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ix

Within months of arriving at the AO Research 
Institute, Davos, Switzerland, in the spring of 
1983, I learned how important the dynamic 
compression plate (DCP) was for the systema-
tized teaching of internal fracture fixation, the 
worldwide dissemination of concepts sup-
ported by years of research and clinical obser-
vation, and the impressive business growth of 
AO‐affiliated manufacturers. DCP was the 
most visible symbol of the AO Group’s accom-
plishments throughout a historically unique 
synergy of research, education and industrial 
endeavors in the medical device field. Being 
eager to move research ahead, I decided to stay 
away from anything even closely related to 
DCP. It seemed beyond challenge and immune 
to change.

But, inevitably, changes were on the horizon. 
The dominance of plating in internal fixation 
was being challenged by the rapid acceptance 
of interlocking nailing, invented by Gross and 
Kamp and introduced by Howmedica. Perhaps 
even more threatening, patent protection for 
DCP was soon to expire. Copies were appear-
ing in minor markets, testing AO willingness to 
protect its patent rights. The need for a next 
generation plate was clear. A number of ideas 
were put forward and were tested in the lab, in 
animals, and in human patients.

That the disturbance of blood perfusion was 
the dominant, unwanted side effect of plating 
was teased out of several key experimental ani-
mal studies. This work was performed at the 
AO Institute in the late 1970s and early 1980s 
by  Stephan Perren, Institute director, and his 

collaborators Berton Rahn, Jacques Cordey, 
Ulrich Pfister, Emanuel Gautier, Mauro Vattolo, 
and Kaspar Joerger. Prior to that research pro-
ject, sometimes‐dramatic loss of cortical bone 
beneath the plates was fully attributed to stress 
shielding. Yet it turned out to be mostly due to 
a natural bone response to necrosis, the resorp-
tion of dead tissue.

These findings defined the major goal for the 
development of the next‐generation plate: 
reduce the damage to periosteal bone perfu-
sion. Collaboration on an unrelated project 
with Franz Sutter and Oscar Tchudin, two 
resourceful engineers at Straumann Institute, 
Waldenburg, Switzerland, got me started on 
what soon became FIXIN, a pilot project at the 
AO Institute aiming at complete avoidance of 
periosteal blood perfusion disturbance by elim-
inating the contact between the plate and the 
bone. Franz Sutter had also provided engineer-
ing talent to the THORP system of locking 
plates and screws for mandibular reconstruc-
tion, primarily after tumor resections. However, 
THORP lacked the strength and robustness 
needed for treatment of long bone fractures. 
The only other precedent known to us at the 
time was the Polish ZESPOL system, which has 
seen very limited acceptance due to practical 
limitations.

The FIXIN project tested a plate application 
on intact sheep tibia with bicortical screws 
locked to the plate by means of expandable, 
slotted inserts. These experiments provided 
convincing evidence that keeping the plate a 
millimeter or two above the periosteum can 
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x  Foreword

practically eliminate disturbance of periosteal 
perfusion. But, unexpectedly, the histology also 
showed bicortical screw damage to the 
endosteal perfusion. Replacing bicortical with 
monocortical screws eliminated the need for 
the troublesome, locking, slotted ball and, more 
significantly, reduced damage to the endosteal 
perfusion. When locked, monocortical screws 
provided fully adequate load transfer from the 
plate to the bone. The project took on a new 
name, PC‐Fix (for point‐contact fixator), and 
began its decade‐long testing in the lab, in 
experimental animals and in clinical veterinary 
and human applications. With the privileged 
support of Stephan Perren, I devoted a signifi-
cant percentage of my time to carrying the pro-
ject forward with a long list of collaborators 
whose work was only partially acknowledged 
because of my failure to encourage and help 
them publish the results. They are, in alpha-
betic order: Stephan Arens, Stephen Bresina, 
Henk Eijer, Christian Foglar, Edward van 
Frank‐Hasnoot, Mark Frankle, Robert Frigg, 
Maximilian Lederer, Urban Lidgren, Kurt 
Lippuner, Ted Micklau, Pierre Montavon, Keizo 
Morikawa, Miljenko Plavljanic, Marco Predieri, 
Andreas Remiger, and Alex Zehnder.

In spite of unusually positive outcomes of all 
the studies, in every respect considered, includ-
ing a human clinical study with close to 2,000 
forearm fractures, the ultimate decision by the 
AO industrial partners was to ignore the 
demands of the AO to make PC‐Fix available.

In parallel with technical developments 
aimed at solving the problem of iatrogenic dam-
age to the bone, there was a major revision, if 
not a revolution, in the surgical approach to 
internal fixation, which came to be known as 
biological internal fixation. The leaders of this 
movement, together with Stephan Perren, were 
Reinhold Ganz, Jeffrey Mast and Roland Jacob, 

the authors of the surgical manifesto for biolog-
ical fixation Planning and Reduction Technique in 
Fracture Surgery published by Springer‐Verlag 
in 1989. Failure of the AO and its affiliated pro-
ducers to embrace and combine the emerging 
technical and surgical approaches was a major 
missed opportunity to provide better care for 
millions of trauma patients.

If the mechanical function of fracture stabi-
lization is to be accomplished without plate‐
to‐bone contact, the screws have to be locked 
to the plate. Locking the screws brings certain 
mechanical advantages, but the real goal is to 
preserve blood perfusion and thus reduce the 
risks of bone necrosis; infection being the most 
consequential. The goal of preserving bone 
perfusion has been lost in the intervening 
years as locking plates gained acceptance in 
both human and veterinary surgery. The mes-
sage from more than a decade of experimental 
work on hundreds of animals  –  “keep the 
bone perfused”  –  has morphed into a much 
weaker one  –  “lock the screws.” As a conse-
quence, most locking systems have not been 
designed to prevent iatrogenic damage to 
fractured bones.

As witnessed by the appearance of this book 
dedicated to a variety of locking plates, the vet-
erinary scene has profited from being uncon-
strained by ever‐tighter regulation imposed on 
the human side and, perhaps, even more impor-
tantly, less affected by consolidation of the 
industry. The editors and the authors of this 
book are giving their veterinary colleagues a 
wonderful opportunity to inform themselves of 
the choices available, the appropriate indica-
tions, the techniques and the fairly extensive 
clinical experience with locking plates.

Slobodan Tepic  
Zurich, June 2018
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Preface

The American College of Veterinary Surgeons 
Foundation is excited to present Locking Plates in 
Veterinary Orthopedics in the book series entitled 
Advances in Veterinary Surgery. I know many of 
us that have incorporated locking plate technol-
ogy into our clinical practice are still unsure as to 
“best practices” when using locking implants in 
a particular fracture or osteotomy scenario. As 
one of the key missions of the ACVS Foundation 
is to promote cutting‐edge education for diplo-
mates, this topic is timely and very reflective of 
the educational mission of the Foundation.

Locking Plates in Veterinary Orthopedics is 
edited by Drs. Matt D. Barnhart and Karl C. 
Maritato. They have chosen a group of strong 
contributing authors to detail the areas of 
Principles, Applications, and Clinical Case Examples 
when using locking plates. We are sure you will 
find this reference extremely valuable.

The ACVS Foundation is an independently 
charted philanthropic organization devoted to 

advancing the educational, scientific, and chari-
table goals of the American College of Veterinary 
Surgeons. The mission of the ACVS Foundation 
is to support the advancement of surgical care 
of all animals through funding of educational 
and research opportunities for veterinary surgi-
cal residents and board‐certified veterinary 
surgeons.

The ACVS Foundation’s collaboration with 
Wiley‐Blackwell benefits all those who are 
interested in veterinary surgery by presenting 
the latest evidence‐based information on rele-
vant surgical topics. The ACVS Foundation is 
proud to partner with Wiley‐Blackwell in this 
important series and is honored to present 
this newest book in the Advances in Veterinary 
Surgery series.

R. Randy Basinger, DVM, ACVS
Chair, Board of Trustees
ACVS Foundation
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I kept thinking of Sir Isaac Newton’s quote, “If I 
have seen further than others, it is by standing 
upon the shoulders of giants,” as I pleaded with 
distinguished colleagues, whose depth of 
knowledge and experience is greater than my 
own, to contribute to this textbook. Thank you 
all for sacrificing your precious time and with-
holding any deservedly snarky replies to my 
barrage of emails delivered during this process. 
I hope you feel your dedication is rewarded by 
this final product and it fills a need within our 
profession.

Thank you, Erica Judisch and Susan Engelken 
from Wiley Blackwell, for believing in and sup-
porting this book and shepherding us through 
the process. The longest email threads I have 
ever been part of now exist because of this book!

I owe so much to the mentors, colleagues, 
and residents who have kept me on my toes 
over the years. It would have been far easier to 
rest, but you showed me that’s not how we 
grow. Credit to Harry Wotton, who began this 
locking implant journey with me and kept say-
ing, “Someone needs write a veterinary book 
about these implants.” Special thanks to Eric 
Schertel, for being a truly exceptional mentor, 
friend, and business partner. Your unselfish 
guidance in the OR and, more importantly, in 
life is precious to me.

Ultimately, this book is dedicated to Ashley, 
Bobby, Billy, and Ben, without whom I am noth-
ing. For my boys, this book serves as a tangible 
reminder that dad isn’t just playing with pup-
pies when he’s not home before bedtime. For 
Ashley, who has blessed me beyond measure 

with her partnership, friendship, and love. She 
makes all things possible and wonderful, and 
she confided in me early on that she’s always 
liked “nerds.” Well, this book should reaffirm 
she made a good choice.

I am indebted to my parents and sister for 
their unquestioning indulgence and tolerance 
of my “critter” interests since the very begin-
ning and their support of my education. None 
of this would be possible otherwise. Ironically, 
this may be the one book my mother will not 
read cover‐to‐cover.

Finally, few of us veterinarians would do what 
we do were it not for our animal companions 
and patients and the unconditional love they 
provide. They inspire a passionate motivation in 
us, our clients, and our staff to support their 
well‐being that is unique to our profession.

Animals are God’s creatures. He surrounds 
them with his providential care. By their mere 
existence they bless him and give him glory. 
Thus, we humans owe them a great kindness.

–Matthew D. Barnhart

First and foremost, I want to thank and dedi-
cate this book to my wife, Maria. No one has 
supported my goals and dreams more selflessly 
than she. From the first day of vet school to the 
day I received the news I passed ACVS boards, 
she never wavered in that support. She has 
shared me and our time together with my stud-
ies, as well as countless patients and clients, on 
endless weekends, nights, and holidays, when 
she could have been living a more “normal 
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1

As with all of medicine, orthopedics is an ever‐
evolving science. While locking implants are a 
relatively recent addition to veterinary ortho­
pedics, they have been used for humans for 
some time. To better understand where we are, 
and where we are going, with fracture repair 
and locking implants, we first need to look back 
on the history of fracture fixation − a fascinat­
ing journey through the brilliant minds of our 
predecessors.

In the mid‐1700s, John Hunter was the first 
surgeon to define the four stages of callus for­
mation during fracture repair. Around the same 
time, Albrecht von Haller noted that bone heal­
ing was dependent on the vascularity around 
the fractured region of the bone, emphasizing 
the role of blood supply in fracture healing. 
Henri Duhamel disagreed, thinking that all 
bone arose from the periosteum, and coined the 
term cambium layer [1].

In 1736, John Belchier was the first to identify 
the important role of osteoblasts in fracture 
healing, and in the 1840s, John Goodsir con­
firmed that osteoblasts were the true bone‐
forming cells [1]. This led some, including Sir 
William Macewen, to focus strongly on the 
osteoblast and ignore the role of the periosteum 
[1]. In the late 1800s, Louis Ollier, like Duhamel, 

felt more than osteoblasts were in play in frac­
ture repair. He believed that in addition to oste­
oblasts, the periosteum and the bone marrow 
all contributed to bone repair; he recommended 
the periosteum be protected during surgery [1].

In 1886, Carl Hansmann invented the first 
bone plate and screws. Ironically, it was a 
locking plate that protruded through the skin 
[1]. By contrast, Halsted in 1893 and Lane in 
1894, utilized the first completely implanted 
plates [1].

In 1912, William Sherman, who was a sur­
geon for the Pittsburgh Steel Company, 
designed plates with better metallurgy and 
engineering due to this connection. Because of 
his improved production knowledge, his plates 
did not corrode or break and were the most 
widely used plates until the Association for 
Osteosynthesis (AO) plates were introduced 
50 years later [1].

Up until this point, the plates in use were not 
designed with compression in mind; rather, 
they served only to stabilize and align the bone 
as a replacement for external splinting, similar 
to current locking plates. In 1946, Eggers per­
formed experiments on animals with induced 
fractures to show the effects of fracture site 
compression on the rate of healing and, in 1949, 

Karl C. Maritato

1 A Brief History of Veterinary 
Locking Plates Applications
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2  A Brief History of Veterinary Locking Plates Applications

Robert Danis was the first to apply compres­
sion plating to human patients [1].

A decade later, George Bagby was the first to 
use a plate similar in design to the dynamic 
compression plates (DCP) used today. His 
plates had oval‐shaped holes with beveled 
edges that allowed the plate to slide into com­
pression as the screw was tightened [1].

On November 6, 1958, a critical moment in 
orthopedics history occurred: Arbeitsgemein­
schaft fur Osteosynthesenfragen (Association 
for Osteosynthesis) was formed by 13 surgeons 
in Switzerland [1, 2]. This group’s unprece­
dented collective focus on the study of bio­
mechanics, osteogenesis, implants, and 
instruments, as well as orthopedic techniques 
and postoperative care, ushered in a new era. 
Additionally, they focused on orthopedic con­
tinuing education through instructional courses 
and labs and published the first AO manual in 
1963 [2, 3] followed by Techniques of Internal 
Fixation of Fractures, published in 1965 [2]. The 
critical principles of primary focus in these 
early editions were that of anatomic reduction 
and rigid fixation [2]. It was thought that frac­
ture healing with no callus formation was most 
desired, and that the presence of callus forma­
tion was considered a sign of instability and 
inappropriate repair. Willeneger and Schenk’s 
research on direct bone healing reinforced this 
theory [2, 3].

On 31 August 1969, AOVET was founded in 
Waldenburg, Switzerland (Figure 1.1a–d) [3]. In 
the decade prior to its formation, a beautiful col­
laboration between veterinary and human sur­
geons and engineers had blossomed. Transfer of 
knowledge between disciplines was initiated as 
never before in veterinary surgery, most notably 
by Dr. Guggenbuhl, one of the original 13 AO 
founders, and Dr. von Salis, a large animal vet­
erinarian and first president of AOVET. This 
relationship and collaboration with von Salis’s 
colleagues led to the AOVET formation [3]. One 
of the first documented fracture cases in a dog 
repaired using AO principles and plates was a 
femur fracture in a Spitz, performed on 3 
February 1969 by Dr. Geri Kasa with a four‐hole 
4.5 mm round hole plate (Figure 1.2) [3].

In 1970, Allgowar and Perren continued 
research on the Bagby design and developed a 
sophisticated plate called the dynamic com­
pression unit. Compression could be achieved 

in any equally spaced hole on either side of the 
fracture. Consistent fracture healing and early 
return to function were noted in patients treated 
with these plates, and the previously common 
“fracture disease” problem was disappearing 
[2]. It was also noted that complications such as 
sepsis, sequestrum formation, union difficul­
ties, and re‐fracture were occurring using these 
rigid techniques. Focus was redirected toward 
the effect of the plate on the bone surface and its 
blood supply [2].

At this same time, Dr. Hohn began the first, 
and soon to become annual, AOVET course 
held in the United States at The Ohio State 
University (Figure 1.3). Dr. Hohn had been the 
first to perform a canine fracture repair using 
AO principles in the United States at the Animal 
Medical Center in New York, as a part of a fan­
tastic collaboration with Dr. Rosen, the first AO 
principled human orthopedic surgeon in the 
United States [3].

In 1982 and 1984, the first AO manuals on 
internal fixation in the horse and small animals, 
respectively, were published [3].

Stephen Perren built on the initial research of 
Ollier and in 1988 focused on the periosteum 
once again. He disagreed with the thought that 
stress protection from the plate led to osteopo­
rosis of the bone under the plate, and, through 
his research, was able to prove that periosteal 
blood supply damage led to necrosis of the 
bone under the plate. This led to the develop­
ment of the limited‐contact dynamic compres­
sion plate (LC‐DCP) in 1990 [1]. He also felt that 
strong compression and complete stability led 
to vascular damage, and instead he promoted 
relative stability and favored callus formation. 
He used longer plates with fewer screws, which 
favored faster healing with a mechanically strong 
callus [1].

Also in 1990, Reinhold Ganz developed the 
model of biologic fixation, promoting the “open 
but do not touch” approach and the use of long 
plates with fewer screws as well. Less emphasis 
was placed on complete reduction and absolute 
fracture site stability, but rather on alignment 
and relative stability with an expectation of cal­
lus formation. It was noted that fast and predict­
able bone healing occurred in this manner [2].

In 1997, this approach was taken even further 
by Chistian Krettek and Harald Tscherne, who 
developed the concepts of minimally invasive 
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A Brief History of Veterinary Locking Plates Applications  3

plate osteosynthesis (MIPO), which produced 
rapid bone healing with a larger amounts of 
callus formation [1, 2].

One advantage that external skeletal fixator 
application historically had over internal fixa­
tion was lesser operative injury − that injury 
caused by the fracture approach, reduction 
and fixation. This consideration was trans­
lated into the creation of internal fixators. 
Perren and Tepic introduced the concept of 

locking implants (i.e. internal fixators) in 1993 
when they created the Point Contact Fixator 
using monocortical locking screws and a plate 
with similar shape and design to the LC‐DCP 
[1]. Next in line was the creation of the less‐
invasive stabilization system (LISS), which 
may be considered the first plate particularly 
designed for MIPO [2].

Seven years later, Wagner and Frigg cre­
ated the combi‐hole plate that allowed both 

(a) (b)

(c) (d)

Figure 1.1  (a–d) Four of the primary founders of AOVEET. Geri Kasa, Feri Kasa, Ortun Pohler, Bjorn von Salis. (Source: 
Courtesy of AO Foundation.)
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4  A Brief History of Veterinary Locking Plates Applications

compression screws and locking screws to be 
used in the same plate. This allowed compres­
sion to be used in the portions of a fractured 
bone where it was desired, such as articular, as 
well as simultaneous use of the locking mech­
anism in the diaphyseal portions of the bone 
fracture [1].

In 2004, Boudrieau published the first case 
report of use of a locking plate in a dog, in 
which a severe malocclusion from previous 
hemimandibulectomy was reconstructed [4]. 
The following year, Keller described the use of 
the compact unilock system in small animal 
orthopedics [5] and Aguila et al. published the 
first biomechanical study comparing LC‐DCP 
and locking compression plate (LCP) in cadaver 
canine femurs [6].

The AO research center began testing the 
concepts of bridging fixation in small animals 
using 18 different plates commonly used in 
small animals in 2008 [7]. This laid the ground­
work for future research of MIPO. That same 
year, locking technology moved out of the 
realm of trauma and was applied to tibial pla­
teau leveling osteotomy [8], and later reports 
were published on vertebral applications, dou­
ble pelvic osteotomy and arthrodesis [9, 10, 11]. 
Since these early reports, research on and the 
clinical use of locking implant technology has 
grown exponentially in veterinary medicine.

The founders of orthopedics worked tire­
lessly to understand bone and biomechanics 
and their effects on fracture pathology and 
management, all to better the lives of their 
patients, both human and animal alike. We 
must continue to follow their examples and 
strive for perfection as we pursue the most 
ideal management of fractures and other ortho­
pedic conditions.

(a) (b)

Figure 1.2  (a, b) One of the first documented fracture 
cases in a dog repaired using AO principles and plates; a 
femur fracture in a Spitz, performed on February 3, 1969, 
by Dr. Geri Kasa with a four‐hole 4.5 mm round hole 
plate. (Source: Courtesy of AO Foundation.)

Figure 1.3  The first AOVET course held in the United States at The Ohio State University, 1970. (Source: Courtesy of 
AO Foundation.)
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Locking plates (LP) gradually crept into use in 
veterinary surgery with little discussion as to 
the differences between them and the well‐
established conventional dynamic compression 
plating (DCP) techniques. The first published 
clinical application of a LP in a canine fracture 
case was in 2005 [1]. While thorough reviews on 
LP theory and its applications existed in the 
human medical literature, access to these publi-
cations required diligent investigation by the 
interested veterinary surgeon. As such, many of 
us simply switched an LP for a DCP system in a 
given trauma application without developing a 
better understanding of the fundamental differ-
ences between the two. This author’s own ini-
tial misconception, and that most commonly 
encountered amongst colleagues, was that LP 
constructs were “stronger” than DCP con-
structs. We were a bit surprised to learn that LP 
technology was actually not designed to be 
stronger or more stable than DCP. Rather, it was 
created to enhance the principles of biological 
osteosynthesis in order to promote healing and 
minimize infection risks that were attributed in 

part to the periosteal vascular injury caused by 
the large frictional force generated between 
DCPs and the bone surface.

Unfortunately, we often learn more from 
our mistakes than our successes, so this chap-
ter’s purpose is to report some of the early pit-
falls encountered when using LP systems. It 
will become clear how basic knowledge and 
adherence to principles learned later in this 
book could help minimize or outright avoid 
complications. Clearly, it is an oversimplifica-
tion to blame a failure on lack of adherence to 
a single application principle; however, in 
some of these cases it is possible that problems 
could have been avoided had they been 
followed.

The following fracture repair cases illustrate 
what can happen if an LP is applied like a DCP 
without regard for important differences 
between the two. Fortunately, our contributing 
authors have done an excellent job reviewing 
LP principles in detail so these clinical cases 
will simply act as guides for much more 
detailed discussions (Figures 2.1–2.5).

Matthew D. Barnhart

2 Pitfalls of Locking Plate 
Applications
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10  Section I: Principles of Locking Plate Applications

Figure 2.2  Maximizing plate length is particularly important when applying LP. This humerus fracture is a challenging 
one and may have been best served with bilateral plates. However, at the very least, the LP used was too short, based on 
the recommended plate length to fracture segment length ratios. See page 43 to learn more.

Figure 2.1  The recommended screw density for locking plate (LP) is different than that for dynamic compression 
plating (DCP). This fracture repair violated this principle, leading to major stress concentration within the implant at the 
fracture site and its subsequent failure. See pages 34–36 to learn more.
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Pitfalls of Locking Plate Applications   11

Figure 2.3  As previously stated, LP application provides a very different biological environment for healing compared 
to the DCP. This means less reconstruction and more elastic plate osteosynthesis principles need be applied. This 
tibia fracture may have been well reconstructed but was doomed to failure because of the way the LP was utilized. 
Maximizing the number of screw holes that are filled when using DCPs is typically the norm. By contrast, screw number 
and position is more critical when using LPs. See pages 34–36 and 130–132 to learn more.

Figure 2.4  One of the things that a surgeon needs to adjust to when using a LP is the difference in “feel” during screw 
insertion. The physical nuances of the DCP bone‐screw interaction that confirm appropriate cortical engagement cannot 
be relied upon. This was well demonstrated by Voss in a 2009 publication, which warned of the potential dangers of 
inadequate screw fixation because the surgeon cannot necessarily feel how well the screw engages the bone [2]. Note 
that the three most distal screws did not engage bone yet; they would have had felt tight because of their locking within 
the plate. Obviously this would never go unappreciated during a DCP application. See page 27 to learn more.
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Since its introduction in 1969 by AO, the 
dynamic compression plate (DCP) has argua-
bly become one of the most iconic plates for 
osteosynthesis and continues to be used suc-
cessfully around the world. Although the DCP 
has been the standard bone plate for many dec-
ades, research has led to a better understanding 
of bone biology and the process of bone heal-
ing, and has identified shortfalls with the use of 
the DCP. Extensive zones of bone porosity have 
been identified underneath the plate following 
application. The porosis develops within a few 
weeks but lasts for several months. Although the 
porotic bone is progressively replaced by nor-
mal bone over time, it has been blamed for 
refracture of long bones after implant removal 
and may therefore have clinical significance 
[1–3] (Figure 3.1).

Initially, the development of bone porosis 
was almost exclusively attributed to stress pro-
tection caused by the plate, inducing remode-
ling of the protected bone according to Wolff’s 
law [4–6]. Although no one can deny the long 
term effect of the plate on the bone, the pattern 
of early porosis observed within the first eight 
weeks of fracture fixation did not appear to 
match the expected region of stress protection 
[7]. In an experimental model using dogs, 

Carter attached plates of different composition 
and stiffness to the femur of dogs. Despite hav-
ing a fraction of the rigidity of stainless steel 
plates, the plastic plates produced a pattern of 
bone resorption and remodeling similar to that 
of more rigid steel plates. This suggests that 
early porosity under the plate occurs even 
under very low stress shielding, and the remod-
eling may not be not associated with a change 
in bone strain but rather be the result of vascu-
lar and surgical trauma caused by the plate and 
its application [8]. Carter also performed a the-
oretical biomechanical analysis of the bone‐
plate constructs and suggested that the degree 
of stress shielding caused by metal plates that 
had been calculated by others based on theo-
retical composite beam models might have 
been overestimated [8]. In dogs, bone resorp-
tion following plating of the radius is also fre-
quently observed in miniature breeds but does 
not appear to be a clinical problem in larger 
breeds. Stress protection has also often been 
blamed for the resorption. The fact that the nor-
malized stiffness of the plated radius in minia-
ture breed is similar to that of the large‐breed 
dogs does not support the theory of stress pro-
tection and other factors such as damage to the 
blood supply should be considered [9]. There is 

Noël M.M. Moens

3 The Biology of Locking Plate 
Applications
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14  Section I: Principles of Locking Plate Applications

abundant evidence that implants negatively 
affect bone blood supply [2, 10–14] (Figure 3.2).

A histological and bone perfusion study in 
sheep demonstrated a striking correlation 
between the disturbance of the bone blood sup-
ply caused by the plate and the degree and 
extent of bone necrosis and remodeling 
observed at 4, 10, and 20 weeks following 
implantation. In this study, the amount of 
necrosis observed underneath the plate could 
be directly related to the amount of contact 
between the plate and the bone [2]. The correla-
tion between plate contact area and extent of 
the bone necrosis has also been found in the 
dog [13]. At the level of the fracture, the bone 
necrosis and resorption caused delayed healing 
of the cortex immediately underneath the plate. 
The focal bone necrosis and the resulting 
delayed union underneath the plate was sug-
gested to be the cause of refracture of the bone 
following plate removal [2]. This theory was 
later supported by a case series of 28 refractures 
after implant removal. In many, the refracture 
originated from an area of the cortex under-
neath the plate that failed to unite despite ade-
quate stabilization [3]. In 1988, Perren made the 
case that the early porosity observed under-
neath the plates was more likely the result of 
bone devascularization and necrosis than the 
result of stress shielding [10, 15]. The porosity 
was therefore attributed to an intense bone 
remodeling following bone necrosis induced by 

cortical devascularization. The realization of 
the importance of the bone blood supply and its 
importance in fracture healing led surgeons to 
progressively adopt a different approach to 
bone fixation. Instead of focusing mainly on the 
preservation of the soft tissue, surgeons real-
ized the importance of also preserving the 
bone  vascular supply and viability [16]. This 
new approach to fracture fixation was coined 
“biological plating.”

With this changing paradigm, attempts were 
made to develop bone plates with smaller 
physical and biological footprints, to decrease 
the impact on bone biology. The AO group 
developed the limited‐contact DCP (LC‐DCP). 
This plate has a scalloped underside, which 
reduces the contact surface by more than 50% 
compared with conventional DCP and should 
therefore reduce its impact on the bone beneath 
[16–18] (Figure  3.3). The concept was further 
developed with the introduction of the point‐
contact fixator (PC‐Fix), which further decreased 
the contact surface area between the bone and 
the plate until it became negligible [19–22].

Although the PC‐Fix was briefly used in 
clinical practice, the plate was discontinued for 
undisclosed reasons and replaced by the lock-
ing compression plates (LCP) [23–27]. The rad-
ical design of the PC‐Fix was abandoned and 
the LCP reverted to the same overall design 
and plate undercuts as the LC‐DCP but with 
the addition of the locking screws. Although 

(a) (b)

Figure 3.1  (a) Left: Section of a sheep tibia three months after plating with a traditional plate showing extensive 
osteoporosis corresponding to the width of the plate. (b) Right: Similar section of the tibia, one year after plate 
application showing the progressive replacement of the porotic bone with new living bone. (Source: Perren [58].)

Ve
tB

oo
ks

.ir
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the locking screws allow the plate to be placed 
completely away from the periosteal surface 
[28, 29], the true extent of plate contact with the 
bone is likely variable. In clinical cases, the 
plate is frequently in contact with the bone 
even if it is not compressed against it. Some 
locking plates have the option of being used as 
a hybrid fixation, using a combination of lock-
ing and regular screws [30–32]. When used in 
this fashion, the plate must be properly con-
toured and the regular screws must be tight-
ened first before the locking screws are added, 
potentially compressing the bone to the same 
extent as the LC‐DCP. The plate contact surface 
area and the cortical necrosis induced by lock-
ing plates has not been fully investigated and 
is mostly derived from experience with the LC‐
DCP and PC‐Fix. It is likely variable depend-
ing on how the plate is used, but we may 

reasonably assume that they are less than for 
nonlocking plates.

Despite the clear trend toward decreasing the 
plate biological footprint, the causes of the early 
porosis and the causes for the delayed healing 
continue to generate debate. Uhthoff studied 
the pattern of necrosis and bone remodeling 
after plate fixation in dog and concluded that 
the pattern of necrosis and the extremely slow 
bone remodeling of the porotic bone could only 
be explained by stress protection and not by the 
compression of the plate onto the bone [4, 5]. 
Furthermore, in his experiment, the zone of 
porosity and the zone of bone necrosis did not 
fully correlate, raising the prospect that they 
may not be related [4].

Clinically, a decrease in plate footprint and 
better preservation of bone vascularity should 
be associated with better healing and a smaller 

(a) (b)

(c) (d)

Figure 3.2  Surface appearance of sheep tibia seven hours following plating and injected with disulfin blue 
immediately prior to euthanasia. Each tibia was plated with either a traditional plate or an experimental plate with the 
underside designed to lift the plate above the bone surface by 1 mm. (a) Blood flow impairment can be inferred from 
the large defect in disulfin uptake in the cortex immediately underneath the plate following application of a plate with 
a solid underside in contact with the bone. (b) Minimal blood flow impairment occurred following plating with the 
experimental plate that minimize the contact area between the plate and the bone.(c) and (d) Cross section of the tibia 
after plating with the conventional plate (c) and the limited contact plate (d). (Source: Lippuner et al. [13, p. 80, Figure 
1a to 1d]. Springer Verlag.)
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16  Section I: Principles of Locking Plate Applications

risk of refracture following removal. The impor-
tance of blood supply to the bone and its effect 
on bone healing has been well studied [12, 
33–35]. Studies in multiple species have shown 
that disruption of the blood supply, whether 
from damage to the endosteum, periosteum, 
cortex or soft tissue envelope, has the potential 
to delay healing and to increase the risk of frac-
ture complication. Even the fracture hematoma 
plays a significant role in fracture healing and 
its removal from the fracture site results in sig-
nificant healing delays [35, 36]. Fixation meth-
ods that minimize damage to the vascular 
supply to the bone should therefore result in 
faster bone healing and a decreased rate of 
delayed unions and nonunions. In a study in 
sheep, oblique tibial fractures were created and 
stabilized with a lag screw and neutralized 
with either a titanium DCP or a PC‐Fix plate. 
Six sheep were euthanized at 12, 24, 48, or 
96 weeks and the tibia were subjected to bend-
ing until failure. At 12 weeks, in the DCP group, 
all bones refractured at the level of the original 
fracture. Two bones refractured at the fracture 
site at the 24‐ and 48‐week mark and one bone 
at the 96‐week mark. In contrast, in the PC‐Fix 
group all bones (except for one at 96 weeks) 
refractured in a different location than the 

original fracture, suggesting that healing was 
significantly advanced and more complete 
than in the DCP group. Histology at 12 weeks 
shows advanced healing and bridging of the 
bone cortices in the PC‐Fix group, while the 
DCP group displayed extensive bone necrosis 
and resorption with minimal callus formation 
[37] (Figure 3.4).

In a radiographic study of tibial fractures in 
sheep treated with a DCP, LC‐DCP, and PC‐Fix, 
bone fusion, a more homogenous bone structure 
was noted in the PC‐Fix group, suggesting bet-
ter and more advanced bone healing in that 
group compared to the other two groups [38]. 
Despite these very encouraging studies show-
ing a clear benefit of the PC‐Fix, several others 
studies failed to demonstrate any benefit of the 
decreased footprint, under both clinical and 
experimental conditions. In a comprehensive 
study in sheep, three types of plates of decreas-
ing contact surface area (DCP, LC‐DCP, and par-
tial contact plate) were evaluated for the repair 
of experimental tibial fractures. Periosteal and 
bone perfusion, bone density, and porosity, bone 
remodeling and biomechanical properties of the 
healing bone, were evaluated at different time 
points. No significant difference was seen 
between any of the plate tested for any of the 

Figure 3.3  View of the underside of the DCP (Bottom), LC‐DCP (middle) and LCP (Top). The area colored in red 
represent the theoretical zones of contact between the plate and the bone. Although the LCP and the LC‐DCP have a 
similar underside, the locking screws in the LCP allow the plate to sit above the periosteum if desired. 
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criteria tested, leading the author to conclude 
that neither of those plates provided any benefit 
in fracture healing over another [14]. Similarly, 
in a segmental fracture model in dogs, the DCP 
and LC‐DCP could not be differentiated based 
on vascularization, remodeling, porosity, or bio-
mechanical properties at 10 weeks postsurgery 
[39]. It is evident from these contradictory 
results that plates with smaller footprints may 
have significant theoretical advantages, but 
these advantages do not necessarily translate 
into better and faster healing in all clinical situa-
tions. The reasons for the contradictory results 
remain unclear. One possible explanation could 
be that differences in design may not translate 
into clear differences in contact area when 
applied to the bone. The true difference in plate 
contact area between the DCP and LC‐DCP has 
been questioned, despite a reported reduction 
of 50% between the two plates [16]. Using pres-
sure sensitive films on cadaveric bones, Field 
measured the plate contact area of the DCP and 

LC‐DCP applied to different bones. Despite the 
lower theoretical footprint of the LC‐DCP, no 
difference in contact area was detected between 
the two plates when applied to human femora 
or equine metacarpi. When applied to the cau-
dal surface of the human humerus, a decrease in 
contact area was observed with the LC‐DCP but 
that difference disappeared when the plate was 
applied to the medial surface [40]. This suggests 
that the contact area of the plate is influenced 
more by the complex surface of the bone and the 
ability of the surgeon to contour the plate than 
by the design of the plate itself. The lack of dif-
ference in the actual contact surface area could 
explain the lack of difference in healing observed 
clinically between the different implants. The 
more obvious difference in contact area between 
the traditional plates and the PC‐Fix may 
explain why some better results were obtained 
with the PC‐Fix under strict experimental con-
ditions. As mentioned earlier, the undersurface 
of the LCP is similar to that of the LC‐DCP but 

(a) (b)

(c) (d)

Figure 3.4  (a) Histological section of a sheep tibia 12 weeks following plating with a DCP. Note the extensive area of 
porosis under the plate. (b) Histological section of a sheep tibia 12 weeks following application of as PC‐Fix showing 
minimal porosis of the cortex underneath the plate. (c) Section of the cortex underneath the plate at the level of the 
fracture of sheep tibia stabilized with a DCP. Note the lack of bridging at 12 weeks and the minimal callus production. 
(d) Section of the cortex underneath the plate at the level of the fracture of sheep tibia stabilized with a PC‐Fix. The 
cortex is fully bridged with new callus. Note the presence of periosteal callus immediately underneath the plate (top of 
the image). (Source: Tepic et al. [37].)
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18  Section I: Principles of Locking Plate Applications

with the added benefit of the locking screws. 
Its  impact on bone vascularization has not 
been  fully investigated but can reasonably be 
expected to be significantly less than traditional 
plates. Although it has been claimed that lock-
ing plates do not induce early temporary poro-
sis [31], in depth and rigorous comparisons 
between traditional and locking plates have not 
yet been conducted and much of the informa-
tion is extrapolated from studies on the LC‐DCP, 
the PC‐Fix and other, earlier, plates designs.

In addition to a preservation of the blood 
biology, physical clearance under the plate at 
the fracture site, has also been suggested as one 
the reason for improved strength of the bone 
following fixation with the PC‐Fix [37]. In histo-
logical sections of the bone at 12 weeks follow-
ing fixation with the PC‐Fix, callus could be 
seen immediately underneath the plate, form-
ing almost a 360° ring around the bone. The cal-
lus could form because the PC‐Fix allowed 
some clearance under the plate as opposed to 
the DCP (Figure 3.4c and d). Even though the 
callus under the plate was smaller than the cal-
lus on the opposite cortex, it may have contrib-
uted to a stronger healing and prevented the 
bone from refracturing at the previous fracture 
site [37]. Greater clearance is expected for lock-
ing plates as the plate does not require any con-
tact with the bone and can be placed up to 2 mm 
away from the periosteal surface without sig-
nificantly influencing the biomechanical prop-
erties of the construct [28, 29, 41]. Interestingly, 
a lack of callus and delayed healing of the cis‐
cortex have been observed following locked 
bridge plating of fractures [42] (Figure 3.5).

The asymmetrical callus formation, however, 
has not been associated with a lack of blood 
supply or interference with the plate, but has 
been linked to the differential strain created by 
asymmetrical gap closure as the plate flexes 
during weight bearing [43–45]. Although, the 
effect of asymmetrical healing has been suc-
cessfully mitigated by the addition of bone 
graft to the cis cortex [46], some of the latest 
developments in locking plate technology have 
attempted to decrease the strain differential 
across the fracture gap [45, 47, 48]. Biomechanical 
reasons have also been suspected for the 
delayed healing observed in simple transverse 
fractures of the forearm and tibia treated with 
locking plates. Simple forearms fractures 

treated in compression with a DCP healed on 
average 11 weeks faster than those treated more 
biologically with a bridging locking plate. 
However, when the type of fixation was consid-
ered, the improvement could be attributed to 
the compression of the fracture rather than to 
the plate type [49]. A similar conclusion was 
drawn from a study comparing open reduction 
and minimally invasive plate osteosynthesis 
(MIPO) for the treatment of tibial fractures. 
Simple tibial fractures treated with a bridging 
locking plate required twice the time to heal 
than the fractures treated in compression, 
regardless of the surgical approach and fixation 
[50]. These reports highlight the fact that in 
fracture treatment, biomechanical considera-
tions still play a significant role and may out-
weigh some of the biological advantages of the 
implant. Some fractures, particularly the simple 
ones, may still benefit from anatomical recon-
struction and rigid stabilization rather than 
bridging and relative stability. Although lock-
ing plates have been principally designed to be 
used as bridging implants, some locking plates 
do allow regular bone screws to be used to cre-
ate interfragmentary compression if desired. 
This feature allows the plate to be used as a 

Figure 3.5  One‐month postoperative radiographs of 
a distal radial fracture treated with a locking plate in a 
bridging fashion. Note the absence of callus at the level 
of the cortex immediately underneath the plate compared 
to the well developed callus on the opposite cortex.
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locking bridging plate, a compression plate, or 
a hybrid plate [51] (Figure 3.6).

Infection is a frequent but challenging prob-
lem following fracture fixation. Implant associ-
ated infections are particularly challenging as 
the bacteria often colonize the implant or 
necrotic bone and develop a biofilm on their 
surfaces, rendering them resistant to antibiotics 
and natural defenses [52]. Healthy bone is natu-
rally resistant to infection but rapidly becomes 
vulnerable when it becomes devascularized, 
ischemic, unstable, or in the presence of a 
foreign body [53–55]. Traditional plates com-
pressed onto the bone surface significantly 

interfere with cortical and periosteal vasculari-
zation. Not only has tissue pressure been shown 
to increase soft tissues infection rates [56], but 
the compression also promotes a degree of 
ischemia in the bone and produces osteonecro-
sis that is proportional to the footprint of the 
implant [2, 57]. Although the necrotic bone is 
progressively remodeled and replaced with liv-
ing bone overtime, resorption starts at the junc-
tion of the healthy and necrotic bone and may 
result in the formation of a large sequestrum 
immediately underneath the implant. Necrotic 
bone provides an ideal substrate for bacteria to 
adhere and cause infection, and the extent of 
the sequestrum may allow the infection to 
propagate along a large, contiguous area under-
neath the implant [58] (Figure 3.7).

Locking plates have several biological and 
biomechanical advantages over traditional 
plates that would be beneficial when dealing 
with contaminated or infected fractures. 
Because of those characteristics, locking plates 
have been frequently and successfully used for 
the treatment of complicated and infected frac-
tures resulting from failed treatment with tradi-
tional plates. Despite those excellent results, 
there is surprisingly a very limited body of 
evidence demonstrating a decrease in infection 
rates with locking plates and supporting 
evidence must be gathered from research on 
previous versions of the implant.Comparing 
infections rates between different implants is 
difficult because many aspects of the implants 

Figure 3.6  Illustration of the “combination hole” of 
the Synthes LCP™ allowing the plate to be used as a 
compression plate, a locking bridging plate, or hybrid 
plate. 

Figure 3.7  Aggressive resorption of the bone at the junction between the live and necrotic bone may lead to the 
formation of a large, contiguous sequestrum underneath the plate. 
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can influence infection rates. Design, material 
composition, biocompatibility, and even sur-
face topography all play a role in the implant 
resistance to infection and therefore may skew 
the results. Infections rates associated with the 
use of the PC‐Fix were recorded in a large 
prospective multicenter study involving 1229 
fractures over a six‐year period. Of those 1229 
fractures, 263 were open. Only 13 PC‐Fix 
became infected, for an overall infection rate of 
1.1%. The infection rate was 1.6% when consid-
ering only the open fractures and 1% for the 
closed fractures. Although no concurrent com-
parison with other implants was made, by com-
parison with historical data, the author 
concluded that the infection rates associated 
with the use of the PC‐Fix were low [25]. The 
infection rates for the LC‐DCP were reported in 
the same study to be around 1.1% [25], while 
historical Infection rates for fixation of forearm 
fractures with a DCP were reported to be as 
high as 5.5% [59]. It is, however, difficult to 
draw strong conclusions from those numbers, 
as another contemporary study using DCP for 
fixation of 134 forearm fractures reports an 
infection rate of only 0.8% [60]. The authors of 
this latter study credit their low infection rates 
on their “biological” approach to fracture fixa-
tion by providing relative stability using longer 
plates with less screws and minimizing distur-
bance to the periosteum and fracture site. 
Although the plate design and the limited con-
tact of the implant were credited for the low 
infection rates in the PC‐Fix study, the differ-
ence in infection rates from 5.5% to 0.8% 
between the two DCP studies highlight the fact 
that surgical technique and biological approach 
to fracture fixation may be as important as the 
plate type in determining infection rates.

