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Preface

The eighth edition of Rockwood and Green’s: Fractures in Adults
continues with the changes that were instituted in the seventh
edition. In this edition there are two more chapters and 61 new
authors drawn from three continents and 11 different coun-
tries. In addition, many of the new authors represent the next
generation of orthopedic trauma surgeons who will be deter-
mining the direction of trauma management over the next two
or three decades.

Orthopedic trauma continues to be an expanding discipline,
with change occurring more quickly than is often realized.
When Drs. Rockwood and Green published the first edition in
1975, there were virtually no orthopedic trauma specialists in
most countries, fractures were usually treated nonoperatively,
and mortality following severe trauma was considerable. In one
generation the changes in orthopedic surgery, as in the rest of
medicine, have been formidable. We have worked to incorpo-
rate these changes in this edition. There is expanded coverage
in this edition of the inevitable complications that all orthope-
dic surgeons have to deal with, and we have included chapters
on geriatric trauma and the psychological aspects of trauma.
The other area of orthopedic trauma that is expanding quickly,
particularly in the developed countries, is the treatment of
osteoporotic (or fragility) fractures. These fractures are assum-
ing a greater medical and political importance, and orthopedic
implants are now being designed specifically to treat elderly
patients. It is likely that this trend will continue over the next

few decades; many of the chapters in this edition reflect this
change in emphasis.

The changes in the eighth edition include major changes in
its chapter structure. Each of the clinical chapters now follows
a specific template beginning with the physical examination,
classification, and additional studies used in the diagnosis of
each problem. This is followed by a description of the outcome
measures used to evaluate patients for the specific injury they
sustained. The indications and contraindications for each treat-
ment method, including nonoperative and operative methods
are highlighted in tables, as are the technical aspects of the
surgeries. Old favorites such as pitfalls and problems are also
listed in tables with solutions. Finally, the author’s preferred
treatment is now presented in the form of an algorithm, allow-
ing the reader to understand the thought process of the expert
writer in deciding on the treatment for the multiple subtypes
of injuries described in each chapter. We believe that this will
make it easy to get the most out of each chapter.

Finally, we are proud to introduce a new electronic format
that should allow for easier access across platforms, a change
that is overdue! Video supplementation is also available for the
majority of the clinical problems.

We are indebted to the efforts of the experts who have taken
the time to share their knowledge and experience with our
broad readership and hope that this new edition will contribute
to the care of patients.

Charles M. Court-Brown, MD, FRCS Ed (Orth)
James D. Heckman, MD

Margaret M. McQueen, MD, FRCS Ed (Orth)
William M. Ricci, MD

Paul Tornetta III, MD
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___ General Principles

BIOMECHANICS OF FRACTURES
AND FRACTURE FIXATION

Mark J. Jo, Allan F. Tencer, and Michael J. Gardner

e INTRODUCTION 1
e Basic Concepts 1

e BIOMECHANICS OF INTACT AND
Heaung Bone 10

e BiomECcHANICS OF BONE FRACTURE 14

INTRODUCTION TO BIOMECHANICS OF
FRACTURES AND FRACTURE FIXATION

“Biomechanics™ is a complex and encompassing term that
applies to many aspects related to orthopedic surgery, and
specifically to fractures and fracture fixation. The application
of biomechanical principles and concepts is essential to under-
stand how the fracture occurred, how to best treat the injury,
and how to avoid mechanical failures of the fixation construct.
One must first understand the fundamental terms and con-
cepts related to mechanical physics. This establishes the foun-
dation that will be used to apply these concepts to the field of
orthopedic surgery. The biomechanical properties of bone as
well as the biomechanics of fracture healing are also essential
to understand how bone is injured and how to best restore its
function. Finally, understanding the biomechanical properties
of common implants and failures seen with their application
helps the clinician to a thorough understanding that aids in
patient care.

