trial23  (n=200) comparing TBW and precontoured 

plate fixation (PF) for isolated, displaced olecranon fractures (Mayo IIA and IIB) 

found TBW to be non-inferior to PF in functional outcomes at 12 months, as 

measured by QuickDASH scores. While TBW was associated with significantly 

shorter operative time (median 64 vs. 88 minutes), it led to a higher frequency of 

secondary surgeries, mainly due to hardware irritation. Other complications were 

similar, and both methods showed comparable clinical results at two-year follow-up. 

In a biomechanical study by Zhao et al.24 , three fixation methods—traditional 

TBW, intramedullary screw with TBW (IM-TBW), and Ding’s screw TBW 

(DSTBW)—were tested on Synbone models of Mayo IIA olecranon fractures. 

DSTBW demonstrated superior stability, evidenced by smaller fracture gaps at 60° 

and 90° flexion, higher maximum failure load (1229.1 ± 110.0 N), and greater pullout 

strength (1324.0 ± 43.8 N) relative to IM-TBW and TBW. The study supports 

DSTBW as a biomechanically advantageous technique with the potential to mitigate 

common complications such as implant migration and soft tissue irritation 

Based on a retrospective cohort study of 97 patients with Mayo IIA olecranon 

fractures, Steadman et al.25 reported that tension band wiring (TBW) was associated 

with significantly lower total direct costs during index surgery compared to plate 

fixation (PF), with plating costing 2.6 times more than TBW in a multivariable model. 

This cost advantage for TBW remained evident even under a hypothetical scenario in 

which all TBW hardware required removal and no plates were removed, highlighting 

TBW as a more cost-effective option without compromising clinical outcomes such as 
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union and complication rates, which were comparable between groups. Similarly, a 

study by Tan et al.26 comparing TBW and PF for Mayo IIA fractures found no 

significant difference in functional outcomes at one year. TBW was associated with a 

significantly lower overall cost despite a higher rate of implant failure, whereas PF 

was linked to higher rates of wound complications and infection. The authors 

concluded that TBW is a cost-effective and clinically non-inferior alternative for 

managing these fractures. 

2、Biomechanical Analysis 

The experimental results indicate that the maximum load and stiffness of Group  

F (ulnar olecranon locking plate) significantly outperform those of the other groups.  

The maximum load and stiffness of Groups A (intramedullary Kirschner wire tension 

band fixation (at 2 times the standard deviation depth) to Group D (intramedullary 

Kirschner wire tension band fixation (at 5 times the standard deviation depth) improve 

with the increasing depth of Kirschner wire implantation into the bone marrow.  

Group A exhibited the lowest maximum load and stiffness. Although Group E showed 

higher values than Group B, the difference was not statistically significant (P > 0.05). 

Notably, Groups C (intramedullary Kirschner wire tension band fixation at 4 times the 

standard deviation depth) and D (intramedullary fixation at 5 times the standard 

deviation depth) demonstrated superior maximum load and stiffness compared to 

Group E (bicondylar fixation). These results suggest that an intramedullary 

implantation depth of at least 4 times the standard deviation achieves greater 

biomechanical strength than the bicondylar Kirschner wire tension band fixation. 

3、Points to note for tension band fixation 

When employing the traditional Kirschner wire technique that passes through the 

double cortex, the tip of the Kirschner wire must not penetrate excessively into the 

anterior cortex of the ulna to prevent impairment of the patient's rotational function 

and nerve injury7,8. These modifications to the Tension Band Wiring (TBW) technique 

have reduced the volume of internal fixation and the risk of K-wire pull-out, while 

maintaining the TBW technique as the most cost-effective treatment option19,27 .The 
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primary challenge of intramedullary K-wire placement is the instability of the 

construct. This instability may lead to complications, including proximal migration of 

the pins, displacement of the fracture line, and an unstable construct, potentially 

causing osteoarthritis in long-term follow-up28.Nevertheless, intramedullary fixation 

using Kirschner wires can effectively avert such complications. The steel wires on 

either side should be tightened concurrently to avoid any imbalance that could result 

from one side being overly taut. The tail of the Kirschner wire should be left with 

adequate length—approximately 5 to 10 mm—to allow for bending and embedding. 

Additionally, after bending the tail of the wire 180°, it should be driven into the bone 

to minimize skin irritation. 

4、The shortcomings of this study                                                                                               

This study has several limitations. Firstly, the small sample size of the fracture 

models and the single testing session may affect the findings. Secondly, the elbow is a 

complex joint, containing synovial fluid, multiple muscles, and ligaments. However, 

the biomechanical effects of soft tissues and other bony structures, such as the 

humerus and radius, were not included in our study. To study the biomechanics of 

elbow trauma, it is often challenging to establish a model that is both practically and 

ethically acceptable and also provides reliable results. Synbone models are frequently 

used in biomechanical experiments. Their advantages include uniform geometry and 

material properties, which eliminate sample variability due to factors such as age, sex, 

anatomy, demographics, and bone quality. Additionally, Synbone models are easier to 

obtain than cadaveric models. 