The material composition of the implants 
represented another confounding factor in this 
study because the PC‐Fix and LC‐DCP were 
made of titanium, while the DCP were made of 
stainless steel. Several studies comparing stain-
less steel and titanium implants have since con-
firmed the better biocompatibility of titanium 
and the reduced risk of infection of titanium 
implants compared to stainless steel [61, 62]. To 
elucidate the role of all these variables on infec-
tion rates, the Association for Osteosynthesis 
(AO) group conducted a series of experiments 
isolating each of the variables. Two implants, 

only differing by one characteristic, were 
applied to the tibia of rabbits and infected with 
increasing concentrations of Staphylococcus 
aureus. Bacterial cultures of bones and soft tis-
sues were performed at 28 days [63]. By deter-
mining the infection rates for each bacterial 
concentration, the bacterial load required to 
produce 50% infection rates (DI50) was calcu-
lated and compared (Table  3.1). As expected, 
the results confirmed the increased resistance to 
infection of the titanium implants, which 
required 10 times more bacteria to cause a 50% 
infection rate. When the PC‐Fix and the DCP, 
both made of pure titanium, were compared, 
infection developed in 26% of the PC‐Fix, but in 
63% of the DCPs. The DI50 was also 10 times 
higher for the PC‐Fix than for the DCP, confirm-
ing that even when they are made with the 
same metal, the PC‐Fix has a higher resistance 
to infection than the DCP. Although the authors 
could not prove the reason for the difference, it 
was suggested that the reduced contact at the 
bone‐implant interface and the better preserva-
tion of bone biology were responsible for the 
increased resistance [64]. In a comparison 
between open reduction and internal fixation 
(ORIF) and minimally invasive percutaneous 
osteosynthesis (MIPO), ORIF resulted in a 

Table 3.1  Effect of implant material, implant type and 
surgical approach on the infection rates and the relative 
number of colony forming units required to achieve 
a 50% infection rate in rabbits.

Plate composition Infection rates Rel (ID50)

Stainless Steel 
(DCP)

75% (15/20) ×1

Titanium (DCP) 35% (7/20) ×10

Plate type

DCP (Titanium) 63% (12/19) ×1

PC‐Fix (Titanium) 26% (4/19) ×12

Surgical technique

Open approach 
(steel DCP)

38.5% (5/13) ×1

Minimally invasive 
(steel DCP)

25% (3/12) ×3.1

Source: Data compiled from Schlegel and Perren [63] 
and Arens et al. [66].
*  Denotes statistical difference and NS denotes lack of 
statistical significance at 0.05%.
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38.5% infection rate while MIPO resulted in a 
25% infection rate. These numbers were, how-
ever, not statistically significant. Although this 
result does not appear to support the benefit of 
decreasing the biological impact, the plates in 
the ORIF group were applied in a “biologically 
friendly” manner with minimal disruption of 
the soft tissues and periosteum. It is therefore 
possible that the difference in the biological 
footprint between these two surgical approaches 
were not sufficient to influence infection rates. 
The situation might be different in clinical situ-
ations when the tissue covering the fracture is 
already traumatized. It is important to note that 
the number of bacteria required to infect an 
implant cannot be directly translated into risks 
of infection in a clinical situation, but support 
the idea that implants with smaller biological 
footprints offer an increased resistant to bacte-
rial infection. Clearly, other aspects of the sur-
gery, such as minimizing bone and soft tissue 
damage and preservation of the periosteum 
also significantly affect infection rates to a 
degree that may equal or exceed that of the 
plate type. Massive contamination, on the other 
hand, is likely to cause infection regardless of 
the implant type and characteristics [64–66]. 
Although experimental data suggest an 
increased resistance to infection for implants 
with small biological footprints, the difference 
has not been clearly demonstrated in the clini-
cal setting and infections with locking plates 
are still observed [67, 68]. In addition to their 
biological advantages, locking plates have 
biomechanical advantages that makes them 
attractive for use in contaminated or infected 
situations. There are many reports of malunion 
and multidrug resistant infections that resulted 
in fracture union and resolution of infection fol-
lowing the replacement of the conventional 
plates with locking plates suggesting that they 
have a definite role to play in the treatment of 
complicated and infected fractures [67, 69–71]. 
In veterinary medicine, only one retrospective 
study specifically compared the infection rate 
of locking and nonlocking tibial plateau leve-
ling osteotomy (TPLO) plates in dogs larger 
than 50 kg. Although the overall infection rate 
was high, TPLO stabilized with a locking plate 
were less likely to become infected than those 
stabilized with a nonlocking plate (odd ratio: 
0.34). Although the reasons for the decreased 

infection rate remains speculative, the improved 
stability of the osteotomy provided by the lock-
ing plate was the proposed reason for the 
decreased susceptibility to infection rate [72].

Clinically, locking plates have been very suc-
cessful and have been widely accepted in both 
human and animal surgery. Although there is 
surprisingly little evidence supporting the bio-
logical advantages of the locking plate itself, 
there is a good trail of evidence supporting 
each step of the plate evolution, from the DCP 
all the way to the locking plate. It is important 
to recognize that at the same time as the bone 
plate evolved, there has been a significant 
change in the way surgeons approach fracture 
treatment. From rigid stabilization and anatom-
ical reduction, surgeons have moved toward a 
more biologically friendly approach by provid-
ing bridging fixation and relative stability, 
while preserving as much of the bone blood 
supply as possible. The evolution of biological 
fixation and locking plates are intricately com-
bined, making it difficult to separate the benefit 
of one versus the other. For this reason, accurate 
comparison between implants is difficult. It is 
abundantly evident that the surgical technique 
and the biomechanical environment are at least 
as important as the plate itself in guaranteeing 
a successful outcome. In many cases, despite all 
the potential biological advantages of the lock-
ing plates over traditional plates, a clear clinical 
advantage is not always observed. Many 
reports, both in humans and animals, demon-
strate good to excellent results with the use of 
the locking plate. However, for the most part, 
the results in terms of healing times, infection 
rates, nonunion, and refracture rates are not dif-
ferent from other plate types or external fixa-
tion [68, 71, 73–79]. In some instances, locking 
plates have been associated with an increased 
rate of complications compared to traditional 
plates, making it evident that not every fracture 
should be treated with a locking plate  [49, 51, 
80, 81]. There are, however, situations in which 
the fracture environment is suboptimal and, in 
which the combined biological and biomechan-
ical advantages of the locking plates offer sub-
stantive advantage over traditional plates, 
making them highly valuable and allowing 
treatment of difficult fractures that would have 
been very difficult to treat with other traditional 
methods of fixation [67, 71, 82, 83].
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4.1  Introduction

4.1.1  Background

Advances in fracture repair for both human 
and veterinary surgery applications continues 
to expand into areas evaluating shape memory 
alloys (SMAs) [1], various thermoplastic com­
posites materials such as carbon fiber/polyethere­
therketone (CF/PEEK) [2], bone cements, and 
biocompatible ceramics. These advances stand 
on the backbone and extensive clinical experi­
ence gained using various plates for fracture 
repair. The primary device used in orthopedic 
fracture repair in veterinary surgery has been 
the limited contact dynamic compression plate 
(LC‐DCP) or more recently, the locking compres­
sion plate (LCP). Each device has its advantages 
and disadvantages. However, given the choice, 
which plate is considered better? Many factors 
can affect the ultimate clinical outcome, includ­
ing fracture configuration, patient size, surgical 
technique with experience, and implant compo­
sition. The aim of this chapter is to eliminate all 
extraneous variables and discuss, from a bio­
mechanical viewpoint of fracture healing, which 
is better, the LC‐DCP or the LCP?

4.1.2  Historical Perspective

The evolution of fracture repair has progressed 
greatly since it was first reported in 1886 by 
Carl Hansmann in conjunction with advances 
in anesthesia, antisepsis, and radiography [3]. 
Hansmanns’ original device consisted of using 
nickel coated sheet steel with part of the plate 
and shanks of screws protruding through the 
skin to allow for percutaneous removal four to 
eight weeks later (Figure 4.1). Although revolu­
tionary at the time, the concept was limited as 
it failed to fully appreciate the engineering 
challenges associated with orthopedic repair 
such laws of stress, strain, and leverage. The 
plate functioned merely as a connector with­
out the ability to allow for approximation 
or even compression of osseous fragments. The 
progress of osteosynthesis was further advanced 
in the 1960s by the Arbeitsgemeinschaft fur 
Osteosynthesefragen (AO) group and the deve­
lopment of the dynamic compression plate 
(DCP) in 1969 utilizing the laws of friction to 
allow for fragmentary compression [4, 5]. 
However, the extensive underside of the DCP 
interfered with the underlying periosteum and 
the blood supply to the cortex, which led to the 
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26  Section I: Principles of Locking Plate Applications

development of the LC‐DCP in 1990 (Figure 4.2) 
[6]. The LC‐DCP has an approximately 50% 
reduced footprint to minimize this interference 
with biological healing, although the plate is 
still restricted in that it must be compressed to 
the bone and thus may cause a disturbance in 
the vascular supply [4, 7].

The successful use of the LC‐DCP is depend­
ent on the frictional forces generated between 
the remaining, reduced footprint of the plate 
and the cortex of the bone. This frictional force is 
essentially limited by the degree of screw torque 
that can be placed. Using conventional screws, a 
plate can be compressed to the bone with a force 
of 2000–3000 N [8]. However, the resulting fric­
tional force this generates in preventing plate 
sliding is dependent on the coefficient of friction 
between the two surfaces. To overcome these 
challenges and increase the coefficient of fric­
tion, soft tissue stripping and bone cements 
have been used. However, both of these have 
limitations and tissue stripping can further 
damage the periosteal blood supply. Early 
attempts to create a device less dependent on 
the bone‐plate frictional force or “internal fixa­
tor” included the point‐contact fixator (PC‐Fix) 
[9] and less invasive stabilization system (LISS 
plate) [10] with the resultant development of the 
LCP in 2001 [11].

4.1.2.1  What Do We Mean by Better?
The term better can have many connotations. 
By “better,” we are implying we want to 
achieve optimal fracture healing. This suggest 

Figure 4.1  The original plate developed by Hansmann [3], providing only basic, monocortical bridging connection 
across a fracture. (Source: Modified from Hansmann [3].)

Figure 4.2  Comparison of the footprints of the DCP and 
the limited contact dynamic compression plate (LC‐DCP). 
The LC‐DCP reduces the DCP footprint by 50%. (Source: 
Modified from Synthes.)
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the restoration of the normal functional bio­
mechanics of the bone, i.e. a return to pre‐
fracture stiffness and strength of the osseous 
tissues [12]. From a clinical context, there are a 
plethora of factors that go into determining an 
optimal outcome. In a biomechanical context, 
we will assume that the interpretation of 
“better” is assigned to bone healing and bio­
mechanical superiority of one implant versus 
the other in conjunction with what each tech­
nique may contribute to the overall biome­
chanical picture. In order to do this, one must 
understand the biological concepts of bone 
healing, and fracture repair. A variety of bio­
mechanical concepts, definitions of which are 
provided in Table 4.1.

4.1.3  Fracture Stability

Stability is a crucial concept in orthopedics in 
order to permit successful fracture healing. 
As defined in Table 4.1, stability can be either 
relative or absolute depending on the method 
of repair [14]. Thus, the degree of implant and 
fragment stability determines the amount of 
strain at a fracture site; the level of stain present 
will determine the type of bone healing that 
occurs. Absolute stability occurs where fracture 
gap strain is less than 2% and results in primary 
bone healing via osteonal cutting cones if the 
fracture gap is <200 μm. Relative stability 
occurs where fracture gap strain is 2–10% and 
healing is via callus formation. At strains in 
excess of 10%, fracture healing cannot occur, 
and the site is destined to form a non‐union or 
mal‐union.

When fractures are loaded, and the fragments 
return to their original configuration when 
unloaded (i.e. elastic deformation), relative 
stability is present. If after loading, the fracture 
fragments do not return to their original con­
figuration, plastic deformation has occurred 
and the fracture is considered unstable. The 
ability of different tissues to heal in the pres­
ence of strain varies. Lamellar bone has the 
lowest strain tolerance of 2% while granulation 
tissue can form while undergoing 100% strain 
[14, 15]. The advantage of callus and relative 
stability is that the process occurs much more 
rapidly than direct primary bone healing with 
absolute stability [14].

Compressing a fracture using a DCP can 
reduce gap lengths between unstable fragment 
sections to near zero values. As a result, any 
fracture site motion that occurs in this near zero 
gap will result in very high gap strains if the 
motion persists [16]. When presented with high 
fracture gap strains preventing healing, reduc­
tion in strain can occur via (i) increasing gap 
length, such as occurs with bone resorption at a 
fracture site, fracture comminution or imperfect 
reduction, or (ii) decreasing motion present at 
the fracture gap. Placing the LC‐DCP on the 
tension surface of the bone, where the metallic 
plate will be the strongest, gap motion and 
therefore fracture strain, will be limited as long 
as the LC‐DCP can maintain this function.

4.2 The LC‐DCP

4.2.1  Construct Basics

Plate‐bone‐screw constructs can function as 
either load‐sharing or load‐bearing devices. 
The goal of these conventional plating tech­
niques is to provide absolute stability. 
Occurrences when absolute stability and pri­
mary bone healing are essential include articular 
fractures where joint congruity is crucial; it has 
been shown that it is important to limit any joint 
step off to be less than a critical value of 2 mm of 
incongruity [17–19]. When compression plates 
are axially loaded in either tension or compres­
sion, they serve to convert these forces to shear 
stress (parallel to the surface) at the bone‐plate 
interface. This shear stress is countered by a 
frictional force. The normal force, which acts 
perpendicular to the plate/bone surface, is equal 
to the axial force generated by the torque applied 
to the screws fixing the plate to the bone, which 
is approximately 3–5 Nm for 3.5 mm cortical 
screws placed into human femora [20]. However, 
not all screws are tightened with the same degree 
of torque; therefore, the screw with the greatest 
insertional torque bears the greatest amount of 
load in this system. Currently, during screw inser­
tion, surgeons use subjective feel when inserting 
these screws and stop tightening the screw (stop­
ping torque) when they feel it is “tight,” as further 
torque will strip the threads (stripping torque). 
It has been demonstrated in several studies that 
human surgeons achieve a stopping/stripping 
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torque ratio of 66–92%, resulting in under‐ and 
overtightening of screws on a regular basis 
[21–24]. If screw insertion torque exceeds the 
shear resistance of the bone, then screws will 

strip and there may be subsequent loss of fixa­
tion. Thus, when an external force, Fe, is applied 
which exceeds the frictional force, Ff, the plate 
will slip on the bone (Figure 4.3).

Table 4.1  Definition of commonly used biomechanical terms.

Biomechanical 
Term Definition

Brittle Material Material with a low or absent capacity for plastic deformation prior to ultimate failure.
Ductile Material Material with a high capacity for plastic deformation prior to ultimate failure.

Elasticity Reversible deformation of a material. When a material is unloaded after loading in the elastic 
range, it returns to its original shape and dimensions.

Elastic  
Modulus (E)

Constant of proportionality between stress and strain, also termed Young’s modulus.,  
where E = 𝛿σ / 𝛿ε = tan ϕ.

Friction The frictional force is directly proportional to the normal force (Amonton’s second law). 
The frictional force Ff is parallel to the surface and is in a directly opposite direction to the 
net applied external force, Fe the normal force Fn, is force exerted by each surface, directed  
perpendicular to the surface. Ff and Fn are connection via a proportional constant, μ  
(frictional coefficient), such that Ff = μ Fn.

Hysteresis For time‐dependent elastic materials, during cyclic loading within the elastic region, hystere-
sis is the energy dissipated between loading and unloading cycles, usually in the form of heat 
energy, governed by the coefficient of restitution.

Plasticity Plasticity describes the irreversible deformation of a material undergoing permanent morpho-
logical alterations in response to applied forces.

Stability Degree of relative movement between structures. Relative stability in orthopedics indicates 
that motion exists between fracture gaps under loading, but return to the initial position during 
unloading. Healing is via callus formation (endochondral ossification). Absolute stability 
is where no motion occurs between fracture fragments during loading, and healing occurs 
through osteonal cutting cones (endosteal healing).

Stiffness The resistance of a material to deform under load. Materials with high stiffness (rigid material) 
deform less under a given load (c.f flexible). The product of the cross‐sectional area (A) and the 
elastic modulus (E) expresses axial stiffness, such that Rax = A E. Bending stiffness is defined as 
the product of the axial area moment of inertia and the elastic modulus, such that Rbe = Iax E,

Strain, ε Deformation of a material under a given load. It is expressed as elongation per unit of original 
length (l) and is dimensionless, although often given as a percentage, where ε = Δl/l0. For a material 
undergoing deformation, the ratio of transverse strain to axial strain is termed Poisson’s ration, or 𝛎.

Strength Generally, strength indicates how much force a material can support before ultimate failure.

Stress, σ Force per unit cross‐section area. Stress is directly proportional to strain with the elastic modulus 
as a constant of proportionality. Unit is Newton per m2 (Pascal, Pa). Can exist as normal stress, 
acting perpendicular to a surface, or shear stress when the force acts parallel to a surface.

Toughness The energy absorbed by a structure during the loading process, determined by integrating the 
stress–strain curve, such that:

energy
volume 0

ε

ε
f

d

where ϵ is strain
ϵf is the strain upon failure
σ is the stress
Generally, toughness indicates how much energy a material can absorb before ultimate failure.

Fatigue The relationship between stress magnitude and number of loading cycles, described by 
Wöhler’s curve. Fatigue stress is defined as an asymptotic line of Wöhler curve.

Source: Modified from Gautier [13].
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4.2.2  Axial Loads

One of the major benefits of locking screws is 
that they can be used in bone of poor quality, 
such as osteoporotic bone. With conventional 
plating, osteoporotic bone can only withstand 
a maximum screw insertion torque of approxi­
mately 3 Nm, with values often less than this 
[14]. Experimentally, it has been shown that 
3 Nm of screw torque permits motion between 
the plate and the bone at loads as low as 500 N 
[9, 20]. This screw torque is insufficient to gen­
erate a sufficient normal force, Fn to prevent 
plate and fracture motion, which can lead to 
excessive gap strains that exceed the 10% maxi­
mum for secondary bone healing. This 3 Nm 
value is important in veterinary medicine in 
relation to neonatal surgeries. Although the 
process of osteoporosis that occurs in humans 
is less of a concern in animals, it has been shown 
that a significant number of 4.5 mm cortical 
screws placed in neonatal calf femora will strip 
prior to achieving 3 Nm of torque [25].

The success of the LC‐DCP is therefore highly 
dependent on the level of frictional forces that 
can be generated. As such, increasing the coef­
ficient of friction, μ, or increasing the screw 
torque to increase the normal force Fn, will lead 
to increases in the frictional force, Ff, that the 
plate can generate in order to resist an applied 
load, Fe. Once the frictional force between the 
plate and the bone is overcome, the resistance 
to axial loading is transferred to the single 
screw furthest from the fracture site in the 
direction of loading. For a 3.5 mm cortical screw, 
the maximum load that can be withstood once 
motion has occurred at the plate–bone interface 
is 1200 N [20]. As the screwhead is not locked in 

conventional plating, the cis‐cortex for that screw 
experiences high stresses, which can result in 
bone resorption and screw loosening if they 
exceed the strength of the bone. Conventional 
screws therefore fail by this form of toggling 
within the bone and, as each screw effectively 
functions in series, all stresses are concentrated 
at a single individual screw at any given time 
[14]. With the resultant screw loosening, there is 
increased strain at the fracture sites and increased 
motion, which prevents healing via callus for­
mation once it exceeds 10% strain. It should be 
noted, therefore, that the LC‐DCP construct is 
strongest immediately after application; with the 
progress of time, the axial screw forces exerted 
by the screws is diminished due to remodeling 
around the screw threads, which leads to a cor­
responding decrease in normal force Fn and the 
fictional force Ff at the bone–plate interface.

4.2.3  Bending Loads

For conventional plating methods, resistance to 
bending loads is equal to the bending stiffness of 
the plate for gap lengths greater than zero. When 
bone fragments are compressed and the gap 
length is equal to zero, the resistance to bending is 
determined by the resistance of the bone threads 
of a single screw to shear stress. The location of 
which screw experiences these stresses is depend­
ent on the biomechanics of the fracture and the 
plate. When the plate is placed on the tension sur­
face of a bone during bending, the highest shear 
stresses associated with the screw threads will 
occur at the screws at the end of the plate. If the 
plate is placed on the compression side of the frac­
ture, the threads and screws closest to the fracture 
site will have the highest shear stresses. The most 
critical screws placed are those in close proximity 
to the fracture, thus favoring the placement of the 
LC‐DCP on the tension surface of the bone. High 
screw shear stresses eventually culminate in 
screw pullout (Figure 4.4c). The required pullout 
force depends on bone quality, cortical thickness, 
and outer diameters of the screw.

4.2.4  The Bone–Screw Interface

The importance of the frictional forces gener­
ated in axial loading are therefore paramount in 

Ff

Fn

Fe

Figure 4.3  The frictional force is directly proportional to 
the normal force. The frictional force, Ff, is parallel to the 
surface and is in a directly opposite direction to the net 
applied external force, Fe. The normal force, Fn, is force 
exerted by each surface, directed perpendicular to the 
surface. Ff and Fn are related via a proportional constant, 
μ (frictional coefficient), such that Ff = μ Fn.
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preventing plate sliding, as are the shear 
stresses on the bone threads exerted during 
bending. From both these loading modalities, it 
can be seen that the weakest point in the 
plate–bone–screw construct is the bone–screw 
interface. Therefore, methods that have been 
attempted to improve this bone–screw interface 
include (i) increasing the contact area between 
the screw and bone via bone cement or using 
larger core diameter screws or cancellous 
screws, (ii) changing the forces at the bone–
screw interface from shear stresses associated 
with pullout to compressive stress that occurs 
with the use of locking plates, (iii) increasing 
the coefficient of friction between the plate and 
the bone, or (iv) the use of Schuhli nuts, which 
create angular stability of cortical screws [13]. 

Schuhli nuts are threaded washers placed 
underneath the plate and are tapped to receive 
cortical screws. As the screws are tightened, the 
nut is pulled toward the plate, which creates an 
angular stable screw with enhanced holding 
power. However, the use of Schuhli nuts is tech­
nically cumbersome and therefore more elegant 
forms of angle stable screw fixation are used, 
such as the LCP.

4.3 The LCP

4.3.1  Construct Basics

The LCP is the successor of the PC‐Fix system, 
which utilized the theory of bridging plate 
osteosynthesis [14]. In this application, fracture 
healing occurs via secondary healing, in contrast 
to the LC‐DCP, where it occurs via primary 
bone healing. The PC‐Fix and the LCP systems 
function much more like a conventional exter­
nal fixator, even though they are placed inter­
nally. Thus, the principles governing the 
application of external fixators must be applied 
to locked plates, in which the stiffness of the 
construct is greatly increased as the connected 
bars are moved closer to the bone; screw lengths 
for locked plates being 10–15 times shorter than 
the pins for external fixators, which greatly 
enhances construct rigidity [14]. A further 
benefit to the locking construct is that it is no 
longer necessary for the plate to be placed on 
the tension surface of a bone.

The development of the LCP led to angular 
and axial stability, which eliminated the neces­
sity for exact plate contouring. Thus, when 
using LCPs as an internal form of an external 
skeletal fixator, healing will occur via secondary 
mechanisms with callus formation, progressing 
more rapidly than the primary healing and 
absolute stability of an LC‐DCP construct.

The need for absolute stability and primary 
bone healing has been questioned, and the 
goals of the newer biological fixation tech­
niques are to achieve relative stability and sec­
ondary bone healing [14]. The limitations of the 
conventional plate system included (i) inade­
quate fixation in pathologic or osteopenic bone, 
(ii) necrosis‐induced bone loss, which can lead 
to necrosis of bone segments, (iii) stress shielding 
due to absolute stability, which can predispose 

Bending
load

(a)

(b)

(c)

Areas of bone which fail
secondary to high shear stress=

Bending
load

Bending
load

Figure 4.4  (a) Bending load applied to plate–screw–
bone constructs. (b) Locking angular stable screws 
generate compressive forces in the bone resisting pullout. 
(c) Conventional LC‐DCP with nonlocked screws rotate 
within the plate with the bone in each thread subjected 
to shear stress. (Source: Modified from Egol et al. [14].)
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to fracture after device removal, and conversely, 
(iv) due to lack of stability during to motion at 
the plate–bone–screw interface, can result in 
increased gap strains resulting in delayed or 
nonunions.

Biomechanically, the major benefit of the LCP 
is that it results in a single beam construct, where 
there is no motion between the plate–bone–
screw interfaces. It has been demonstrated that 
single beam constructs are four times stronger 
than load sharing beam constructs once motion 
occurs between the individual components of 
the beam construct [13, 26]. Thus, conventional 
plates function as single beam constructs only in 
ideal circumstances when good‐quality bone 
permits high screw insertion torque and no 
motion occurs between the plate and the bone. 
Deviation from the ideal in any one of these 
three circumstances results in failure of the con­
ventional plate. The benefit of the locking plate 
is that it will continue to function as a single 
beam construct even when one or more of these 
critical components are violated.

Conventional plate screw insertion is reliant 
on the shear stresses placed at the bone–screw 
interface, whereas locking plates convert this 
shear stress into compressive stress. Biomecha­
nically, this is advantageous, as bone has much 
higher resistance to compressive forces than 
shear forces. Furthermore, as described in the 

axial and bending loading models of the con­
ventional plate, the strength of the fixation 
becomes dependent on an individual screws 
axial stiffness or pullout strength, respectively. 
By contrast, locking screws are not individually 
and sequentially besieged by forces, but rather, 
the strength of the construct is equal to the sum 
of all the bone–screw interfaces. This also 
results in angular stability of the screws, which, 
in turn, results in a lower incidence of screw 
loosening and secondary displacement of frac­
ture fragments. While in many instances this is 
an advantage, it can also be a disadvantage. For 
a straight LCP, all screws are inserted parallel to 
each other; thus, all screw loading is identical, 
as the screws face the same direction. In thin, 
osteoporotic bone or in neonatal tissue, this can 
be problematic, as failure in the one direction 
will result in failure of all screws (Figure 4.5). 
However, slight wave formation in the plate 
will result in converging and diverging screws, 
enhancing their pullout strength, which is also 
one of the purported advantages of the variable 
angle‐LCP (VA‐LCP) over the fixed‐angle LCP. 
Although there is some angulation possible 
with the standard LCP, the angle is limited to 
less than 5° [27]. The benefits of the VA‐LCP 
are that it is able to form a fixed‐angle‐type 
construct at customizable screw angles. The 
design of the VA locking hole permits screw 

(a)

(b)

Figure 4.5  Bending the internal fixator to avoid parallel screw insertion. (a) In osteoporotic bone, parallel insertion 
of all locked screw may be disadvantageous; (b) The pullout resistance of the construct can be improved when the 
plate slightly is bent forth and back resulting in divergent and convergent locked screw directions. (Source: From 
Gautier et al. [26].)
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angulation within a 30° cone around the central 
axis of the plate hole (Figure 4.6). However, VA 
systems still provide the greatest resistance to 
rotation when the screws are inserted perpen­
dicular to the plate. As the off‐axis angle of 
insertion increases, the resistance to rotation at 
the screw‐plate interfaces decreases in a near 
linear fashion; it is unknown if this relationship 
results in a clinically significant difference in 
fracture healing [28].

4.3.2  LCP Technical Challenges

One technical challenge associated with the 
placement of locking screws is that there is a 
complete loss of the surgical sensation of screw 
tightening in the bone; the LCP screws feel 
secure as the threads on the head engage the 
plate, but the shaft threads in the bone may be 
stripped or may not even be engaging bone, 
without the surgeon’s awareness. This may be 
particularly true when placing monocortical 
screws, especially in narrow bones, in which 
the screw tip contacts the trans cortex while the 
threads engage in the plate, leading to stripping 
of the cis cortex (Figure 4.7).

As mentioned previously, another disad­
vantage associated with a fixed‐angle locked 

screwhead position is an inability to angle screws, 
which, under some circumstances, can have 
disastrous consequences when plates are placed 
eccentrically [26, 29] (Figure 4.8). This is of par­
ticular concern in the distal aspect of the ulna 
when repairing olecranon fractures in the equine 
species, which can lead to catastrophic conse­
quences via radial fracture (Figure 4.9) [30].

Additionally, inappropriately inserted screws 
can produce failure via cross threading, whereby 
the head of the screw is offset in the threads of 
the plate and may disengage from the plate. 
Cold welding can also occur between the screw 
and the plate, particularly in softer titanium 
locking screws [31]. However, several reports 
indicate that fusion is rarely found, in which case 
the term jamming should be used [32]. The con­
cept of cold welding is a true phenomenon that 
occurs when reactive metals come into close con­
tact and the rough asperities on their surfaces 
form junctions under high pressures [33]. Lastly, 
if locking screws are inserted with insufficient 
torque, they may not engage adequately within 

Figure 4.6  Variable angle locking compression plate 
(VA‐LCP) plate combi hole. Four columns of threads in 
locking hole provide four points of locking between the 
VA LCP Plate and the specially designed variable angle 
locking screw. (Source: Modified from Synthes.)

Figure 4.7  In a low diameter bone the tip of the 
screw can contacts the opposite bone cortex before the 
screwhead engages in the plate hole thread. This leads to 
the destruction of the bone thread in the near cortex and 
complete loss of anchorage of the screw. (Source: From 
Gautier et al. [26].)
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the plate, and ultimately back out. This is espe­
cially true when using these systems in large 
animals; however, this can be avoided with the 
aid of a torque‐limiting driver.

Since locking constructs are not dependent 
on friction generated between the plate and the 
bone, the blood supply underneath the perios­
teum to the cortical bone is preserved [34, 35]. 
Improved blood supply may accelerate healing, 
reducing risk of infection and bone resorption. 
To take full advantage of this principle, spe­
cially designed LCP spacers are available that 
create a 2 mm buffer zone between the plate 
and the bone when locked screws are placed 
(Figure  4.10). However, while distance off the 
bone may have biologic advantages, increasing 
the distance from 2 to 6 mm decreases torsional 

and axial stability of the construct by 10–15% 
[36, 37]. The current recommendation is there­
fore that the LCP is to be placed no more than 
2 mm off the osseous surface.

4.3.3  Composite Locked 
and Compression Plating

Thorough knowledge of the biomechanics of 
conventional plates and locking plates is critical 
in order for a surgeon to be able to successfully 

(a) (b)

Figure 4.8  Malalignment between bone axis and plate. (a) Malalignment between bone axis and plate leads to 
an eccentric plate position; (b) At the far end of the plate, a monocortical screw will not anchor in bone in such 
circumstances. (Source: From Gautier et al. [26].)

Figure 4.9  Example of an ulnar fracture repair with a 
locking screw placed entirely within the lateral cortex of 
the radius, resulting in catastrophic radial fracture. Note 
also that the inserted screw is shorter than the predrilled 
screw hole. (Source: Modified from Jackson et al. [30].)

Figure 4.10  Specially designed LCP spaces can be 
placed in the locking holes to ensure the plate remains at 
an optimal distance of 2 mm or less away from the bone. 
Once other locking screws are placed to hold the plate in 
position, the spacers can be removed and replaced with 
locking screws. (Source: Modified from Synthes.)

Ve
tB

oo
ks

.ir



34  Section I: Principles of Locking Plate Applications

blend the two techniques since a number of lock­
ing plate systems are specifically designed to 
accept both locking and nonlocking screws. 
Failure to understand the principles governing 
LC‐DCP and LCP models can result in a lack of 
absolute or relative stability of the fracture repair 
creating an environment with high fracture gap 
strains which prevent callus formation and heal­
ing. If both sides of a fracture are already locked 
and fixed in position, the use of cortical screws 
will be suboptimal, as the bone‐plate contact is 
already fixed and the friction required to produce 
stability will not be generated. Additionally, if a 
fragment is first compressed with cortical screws, 
creating a smaller fracture gap and subsequently 
locked in this position but, however, the elasticity 
of the locked plate fails to minimize motion, the 
result is that high gap strains will occur with 
subsequent failure of osseous union [14]. The rec­
ommendation is therefore that when combining 
techniques, the principles of the more stringent 
LC‐DCP application be followed. Accordingly, 
while a pure LCP construct can be placed on any 
surface of a bone, a composite construct should 
be placed on the tension surface of the bone to 
follow the more restrictive LC‐DCP principles. If 
using compression screws, these screws should 
be all be completed first, compressing the LCP 
plate to the bone to establish plate–bone contact 
and set up frictional forces in the system, prior to 
locking screw application. An example of the use 
of pure LCP constructs is application for mini­
mally invasive surgery for medial condylar frac­
tures in horses. Cortical screws are placed distally 
to allow for fragment compression and joint con­
gruity, with proximal application of an LCP with 
locked screws occupying every available plate 
hole. A hybrid construct, blending locking and 
cortical technology on the same plate, is often used 
for the repair of olecranon fractures in horses, 
where cortical screws can be used to provide frag­
mentary compression on the tension surface of 
the bone applied as a tension band principle, or 
for screw angulation purposes, followed by 
subsequent locking of the construct through the 
remaining holes in position using locking screws.

4.3.4  Monocortical vs Bicortical Screws

Consider a simple transverse fracture from a 
basic biomechanical perspective when two 

monocortical screws are placed on either side of 
the fracture. Failure of this construct will occur 
due to either screw breakage or due to failure of 
the screw bone interface. Since the bending 
stiffness of screw (i.e. rod) is proportional to its 
radius to the fourth power, using a bicortical 
screw will not change the screw failure load, 
but it will improve the screw bone interface 
[13, 26]. The bone–screw interface is therefore 
an important foundation principle governing 
the use of monocortical or bicortical screws.

Monocortical screw fixation has several 
advantages over bicortical fixation: (i) ease of 
measuring screw lengths percutaneously when 
performing minimally invasive procedures, (ii) 
ease of insertion and decreased instrument 
complexity as there are less stringent require­
ment for depth measurements, (iii) axial control 
of the screw is provided by the plate–screw 
interface, (iv) decreased damage to the 
endosteal blood supply, (v) no need to generate 
high axial loads to compress the plate to the 
bone, and (vi) avoidance of intramedullary 
implants when using plate/rod combinations. 
However, two principles regarding the screw’s 
working length need to be adhered to when 
using monocortical screws (Figure  4.11). The 
use of monocortical screws should be limited to 
bone segments loaded in bending or axial load 
only. Bones loaded in torque create high stresses 
at the bone–screw interface. Therefore, a longer 
working length is needed in these cases and a 
bicortical screw is preferable to resist rotational 
screw displacement. For a similar reason, the 
use of monocortical screws is not recommended 
in bones with a thin bone cortex, which also 
serves to decrease the working length of the 
screw. Additionally, the axial pullout of screws 
is determined by the outer diameter of the 
screw, a monocortical 5.0 locking screw pro­
vides between 60–70% of the holding force of a 
conventional 4.5 mm bicortical screw [38].

4.3.5  Number of Screws

The optimum screw ratio (number of screw 
holes filled: number of holes in the plate) has 
not been sufficiently researched, particularly in 
large animal models where there’s an impetus 
to fill every available hole to provide a more 
rigid construct. In respect to the human and 
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small‐animal applications of LCPs, a screw 
ratio of 0.4–0.5 for bridging fixation with three 
or four screws either side of the fracture gap is 
recommended [26, 39]. In these applications, 
increasing the number of screws in the construct 
does not necessarily equate to an increased 
construct stability [26, 36]. As fewer screws 
are inserted, the leverage on the plate increases, 
which results in decreasing the load on each 
screw (Figure 4.12) [26].

The difference between filling every hole 
with a screw and leaving some holes open also 
has an impact on the construct stability. By 
omitting a single hole on either side of a fracture, 
constructs become more flexible in compression 
and torsion by 60 and 30% respectively [36]. 
Noteworthy is that the distance from nearest 
screw to the fracture site is of most importance, 
as it has the greatest influence on axial stiffness 
and torsional rigidity [36]. However, in terms of 

axial stiffness, more than three screws on either 
side of the fracture offers little advantage, and 
no benefit to torsional stiffness occurs after 
four screws are placed each side of a fracture 
fragment.

The nearest screw‐fracture distance is also 
critical, as the bending forces exerted on a 
plate that spans a short distance increase the 
local strains in the implant; the same bending 
forces over a longer segment decrease local 
strain by spreading the strain load throughout 
an increased span length, thereby improving 
implant fatigue resistance (Figure  4.12). In 
human orthopedics, some locking constructs 
were determined so stiff that they prevented 
callus formation, which led to the development 
of the principles of far cortical locking (FCL), 
whereby screws were locked in the plate and in 
the far cortex only (no thread purchase in the 
near cortex) [40]. By contrast, in the horse, this 

Working
length

Working
length

(a)

(b)

(c) (d)

Figure 4.11  Importance of cortical thickness on the working length of monocortical screws. The working length 
of monocortical screws depends on the thickness of the bone cortex. (a) In normal bone, this working length is 
sufficient; (b) In osteoporotic bone, the cortex is very thin and thus, the working length of a monocortical screw is 
insufficient. This difference of the working length is important when osteoporotic bones mainly loaded in torque 
have to be stabilized. (c) In normal bone, the length of anchorage of the screw thread is sufficient to withstand 
rotational displacement. (d) In case of osteoporosis, this working length is very short due to the thin cortex, and 
under torque the bone thread soon will wear out and secondary displacement and instability will occur (d). 
(Source: From Gautier et al. [26].)
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degree of overall stiffness preventing fracture 
healing is unachievable with current implants. 
In such large animals, the majority of implant 
failures occur due to loosening (as result of 
screw–bone interface failure) and bent or broken 
screws (due to screw failure) [41] and less often 
due to catastrophic plate failure (Figure  4.12). 
Therefore, since it is important to decrease the 
cycling on each screw and maintain the screw–
bone interface as much as possible in large ani­
mals, the recommendation is to utilize every 
available hole in a given plate (Figure 4.13).

4.4  DCP vs. LCP

From an economic standpoint, both LCPs and 
locking screws are more expensive than their 
nonlocking counterparts and while the cost 
difference may be small when using a single 
plate with a few screws, the larger, double‐
plated constructs sometimes used in equine 
surgery with a majority of locking screws can 
rapidly escalate the costs of the hardware 
involved. Biomechanically, testing of LCPs has 
been performed in vitro on cadaver models 
[42–45], animal models [46–49], and artificial 
models [36, 42, 50]. In general, all the tests 
involve static loading, cyclic loading, or both, in 
either compression or torsion.

There are a variety of studies where the 
LCP has been shown to have superior biome­
chanical properties compared to the LC‐DCP, 
particularly in bone of poor quality [43, 51]. 
However, there are also several publications 
that have demonstrated that for specific situ­
ations (e.g. pastern arthrodesis in horses), no 
mechanical advantage is offered by the LCP 
over the DCP [52, 53].

Where clinically applicable, differences are 
not only reported for axial, torsion, or bending 
properties but also for fatigue resistance to 
cyclic loading [42]. It is important to stress, 
however, that to the author’s knowledge, no 
studies have revealed any biomechanical dis­
advantage of the LCP system compared to con­
ventional plating. However, some conventional 
plating combinations (e.g. the LC‐DCP com­
bined with an intramedullary rod system) have 
been shown to have superior biomechanical 
properties over an LCP alone [54]. Particularly 
for the equid species, the use of the LCP in frac­
ture repair has been shown to have superior 
biomechanical properties in comparison to the 
LC‐DCP, and the use of LCP for the repair of 
ulnar fractures in horses has been shown to 
have a high success rate [55, 56].

4.5  Conclusion

Historically, the appearance of callus at an 
operated fracture site was determined to be a 
failure of appropriate osteosynthesis, as it 
implied a lack of stability. As time has pro­
gressed, this indirect method of healing is no 

FE

FE FE

FE FE

FE

High strain of
plate and

tissue

Low strain of
plate and

tissue

(a)

(b)

(c)

(d)

Figure 4.12  Plate strain in three‐point bending. 
When the segment to be bent is short (a, b) the 
relative deformation (strain) is high and the implant is 
increasingly likely to undergo fatigue failure. When 
the plate spans a longer comminuted fracture area 
(c, d) the same three‐point bending leads to an equal 
absolute deformation (angulation) of the plate. But, the 
deformation is distributed over a longer distance leading 
to low implant strain and higher resistance against 
fatigue. (Source: From Gautier et al. [26].)
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longer considered a disadvantage but is now 
rather a clinical goal. It is clear that the biome­
chanical principles and function of LC‐DCPs 
and LCP are inherently different and each system 
can have its advantages and disadvantages. 
Therefore, clinical judgment must be used 
when deciding on which is the better method 
to use. Despite the extensive biomechanical 
and clinical studies concerning the LC‐DCP 
and LCP implants, the use and most appropri­
ate application of the LCP remains in question. 
Many parameters (e.g. screw placement, screw 
size, plate length, bone quality, location, plate 
placement, anatomy, etc.) complicate the bio­
mechanical behavior of these implants, and 
differences in testing modalities make direct 
comparison between biomechanical studies 
challenging.

