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Background: Middle-third clavicle fractures represent 2% to 4% of all skeletal trauma in the United States.
Treatment options include intramedullary (IM) as well as plate and screw (PS) constructs. The purpose
of this study was to analyze the biomechanical stability of a specific IM system compared with nonlocking
PS fixation under low-threshold physiologic load.
Methods: Twenty fourth-generation Sawbones (Pacific Research Laboratories, Vashon, WA, USA) with
a simulated middle-third fracture pattern were repaired with either an IM device (n = 10) or superiorly
positioned nonlocking PS construct (n = 10). Loads were modeled to simulate physiologic load. Com-
bined axial compression and torsion forces were sequentially increased until failure. Data were analyzed
on the basis of loss of rotational stability using 3 criteria: early (10°), clinical (30°), and terminal (120°).
Results: No significant difference was noted between constructs in early loss of rotational stability (P > .05).
The PS group was significantly more rotationally stable than the IM group on the basis of clinical and
terminal criteria (P < .05 for both). All test constructs failed in rotational stability.
Conclusions: When tested under physiologic load, fixation failure occurred from loss of rotational sta-
bility. No statistical difference was seen between groups under early physiologic loads. However, during
load to failure, the PS group was statistically more rotationally stable than the IM group. Given the cla-
vicle’s function as a bony strut for the upper extremity and the biomechanical results demonstrated, rotational
stability should be carefully considered during surgical planning and postoperative advancement of ac-
tivity in patients undergoing operative fixation of middle-third clavicle fractures.
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Clavicle fractures account for 2% to 4% of all adult
fractures.8 Of these, approximately 80% occur within the
middle third of the clavicle.7,17 Recent studies indicate that
operative repair of selected clavicle fractures may improve
rate of healing and prevent problems associated with
malunions.2,9,11,17,21

When surgical treatment is indicated for a displaced
midshaft clavicle fracture, a variety of implants may be se-
lected, including plate-screw (PS) constructs and intramedullary
(IM) devices. Clavicle plates can be further categorized by
both the plate’s location-matching contour (superior, anterior-
superior, anterior, and anterior-inferior) and the presence of
locking or nonlocking screw options. Examples of the IM
devices available for treatment of middle-third clavicle frac-
tures include the 4.5-mm Herbert screw (Zimmer, Warsaw,
IN, USA), the Rockwood (DePuy,Warsaw, IN, USA) or Hagie
pin (2.5-, 3.0-, 3.8-, and 4.5-mm options; Smith & Nephew,
Memphis, TN, USA), a 6.5-mm partially threaded cancel-
lous screw, and the Sonoma CRx device (Sonoma Orthopedic
Products Inc, Santa Rosa, CA, USA).1,12,16,22,23

Given the unique flat S shape of the clavicle, the complex
deforming forces about the middle third of the bone, and its
near-subcutaneous position, these various implant types have
differing pros and cons. For example, superiorly positioned
plates have been shown to be biomechanically superior to an-
terior and anterior-inferior plates, whereas the latter options
offer safer drilling trajectories, affording the opportunity to
place longer screws. Alternatively, IM implants are less prom-
inent than plates and can be placed through smaller incisions
with less soft tissue disruption.

The Sonoma CRx nail is a relatively new implant that
strives through unique design and features to maintain the ad-
vantages of IM clavicle fixation while improving the torsional
resistance at the fracture site. The Wavibody design of the
nail allows flexibility during implantation for ease of entry
into the sinusoidal bone. On appropriate positioning, the nail
can then be “actuated,” causing the implant to be become rigid
once it is contoured to the clavicle. The actuating mecha-
nism also triggers talons or grippers on the medial end of the
implant to expand outward 8 mm to gain endosteal pur-
chase. The lateral end of the implant is secured with a 2.7-
mm cortical screw. This process not only confers rotational
stability on either side of the fracture but also generates com-
pression at the fracture by the manner in which the grippers
engage the surrounding bone.

Previous studies have evaluated the biomechanical differ-
ences between these various fixation options. Most
studies have used 3- and 4-point bending models to stress
the hardware constructs, simulating a repeated injury
mechanism.

Recently, 4 cases of early hardware failure were re-
ported involving IM fixation using the Sonoma CRx device,
raising concerns about the stability of this construct under
low-demand conditions, as is generally experienced during
early rehabilitation.13,23

Several authors have described this low-threshold physi-
ologic stress and quantified it for the middle third of the
clavicle. Taylor et al sought to qualify the normal physio-
logic forces across the midshaft of the clavicle during
movements of the upper extremity required to feed oneself.19

The process of bringing the hand to the mouth was tested with
a digitally simulated highly comminuted midshaft clavicle frac-
ture (at a peak of 50° of internal rotation of the humerus, 15°
of glenohumeral abduction, and 45° of forward flexion) using
a computational model. The resulting computer analysis found
that this complex movement produced axial compression and
a rotational bending moment at the fracture site, resulting in
downward and posterior displacement of the lateral frag-
ment. Iannolo et al further quantified the magnitude of forces
across the middle of the intact clavicle during shoulder motion
using both computational and cadaveric biomechanical
modeling.5 Their study found that during shoulder abduc-
tion, there was significantly more axial compression and torsion
than with internal and external rotation of the humerus, pro-
ducing pressures that reached, on average, a peak of 34 N
of compression and 0.398 N·m of torque about the middle
third of the clavicle.5

The objective of this study is to evaluate the ability of the
Sonoma CRx nail to resist combined axial compression and
torsion in a simulated midshaft clavicle fracture in compar-
ison to a PS construct.

Methods

The fourth-generation Sawbones (Pacific Research Labora-
tories, Vashon, WA, USA) model of the human clavicle was
used for this biomechanical evaluation. This current model
closely matches the modulus of elasticity and, as a result, the
torsional and compressive stiffness of living human cortical
and cancellous bone and has previously been successfully used
to evaluate component stability of middle-third clavicle frac-
ture models.14,15 A simulated interdigitating, transverse, middle-
third fracture pattern was created in each of the 20 Sawbones
models used. Equal groups of 10 clavicles were then fixated
with either the Sonoma CRx IM device or a superiorly po-
sitioned nonlocking PS construct (3.5-mm reconstruction plate;
DePuy Synthes, West Chester, PA, USA).

All samples were then mounted in plaster of Paris and tested
using a dynamic servohydraulic loading device (8521
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