In the study of biomechanics as it relates to fracture fixa-
tion, the fundamental mechanical question remains: Is the fixa-
tion system stable and strong enough to allow the patient early
mobility before bony union is complete? This must occur with-
out delaying healing, creating bone deformity, or damaging the

e BiomECHANICS OF FRACTURE IMPLANTS 17
Avoiding Mechanical Problems with Fracture
Fixation Devices 17

Biomechanical Aspects of Fracture Fixation in
Specific Locations 32

* SUMMARY 39

implant, and yet be flexible enough to allow transmission of
force to the healing fracture to stimulate union. The common
adage in orthopedics is that, “Fracture healing is a race between
bony union and implant failure.” A thorough understanding
of the biomechanical concepts as they relate to bone, fracture,
and implants is essential for the proper treatment of patients
with fractures.

Basic CONCEPTS

Before describing the performance of fracture fixation systems,
some basic concepts used in biomechanics must be understood.
A force causes an object to either accelerate or decelerate. It has
magnitude (strength) and acts in a specific direction, which is
termed a vector. However complex the system of forces acting
on a bone, each force may be separated into its vector compo-
nents (which form a 90-degree triangle with the force). Any
of several components, acting in the same or different direc-
tions, can be added to yield the net or resultant force. As seen
in Figure 1-1, a simplified example of the hip joint shows that
the forces acting about the hip include the body weight, joint
reactive force, and the hip abductors. As the hip in this example
is at rest, the net force must be zero; therefore, if the body
weight and hip abductor forces are known, the joint reactive

1




2 SECTION ONE General Principles: Basics

FIGURE 1-1 The force vectors acting on different parts of the body are a culmination of muscle, ten-
dons, ligaments, and external forces. A: A simplified example of the force vectors acting on the hip joint.
HA, hip abductors; BW, body weight; JRF, joint reactive force. B: Using the x and y vector components
of the forces about the hip the joint reactive force (JRF) can be calculated because if the hip is at rest,
the sum of all the forces should equal zero. AF, (vertical component of HA force) AF, (horizontal com-
ponent of HA force). C: Understanding the forces that are applied about a fracture can help the surgeon
understand the deforming forces and assist in reduction and fixation strategies.

force can be calculated using the x and y components of all
the forces. Also, understanding the forces about a fracture help
the surgeon to understand the deforming forces, the reduction
maneuvers, as well as the proper application of implants to best
stabilize the injury. Both the design of the implants as well as
the application by the surgeon must be done with these con-
cepts in mind so that they can withstand the mechanical loads
applied without failure.

The two major loads acting on a long bone are those that
cause it to displace in a linear direction (translation) and those
that cause it to rotate around a joint center. Muscles typically
cause a bone to rotate (e.g., the biceps causes the forearm to
flex and supinate, the anterior tibialis causes the foot to dorsi-
flex). When a force causes rotation, it is termed a moment and
has a moment arm. The moment arm is the lever arm against
which the force acts to cause rotation. It is the perpendicular
distance of the muscle force from the center of rotation of the
joint. As shown in Figure 1-2, the moment or rotary force is
affected not only by the magnitude of the force applied, but
also by its distance from the center of rotation. In the example,
two moments act on the outstretched arm. The weight carried
in the hand as well as the weight of the hand and forearm rotate
the arm downward, while the balancing muscle force rotates
the forearm upward. Equilibrium is reached by balancing the
moments so that the forearm does not rotate and the weight
can be carried. Note that to achieve this, the muscle force must
be eight times as large as the weight of the object, forearm, and
hand because its moment arm or distance from the center of the
joint is only one-eighth as long.

Radius F2=10N
F1 = Biceps force
D2 =24 cm
Biceps force D1=3cm
vertical component only)

N\ Forearm )
d/ w
—>»(3 ch(— K )
< 24 cm >
y
10 kg

FIGURE 1-2 In this simplified example of a free body diagram, the
outstretched arm is a lever and is at rest. The rotational force, or the
moment, is centered about the elbow. This moment is defined as
the product of the weight (object + forearm + hand) (F,) and the dis-
tance from the elbow (d,). This moment must be counteracted by a
moment in the opposite direction. In this example the vertical com-
ponent of the biceps force (F,) is the counteractive force. The lever
arm of this force is the distance from the elbow to the insertion of
the biceps (d,). The biceps force is calculated from 10 kg x 24 cm =
£y x 3 cm. Thus F, =80 N. The biceps force is much greater than the
weight of the object, arm, and hand because its lever arm is smaller.



