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Technical note

Misconceptions about the mechanical advantages
of intramedullary devices for treatment of proximal

femur fractures
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Implant options for internal fixation of extracapsu-
lar proximal femur fractures include extramedul-
lary and intramedullary devices (plates vs. nails)
with different neck-shaft angles, most commonly
130° to 150° for plates and 130° for nails.

The argument in favor of intramedullary devices
stems, in part, from the commonly held belief that
intramedullary devices offer the theoretical advan-
tage of a shorter moment arm at the plate-screw or
nail-screw junction (Koval and Zuckerman 2002,
Baumgaertner 2003, Lorich et al. 2004). Koval
and Zuckerman (2002) stated that intramedullary
devices are subject to smaller bending moments
than plate-screw devices because they are posi-
tioned closer to the mechanical axis of the femur.
Rosenblum et al. (1992) reported that the shorter
lever arm of the Gamma nail should reduce the ten-
sile strain on the implant and reduce the risk of fail-
ure. Jacobs et al. (1980) found that the shortened
lever arm reduces the bending moment and avoids
cutout from the femoral head.

The assumptions upon which these statements
are based do not seem to take into account the
angle of the implants and the direction of the joint
reaction force of the hip. There is no consensus on
the exact angle of the joint reaction force. Also, it
might be different for the individual patient and
changes during the gait cycle. However, it is clear
that the joint reactive force at the hip is not verti-

cal. Pauwels (1984) reported an angle of 164° to
the vertical.

We calculated and compared the bending
moments for a 130° intramedullary device, a 130°
degree extramedullary device and a 150° extramed-
ullary device using the formula M=Irl*|Fl*sina,
where M = bending moment, F = force vector,
[rl = magnitude of moment arm vector, r = moment
arm vector, |Fl = magnitude of force, and o = angle
between vector directions.

Using a 164° orientation of the joint reaction
force, the bending moment arm of a 150° extra-
medullary device is reduced by 19% compared to a
130° intramedullary device—based on a lag screw
length of 105 mm for the sliding hip screw and
approximately 75 mm (medial portion: 55 mm) for
the intramedullary hip screw (Figure).

The bending moment is important because it is
related to implant failure (breakage) and the dis-
placement at the fracture site. Provided that all
other variables are equal (material, dimensions,
and geometry of the implant, and type and mag-
nitude of loading), the following statements can
be made: 1) The greater the bending moment that
the implant is exposed to (“device junction” in the
Figure), the more likely it is that the implant will
develop fatigue failure, and 2) the greater the bend-
ing moment, the greater the displacement at the
fracture site under loading.
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LEGENDS Hip Joint Reactive Force
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Moment arm (r) for 130° intramedullary nail/hip screw, 130°
sliding plate/screw and 150° sliding plate/screw based on
a 164° joint reactive force as described by Pauwels (1984).
Note the shorter moment arm (r) for the 150° plate com-
pared to r for a 130° nail.

It cannot be automatically concluded that an
intramedullary device is exposed to a lower bend-
ing moment than an extramedullary device. Con-

tradictory to current belief, high-angle extramedul-
lary implants may be exposed to a lower bending
moment than lower angle intramedullary implants
depending on the actual difference in the device
angle (e.g. 150° plate vs. 130° nail).
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