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Materials and methods
Thirty composite bone models of the tibia were used 

(Model number 3401, 4th generation composite bone, 
Sawbone, Sawbones Europe AB Malmo Sweden). This 
validated bone model has been previously used for sev-
eral biomechanical studies, and its mechanical properties 
are similar to the tibia of a healthy adult without ostepo-
rosis13,14.

Six commercially available tibial intramedullary 
nails were used. They were all nine mm in diameter, 
with lengths ranging from 335 to 360 mm. The nails 
were composed of stainless steel or titanium alloy, were 
solid or cannulated, and they had various configurations 
of proximal and distal locking options. The distal holes 
ranged from two to four, and the proximal ones from 
two to five. The orientation of the proximal screws also 
varied, from the classic mediolateral to a combination of 
mediolateral, oblique, and anteroposterior (Table 1). The 
experiments took place between 2014 and 2017 at the 
laboratories of the Mechanical Engineering Department, 
School of Engineering, International Hellenic Univer-
sity, Serres, Greece. Implementation of this experimen-
tal study was approved by the General Assembly of the 
School of Medicine of the Aristotle University of Thessa-
loniki. Ethical approval was not required since there are 
no humans or animals involved in the experiments only 
model and material testing.

Specimen preparation
The sawbones were divided into six groups of five, 

and each group was prepared with one of the six nails. 
The bone model was stabilized using a custom-made 
clamp, and an identical entry point was established in all 
models based on similar landmarks on the tibial plateau. 
The medullary canal was entered using either an owl or 

a drill bit, depending on the surgical technique suggested 
by the manufacturer, followed by a guidewire. The canal 
of all the bone models was reamed up to 10.5 mm in 0.5 
increments, and the nail was inserted until the proximal 
end of the implant stayed flush to the surface of the saw-
bone. Each nail was locked proximally with the maxi-
mum number of screws it allowed. Distally, all nails were 
locked with two screws, which were inserted either with 
the jig provided by the manufacturer or with a freehand 
technique under image intensification15. At this point, all 
specimens were radiographed with an anteroposterior 
and lateral view. 

All specimens were marked at a distance of eight and 
ten cm below the articular surface of the tibial plateau. A 
two cm osteotomy was performed, using a handsaw. This 
osteotomy represents the worst-case scenario in terms of 
stability, simulating a 42-C3 fracture, according to the 
AO classification of long bones fractures, as in the tech-
nique used by Horn et al and Agathangelidis et al4,16-18.

Mechanical testing
All specimens underwent biomechanical loading in 

two modes. The first mode was fatigue testing with low, 
eccentric loads for 100,000 cycles, and the second mode 
was axial static loading with higher loads (Figure 1).

For the first part of the experiment, the proximal and 
distal ends of the specimens were potted in a hollow-
formed polyamide fixture, filled with fiberglass-reinforced 
resin. The molds did not encapsulate any screws and en-
sured that the load was shared evenly on the tibial plateau 
and plafond surfaces. The custom-made fixtures were 
marked at a point 23 mm medially to the anatomic axis of 
the tibia proximally and 9 mm medially to the same axis 
distally. This offset reproduces the expected peak load vec-
tor during the gait cycle19,20. The specimens were compres-

Table 1: Dimensions, types, material and number of proximal screws of the six intramedullary nails tested.

Manufacturer Dimensions Nail profile Type of 
material

Number and directions 
of proximal screws

Group A Dynamic T, Citieffe
(Bologna, Italy) 9 x 335 Cannulated Titanium alloy 3 2 lateral,

1 anteroposterior

Group B Targon T, B-Braun Aesculap
(Tuttlingen, Germany) 9 x 360 Solid Titanium alloy 2 2 lateral

Group C
OrthoSelect Interlocking Nail 

system
(Wurmlingen, Germany)

9 x 345 Cannulated Stainless steel 2 2 lateral

Group D Orthofix Tibial nailing system
(Verona, Italy) 9 x 350 Solid Stainless steel 2 2 oblique

Group E
T2, Tibial nailing system, 

Stryker
(Schönkirchen, Germany)

9 x 360 Cannulated Titanium alloy 3 2 oblique,
1 lateral

Group F
Expert Tibial Nail, Depuy 

Synthes
(Oberdorf,Switzerland)

9 x 345 Cannulated Titanium alloy 5 2 oblique, 2 lateral,
1 anteroposterior

Dimensions: diameter x length in mm.