It is imperative that the surgeon fully appre­
ciates the concepts and laws of leverage, strain, 
and stress. The compression plates favor an 
environment for primary bone healing through 
absolute stability by reducing fracture gap 
strains to under 2%. The function of a locking 
plate is as an internally placed external fixator, 
favoring an environment for secondary bone 
healing via callus formation through relative 
stability by maintaining fracture gap strains 
under 10%. Compression plates are therefore 
well‐suited and may be advantageous to use 

for periarticular fractures and situations that 
demand absolutely stability. Locking plates 
tend to be more forgiving as a fracture repair 
technique and may be preferable in applica­
tions of indirect fracture reduction with mini­
mally invasive procedures, when bone is of 
poor quality is present, for bridging commi­
nuted fractures and, where due to fracture con­
figuration or anatomy, a plate cannot be placed 
on the tension surface of the bone. While there 
are no absolute contraindications for the use of 
the LCP, there are clinical situations where their 
use may be unnecessary.
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5.1  Introduction

Minimally invasive plate osteosynthesis 
(MIPO) is defined as reduction and fixation of a 
fracture with a bone plate without direct surgi­
cal exposure of the fracture site. Small skin 
incisions are used to prepare an epiperiosteal, 
subcutaneous, or submuscular tunnel that 
allows one to insert and apply the plate to the 
fracture fragments [1]. The first descriptions of 
MIPO in human patients dates back to the early 
1990s [2], although the most significant pro­
gression has occurred in the last decade, largely 
thanks to the introduction of new implants 
such as the locking plate. In the last decade, 
MIPO was also introduced in veterinary medi­
cine and is nowadays an accepted technique in 
dogs, cats, and horses [3–5]. Reported benefits 
of MIPO include reduction in operative time, 
reduced risk for bacterial infection, decreased 
soft tissue trauma, and preservation of the 
fracture hematoma [6]. Furthermore several 
studies in human, as well as in veterinary, med­
icine showed that MIPO preserves periosteal 
blood supply compared to open plating, which 
may accelerate bone healing [7, 8]. Reported 
disadvantages of MIPO include the technical 

difficulty and the inability of direct observation 
of the fracture fragments leading to an increased 
risk of malalignment [9, 10].

Clinical results after MIPO in dogs have been 
promising [11–13]. The initial reports of MIPO 
for tibial fractures in dogs and cats showed 
early radiographic union and return to full limb 
function. These positive results were confirmed 
in a larger study where the average healing 
time was 45 days and no major complications 
were reported [12]. The effect of MIPO on frac­
ture healing was evaluated in a cohort of dogs 
with radius‐ulna fracture using ultrasonogra­
phy, power Doppler ultrasonography and radio­
graphs. The results of this study showed 
significantly shorter healing times for dogs that 
underwent MIPO compared to dogs treated 
with open reduction and internal fixation 
(ORIF). [11] However, the effect of MIPO on 
fracture healing time remains a controversial 
issue. Baroncelli et  al. found no difference in 
time to clinical union evaluated by radiographs 
in a retrospective study comparing MIPO and 
ORIF in 22 dogs with tibial fractures [14]. Other 
studies concluded that MIPO allowed rapid 
healing, but the lack of a control make the inter­
pretation of the results difficult [11, 12].

Philipp Schmierer and Antonio Pozzi
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42  Section I: Principles of Locking Plate Application

The evolution of MIPO in human orthopedics 
was accelerated by the development of locking 
plates. These angular stable implants serve as 
ideal implants to implement the principles of 
biological osteosynthesis for several reasons 
(Figure 5.1). Locking plates act as internal fixa­
tors, which eliminate the need for exact contour­
ing. Additionally, the limited contact between 
bone and implant further helps to preserve the 
vascular supply to the bone [15]. This chapter 
aims to give an overview of MIPO principles and 
techniques, with special focus on the use of lock­
ing implants for fracture reduction and fixation.

5.2  Biology and Biomechanics 
in MIPO

MIPO preserves an optimal environment for 
fracture healing by limiting surgical dissection 
and avoiding disruption of the fracture hema­
toma. It is clearly understood that careful soft‐
tissue handling is very important in preserving 
blood supply to the injured bone. However, it 
is the combination of not exposing the fracture 
site and indirectly reducing the fracture that 
makes MIPO an excellent model for biological 
osteosynthesis. The fracture hematoma that 
forms following rupture of endosteal and 
extraosseal vessels plays an important role in 
initiating fracture healing [16]. For progres­
sive fracture healing, however, adequate 
blood supply and oxygen tension at the frac­
tured site is mandatory. The soft tissues sur­
rounding the bone and the periosteum play a 
critical role in establishing the early blood 
supply after a fracture [17]. Thus, soft tissue 
and periosteum preservation using a mini­
mally invasive technique may allow more 
rapid healing.

The effect of MIPO and ORIF on periosteum 
preservation and early bone healing was stud­
ied in two separate experiments. In a cadaveric 
study of the canine antebrachium, MIPO caused 
less disruption of periosteal blood supply of the 
radius when compared to ORIF [8]. In a sepa­
rate clinical study, earlier vascularization of the 
fracture callus compared to open plating was 
demonstrated using ultrasound, confirming the 
benefit of MIPO in the initial phase of bone 
healing [11].

Locking plates are ideal implants for pre­
serving periosteal vessels. The periosteal blood 

supply beneath locking plates is not compro­
mised because compression between the plate 
and the bone does not occur (Figure 5.1b); this 
may improve healing and decrease the risk of 
cortical bone necrosis and infection [18]. A large 
multicenter clinical study in people reported 
an infection rate of 1.1% after using the point‐
contact fixator (PC‐Fix), one of the earliest 
locking plate designs [19]. Other studies have 
shown decreased damage to the periosteum 
and underlying bone and improvements in 
bone healing with maintenance of a sound 
bone structure [20]. It is clear that locking 
plates should be considered as an excellent 
implant choice for MIPO.

The process of bone healing is dependent 
on numerous interactions between biologic 
and mechanical factors. If the local circulation 
is adequate to support fracture healing, the 
pattern of bone healing is then dependent on 
the surrounding biomechanical environment. 
Most fractures repaired with MIPO tech­
niques heal in conditions of relative stability. 
Relative stability involves placement of 
implants that provide somewhat flexible fixa­
tion, allowing an acceptable degree of fracture 
segments displacement. Fixation modalities 
that are commonly employed in MIPO are 
plates or plate‐rod constructs applied in 
bridging fashion to span a bone defect, 
resulting in a relatively stable environment. 
Understanding the difference between lock­
ing and nonlocking plates and the  effect of 
plate type, size, length, position, screw type, 
and screw placement is important because 
successful fracture healing depends on appro­
priate fixation stability.

The principal biomechanical differences 
between conventional and locking plates is the 
mode of load transfer through a fractured bone. 
In conventional compression plate constructs 
or nonlocking bridging plate constructs, fixa­
tion stability is limited by the frictional force 
generated between the plate and the bone. 
These frictional forces are the result of axial 
screw force and the friction coefficient between 
the bone and the plate [21]. If the force exerted 
on the bone while the dog is ambulating exceeds 
the frictional limit, relative shear displacement 
will occur between the plate and the bone, caus­
ing a loss of reduction between the bone frag­
ments, or loosening of the screws, or both. 
Locking plates differ from nonlocking plates 
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Minimally Invasive Plate Osteosynthesis  43

because stability is not dependent on the fric­
tional forces generated at the bone–plate inter­
face. These implants consist of a plate and 
locking head screws, which together act as an 
internal fixator. Locking the head screw into the 
plate hole confers axial and angular stability of 
the screw relative to the plate. Because the sta­
bility of the construct does not depend on fric­
tional forces generated between plate and bone, 
the bone–screw threads are unlikely to strip 
during insertion. With the screwhead locked in 
the plate, screw orientation is fixed to the plate 

resulting in a single beam construct functioning 
as an internal fixator. With the fixed‐angle and 
the screw locked in the plate, no movement at 
the plate screw interface is allowed, resulting in 
a decreased risk of screw pullout and screw 
loosening [22–25].

When performing bridging osteosynthesis, 
the selection of an implant of appropriate 
length is a crucial step. With longer plates, 
screw‐working leverage is improved and bend­
ing forces are well distributed along the plate, 
thereby lowering pullout forces on screws [26]. 
To determine the adequate length of the plate in 
the preoperative plan for bridging osteosynthe­
sis in MIPO, two values have been used to 
determine the plate length to be used. The plate 
span ratio is the quotient of plate length and 
segmental length of fractured/comminuted 
bone. The plate screw density is the quotient of 
number of screws inserted and number of 
screw holes. Plate span ratio in comminuted 
fractures, in which MIPO with bridging osteo­
synthesis is most commonly performed, should 
be more than two to three. Values for simple 
fractures range between eight to ten [26]. Plate 
screw density should be smaller than 0.5 to 0.4 
in comminuted fractures. A value of 0.4 to 0.3 is 
recommended for simple fractures [26].

Besides plate span ratio and plate screw den­
sity, the location of the screws along the plate 
and in relation to the fracture should be consid­
ered. The plate working length is defined as the 
distance between the distal and the proximal 
screw nearest to the fracture. Its influence on 
plate strain, construct stiffness, and cyclic 
fatigue of the plate construct has been evalu­
ated in human and veterinary studies. 
Recommendations aim toward increased plate 
working length in order to reduce axial stiffness 
of the construct and to allow interfragmentary 
movements [26, 27]; however, conflicting 
results have been found in several mechanical 
studies [28–30]. The plate working length in 
comminuted fractures might not be equal to the 
distance between the screws closest to the frac­
ture, but rather to the unsupported area of the 
plate, which correspond to the length of the 
fracture gap. Also of interest is the location and 
number of monocortical and bicortical screws 
in the construct as they are influential on its bio­
mechanical properties. Less torsional stiffness 
is reached with monocortical screws compared 
to bicortical screws. Torsional stiffness of the 

(a) (b)

Figure 5.1  Cranio‐caudal radiograph of a three 
year‐old Domestic Short‐Haired Cat presenting with 
a comminuted distal diaphyseal tibial fracture. The 
fracture was reduced manually and a precontoured 
veterinary cuttable plate (DePuySynthes VET, Oberdorf, 
BL, Switzerland) was applied to the medial aspect (a). 
Cranio‐caudal radiograph of a five‐year‐old Domestic 
Short‐Haired Cat presenting with a mildly comminuted 
distal diaphyseal tibial fracture. Multiple fissures extend 
from the fracture site into the proximal fragment. The 
fracture was reduced manually and Advanced Locking 
Plate System (KYON, Zurich, ZH, Switzerland) was 
applied (b). Note that exact contouring is necessary 
with the nonlocking implant (a) while only approximate 
contouring is adequate in the locking implant because 
plate standoff is tolerated (b).
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44  Section I: Principles of Locking Plate Application

fixation construct is especially relevant in 
bones undergoing combined axial and torsional 
loading such as the tibia [31, 32]. A minimum of 
one screw placed bicortically in each major 
bone fragment has been shown to signifi­
cantly increase torsional stability in a biome­
chanical study using bone models. Interestingly, 
when the bicortical screw was placed at the 
innermost position, closest to the  fracture, 
greatest improvement in torsional stability was 
observed [34].

5.3  Surgical Technique

5.3.1  Approach and Dissection

Before performing MIPO the surgeon should be 
familiar with the regional and topographic 
anatomy to avoid harm to neurovascular struc­
tures and to minimize postoperative morbidity 
[34, 35]. The position of the animal on the table 
is important for access, but also for the use of 
fluoroscopy without interference with the table 
or the other limbs. The skin incisions are cen­
tered over the expected proximal and distal 
ends of the plate and an epiperiosteal soft tissue 
tunnel connecting the two incisions is created 
with blunt dissection. Long blunt scissors or 
periosteal elevators are best suited for tunnel 
creation (Figure 5.2).

5.3.2  Fracture Reduction

Fracture reduction for MIPO is performed 
using indirect techniques, consisting of reposi­
tioning the bone fragments using specific dis­
traction and translation techniques without 
direct exposure of the fracture site [36–38]. 
Fracture fragments are manipulated applying 
forces distant to the fracture [37, 38]. Indirect 
fracture reduction adapts perfectly to the con­
cept of biological osteosynthesis because the 
fracture hematoma and the soft tissue envelope 
around the fracture is preserved [38, 39]. 
However, it can be challenging to accomplish 
and maintain reduction compared to conven­
tional direct reduction techniques. In addition, 
intraoperative imaging is mandatory to assess 
alignment, reduction, and implant positioning, 
especially in cases in which the anatomical 

landmarks are harder to palpate due to a larger 
soft tissue envelope [40].

Described techniques for indirect reduction 
include the hanging limb technique, bone‐hold­
ing forceps, IM pinning, skeletal traction tables, 
linear and circular external fixation, fracture 
distractors, and reduction through plate appli­
cation [6, 36]. In the hanging limb technique the 
animal’s weight is used to assist in distraction 
of the affected, vertically suspended limb [6, 
36]. This technique may offer adequate distrac­
tion, especially in fractures of the distal extrem­
ity. Final alignment can be achieved by 
manipulation of the fragments either manually 
or with bone reduction forceps placed through 
stab incisions in the distal and proximal seg­
ments (Figure 5.3) [6]. In the author’s opinion, 
extreme care must be taken with this technique 
applied to the radius of cats and small dogs as 
fissuring can occur.

Intramedullary pinning is an effective way to 
achieve distraction and in aiding restoration of 
the original limb length. As some force can be 
necessary to achieve distraction, the pin should 
be blunted before it is introduced in the segment 
to be distracted [6, 36]. To achieve this, the pin is 

Figure 5.2  Minimally invasive plate osteosynthesis in a 
tibial fracture of a cat. Metzenbaum scissors are used for 
creation of the epiperiosteal soft tissue.
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inserted through the cortex of the proximal frag­
ment in order to open the medullary canal, and 
is then withdrawn and blunted and consecu­
tively reinserted. Reduction using traction tables 
is a technique frequently used in people, espe­
cially in femur fractures [41–43]. To the authors’ 
knowledge, there is currently only one skeletal 
traction table available for small animals [5, 43]. 
Reported benefits are the controlled manage­
ment of muscle contractions, eventually reach­
ing original limb length and maintenance of 
reduction throughout the procedure [5, 44]. 
However their use is not without risk. As 
described in human medicine, patient position­
ing and adequate use of traction is crucial to 
avoid complications such as neurologic injury, 
malalignment, soft tissue injury, well‐leg com­
partment syndrome, and crush syndrome [44]. 
External skeletal fixators, either linear or ring 
constructs, can be used for indirect fracture 
reduction during MIPO. Fixation wires are 
introduced in the proximal and distal fragment. 
One wire per fragment of adequate size is usu­
ally sufficient. For the circular construct, two 
rings or arches/half rings can be used. For linear 
constructs, full pin frames should be used [5].

Both circular and linear constructs are most 
commonly used in the antebrachium and tibia. 

External fixators are less commonly applied to 
the femur and humerus due to the large muscle 
mass and the interference with the thoracic and 
abdominal walls [5]. Fracture distractors consist 
of two pin housing arms, one of which is fixed 
at one end. The other end slides along a linear 
threaded or serrated rod, depending on the 
device. Large distraction forces can be applied, 
requiring a cautious use in small animals. They 
are mostly reserved for femur fractures in large 
dogs or old, contracted fractures [5].

Indirect fracture reduction is also possible 
using a precontoured plate. Orthogonal radio­
graphs of the contralateral, unaffected side are 
obtained. Correct length is determined, and 
adequate contouring can be achieved using 
the normal contralateral bone [12]. The cranio‐
caudal view is usually most valuable for plate 
contouring [4]. The authors prefer to contour 
the  plate preoperatively only on one plane, 
while the torque is generally applied intra‐
operatively. Distraction is performed using one 
of the previously described techniques (i.e. IM 
pinning). Consecutively, the plate is inserted in 
the epiperiosteal tunnel and the contour evalu­
ated using fluoroscopy. Care is taken that 
the plate is centered over the bone. Usually, the 
proximal end of the plate is fixed first, as it is 

(a) (b) (c) (d) (e) (f) (g)

Figure 5.3  Orthogonal radiographs of a two‐year‐old Domestic Short‐Haired Cat presenting with (a) a distal oblique 
radius and (b) ulna fracture. The hanging limb technique (c) was used for fracture reduction. Intraoperative fluoroscopy 
was used to assess reduction and implant position (d, e). Double plating in minimally invasive fashion was selected due 
to the small metaphyseal fragment (f, g).
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easier to manipulate the distal part of the limb 
for axial alignment.

It is important to note that with both conven­
tional and locking plates, cortical screws are 
inserted first to “pull” the bone fragments to 
the plate. In locking plates, the first cortical 
screw is inserted perpendicularly in the proxi­
mal end of the plate and is not completely tight­
ened [37]. This allows some movement of 
the plate distally. The distal end of the plate is 
centered over the bone and bone forceps are 
applied to ensure bone‐plate contact. The 
authors prefer point‐to‐point or lobster claw‐
type (or clamshell‐type) reduction forceps for 
this step. A second cortical screw is placed per­
pendicularly and both screws are tightened. 
Fluoroscopy is used to assess plate positioning 
and reduction before additional locking screws 
are inserted. Finally, the cortical screws can be 
replaced with locking screws. Alternatively, 
instead of using cortical screws, temporary 
plate reduction devices such as the push‐pull 
device (De‐Puy Synthes) or the pin stopper 
(Fixin, Intrauma, Rivoli, TO, Italy) can be used 
(Figure 5.4).

Another way to use locking plates for indi­
rect fracture reduction is to use them as a navi­
gation device. In the preoperative planning, 
the implant is approximately contoured to 
allow bone contact at the level of the most 
proximal and distal holes. In surgery, the 
implant is inserted with the most distal or 
proximal hole centered over the bone at the 
level of the anatomical landmark determined 
in the preoperative planning. With this tech­
nique, the most distal or proximal locking 
screw is inserted first, while maintaining 
proper alignment of the plate relative to the 
bone. The fragment can then be manipulated 
with the plate used as joystick. In case of fixa­
tion to the distal fragment first, the plate is 
pushed distally until the most proximal hole is 
leveled with the predetermined proximal land­
mark and centered over the bone. In case of 
fixation to the proximal fragment first, the dis­
tal fragment is pulled distally until the most 
distal hole is leveled with the predetermined 
distal landmark. A bone‐holding forceps is 
placed for temporary stabilization of the 
implant. Fluoroscopy is used to assess implant 
position and fracture reduction before the most 
proximal locking screw is placed. Additional 

screws can be inserted as needed. This tech­
nique is especially useful in minimally to 
moderately displaced fractures of the distal 
extremities in small dogs and cats. Alternatively, 
plates offering the option of temporary fixation 
with pins can be secured before screws are 
inserted (Figure 5.5).

5.4  MIPO Technique 
with Locking Plates

5.4.1  Humerus

Comminu ted diaphyseal and metaphyseal 
fractures that are considered nonreducible are 
best‐suited cases for MIPO in the humerus 
[45]. A lateral approach for MIPO in the 
humerus is described in the dog and a lateral 
and medial approaches have been described in 
the cat [34, 35]. Locking plates are well‐suited 
for the humerus as precise contouring can be 
difficult on its cranio‐lateral side with the 

(a) (b)

Figure 5.4  Temporary reduction devices. The pin 
stopper (A) (Fixin, Intrauma, Rivoli, TO, Italy) can be 
used to secure the plate by using a pin inserted in 
a sleeve locked with a clamp. The push‐pull device 
(DePuySynthes VET, Oberdorf, BL, Switzerland) allows 
securing the plate by applying compression to the 
implant.
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prominent lateral supracondylar crest and the 
deep brachial groove. In addition, monocorti­
cal screw placement, only recommended with 
locking implants, is valuable to avoid the 
supratrochlear foramen and intraarticular 
screw placement. Furthermore, the supracon­
dylar foramen, representing a unique feature 
to the distal feline humerus should be consid­
ered when plating the feline humerus. 
Bicortical screws placed from the lateral to the 
medial side of the distal humerus can be asso­
ciated with the risk of iatrogenic damage to the 
brachial artery and median nerve as they pass 
through the foramen [36]. With the available 
polyaxial locking systems, this risk might be 
reduced as they offer multidirectional inser­
tion of the screw of up to 10° without cross 
threading or influence on locking strength 
[25].

In the proximal humerus of the dog and the 
cat, the bone cranial and proximal to the tri­
cipital line is usually of cancellous nature with 
the cortex being relatively thin [46]. In this 
area, locking implants offer the advantage of 
decreased risk of screw pullout and screw loos­
ening [22]. In the humerus, intramedullary 

pinning is a convenient way of indirect fracture 
reduction. However, when using locking 
implants, interference between the IM pin and 
the screws should be considered. This might 
influence the number of screws placed in bicor­
tical fashion [47]. Use of polyaxial systems can 
help reduce this difficulty.

5.4.2  Radius and Ulna

Locking implants are an ideal choice for radius 
and ulna fractures in cats, while in dogs the 
nonlocking plates adapts well to the flat dor­
sal surface [48]. The radius of the cat shows a 
significant change in the orientation of the cra­
nial surface. The cranio‐medial orientation in 
the distal aspect changes to a cranio‐lateral 
orientation in the proximal radius [36]. This 
change in orientation can make adequate con­
touring difficult and renders plating with 
locking implants helpful in cats. Especially in 
cats and small dogs, the locking implant can 
be used for fracture reduction without con­
touring, as described in the fracture reduction 
section.

(a) (b) (c) (d) (e) (f)

Figure 5.5  Intraoperative images and fluoroscopy of a three‐year‐old Domestic Long‐Haired Cat presenting with a 
comminuted distal tibial fracture. (a) The implant is approximately contoured to allow bone contact at the level of the 
most proximal and distal holes in the preoperative planning. In surgery, the implant is inserted with the most proximal 
hole centered over the bone at the level of the anatomical landmark determined in the preoperative planning; (b) Point‐
to‐point reduction forceps are used to pull the distal fragment distally until the determined distal anatomical landmark 
is level with the most distal hole; (c, d, e) Point‐to‐point reduction forceps are used to reduce the distal fragment to the 
plate and a pin is inserted to secure the bone to the plate; (f) Screws are then inserted for final fixation.
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5.4.3  Femur

Among the different fixation techniques for 
MIPO in femoral fractures [49], locking 
implants are especially valuable in proximal 
and distal metaphyseal fractures because of 
limited bone available for screw purchase 
and the risk for joint violation. In proximal 
comminuted fractures, as they frequently 
occur in cats, monocortical screws can be 
used with limited bone stock. When screws 
are placed close to the joint, monocortical 
screws can be useful to avoid joint penetra­
tion (Figure 5.6). As in the humerus, IM pin­
ning is a convenient way of indirect fracture 
reduction in the femur. Interference with the 
pin when placing locking screws can also 
occur in the femur. Interference between pin 
and screws can make pin withdrawing impos­
sible when cutting it to final length [50]. As 
stated above, polyaxial implants can reduce 
this difficulty.

5.4.4  Tibia

Several advantages have to be considered in 
MIPO with locking implants in tibia and fibula 
fractures, especially when affecting the meta­
phiseal regions. In some large and giant breed 
dogs, the bone of the proximal metaphysis can 
be of poor density. This, in turn, may increase the 
risk of screw pullout. With locking implants, this 
risk can be reduced [22, 50]. Proximal and distal 
metaphyseal fractures of the tibia often present a 
challenge to the surgeon, as only limited space 
for implant positioning can be available. The 
superior resistance of locking screws to pullout 
compared to cortical screws is beneficial when 
only monocortical or a limited number of screws 
can be placed in a small metaphyseal frag­
ment  [22, 50]. However, the reduced torsional 
stability of monocortical screws should be con­
sidered especially in the tibia due to the torsional 
forces occurring in this specific bone [31–33, 51].

5.4.5  Percutaneous Carpal and Tarsal 
Arthrodesis

Locking plates have been successfully used to 
perform minimally invasive percutaneous plate 
arthrodesis in dogs. The features of locking 
plates such as lower rate of screw pull-out and 
the limited need for contouring are also benefi­
cial in percutaneous arthrodesis. However, the 
fixed angle of screw insertion was reported to 
be difficult for fixation of the plate to the meta­
tarsal bones [52]. Polyaxial locking systems 
may help to improve these problems [25].
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6.1  Principles

The basic principles of application of locking 
plates are the same in large animals as they are 
in the other species covered in this text. The 
benefits of locking implants include elimination 
of the need for plate/bone compression, greater 
construct stiffness, and biomechanical stability 
as compared to nonlocking implants, resistance 
to cyclic fatigue, and the general versatility 
offered by plate design [1]. These principles 
have been discussed in previous chapters but 
some bear repeating, as they are particularly 
relevant to internal fixation in large animals.

6.1.1  Comfort

Immediate restoration of limb function and 
return to weight bearing is of critical impor-
tance in large‐animal patients. Prolonged over-
bearing on the contralateral (support) limb 
leads to laminitis in the horse, laminitis or inter-
digital ligament breakdown in the cow, and 
angular limb deformity in the skeletally imma-
ture (developing) animal. The greater construct 
stiffness and stability achieved with the use of 

locking plates helps enable earlier return to 
function.

Excessive rigidity of fixation has been impli-
cated in delayed or nonunion complications 
with fracture healing [2]. This is rarely a prob-
lem in large‐animal patients because of the 
large cyclic loading imposed by their high 
body weights. It can be an issue in very young 
animals, but the superior healing characteris-
tics of young bone usually overcome this 
disadvantage.

6.1.2  Implant Geometry

Very few implants are designed specifically 
for use in large animals. As such, large animal 
surgeons often operate at the limits of the tol-
erances of the plates and screws available. 
Locking implants offer increased strength 
through advances in construct strength but 
also, in some cases, simply by offering more 
metal. The 5.5 locking compression plate 
(LCP)  is thicker (6.0 mm) than Dynamic Hip 
Screw and Dynamic Condular Screw system 
(DHS/DCS) by Synthes (5.8 mm), and the finer 
threads of the locking head screws (LHS) offer a 
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substantial increase in proportional core diam-
eter as compared to cortex screws. More metal 
translates to an increase in area moment inertia 
and thus increases in implant rigidity and ulti-
mate strength.

The head of a locking screw cannot rotate or 
toggle in the plate, virtually eliminating pullout 
failure [1]. With conventional plating, the non-
threaded head of the cortex screw can toggle in 
the smooth plate hole, allowing a crowbar effect 
under bending load (i.e. the plate acts like a 
crowbar and the screw is like a nail being pried 
straight out of the substrate). Application of 
force in this manner potentiates pullout failure. 
In this scenario, only the bone that is between 
the threads of the cortex screw needs to fail 
for  the screw to pull out. In a fixed‐angle con-
struct, the threaded head cannot toggle in the 
threaded plate hole so there is no crowbar 
effect. An entire swath of bone would need to 
fail in compression, or the bone would have to 
fracture for failure of the plate/screw/bone 
construct to occur. This allows for use of much 
smaller threads on a locking screw. Smaller 
threads yield a bigger core shaft diameter and 
thus a stronger screw. For example: the core 
diameter of a 5.5 mm cortex screw is 4.0 mm, 
whereas the core diameter of a 5.0 mm locking 
screw is 4.4 mm (DePuy Synthes catalog 2017). 
The area moment inertia of the larger core diam-
eter is 1.6 times greater, increasing substantially 
the bending and shear strength of the implant.

The LCP has “cut‐outs” along its underside, 
which homogenizes its cross‐sectional area, 
normalizing the area moment of inertia for the 
length of the plate. This eliminates internal 
stress risers and allows smooth bending when 
contouring the plate. One end is rounded, 
allowing for juxta‐articular applications, while 
the other end is tapered, facilitating minimally 
invasive application.

Another significant improvement increasing 
LCP versatility is the combi‐hole. The threaded 
potion of the hole is the root of its fixed‐angle 
advantages, but without the dynamic compres-
sion unit (DCU) portion of the hole, the plate 
would function only as a pure internal fixator. 
The DCU portion of the combi‐hole allows 
application in dynamic compression fashion, 
increasing exponentially the versatility and sur-
gical value of the LCP. The DCU portion also 
allows angulation of cortex screws toward free 

fragments or away from neurovascular struc-
tures, joints, fracture gaps, and other implants. 
The combi‐hole of the 4.5 and 5.5 LCP can 
accommodate 4.5 and 5.5 mm cortex screws and 
6.5 mm cancellous screws. The DCU portion of 
the hole allows 40° of longitudinal angulation 
and 7° of transverse angulation of a 4.5 mm 
cortex screw. It allows 25° of longitudinal angu-
lation with a 5.5 mm cortex screw. Another 
improvement is the coaxial, or “stacked,” 
combi‐hole. This perfectly round hole is smooth 
at the top and threaded at the bottom, allowing 
use of a cortex or locking head screw. This hole 
configuration takes up less space within the 
plate than a regular combi‐ or DCU hole, which 
allows it to be located closer to the end of the 
plate, thus permitting closer approximation of 
the end screw to a joint.

6.2  Clinical Applications

The increased rigidity and fixed‐angle stabil-
ity  of locking plates and screws make them 
a  clearly superior choice over nonlocking 
implants for arthrodesis and fracture repair in 
large animals.

6.2.1  Arthrodesis

Arthrodesis requires rigid fixation for bone 
fusion and for patient comfort. Construct rigid-
ity results in less callus formation, decreasing 
the risk of impingement on the periarticular 
tissues and improving the cosmetic result.

6.2.1.1  Proximal Interphalangeal Joint
An LCP designed specifically for arthrodesis of 
the equine proximal interphalangeal joint is 
available (DePuy Synthes Vet, Paoli, PA). In this 
application, two abaxial (nonplate) transarticu-
lar screws engage the palmar/plantar processes 
of the middle phalanx and the plate is applied 
dorsally (Figure 6.1).

The specifics of plate application in this sce-
nario warrant discussion because the technique 
differs from the original compression plating 
technique. The two transarticular screws are 
inserted and tightened compressing the pal-
mar/plantar aspect of the joint. Countersinking 
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is performed, taking care to remove bone proxi-
mally but not distally to prevent screw bending 
with asymmetrical contact between the screw 
head and bone when tightened. The plate is ori-
ented with the stacked hole distally. The distal 
end is held firmly against the bone because the 
locking screw will not compress the plate to the 
bone surface in lag fashion. It can be held man-
ually or with a push‐pull device in the middle 
hole. A locking screw is inserted and tightened. 
A cortex bone screw is placed in the central hole 
in the load position and tightened, compressing 
the dorsal aspect of the joint. A locking screw is 
placed in the proximal hole.

The stacked hole and rounded end of the plate 
help prevent contact of the extensor process of 
the distal phalanx with the distal aspect of the 
plate at full extension of the distal interphalan-
geal joint. The LCP has been evaluated in vitro 
and demonstrated to be stiffer than an limited‐
contact dynamic compression plate (LC‐DCP) 
construct [3]. The fact that less displacement 
was seen with the LCP construct during cyclic 
loading should translate to less callus formation 
in vivo. This is of particular importance in this 
location since horses are often expected to return 
to athletic performance after pastern arthrode-
sis. Excessive callus results in impingement on 
the soft tissues, most notably restriction of the 
long or common digital extensor tendon.

In the author’s experience, a minimally 
invasive approach is preferable (when feasi-
ble) in cases of severe PIPJ arthritis. Preexisting 
cartilage destruction obviates arthrotomy and 
luxation. The PIP plate is introduced via sub-
tendinous tunnel and all screws are inserted 
through stab incisions.

6.2.1.2  Metacarpo‐ / Metatarsophalangeal 
Joint
Fetlock arthrodesis in the horse is a challenging 
endeavor. The most common reasons for failure 
are not directly related to the implants or surgi-
cal procedure. They include subluxation of the 
proximal interphalangeal joint, vascular trauma 
at the time of injury, infection, and contralateral 
limb laminitis [4]. Locked plating increases con-
struct rigidity and reduces surgical time [5]. 
The LCP is applied in the same general manner 
as nonlocking plates. Since the plate is applied 
dorsally, on the bending surface of the con-
struct, a tension band must be placed at the pal-
mar/plantar aspect of the joint (Figure 6.2). A 
cortex screw is used near the joint space and is 
angled proximally into the dense bone of the 
condyles.

6.2.1.3  Carpus
The specific advantage of the LCP in arthrode-
sis of the carpal joint(s) is engagement of the 
small carpal bones with a stronger screw at a 
fixed angle. It can be difficult or impossible to 
get more than one plate screw into the radial 
and ulnar carpal bones. The large core of the 
locking screw reduces the chances of implant 
failure. Additionally, the locking head elimi-
nates the rotation and toggling that is possible 
with the smooth head of a cortex screws, reduc-
ing chances of implant loosening and increasing 
rigidity.

Locked plating for pancarpal arthrodesis is 
initiated with a standard technique. The 
fracture(s) are reduced and the articular carti-
lage is removed. The craniomedial plate is 

Figure 6.1  Locking compression plate (LCP) geometry. The underside of the LCP has undercuts that limit the surface 
area of bone contact. These cutouts occur at the points in between holes, helping to homogenize cross‐sectional area for 
the length of the plate. (Source: Image credit: AO Foundation.)
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positioned with the locking units of the central 
two combi‐holes directly over the radial and 
third carpal bones. A cortex screw is inserted 
through the plate in load position into the prox-
imal aspect of the third metacarpal bone but not 
tightened. A second cortex screw is inserted in 
the load position into the distal aspect of the 
radius. These two screws are tightened to com-
press the carpal joints. The craniolateral plate is 
applied at this point with the same pattern of 
screw insertion. The craniolateral plate can be 
applied through the same incision. Some frac-
ture configurations necessitate more lateral 
positioning of the craniolateral plate. Significant 
contouring is needed for adequate plate/bone 
contact in a nonlocking construct and a second 
incision is often required. Herein lies another 
advantage of the LCP, as perfect contouring is 
not required for stability and the second plate 
can be applied in a minimally invasive fashion. 
However, some contouring is still required  – 
otherwise, skin closure will be very difficult. An 
additional cortex screw can be placed in load 
position on each side of the carpus in each plate. 
Locking screws are inserted into the remaining 
holes of both plates.

Partial carpal arthrodesis is performed most 
commonly for comminuted fracture of small 
carpal bone(s) or collapse secondary to advanced 
osteoarthritis. As such, plates are applied to but-
tress the joints(s), preventing collapse. Locking 
plates are applied to the dorsomedial and dor-
solateral aspects of the carpus (Figure 6.3). The 

dorsolateral plate is applied through the same 
incision or via minimally invasive approach. 
Locking screws are used when the small bones 
are intact or severely comminuted. If the small 
carpal bones have repairable damage (i.e. two‐
piece fracture), cortex screws placed (through 
the plate) in lag fashion are used to stabilize the 

Figure 6.2  Plate/screw PIPJ arthrodesis. A three‐hole 4.5 mm narrow (PIPJ‐specific) LCP was applied dorsally for 
arthrodesis of the proximal interphalangeal joint. Abaxial transarticular screws were placed in lag fashion to compress 
the palmar aspect of the joint.

Figure 6.3  Tension band wire used in 
metacarpophalangeal arthrodesis. Due to anatomical 
constraints the LCP must be applied dorsally, on the 
bending surface of the joint. Here, a palmar tension band 
wire was used to mitigate cyclic bending forces on the 
plate.
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fracture. The advantages gained from stabiliza-
tion of the fracture outweigh the advantages of 
a locking screw in this position. If the small bone 
fracture can be compressed with a screw outside 
of the plate, then a locking screw is used in this 
plate hole.

6.2.1.4  Tarsus
Arthrodesis of the tarsometatarsal and distal 
intertarsal joints is performed for treatment of 
fracture, luxation, or osteoarthritis. A T‐plate 
(4.5 mm locking T‐plate, DePuy Synthes Vet, 
Paoli, PA) is available and well‐suited for this 
purpose [6]. The plate is applied dorsomedially 
(Figure  6.4) and three locking screws are 
inserted into the central tarsal bone through the 
“T” portion of the plate. These three screws 
tend to converge, so care must be taken when 
selecting screw length. A cortex screw is placed 
in the third tarsal bone in the load position and 
tightened. A cortex screw is placed into the 
proximal metatarsus in the load position and 
tightened. Locking screws are placed in the 
remaining plate holes. In the case of commi-
nuted fracture of the small tarsal bones, the 
plate serves to buttress the joint and dynamic 
compression is not applied. In this case, cortex 
screws are used only to stabilize large frag-
ments amenable to repair in lag fashion.

Axially unstable tarsal fracture and luxation 
of the proximal intertarsal joint are treated with 
a locking plate applied to the plantar lateral 
aspect of the tarsus. A 4.5 mm broad LCP is 
positioned to span the tarsus, extending from 
the calcaneus to the proximal third of the meta-
tarsus, engaging the fourth metatarsal bone 
(Figure  6.5). Screw selection and placement 

Figure 6.4  Partial carpal arthrodesis. 4.5 mm narrow 
locking compression plates (LCPs) were applied 
dorsomedially and dorsolaterally.

Figure 6.5  Distal tarsal arthrodesis. Locking head screws were placed through the horizontal portion of the locking T‐
plate into the central tarsal bone. A cortex screw was placed in the third hole in the load position to compress the DITJ 
and TMTJ before inserting another locking screw in the third tarsal bone.
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varies and is predicated on the injuries being 
addressed. Horses treated with this method of 
fixation have returned to athletic capacity [7].

6.2.1.5  Cervical Vertebrae
Fusion of cervical vertebrae for treatment of 
cervical spinal cord compression is performed 
most commonly with a kerf cut cylinder (KCC) 
[8] (Figure 6.6). Fusion has also been achieved 
with use of the LCP [9, 10] (Figure 6.7). In vitro 
comparison of KCC and LCP ventral fusion of 
the fourth and fifth cervical vertebrae demon-
strated similar stiffness and moment to failure 
of the two constructs in four‐point bending 
to  failure. [8] The sixth and seventh cervical 
vertebrae were successfully fused with a broad 
seven‐hole LCP in a three‐month foal with cer-
vical stenotic myelopathy [9]. The main advan-
tage of the LCP construct is greater immediate 
stability, allowing definitive repair of cervical 
vertebral fractures and potentially decreasing 
the incidence of construct failure during recov-
ery from general anesthesia. The disadvantages 
of locked plating in this application are the 

(a) (b)

Figure 6.6  Luxation of the distal tarsal joints. (a, b) A 12‐hole 4.5 mm narrow LCP was applied to the plantarolateral 
aspect of the tarsus to stabilize the distal tarsal joints after luxation. (Source: Image credit: McCormick [7].)

Figure 6.7  Cervical vertebral instability/malformation. 
The kerf cut cylinder (KCC), a partially threaded 
modification of the original Bagby Basket, was used for 
fusion of sixth and seventh cervical vertebrae.
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need for greater exposure, the inability to 
expose adequately the caudal cervical verte-
brae, and greatly increased need for intraopera-
tive imaging. The KCC may be preferable in 
cases of spinal cord compression secondary to 
cervical vertebral compressive myelopathy or 
cervical facet arthritis. Locked plating may be 
preferable for treatment of instability second-
ary to cervical spinal fracture. As demonstrated 
by the model used by Reardon et  al., locked 
plating does not increase significantly the sta-
bility of the construct when the vertebrae are 
intact. The cervical spinal column stabilizes 
itself. In the case of cervical vertebral fracture, it 
stands to reason that inherent stability of an 
internal fixator would be a specific advantage. 
This hypothesis has not yet been examined.

6.2.2  Fracture Repair

6.2.2.1  Middle Phalanx
Repair of comminuted fracture of the middle 
phalanx often combines anatomic reconstruc-
tion with arthrodesis of the proximal inter-
phalangeal joint (Figure  6.8). Implants are 
subject to immense static and cyclic loading in 
bending, shear, and torsion. The stability of a 
fixed‐angle construct and the versatility of the 
combi‐hole make the LCP an ideal implant for 
this type of repair. Repair is initiated with luxa-
tion of the joint and removal of the articular 
cartilage. After preliminary reconstruction of 
the fragments, two four‐ or five‐hole 4.5 mm 
narrow locking plates are applied. The plates 
are positioned abaxially and oriented with the 
round end and stacked hole distally. The distal 
aspect of the plates is contoured to be slightly 
convex, so the screws will engage rigidly the 
medial and lateral palmar/plantar eminences 
of the middle phalanx. This is critical for the 
stability of the repair and for compression 
across the palmar/plantar aspect of the joint. It 
is important that the distal aspect of the plates 
not impinge on the extensor process of the dis-
tal phalanx during extension of the distal inter-
phalangeal joint. The joint is compressed by 
insertion of cortex screws in the load position 
into proximal plate holes. The most proximal 
plate hole and the hole just proximal to the joint 
space should be reserved for locking screws. 
A  cast is applied for recovery from general 

anesthesia and maintained at least until the 
incision(s) are healed. In highly comminuted 
fractures and all fractures with complete loss of 
axial integrity, an external skeletal fixator or 
transfixation pin cast should be applied to 
transfer the forces of weight bearing proximal 
to the site of injury.

6.2.2.2  Proximal Phalanx
Much like the middle phalanx, locked plating is 
ideal for repair of multifragment fractures of 
the proximal phalanx, for similar reasons. 
Anatomic reduction and accurate reconstruc-
tion of the joint surfaces (especially proximal) 
are critical. Incongruity in the articular surface 

(a)

(b)

Figure 6.8  (a) Fourth cervical vertebra fracture and 
LCP fixation. Fracture of the caudal body of the fourth 
cervical vertebra. (b) A 10‐hole 4.5 mm narrow LCP was 
applied ventrally for fusion of the fourth and fifth cervical 
vertebrae. (Source: Courtesy of Dr. Dean Richardson [4].)
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results in large bending moments applied to the 
screws and precipitates implant failure. Even if 
the construct holds, articular imperfections will 
lead to early onset of osteoarthritis.

The proximal joint surface is reconstructed 
with cortex screws placed in lag fashion. The 
surgeon must consider future plate applica-
tion  when selecting cortex screw position. 
Dorsomedial and dorsolateral plates are 
applied. Locked screws are used proximally 
across fractures that have already been com-
pressed with independent cortex screws. Cortex 
screws are placed in distal plate holes in the 
load position to generate compression across 
the transverse fracture component. The rest of 
the holes are filled with locking screws. A cast is 
applied for recovery from general anesthesia 
and maintained at least until the incisions are 
healed.

Most multifragment transverse fractures 
without an intact vertical strut of bone are not 
amenable to plate fixation. These fractures are 
reconstructed as accurately as possible with 
cortex screws before external skeletal fixation is 
applied. A cast is insufficient coaptation, even 
with excellent anatomic reduction. A transfixa-
tion pin cast (Figure 6.9) or purpose‐built exter-
nal skeletal fixation device [11] (Figure 6.10) is 

Figure 6.9  Comminuted fracture of the middle phalanx. The fractures were reduced and stabilized with cortex screws 
in lag fashion, then plated with two 4.5 mm narrow locking compression plates (LCPs) applied dorsally. Arthrodesis of 
the PIPJ was performed due to the high likelihood of development of arthritis but also to make use of the distal aspect of 
the proximal phalanx for plate application and construct stability. (Source: Courtesy of Dr. Dean Richardson [4].)

