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Biomechanical Comparison of Flexible Stainless Steel
and Titanium Nails with External Fixation Using
a Femur Fracture Model
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Abstract: There are several options available for surgical stabili-
zation of pediatric femoral shaft fractures. The purpose of this study
was to compare the stability afforded by Ender stainless steel nails,
titanium elastic nails, and one-plane unilateral external fixators
for the fixation using a synthetic adolescent midshaft femur frac-
ture model. The anterior-posterior (sagittal plane) bending, lateral
(coronal plane) bending, torsional, and axial stiffness values
were calculated using 6 different fixation configurations. These
included pairs of 3.5-mm-diameter Ender nails with and without
distal locking, 3.5- and 4.0-mm-diameter titanium elastic nails as
well as single- and double-stacked monolateral external fixators.
Eight synthetic femur models, 4 each with simulated transverse and
comminuted fracture patterns, were sequentially tested for stability
afforded by the various fracture fixation configurations.

External fixation exhibited significantly greater control of anterior-
posterior angulation compared with all flexible-nailing systems. Al-
though Ender nails were slightly superior to titanium nails in control
of sagittal plane angulation, this was not statistically significant.
Compared with the external fixation constructs, all 4 flexible nail
constructs demonstrated higher torsional stability. For prevention of
axial shortening, all fixation methods were similar for the transverse
fracture pattern, whereas external fixation was superior to flexible
nails in the comminuted fracture model. No significant benefit was
demonstrated with double stacking of external fixators. These find-
ings may help guide clinicians choose the optimal fixation method
for treatment of pediatric femoral shaft fractures.
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uring the past decade, the surgical management of femur
fractures in adolescent patients has gained popularity
over nonoperative treatment. This change in treatment
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preference is caused by more rapid mobilization and reha-
bilitation of the patients as well as a decrease in length of
hospitalization.'-® The operative treatment options include
external fixation, flexible nails, plating, and reamed intra-
medullary nails.” %> Although quite effective, these operative
treatment modalities differ in the severity and number of
their complications. Reamed intramedullary nails have fallen
out of favor because of their association with growth arrests
of the greater trochanter apophysis and, more importantly,
avascular necrosis of the capital femoral epiphysis.10-23.24
Although there are several reports on the complication rates
of both external fixation and flexible nails,>>—2% we currently
only have a rudimentary understanding of the mechanical prop-
erties of these devices and their comparative advantages and
limitations in the management of adolescent femur fractures.
The purpose of this study was to analyze the differences
between some of these implants and assess the mechanical
effectiveness in both length stable and length unstable midshaft
adolescent femur fractures using a synthetic bone model.

METHODS

Mechanical testing was performed on 8 synthetic
adolescent-sized femur models (Pacific Research Laboratories,
Vashon, Wash) made of composite epoxy resin simulating
cortical and cancellous bone. Each model was 45 cm in length
and had a 9-mm canal. A synthetic model was used to minimize
the wvariability between specimens and because pediatric
cadaveric bones are expensive and difficult to obtain. Modern
synthetic bone models have been shown to simulate physical
behavior of cadaveric bone and also reproduce anatomical
landmarks with cortical walls and cancellous canals.?® 2

Transverse and comminuted fracture patterns were
created with a custom slotted jig and a handheld saw. The
transverse and comminuted fractures were set at 14 cm distal
to the tip of the greater trochanter. The comminuted butterfly
fracture pattern simulated a medially directed force (Fig. 1).
No bone segments were removed. The comminuted fragment
was held in place with a single layer of surgical tape
(Transpore; 3M, St Paul, Minn) wrapped around the bone.

The fractured femur models were stabilized with a total
of 6 different types of fixation. These included 2 configu-
rations each of stainless steel flexible nails, elastic titanium
nails, and monolateral external fixator. The stainless-steel
flexible nail systems used were 3.5-mm-diameter Ender
nails (Howmedica, Rutherford, NJ) with or without distal
locking of the eyelet of the Ender nail with a unicortical
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