Conclusions 

Our biomechanical analyses indicate that the maximum load and stiffness of 

Group C (intramedullary Kirschner wire tension band fixation at 4 times the standard 

deviation depth) and Group D (intramedullary Kirschner wire tension band fixation at 

5 times the standard deviation depth) surpass those of Group E (bicondylar Kirschner 

wire tension band fixation). This suggests that implanting the Kirschner wire at a 

depth of 4 times the standard deviation results in superior maximum load and stiffness 

performance compared to bicondylar Kirschner wire tension band fixation. 
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Fig 1. Diagram of the Mayo Type IIA fracture of the olecranon process of the ulna 

Line C is the vertical line from the apex of the coronal process to the ulnar axis.Line A is parallel 

to Line C and passes through the tip of the olecranon. Line B bisects Line A and Line C and serves 

as the fracture line for Mayo IIA type in this experiment. The vertical distance between line A and 

line C is the standard deviation depth of the Kirschner wire placement in this experiment. Point C 

is the installation position of the tensile cable in this experiment. 
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Sawbones Company's artificial anatomical bone (3426 C01204) 

  

A. Intramedullary Kirschner wire tension band fixation (2 times the standard deviation depth) 

  
B. Intramedullary Kirschner wire tension band fixation (3 times the standard deviation depth) 

  

C. Intramedullary Kirschner wire tension band fixation (4 times the standard deviation depth) 

  
D. Intramedullary Kirschner wire tension band fixation (5 times the standard deviation depth) 

  
E. Double-cortical Kirschner wire tension band 
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F. Ulnar olecranon locking plate 

Figue 2.  Different internal fixation methods (A-F) for Mayo IIA fracture models and 

lateral views and X-ray of each group. A.Intramedullary Kirschner wire tension band fixation (2 

times the standard deviation depth).B.Intramedullary Kirschner wire tension band fixation (3 

times the standard deviation depth).C.Intramedullary Kirschner wire tension band fixation (4 

times the standard deviation depth).D.Intramedullary Kirschner wire tension band fixation (5 

times the standard deviation depth).E.Double-cortical Kirschner wire tension band.F.Ulnar 

olecranon locking plate.Standard deviation depth:The standard deviation is the vertical distance 

from the tip of the olecranon to the tip of the coronoid process. 

 

 

Figue 3. MTS 858 BionixHydraulic testing system 
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Figue 4. Biomechanical test setup simulating the humeroulnar joint at 90°of flexion. 

The MTS Bionix858 hydraulic testing system was used to evaluate the stability and strength 

of the fixation under axial tensile load. In this test, the axes of the ulna and that of the articulating 

surface were set perpendicular to the loading axis of the machine.The distal ulna was embedded 

and fixed with denture base resin, and a custom fixture was fixed to the testing equipment (as 

indicated by the blue arrow ) to simulate the elbow flexion at 90° (as indicated by the red 

arrow ). A horizontal, cylindrical steel bar was inserted into the ulnar joint cavity to mimic the 

humeral trochlea.The olecranon was vertically pulled by a cable to simulate the natural extension 

pulling force of the triceps tendon on the olecranon (as indicated by the yellow arrow ). 

Stiffness was quantified by measuring the slope of the load-displacement curve using a load 

sensor as an alternative indicator of the stability of fracture fixation. The ultimate strength of 

fracture fixation was defined as the load size at the failure point. Therefore, the test results were 

characterized by stiffness and maximum load in this experiment. 
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Figue 5. Bar chart comparison of tensile tests on ulna fracture models 

 
Fig 6. Difference in the mean strength and stiffness between the six types of fracture fixation.  

 , statistical significance. * ****,Significant enhancement. 
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Figue 7.Tensile test curve diagram of ulna fracture model 

Each line shows the average data of each group of samples. 

 

 

Table 1.Statistical analysis results of the tensile test of the ulna fracture model 
Group Test items P value of difference analysis 

E-A 
Maximum load （N） 0.0116＜0.05 

Stiffness（N/mm） 0.0349＜0.05 

E-B 
Maximum load （N） 0.4319＞0.05 

Stiffness（N/mm） 0.9268＞0.05 

E-C 
Maximum load （N） 0.0459＜0.05 

Stiffness（N/mm） 0.0055＜0.05 

E-D 
Maximum load （N） 0.0018＜0.05 

Stiffness（N/mm） 0.0008＜0.05 

E-F 
Maximum load （N） ＜0.0001 

Stiffness（N/mm） ＜0.0001 

 

Table 1.Biomechanical testing indicated that Group F (ulnar olecranon locking plate) 

demonstrated significantly higher maximum load and stiffness than all other groups. These 

properties were followed by those of Groups C and D. No statistically significant difference was 

found between Group B and Group E. Group A consistently exhibited the lowest values in both 

parameters. 
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Table 2 .Results of tensile tests on ulna fracture models in groups A to D 

Group 
Maximum load

（N） 

Stiffness

（N/mm） 

A 75.34±2.54 33.46±2.96 

B 85.53±2.45 39.29±1.12 

C 106.57±3.57 51.07±3.22 

D 115.21±11.96 53.76±5.26 

Table 2. Biomechanical test results (maximum load and stiffness) for Groups A through D. 

Performance improved successively with each group, indicating that increased Kirschner wire 

implantation depth is associated with enhanced biomechanical properties. 
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