Figure 6.10  Distal diaphyseal MCIII fracture in a foal: 
4.5 mm narrow LCPs were applied dorsally and laterally. 
The stacked combi‐hole at the distal aspect of nine‐hole 
plate allowed for close approximation of the plate to the 
distal physis.
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required. In some cases with large proximal 
bone fragments, double‐plate fixation (similar 
to that described for complex fractures of the 
middle phalanx) is possible. The proximal 
interphalangeal joint is fused and the middle 
phalanx is used for distal plate/screw pur-
chase. With severe destruction of the distal 
aspect of the proximal phalanx, the plates but-
tress a large span and will fail under cyclic 
loading. Long‐term protection of the construct 
with external skeletal fixation is required.

6.2.2.3  Mc/MT3
In vitro testing has shown the LCP to be supe-
rior to the LC‐DCP in resisting overload in 
static bending and torsion and in resisting 
cyclic fatigue under four‐point bending in oste-
otomized equine third metacarpal bones [12]. 
The lack of significant contour of the equine 
third metacarpal/metatarsal bone facilitates 
minimally invasive plating. An internal fixator 
(locking plate) is the most appropriate type of 
implant for this application: it does not rely on 
plate bone compression for stability and does 
not crush the periosteum beneath it.

Fractures of the medial condyle propagate 
proximally and are prone to catastrophic exac-
erbation in the absence of internal fixation. 
Repair with the LCP has been successful but 
has not been compared directly to repair with 
the LC‐DCP or to internal fixation with screws 
alone. Repair with cortex screws applied in lag 
fashion alone is possible, but postoperative 
vertical propagation of the fracture beyond the 
level of internal fixation is a risk. It is hypothe-
sized that plate augmentation of the repair 
may decrease the incidence of postoperative 
catastrophic exacerbation of the fracture.

Locked plating is the standard of care for dia-
physeal fractures of the cannon bone. In small 
foals a single broad LCP may be sufficient 
(Figure  6.11). In most cases, double plating is 
required. The LCPs are applied using standard 
internal fixation technique. Cortex screws are 
placed across oblique fractures in lag fashion 
and are used for dynamic compression of trans-
verse fractures. All cortex screws are placed 
and tightened fully before locking screws are 
inserted. Locking screws are also superior to 
cortex screws for stabilization of large, isolated 
cortical fragments in comminuted fractures.

Locked plates have distinct advantages for 
repairing Salter‐Harris fractures. The epiphysis 
offers very little bone for screw/plate purchase. 
The superior stability and resistance to cyclic 
fatigue offered by the fixed‐angle construct and 
larger core diameter of the locking screw is of 
tremendous value. Locked plating may also aid 
in the preservation of physeal viability.

6.2.2.4  Ulna
Ulna fracture repair in the horse is predicated 
on the tension band principle and has been 
described using tension band wiring, hook 
plating, and both DCP and LCP fixation tech-
niques. A recent retrospective analysis of repair-
ing 18 ulnar fractures with the LCP found 83% 
of horses sound for their intended purpose [13].

Several unique anatomic characteristics of 
the ulna warrant specific mention. The caudal 
spine of the ulna is straight, but profound 
medial concavity is present at the proximal 
aspect of the body. The caudal aspect of the 
medial humeral epicondyle enters this concav-
ity during extension of the elbow. The LCP 
must be aligned so that fixed‐angle screws 
avoid the medial concavity. This position centers 

Figure 6.11  Comminuted fracture of the olecranon. 
An 11‐hole 4.5 mm narrow locking compression plate 
(LCP) was applied caudally. The plate is loaded in 
almost pure tension.
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the plate over the ulna but places it in a consid-
erably lateral location relative to the proximal 
radius. The fixed angle of the distal plate holes 
aims the drill bit toward the lateral cortex of the 
radius. Catastrophic postoperative fracture of 
the radius has been reported in cases of pene-
tration of the lateral radial cortex in this manner 
[14, 15]. This complication is avoided by correct 
positioning or the use of a cortex screw in this 
hole, angled medially. The surgeon should drill 
with keen awareness for the sudden advance of 
the drill bit that is associated with penetration 
of the near cortex and entry into the medullary 
cavity. If that sudden penetration does not hap-
pen, drilling should cease and the direction 
should be evaluated with craniocaudal fluoro-
scopic imaging.

Ulnar plates are loaded predominantly in 
tension, so a single narrow LCP is often ade-
quate (Figure  6.12). Broad plates are recom-
mended in horse over 500 kg. Augmentation of 
the construct with a lateral LCP is recommended 
for comminuted fractures. The caudal plate is 
applied first.

In foals less than seven months of age, trans-
fixation of the ulna and radius with the distal 

plate screws must be avoided. Continued 
skeletal growth at the proximal radial physis 
will result in distal subluxation of the humer-
oulnar joint.

6.2.2.5  Radius
Repair of radius fractures is limited to those in 
which anatomical reconstruction is feasible. 
Inadequate reconstruction of the cortices guar-
antees failure; therefore, perfect reconstruction 
of the caudal cortex is imperative. Double‐
locked plate fixation is the treatment of choice 
and use of 5.5 mm LCPs, 5.0 mm locking screws, 
and 5.5 mm cortex screws is recommended 
(Figure 6.13).

Proximal physeal fractures happen concomi-
tant with diaphyseal fracture of the ulna. This 
combination results in cranial or craniomedial 
displacement of the proximal metaphysis of the 
radius. Such displacement can cause irreversi-
ble damage to the radial nerve and paresis of 
the limb. Due to the typical “dropped elbow” 
presentation, radial nerve damage can be diffi-
cult to recognize preoperatively. This fracture is 
repaired with two LCPs, one positioned over 
the caudal aspect of the ulna and a second over 

Figure 6.12  Comminuted mid‐diaphyseal radial 
fracture: 5.5 mm broad LCPs were applied dorsally and 
laterally.

Figure 6.13  Mid‐diaphyseal humeral fracture. An 
intramedullary interlocking nail was combined with 
cranial application of a 5.5 mm LCP. (Source: Image 
credit Dr. Jeffrey Watkins.)

Ve
tB

oo
ks

.ir



Principles of Locking Plate Applications in Large Animals  63

the lateral aspect of the radius. Reduction is dif-
ficult and can be aided by the lag effect of a long 
cortex screw placed through the caudal plate at 
the level of the radial metaphysis. Maintenance 
of reduction can also be aided by lateral appli-
cation of a transphyseal screw and tension band 
wire. The lateral plate is applied after initial sta-
bilization of the fracture with four screws in the 
caudal plate, and the plate is oriented with the 
stacked hole proximal. Cortex screws are placed 
across the metaphyseal fracture component in 
lag fashion. Locking screws are inserted after 
the cortex screws are tightened fully. Screws are 
then inserted into the rest of the ulnar plate. 
The distal screws in the caudal plate engage the 
radius between the screws of the lateral plate as 
transfixation of ulna to the radius helps stabi-
lize the construct. Unlike ulnar fracture repair, 
transfixation is not contraindicated in young 
foals since the proximal radial physis is dam-
aged and bridged by the lateral plate.

Diaphyseal fractures of the radius are 
repaired with two broad LCPs. One plate is 
always applied cranially and the other is 
applied medially or laterally, depending on 
fracture configuration and status of the soft tis-
sue envelope. The plates should span the entire 
length of the diaphysis. Screws can be inserted 
into the proximal and distal plate holes via stab 
incisions to minimize incision length. No coap-
tation should be applied for recovery from gen-
eral anesthesia or in the postoperative period. 
With cast coaptation, the caudal cortex becomes 
the tension surface, precipitating construct fail-
ure. Repair in foals carries a good prognosis 
[16]. Adult horses should be supported in a 
sling in the postoperative period. The survival 
rate of adult horses after displaced fracture of 
the radius requiring open reduction and inter-
nal fixation is low [16, 17].

6.2.2.6  Humerus
Limited data exists on locking plate fixation of 
humeral fractures in the horse. Repair typically 
involves cranial and lateral dynamic compres-
sion plates. Locking implants are larger (5.5 
broad plate and 5.0 mm LHS), and locked plat-
ing should increase construct stiffness and 
resistance to cyclic fatigue. A locking intramed-
ullary nail combined with a cranial LCP has 
also been used successfully (Figure 6.14).

6.2.2.7  Scapula
Supraglenoid tubercle fractures have been 
repaired with bone screws placed in lag fashion 
in combination with tension band wires. Use of 
the LCP with successful outcome was recently 
described for repair of this fracture [18]. The 
fixed‐angle construct allowed transverse posi-
tioning (Figure  6.15) of the implant(s) and 
engagement of the tubercle without biceps bra-
chii tenotomy. The technique was simple, and 
three of the four horses returned to athletic 
function. The human distal femoral locking 
plate can also be used; the main advantage 
being the option to insert multiple screws into 
the distal fragment [19].

Scapular neck fractures have been repaired 
with two locking compression plates  [20] and 
with the distal femoral locking plate (per-
sonal communication; J. Watkins and A. Watts) 
(Figure 6.16). The broad distal end of the femo-
ral locking plate allows for robust engagement 
of the distal fragment with multiple screws. 
The plate is positioned craniolaterally in the 
groove between the spine and the flat portion 
of the bone. It is contoured by twisting it along 
its long axis to orient the locking screws caudo-
medially through the spine and into the caudal 
aspect of the flat portion of the scapula. This 
positioning affords maximum screw‐bone pur-
chase, and the narrower proximal aspect can be 
placed underneath the suprascapular nerve or 
contoured to pass over it. The prognosis for a 
return to athletic function is good [21].

6.2.2.8  Tibia
Salter Harris type‐II fracture of the proximal 
tibia typically has a lateral metaphyseal spike. 
Reduction is critical for future limb function. 
Adequate engagement of the proximal epiphy-
sis is the crux of the repair. Based on the direc-
tion of displacement, the medial aspect is the 
tension surface. The 4.5 mm locking T‐plate 
(DePuy Synthes) was designed specifically for 
repair of this fracture in the horse. Reduction is 
maintained with bone forceps or an independ-
ent medial tension band. Three stacked holes in 
the horizontal portion of the plate allow solid 
engagement of the proximal epiphysis with 
5.0 mm locking head screws. Compression is 
achieved with insertion of a 5.5 mm cortex 
screw in the load position of the second to last 
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combi‐hole. One or two 5.5 mm cortex screws 
are inserted in the neutral position through the 
hole(s) just distal to the physis. These screws 
can be placed in lag fashion to secure the lateral 
metaphyseal spike. Locking head screws 
(5.0 mm) are then inserted into the remaining 
plate holes and tightened.

Diaphyseal fracture repair is difficult and 
usually successful only in foals weighing less 
than 200 kg. The tibia is subject to bending and 
torsional stress during normal loading and 
experiences enormous strain during recovery 
from anesthesia [22]. Double plating is required 
and currently the LCP is the best choice 
(Figure  6.17). One plate must be applied to 
the  craniolateral tension surface of the bone. 
The position of the second plate is dictated 
by the fracture configuration or condition of the 

overlying soft tissues. In oblique fractures one 
plate should be applied over the distal aspect 
of  the proximal fragment. In multifragment 
fractures at least one plate should buttress the 
isolated fragment or the region of comminu-
tion. Plates should span as much of the diaphy-
sis as possible and are staggered to avoid stress 
concentration at the plate ends and to allow 
bicortical purchase of all locking head screws. 
All screws crossing the fracture should be 
placed in lag fashion.

6.2.2.9  Femur
Salter‐Harris type‐II fracture of the distal femur 
can occur in foals. The most challenging aspect 
of this repair is the relative paucity of bone in 
the distal fragment and the proximity of the 

(a) (b)

(c) (d)

Figure 6.14  Supraglenoid tubercle fracture case series. One (a, c, and d) or two (b) 4.5 mm narrow LCPs were applied 
in transverse orientation with (a and c) or without (b and d) a tension band wire. (Source: Image credit Ahern et al. [18]).
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femoropatellar articulation. Double‐plate fixa-
tion using the dynamic condylar screw plate 
(lateral) and the dynamic hip screw plate (cra-
nial) has been the standard of care, however, 
standard locking compression plates can be 
used as well. More recently, successful repair of 
a distal femoral fracture in a donkey using a 
human distal femoral locking plate was 
described [23]. The advantages of the distal 
femoral locking plate include the option for 
insertion of up to seven locking screws into the 
distal fragment and ease of use as compared to 
DCS and DHS plates.

Mid‐diaphyseal femoral fractures in foals 
have been successfully repaired with double 
plate fixation (lateral and cranial) (Figure 6.17). 
The increased stiffness of the LCP and locking 
screws, and the increased yield strength of the 
locking plate‐screw‐bone construct should 
increase the success rate of the procedure, espe-
cially in larger/older foals. That said, seroma for-
mation and postoperative infection are the main 
reasons for failure [24] and are unlikely to be 
affected by the use of locking instrumentation.

6.3  Conclusion

Large animals, especially horses, must return 
immediately to weight bearing on all four limbs 
after fracture repair. Considering the inability 
to protect the biomechanical construct from 
cyclical loading, locked plating has arguably 

Figure 6.15  Distal femoral locking plate for scapular neck 
fracture repair. The broad head of the DFLP implant allows 
for engagement of the distal fragment with more screws. 
(Source: Image credit Drs. Jeffrey Watkins and Ashley Watts.)

Figure 6.16  Comminuted mid‐diaphyseal tibial 
fracture in a weanling. A 14‐hole 5.5 mm broad LCP 
was contoured and applied from the dorsolateral cortex 
proximally to the dorsal cortex distally and a 10‐hole 4.5 
mm broad LCP was applied medially.

Figure 6.17  Mid‐diaphyseal femoral fracture in a foal. 
This fracture was double plated with a 4.5 mm broad LCP 
laterally and a 4.5 mm narrow LCP cranially.
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had a more significant influence on fracture 
repair in large animals than it has on the small 
animal field. The LCP offers increased construct 
rigidity, resistance to cyclical fatigue, and ulti-
mate load to failure. Improvements in geome-
try make it the most versatile bone plate suitable 
for use in large animal orthopedics. Increased 
cost remains the only disadvantage.
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The Advanced Locking Plate System (ALPS) 
(Kyon AG® Zurich, Switzerland) is a locking 
plate system developed for veterinary use [1–3]. 
ALPS was developed based on research 
performed on the point‐contact fixator (PC‐Fix) 
at the AO Research Institute, in Davos, 
Switzerland, aiming mainly to preserve blood 
supply [3–5]. This was accomplished by shap‑
ing the underside of the plate for minimal 
contact with the bone (Figures  7.1 and 7.2), 
and using only monocortical screws to protect 
the endosteal blood supply. Stoppers in the drill 
bits are used to reduce damage to endosteal 
vasculature.

The Sherman‐shape of the plate is meant to 
provide uniform bending strength along the 
plate length and allows for contouring in all 
planes (Figure 7.3). The screw holes allow for 
insertion of locking and nonlocking screws. 
Locking screws must be inserted at a right angle 
to the plate while nonlocking screws can be 
angulated 30° in the longitudinal plane and 5° 
in the transverse plane. Additionally, nonlocking 
screws can be used to position the plate in 
compression or neutral functions. If needed, 
nonlocking screws can be replaced, once fixation 
is achieved, by the diameter larger locking screws 
using the same plate holes. The screwheads 

lock into the plate‐holes by a combination of 
two mechanisms: (i) partial threads in the 
plate‐hole that lock with the most proximal 
thread of the screw (Figure 7.1), and (ii) conical 
shape of both the screwhead and the plate hole.

The plates are made of grade 4 titanium and 
the screws are made of a titanium‑aluminum‐
vanadium alloy (Ti‐6A1–4 V). Four size‐systems, 
named based in the width of the plates, are 
available. Each system has two different sizes 
of plates fitting the same‐size screws: mini 
(3.5/4 mm), small (5/6.5 mm), medium (8/9 mm), 
and large (10/11 mm). Details of plate size, 
locking and cortical screw sizes, and common 
applications of each system are provided in 
Table 7.1. A dedicated implant chart is used to 
evaluate proper implant size (Figure 7.4).

ALPS‐specific instrumentation includes 
drilling guides for locking and nonlocking 
screws (Figure 7.5). Different from other lock‑
ing systems, the guides for locking screws 
cannot be fixed to the plate and must be held in 
position by hand. Dedicated drill stoppers can 
be used to prevent damage to endosteal blood 
supply when using monocortical screws. Two 
different guides for nonlocking screws can be 
used: a compression sleeve used to apply eccen‑
tric screws for fracture compression and a guide 

Tomás Guerrero

7 The Advanced Locking Plate System 
(ALPS)

Ve
tB

oo
ks

.ir



72  Section III: Current Veterinary Locking Plate Instrumentation and Implants

that centers the screw hole in the plate hole. 
This guide allows for the limited angulation 
described above.

Cutting irons for plates 3.5–9 mm and bend‑
ing irons are also needed. Each size of plate has 
a proper size of cutting and bending iron. For 
in‐plane bending, a special bending instrument 
is used. Plate holes are protected from deforma‑
tion with plugs positioned before bending.

Clinical application of the system has been 
reported [1–3], showing an overall good out‑
come and good handling characteristics. There 

are no reports about the newest 3.5–4 mm 
plate system developed for miniature breeds. 
Dedicated ALPS plates are also used to perform 
tibial plateau leveling osteotomy (TPLO) and 
proximal abducting ulnar osteotomy (PAUL) to 
treat cranial cruciate disease and elbow medial 
compartment disease, respectively. Based on 
published reports [1, 6] showing that mono cor‑
tical screw fixation is in some cases insufficient, 
longer locking screws have been recently devel‑
oped, increasing the longest length to 34 mm 
for the ALPS 10/11 system. There are no avail‑
able reports on use of the new long bicortical 
locking screws.

Different from other plate–systems, plate‐to‐
bone contact is needed when working with 
ALPS [1]. After contouring the plate to the 
bone, the proximal, and distal ends of the plate 
are fixed with nonlocking screws to the bone 
fragments. Further stabilization is provided 
using the locking screws. After the locking 
screws are placed, the initially placed nonlock‑
ing screws can be replaced by locking screws 
using the same screw holes (depending on bone 
quality redrilling to the proper drill bit size may 
be necessary). Locking screws can be positioned 
in mono or bicortical mode depending on 
bone quality and location in the bone. Bicortical 

Figure 7.1  Detail of the back side of a plate showing 
its shape aimed to minimize plate to bone contact. The 
locking mechanism between the last screw‐thread and 
the plate hole is also observed.

Figure 7.2  Good vascularized periosteum is observed 
after plate removal in a radius. (Source: Courtesy of 
Dr. Junga Ogawa)

(a) (b)

Figure 7.3  (a) and (b) Clinical application of an ALPS 
plate in a femur. The Sherman‐shape of the plate allows 
for contouring it in all planes.
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screws should be used in very young patients, 
metaphyseal areas of the bone, and in dogs 
with poor bone quality. ALPS screws are larger 
in diameter in comparison with other plate 
systems (e.g. ALPS 10, the equivalent to the 
dynamic compression plate [DCP] 3.5 system, 
takes 4.0 mm locking screws). Care must be 
taken to avoid creating a fracture using this 
large‐diameter screw size. In dogs with ade‑
quate bone quality and in the diaphyseal section 

of the bone, short screws positioned in mono‑
cortical fashion are preferentially used. In these 
cases, drilling is performed using a drill stop‑
per attempting to protect the endosteal blood 
supply. To prevent screw pullout, the cutting 
flutes must penetrate the cortex completely. In 
miniature dogs with small endosteal cavities 
and insufficient intramedullary space for the 
cutting flutes, bicortical screws should be used 
to prevent risk of transcortical fracture. Close to 

Table 7.1  Showing the available ALPS sizes and its common applications.

System Plate sizes Locking screws Cortical screws Common application

(wide 
in mm)

Length:
Plates 3.5–9 mm are 
cuttable in length

Diameter 
(mm)

Length 
(mm)

Diameter 
(mm)

Length 
(mm)

Mini 3.5
4

20 holes / 79.5 mm
20 holes / 89–5 mm

1.6 5–10 1.0 5–12 Distal radius for small/toy breeds, 
maxillofacial, and exotics

Small 5
6.5

43 holes / 236.5 mm
34 holes / 238 mm

2.4 5–16 1.5 6–30 Feline and small‐breed canine 
tibia fractures, distal radius 
fractures in medium breeds

Medium 8
9

26 holes / 234 mm
22 holes / 234 mm

3.2 6–30 2.4 10–32 Femur fractures in cats and as a 
complementary plate in larger 
patients

Large 10
11

2 holes / 23 mm–12 
holes / 143 mm
4 holes / 51.5 mm–18 
holes / 233.5 mm

4.0 10–34 2.7 10–34 Long bone fractures in medium 
to large and even giant (ALPS 11) 
breed dogs

(a)

(b)

(c)

Figure 7.4  The different drill guides are shown. The guides for locking screws (a) must be held by hand in position 
during the drilling. (b)The guides for cortical screws allow for angulation in both planes, centering the screws in the 
plate hole. These guides are also used to position lag screws. The guides in the lower row (c) are used to drill the bone 
holes eccentrically in the plate hole and in this manner to create interfragmentary compression.
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Figure 7.5  Reference chart for clinical application of ALPS.
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joints, when angulation is needed, nonlocking 
screws can be used. Nonlocking screws may 
also be used in cases where larger locking 
screws may risk a fracture. Distal fixation of 
carpal and tarsal arthrodesis are examples of 
this type of fixation [1].
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The Fixin system differs from other locking 
systems because it is a locking screw‐insert (bush-
ing)‐plate construct [1–4]. Locking is achieved 
between the screwhead and the bushing by a 
conical coupling locking mechanism. The bush-
ing is an intermediary insert that screws into the 
plate and couples with the screwhead (Figure 8.1). 
Fixin screws have a 1.0° and 1.5° (large and mini 
system, respectively) conical head that will lock 
into a corresponding tapered cone within the 
bushing [2–4]. The screw‐bushing coupling is 
achieved by friction, micro‐welding, and elastic 
deformation between the screwhead and the 
bushing insert [1, 2] (Figure 8.2). An advantage of 
the screw‐bushing‐plate construct is that it allows 
for an easier option if the implant needs to be 
removed, as opposed to both nonlocking and 
locking screw to plate interfaces. In other systems, 
if the screw has deformed (cold welding) to the 
screw hole or the screwhead does not engage the 
screwdriver, many times the screw cannot be 
removed without cumbersome methods such as 
burring the screwhead. If the screwhead is no 
longer able to engage the screwdriver the bush-
ing‐screw complex can be removed with the 
bushing extractor. The bushing construct also 
allows for even force distribution over the screw-
head. If the screw hole is not filled with a screw, 

the bushing still maintains even force distribu-
tion, decreasing the risk of plate failure over this 
site, in comparison to previous plate designs 
(dynamic compression plates, combination 
locking compression plates, etc.). The addition 
of the bushing increases the screws resistance to 
shear forces and also allows for a thinner plate 
design overall. With the bushing–plate construct, 
the bushings allow for the plate design to be 
decreased in thickness and of comparable strength 
to other, thicker locking plate systems. Due to the 
decreased thickness, the plate allows for more 
elasticity (elastic deformation), which promotes 
earlier callous formation around the fracture or 
osteotomy and earlier clinical and radiographic 
union. Also, a thinner plate design allows for less 
irritation and impingement on surrounding soft 
tissue structures (proximal tibia, distal tibia, car-
pus, tarsus, and other distal extremities) [2–4].

8.1  Fixin Implants and Instrumentation

8.1.1  Standard and Mini Fixin Systems

The plates are constructed of AISI 316LVM 
stainless steel, the bushing inserts and screws 
are composed of titanium alloy Ti‐6Al‐4 V, and 

Kevin P. Benjamino and Massimo Petazzoni

8 The Fixin Implant System
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the screws are self‐tapping. As noted, the Fixin 
system combines two different metals, provid-
ing a titanium‐to‐stainless‐steel interface. 
While historically there has been concern for 
the occurrence of galvanic corrosion when two 
different types of metal are combined, recent 
studies have demonstrated that this does not 
occur between titanium and stainless steel. In 
one study, which evaluated galvanic corrosion 
in different interfaces (stainless steel to stainless 

steel, stainless steel to titanium, and titanium to 
titanium) during cyclic loading in saline, it was 
shown that the stainless‐steel‐to‐titanium inter-
face had less evidence of corrosion than the 
other interfaces [5]. In another study evaluating 
cyclic loading in serum, the mixture of metal 
implants did not cause metal release or loss 
when compared to a single metal construct, 
further demonstrating the safety of titanium‐
to‐stainless‐steel interface [6].

(a)

(b)

(c)

(d) (e)

Figure 8.1  Note the conical‐shaped head within the bushing that is threaded into the plate. The coupling/locking 
mechanism is engaged via divergent angles. (Source: Courtesy of Massimo Petazzoni.)

(a) (b) (c)

(d)

Figure 8.2  This demonstrates the plate and bushing combination. D refers to the designated bushing extractor for ease 
of replacing or removing the bushings. (Source: Courtesy of Massimo Petazzoni.)
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The plates are made with variable thickness, 
from 1.2 mm to 3 mm. The number of holes in 
each plate varies from four to eight holes, and 
the plate length varies as well, with the excep-
tion of cuttable mini and micro plates  [2–4]. 
Specialty plates (precontoured) are available 
for specific procedures − such as tibial plateau 
leveling osteotomy (TPLO), distal femoral oste-
otomy (DFO), center of rotation and angulation 
(CORA)‐based leveling osteotomy (CBLO), dou-
ble pelvic osteotomy (DPO), pancarpal and pan-
tarsal arthrodeses, and acetabular fractures [7] 
(Figures 8.3 and 8.4).

The screw sizes allow for flexibility in appli-
cation. The standard Fixin system accepts 
3.0 mm (2.5 mm drill bit) and 3.5 mm (2.8 mm 
drill bit) screws that are interchangeable 
within the bushing. The mini Fixin system 
accepts 1.9 mm (1.5 mm drill bit) and 2.5 mm 
(2.0 mm drill bit) screws that are also inter-
changeable within the bushing. All Fixin screws 
are self‐tapping and have smaller threads and 
an increased core diameter compared to non-
locking cortical screws, which is similar to other 

locking screw designs. These features allow 
for increased resistance to screw bending and 
increased resistance to shear forces due to an 
increased cantilever effect [2–4].

Fixin‐specific instrumentation includes the 
bushing extractor, temporary stabilizing screws, 
and pin stoppers [2]. There is a specific plate 
bender manufactured for the standard and 
mini Fixin systems exclusively. The dedicated 
recesses in the plate bender provide bushing 
protection against deformation during contour-
ing of the plate.

8.1.2  Micro Fixin System

The micro Fixin system is conceptually the same 
as the standard and mini systems; however, 
some of the materials are different. The micro 
system was designed to decrease the incidence 
of stress protection of the bone that was 
observed when using the mini Fixin system in 
toy‐breed dogs and cats (<4 kg) [8]. The advan-
tages (as is evident in the design and experi-
enced by the authors) of the micro system in 
smaller patients are the decreased thickness of 
the implant (more “elasticity” of the implant) and 
the decreased diameter of the screws (decreas-
ing the stiffness of the construct). Additionally, 
like other locking systems, minimal screw 
numbers (two to three) per bone fracture 

Figure 8.3  Combination compression and locking 
tibial plateau leveling osteotomy (TPLO) plate. (Source: 
Courtesy of Intrauma.)

Figure 8.4  Double pelvic osteotomy (DPO) plate. 
Note the compression screw hole. (Source: Courtesy of 
Intrauma.)
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segment are necessary to maintain adequate 
stability [8]. The plates, bushings, and screws 
are all made of titanium alloy (Ti‐6Al‐4 V), 
and the thicknesses of the plates are uniform 
(1.2 mm). There are T‐plates, L‐plates, and 
straight plates for osteotomy correction or 
fracture repair application. There is also a 
26‐hole cuttable plate available, which has been 
particularly useful for feline fractures or toy 
breed dog osteotomy fixation.

Similar to the other Fixin systems, the micro 
system has a drill guide that engages the bush-
ings in the same fashion and allows for the use 
of a 1.3 mm drill bit. The depth gauge is on the 
surface of the drill guide, and there is a window 
in the drill guide that allows for visualization of 
the drill bit, as well as a laser line on the drill 
bit that corresponds to measurements on the 
drill guide to give an accurate measurement 
(Figure 8.5). A star screwdriver is used that cor-
responds to the star recess within the screw-
head. A conventional mini depth gauge (1.5/2.0 
DCP standard set) is also compatible.

8.2  Surgical Technique

There are several methods in which the plate 
can temporarily be stabilized against the bone 
to ensure proper position prior to screw place-
ment. There are small holes within the plates 
(trauma and specialty plates) that allow for 
small Kirschner‐wire (K‐wire) placement 
(0.045 in., or 1.2 and 1.0 mm for the micro sys-
tem). The wire should be placed in bicortical 
fashion and then bent over the plate to provide 
plate stability during drilling for screws. 
Another method is using the pin stopper 
method; this utilizes a K‐wire placed within a 
screw hole. A drill guide is placed in the 
desired screw hole and a smooth or threaded 
K‐wire is placed through the drill guide in the 
cis cortex (or bicortically). Next, a pin stopper 
is placed over the wire and flush with the drill 
guide and subsequently tightened. This 
method can be employed and placed at both 
ends of the plate  [1–4]. A third technique 
would be to use a temporary fixation screw, 
which is a monocortical or bicortical screw 
that does not engage the locking mechanism. 
The temporary fixation screw is placed in the 
screw hole and engages the bone; however, the 
head is larger than the bushing and it sits on 
top of the bushing. The locking screwheads 
should be either flush with the bushing or 
slightly protruding. If the head is not appro-
priately seated within the bushing, the locking 
mechanism is not properly engaged [2].

It is advisable when either stabilizing or 
inserting the first screws to utilize the holes 
at  the periphery of the plate. This will ensure 
that the other holes are appropriately lined up 
over  the length of the bone. If the peripheral 
screws do wind up lying off the major portion 
of bone and bicortical screw placement is 
impossible and plate position cannot be 
changed, then the bushing can be removed and 
the largest possible cortical screw should be 
placed in the hole  (not exceeding 25% of the 
bone diameter). This screw should be angled to 
engage both cortices.

The precontoured Fixin TPLO and DPO 
plates do allow for compression of the osteot-
omy site. This is achieved by placing standard 
cortical screws before placing the locking 
screws, in the dedicated compression holes 
present in these plates (Figure 8.3).

Figure 8.5  Note the micro system drill guide and the 
corresponding laser line on the 1.3 mm drill bit. (Source: 
Courtesy of Intrauma.)
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The Fixin system affords the veterinary 
surgeon the ability to handle most of the dif-
ferent types of fracture repairs and osteotomy 
procedures. There are key advantages to this 
system. The system has a strikingly easy 
application to bone and fracture segments 
with simple placement of the drill guide into 
the bushings (conical coupling versus 
threaded placement). Screw/implant removal, 
when needed, has been simplified as well. The 
implants accommodate minimally invasive 
applications very well with their solid plate 
design, decreasing or eliminating the risk of 
implant breakage at screw hole left unfilled. 
One advantage noted by the authors is the 
ease of plate contouring and how this applies 
to dogs that have both a cranial cruciate liga-
ment rupture and medial patella luxation. The 
five‐ to six‐hole TPLO plates allow for easy 
contouring and accommodate medialization 
of the proximal segment of a TPLO, thus lat-
eralizing the tibial tuberosity and patellar 
tendon. Other advantages include the ability 
to use different‐diameter screws with the 
same plate when needed and the low‐profile 
nature (decreased thickness) of the plates, 
which facilitates positioning in distal, limb 
fractures where muscle and skin coverage is 
limited.
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In 2012, a new form of polyaxial screw place-
ment in locking plates was introduced with lib-
erty lock plates. The benefit of polyaxial plate 
design is the ability to angle the screws in the 
screw hole of the plate, where traditional lock-
ing plates require 0° of angulation (true perpen-
dicularity to the plate). Without polyaxial 
design, angulation of the screws in the screw 
holes results in inadequate screw locking and 
difficult insertion and removal. In addition, 
being confined to 0° of angulation in the plate 
limits use in certain clinical situations, such as 
near fracture sites, joints, and growth plates. 
Lastly, because locking plates are frequently 
used with an IM pin, it can be easier to avoid 
the pin if one is able to angulate the screw.

The liberty lock polyaxial mode of action is 
different than other reported poly‐axial sys-
tems [1, 2], as the screws do not cut the threads 
into the screw holes. The locking holes and 
screws are manufactured to work together to 
provide for a polyaxial locking mechanism. 
The screw holes are manufactured with “inter-
rupts” in the thread, allowing the bone screw 
four entry points into the threaded hole of 
the plate. The bone screw has two entry points 
in the locking thread on the screwhead. By 

combining these two features, the screw can be 
angled up to 15° in any direction, while virtu-
ally eliminating any potential cross threading 
of the locking screws.

The plates and screws are made of 316LVM 
stainless steel, which is austenitic. Austenitic 
stainless steel is more resistant to corrosion and 
is very formable, making it a good choice for 
locking plates. The screwheads utilize the hex-
alobe (aka stardrive) drive mechanism. This 
drive allows for increased torque, which has 
been shown to allow for a stronger locking 
mechanism in locking plates [1].

The pushout strength of the 3.5 mm screws 
has been investigated in the laboratory at vari-
ous angles up to 15° within the 3.5 mm plate. 
With 2.5 Nm of insertion torque, the push‐out 
force (N) was noted to be as follows: 0°, 3320 N; 
5°, 3087 N; 10°, 2778 N; 15°, 2500 N.

Currently, liberty lock plates designed for 
fracture repair are available in three sizes: 3.5, 
2.7, and 2.4 mm, with corresponding screw 
sizes, as well as a variety of specialty plates 
(hybrid T‐plates, arthrodesis plates, double pel-
vic osteotomy [DPO] plates, distal femur plates, 
and acetabular plates). The 2.4 plates can be 
used with either 2.7 or 2.4 mm screws. They are 

Karl C. Maritato
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also available are 3.5 mm mini, 3.5 mm regular, 
and 3.5 mm broad tibial plateau leveling oste-
otomy (TPLO) plates.

It is important to differentiate these locking 
screws from traditional compression screws, as 
the drill bits used are different and correlate 
with the inner core screw diameter. For 3.5 mm 
screws, a 2.8 mm drill bit is used; with 2.7 mm 
screws, a 2.1 mm drill bit is used; and with 
2.4 mm screws, a 1.8 mm drill bit is used. In 
order to ensure proper alignment of the screw-
head threads and the plate hole threads, there 
are threaded drill guides that fit into the 
threaded plate holes, defining the angle at 
which the screw can be inserted and allowing 
for the screws to be inserted properly. It is very 
important to not make drill holes for locking 
plates without using the proper drill bit 
guide,  as it can result in an improper locking 
mechanism and weakness in the screw‐plate 
construct.

The author has successfully used liberty lock 
plates in both open and minimally invasive 
fashions. They are particularly well suited to 
combination plate‐rod constructs, because of 

the angulation degrees allowable, making it 
easier to avoid the IM pin (see Figure 9.1a and b). 
The 3.5 and 2.7 mm plates are relatively low 
profile and have a node‐internode design fash-
ion. This allows the surgeon to place plate 
benders along the internode, avoiding damage 
to the node that can result in deformation of the 
screw hole and poor locking mechanism. This 
also allows for rotational bending of the plates 
as well. The 2.4 plates are not node‐internode in 
shape, but rather, cuttable and similar to the 
shape of nonlocking cuttable plates, making 
them very useful in smaller‐animal long bones 
(Figure 9.2a and b), as well as in the mandible 
(Figure 9.3a and b).

The author has also successfully used the 
TPLO plates available (See Figure 9.4a and b). 
The TPLO plates have a cloverleaf design 
proximally, allowing for solid plate coverage 
in the proximal segment, while allowing 
maneuverability for those wishing to use a jig 
to complete the procedure. The screws in the 
proximal plate are also angled at 6° distally, 
assisting the surgeon to avoid the joint. The 
plate is low profile compared to other locking 

(a) (b)

Figures 9.1  (a) and (b) Postoperative lateral and craniocaudal radiographic projection of a repaired tibia fracture.

Ve
tB

oo
ks

.ir



The Liberty Lock System  85

TPLO plates, yet maintains over 400 N of stiff-
ness. The plates are precontoured based on 
contouring performed during surgery during 
the design phase of the implant, with the aver-
age contoured shape used. They can be further 
contoured as needed.

In conclusion, the strength and flexibility 
afforded to the surgeon by liberty lock plates 
has proven to be very useful for the treatment 
of many different fracture types and anatomic 
locations in both dogs and cats, as well as for 
the correction of joint abnormalities.

(a) (b)

Figures 9.2  (a) and (b) Postoperative lateral and craniocaudal radiographic projection of a repaired humeral condylar 
fracture. (Source: Courtesy of Dr. Casey Havemann.)

(a) (b)

Figures 9.3  (a) and (b) Postoperative lateral and ventrodorsal radiographic projection of a repaired mandibular fracture. 
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There are now many different locking plate 
systems available to veterinarians. While they 
differ from each other in a variety of ways, the 
majority have in common the fact that they are 
fixed‐angle locking systems. Screwhead and 
plate threads are machined precisely such that 
the screws must be inserted into the plate at a 
predetermined angle in order to achieve a 
locked coupling. Failure of precise placement 
can result in compromised screw locking and/
or cross threading between the plate hole and 
screwhead threads, causing incomplete inser-
tion and challenging screw removal. The fixed 
angle also limits flexibility for screw placement 
when there is a need to avoid joints, fracture 
lines, and other implants. Additionally, some 
fracture locations (e.g. acetabulum) can be dif-
ficult to insert drill guides at 90° to the bone 
because of regional anatomic constraints. By 
contrast, only two multidirectional locking sys-
tems, which offer freedom from fixed‐angle 
insertion requirements, have been reported in 
the veterinary literature [1, 2].

In 2009, the Polyaxial (PAX) Advanced 
Locking System was introduced into the 
veterinary market in order to provide the ben-
efits of locking plate technology with a unique 
multidirectional angle stable (i.e. polyaxial) 

screw insertion option. The PAX screws are 
made of a titanium alloy that is approximately 
twice the hardness of the titanium PAX plate. 
Locking coupling is achieved by structural 
deformation of the vertical plate hole ridges 
by  the sharp, cutting threads of the harder 
screwhead that occurs during tightening. PAX 
screws can be inserted multidirectionally up to 
5° within the plate without a significant loss of 
push‐out strength. At an insertion angle of 10° 
the push‐out strength does decrease signifi-
cantly; however, it is still higher than the pull-
out strength of 3.5 mm cortical screws in bone 
[3] (Figure 10.1). While successful screw‐plate 
coupling can still occur at insertion angles in 
excess of 10°, push‐out strength progressively 
decreases. Using the PAX drill guide helps to 
prevent drilling at an excessive angle as it will 
fulcrum out of the plate hole if placed at an 
angle of greater than 15°.

Generating adequate torque is particularly 
important when inserting PAX screws in order 
to achieve complete coupling. The greater the 
depth of screwhead engagement, the more 
resistance to screw push‐out is generated. A 
minimum insertion torque of 2.5 Nm has been 
recommended, with 3.5 Nm being ideal [3–5]. 
The author recommends using a large‐handled 

Matthew D. Barnhart
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driver for the 2.7 and 3.5 mm screws in order to 
maximize hand‐generated torque and ensure 
adequate depth of insertion (Figure  10.2). 
Screwheads should appear flush to slightly 
countersunk within the plate when properly 
inserted. Fortunately, there’s little danger of 
applying too much torque since the screwheads 
have the same ability to “cut” their way out as 
they do in (i.e. no cold welding).

The PAX trauma plates come in three types: 
reconstruction (RP), extension (EP), and limited‐
contact straight plates (SP) (Figure 10.3a and b). 

The RPs can be easily contoured in all planes 
with the use of specialized plate benders 
(Figure 10.4). All the plates have holes at both 
ends to accommodate a Kirschner wire (K‐
wire) if the surgeon desires to affix the plate to 
help maintain plate position and to prevent the 
helicopter effect, which can occur in locking 
plates when the first screw is tightened (0.035″ 
K‐wire for 2.0/2.4 mm plates and 0.045″ K‐wire 
for 2.7/3.5 mm plates). The author recom-
mends against using RPs in a buttress fashion 

± 10°

Figure 10.1  Illustration of multidirectional stability of 
polyaxial (PAX) screw within plate.

(a) (b)

Figure 10.2  Example of a large‐handled driver (a) 
compared to a palm‐sized (b). The former should be used 
with the PAX system to help ensure adequate insertion 
torque is generated by hand.

(a)

(b)

(c)

Figure 10.3  PAX trauma 3.5 mm reconstruction (a), 
extension (b), and limited contact straight (c) plates.

Figure 10.4  PAX plate benders are adjustable to all 
sizes of PAX plates and reconstruction‐style plates can be 
contoured in all planes.
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in appendicular fractures unless combined with 
a stiff intramedullary implant. The SP and EPs 
are a stiffer design and can be used to bridge 
fracture gaps. The mechanical characteristics of 
the SP compare favorably with similarly sized 
dynamic compression plates (DCPs), locking 
compression plates and limited contact‐DCPs 
[3,  6]. Additionally, the PAX screws are inter-
changeable between 2.0/2.4 and 2.7/3.5 mm 
systems (e.g. 2.7 mm screws can be used in 
3.5 mm plates and vice versa, etc.), which could 
be advantageous when a stiffer plate is desired 
for a smaller diameter bone. Noteworthy is that 
the core diameters of the 2.0 and 2.4 mm PAX 
screws are slightly smaller than the cortical screw 
counterparts. The drill bits for the 2.0 and 2.4 mm 
PAX screws are 1.3 and 1.7 mm, respectively.

The utility of PAX system for the successful 
management of numerous fracture types and 
for the treatment of atlantoaxial luxations, 
using a specially designed butterfly plate, has 
been reported [1, 7] (Chapter 24). Additionally, 
the PAX locking design is offered in double 

pelvic osteotomy and tibial plateau leveling 
osteotomy plates.

