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Background: Implants are used to stabilize femoral neck fractures to achieve successful fracture healing, but there
is still a high rate of fracture non-unions.We comparedmicromotions in femurswith fractured femoral necks sta-
bilized with three screws with or without a locking plate. We also investigated whether osteoporosis was asso-
ciated with micromotion magnitudes, and explored the influence of implants on load distribution in the upper
femur.
Methods: Twelve pairs of human cadaver femurs with femoral neck fractures (AO/OTA 31-B1) were allocated to
fracture fixation by three locked screws or three individual screws. All femurs underwent dual energy X-ray ab-
sorptiometry. Physiological subject-specific axial load and torque was applied for 10,000 cycles. Micromotion of
the head fragment wasmeasured every 100 cycles with high-resolution optical motion detection. Load distribu-
tion was measured with strain-gauge rosettes attached to the lateral and medial proximal diaphysis.
Findings: The locking plate group showed reduced micromotion about the femoral neck axis (P = 0.035, effect
size= 0.62). No differenceswere found in valgus–varus or antegrade–retrograde rotations, or in the three trans-
lations. Micromotion magnitudes were not associated with osteoporosis. The overall micromotions of the upper
femur and the load distribution in the proximal diaphysis were not influenced by fixation type.
Interpretation: The locking plate group showed increased resistance to shear forces compared with the screw
group. This effect was not associated with a diagnosis of osteoporosis. The locking plate did not affect the load
distribution in the proximal femur.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Intracapsular femoral neck fractures must heal without a stabilizing
external callus (Szechinski et al., 2002) and therefore these fractures re-
quire stable fixation for proper revascularization and successful endos-
teal healing. Currently the rate of fracture non-unions ranges from
approximately 8% for non-displaced fractures to 30% for displaced frac-
tures (Bjorgul and Reikeras, 2007; Parker et al., 2007).

Locking-plate fixation of femoral neck fractures is a new treatment,
and thus the preclinical and clinical literature is sparse. Biomechanical
experiments have shown increased mechanical strength (Aminian
et al., 2007; Nowotarski et al., 2012), but clinical reports of catastrophic
outcomes also exist (Berkes et al., 2012). The effect of adding a locking
plate to three screws on the plastic deformation in femoral neck frac-
tures has previously been presented in this journal (Basso et al., 2014).

The primary aim of this studywas to investigate how adding a locking
plate to fracture-fixating screws affects micromotion of the femoral head
fragment. The secondary aims were to see whether osteoporosis affects

the micromotion magnitudes and to explore if the load distribution in
the upper femur changed when using a locking plate.

2. Methods

An extensive description of the included femurs and the experimen-
tal method can be found in a related article published in this journal
(Basso et al., 2014). A brief summary of the method follows.

Twelve pairs of fresh-frozen cadaver femurs were included and
subcapital femoral neck fractures (AO/OTA 31-B1) were created. The
first femur of eachpairwas randomly allocated to osteosynthesis using ei-
ther three screwswith a locking plate (Dynaloc System; Swemac Innova-
tions, Linköping, Sweden) (Fig. 1A), or three individual screws (Dynaloc
Bone Screws; Swemac Innovations, Linköping, Sweden) (Fig. 1B).

The femurs were mounted into a hip jig (Fig. 2) fitted into a materi-
al-testing machine (MTS 858 MiniBionix II; MTS Systems Corporation,
Eden Prairie, MN, USA). The hip simulator applied a combined axial
load and torque based on donor bodyweight (BW) and the loading re-
gime resulted in a joint resultant force of 2.5 BW (SD 0.2). The femurs
were cyclically loaded at 0.5 Hz for 10,000 cycles. Testing was per-
formed sequentially, first on intact femurs, and then repeated on the
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operated femurs. By doing so, data recorded from the intact situation
could serve as the subject-specific reference.

Multiple digitized surface points on the femoral head were used to
calculate the center of the femoral head (Labview 8.6; National Instru-
ments, Austin, TX, USA). An infra-red camera (Polaris Spectra; NDI,
ON, Canada) captured three-dimensional (3D) positions of passive
rigid marker tools (Fig. 2). To define the coordinate system, a two-
marker tool was fixed into the head end of the distal screw. The spatial
orientations andpositions of themarkerswere recorded every 100 cycles
atmaximumandminimum loads, andmicromotionswere defined as the
difference between these twomeasurements.Measurement error (ζw) of
total rotations was 0.068° (Basso et al., 2014; Bland and Altman, 1996).
Fig. 3 shows the average (95% CI) micromotions based on 100 measure-
ments for each femur.

Load distributionwas evaluated by exploring cortical bone deforma-
tions. Two pre-wired strain-gauge rosettes, composed of three strain
gauges angled at 45° with respect to one another were used (Tokyo
Sokki Kenkyujo Co. Ltd, Tokyo, Japan). The strain-gauge rosette fixation
was performed according to an established procedure (Aamodt et al.,
2001). One rosette was attached 10 mm distal to the inferior pin-hole
on the lateral cortex, while the other was placed at exactly the same
level on the medial cortex, and the rosettes were aligned with the
long axis of the diaphysis. The accuracy of the strain measurements
was 1%. Outputs from strain gauges and passive load cellswere recorded
by a measurement amplifier (UPM 100; HBM, Darmstadt, Germany).

The principal strains on the lateral and medial aspects of the proximal
diaphysiswere calculated during data acquisition. Strainmeasurements
were presented as the average value of three cycles recorded at maxi-
mum load.

The totalmicromotion of the head fragmentwas decomposed into ro-
tations about the x-axis (valgus–varus), y-axis (antegrade–retrograde),

Fig. 1. Three cannulated bone-screws in an inverted triangle configuration with a locking
plate (A) and without a locking plate (B).

Fig. 2. The hip jig.

Fig. 3. Accuracy of 100 repeated measurements presented as average rotational
micromotion (95% CI).
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