Like other locking plate systems, PAX is 
highly amenable to plate/ rod constructs. 
However, the ability to angle locking screws 
away from intramedullary implants allows for 
more flexibility with bicortical screw placement 
and the use of large intramedullary implants if 
desired (Figure 10.5). A shared potential disad-
vantage with other the locking plate systems is 
the inability to achieve interfragmentary com-
pression of simple transverse fractures with 
the PAX implants. PAX plates do accommodate 
cortical screws of similar size. Anecdotally, 
when such a screw is eccentrically placed 
within the plate hole, up to 0.5 mm of axial com-
pression can occur during tightening by follow-
ing the AO principles recommended for DCP 
placement. Additionally, the use of cortical 
screws will compress the plate to the bone in 
order to facilitate fracture reduction before 
locking screws are applied, if desired.

In conclusion, the PAX system has been 
found to be suitable for the treatment of a wide 
variety of veterinary orthopedic applications. 
The ability to angle screws provides additional 
options for screw placement adjacent to articu-
lar surfaces, fracture lines, or other implants. 
The author and numerous colleagues have 
taken advantage of the PAX multidirectional 
insertion capability and thoroughly appreciate 
the intraoperative flexibility it offers.
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11.1  Introduction

The string of pearls (SOP) is a veterinary locking 
plate system developed specifically for veteri-
nary use [1, 2]. Since its inception in 2006, SOP 
has been used in well over 100,000 clinical 
cases, thoroughly evaluated, and reported in 
many clinical research presentations and papers 
published internationally in the peer‐reviewed 
veterinary literature. The system was designed 
by a small group of veterinary surgeons and 
engineers to address the problems and limita-
tions they had encountered using first‐generation 
locking systems.

11.2  Description of the System

The SOP system is manufactured in three sizes, 
2.0, 2.7, and 3.5 mm (corresponding to the corti-
cal bone screw size) and available in surgical 
stainless steel (316 LVM) or titanium alloy 
(Ti‐6Al‐4 V) [4].

The “plates” have a circular cross‐section 
with a repeating pattern of cylindrical “inter-
nodes” and spheroid “pearls.” Each pearl is 
threaded in the base to accept a standard cortical 

bone screw, with a proximal aperture just wide 
enough to accept the screw’s head. The screw-
head impinges within the pearl, producing an 
interference fit – a secondary lock between the 
plate and screw (Figure 11.1).

Size‐specific bending irons are used. The 
“bending end” imparts four‐point bending and 
a “twisting end” twists the plate evenly along 
the length of the internode [2–4].

Specific drill guides position the drilled hole 
central and perpendicular to the pearl. Finally, 
small, reusable screw‐like “bending tees” 
placed into each pearl preserve the locking 
function despite contouring.

11.3  Design Features of the SOP 
Locking Plate System

Specific design features of the SOP system 
include the following:

1.	 The SOP is slightly stiffer and stronger than 
the corresponding standard 2.0, 2.7, and 3.5 
self‐compressing plates [1].

2.	 The design of the four‐point bending irons 
minimizes the inevitable weakening that 

Malcolm G. Ness

11 The String of Pearls (SOP) 
System
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follows the bending or twisting of any 
metallic implant [2, 4].

3.	 The SOP plate’s circular cross‐section facil-
itates complex contouring of the implant 
[5, 6].

4.	 The locking function is preserved without 
compromise following bending and/or 
twisting of the plate.

5.	 There is a secure double‐locking mechanism – 
a conventional “thread‐in‐thread” feature 
and a second interference fit between 
screwhead and pearl.

6.	 Screw holes are not weak points  –  empty 
screw holes can be left over a fracture or 
elsewhere, according exclusively to clinical 
need [7].

7.	 SOP has a relatively consistent stiffness 
profile, which mitigates damaging stress 
concentration under bending loads and 
optimizes the biomechanical environment 
at the fracture site [8].

8.	 The plates can be cut to any length and 
without compromising locking function 
using only the bending irons.

9.	 The SOP system utilizes standard cortical 
bone screws.

11.4  Perceived Limitations/
Controversies

11.4.1  Screws Cannot Be Angled through 
the SOP Plate

While the design of the SOP precludes the use 
of angled screws, the SOP plate is easily and 
precisely contoured, allowing screws to be 

effectively directed into underlying bone with-
out compromise (Figures 11.2 and 11.3).

11.4.2  Conventional Bone Screws Have 
Inadequately Thin Cores

Inevitably, locked screws will be exposed to 
cyclic loading and may fail by metal fatigue. 
Increasing the core diameter of a screw will 
increase its fatigue life, but this observation 
applies only to a single isolated locked screw – a 
situation that should not be encountered in 
clinical applications. SOP guidelines require 
three screws in each major fragment such that 
they load‐share, and cumulatively protect one 
another from damaging bending loads.

11.4.3 You Can’t Compress the Fracture 
with SOP

This is a deliberate design feature. Locked plate 
systems act as “buttress” fixation – angle‐stable 
implants that transmit load past the fracture – 
and in that scenario, load sharing through 

Figure 11.1  Cut‐away section of a 3.5 string of pearls 
(SOP) plate, with screw in situ. The base is threaded to 
accept a standard cortical bone screw and the inner 
surface of the pearl features a small ridge – the aperture 
reduces from 6.00 to 5.85 mm diameter – against which 
the 6.00 mm screwhead will impinge and lock.

Figure 11.2  Cranio‐caudal radiographs of a Y‐T fracture 
of the distal humerus of a 36 kg Labrador retriever fixed 
with two string of pearls (SOP) plates (one 3.5 and one 
2.7) and 11 screws.
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interfragmentary compression is irrelevant. 
Furthermore, the inevitable viscoelastic relaxa-
tion, dieback, and then remodeling of living 
bone after surgery impair the functionality of 
nonlocked screws, leaving any locked screws 
mechanically exposed.

11.4.4  The SOP Has a High Profile

The 3.5 SOP plate with screws is “taller,” but 
narrower, than a comparable standard self‐
compressing plate and screws. However, even 
in locations with minimal soft tissue coverage, 
this is rarely more than a minor cosmetic issue.

11.5  Range of Clinical Application

The SOP system has been used on more than 
100,000 patients treating a wide variety of 
orthopedic conditions, including diaphyseal 
fractures of the femur, humerus, antebrachium, 
and tibia/fibula [9, 10, 11] (Figures  11.2 and 
11.4); metaphyseal fractures, notably the Y‐T 
fracture of the distal humerus [6] (Figure 11.2); 
and fractures of the maxilla or mandible and 
pelvic fractures – both iliac and acetabular inju-
ries (Figure 11.3). SOP has proved effective in 
arthrodesis, notably of the shoulder [5] but also 

the stifle, elbow, and hock, and it is frequently 
used in revision fracture surgery or to resolve 
complications following joint replacement [10]. 
Spinal applications include fracture repairs, 
distraction‐fusion, and stabilizations [7, 12] 
(Figure 11.5). Finally, specially developed SOP 
implants have been widely used in triple pelvic 
osteotomy (TPO) and tibial plateau leveling 
osteotomy (TPLO) surgery.

11.6  Clinical Guidelines

While participation in a dedicated SOP course 
and workshop is considered an essential pre-
requisite, the clinical guidelines for SOP appli-
cation are summarized below:

1.	 Diaphyseal fractures of the major long 
bones, femur, humerus, tibia/fibula. SOP‐
rod technique: select and insert an intramed-
ullary pin with a diameter similar to the 
internode of the chosen SOP. Fix the SOP 
using three adjacent screws in the proximal 
major fragment and three screws in the 

Figure 11.3  Lateral radiograph of an acetabular fracture 
in a 48 kg cross breed fixed with a single 2.7 string of 
pearls (SOP) and five screws. (Source: Courtesy of Prof. 
Karl Kraus.)

Figure 11.4  Seven weeks follow‐up cranio‐caudal 
radiographs of a comminuted fracture of the tibia 
and fibula fixed using the string of pearls (SOP)‐rod 
technique. (Source: Courtesy of Dr. Brian Beale.)
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distal major fragment, leaving at least 
three empty screw holes centrally. Make no 
attempt to reconstruct or fix any comminu-
tions. Mono‐cortical screws are acceptable, 
though at least one bi‐cortical screw in each 
of the proximal and distal fragments is 
preferred [13–15] (Figure 11.4). For antebra-
chial fractures, the rod is placed in ulna and 
the SOP on the radius.

2.	 Metaphyseal fractures. Use two SOP plates 
with a total of four screws proximal to the 
fracture and four screws distal to the frac-
ture. Mono‐cortical screws are acceptable. 
The plates may both be the same size or of 
different sizes, as clinical needs dictate 
(Figure 11.2).

3.	 Spinal fracture or distraction‐fusion. Use 
SOP in pairs to ensure a stiff, robust repair. 
Use the longest screws that the clinical/
anatomical situation will permit and aim to 
have a total of three screws in each verte-
bral body. The SOP can be “stood‐off” the 
bone to avoid and preserve essential neuro-
vascular anatomy (Figure 11.5).

11.7  Conclusions

SOP is a novel locking plate system designed 
specifically for veterinary use. Locking plate 
mechanics and biomechanics in general, and 

those of SOP in particular, are not obvious, 
and extrapolation of knowledge relevant to 
standard self‐compressing plates is inappro-
priate and potentially problematic. Blake et al. 
[16], writing about locking plate systems in 
veterinary orthopedics, referred to “these 
diverse implant systems” and noted “identical 
approaches to fracture management cannot be 
applied.”

In relation to SOP, the necessary system‐
specific techniques are easily assimilated, 
allowing surgeons to use the system effectively 
on a remarkably wide and disparate range of 
orthopedic and spinal cases.
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The Synthes Locking Compression Plate (LCP) 
with its patented combination plate holes 
(combi‐holes) that accommodate conventional or 
locking screws was released in 2001 [1, 
Chapter 2]. Cortical or cancellous screws can be 
inserted in the dynamic compression unit (DCU) 
of the combi‐hole to provide axial compression. 
The other half of the combi‐hole is threaded and 
conical to accept a locking screw, allowing for 
fixed‐angle stability. As such, an LCP can be 
applied in two manners: as a compression plate 
or as a bridging “internal fixator” plate.

The strength of the locking fixation depends 
less on the integrity of the bone than on fixations 
using conventional compression plates. Locking 
plates allow rigid fixation of comminuted frac-
tures using biological fixation and are ideal for 
fractures in weak bone. Furthermore, locking 
plates are the ultimate implant for minimally 
invasive plate osteosynthesis (MIPO).

The locking drill guide threads into the 
threaded portion of the combi‐hole in the plate 
in a fixed direction (uniaxial) for an angle‐stable 
construct (Figure 12.1). The threads of the lock-
ing screw are smaller than cortical screws, as 
they do not have to create compression between 
the bone and the plate. Locking screws also 

have a larger core diameter than conventional 
screws, allowing them to be stronger in bend-
ing and shear forces. The thread leads on the 
shaft and the head of the locking screw are 
1 mm. The pitch on the threads in the head is 
0.5 mm, or two threads per 1 mm of space, also 
known as a 2‐start thread. In a 2‐start thread, 
there are two sets of threads 180° apart. During 
screw insertion, the shaft and head spin at the 
same rate but the threads in the head travel 
twice the distance. If the screwhead threads 
come in contact with the plate threads and 
become 90° out of phase, a height/distance of 
0.25 mm is created. The plate/screw/bone will 
adjust to allow the screwhead to properly thread 
into the plate without stripping the threads into 
the bone. The leading screwhead thread will 
tend to compress the plate against the bone 
until the threads come into phase. When the 
threads mate together, the plate will release 
some of the built‐up compression. Per the man-
ufacturer, the Synthes stardrive screwhead 
design is 65% stronger in insertional torque 
than conventional hexagonal screwhead design 
(Synthes publication #036.001.395). Locking 
screws offer less risk of screw loosening than do 
conventional screws.

Jessica A. Dahlberg and Kenneth A. Bruecker

12 The Synthes Locking 
Compression Plate (LCP) 
System 
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98  Section III: Current Veterinary Locking Plate Instrumentation and Implants

12.1  Other Locking Compression Plate 
Manufacturers

Since its debut several years ago, many manu-
facturers have utilized the Synthes plate and 
screw design. However, most did not dupli-
cate the 2‐start thread design. In 2004, New 
Generation Devices introduced a similar 
locking plate design with combination holes 
with 2‐start thread screwheads (Figure 12.2). 
The screw holes and heads are not conical, 
but the screwhead has a collar that prevents 
overinsertion (Figure 12.2).

12.2  Applications of Implants

If using both locking and nonlocking screws in 
a plate, the surgeon has options depending on 
need.

Locking exclusive application (Figure  12.3a): 
Using only locking screws provides a but-
tress effect and produces no additional 
compression across a fracture or osteotomy. 
Reduction of fragments using lag screws 
may be performed before application of the 
plate, if so desired for the intended repair. 
Monocortical locking screws may be used 

in the plate because of the angle‐stable 
construct, without danger of toggling 
occurrence as with nonlocking screws.

If using the plate as an internal fixator, 
precise contouring of the Synthes LCP is 
not required. However, contouring may be 
performed using bending instruments 
placed between holes to avoid large gaps 
beneath the plate. In a study of 4.5 mm LCP 
constructs, no loss of stability was noted 
with a 2 mm gap below the plate  [2]. 
However, a 5.0 mm gap between the plate 
and bone did result in some compromise to 
stability. The plate holes allow a small 
degree of deformation. However, as the 
locking holes accept locking screws perpen-
dicular to the plate, it is important not to 

Figure 12.1  Synthes locking compression plate. 
(Source: Courtesy of AO foundation.)

Figure 12.2  New Generation Devices locking plate. (Source: Courtesy of New Generation Devices.)

(a) (b)

Figure 12.3  AO plate applications. Locking only (3a). 
Combination locking and compression (3b). (Source: 
Courtesy of AO foundation.)
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deform this portion of the combi‐hole, as 
distortion will lessen locking effectiveness.

Plates may be secured to the bone using 
several techniques. The plate can be lightly 
secured with bone‐holding forceps or tem-
porary cortical bone screw. Additionally, a 
Synthes push‐pull reduction sleeve or 
threaded plate holder may also be imple-
mented. These instruments temporarily 
hold the plate to the bone through the plate 
hole. The push‐pull device has a Synthes 
quick connection for power insertion within 
the cis‐cortex only.

Locking screws (self‐tapping) require 
utilization of a Synthes drill bit and 
threaded drill guides. The drill guides must 
be removed before using the depth gauge. 
Drill bit sizes for specific locking head 
screws are shown in Table 12.1.

Screws are tightened with the Synthes 
stardrive screwdriver. A Synthes torque‐
limiting attachment (1.5 Nm) should be 
used when using power. Screwheads 
should be checked to ensure that they are 
flush with the LCP. Cross‐threaded locking 
heads will not fully seat into the plate, 
resulting in compromised stability.

Hybrid application (Figure 12.3b): Internal fixa-
tion with Synthes LCP can be achieved 
using a combination of locking and stand-
ard screws (us.synthesvet.com). If using an 
LCP to compress across a fracture or oste-
otomy, one option is to apply all locking 
screws to one segment first to secure that 
segment, then place a nonlocking (cortical 
or cancellous) screw in the other segment in 
DCU fashion. The remaining locking or 
nonlocking screws can then be placed. 
When using locking and nonlocking screws 
in the same segment, the nonlocking screws 
must be placed first, which will secure the 
plate to the bone. If the locking screw is 

placed first, it would fix the plate away 
from the bone and not allow the cortical 
screw to compress the plate down to the 
bone, resulting in a loss of stability. 
Improper screw placement order may result 
in rotational malalignment.

12.3 Tips for Implant Removal

Unlock all screws in the plate by hand before 
removing any one screw. This prevents screw-
head stripping and rotation of the plate on the 
bone while removing the last screws.

12.4  Locking Compression Plate 
Indications

FEMUR (Figure  12.4): This illustrates a three‐
year‐old spayed female Rhodesian Ridgeback 
with a highly comminuted midshaft femoral 
fracture.

Procedure: Lateral Approach to Femur with 
minimal handling of comminuted frag-
ments. A 1/8” IM pin (approximately 40% 
of the medullary cavity diameter) was 
inserted in a normograde fashion). An 
eight‐hole 3.5 mm LCP (Synthes) was 
placed on the lateral cortex with monocorti-
cal and bicortical locking screws.

RADIUS (Figure  12.5): Two‐year‐old, 4.8 kg 
intact male Terrier with short oblique distal 
diaphyseal radius and ulna fractures.

Procedure: Dorsomedial approach to radial 
diaphysis. Extensor mm retracted to expose 
diaphysis. Fracture reduced and seven‐hole 
LCP with nonlocking and locking screws in 
a compression fashion.

HUMERUS (Figure  12.6): Three‐year‐old, 
25.1 kg intact female Labrador with a reduc-
ible mid‐diaphyseal humeral fracture with 
fissure fracture in distal segment.

Procedure: Medial approach to humerus. Three 
cerclage wires were placed around distal 
fissured segment. The fracture was reduced 
and stabilized with a plate‐rod construct 
using an IM pin and an eight‐hole 3.5 mm 
Synthes LCP in neutralization fashion on 
the medial aspect of the bone.

Table 12.1  Synthes drill bit and screw sizes.

Drill bit(mm) Screw (mm)

1.5 2
1.8 2.4

2 2.7

2.8 3.5
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Figure 12.5  Two‐year‐old M Terrier 4.8 kg. Pre‐, immediate post‐, and three‐week postoperative radiographs of a short 
oblique distal diaphyseal radius and ulna fractures.

Figure 12.4  A three‐year‐old SF Rhodesian Ridgeback. Pre‐ and postoperative radiographs of a highly comminuted 
midshaft femoral fracture.
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Figure 12.6  Three‐year‐old female Labrador 25.1 kg. Pre‐ and postoperative radiographs of a reducible mid‐diaphyseal 
humeral fracture with fissure fracture in distal segment.

Figure 12.7  3 yo SF Rhodesian Ridgeback cross 26.7 kg. Pre‐ and postoperative radiographs of a midbody ‐ oblique 
fracture of left ilium.
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Figure 12.8  Two‐year‐old CM GSD 43.1 kg. One‐month and 11‐month postoperative radiographs.

ILIUM (Figure  12.7): Three‐year‐old, 26.7 kg 
spayed female Rhodesian Ridgeback cross 
with a midbody oblique fracture of left ilium.

Procedure: Dorsolateral approach. Six‐hole 
3.5 mm LCP applied across fracture and 
stabilized with two cortical and four 3.5 mm 
locking screws.

TPLO (Figure  12.8): Two‐year‐old, 43.1 kg 
castrated male German Shepherd Dog 

with a left rupture of the cranial cruciate 
ligament.

Procedure: Synthes LCP tibial plateau leveling 
osteotomy (TPLO) plates are placed in a 
Hybrid fashion to compress across the 
osteotomy. Screw sites four and six hold 
cortical screws. The other four holes are 
combi‐holes and can accommodate either 
cortical or locking screws.
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Section IV
Trauma Applications: Clinical Case 
Examples
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13.1  Introduction

Humerus fractures account for approximately 
10% of all long bone fractures in dogs and cats 
[1–3], most of which occur secondary to trauma. 
Some fracture configurations are predictable 
based on the age of the patient, such as condy-
lar fractures in young animals with open phy-
ses. The majority of fractures tend to involve 
the middle and distal thirds of the humerus [1].

13.2  Anatomy

The humerus has unique features that make it a 
challenging bone to approach and repair, in part 
due to its proximal location with a large sur-
rounding muscle mass. Accurate knowledge of 
the relevant anatomy is essential for successful 
reduction of fracture fragments and application 
of a fixation apparatus (Figure 13.1). Differences 
in anatomy between dogs and cats can dictate 
the choice of fracture repair technique, along 
with the actual position of the chosen implants. 
Specific factors that are relatively unique to the 
humerus are the S‐shaped nature with a twist 
moving distally. There are ridges proximally and 
distally, which make accurate plate contouring 

especially challenging. The radial nerve is 
located on the distolateral aspect, with the canine 
median and ulnar nerves being located on the 
medial aspect. The feline humerus differs in 
three ways. First, there is a supracondylar fora-
men; second, the median nerve and a branch of 
the brachial artery pass through the supracon-
dylar foramen; and third, the communication 
between the olecranon fossa caudally and the 
radial fossa cranially is interrupted by bone 
across the supratrochlear foramen.

Supracondylar humeral fractures can be espe-
cially challenging due to the complex anatomy 
of the distal humerus. There are several impor-
tant factors, the most notable being the presence 
of the supratrochlear foramen in the dog; a thin 
lateral epicondylar ridge; irregular surfaces of 
the metaphysis; and finally, the proximity to the 
elbow joint [4]. These factors in combination lead 
to challenging surgical repairs and a very small 
area for safe and effective implant placement.

13.3  Surgical Approach

It is possible to approach the humerus from 
lateral, cranial, and medial surfaces. The 
approaches are challenging because of the 

David R. Mason

13 Humerus Fractures
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106  Section IV: Trauma Applications: Clinical Case Examples

plethora of neurovascular structures that can be 
encountered during dissection, along with the 
significant muscle bellies [5].

It is the opinion of the author that diaphyseal 
fractures are generally best approached from the 
medial aspect, with the exception of proximal 
fractures, which may be more accessible through 
a lateral approach. Medially, the humeral dia-
physis is relatively straight and flat and the 
medial epicondylar crest is less pronounced 
than that of the lateral epicondyle. These fea-
tures permit less plate contouring and thus a 
simpler application of a plate on the medial sur-
face; particularly given that locking plates need 
not fit perfectly to the shape of the bone [1]. 

Medial approaches to the feline humerus are 
advantageous for visualization and protection 

of the median nerve and the brachial artery 
within the supracondylar foramen [1, 6]. (See 
Figure  13.2). This medial approach in itself is 
relatively straightforward. Depending on the 
patient and injury factors, it might require cut-
ting of the pectoral muscle origins proximally, 
reflecting the biceps brachii muscle caudally 
and the brachiocephalicus muscle cranially. It is 
the author’s experience that the overall soft tis-
sue trauma and subsequent morbidity is sig-
nificantly less when utilizing this particular 
approach. It is imperative to identify and pro-
tect the median and ulnar nerves along with the 
brachial vessels when performing a surgical 
approach to the medial aspect of the humerus 
in both species.

13.4  Biomechanics

There are limited clinical studies describing 
the biomechanics of the humerus; however, 
there are a few recent studies regarding 
locking plate (LP) technology used in this 
location. Short monocortical screws, 50% 
transcortical screws, and bicortical screws 
were compared in different regions of the 
humerus. The use of short monocortical 
screws was shown to contribute to failure of 
LP fixation of humeral fractures, especially 
when placed in the condyle. In fact, a linear 
relationship was noted between screw length 
and axial pullout strength. Thus the authors 
suggested that when bicortical screw place-
ment is not possible, maximizing monocorti-
cal screw length might optimize fixation 
stability for distal humeral fractures [7]. A 
canine cadaveric humeral supracondylar frac-
ture model was used to compare unilateral 
string of pearls (SOP) plating with bicortical 
screws versus bilateral plating with monocor-
tical screws. The unilateral constructs had sig-
nificantly lower stiffness in torsion and axial 
compression, and a significantly higher ulti-
mate strength than bilateral constructs. All of 
the unilateral constructs failed by bending of 
the transcondylar screw and SOP plate. All 
bilateral constructs failed by axial pullout of 
the distal most screws. The incorporation of 
a transcondylar screw through the medial 
plate was found to be beneficial to construct 
strength [8].

Greater
tubercle

Head

Lesser
tubercle

Tuberosity
for teres major

Olecranon fossa
Lateral

supracondylar
crest

Lateral
epicondyle

Medial
epicondyle

Figure 13.1  Normal anatomy of the humerus. 
(Source: The Guide to the Dissection of the Dog, 
5th edition. Evans and deLahunta W·B Saunders 
Company. Page 11.)
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13.4.1  Material Considerations

Bone plating has been described, including 
medial or combined medial and lateral plating. 
Locking plates offer several advantages to con-
ventional plate fixation when applied to the 
humerus. Due to the angle stable construct with 
traditional locking devices created by the screw 
interlocking with the plate, neither bicortical 
screw placement nor precise plate contouring is 
necessary. These attributes are useful, espe-
cially in application distally due to the need to 
avoid the supratrochlear foramen and articular 
surface, and because of the irregular surfaces of 
the distal humerus. The author uses a variety of 

LP systems for repair of humeral fractures. 
These include the PAX locking plate (Securos, 
Fiskdale, MA, USA), string of pearls (SOP 
Orthomed LTD, Huddersfield, UK), and 
Synthes (DePuy Synthes Vet, West Chester, PA). 
The choice of which implant to use is based on 
specific patient size and fracture configuration 
at the time of the procedure.

Additionally, the author commonly utilizes 
the combination plate and rod approach depicted 
in Figure 13.2. In general, the pin should fit to 
approximately 30% of the diameter of the med-
ullary canal; however, since monocortical screw 
placement is a viable option with locking plates, 
larger‐diameter pins can also be used [9].

Figure 13.2  Pre‐ and postoperative radiographs of a feline humeral fracture. Postoperative radiographs show a 
combination repair with a 2.0 mm Synthes locking compression plates (LCP).
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108  Section IV: Trauma Applications: Clinical Case Examples

A specific factor that relates to choice of the 
polyaxial stable (e.g. PAX) system is the ability 
to angle screws during screw insertion up to 
10° while maintaining pullout strength [10, 11]. 
This gives additional flexibility to the construct 
when inserting screws close to the olecranon 
fossa or the distal humeral articular surface. 
The S‐shaped diaphysis of the humerus, which 
is even more pronounced in brachycephalic 
breeds, makes the SOP plate particularly use-
ful  in many cases. This is due to the ability to 

contour the plate in three planes, where a 
straight plate might not align with the bone 
either proximally or distally.

In the case of diaphyseal fractures, the author 
attempts to use the longest bone plate possible 
and most commonly places two screws at the 
most proximal and distal ends and a third 
screw as close to the fracture site as is possible 
without violation of the fracture line itself. 
This is based on our own unpublished findings 
in combination with those of authors that 

Figure 13.3  Pre‐ and postoperative radiographs of a distal condylar Y fracture in a dog. The condylar portion was 
repaired with a compression screw, and then a 2.0 mm string of pearls (SOP) plate was added with a combination of 
unilateral and bilateral cortical screws.
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described this configuration in a Synthes eight‐
hole locking compression plate. A locking 
screw inserted adjacent to the fracture gap was 
similar under biomechanical testing to a plate 
where all eight holes had been filled with a 
locking screw [12].

13.5  Distal Humeral Fractures

The intent of this chapter is to highlight those 
fractures particularly amenable to repair with 
locking plates. The fracture region most bene-
fited by the positive attributes of locking plates 
is the humeral epicondyle and condyle.

Fractures of the condyle that communicate 
with the articular surface through the medial 
and lateral epicondylar crests are commonly 
referred to as T or Y fractures and present a sig-
nificant challenge to the surgeon. Intra‐articular 
fractures require anatomic reduction and rigid 
fixation if joint function is to be restored [13]. 
Perfect reduction of the articular fracture, cou-
pled with the need to reduce and repair the 
metaphyseal or diaphyseal component, is both 
mechanically and anatomically challenging 
(see Figures 13.3 and 13.4).

There are several well‐described approaches 
to this region [14–17]. The author tends to per-
form a lateral approach with the addition of a 
tenotomy of the tendon of the triceps brachii 
muscle. This approach provides excellent ability 
to judge the reduction of the articular surface 
while providing access to the medial and lateral 
portions of the supracondylar region to secure a 
bone plate. The sequencing of the actual repair 
might vary, depending on the surgeon and 
the specific type of fracture configuration. The 
author will generally repair the condylar seg-
ment with a lag screw initially and then reduce 
this segment to the distal diaphysis. The sur-
geon will determine whether to place the medial 
or lateral plate first. The tendon can then be 
repaired using a three‐loop pulley or similar 
tendon‐specific suture pattern [18].

The author has not noted this tenotomy to 
cause any long‐term issues and encourages 
early passive range of motion on the part of the 
owners to reduce the potential complication of 
fibrosis / contracture leading to loss of func-
tional range of motion. In addition, the author 

typically prefers this technique because it 
negates the requirement of further implants 
and complications with physeal damage or 
bony union, as can be seen in the case of an 
olecranon osteotomy being performed. Bilateral 
approaches can also be used, which does not 
require surgery on the triceps tendon.

13.6  Conclusion

There are multiple options when it comes to 
implant choices for repair of humeral fractures, 
regardless of the configuration and causative 
factors. When used appropriately, locking plate 
constructs provide a more simple and effective 
means of rapid healing with successful return 
to function for both dogs and cats. These con-
structs are likely more expensive in the short 
term but provide improved construct strength, 
maintain fracture reduction, and likely lower 
the possibility of failure and the potential 
requirement for further costly and debilitating 
surgeries.

Figure 13.4  A postoperative radiograph demonstrating 
an alternative method of repairing a distal condylar 
Y fracture in a dog with a compression screw in the 
condylar fracture combined with the addition of a 
2.7 mm Polyaxial Advanced Locking System (PAX) plate.
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14.1  Introduction

Traumatic radius and ulna (antebrachial) frac-
tures are common in dogs and cats and often 
require surgical treatment for optimal outcome 
(Figure  14.1). The current standard‐of‐care 
techniques involve open reduction of the 
fracture and placement of either a bone plate 
(applied on the cranial or medial radial surfaces) 
or closed reduction with an external skeletal 
fixator (ESF) [1–3]. The choice of implants is 
dictated by patient size, fracture configuration, 
and surgeon preference. In particular, locking 
plates have recently become an attractive alter-
native to conventional plating for the treatment 
of radius and ulna fractures. In this chapter, we 
will review specificities of locking plate appli-
cation for traumatic antebrachial fractures, 
including the types of approaches and fracture 
reduction techniques that can be used with this 
type of implant.

Conventional osteosynthesis (CO) of radius 
fractures has been associated with fair to good 
clinical outcomes with reported healing times 
of 54–90 days. Unfortunately, complication rates 
of up to 48%, including delayed healing, infec-
tion, pin track drainage (when using ESF) and 

implant failure, have been reported (Figure 14.2) 
[4–9]. Furthermore, 25% of these complications 
are severe and include catastrophic failure of 
the repair and nonunions. These shortcomings 
likely result from a combination of factors, 
including poor fracture biology and inappro-
priate mechanical environment. As a result, 
longer healing times may be expected, and, 
accordingly, relatively strong bone plates are 
often used in an attempt to prevent implant 
fatigue failure before bone union occurs [8, 10, 11]. 
This strategy, however, may result in significant 
osteopenia of the bone underneath the plate 
and increases the risk of secondary fracture. 
This risk is further potentiated with the use of 
open approaches that disrupt fracture biology, 
and during which relatively short plates are 
typically used, creating stress concentration at 
the proximal aspect of the plate.

Direct surgical approach of the fracture 
during CO has a negative impact on periosteal 
vascularization, and the use of conventional 
bone plates may further deplete the viability 
of the periosteum [12, 13]. The importance of 
periosteal vascularization during bone healing 
is critical in all breeds, but may be more so in 
small and toy breeds due to the paucity of 

Laurent P. Guiot and Reunan P. Guillou
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112  Section IV: Trauma Applications: Clinical Case Examples

endosteal and medullary supply [14]. It has 
been reported that in dogs less than 6 kg, inter-
nal fixation or external coaptation are associ-
ated with complication rates ranging from 
54% to 83% [15, 16]. In these cases, the use of 
locking implants could prove advantageous, as 
they significantly reduce damage to the perios-
teum, while providing mechanical advantages 
compared to standard plates. The preservation 
of periosteal blood supply should favor early 
formation of a callus and expedite healing of 
the fracture while limiting osteonecrosis under 
the bone plate. Faster bone healing may, in 
turn, allow for the safe use of relatively smaller 
implants, as the required implant fatigue life 
is decreased. While studies are lacking to sup-
port these hypotheses, it is our belief that lock-
ing implants have the potential to mitigate 
complications associated with internal fixation 
of radius fractures in all patients, and particu-
larly in toy‐breed dogs. The use of these 
implants in combination with adherence to 
biological osteosynthesis principles will likely 

offset some of the complications seen in CO of 
antebrachial fractures.

14.2  Biological Osteosynthesis 
in R‐U Fracture Repair

Biological osteosynthesis principles emphasize 
preservation of the soft tissue envelope surround-
ing a fracture site to optimize bone healing 
capability [17]. When these principles are used 
to apply a bone plate, it is often referred to as 
minimally invasive plate osteosynthesis (MIPO) 
(Figure  14.3). While MIPO can be performed 
using conventional implants, locking plates are 
specifically designed for biological applications, 
and their full benefit is attained when used in 
combination with these techniques.

Available literature on biological osteosynthe-
sis for the treatment of antebrachial fractures in 
dogs is very limited and includes one cadaveric 
anatomical study, a short comparative study 
using bone plates, and retrospective case series 
using ESF [18–22]. Our clinical experience sug-
gests that MIPO of radius and ulna fractures is 
possible in a variety of patient sizes and repre-
sent an effective fixation method that could 
replace traditional techniques in the future. 
It  is generally agreed by clinicians that the 
advent of locking implants facilitates MIPO in 
various fracture patterns but that the lack of 
direct observation of the fracture site during 
surgery makes restoration of alignment more 
challenging.

14.3  Reduction Techniques 
for Radius Fractures Stabilized 
with a Locking Plate

While it is possible to achieve and maintain the 
anatomical alignment with two bone forceps 
applied to the radial metaphyses through the 
small incisions used in MIPO, the forceps often 
impede the application of a bone plate, and 
they require constant manual control by a 
scrubbed assistant [23, 24]. In addition, locking 
implants require specific drilling guides that 
must adequately engage the locking mecha-
nism of the plate in order to allow proper screw 
insertion. If the reduction instrumentation 
interferes with the drill‐guides, there is a risk of 

(a) (b)

Figure 14.1  Medio‐lateral (a) and cranio‐caudal 
(b) radiographic images of a radius‐ulna fracture treated 
with a splint for 16 weeks. There is a hypertrophic 
nonunion with moderate periosteal proliferation on 
the cranial aspect of the proximal radial fragment and 
obliteration of the medullary cavity at the fracture ends.

Ve
tB

oo
ks

.ir



(a) (b) (c) (d)

Figure 14.2  Construct failures in a dog (a, b) and a cat (c, d) with distal radius and ulna fractures. The short bone 
plate used in the dog failed through a screw hole adjacent to the fracture site, despite its adequate thickness. Fatigue 
failure can be explained by the high stress concentration at the level of the fracture site due to the short working 
length of the plate that functioned as a bridging implant in this case where a small defect was present on the caudal 
radial cortex postoperatively. In the cat (c, d), the bone fractured just proximal to the bone plate. This failure is partly 
explained by an abrupt change in construct strength and stiffness at the level of the plate extremity. This phenomenon is 
commonly observed in small‐breed animals with distal radius‐ulna fractures, where a short bone plate is selected. Note 
the presence of four holes beneath the plate on the lateral projection (c) corresponding to drill holes and subsequent 
repositioning of the bone plate due to suboptimal initial fracture reduction.

(a) (b) (c) (d)

Figure 14.3  Preoperative radiograph (a), intraoperative images (b, c) and postoperative radiographs (d) of a radius and 
ulna fracture treated using minimally invasive plate osteosynthesis (MIPO) in a dog. A distraction frame using partial 
rings and two motors was secured to the radius with one transverse K‐wire per fragment (b). Two small approaches to 
the proximal and distal radial metaphyseal regions were made on the cranial radial surface. A 2.0 locking compression 
plate was inserted into an epiperiosteal tunnel over the cranial radial surface (c). The extensor tendons were preserved 
during the procedure. Immediate postoperative radiographs (d) show adequate restoration of alignment and apposition. 
The plate bone ratio (PBR) is high (82%), and the plate screw density is low (0.4).
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malpositioning the screw, which would nega-
tively affect construct properties.

Alternatives to direct fragment manipulation 
with bone‐holding forceps include the place-
ment of a temporary distraction frame/device, 
the application of toothed reduction handles, 
and the use of a hanging leg technique or a trac-
tion table. The first two techniques provide 
direct control over the bone, as they anchor into 
the radius at locations remote from final fixa-
tion. Their downside is that they do result in 
minor trauma to the bone when compared to 
the latter two options. Nevertheless, we prefer 
the use of a distraction frame as our standard 
reduction technique for radius/ulna fractures 
for several reasons. First and foremost, the 
damage created to the bone and surrounding 
tissues is minimal, as the frame uses small‐
sized, percutaneously inserted Kirschner wires 
(K‐wires) applied to metaphyseal regions. Next, 
it allows for progressive, controlled distraction 
of the fracture site and permits adjustments in 

varus/valgus, rotation and pro‐recurvatum as 
necessary. Finally, it does not interfere with the 
placement of a locking plate if applied properly 
(Figure 14.4).

Key elements to proper application include 
the placement of K‐wires within the metaphy-
seal regions of the radius. The wires should be 
applied in the frontal plane proximally and 
distally, parallel to each articular surface. The 
wires are then secured to partial, three‐quarter 
circular‐external‐fixator rings, allowing unre-
stricted access proximally to the cranio‐lateral 
and distally to the cranio‐medial radial sur-
faces. Proper rotational alignment is restored; 
the rings are then connected with distraction 
motors. Distraction is applied to regain length, 
and any translation is adjusted by sliding the 
bone fragments along either wire. Once radial 
alignment is restored, fixation using a bone 
plate can take place, typically on the cranial 
radial surface. Plate insertion with MIPO 
requires the creation of an epiperiosteal tunnel. 

(a) (b) (e)

(c)

(d)

Figure 14.4  Distraction frame using full (a, b) or partial (c–e) rings can be used to restore radial alignment during 
minimally invasive fracture repair. Full rings, however, compromise access to the metaphyseal regions (a), making implant 
insertion and fixation difficult. Using partial rings can offset this issue, providing unrestricted access to the surgery sites if 
placed adequately (e). It is advisable to select the orientation of each ring based on the planned surgical approach (c). The 
proximal ring opening is better located cranio‐laterally, while the distal ring opening should be placed cranio‐medially.
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The tunnel can be created with a blunt dedi-
cated instrument or directly with the bone plate 
when the plate design allows it (e.g. locking 
compression plate [SynthesVet, Paoli, PA, USA] 
featuring a beveled tip). The plate is contoured 
based on preoperative radiographs of the con-
tralateral side, and is then secured to the bone 
using two or three screws per fragment. Even 
when using locking plates, it is important to 
contour the plate appropriately in order to 
prevent interference with musculo‐tendinous 
structures, particularly distally (Figure  14.5), 
as well as reducing the working length of the 
screws. A traction screw or a push‐pull device 
can be used to approximate the bone to the 
plate (reduction onto the plate) in cases where 
alignment is not completely restored in the sag-
ittal plane, prior to inserting the final locking 
screws. Using this technique, we found that 
anatomical alignment was consistently attained 
in an unpublished series of 10 cases  [25]. In 
some cases, we elect to augment construct stiff-
ness by using intermediate screws closer to the 
fracture site, which can be placed through stab 
incisions facing the plate hole of intended use 
(Figure  14.5). Defining the right amount of 

fixation is not an easy task and the guidelines 
we propose in the next section are somewhat 
empirical and based on our experience with 
this method of fixation.

14.4  Mechanical Construct 
Consideration When Using Locking 
Plates for the Treatment of Radius‐Ulna 
Fractures

While proximally, transarticular forces are 
evenly transmitted to both radius and ulna, the 
radius is the main load‐bearing bone distally. 
This particularity is accounted for during con-
struct design, and ulnar stabilization is given 
more and more consideration as the fracture 
location shifts proximally.

Radial fixation with bone plates is typically 
performed on the cranial or medial surfaces. 
Medial plating offers a theoretical greater resist-
ance to bending moments in the sagittal plane, 
as the plate is bent “on edge.” However, this 
configuration diminishes the error margin for 
screw placement as holes are being drilled in 
the smallest radial dimension and is limited to 
distal fractures because of the interference of 
the ulna proximally. When using a locking plate 
medially, these limitations can lead to improper 
screw anchorage due to the inability to choose 
screw orientation with fixed‐angle locking 
plates. In addition, medial plating reduces plate 
span ratio (PSR or ratio between plate length 
and fracture length) and plate bone ratio (PBR 
or ratio between plate length and bone length) 
by confining the plate to the distal half of the 
radius. This limits the usefulness of medial 
plating for MIPO and makes the cranial loca-
tion more desirable.

The benefits of locking technology on a bio-
logical perspective were discussed in Chapter 3. 
It is worth noticing that these benefits are 
potentiated in areas of lower healing capability 
such as the distal radius of small or toy breeds 
of dogs or in cases that have sustained severe 
comminution. In those patients, the limited 
bone stock for fixation is often the primary 
determinant of implant choice, and special 
locking plates, such as the notched or T‐plate, 
can be advantageous. Regardless of fracture 
configuration and location, we advocate the use 
of plates with high PBR [26]. This translates 

(a)

(b)

Figure 14.5  The radius features a slight cranial curvature 
with a mild rotation. When using long, it is advisable to 
contour the plate with a twist (a) to accommodate for the 
radial anatomy. The postoperative radiographs (b) show 
proper restoration of alignment and adequate apposition 
of the short oblique radial fracture. The locking plate was 
twisted and bent to follow the radial anatomy proximally. 
Note the presence of an intermediate screw (arrowhead) 
used to increase construct.
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into a need to contour the plate in torsion to 
follow the radius curvature, particularly in dogs 
(Figure  14.5). Imprinting torsion to the plate 
may deform screw holes, which can negatively 
affect the locking mechanism. Therefore, when-
ever possible, twisting of the plate should be 
applied in areas where screws are not intended 
to be used.

Screw type and distribution influence con-
struct strength and stiffness. A minimum of 
three cortices is required per fragment. The use 
of at least one bicortical screw per fragment is 
recommended in order to increase the resist-
ance to torsional forces, while the other screw(s) 
may be monocortical. The safe use of monocor-
tical locking screws may be advantageous in 
the proximal radius because of the possible 
interference of bicortical screws with the ulna. 
This is particularly true when using monoaxial 
locking implants, as the drilling path is dictated 
by the bone plate.

The distance between the screws adjacent to 
the fracture site greatly influences the stiffness 

of the construct. When using bridging plates 
during MIPO, these screws are typically 
placed away from the fractures site, within 
one or two holes from the plate extremity 
through the same keyhole incisions as the 
ones used for the outermost screws [20, 27]. 
However, if a stiffer construct is deemed nec-
essary, secondary stab‐incisions can be made 
to insert screws closer to the fracture site. 
Ensuring proper drill‐guide insertion through 
these small approaches is critical to prevent 
inadequate drilling orientation and subop-
timal screw fixation. For comminuted frac-
tures, bridging plates with screws at the 
plate extremities are recommended. For 
transverse fractures, we will tend to bring 
intermediate screws closer to the fracture site 
in order to decrease interfragmentary strain 
(Figure 14.6), particularly in mature patients. 
Care is taken to avoid the cephalic vein during 
intermediate screw insertion, as this vessel 
runs directly over the implant in the diaphyseal 
radial region.

(a) (b) (c) (d)

Figure 14.6  Postoperative radiographs of four different constructs using locking plates for the treatment of radius and 
ulna fractures. The construct stiffness is incremental from left to right. In the first case (a), a small (2.0 mm) plate was 
chosen with a long working distance between the innermost screws. A high compliance was selected in this young dog 
to foster rapid secondary bone healing and protect the bone–screw interfaces. A stiffer construct was created with the 
second case (b) by using intermediate screws, closer to the fracture site. Note the presence of a drill path (arrowhead) 
extending into the ulna at the level of the second screw. This technical mistake should be avoided, as it could result in 
postoperative complications. The addition of an ulnar intramedullary rod (c) further increases construct stiffness. The rod 
diameter should be chosen to maximize canal fill at the level of the fracture site. In larger patients like the Great Dane (d), 
we will often resort to bone plate fixation of the ulnar fracture to further increase construct stability.
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One of the limitations of placing the plate on 
the cranial radial surface is the possible inter-
ference between the screws and the ulna, which 
may result in discomfort and could lead to 
premature loosening of the screw or focal oste-
olysis of the ulna at the site of interference 
(Figure 14.7). Using locking screws with mono-
axial systems potentiates this risk, as the bone 
plate predetermines screw orientation; and as 
most screws used in locking configuration are 
self‐tapping, the minimum protruding distance 
on the transcortical side is increased. Strategies 
to mitigate this shortcoming include (i) use of 
monocortical screws, (ii) placement of the plate 
along the lateral margin of the proximal radius, 
and (iii) use of a nonlocking, cortical screw 
aiming caudo‐laterally.

14.5  Ulnar Fracture Fixation

Fixation of ulnar fractures may be recom-
mended, depending on the location, degree of 
comminution, concurrent radial fracture, 
patient body weight, and other patient‐related 
considerations such as the presence of addi-
tional lesions to the musculoskeletal system 
affecting other limbs (Figure  14.6). In our 
experience, proximal ulnar fractures tend to be 

painful, with significant lameness persisting 
during the healing process until clinical union 
is achieved, and for this reason, fracture fixation 
is often elected. Locking plates offer potential 
advantages over conventional plates for proxi-
mal ulnar fractures: when applied caudally, 
monocortical screws can be used to minimize 
risk of joint violation, and when applied on the 
lateral ulnar surface, the use of locking screws 
in a relatively thin bone could limit the risk of 
screw pullout.

14.6  Conclusion

Locking plates offer mechanical and biological 
advantages over traditional plates that are 
highly valuable in the treatment of antebrachial 
fractures. Since bone plates are the only realistic 
internal fixation method available for radial 
fractures involving the diaphyseal and meta-
physeal regions, it is expected that surgeons 
will often resort to this implant. While there is a 
cost associated with the use of locking implants, 
there is enough evidence to support their use 
over nonlocking options [27]. This should 
prompt surgeons to consider locking plates as 
the gold standard for internal fixation of radial 
fractures. In doing so, surgeons must be aware 

Preoperative

(a) (b) (c)

Postoperative 06 Weeks PO

Figure 14.7  Preoperative (a), postoperative (b), and follow‐up radiographs (c) of a proximal radius and ulna fracture 
treated with a bone plate and screw. The proximal screws were too long and created a displacement of the ulna during 
surgery (arrow). While the radius fracture healed adequately, the ulnar fracture presents with a delayed union six weeks 
postoperatively, and there is a severe reaction of the cranial ulnar surface at the level of the proximal screw (circle), 
secondary to chronic mechanical interference. This phenomenon is responsible for residual lameness, and implant 
removal is necessary to allow full recovery.
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of potential pitfalls associated with them, 
including the inability to dictate screw orienta-
tion with some systems and the false sense of 
security perceived once the screwhead locks 
into the plate, as it does not guarantee adequate 
bone anchorage. Principles of fracture repair, 
including restoration of alignment while pro-
viding acceptable fragment apposition, must be 
respected regardless of the choice of construct. 
Considerations for ulnar fixation are made 
based on biomechanical factors such as loca-
tion, comminution, and association with other 
lesions. If ulnar fixation is elected, we tend to 
prefer a laterally applied locking plate in 
proximal fractures and an intramedullary rod 
in more distal ones.

Toy‐breed dogs represent a separate chal-
lenge due to their notorious predisposition to 
complications (Figure 14.8). Using small lock-
ing plates with high PBR and MIPO techniques 
could mitigate some of these complications by 
optimizing the fracture biology and mechanical 
properties of the construct.
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15.1  Introduction

Fracture of the femur in companion animals is 
common, often involves high force impact and 
is complicated by the extensive muscular enve-
lope that surrounds the bone. The combination 
of traumatic hemorrhage at the fracture site and 
along the muscular planes, swelling and edema 
of the associated soft tissues, contraction of the 
muscular surround, fracture site displacement, 
and a propensity for the hip and stifle joint to 
lose their rotational alignment makes success-
ful fracture repair challenging. The restoration 
of linear and rotational alignment of the femur 
along with the need to have a stable repair 
construct has lent the femoral fracture to bone 
plate repair. The evolution of plate design and 
capabilities has seen the locking plate (LP) 
become a staple of femoral fracture repair over 
the past 15 years. The ability to affix the bone 
screws securely to the bone plate and the frac-
ture segments has, in the author’s opinion, 
improved the strength and durability of the 
fracture repair construct and decreased implant 
and therefore construct failure. The relative 
strength of the LP in comparison to the more 
traditional dynamic compression plate (DCP) 
with or without the addition of an intramedullary 

(IM) rod has also been investigated experi-
mentally to determine the relative biome-
chanical qualities of the different construct 
types. A more recent trend in the orthopedic 
surgical field is away from the classic open 
reduction and internal fixation (ORIF) toward 
biological osteosynthesis and the development 
of minimally invasive plate osteosynthesis 
(MIPO) with a limited surgical approach and 
reduced iatrogenic trauma. This approach 
hopes to preserve bone vascularity, improve 
fracture consolidation, decrease infection rate 
and avoid the need for bone grafting and trans-
forms the plate construct into an internal 
extramedullary splint. The MIPO treatment 
goal is the anatomic reconstruction of the 
articular area, if involved, and axis, rotation 
and length reestablishment for the metaphy-
seal‐diaphyseal area. The placement of a plate 
that bridges the fracture site and is only affixed 
to the femur proximally and distally with a 
limited number of bone screws is the underly-
ing technical guideline. The establishment of 
sufficient fracture site stability with a degree 
of relative instability with MIPO is in contrast 
to the more traditional anatomic reduction and 
rigid fixation by bone plates with the goal of 
the technique being absolute fracture stability. 

Ian Gordon Holsworth

15 Femur Fractures
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The challenge of the MIPO technique is the 
decreased operative visualization of the fracture 
segments, the adjustment of the surgeon to less 
open visual cues to anatomic restoration and the 
need in many cases for intraoperative fluoro-
scopic examination. The term minimally invasive 
percutaneous plate osteosynthesis (MIPPO) is used 
to describe the use of small, multiple surgical 
skin incisions and the development of skin “win-
dows” to access the bone surface. The plates are 
placed blindly up the bone shaft under the mus-
cular layer to lie adjacent but not compressing 
the periosteum. In cases of concurrent articular 
fracture, the use of a transarticular approach and 
retrograde plate osteosynthesis (TARPO) is uti-
lized to expose the articular surface by arthrotomy, 
reduce the articular fracture anatomically and 
implant the epiphysis area sufficiently to pro-
vide rigid stability to the articular fracture repair. 
The adjacent metaphyseal‐diaphyseal zone is 
then stabilized under MIPO guidelines.

Internal fixators can be expected to maintain 
but not obtain fracture reduction, so care must 
be taken to ensure adequate fracture reduction 
before insertion of the locked screws. The chal-
lenge to the trauma surgeon of reestablishing the 
length, axis and rotation of displaced femoral 
fractures during minimally invasive techniques 
is an ongoing area of both intraoperative imaging 
and surgical technique refinement.

15.2  Anatomy

In the normal dolichocephalic and mesocephalic 
dog, the femoral shaft in the diaphyseal region 
has a slight caudal curve in the sagittal plane and 
a slight medial curve in the frontal/coronal plane 
at the distal diaphyseal‐metaphyseal junction. 
The measurement of the anatomic and mechani-
cal angles of the femur and pelvic limb has been 
performed and documented by several authors 
for several different dog breeds [1–4].

The relative location of the femoral head in 
comparison to the frontal plan of the femoral 
condyles is very important in terms of restora-
tion of the femoral alignment of the femur dur-
ing fracture repair. The measurement of this 
angle has been investigated with multiple 
imaging modalities and there is large variation 
between individuals [5–10].

The tendency of the femoral head and neck’s 
sagittal axis to rotate into a significantly increased 

anteverted location in relationship to the distal 
femur postfracture must be recognized and 
addressed during the realignment phase of 
femoral fracture repair. Failure to do so can lead 
to permanent femoral deformity and the result-
ant stability and biomechanics of the hip joint 
may be compromised. If adversely affected to 
a significant degree there is a propensity for 
hip luxation and development of hip joint 
osteoarthritis.

The use of computer tomography and three 
dimensional modeling has further allowed 
assessment and quantification of the other mor-
phometric parameters of the canine femur 
which has improved both our understanding of 
the bone geometry present and subsequently 
our efforts to restore the patients femoral align-
ment to prefracture conformation [11].

15.3  Biomechanics

Under load, the medial cortical wall of the femo-
ral diaphysis is the compression aspect of the 
bone, the lateral aspect the tension aspect. The 
proximal femur has a complex biomechanical 
loading pattern due to the offset femoral head. 
The femoral neck is under a complex interplay 
of both compressive and tension forces during 
normal daily activity. Neutralization of these 
forces to allow progressive bone healing is the 
surgical goal. Fracture configuration, including 
the degree of comminution, will affect the choice 
of surgical implant and its placement location. 
Accepting the limitations and challenges of the 
individual fracture and devising an appropriate 
response is the surgical challenge. Placement of 
the bone plate on the lateral, tension aspect, is 
commonly performed although medial aspect 
plating, while far less common, can also be used 
if the fracture configuration favors it, LPs are 
used or there is significant lateral thigh skin 
abrasions or open trauma to the thigh.

15.4  Materials

The advent of LPs in their myriad of forms 
from a range of manufacturers gives individ-
ual surgeons options to choose. Experimental 
comparison between standard limited‐contact 
dynamic compression plates (LC‐DCP) and LP 
plates mechanically has not shown the LP to be 
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superior biomechanically in most aspects of 
testing, but the LP also did not underperform in 
a consistently significant way [12–17]. Personal 
experience with many LP types has been very 
positive personally and they have become first 
choice and invaluable in the author’s clinical 
practice. Individual surgeons are faced with 
choosing an implant type based on availability 
and personal preference. There are inherent dif-
ferences in mechanical strength between differ-
ent LP types, which are to be expected and 
accepted by the surgeon [18, 19].

The lack of plate compression to the bone 
appears to affect construct stiffness adversely in 
some biomechanical models with a suggestion 
that ideally the LP be placed at 2 mm or less 
from the bone surface [20]. To adhere to this 
guideline in the femur, contouring of the plate 
may be necessary in both the proximal and distal 
aspects of the bone shaft. The degree of LP con-
touring possible by the surgeon intra‐operatively 
varies between designs. Overcontouring with-
out protection of the threaded plate holes can 
lead to distortion of the plate hole threads 
with  a resultant inability to correctly lock the 
threaded screwheads into the plate. The presence 
of combination compression or locking holes in 
some LP designs with half of the hole a dynamic 
compression design for use with standard 
screws and the other half conical and threaded 
allows the surgeon to chose the appropriate 
screw for the current repair.

The addition of an IM rod to the femoral 
bone and plate construct to increase construct 
stability and fatigue life is an approach that has 
been used widely with traditional and now 
locking plating systems to good effect [21]. 
Biomechanical comparison in a femoral frac-
ture model of a LC‐DCP‐IM rod to a LP alone 
showed the LC‐DCP‐IM construct had higher 
stiffness and resistance to failure, lower inter‐
fragmentary motion and lower plate strain and 
stress. A pin of any size increases resistance to 
axial loads, but a pin size of 30% or more of 
intra‐medullary diameter is required to increase 
bending stiffness. Plate length changes do affect 
stiffness, but the presence of an IM pin has 
more overall construct strength significance 
[22, 23]. When comparison of a combined LP 
intramedullary pin (LP‐IM) construct is made 
to the LC‐DCP‐IM construct experimentally in 
canine femurs, there was no significant differ-
ence biomechanically [24].

The option of placing monocortical versus 
bicortical screws in the femoral LP is also one the 
surgeon must deliberate on. The presence of 
bicortical screws in cadaver testing has increased 
torsional stiffness compared to monocortical 
screw constructs. Monocortical screws are some-
times necessary in bone segments without a 
trans cortex at the screw site or in constructs 
where the bicortical locking screw interferes 
with the presence of an IM pin. The use of bicor-
tical locking screws in the most proximal and 
distal bone plate hole along with varying 
numbers of monocortical screws has been inves-
tigated in cadaver femurs, and the addition of 
multiple monocortical screws increased con-
struct stiffness in a linear relationship but did not 
influence load‐to‐failure. The presence of bicor-
tical screws in the femur model tested did not 
confer any significant biomechanical advantage 
and appears to not be an essential step in experi-
mental fracture construct builds [25]. When the 
mode of construct failure is compared, bicortical 
screw constructs failed by bone fracture under 
the applied loads, whereas monocortical screw 
constructs failed at the bone–screw interface.

15.5  Surgical Approach

Surgical access to the femur bone is from a lateral 
or medial approach. Both approaches have their 
place in fracture repair and both approaches 
have similar but distinct challenges.

The lateral approach is performed by incising 
the biceps femoris fascia adjacent to the vastus 
lateralis and reflecting the vastus cranially to 
expose the bone surface. In the proximal femur, 
this is complicated by the presence of the tensor 
fascia lata and gluteal muscles and distally by 
the soft tissues associated with the stifle joint. 
The medial approach to the femur is made by 
initially incising the fascial connection between 
the cranial and caudal sartorius muscles. This 
fascial connection is distinct in canines but non-
existent in felines, requiring a muscle‐splitting 
technique. Once the sartorius muscles are 
separated and retracted, the vastus medialis is 
identified and it can be separated from the 
neurovascular tract that runs caudal to its caudal 
margin. This must be performed carefully to 
avoid iatrogenic damage to these structures. 
Once the separation between the neurovascular 
tract and the muscle belly is complete and any 
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perforating vasculature is isolated and ligated 
as necessary the vastus medialis muscle belly 
can be retracted cranially to expose the femoral 
bone surface. As the dissection proceeds proxi-
mally the femoral bone shaft, it becomes more 
difficult to isolate effectively and the muscula-
ture of the inguinal area impedes good access.

15.6  Application on the Femur

Classification of femoral fractures is separated 
into several broad but important categories. 
The most important early assessor is the pres-
ence of an open vs. closed fracture. Open frac-
tures vary in their severity depending on the 
degree of bone exposure and concurrent soft 
tissue trauma. The urgency of surgical therapy 
is proportional to the degree of open bone 
exposure and concurrent soft tissue trauma. 
The fracture location on the bone is divided 
into proximal, shaft and distal. The proximal 
category includes intracapsular (epiphyseal, 
physeal, subcapital, and transcervical) and ext-
racapsular (cervical, intertrochanteric, and 
subtrochanteric). The shaft fractures are 
described by the fracture orientation and seg-
ments (transverse, short oblique, long oblique, 
spiral, segmental, butterfly, and comminuted) 

(Figure 15.1). The distal fractures are described 
as supracondylar, condylar, or intercondylar.

15.7  Proximal

Application of LPs to the proximal femur is from 
a standard lateral approach with proximal exten-
sion to ensure complete exposure of the greater 
trochanter. Plating of subtrochanteric and proxi-
mal shaft fractures will often involve contouring 
the plate over the greater trochanter to its proxi-
mal extent to allow screw placement into the 
trochanter. The use of LPs in intracapsular 
fractures is not possible and in the case of extra-
capsular subtrochanteric fractures they are com-
monly used in conjunction with additional 
screw fixation to attempt stable fracture fixation. 
In addition to fracture reduction, the other major 
challenge is contouring the LP sufficiently to 
bring the plate surface in good proximity to the 
heavily contoured proximal femoral diaphysis.

15.8  Shaft

The placement of the LP in the femoral shaft 
area is most commonly performed laterally. 
Medial plate placement is possible but is 

(a)

(b)

Figure 15.1  (a) and (b) Lateral and PA view of a right closed mid‐diaphyseal transverse closed femoral shaft fracture 
with moderate caudal and proximal displacement of the distal femoral fracture segment. Skin staples indicate the 
presence of lateral aspect thigh concurrent soft tissue trauma repair.
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normally reserved for distal shaft fractures. 
Traditionally ORIF technique has been employed 
for this process with fracture site reduction and 
plate‐bone surface contouring being performed. 
Unfortunately this approach often requires 
considerable soft tissue dissection and femur 
exposure. The use of MIPPO technique is 
suited to mid femoral shaft fractures and can be 
employed by the experienced surgeon in some 
cases. The bone plate is introduced through a 
distal or proximal mini‐approach to the femur 
and advanced over the lateral aspect of the 
femur below the biceps femoris and vastus 
lateralis. The plate is allowed to bridge the 
fracture site without exposure and then is 
secured proximally and distally to the unaf-
fected bone surface once alignment of the femur 
is normalized. Fluoroscopic guidance during 
the procedure is not essential but very helpful 
and attention to proximal and distal joint 
alignment must be prioritized. It is helpful to 
recognize the femoral head may have rotated 
into an abnormally anteverted position post-
fracture event, and this should be corrected 
prior to definitive implant placement. When 

employing a more minimal surgical approach 
to the femur, a decision of the concurrent place-
ment of an IM rod must be made. The author 
typically inserts the rod retrograde to emerge 
from the femur in the inter‐trochanteric area, 
and its direction is then reversed to allow it to 
seat into the distal femoral segment. Removal 
of the trocar tip if present on the distal end of 
the rod implant is advised to prevent inadvert-
ent penetration through the articular surface 
of the distal femur and resultant stifle joint 
damage. Apart from the well‐recognized bio-
mechanical advantages the rod addition brings, 
it also is very helpful in many cases in restoring 
femoral length and overcoming fracture site 
collapse. Once placed, the intact proximal and 
distal femoral segments can be aligned more 
readily prior to LP placement. The length of 
plate, the choice of monocortical, bicortical, 
locking, or cortical compressive screws are all 
based on the individual patient and fracture 
configuration (Figure 15.2).

The surgical aim of a stable construct that 
will maintain femoral alignment and basic con-
figuration while fracture healing progresses 

(b)

(a)

Figure 15.2  (a) and (b) Immediate postoperative films of femoral fracture repair construct. An IM pin in combination 
with a medially applied locking plate (LP) with mixed use of cortical and locking screws has been utilized.

Ve
tB

oo
ks

.ir



126  Section IV: Trauma Applications: Clinical Case Examples

must be prioritized. Minimizing soft tissue 
dissection and maximizing vascular supply to 
the area assists in achieving that aim. With the 
heavy thigh musculature often present in 
many dog breeds, the MIPPO technique allows 
the surgical dissection to be decreased from 
ORIF technique and surgical trauma is reduced. 
When performing a medial approach to the 
mid‐femur in cases of lateral aspect trauma, a 
more classical ORIF approach will likely be 
necessary (Figure 15.3).

15.9  Distal

Distal femoral fractures are subclassified into 
two groups, those with an articular component 
and those that are extracapsular in relationship 
to the stifle. The latter group is far more common 
but often requires significant dissection around 
the stifle joint capsule and peri‐articular struc-
tures to allow fracture isolation, reduction, and 
implant placement. If an articular fracture is 
present, the TARPO technique may be utilized 
to achieve a well‐reduced, stable articular frac-
ture repair with plate tie‐in to the distal diaphysis. 
These fractures are more challenging, the 
degree of open arthrotomy and exposure of the 
joint surfaces is more significant, and placing 
the bone screws in safe and effective bone 
corridors to achieve stability without iatrogenic 
damage to joint structures is a challenge. 

Regardless of whether a medial or lateral 
approach is utilized it is important that the 
quadriceps complex, including the patella, is 
well aligned & stabilized post fracture fixation 
and that a stable and central patella results.

15.10  Postsurgical Care and Monitoring

The severity of concurrent soft tissue injury, 
the presence of other orthopedic trauma, the 
patient size and attitude, the owner’s limita-
tions, and the successful progression of heal-
ing are all factors that will dictate postsurgical 
recommendations. It is imperative that patient 
activity be well curtailed, regular revisits be 
performed to allow patient and fracture site 
reassessment, and relaxation of restrictions 
corresponds to evidence of good radiographic 
healing and appropriate limb use by the 
patient (Figure 15.4).

It is vital to the overall limb use that an 
assessment of proximal and distal joint func-
tion be made sequentially and maintenance of 
appropriate joint range‐of‐motion and limb 
flexibility be prioritized during the recovery 
period to avoid quadriceps contracture and loss 
of stifle and hip joint function.

15.11  Complications & Limitations

Implant complications are seen in approximately 
10% of femoral fractures using locking com-
pression plates (LP) and this rate appears 
constant regardless of patient and implant 
size [26, 27]. Decreased muscle mass, loss of 
adjacent joint ROM, quadriceps contracture, 
and persistent limb lameness may all occur and 
adversely affect the perceived success of the 
fracture repair. Minimizing complication rates 
is a complex interplay of surgical experience, 
skillset, patient selection, client education, pre-
operative patient preparation, surgery duration, 
implant choice, appropriate postoperative care, 
regular reevaluation of patient progress and 
client monitoring and support. Improvements 
in many of these areas are possible in most 
surgical scenarios and should be prioritized to 
improve patient care. Continued technique 
and implant evolution will hopefully continue 
to improve patient outcomes and decrease 

Figure 15.3  Intra‐operative appearance of a medial 
femoral shaft approach with intra‐operative use of a 
multistrand multifilament surgical suture to aid in fracture 
segment reduction prior to placement of a medial locking 
plate. The surgical suture can be maintained or removed 
following fracture repair construct completion according 
to surgeon preference.
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individual surgeon’s complication rates. The 
author’s personal experience with LPs has been 
very positive in comparison with previous 
experiences with standard DCP plates. The 
ability to more securely capture bone segments 
and affix those fracture segments more securely 
to the plate with locking screws has decreased 
implant detachment and fracture construct fail-
ure in my opinion. The increased surgeon con-
fidence in fracture repair construct that LPs 
brings is invaluable and reflects the advance-
ment the LP introduction to clinical orthopedics 
has achieved.
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Fractures of the tibia are relatively common in 
dogs and cats, accounting for 10–20% of all frac-
tures [1–3]. Tibia fractures often result from 
trauma, and the majority of tibia fractures are 
diaphyseal fractures. Immediate immobiliza-
tion of the crus is recommended and surgical 
treatment is often indicated. A variety of repair 
methods can be applied for tibial fractures, 
and  the selection of repair technique depends 
on  multiple factors, including the type and 
location of the fracture, the age of the animal, 
the presence of associated soft tissue defects 
and  infection (particularly in open fractures), 
economic considerations, and the surgeon’s 
preference. The overall prognosis following 
fracture of the tibia and fibula is generally good 
when appropriate treatment is applied.

Locking plate (LP) systems can provide sim-
ple, reliable, and effective treatment of challeng-
ing tibial fractures, nonunions, and deformities. 
The application of locking plate implant systems 
may have several significant advantages over 
conventional repair options, particularly in the 
following four specific situations:

1.	 Diaphyseal fractures treated with a mini-
mally invasive technique, often in a “bridg-
ing” plate function

2.	 Proximal or distal juxta‐articular fractures 
with a short segment of bone available for 
implant application

3.	 Revision of fracture repair complications 
including nonunions

4.	 Tibial deformity (pes varus and pes valgus) 
treated with corrective osetotomy/ostec-
tomy based on the center of rotation of 
angulation (CORA) methods

16.1  Relevant Anatomy

The tibia has several unique anatomic features 
amenable to applications of locking plate sys-
tems. For example, the medial aspect of the 
tibia has a nominal soft tissue envelope, and 
therefore minimally invasive plate application 
can be performed easily, especially when a 
locking plate is used in bridging fashion. 
However, due to the tibia’s sigmoid shape, 
adequate contouring is often necessary to pre-
vent postoperative limb deformity. Anatomical 
landmarks are relatively easy to palpate in the 
tibia, and identification of the joint space is cru-
cial in LP application to prevent inadvertent 
insertion of screws into the joints, as the major-
ity of LP systems employ fixed‐angle designs 

Kei Hayashi

16 Tibia Fractures
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for screw placement. Wide variation in the 
length and shape of the tibia and fibula is seen 
among canine breeds. The anatomy of the tibia 
in cats is similar to that of dogs. The medullary 
cavity of the feline tibia appears to be more uni-
form in diameter than in dogs, but no other 
substantial differences have been noted.

The proximal half of the tibia is three‐sided 
proximally (medial, lateral, and caudal sur-
faces), whereas the distal half is essentially 
cylindrical and the entire medial part of the dis-
tal extremity of the tibia forms the medial 
malleolus. The proximal tibial metaphysis is 
relatively flat medially but is concave both lat-
erally and caudally. All these surfaces blend 
into the tibial diaphysis, which is uniform in 
diameter but slightly S‐shaped. It curves from 
medial to lateral in the proximal one‐half and 
then from lateral to medial in the distal one‐
half. The distal part of the tibia is flared slightly 
and forms the distal articular surface and the 
medial malleolus. The medial malleolus is the 
proximal attachment of the medial collateral 
ligament of the talocrural joint.

The cranial branch of the medial saphenous 
artery and vein and the saphenous nerve pass 
obliquely across the diaphysis of the tibia, and 
care must be taken not to injure this bundle 
during surgical approach to medial diaphysis 
of the tibia. Arteries (such as the tibial and pop-
liteal arteries) and nerves (such as the peroneal 
and cutaneous nerves) run along the lateral and 
caudal aspects of the tibia and fibula; however, 
surgical lateral approaches are rarely required.

16.1.1  Practical Tips and Tricks

•	 Locating joint spaces (stifle and tarsal joints) 
is crucial in LP application in order to pre-
vent inadvertent screw insertion into a 
joint.

Palpation of landmarks around stifle 
(e.g. tibial tuberosity, fibular head) and 
placement of 25G needles at the proxi-
mal extent of tibia will help locate stifle 
joint space.
Palpation of medial malleolus will help 
locate talocrural joint space. It should 
be noted that the malleoli extend distal 
to the articular surface, and care must 
be taken not to place implants into 

talocrural joint space. In the majority of 
dogs, a safe corridor for screw insertion 
lies approximately halfway between the 
maximum peak of the malleolus and 
the start of the flare of the malleolus in 
the metaphysis.

•	 The medial aspect of the tibia is well‐suited 
for LP application, as it has minimal soft 
tissue envelop and is relatively flat.

•	 Wide variation in shape of the proxi-
mal  tibia is seen among canine breeds. 
Examination radiographs of the contra‐
lateral tibia will help identify this variation, 
if needed.

•	 In general, LP systems do not require 
precise countering for fracture fixation. 
However, in the tibia, due to its S‐shaped 
anatomy, appropriate plate contouring is 
necessary to prevent postoperative valgus 
malalignment. Presurgical contouring of 
a  plate using a ventrodorsal radiograph 
of  the normal tibia as a template can 
help  reduce operative time and facilitate 
minimally invasive plate osteosynthesis 
application.

•	 The tibia’s S‐shape typically precludes 
placement of a large‐diameter intramedul-
lary (IM) pin, and a large straight pin can 
cause valgus malalignment. If an IM pin 
is  used (as a temporary reduction device, 
or  as in a plate‐rod combination), a pin 
approximately 30–40% of the diameter of 
the medullary canal at the tibial isthmus is 
chosen.

•	 The distal part of the tibia is flared slightly, 
which may provide some extra bone stock 
for screw placement, particularly when  
T‐plate or plate‐rod combination is chosen.

16.2  Minimally Invasive Plate 
Osteosynthesis of Diaphyseal Fractures

Diaphyseal fractures account for 70–80% of all 
tibial fractures. Oblique and spiral fractures are 
the most common fracture patterns recognized 
in small‐animal patients of all ages, whereas 
comminuted and open fractures are more com-
mon in mature animals. Minimally invasive plat-
ing techniques, particularly using a locking plate, 
have been introduced for repair of tibial fractures 
in an effort to improve bone healing [4–6]. This 
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approach, also called minimally invasive plate 
osteosynthesis (MIPO), involves a small, medially 
located skin incision over the proximal and distal 
aspects of the tibia, remote from the fracture site 
(Figures 16.1–16.3) [4, 7]. A soft tissue tunnel is 
created between the periosteal surface of the tibia 
and the overlying muscular fascia connecting the 
two incisions (Figures 16.1 and 16.2). A plate is 

then slid along the surface of the tibia, and 
screws are applied through the proximal and 
distal incisions. An IM pin can be combined 
with MIPO application (Figure 16.3). The tech-
nique has clinical efficacy and greatly improves 
postoperative patient comfort, but there is no 
documented difference in healing times between 
MIPO and open plating techniques [6, 8].

Figure 16.1  Minimally invasive plating techniques using a locking plate in a simple tibial fracture in a mature dog. This 
approach involves a small, medially located skin incision over the proximal and distal aspects of the tibia, remote from 
the fracture site. A soft tissue tunnel is created between the periosteal surface of the tibia and the overlying muscular 
fascia/vascular bundles, connecting the two incisions. A plate is then slid along the surface of the tibia, and screws are 
applied through the proximal and distal incisions. A locking plate usually functions as a bridging plate but can function 
as a compression plate, depending on fracture configuration, plate type, and application method.

Pre Intra Post

Figure 16.2  Minimally invasive plating techniques using a locking plate in a comminuted tibial fracture in a mature 
cat, applied in a bridging plate function. This approach involves a small, medially located skin incision over the 
proximal and distal aspects of the tibia. An additional small skin incision over the fracture site can be made to aid 
appropriate reduction and alignment. A carefully countered plate is then slid along the surface of the tibia, and screws 
are applied through the proximal and distal incisions. (Source: Courtesy of Dr. Amy Kapatkin.)

Ve
tB

oo
ks

.ir
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16.2.1  Practical Tips and Tricks 
for Tibia MIPO

•	 Functional limb alignment needs to be 
restored by carefully examining the joints 
above and below, particularly for commi-
nuted fractures. Rotational and valgus/varus 
malalignment will result in limb dysfunction.

•	 Careful palpation of anatomical landmarks 
may help restore cranio‐caudal alignment; 
the cranial border of the tibial crest is fairly 
parallel to the axis of the mid‐distal tibia.

•	 In plate‐rod combinations, a normograde IM 
pin can be placed with a minimal approach 
to the stifle/proximal tibia. This will achieve 
general restoration of alignment, length, and 
reduction of the fractured tibia. Then, 
through two small proximal and distal skin 
incisions, the locking plate is pushed under 
the soft tissue and neuro‐vascular bundles, 
immediately over the bone. Two or three 
locking screws are placed through both inci-
sions, away from the fracture site.

16.3  Proximal and Distal Fractures 
with a Short Fracture Segment

Proximal and distal fractures present a unique 
challenge for repair because the segment can 
be very short, and the amount of bone availa-
ble for implant application is significantly lim-
ited. Plating may be applicable, depending on 
the size of the patient and the fracture pattern. 
Specially designed plates (such as the T‐plate) 
are advantageous if three (or more) screws can 
be inserted into the short segment. Circular 
(ring) or hybrid external skeletal fixators are 
an excellent choice for fractures with a short 
segment; however, they can be technically 
demanding, postoperative care is intensive, 
complications are common, and postoperative 
patient comfort can be a problem. The applica-
tion of locking plates may allow simpler frac-
ture management in the proximal/distal tibia, 
as two locking screws in the short segment 
may provide adequate stability (Figures  16.4 
and 16.5) [4, 9].

(a) (b) (c) (d)

Figure 16.3  Intramedullary (IM) pin and locking plate combination. Minimally invasive plating techniques can 
be combined with IM pin to facilitate fracture reduction, reduce the necessity of precise plate countering, and 
extend fatigue life of implants. Through small skin incisions (a), a countered locking plate alone (b), an IM pin and 
an uncountered locking plate (c), or an IM pin and a countered locking plate can be applied in tibial fractures (d). 
(Source: Courtesy of Dr. Brian Beal.)
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16.3.1  Practical Tips and Tricks

•	 In cases with proximal Salter‐Harris type 
fractures, locating growth plate (as well 
as  joint space) is crucial. This can be done 
by intra‐operative direct visual inspec-
tion and/or size/distance measurement on 
preoperative radiographs. Extremely small 

bone stock in metaphyseal segments often 
requires locking T‐plate application.

•	 Plate contouring is necessary for both prox-
imal and distal fractures.

•	 It should be noted that the malleoli extend 
distal to the articular surface, and care must 
be taken not to place implants into talotibial 
joint space.

Pre Pre Post 1 day Post 2nd sx 2 wks 2 mos

Figure 16.4  A locking T‐plate applied in a “buttress” fashion after failure of pin fixation in a physeal comminuted 
fracture in a four‐month‐old large‐breed puppy. The plate was applied to a very short segment of proximal metaphysis 
without violating physis, on the side of the comminution in order to function as a buttress plate. The patient 
demonstrated an excellent limb function at two months after plate fixation.

Pre Post 6 weeks post

Figure 16.5  Distal diaphyseal/metaphyseal fractures of the tibia and fibula repaired with two lag screws and a 
“neutralization” plate in a mature dog. Note there are only two locking screws in the short distal segment, but 
postoperative radiographs show stable bone‐implant construct and adequate bone healing at six weeks postsurgery.
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•	 After contouring a locking plate, the screw 
angles will be altered; therefore, care must 
be taken not to insert a screw into the joint, 
particularly when fixed‐angle locking 
plates are used.

•	 While a few veterinary LP systems allow 
for polyaxial screw insertion, and thus per-
mit angling of the screws away from the 
joint space, the majority of LP systems 
employ a fixed‐angle mechanism. To avoid 
screw insertion into the joint in these sys-
tems, you can (i) use regular cortical screws 
at a desired angle (before locking screw 
placement), (ii) use short mono‐cortical 
locking screws, or (iii) adjust contouring.

16.4  Revision of Fracture 
Complications

Complications associated with repair of frac-
tures of the tibia are similar to those reported 
for other long‐bone fracture repairs and include 

infection, implant failure, delayed union, non-
union, and malunion. Nonunion occurred in 
approximately 4% of tibial diaphyseal fractures 
in a study of 195 dogs and cats [2].

A variety of cases series and case reports 
describe outcomes following plate fixation in 
the repair of tibial fractures. A case report docu-
menting the use of a locking plate applied to 
the medial aspect of the tibia of a large dog 
with  a comminuted diaphyseal fracture and 
multiple limb injury included a description 
of  a  major complication with plate failure 
(bending) and resultant valgus deformity [9]. 
Malalignment or angular or rotational limb 
deformity is a serious complication that may be 
associated with inappropriate fixation tech-
nique, as seen in medial bone plate fixation 
with under contouring, or with implant failure, 
particularly in medial plating for comminuted 
fractures that have no lateral cortical support 
(Figure 16.6) [9–11]. Revision surgery with more 
rigid fixation is often necessary to correct post-
operative malalignment (Figure 16.6) [9].

Pre Post 5 day Post 2ndsx 1 and 3 months post 2ndsx

Figure 16.6  Revision of implant failure of an undersized and undercountered locking plate applied to the medial 
aspect of the tibia with a comminuted distal diaphyseal fracture in a mature dog. Plate failure (bending) and resultant 
valgus deformity were revised with a much larger, better‐countered locking plate. Postoperative radiographs show stable 
bone‐implant construct and progressive bone healing with maintenance of excellent limb alignment.
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16.4.1  Practical Tips and Tricks

•	 Undercounting of the medial plate will 
result in valgus deformity and severe dys-
function of the limb. Revision with locking 
plate systems may be necessary to restore 
bone‐screw security and rigid construct sta-
bility, as existing screw holes may have 
been compromised.

•	 Implant failure (such as plate bending) will 
result in valgus deformity and severe dys-
function of the limb. Revision with locking 
plate systems may be necessary to restore 
bone–screw security and rigid construct 
stability, as existing screw holes have been 
compromised and damaged.

•	 Plate breakage at a screw hole over/
near  the fracture site may be caused by a 
phenomenon called stress concentration. 
Revision by a large locking plate in a braid-
ing plate fashion may be necessary to 
restore rigid construct stability.

The cause of nonunion and malunion in the 
tibia is usually inappropriate fixation and 
resultant inadequate stability, as is commonly 
seen with external coaptation, IM pin fixation, 
and external skeletal fixators. In some cases, 

bone healing is complicated by infection and 
osteomyelitis (Figures  16.7 and 16.8). Closed 
reduction and external skeletal fixator repair of 
comminuted fractures of the tibia generally 
result in a good outcome; however, reported 
complications include nonunion, malunion, 
and infection/osteomyelitis associated with 
the wire/pin tract (Figure  16.8) [12–14]. 
Locking plate systems can be effectively 
applied for revision surgery for complications 
associated with repair of tibial fractures 
(Figures 16.6–16.8).

16.4.2  Practical Tips and Tricks

•	 Chronic infection and pin tract morbidity 
can be associated with external skeletal 
fixators, cerclage wires, and loosened 
screws. In these situations, these devises 
need to be removed, and the bone must be 
stabilized if it has not yet healed. Internal 
fixation with locking plate system may be 
an ideal choice since they provide excellent 
stability, and locking screws can be placed 
distant from the infection sites. Fresh 
autogenous cancellous bone graft is always 
recommended.

Pre Post 5 weeks 5 months

Figure 16.7  Revision of nonunion and chronic infection of distal tibia in a mature dog. Chronic draining from double 
plate site was originally treated with plate removal, which resulted in an immediate refracture. A countered locking plate 
was applied to the medial aspect of the tibia and the infection was treated with systemic antibiotics based on culture/
sensitivity tests for over eight weeks. Postoperative radiographs show adequate bone healing and resolution of infection.
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•	 Local and regional antibiotic delivery can 
be considered with antibiotic‐impregnated 
absorbable beads, nonabsorbable beads or 
pluronic gel, or by frequent local antibiotic 
injections when internal fixation is used.

16.5  Surgical Correction of Tibial 
Deformity

Deformity of the tibia can occur without trauma/
fracture; these conditions are considered congen-
ital and developmental. Pes valgus has been 

recognized in large‐breed dogs (Figure 16.9), and 
pes varus has been recognized in Dachshunds 
(Figure  16.10) [15–19]. In these reported cases, 
there was no history of trauma and the condition 
was often bilateral; therefore, a hereditary cause 
was suspected [19, 20]. Pes valgus and pes varus 
are often associated with abnormal limb align-
ment and stifle pathology, including patellar 
luxation [21, 22]. Pes valgus and pes varus that 
cause clinical signs of lameness may require sur-
gical correction. Surgical treatment for these 
deformities involves corrective osteotomy/
ostectomy and realignment of the limb.

Pre Post 6 weeks 2nd sx 6 weeks
post 2nd

sx

Figure 16.8  Revision of delayed union and osteomyelitis of tibia in a mature dog. Open fracture of the tibia with 
significant soft tissue loss was originally treated with external skeletal fixators and vacuum‐assisted closure system, 
which resulted in chronic osteomyelitis, malalignment, and delayed union at six weeks after the injury. A large locking 
plate was applied to the medial aspect of the tibia with antibiotics impregnated absorbable beads around the infection 
sites. Postoperative radiographs show progressive bone healing and resolution of infection at six weeks after the plating, 
and the patient demonstrated excellent limb function.
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Successful surgical correction for pes valgus 
has been reported using plate and plate‐
rod  combinations [15, 16]. Pes varus is most 
commonly recognized in Dachshunds, and sur-
gical treatment with open‐wedge corrective 

osteotomy has been reported using linear exter-
nal skeletal fixators, hybrid external skeletal 
fixators, plate fixation, and plate‐rod fixation [18, 
19, 22]. To aid planning of the corrective oste-
otomy and to improve the outcome of surgical 

Pre

Pre

Post

Post

3 months
post sx

Figure 16.9  Pes valgus treated with corrective closing wedge ostectomy in a 1.5‐year‐old large‐breed dog. The short 
distal segment was fixed with a countered locking T‐plate, resulting in immediate improvement in limb alignment. 
Postoperative radiographs showed stable bone‐implant construct and adequate healing of the ostectomy at three months 
postsurgery. (Source: Courtesy of Dr. Adrienne Bentley.)

Pre Intra

Right Left

Post

Figure 16.10  Pes varus treated with corrective opening wedge osteotomy in a mature Miniature Dachshund. The distal 
short segment was fixed with a countered locking T‐plate, and autogenous cortico‐cancellous bone graft was applied 
to the gap, resulting in immediate improvement in limb alignment. (Source: Courtesy of Drs. Satoshi Kobayashi and 
Hirokazu Mori.)
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138  Section IV: Trauma Applications: Clinical Case Examples

correction, standardized radiographic tech-
niques and measurement methods of various 
parameters in dogs have been investigated [23]. 
Corrective osteotomy and ostectomy based on 
the CORA methods is recommended; however, 
surgery is highly challenging because the CORA 
is typically very distal, so the amount of bone 
available for implant application is limited. Use 
of locking plates may allow simpler manage-
ment of tibial deformities, as two to three locking 
screws in the distal segment may provide ade-
quate stability (Figures 16.9 and 16.10) [4, 7–9].

16.5.1  Practical Tips and Tricks

•	 Determining the clinical relevance of a tibial 
deformity can be a challenge, since they do 
not always cause pain or lameness, and it 
can be bilateral. Additionally, breed stand-
ards for “normal” tibial anatomy have not 
been fully documented, and currently there 
are no guidelines for surgical indication.

•	 Careful planning is crucial in corrective 
osteotomy/ostectomy. A CT scan will 
greatly aid in defining the deformity and 
will help with planning correction. 
Additionally, planning and practicing cor-
rective surgery by creating a model from 
the CT scan using a 3D printer has become 
an increasingly practical option.

•	 Use of fluoroscopy (C‐arm) is helpful for 
avoiding the articular structures distally 
and maximizing screw purchase.

•	 It should be noted that bone segments after 
osteotomy are extremely small in Miniature 
Dachshunds. Locking T‐plate application 
has numerous advantages over previously 
reported methods.
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IV-B  Axial Skeletal Fractures

Section IV
Trauma Applications: Clinical Case 
Examples
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Pelvic fractures in the dog and cat represent 
approximately 20–30% of all fractures and are 
usually associated with severe trauma [1, 2]. 
Surgical therapy is focused on important struc-
tural fractures, such as fractures causing signifi-
cant pelvic canal collapse, fractures disrupting 
load transmission from the limb to the spine, 
and disruption of the continuity of the articular 
surface of the acetabulum with subsequent 
instability. The presence of significant pain and 
neurologic dysfunction are also indications for 
repair. Generally, pelvic fractures are repaired if 
involving the ilial body, acetabulum, and/or 
sacroiliac joints. Locking plates are particularly 
well‐suited for treatment of comminuted ilial 
body fractures, acetabular fractures associated 
with ilial body fracture, supracotyloid fractures, 
young patients with “soft” bone, and patients 
with poor mineral bone density.

The pelvis is a continuous osseous box 
composed of an ilium, ischium, pubis, and 
acetabulum on each side. Fractures generally 
displace if three or more bones are involved or 
if the sacroiliac joint(s) is involved; in immature 
patients, two fractures can be present because 
of the elasticity of the bone. Not all ilial body 
fractures are simple transverse or oblique frac-
tures, in which reduction and compression is an 

excellent way to repair the fracture quickly. 
Frequently, a surgeon will be presented with a 
supracotyloid fracture (small distal ilial frac-
ture cranial to the acetabulum) or with a small 
fragment of the cranial aspect of the ilial wing 
available for screw purchase. Fortunately, 
comminuted ilial fractures are not common 
(approximately 16%) because open repair and 
anatomic reconstruction is difficult [3]. Locking 
plate technology allows for a more biologic 
repair compared to traditional anatomic reduc-
tion and compression with dynamic compres-
sion plating (DCP) systems (Table 17.1).

Lateral plate fixation is the most commonly 
used approach, although the tension side of the 
ilial body is located ventrally [4]. However, 
access to the ventral surface of the ilium is 
difficult clinically, and application of a locking 
plates to the tension side of a bone is less critical 
than for conventional plates. A ventrolateral 
approach provides the most thorough access 
to all aspects of the ilium (dorsal, ventral, and 
lateral) and the most optimal visualization 
through a gluteal roll‐up. It also provides access 
to the bone via muscle separation and subperi-
osteal elevation rather than muscle transection. 
The middle gluteal can be elevated and rolled 
up or down, depending on the aspect of the 

Shawn C. Kennedy

17 Pelvic Fractures
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ilium needed (ventral, lateral, or dorsal aspects). 
Although branches of the cranial gluteal vein, 
artery, and nerve can be retracted or transected 
if needed, care should be taken to preserve the 
lateral circumflex femoral vessels immediately 
cranial to the acetabulum. The sciatic nerve lies 
immediately dorsomedial to the ilium and 
traverses the ilium at the ischiatic notch and 
must not be injured during reduction and stabi-
lization. Reduction of the caudal fragment is 
best with reduction forceps and/or through the 
use of the plate placed in the caudal segment. 
A  precontoured plate (based on opposite side 
anatomy or cadaver) will significantly improve 
reduction of medially displaced caudal fragments 
as well as realignment of the weight‐bearing 
axis of the pelvis. The usage of a Verbrugge 
clamp or a plate‐reduction clamp applied to 
the cranial aspect of the plate/ilium allows 
reduction.

Although simple transverse fractures are 
easily compressed and locking plate technology 
is not critical for this type of repair, the unique 
morphology of the ilium allows for early screw 
loosening and subsequent pelvic canal narrow-
ing. In cats, screw loosening occurred less often 
with locking plates or doubling the locking 
plate application compared to DCP [5]. Hybrid 
locking systems, which accommodate nonlock-
ing screws with oval dynamic compression 
style screw holes, may be ideal for transverse 
fractures because they combine the benefits of 
the compression reduction of a DCP, and the 
screw‐loosening prevention of a locking plate. 

If using the combination of locking and non-
locking screws in the ilium, it is important to 
apply the nonlocking screws in the caudal frag-
ment first, prior to the locking screws, as the 
locking screws will hold the plate in a fixed 
position relative to the bone. After using the 
plate to help reduction of the fracture, the cra-
nial compression screw is applied next prior to 
the subsequent locking screws, allowing for the 
advantage of the bone holding strength of the 
locking screws. However, only hybrid‐style 
locking plates allow concurrent compression 
and locking screws within the same plate, limit-
ing the benefits of the compression to those 
types of plating systems.

When applying a locking plate to an acetabu-
lar fracture, proper apposition and alignment 
of articular surfaces is as critical as with non-
locking plates. Segmental ilial body fractures 
involving the acetabulum will likely cause 
gross displacement of the free segment(s), 
resulting in narrowing of the pelvic canal and 
disruption of skeletal continuity between the 
spinal column and the pelvic limb and osteoar-
thritis of the acetabulum. Reconstruction plates 
have been a valuable implant that allows repair 
of concurrent ilium and acetabular fractures, as 
the plate allows three planes of contour com-
pared to two planes of the conventional DCP. 
There are some locking plate systems (polyaxial 
[PAX] and string of pearls [SOP], for example) 
that allow this type of contouring as well; how-
ever, when twisting and bending a locking 
plate, the screw holes can become deformed, 

Table 17.1  Comparison of veterinary locking systems in regards to properties important to pelvic fracture repair.

Locking or 
nonlocking screws

Axial 
compression

Variable or fixed‐angle 
screws

Three‐dimensional 
contour

Synthes LCPa Both same hole Yes Fixed Yes, reconstruction only
Orthomed SOPb Locking only No Fixed Yes

Veterinary 
instrumentation

Both Variable Fixed Yes, reconstruction only

Securos PAXc Locking only No Variable Variable

Kyon ALPSd Both same hole Yes Variable for regular screws 
and fixed for locking screws

Yes

Traumavet Fixin Locking only No Fixed No

a Locking compression plate.
b String of pearls.
c Polyaxial.
d Advanced locking plate system.
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resulting in a failed locking mechanism. Different 
systems have techniques designed to limit this 
negative consequence. Certain locking systems 
have been utilized to aid in similar fixation as a 
traditional reconstruction plate when combin-
ing ilial and acetabular fracture repair. One 
study did not show a significant advantage 
when using locking plate technology in a sim-
ple transverse acetabular model compared to 
a traditional plate in respect to joint congruity, 
displacement of fracture gap, construct stiff-
ness, or ultimate load to failure. However, the 
locking plate used unicortical screws, adding a 
large advantage to the locking plate [6].

Given the degree of difficulty contouring ace-
tabular plates, there is a substantial advantage 
of being able to use a unicortical screw near 
the acetabulum to avoid acetabular penetration 
with a bicortical screw. Also, because precise 
contouring of the plate is unnecessary, it can be 
applied more easily once the fracture is ana-
tomically reduced without loss of reduction. 
Polyaxial locking plates have an advantage 
over fixed‐angle locking plates around the 
acetabulum because the degrees of freedom in 
these plates makes the task of exposing an ace-
tabular fracture less burdensome. PAX plates 
have up to 10° of freedom, interchangeable 
screws between 2.0–2.4  mm and 2.7–3.5 mm 
systems, and the ability to remove screws and 
adjust angulation as needed. Therefore, in this 
location, the placement of the plate around 
the acetabulum can be improved as less soft 
tissue dissection is necessary. Unfortunately, 
since acetabular fractures are articular, absolute 

stability is best. The relative stability of locking 
plates makes their use in simple acetabular 
fractures not the best choice.

Supracotyloid fractures, given the small 
fragments of bone available, are a great option 
for the relative stability given by the locking 
plates, as well as the ability to use fewer screws 
per segment of bone. Reconstruction plates can 
be added side by side to add more purchase 
to small bone segments. T‐type plates are also 
valuable in this location to aid in bone purchase.
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18.1  Anatomical Considerations

The mandibular and maxillofacial region is a 
complex area that poses challenges when 
planning the placement of internal fixation 
devices. In the mandibular, maxillary, and inci-
sive bones, the teeth occupy a large portion of 
the bone preventing placement of screws with-
out causing dental damage. Furthermore, the 
maxillary and the mandibular bones also con-
tain important blood vessels and nerves, fur-
ther limiting placement of internal fixation [1]. 
For example, the infraorbital foramen of the 
maxilla, through which the infraorbital neuro-
vascular bundle emerges, lies dorsal to the third 
premolar tooth. The mandibular canal contains 
the inferior alveolar neurovascular bundle and 
rostrally the buccal surface of the mandible has 
the middle and caudal mental foramina through 
which the corresponding mental nerves and 
blood vessels emerge [1]. In addition, the rela-
tive position of the mandibular canal and the 
infraorbital foramen may differ, based on the 
size of the dog and skull configuration. These 
important aspects are the cornerstones of 
planning where to place plates and screws in 
order to avoid iatrogenic damage while still 
maintaining effective and biomechanically stable 

internal fixation. In the mandibular and maxil-
lofacial region, plate exposure through the 
oral mucosa and endodontal damage to teeth 
and the mandibular canal, are potential com-
plications when a plate is positioned near the 
alveolar margins [2, 3]. Furthermore, collateral 
damage to important anatomic structures such 
as major neurovascular bundles should also be 
avoided.

18.2  Biomechanics

Internal fixation failure is an important com-
plication that can occur when the mechanical 
load is excessive in proportion to the implant, 
wrong implant selection and when bone qual-
ity is poor [2, 3]. Historically, for mandibular 
fracture fixation and reconstruction, miniplate 
systems were applied near the alveolar margin 
in an attempt to counter mandibular bone 
stresses in accordance with the tension band 
principle [3, 13]. Application of the tension 
band principle is based on the assumption that 
anatomic reconstructions are strongest when 
fixation devices are loaded in tension. Placement 
of a small plate along the lines of tensile stress 
(i.e. Champy lines) would be used to neutralize 
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applied functional forces [3, 13]. However, recent 
biomechanical studies have demonstrated that 
a plate near the alveolar margin is not needed, 
as adequate internal fixation can be achieved 
using a single mandibular locking reconstruc-
tion plate placed at mid‐mandibular height [2]. 
Furthermore, miniplates applied on the alveo-
lar margin are associated with unavoidable 
damage to the roots of the teeth and tend to 
become exposed to the oral cavity [2, 3].

Our clinical experience and research over the 
past several years using locking reconstruction 
plates for mandibular fracture and critical‐sized 
defects repair has revealed that a single plate 
placed in a buccal position (just ventral to the 
tooth roots and dorsal to the mandibular canal) 
can adequately resist mechanical load without 
clinical or radiographic evidence of collateral 
damage to blood vessels, nerves, or tooth roots 
or plate exposure through the mucosa [4, 5].

The thin bones of the maxillofacial complex 
provide a lightweight but strong frame filled 
with the air spaces of the nasal cavity and para-
nasal sinuses [6, 7]. The maxillofacial frame is 
strengthened by the support of the buttresses 
that maintain the appropriate position of the 
maxilla in relation to the base of the skull and 
the mandibles [6, 7]. Implant selection should 
take these biomechanical factors into consider-
ation. We use nonlocking miniplates for the 
maxillofacial region as they are easier to con-
tour to match the complex tridimensional mor-
phology and are not subjected to the sustained 
loads that mandibles are.

18.3  Materials

18.3.1  Locking Reconstruction Plates 
for the Mandible

The authors use 2.4–3.0 mm titanium locking 
plates (Synthes® Maxillofacial, Paoli, PA) for 
mandibular fracture fixation or reconstruction 
of critical‐size defects in medium to large breed 
dogs [2, 4, 8]. Veterinary adaptation plates are 
available and can be cut as needed. A single 
plate is secured on each side of the fracture or 
defect with at least three 3 mm bicortical, 
locking screws of appropriate length in which 
two screw-threads are exposed on the lingual 
aspect. For small‐breed dogs and cats, the 

authors use a single locking titanium 2.0 mm 
miniplate (Synthes Maxillofacial, Paoli, PA) that 
is adapted to the desired anatomical contour of 
the mandible and, at a minimum, two bicortical 
2.0 mm locking screws are used on each side of 
the fracture or defect [5].

18.3.2  Nonlocking Titanium Miniplates 
for the Maxillofacial Bones

For the maxillofacial bones, the authors use a 
variety of low‐profile titanium 2.0 mm nonlock-
ing miniplates (Synthes Maxillofacial 2.0 mm 
Mandible Trauma, Paoli, PA) [6]. These plates 
can also be cut and contoured, using specially 
designed miniplate bending cutters and pliers. 
For controlled drilling, a 4 or 6 mm self‐stopping 
drill bit or regular‐length drill bit can be used to 
create a 1.5 mm core hole for the 2.0 mm screw 
thread diameter. The length of the screws 
placed can be determined by using computed 
tomography measurements of the bone thick-
ness or a depth‐gauge. At least two nonlocking, 
self‐tapping 2.0 mm titanium screws should be 
placed on either side of the fracture.

18.4  Surgical Approach

The surgical approach for placing internal fixa-
tion into the mandibular and maxillofacial 
bones should be done in the least traumatic, yet 
effective, method of exposure [1]. As the region 
is very rich in major blood vessels, nerves, and 
salivary glands and ducts, care must be taken 
to avoid damaging these structures. However, 
if the region underwent trauma, the normal 
anatomy may be distorted. Exposure of the 
mandibular and maxillofacial bones frequently 
requires subperiosteal elevation of the muscles 
that adhere to the underlying bone.

There are three options to approach the man-
dibular and the maxillofacial bones: intraoral 
approach, extraoral approach, and a combina-
tion of the two. A step‐by‐step description of 
extra‐ and intraoral approaches for the bones 
of the region is not within the scope of this 
chapter; it has been described elsewhere [1]. 
Intraoral approaches can be used for fractures 
of the mandible, maxilla, and incisive bone. The 
typical intraoral incision lines are made within 
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the alveolar mucosa 3–4 mm away from the 
mucogingival junction. Most commonly, an 
extraoral approach is used for placing internal 
fixation, as it allows better exposure of the 
fracture or bones to be plated. Regardless of the 
method used, an approach through a traumatic 
wound should be avoided. A limited approach 
should be avoided, as it will force the surgeon 
to exert excessive pressure when manipulating 
the wound, which will further injure the area 
and not provide adequate access to place plates 
and screws.

18.5  Application on the Mandible

18.5.1  Trauma

For fractures involving the mandibular body or 
caudal mandible, locking reconstruction plates 
or locking miniplates can be used to stabilize 
the fracture fragments and achieve the desired 
occlusion and return to normal function 
(Figure 18.1a and b) [7]. Typically, pharyngot-
omy intubation is required to assess and achieve 
the desired postoperative occlusion [9]. An 
extraoral approach to the mandible/s is per-
formed with the dog in dorsal recumbency. A 
single plate is contoured to match the anatomy 
of the mandible and secured to the bone using 
three 2.4 or 3.0 mm screws in each fragment of 
the fracture. In small dogs, a single locking 
miniplate should be used and ideally three 
2.0 mm locking screws should be placed in each 

fragment. The authors have occasionally used 
two locking screws in the caudal bone segment 
in small dogs and cats due to space limitation.

18.5.2  Segmental Mandibular 
Reconstruction

A combined surgical and regenerative strategy 
resulting in rapid return to normal function can 
be achieved using a single titanium locking 
reconstruction plate and locking screws that are 
contoured to match the normal anatomy of 
the mandible [4]. The reconstruction is aided 
by rapid bone regeneration using recombinant 
human bone morphogenetic protein (rhBMP‐2) 
resulting in restoration of the biomechanics 
of the mandibles. Immediate mandibular 
reconstruction following mandibulectomy 
was previously published [4]. In general, a 
combined extra‐ and intraoral approaches are 
utilized [1]. Once the ostectomy area is meas-
ured and marked, a single titanium locking 
plate is contoured prior to the ostectomy in 
order to capture the normal anatomy of the 
ventrolateral mandible. The plate is then 
secured, just below the roots of the teeth and 
above the mandibular canal, to the bone with 
3.0 mm titanium locking screws (i.e. at least 
three screws in each segment). Then, the plate 
and screws are removed and the segmental 
mandibulectomy is initiated extraorally and 
completed intraorally while following the 
principles of oncologic surgery with regards to 

(a) (b)

Figure 18.1  Repair of traumatic left mandibular fracture in a cat. (a) The tri‐dimensional CT image demonstrates the 
comminuted fracture of the left mandible. (b) Repair using a 2.0 mm locking titanium miniplate and 2.0 mm titanium 
screws.
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surgical margins. After intraoral closure, the 
plate is secured to the mandible via the extraoral 
approach (Figure  18.2a). A compression‐
resistant matrix (CRM) impregnated with 
rhBMP‐2 is implanted into the defect to fit 
snugly (Figure 18.2b) and secured circumferen-
tially with 4–0 poliglecaprone 25 sutures to 
prevent migration post‐implantation. The sur-
rounding soft tissues are sutured around the 
plate and CRM to provide a soft tissue envelope.

18.5.3  Rostral Mandibular 
Reconstruction

A regenerative approach to rostral mandibular 
reconstruction was developed by our group to 
correct the instability and malocclusion that 
follow extensive bilateral rostral mandibulectomy 
in dogs [8]. Rostral mandibles are challenging 
to reconstruct due their complex geometry. 
The use of three‐dimensional (3D) printing, as 
described later, is highly beneficial for surgical 
planning. The reconstructive surgery should 
take place three to four weeks after rostral man-
dibulectomy has been performed and the soft 
tissues have healed appropriately [10]. In order 
to achieve the desired postoperative occlusion, 
pharyngotomy intubation is performed [9]. 
With the dog in dorsal recumbency, an extraoral 
approach to both mandibles is performed via a 
single midline incision. Using blunt dissection, 
the mandibles are exposed and the locking 
reconstruction plate is contoured and adapted 
to the bone. If a 3D‐printed model is used, the 
plate can be contoured prior to surgery to save 

surgical time and better prepare for the recon-
structive surgery. The plate is secured with at 
least three 3.0 mm locking screws in each man-
dible. The rhBMP‐2 infused CRM is implanted 
in the defect to fit snugly and secured circumfer-
entially with 4–0 poliglecaprone 25 sutures. The 
surrounding soft tissues are sutured around the 
plate and scaffold to provide a soft tissue enve-
lope. The subcutaneous tissues and skin are 
closed routinely.

18.5.4  Defect Nonunion Mandibular 
Fracture Reconstruction

When a mandibular fracture nonunion occurs, 
it typically results in malocclusion [5]. According 
to the Weber‐Cĕch classification: a “defect non-
union” occurs when a critical‐size section of the 
bone is lost as a result of trauma, periodontal 
disease, or surgery [11, 12]. A defect nonunion 
occurs most commonly in small‐breed dogs 
and/or as a result of failure from inadequate 
fracture repair (Figure 18.3a). As described for 
segmental and rostral mandibular reconstruc-
tion, a regenerative approach is also ideal for 
treatment of defect nonunions. In cases where 
tooth proximity creates concern over root dam-
age from screw placement, the teeth at risk are 
extracted three to four weeks prior to the recon-
structive surgery. This permits bone regenera-
tion at the empty tooth alveloi, which will 
allow an adequate purchase to the screws. The 
surgery is performed with the dog intubated 
via pharyngotomy to ensure the desired post-
operative occlusion [5, 9]. The canine teeth are 

(a) (b)

Figure 18.2  Immediate segmental mandibular reconstruction in a dog. (a) Following segmental mandibulectomy, a 
2.4–3.0 mm titanium locking reconstruction plate is secured to the mandible using 3.0 mm locking titanium screws 
based on previously drilled holes. (b) A compression‐resistant matrix infused with rhBMP‐2 is placed at the defect site in 
order to regenerate bone at the defect site.
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wired together using 28‐gauge wire, bringing 
the mandibles and maxillas into the desired 
occlusion. An extraoral approach to the mandi-
ble is used and a single locking titanium 2.0 mm 
miniplate is adapted to the desired anatomical 
contour of the mandible in a lateral position 
while avoiding tooth root damage (Figure 18.3b). 
The fracture edges are debrided and the plate is 
secured to the bone with at least three locking 
titanium screws in each segment of the fracture. 
Because of the anatomic limitations in the 
caudal mandibles of very small dogs and cats, 
the authors may use two locking screws when 
necessary. Appropriately sized CRM impreg-
nated with rhBMP‐2 is implanted as described 
previously. The surrounding soft tissues are 
sutured around the plate and sponge to pro-
vide a soft tissue envelope. The subcutaneous 
tissue and skin are closed routinely.

18.6  Application on the  
Maxillofacial Bones

The authors use internal fixation by means of 
titanium nonlocking miniplates as a valuable 
surgical modality for the treatment of severe 
maxillofacial trauma in dogs. The use of mini-
plates allows for restoration of the normal 
anatomy, quick return to normal function, and 
excellent cosmesis [6, 7, 13]. Nonlocking plate 
and screws are used because the plates are 
easier to contour to adapt to the complex max-
illofacial anatomy (Figure 18.4a–d). In addition, 
bending locking plates are likely to result in 
deformation of the delicate screw holes. 
Extraoral and/or intraoral approaches can be 

used based on the preferred accessibility to the 
fractured site [1, 6]. Periosteal elevators can be 
used to elevate depressed comminuted fracture 
segments in order to achieve normal anatomic 
contour. If a small bone fragment is found to 
be nonvital or devoid of blood supply, it should 
be discarded.

The miniplate selection is based on the size of 
the fractures and must be contoured to match 
the desired anatomical site. The plates are 
secured to the bone with at least two nonlocking, 
self‐tapping titanium screws in each segment of 
the fracture. The sequence of plate placement is 
done with simplification of the fracture in mind, 
such that unstable fragments are secured to the 
surrounding stable bone. In addition, impor-
tant surgical objectives are to restore nasofron-
tal vault, orbit, and dental occlusion. Following 
lavage, the subcutaneous tissue and skin are 
reconstructed and closed routinely. A Stent 
bandage can be placed and secured with 
sutures to prevent postoperative emphysema 
and swelling [6].

18.7 Three‐Dimensional Printing 
for Preoperative Planning

For complex repair and reconstruction situations 
such as mandibular reconstruction of critical‐
size defects, severe maxillofacial trauma, or 
defects where aberrant anatomy is present, the 
use of 3D printed models provides important 
technical benefits. Apart from providing a better 
understanding of the complex anatomy, the 3D 
printed model is very useful for planning the 
osteotomy lines and for precontouring plates to 

(a) (b)

Figure 18.3  Reconstruction of defect nonunion mandibular fracture in a dog. (a) The tridimensional CT image 
demonstrates the defect nonunion of the right mandible. (b) Repair using 2.0 mm locking titanium miniplate and 2.0 mm 
titanium screws using a rhBMP‐2 infused compression resistant matrix.
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match the contour of the bone (i.e. before 
mandibulectomy and reconstruction). Three‐
dimensional printing is particularly beneficial 
when a segment of the mandible is missing 
because a mirror image of the intact contralat-
eral mandible can be used to create an intact 
mandible model to which the plate can be ana-
tomically contoured in advance of surgery.
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maxillofacial fractures. (b) Repair using several 2.0 mm nonlocking titanium miniplates and 2.0 mm titanium nonlocking 
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demonstrating the reconstructed maxillofacial bones.
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Vertebral column trauma often results in unstable 
injuries such as fractures and/or luxations. The 
most commonly injured area requiring surgical 
stabilization is the thoracolumbar spine, par-
ticularly the thoracolumbar (TL) and lumbosa-
cral (LS) junctions. Vertebral luxation without 
fracture usually occurs in a ventral direction, 
resulting in damage to intervertebral disks and 
ligaments. Luxation may also occur laterally 
with concurrent articular facet fractures. 
Hyperflexion coupled with compression often 
results in vertebral body and endplate fractures 
with cranioventral displacement of the caudal 
fracture fragment.

Whether surgical stabilization is indicated 
depends on several factors such as patient age 
and weight, neurologic status, progression of 
neurologic deficits, pain caused by the injury, 
and degree of spinal instability. The latter can 
be difficult to discern radiographically. To 
provide a more objective evaluation, the sur-
geon can classify the injury according to the 
three‐compartment classification. This method 
divides the vertebra into dorsal, middle, and 
ventral compartments and proposes that 
significant instability is present if two or three 
compartments are affected (Figure 19.1).

Rigid fixation methods described for the 
spine include a variety of techniques, including 
pins or screws and polymethylmethacrylate 
(PMMA), vertebral body plates, and external 
skeletal fixation. The most substantial anchor-
age of implants is achieved by placement into 
the vertebral bodies. For this, a dorsolateral to 
ventromedial trajectory is required unless 
implants can be placed directly laterally on the 
vertebral body. While fixation with pins and 
PMMA provides a high degree of versatility and 
freedom in placement of pins, this technique 
introduces a large amount of foreign material 
(PMMA) into the paraspinous musculature, 
making closure difficult. Once in place, adjust-
ments to the construct can only be made by 
removing the PMMA. Furthermore, curing of 
PMMA causes an exothermic reaction that may 
damage surrounding tissues. By contrast, plate 
fixation eliminates these disadvantages and can 
provide strong, low‐profile stabilization.

Compared to standard plates, locking plates 
do not require close bone contact, which makes 
perfect plate contouring unnecessary. Due to 
their angle‐stable screw mechanism, locking 
plates can be applied with monocortical 
screws without significant loss of stiffness, as 

Bianca F. Hettlich
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156  Section IV: Trauma Applications: Clinical Case Examples

demonstrated in long‐bone models. Both these 
qualities make locking plates very attractive for 
use in the vertebral column where contouring 
can be difficult and bicortical implants may 
pose risks to neurovascular structures. While 
locking plates can be applied to all parts of 
the spine, anatomic features and alignment can 
make their usage challenging. In these cases, 
despite the benefits of locking plates, alterna-
tive fixation methods (i.e. fixations with pins 
and PMMA, standard plates, polyaxial locking 
plates) should be considered, which allow eas-
ier adjustments in implant insertion location 
and angle. Examples include areas with phys-
iologic changes in alignment such as the TL 
junction and malalignment due to deformities 
or nonreducible fractures.

Scientific literature on the use of locking 
plates in the canine and feline TL vertebral 
column is scarce. Clinical application of various 
locking plates has been described mainly for 
cervical vertebral stabilization, while in vivo 
comparison studies between locking plates and 
other fixation methods in the TL spine have not 
been reported. Description of locking com-
pression plate (LCP) and string of pearls (SOP) 
use for TL vertebral column injuries is limited 
to a few cases [1–3]. While clinical publications 
on the use of titanium alloy plate systems in the 
TL spine are lacking, plates such as Advanced 
Locking Plate System (ALPS), UniLock, 
Polyaxial (PAX) Advanced Locking System, 
titanium reconstruction locking plates, and the 
recently introduced titanium SOP plate would 
have the advantage of improved MRI compat-
ibility as titanium produces less artifact when 
compared to stainless steel.

Only one veterinary study has evaluated the 
in vitro biomechanical properties of a locking 
plates in comparison to pin‐PMMA fixation in 
the canine cadaveric lumbar spine [4]. Bilateral 
bicortical pin/PMMA fixation with a total of 
four pins was compared to unilateral mono-
cortical LCP fixation with a total of four screws. 
Results of this cadaveric study showed that 
pin/PMMA fixation was significantly stiffer 
and stronger and that for most testing direc-
tions, unilateral monocortical LCP fixation was 
only as strong as the intact spine. The authors 
of this study therefore recommend that LCP is 
only used in this particular configuration for 
inherently stable spinal injuries. There are no 
studies evaluating the biomechanical proper-
ties of LCP fixation in other configurations 
(i.e. unilateral with more screws, bilateral, 
bicortical screws), nor is there published bio-
mechanical testing of other types locking 
plates in the TL spine.

Recently introduced PAX systems have been 
evaluated in vitro and in vivo for human and 
veterinary appendicular fractures. Unlike fixed‐
angle locking implants, these plate systems 
allow insertion of screws at varying angles. 
Depending on the system, screws are locked via 
different mechanisms such as expanding bush-
ings, locking caps, or by cutting of the screw-
head into the plate‐hole metal. The ability to 
angle screws during spinal fracture repairs could 
offer considerable advantages, including greater 
flexibility of implant placement and an enhanced 
ability to avoid nervous tissues. However, their 
use has not been described for TL fractures in 
humans and there are no published reports on 
the use of these plates in veterinary TL surgery.

Dorsal

Middle

Ventral

Figure 19.1  Illustration of the three‐compartment classification depicting the ventral, middle, and dorsal compartment 
of canine vertebrae. (Source: Created by Tim Vojt.)
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19.1  Preoperative Planning

Orthogonal radiographs are used to provide an 
overview of the injury. Since relying on radio-
graphs alone can cause a surgeon to miss verte-
bral column injuries and compression within 
the spinal canal, CT or MRI are indicated for 
complete evaluation. Preoperative CT is also 
helpful in assessing patient specific anatomy 
and planning plate and screw location. Once 
the extent of the injury has been documented, 
degree of suspected instability is determined 
and the fixation construct chosen. Commonly 
used sizes for locking plates are 2.0 or 2.4 mm 
for small dogs and cats, 2.7 mm for medium, 
and 3.5 mm for large‐breed dogs.

Preplanning screw location with the chosen 
locking plate type and size is extremely impor-
tant, as the angle‐fixed screw position can easily 
interfere with the intervertebral disk spaces. Due 
to screw hole spacing within the plates, only two 
screws can usually be placed per vertebral body.

The ideal implant stiffness required for appro-
priate vertebral column immobilization in cats 
and dogs is not known. The surgeon will have 
to make decisions on implant stiffness require-
ments based on each individual patient. Apart 
from size and shape of the affected vertebrae, a 
major factor will be degree of instability of the 
injury. With relatively stable injuries, unilateral 
plate fixation with two screws in adjacent verte-
bral bodies may be sufficient. With unstable 
injuries, unilateral locking plate fixation should 
span two vertebrae cranial and caudal to the 
lesion to assure sufficient points of fixation, or 
bilateral plate fixation should be used. This is 
expected to improve upon the reported biome-
chanical disadvantage of unilateral LCP fixation 
over bilateral pin/PMMA fixation in a cadav-
eric canine lumbar spine injury model [4].

It has been demonstrated that fixation with 
multiple monocortical locking screws has 
similar stiffness to bicortical fixation using 
nonlocking plates and cortical screws. While 
this is an important benefit of locking plates, it 
has only been assessed biomechanically in long 
bones, where cortical bone is more substantial 
compared to vertebral body bone, and multiple 
screws can be placed per segment to achieve the 
desired cortical purchase points. By contrast, 
vertebral cortices tend to be thin with soft 
medullary bone. Monocortical screw fixation 

is very attractive along the vertebral column, 
but it has not been sufficiently assessed biome-
chanically in the TL spine in cats or dogs. The 
surgeon will have to consider the possible 
implications of reduced stiffness with a mono-
cortical fixation in addition to the planned 
fixation points cranial and caudal to the injury. 
If easily modified and achieved without viola-
tion of the vertebral canal or injury to adjacent 
ventrolateral perispinous vascular structures, 
bicortical screw purchase should be considered.

19.2  Approaches to the Vertebral  
Column

Depending on the surgeon’s preference, the TL 
spine can be approached via a dorsal, dorsolat-
eral, or lateral approach. The position of the ani-
mal is adjusted for the specific approach: ventral 
recumbency for dorsal, slightly lateralized for the 
other approaches. For unilateral plate applica-
tion, the dorsolateral and lateral approach allows 
for improved access to the vertebral bodies and 
decreased soft issue interference during drilling 
and placement of screws. For bilateral plate fixa-
tion, a dorsal approach is chosen to provide 
access to both sides of the vertebral column.

Vacuum bags or other holding devices and tape 
are used to maintain the desired position of the 
animal on the operating table. It is important to 
account for the change in vertebral position in 
case of oblique lateral patient position when 
applying implants at specific angles. With the 
animal in a straight ventral recumbent position, 
desired vertical or horizontal insertion angles can 
be more easily determined.

During the approach to the affected TL 
segment, care must be taken to avoid iatrogenic 
injury by aggressive manipulation. The approach 
extends ventrally to expose the rib heads of the 
thoracic or the base of the transverse processes 
of the lumbar spine.

19.3  Reduction

Utilizing reduction forceps on spinous processes, 
careful traction and manipulation is performed 
to reduce vertebral subluxation and reestablish 
alignment. Comminuted vertebral body fractures or 
older injuries can be very difficult to manipulate, 
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and emphasis may shift from realignment to 
establishing stability, which can impact the 
ability to apply plates for fixation.

Temporary reduction can sometimes be 
maintained with transarticular K‐wires, which 
can be placed individually through each articu-
lar process or translaminar from one process 
through the dorsal lamina into the other. 
Kyphotic malalignment may not be reduced 
entirely this way, and further use of reduction 
forceps may be necessary.

19.4  Locking Plate Application

While they can be used along the entire verte-
bral column, application of locking plates is 
easier along the lumbar spine due to the lack of 
rib heads and the relatively flat lateral surface 
of the vertebrae. Implant insertion angle and 
corridors have been described [5]; however, 
patient‐specific planning using preoperative 
CT images is recommended.

Once the area of injury has been approached 
and the lateral vertebral bones freed of soft tis-
sue to allow visualization of landmarks, the 
intervertebral foramina are identified with their 
neurovascular bundle. Depending on plate 
location and contact with the bone, the bundle 
can be carefully freed and the plate placed 
underneath. However, unless plate position 
causes compression of the bundle, dissection is 
avoided and plates are placed over the bundles. 
Small‐gauge hypodermic needles can be used 
to identify the cranial and caudal borders of the 
intervertebral disks to aid precise plate posi-
tioning and assure that screw placement will be 
in the desired location. Contouring of locking 
plates is limited, as it is not necessary for 
implant stability and changes orientation of the 
screw trajectories. If contouring is desired, it 
must be done with full recognition of the 
change in direction of the screw trajectories. 
Bending should also occur between screw 
holes, not over them, to avoid damaging the 
threaded portion of the locking mechanism.

19.5  Lumbar Spine

For vertebral body implants placed from dorso-
lateral, the recommended implant insertion 
angle for the lumbar spine is around 60° from 
vertical. It is easier to achieve this angle when 

using plates compared to pin/PMMA fixation, 
as soft tissue interference around fixation pins 
and cement is eliminated. However, when 
using a standard dorsal approach, soft tissues 
may still impair placement of the drill guide 
and drilling, tapping, and screw insertion. 
Screw insertion landmarks are the base of the 
pedicle and transverse process. An additional 
reported landmark is the accessory process; 
however, implant insertion must be sufficiently 
ventral to this process to avoid entering the ver-
tebral canal. Along the lumbar spine, the plate 
naturally wants to lay relatively flat against the 
lateral laminar and pedicular bone. A small 
keyhole pediculectomy or mini‐hemilaminec-
tomy can be performed to probe or visualize 
the floor of the vertebral canal to further aid 
proper screw insertion points and trajectory.

19.6  Placement of a 3.5 mm LCP

The application of a LCP in a canine lumbar 
spine model is demonstrated in Figure 19.2.

Relatively stable injuries can be treated with 
unilateral fixation using a four‐ or five‐hole 
3.5 mm LCP. Fixation strength can be increased 
by spanning two vertebrae cranially and caudal 
and by applying bilateral plates. The threaded 
part of the combi hole in the LCP is situated 
toward the center of the plate. With the four‐
hole 3.5 mm LCP, this can be disadvantageous 
because it forces the locking screws to be placed 
very close together in the center of the plate, 
often interfering with the intervertebral disk 
space. In this case, changing to a five‐hole plate 
usually allows two‐screw fixation per vertebral 
body without violating the disk. While this 
leaves an empty screw hole over the disk space, 
it is unlikely to weaken the repair. Sometimes, a 
slightly longer plate may be chosen to improve 
screw hole location, leaving an empty hole 
toward the end of the plate. Due to the limited 
lateral bending of the spine, an overhanging 
plate across part of the next vertebra is unlikely 
to cause clinical problems.

The 3.5 mm LCP can be held in position using 
the threaded plate holder (longer) or threaded 
drill guide (shorter) placed in one of the holes 
away from the first screw to be placed. This 
allows easy adjustment of plate position but 
does not secure the plate well in its position and 
requires an assistant to hold the plate.
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Spinal Fractures and Luxations  159

Figure 19.2  Placement of a 10‐hole 3.5 mm LCP in a canine lumbar spine model spanning L1 (left of image) to L5 (right of 
image). (1) The plate is placed on the lateral aspect of the lumbar spine in a canine bone model spanning L2 to L5. The plate 
is not contoured and is placed just below the articular and at the base of the transverse processes. Two small Kirschner wires 
(K‐wires) are used to hold the plate in position temporarily. They are placed in the outermost holes as far toward the ends as 
possible. (2) A threaded drill guide is placed into the second most cranial combi hole. This guide is used to tilt the plate to the 
desired angle before a 2.8 mm drill bit is used to drill the hole. (3) The depth gauge is used to carefully probe the walls of the 
bone tunnel for possible breaches. (4) The cranial screw is now in place and the drill guide is placed into the threaded part of 
the combi‐hole next to the most caudal hole. (5) After drilling, the depth gauge is used again to assess drill tunnel integrity prior 
to placing the locking screw. (6) The caudal screw has been placed. The K‐wires can now be removed since the plate is locked 
into position. (7) The most cranial and caudal screws can now be placed. Note that the hole made by the K‐wire in the caudal 
hole is located in the dynamic compression part of the hole and that the locking screw will be placed in the treaded part of 
the hole. In the cranial hole, the drill tunnel will incorporate the K‐wire hole. (8) Two screws each are now placed in the most 
cranial and caudal vertebrae. The remaining screws can be placed into holes, which will not interfere with the intervertebral 
disks. (9) Final implant construct. Note the four unfilled screw holes (*) located over or too close to intervertebral disk spaces. 
Only one screw per vertebrae could be applied in the centrally located vertebrae for the size of spine in this model. (10) View 
from dorsal showing the position of the uncontoured 10 hole 3.5 mm LCP plate on the lateral aspect of the vertebral column.

(1)

(2)

(3)

(4)

(7)

(8)

(6)

(5)
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Alternatively, the plate can be temporarily 
fixed in position using the push‐pull device to 
allow easier placement of the first locking 
screw. The push‐pull device is typically placed 
in either the most cranially or caudally located 
screw holes with subsequent placement of the 
first locking screw in the vertebral body oppo-
site the push‐pull. Since temporary fixation 
with the push‐pull device already fixes the LCP 
at a certain angle, the surgeon must be sure that 
this angle is similar to the desired screw angle 
prior to drilling. If plate position after push‐
pull fixation is not ideal, it should be adjusted 
to avoid inappropriate placement of the screws. 
Once implant position is checked after the first 
screw placement, the second screw is inserted 
in the same vertebral body as the push‐pull. 
The push‐pull can then be removed and the 
remaining two screws can be placed.

Another method to maintain the LCP in posi-
tion but still allow tilting of the plate for proper 
drill hole angulation is the use of small K‐wires 
for temporary fixation. For this, two 1–1.5 mm 
K‐wires are placed at the cranial and caudal 
extend of the plate, holding it at the desired 
level along the vertebral column. K‐wires are 
placed away from the center of the plate, in the 
dynamic compression part of the combi hole. 
When drilling the hole for the first locking 
screw, the plate can still be tilted to achieve the 

desired insertion angle. The threaded drill 
guide or a threaded plate holder can be used to 
hold the plate at the desired angle during place-
ment of the first screw. Once a locking screw 
has been placed in each vertebral body, the 
K‐wires can be removed and the remaining 
screws are placed. The cortical bone defects 
made by the K‐wires are small enough to not 
compromise stability of subsequently placed 
screws. Temporary fixation with small K‐wires 
can also be used on other locking plates to facil-
itate application of locking screws in the desired 
position.

If screws are purposefully placed monocorti-
cally and only the cis‐cortex is drilled, care 
must be taken not to select overly long screws. 
This may lead to contact of the advancing 
screws with the trans‐cortex, lifting of the plate 
away from the spine and/or stripping of the 
cis‐cortical bone. Depending on location of the 
drill hole in the cis‐cortex, screws may be acci-
dentally diverted during advancement within 
the vertebral bone by the inner cortex of the 
canal. While such a diversion is good, as it 
hopefully avoids vertebral canal violation, it 
shifts the screw trajectory and may cause shift-
ing of the plate position or cross threading/
malposition of the locking screw.

If screws are placed bicortically, both cortices 
must be drilled and the length of the drill tunnel 

(10)

Figure 19.2  (Continued)

(9)

* * * *
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should be measured. The depth gauge can also 
be used as a probe to carefully palpate the 
integrity of the drill tunnel for possible breaches 
into the vertebral canal. On principle, locking 
screws with a self‐tapping end should be of suf-
ficient length to have the entire cutting tip 
extend beyond the trans‐cortex. This goal must 
be weighed against the possible risk of damage 
to perispinous vasculature.

Depending on the type of implant, screws 
can be power inserted or hand inserted. Use of 
a torque limiting device is recommended for 
Synthes locking screws. Considering the con-
fines of the surgical area, thin cortex, and poten-
tially interfering inner cortical bone, hand 
insertion of screws may be preferable.

19.7 Thoracic Spine

Plate application in the thoracic spine is more 
challenging due to the differences in vertebral 
anatomy and presence of ribs. On principle, 
vertebral body plates can be applied through 
a lateral intrathoracic approach. More com-
monly, dorsolateral plate application with 
disarticulation of the rib heads or drilling of a 
notch to accommodate the plate is performed. 
Implant insertion angles are different in the 
thoracic compared to the lumbar spine, with 
trajectories becoming steeper in the more cra-
nial thoracic vertebrae. At T13 insertion angles 
are around 45° from vertical and reduce to 
20–25° at T10. This is due to the changes in 
vertebral body shape from broad oval in the 
lumbar spine to tall and almost hourglass 
shape in the thoracic spine. Identification of 
the disk space borders can again be achieved 
using small needles, and K‐wires can aid in 
temporary positioning of the plate prior to 
locking screw placement.

Due to the natural kyphotic curvature of the 
TL spine, it can be difficult to apply long 
locking plates across multiple vertebrae. When 
plates with fixed‐angle screws are used, screw 
location at the cranial and caudal extend of the 
plate might not be centered, requiring adjust-
ments of plate positioning that may compro-
mise vertebral canal safety or sufficient bone 
purchase. Some locking plates can be bent to fit 
the natural curvature of the spine (i.e. SOP, 
locking reconstruction plate); however, any 

contouring of the plate must be done with care 
to assure that screw trajectory is still going in 
the desired direction.

19.8  Placement of a 3.5 mm SOP Plate

Placement of a 3.5 mm SOP plate in the canine 
TL spine is depicted in Figure 19.3.

SOP plates, applied along the dorsolateral 
surface, are often used in the caudal thoracic/
cranial lumbar spine. Since they can be bent in 
three planes with 6° of freedom, the kyphotic 
curvature can be mimicked and screw holes can 
be twisted to accommodate differences in 
screw insertion angle between the cranial and 
caudally located screws. Based on preoperative 
CT and radiographs, the plate can be precon-
toured, which will greatly decrease intraopera-
tive time for adjustments. Inserting the screws 
into the plate during planning will aid assuring 
their desired trajectory since specific angles can 
be determined.

As with LCP and other locking plates, a 
maximum of two screws can usually be placed 
per vertebral body. To achieve the appropriate 
number of cortical fixation points, it is common 
to span two vertebrae on each side of the injury. 
Even with this, unilateral SOP plating may not 
be sufficient for unstable injuries. Since normal 
cortical screws are used, failure mode of SOP 
implants is through shearing just below the 
screwhead. To strengthen fixation and avoid 
implant failure, bilateral SOP plate fixation 
should be considered and is recommended.

19.9  Problem Solving with Locking 
Plates

Malalignment and poor reducibility of the 
vertebral column due to injury may require 
placement of screws in locations and at angles 
that prohibit usage of a locking plate. Alignment 
can sometimes be adjusted to fit the selected 
implant; however, this must be done with great 
care and without additional iatrogenic injury. 
Flexibility to change to a different implant type 
is an important component of pre‐ and intraop-
erative decision‐making.

Interference of anatomic structures such as 
ribs can impair ideal application of locking 
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162  Section IV: Trauma Applications: Clinical Case Examples

plates. Rib heads can be disarticulated to allow 
plate positioning and either be reattached with 
heavy suture or wire or left disarticulated. Rib 
heads can also be partially removed by ron-
geurs or drill. If the base of the transverse pro-
cess is interfering with ideal placement, it can 
be notched or partially removed.

After placement of the first locking screw, the 
plate is locked in position apart from some 

rotary movement around the first point of 
fixation. This locked position determines the 
trajectory for the remaining screws within the 
vertebral bodies. Prior to placing more screws, 
it is important to carefully assess the position of 
the remaining screw holes. It may become 
apparent that plate position or angle of screws 
has shifted and that screw trajectories with 
this position will not engage bone properly, are 

(1)

(2)

(3)

(4)

(5)

Figure 19.3  Placement of a 10‐hole 3.5 mm SOP plate in the canine thoracolumbar (TL) spine spanning T13 (left 
of image) through L3 (right of image). (1) Hypodermic needles identify the intervertebral disk spaces. Note the 
neurovascular bundles, which have been carefully prepared. (2) The plate has been contoured to fit the natural kyphotic 
curvature of the spine in this region. Placement of the plate will be immediately below the articular processes at 
the base of the transverse processes. (3) Drilling of the first screw hole in the most cranial aspect of the plate. In this 
case, temporary plate fixation was aided by placing a small K‐wire in the caudal most hole. The K‐wire still allows 
changes in plate position and angulation. The first hole was drilled without a drill guide with focus on the desired 
angle of the screw within the vertebral body. With correct position and angle, this first screw will place the plate in the 
correct position for subsequent screws. (4) The K‐wire was removed and the most caudal screw is placed. Since the 
plate position is now locked in place regarding the angulation, the SOP drill guide can now be used to assure proper 
screw position within the plate. (5) The SOP plate has been applied with seven screws. Note that three plate holes are 
left without a screw, as these would have been placed too close or in the intervertebral disk space.
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positioned to close to the vertebral canal or will 
enter the intervertebral disk.

While standard plates allow some degree of 
freedom with the angle of screw placement in 
relation to the plate, screws for many locking 
plates are fixed‐angle. This means that a poor 
screw trajectory once the plate is locked cannot 
be adjusted by angling a locking screw. It might 
be necessary to remove the first screw, adjust 
the plate, and redrill. Considering the limited 
bone stock of the vertebral bodies, this should 
be avoided as much as possible by assuring the 
best possible position and angulation of the 
first screw. In most locking plates, it is possible 
to combine locking and nonlocking screws 
within the same plate, such as in the combi hole 
of the LCP. The use of polyaxial locking plates 
may alleviate some of the restrictions on the use 
of regular locking plates as these allow some 
angulation of screws within the screw holes.

The important application principle should 
be followed, when combining locking and 
nonlocking screws. In such case, the nonlock-
ing screws are applied first in an area where 
appropriate plate/bone contact can be achieved 
to create compression of the plate to the bone. 
After this, the locking screws can be applied. 
In reverse order, the locking screws would 
prevent compression of bone against the plate 
by the nonlocking screws. When locking plates 
are chosen for spinal fixation, the need for 
placement of nonlocking screws typically arises 
when plate positioning is not ideal and screws 
must enter the vertebral bone at a different 
trajectory than allowed by the locking screw 
path. Most often, in these scenarios, the plate is 
already applied with several locking screws 
in place. For long bone fractures, one should 
loosen the locking screws at this point, apply 
the nonlocking screws, then retighten the lock-
ing screws. Along the uneven spine, this may 
not be ideal, as the nonlocking screws may shift 
the plate enough out of position to prevent 
proper locking of the locking screws. Going 
against the principle rules of application, in 
some cases, nonlocking screws may need to be 
applied after their locking counterparts, with-
out loosening the construct again.

Failure of locking plates depends on the 
implant used. Many locking plates are very 

strong and unlikely to fail along the plate. 
Common modes of failure in the spine are 
screw pullout of the bone or fracture and shear-
ing of screws between the plate and bone. The 
risk of screw breakage is higher with regular 
cortical screws, which have a weak point 
between the screwhead and shaft, compared to 
locking screws, which tend to have a larger core 
diameter than the regular screws.

19.10  Postoperative Assessment

Orthogonal spinal radiographs are obtained 
to  assess vertebral column alignment and 
implant position. Radiographs have a poor 
accuracy to determine position of bicortical 
implants in relation to the vertebral canal. 
While locking plates can be applied using 
monocortical screws, accidental violation of 
screws into the vertebral canal is still possible, 
depending on the location of the plate. 
Computed tomography is an outstanding tool 
to assess implant placement in relation to the 
vertebral canal and can be used with excellent 
accuracy despite metal artefact.
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V-A  Corrective Osteotomies

Section V
Nontrauma Applications: Clinical Case 
Examples

Ve
tB

oo
ks

.ir



Ve
tB

oo
ks

.ir



167

Locking Plates in Veterinary Orthopedics, First Edition.  
Edited by Matthew D. Barnhart and Karl C. Maritato. 
© 2019 ACVS Foundation. Published 2019 by John Wiley & Sons, Inc.

20.1  Introduction

Cranial cruciate ligament (CCL) disease is a 
common cause of pelvic limb lameness in dogs 
worldwide and surgery is often recommended 
to allow a faster and more complete return to 
function [1]. While numerous surgical proce-
dures have been described to treat stifle pain 
and instability that occur secondary to CCL 
deficiency, the tibial plateau leveling osteotomy 
(TPLO) has been one of the most commonly 
performed orthopedic procedures worldwide 
and is the only surgical procedure that has been 
shown to allow a return to normal clinical func-
tion [2–5]. Initially developed and reported by 
Slocum and Slocum in 1993, the TPLO elimi-
nates cranial tibial subluxation through a rota-
tional cylindrical osteotomy in the proximal 
tibia that decreases the tibial plateau angle 
(TPA), thereby eliminating cranial tibial thrust. 
The osteotomy is stabilized with a bone 
plate [6]. Initially, only the Slocum TPLO plate 
was used for the TPLO due to patent restric-
tions, but once the patent expired, numerous 
bone plates were applied to and designed spe-
cifically to be used to stabilize the TPLO. Of 

these, both locking and nonlocking constructs 
have become widely available for dogs and cats 
of all sizes.

20.2  Locking TPLO Plate Design

While the shape, specific design features, and 
the locking mechanism differ between manu-
facturers, locking TPLO plates share the com-
monality of allowing the screw to lock into both 
the bone plate and the bone. (Figure  20.1) As 
such, direct contact to the bone is not necessary 
for construct stability. Some locking TPLO plate 
designs are precontoured to match the shape of 
the proximomedial tibia. This feature not only 
minimizes the offset of the plate from the bone 
and subsequent working length of the screws 
but can also decrease surgical time.

Fixed‐angle locking screw holes dictate the 
direction that the screw can be placed. The 
angle of these screws is often directed to avoid 
the joint surface and converge in the region of 
maximal bone stock. The Synthes bone plate 
(DePuy Synthes Vet, West Chester, PA), for 
example, directs the proximal screw 3° distally 

Mary Sarah Bergh
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and 5° caudally, the cranial screw 3° caudally, 
and the caudal screw is directed 3° cranially. 
This convergent placement of locking screws 
provides superior anchorage to bone, as com-
pared to locking screws placed in parallel ori-
entation and nonlocking screws, because more 
bone must be displaced for screw stripping to 
occur [7].

Several TPLO plate designs allow a combi-
nation of both locking and standard screw 
fixation. This hybrid fixation allows for axial 
compression if the nonlocking screw is placed 
in load fashion in a DCP hole. Such interfrag-
mentary compression results in direct bone 
healing across the osteotomy (Figure 20.2). The 
Biomedtrix TPLO CurveTM plate (Biomedtrix, 
Whippany, NJ) achieves compression across the 
osteotomy site in a novel fashion: an angled 
compression hole rotates the plate to compress 
the osteotomy cranially, and an axial compres-
sion slot compresses the osteotomy distally 
(Figure  20.3). Other plate designs, such as 
the  string of pearls TPLO plate (Orthomed, 
Huddersfield, West Yorkshire), allow pure lock-
ing fixation that would provide bridging fixa-
tion unless interfragmentary compression is 
applied with other means.

The Synthes TPLO plate design allows both 
locking screw and conventional screw fixation 

in all holes of the proximal portion of the plate 
and either one or two holes in the distal portion 
of the plate. When both screw types are used, 
the standard screws should be secured prior to 
the placement of the locking screws. While the 
author routinely uses locking screws in the 
proximal portion of the plate and standard 
screws in the distal portion, locking screws may 
be used in the distal portion for very large dogs, 
for dogs that have subjectively poor bone qual-
ity, or if stripping of the cis‐cortex of one of 
the  standard screws occurs during insertion 
(Figure 20.4). A standard screw may be used in 
the proximal portion of the plate if the locking 
screw strips the drill hole or if redirection of the 
screw is desired to avoid crossing the osteot-
omy or articular surface.

20.3  Clinical Benefits of Locking 
TPLO Plates

The standard technique for the TPLO utilizes a 
medial approach to the proximal tibia for execu-
tion of the osteotomy and bone plate application 
on the proximomedial metaphysis and diaphy-
sis. Anatomically, this location can be challeng-
ing to accurately contour a plate due to the 
complex three‐dimensional shape of the tibia 

(a) (b) (c) (d)

Figure 20.1  Examples of commercially available locking tibial plateau leveling osteotomy (TPLO) plate designs. 
(a) String of pearls TPLO plate (Orthomed, Huddersfield, West Yorkshire); (b) Unity cruciate plate (New Generation 
Devices, Glen Rock, NJ); (c) Synthes locking TPLO plate (DePuy Synthes Vet, West Chester, PA); (d) TPLO CurveTM 
plate (Biomedtrix, Whippany, NJ). The proximal portions of plates c and d are precontoured to fit the shape of the 
proximomedial tibia.
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(a) (b) (c) (d)

Figure 20.2  Immediate postoperative (a and b) and eight‐week follow‐up radiographs (c and d) from a tibial plateau 
leveling osteotomy (TPLO) performed on a 36 kg female spayed Labrador retriever using a Synthes 3.5 mm locking TPLO 
plate with hybrid locking fixation. Locking screws were used in the proximal portion of the plate and conventional 
cortical screws were used to achieve axial compression in the distal portion of the plate. Uncomplicated direct bone 
healing occurred across the osteotomy site.

(a) (b) (c)

Figure 20.3  Intraoperative photograph (a) and immediate postoperative radiographs (b and c) of a TPLO stabilized 
with TPLO CurveTM plate. This plate has two compression holes to allow compression across both the cranial and distal 
aspects of the osteotomy and is coated with a silver‐based plasma antimicrobial coating.
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and the variable – and often substantial – amount 
of medial buttress present in animals with CCL 
disease. Failure to precisely contour standard 
bone plates to the shape of the tibia can have a 
significant impact on reduction of the osteotomy 
as the conventional screws are tightened, lead-
ing to translation of the plateau segment, loss of 
osteotomy rotation, and the introduction of tor-
sional or angular deformities in the tibia – all of 

which can negatively affect clinical function 
[8, 9] (Figure 20.5). Locking plate fixation does 
not require contact of the bone to the plate for 
stability; therefore, osteotomy rotation and 
reduction can be maintained during screw tight-
ening. Some fixed‐angle locking screws have a 
larger core diameter than conventional screws, 
to withstand the larger cantilever loading forces 
under these conditions.

(a) (b) (c) (d)

Figure 20.4  Immediate postoperative (a and b) and 12‐week follow‐up radiographs (c and d) from a TPLO performed 
on a 68.2 kg female spayed Mastiff using a single Synthes 3.5 mm broad TPLO plate. Four locking screws were used in 
the proximal segment and one locking screw (screw #7) was used with three conventional cortex screws in the distal 
segment. Uncomplicated healing and excellent clinical function was achieved.

(a) (b) (c) (d)

Figure 20.5  Bone models showing TPLO stabilized with locking screws (a and c) and conventional screws (b and d) 
placed through the same drill holes in the proximal segment. Axial and torsional alignment of the bone, osteotomy 
rotation, and compression across the osteotomy are only maintained with the locking construct.
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In addition to maintenance of the desired 
TPA intraoperatively, locking TPLO plates 
allow less change in the TPA in the postoper-
ative period, as compared to conventional 
bone plates  [10, 11]. When a gap is present at 
the osteotomy site, biomechanical studies have 
shown that the Synthes locking TPLO plate has 
significantly greater construct stiffness as com-
pared to two types of conventional TPLO plate 
constructs [12].

20.4  Complications of Locking 
TPLO Plates

Locking plates may reduce the complication 
rates of TPLO due to a reduction in surgical 
time, less loss of reduction of the osteotomy 
and plateau segment, more rigid constructs 
with decreased implant breakage, and lower 
infection rates [13–15]. The reduction in postop-
erative infection with locking TPLO plates may 
be due to enhanced construct stability, shorter 
surgical times, or better preservation of blood 
supply to the surgical region. The TPLO 
CurveTM plate has a HyProtectTM silver‐based 
plasma antimicrobial coating that provides a 
continuous release of silver ions that inhibit 
bacteria growth and biofilm formation for over 
three months after implantation, which may 
further decrease postoperative infection rates.

While locking‐angle stable screws increase 
construct strength, this feature can be problem-
atic on occasion. If the bone plate requires bend-
ing to accommodate a large medial buttress, it 
will direct the screws toward the joint surface. 
Joint penetration may occur in these cases. If the 
bone plate is contoured around medial buttress, 
prior to drilling, the mediolateral trajectory of 
the drill bit can be estimated by evaluating the 
angle of the threaded drill guide as it locks into 
the plate hole and comparing it to palpable ana-
tomical landmarks. If the angle suggests that the 
joint may be penetrated, the plate may be posi-
tioned more distally, or a conventional nonlock-
ing cortex screw can be placed and aimed 
parallel to or angulated away from the joint. 
After drilling the hole, it is helpful to carefully 
palpate the drill hole with the depth gauge to 
ensure that violation of the joint has not occurred.

The aforementioned advantage of the con-
verging angle of locking screws in the Synthes 

plate design can be problematic if fixation 
failure occurs. In contrast to conventional screw 
fixation, where fixation failure usually occurs by 
screw toggling within the plate hole and subse-
quently backing out of the bone, fixation failure 
of locking plates usually occurs by bone slicing. 
When this occurs, the screws remain in the same 
orientation relative to the bone plate and cut 
through the metaphyseal bone, resulting in a 
large region of damaged bone (Figure 20.6). This 
large segment of metaphyseal bone loss can 
complicate revision, as it reduces bone stock for 
adequate stabilization of the osteotomy.

Specialized threaded drill guides assist screw 
direction to match with the threads in the screw 
hole for several plate designs. Cross threading 
of the drill guide or malpositioning of the screw 
in the hole will result in cross‐threading of 
the  threads in the head of the screw in the 
plate  hole. While this has been shown to 
decrease construct strength experimentally, to 
the author’s knowledge, clinical problems have 
not been attributed to this in TPLO.

20.5  Specific Clinical Applications 
of Locking TPLO Plates

Locking TPLO plates can offer a direct clinical 
advantage to patients of all sizes by maintain-
ing the desired TPA and limb alignment both 
intraoperatively and postoperatively. Increased 
construct strength of locking fixation allows a 
single broad plate to be used to stabilize very 
large and giant breed dogs without the need for 
a secondary bone plate (Figure  20.4). This 
results in a reduction of surgical time and cost 
to the client. A clinical study has evaluated the 
use of locking TPLO plates in dogs weighing 
greater than 50 kg and found them to be both 
effective and associated with a decreased post-
operative infection rate [16].

The TPLO can be combined with other surgi-
cal procedures such as the correction of patellar 
luxation or angular deformities of the tibia. The 
increased construct strength of locking TPLO 
plates in buttress fashion makes them espe-
cially useful in these cases, because there is 
often a gap at the osteotomy site and the plate 
construct acts as a bridge (Figure 20.7). As dis-
cussed earlier, locking plate fixation is superior 
to conventional plating in this application.
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(a) (b) (c) (d)

Figure 20.6  Immediate postoperative (a, c) and three‐week postoperative (b, d) radiographs taken following TPLO 
in a seven‐year‐old dog. Fixation failure of the locking TPLO construct occurred due to slicing of the implants through 
the bone. Note the relatively unchanged position of the proximal screws, the lateral and caudal collapse of the plateau 
segment, and the fracture of the proximal fibula.

(a) (b) (c) (d)

Figure 20.7  Mediolateral (a) and craniocaudal (b) tibial radiographs of a 45.5 kg 5.5‐year‐old male castrated Labrador 
retriever with cranial cruciate ligament (CCL) rupture and grade II/IV medial patellar luxation. Postoperative radiographs 
(c and d) show correction of both conditions; the TPLO is stabilized with hybrid locking fixation.
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20.6  Conclusion

The TPLO is one of the most commonly 
performed veterinary orthopedic surgical pro-
cedures. The evidence suggests that optimal 
placement of the TPLO plate and screws, accu-
rate rotation, and maintenance of the plateau in 
the desired position are critical to a successful 
outcome following the procedure. The rela-
tively recent use of locking TPLO plate con-
structs has provided substantial clinical and 
biomechanical advantages over conventional 
plating techniques in achieving these goals. 
While locking screws and plates may be more 
expensive than conventional screws, locked 
plating constructs lead to improved construct 
strength and maintenance of osteotomy posi-
tion and limb alignment, which positively affect 
outcome. Moreover, using locking plate con-
structs may reduce the possibility of costly 
complications.
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The triple pelvic osteotomy (TPO) was first 
described as a surgical treatment for juvenile 
canine hip dysplasia in 1969, and its efficacy 
has been well proven in numerous publications 
since. The original stair‐step osteotomy proce-
dure has undergone a number of iterations over 
time to ultimately become the current tech-
nique that involves pubic, ischial, and ilial oste-
otomies stabilized by a dedicated TPO plate 
and an ischial interfragmentary wire. While 
this TPO is effective at producing acetabular 
ventroversion and thereby reducing hip sub-
luxation by improving femoral head coverage 
and articular surface contact, it has reported 
complication rates of 35–70% [1–3].

Screw loosening is the most common TPO 
complication, with reported rates of 30–62.5%, 
which is likely due to a combination factors 
including the low density of juvenile bone, 
minimal load sharing between osteotomy ends, 
and the high amount of motion generated at the 
ilial osteotomy site [2–5]. While screw loosen-
ing can be an incidental finding on routine 
postoperative radiographs, the potential for 
catastrophic loss of internal fixation and need 
for additional surgery is a real concern. 
Contradictory information exists regarding 
whether principles aimed at preventing screw 

loosening, including the use of cancellous 
screws, trans‐sacral screw placement and 
ischial wiring, offer any benefit at all [2]. Other 
reported remedies for screw loosening include 
retightening of screws via open or fluoroscopic 
assisted approaches, ilial hemicerclage wire 
placement, and application of a ventral ilial 
plate  [6, 7]. Clearly, any technique or implant 
that could reduce or prevent screw loosening 
would be very valuable in this application.

Arguably, there are few other veterinary sur-
gical techniques that have been as positively 
impacted and improved by the introduction of 
locking implants as has the TPO. The use of 
locking TPO plates has dramatically reduced 
the reported overall complications rates to 
5–7% and nearly eliminated screws loosening 
as a complication [8, 9]. Between two reports in 
which 371 screws were used in pre‐angled 
seven‐hole locking TPO plates (New Generation 
Devices, Glen Rock NJ), only a single loosened 
screw was documented (Rose). Noteworthy is 
that a combination of locking and nonlocking 
screws was used in the cases. The lack of loos-
ening of the nonlocking screws can likely be 
attributed to the single beam construct formed 
by the locking components, which eliminates 
motion between the plate, screws, and bone. An 
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in vitro report also found that screw loosening 
was significantly reduced by the use of locking 
TPO plates  [10]. Perhaps as importantly, lock-
ing TPO plates have truly made the double 
pelvic osteotomy (DPO) a viable alternative 
with distinct advantages over its predecessor.

In 2006, P.H. Haudiquet and J.F. Guillon 
presented the results from an in vitro study 
evaluating the feasibility of achieving suffi-
cient  acetabular ventroversion when only the 
ilium and pubic bones are osteotomized [11] 
(Figure 21.1). The goal of sparing the ischium 
was to simplify the TPO and maintain a more 
biomechanically stable construct that could 
reduce postoperative complications and mor-
bidity. Segmental rotation was in fact possible 
because the intact ischium deformed through 
bending of the open pubic symphysis. Ironically, 
this same “soft plastic” juvenile bone, which is 
necessary to achieve rotation, is also what con-
tributes to the aforementioned screw‐loosening 
complications.

The ability of the DPO to improve coxofemo-
ral joint congruity with a lower complication 
rate than that of TPOs has been described. 
A  restoration of a normal joint congruity 
of  50–72% of femoral head coverage by the 
acetabulum following DPO was reported by 
Vezzoni et  al. This has been postulated to be 

advantageous over the TPO, which tends to 
result in excessive femoral head coverage [12]. 
While using a locking plate when performing a 
TPO does significantly reduce implant associ-
ated complications, a DPO still offers a number 
of advantages comparatively (Table  21.1). To 
date, no clinical studies have directly compared 
DPOs and TPOs. Anecdotally, this author and 
other surgeons feel that DPO dogs appear to be 
significantly more comfortable and mobile after 
surgery compared to TPO patients. As such, 
many surgeons now feel there is no compelling 
reason to continue to perform the TPO, and in 
our practice, it has been replaced by the DPO. 
However, consideration should be given to 
some important technical differences between 
the two procedures.

Without question, forced rotational deforma-
tion of the intact ischial table is physically more 
challenging than maneuvering an osteotomized 
ischium. Holding the caudal segment of the 
pelvis in rotation while applying the DPO plate 
can be difficult. However, even with the ischium 
intact, the caudal osteotomized segment can 
still be “stacked” on top of the cranial segment, 
which makes applying the caudal portion of the 
DPO plate much easier. In cases where stacking 
is not possible, the author has found inserting 
a  freer periosteal elevator between the two 

(a) (b)

Figure 21.1  (a, b) Approximately six‐week postoperative double pelvic osteotomy (DPO) and triple pelvic osteotomy 
(TPO) radiographs. Note lack of a ischial osteotomy and hemicerclage wire with the DPO.
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fragments can be used to elevate the caudal 
fragment, allowing proper placement of the 
plate. Additionally, the author favors a locking 
DPO plate that has a compression hole in addi-
tion to the locking holes (Figure  21.2). This 
allows the surgeon to place a cortical screw in 
compression to help bring the plate flush to the 
bone and assist with rotation. While this can be 

achieved in plates with only locking holes by 
placing a cortical screw initially in place of a 
locking screw (and then replacing it with a 
locking screw), the surgeon is limited by how 
much this screw can be angled in such holes. 
Compression of the plate against the bone is 
critical in order to achieve the full desired rota-
tion and can be further assisted by placing bone 

Table 21.1  Double pelvic osteotomy (DPO) vs. triple pelvic osteotomy (TPO): Pros and cons.

DPO pros TPO pros DPO cons TPO cons

No ischial osteotomy Easier to rotate ilium Challenging to rotate 3 vs. 2 osteotomies
No ischial wire More accurate 

rotation result (?)
Less accurate rotation 
result (?)

Slower recovery (?)

Cantilever support by intact 
ischium

More expensive 
locking implant

More stress on ilial 
segment

Less screw looseninga Screw looseningb

Preservation of pelvic 
geometry

Pelvic canal narrowing 
occurs

Restoration of normal joint 
congruity (50–72% coverage)

Excessive femoral head 
coverage (≥90%)

a Locking implants.
b Nonlocking implants.

(a) (b)

(c) (d)

Figure 21.2  Some examples of locking DPO plates: (a) New Generation Device’s DPO plate, (b) PAX DPO plate, 
(c) Freedom Lock DPO plate, and (d) ALPS DPO plate.
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reduction forceps against the plate and ilium. 
The author also prefers a polyaxial locking 
screw insertion option (PAX DPO plate, 
Securos, Fiskdale MA, Freedom Lock DPO 
plate, Everost, Sturbridge MA) since a fixed‐
angle requirement can be challenging in this 
area and may require more aggressive surgical 
dissection to expose dorsal aspect of the cranial 
segment (Figure 21.2).

Additionally, unlike with TPOs, the actual 
amount of acetabular ventroversion achieved 
via DPO is typically 5° less than the applied 
plate angle [13]. Both in vitro and clinical stud-
ies have demonstrated that a maximum rota-
tion of 20° is ideal and that there is no difference 
in Norberg angles nor femoral head coverage 
when increasing from 20–30° of rotation [14, 
15]. As such, a 25° DPO plate should be used in 
order to achieve a 20° rotation.

Whether or not a TPO or DPO is being 
performed, locking implants should be con-
sidered the new necessity for these surgeries. 
Proven reductions in minor and major implant‐
associated complications and favorable in vitro 
and clinical data prove the unquestiona-
ble advantages this implant technology has in 
these applications.
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22.1  Introduction

Corrective osteotomies of the distal femur as 
part of the surgical technique for addressing 
congenital patellar luxation have become 
commonplace for some veterinary orthopedists 
over the past 10 years. Distal femoral corrective 
osteotomy (DFCO) has been reported as a 
successful surgical method for the treatment of 
the excessive distal femoral angulation that can 
play a role in patellar luxation. While several 
methods exist for performing a DFCO, they can 
be divided into closing or opening wedge oste-
otomies/ectomies. The use of tibial plateau 
leveling osteotomy (TPLO) jigs, intramedullary 
pins, interlocking nails, various plating systems, 
and Ilizarov fixators, have been reported in the 
past as techniques to help control, manipulate, 
and stabilize the osteotomies.

The realization that valgus and varus deform-
ities of the distal femur may contribute to 
quadriceps complex malalignment and predis-
pose the patella to luxation has changed our 
understanding of patellar instability and forced 
the development of presurgical imaging and 
assessment of femoral anatomy. Many individ-
ual variations in the technique of distal femoral 

(corrective) osteotomy (DFO or DFCO) are pre-
sent. The major differences lying in presurgical 
planning, intraoperative use of bone jigs, oste-
otomy technique, correction of femoral torsion 
if present, medial, or lateral or combined bone 
plate application site and choice of implant. 
The use of locking plates and screws is common 
with the DFO procedure with several options 
available to the orthopedic surgeon.

22.2  Anatomy

The normal canine femoral diaphysis has a 
slight caudal curve in the mid‐sagittal/median 
plane and a slight medial curve in the coronal/
frontal plane. While the normal reference range 
of anatomic angles have been investigated, 
documented, and published [1], some less 
documented variation exists, particularly in the 
chondrodystrophic breeds. It has been postu-
lated that with increased degrees of distal cur-
vature, the tracking of the patellar mechanism 
is affected and luxation due to malignment 
across the stifle joint may result. Distal torsion 
of the femur is also recognized as influencing 
femoral condyle alignment and patellar stability. 

Ian Gordon Holsworth and Kirk L. Wendelburg
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180  Section V: Nontrauma Applications: Clinical Case Examples

The attachment location of the straight patellar 
ligament (i.e. patellar tendon) on the proximal 
tibial tuberosity of the tibial crest also plays a 
significant role in quadriceps‐patellar complex 
alignment. The term tibial torsion is applied 
to varying degrees of abnormal tibial confor-
mation with the end result being variations 
in  the medial or lateral location of the tibial 
tuberosity.

In patellar luxation, patients the surgeon 
should attempt to assess the location and degree 
of skeletal malalignment pre and intraopera-
tively to allow adjustment of the anatomical 
malalignment into a normal range. The presur-
gical imaging techniques that have been utilized 
for this purpose include both radiography and 
computed tomography. Debate exists concern-
ing which of these techniques is best suited for 
surgical assessment, how the patient should be 
positioned for these studies, and what degree 
of abnormal angulation justifies a corrective 
osteotomy. Publications investigating the differ-
ent techniques are available for review by the 
individual surgeon [1–10].

22.3  Surgical Approach

Surgical access to the femur is from a lateral or 
medial approach. Both approaches have their 
place in both fracture repair and corrective oste-
otomies, and both approaches have similar but 
distinct challenges.

The lateral approach is performed by incising 
the biceps femoris fascia adjacent to the vastus 
lateralis m. and reflecting the vastus lateralis m. 
cranially to expose the bone surface. In the 
proximal femur, this is complicated by the 
presence of the tensor fascia lata and gluteal 
muscles and distally by the soft tissues associ-
ated with the stifle joint. The exposure is nor-
mally continued distally adjacent to the caudal 
line of the vastus lateralis m. with incision into 
the joint capsule to open the joint and allow 
medial luxation of the patella. The aim of the 
approach is to expose the complete condylar 
surfaces and mid to distal femur in the cranial 
aspect. Incision and retraction of the joint cap-
sule cranially is necessary to achieve this aim.

The medial approach to the femur is made by 
initially incising the fascial connection between 
the cranial and caudal sartorius muscles. This 

fascial connection is distinct in canines but non-
existent in felines, requiring a muscle‐splitting 
technique. Once the sartorius muscles are 
separated and retracted, the vastus medialis m. 
is identified and it can be separated from the 
neurovascular tract that runs caudal to its cau-
dal margin. This must be performed carefully 
to avoid iatrogenic damage to these structures. 
Once the separation between the neurovascular 
tract and the muscle belly is complete and any 
perforating vasculature is isolated and ligated 
as necessary, the vastus medialis muscle belly 
can be retracted cranially to expose the femoral 
bone surface. As the dissection proceeds proxi-
mally the femoral bone shaft becomes more dif-
ficult to isolate effectively and the musculature 
of the inguinal area impedes good access. 
Placing deep retractors between the vastus 
medialis m. and the tendon of the pectineus m. 
will allow good visualization of the medial and 
cranio‐medial wall of the femur. If a medial 
arthrotomy has been performed, the joint 
capsule incision is continued proximally and 
laterally to release the patellar complex and 
allow complete lateral luxation of the patella.

Prior to femoral osteotomy a decision on 
whether a trochleoplasty is to be performed 
should be made and completed. Awareness of 
the depth of the trochlear bone cuts for both a 
block and wedge‐recession trochleoplasty is 
important as an excessively deep trochleoplasty 
may cause issue with distal bone segment bone 
screws being placed during the implantation 
phase.

22.4  Ostectomy Technique

22.4.1  Technique 1: Medial or Lateral 
Femoral Plating with Jig Assistance by 
IG Holsworth

Once the chosen femoral and stifle approach is 
completed and the cranial surface of both the 
intra‐articular and mid to distal femoral shaft 
is exposed, the intraoperative ostectomy plan-
ning can begin (Figure 22.1).

In most cases of distal femoral varus or val-
gus, the center of rotation and angulation 
(CORA) is directly proximal to the joint capsule 
attachment on the cranial aspect of the femur. 
This can be assessed presurgically on planning 
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imaging, and every effort should be made to 
perform the corrective osteotomy as close to 
this location as possible (Figure 22.2a and b).

Another factor that must be considered prior 
to definitive choice of the osteotomy line(s) is 
the configuration of the locking bone plate that 
will be implanted. It is wise to place the 
intended bone plate on the medial or lateral 
wall of the femur in an approximation of final 
location to confirm appropriate spanning of the 
osteotomy site.

An additional consideration that must be 
entertained is the location of the jig’s bone pins. 
The distal pin should be placed, in most cases, 
directly proximal to the cartilage surface in the 
cranial midline of the distal femur. The final 
osteotomy location should consider the first 

Figure 22.1  Intraoperative exposure of the cranio‐lateral 
aspect of the distal left femur with open arthrotomy and 
previously performed recession wedge trochleoplasty.

(a) (b)

Figure 22.2  (a and b) Full right limb posterior–anterior alignment radiograph (a) and isolated femoral shaft with 16° 
measured femoral varus. The center of rotation and angulation (CORA) in the frontal plane is seen close to the proximal 
pole of the patella.
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distal screw location and alignment below 
the osteotomy so that drilling of the screw hole 
does not interfere or contact the jig pin. In the 
majority of implants, the screw will engage 
the bone distal to that jig pin. The other issue 
that must be addressed before jig placement is 
the proximal jig pin location. It is also impera-
tive that the proximal jig pin be placed in the 
midline of the cranial femur at a site where the 
implant spans that pin so that the first proximal 
plate screw is proximal to the jig pin. Failure to 
do this can lead to fracture through the jig pin 
site, as it is not protected by the bone plate if 
placed too far proximally. Once the jig and plate 
locations have been determined, the osteotomy 
location can be finalized and the cranial bone 
surface is scored to reflect the wedge ostectomy 
lines (Figure 22.3a and b).

It is also helpful to lightly score the cranial 
surface of the bone in the midline sagittal plane 
to allow accurate realignment during ostec-
tomy reduction, and if a torsional adjustment is 
made, the degree of rotation can be subjectively 
assessed more accurately.

In the case of an opening wedge DFO, a 
single bone cut is made; in the case of a closing 
wedge osteotomy, a second osteotomy is made 
to remove a triangular ostectomy segment that 

has been predetermined in size and orientation 
to correct the abnormal anatomic lateral distal 
femoral angle (aLDFA) to the normal aLDFA of 
94–98°. In most surgeons’ hands the goal is 
94°, although under‐ and overcorrection are 
not uncommon. Concerns with the opening 
wedge ostectomy primarily include osteotomy 
construct failure due to a relatively unstable 
construct and delayed healing with an appreci-
able bone gap present on the open aspect. Once 
the bone is scored, with either technique, the 
ostectomy is performed using a sagittal saw 
and a blade with enough length to traverse the 
patient’s femoral dimensions. Great care must 
be taken to follow the planned cut orientation 
and location, avoid angulation from the trans-
verse plane and converge the two osteotomy 
lines on the medial (for femoral varus correc-
tion) or lateral (for femoral valgus correction) to 
avoid undercorrection of the deformity. Once 
sectioned, control of the two femoral segments 
is achieved by the jig and manual manipulation 
at the ostectomy site.

In the case of a closing wedge it is vital that 
accurate, stable reduction of the wedge void is 
achieved. This is achieved by appropriate limb 
manipulation and assistance of a point‐to‐point 
bone reduction forceps placed around the jig 

(b)

(a)

Figure 22.3  (a and b) Lateral and cranial view of the distal left femur with an attached Slocum tibial plateau leveling 
osteotomy (TPLO) jig in the correct location. The lateral aspect closing‐wedge ostectomy is scored onto the bone surface 
using a sagittal saw to ensure accurate ostectomy performance.
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pins under the jig. Once reduced, alteration of a 
perceived torsional deformity can be made in 
the transverse plane using the midline bone 
score marks made earlier to determine the 
degree of correction. Temporary stabilization of 
the osteotomy/ostectomy can be improved 
beyond the jig pin reduction forceps step by 
placing a small 1.6–2.0 mm trocar‐pointed bone 
pin across the osteotomy site in an oblique fash-
ion. This allows for easier plate application and 
helps avoid dynamic mal‐reduction during the 
plating process. The selection of either a con-
toured straight plate, a custom DFO plate or a 
multidirectional contourable plate is one indi-
vidual surgeons should make according to their 
training, experience, and available equipment. 
Recontouring to match the variations of the 
individual patients bone is advisable and very 
often necessary. The plate should be in close 
contact with the bone surface for a majority of 
its length if possible. A medial plate is theoreti-
cally not as advantageous as a lateral plate as 
the medial cortical wall is the compression 
surface whereas the lateral cortex is the tension 
surface; however, this concept applies to non-
locking plates only. Once contoured the plate 
can be secured to the bone with initial cortical 
screws; once that process is complete, locking 
screws can be placed with an ideal of two 
locking screws per segment (Figure 22.4).

It is advisable to have three screws in the 
distal segment and four in the proximal segment 
if possible. Once the plate is secured with a min-
imum of two screws per segment the jig and 
pins can be removed (Figure 22.5).

It is also possible to remove the transosteot-
omy bone pin if interference with bone screws 
is encountered or the surgeon prefers it. Once 

the construct is complete, reassessment of patel-
lar instability may be performed. If continued 
medial or lateral tracking is observed and 
significant tibial torsion is present consideration 
may be given to performance of a tibial crest 
transposition (TCT), although this is commonly 
not necessary. The procedure’s structural alter-
ations are completed with finalizing soft tissue 
release and imbrication so as to ensure a central 
and stable patella on the surgical table prior to 
closure. Closure is routine and is dictated by 
the initial approach. Postoperative radiographs 
should demonstrate correction of the excessive 
varus or valgus angulation with appropriate 
implant location (Figure 22.6a and b).

The distal femoral osteotomy, whether an 
opening wedge or closing wedge, must be pro-
tected postsurgery from patient overactivity and 
excessive loading. Failure to do so will lead to 
delayed healing and/or construct failure, which 
is disastrous in many instances and will require 
further surgery with a reasonable expectation 
of suboptimal results. Follow‐up radiographic 
assessment must be undertaken prior to increas-
ing patient activity to ensure that osteotomy 
healing is progressing satisfactorily and con-
struct stability remains (Figure 22.7a and b).

22.4.2  Technique 2: Distal Femoral 
Osteotomy for Correction of Patella 
Luxation Using Double Plating and the 
Kyon ALPS System by KL Wendelburg

A novel method of DFCO uses bilateral advanced 
locking plate system (ALPS) plates with the smaller 
medially placed stabilizing plate placed prior to 
the osteotomy. The author believes that the bilat-
eral plating procedure is easier to perform than 
some other techniques and has produced good 
clinical outcomes in the author’s (KLW) hands.

Figure 22.4  Intraoperative placement of a lateral distal 
femoral osteotomy (DFO) plate following ostectomy 
wedge reduction with temporary jig retention.

Figure 22.5  Completed placement of a lateral femoral 
DFO plate following jig removal.
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(b)

(a)

Figure 22.6  (a and b) Lateral and PA view immediately postoperatively of right femoral DFO for excessive varus 
correction with medial‐placed locking DFO plate and trans‐ostectomy stabilization pin.

(b)

(a)

Figure 22.7  (a and b) Follow‐up lateral and PA radiographs six weeks post‐DFO. Ostectomy site appearance, implant 
location and femoral alignment appears appropriate and unchanged from post‐surgery (Figure 22.6a and b). Progressive 
bone deposition is apparent and of an appropriate degree. Six (6) degrees of femoral varus are measured.
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A medial or lateral parapatellar and distal 
femur skin incision is made. A routine medial 
approach to the distal femur is made just 
caudal to the quadriceps muscle group. During 
dissection, the majority of the geniculate vascu-
lature and femoral periosteum is be preserved. 
A radiographically predetermined measurement 
is made from the distal aspect of the medial 
femoral condyle proximally and marked to 
indicate the CORA and osteotomy site. A com-
bination of CT and radiographs may be nec-
essary in some very large or giant patients 
to allow accurate assessment of the femur 
morphology (Figures 22.8 and 22.9).

A small six‐hole (#5 or #6) ALPS plate is placed 
on the medial aspect of the femur with the center 
of the plate (between holes three and four) placed 
at the proposed osteotomy site (Figures  22.10 
and 22.11). The plate is compressed to the bone 
with mono‐cortical standard screws in the outer 
most holes. Mono‐cortical locking screws are 
placed in the adjacent holes proximally and dis-
tally with the two central holes left open. The prox-
imal and distal mono‐cortical standard screws 
are replaced with mono‐cortical locking screws. 

Figure 22.8  Severe distal femoral varus resulting in 
multiple failed attempts to correct a grade 3 MPL.

(b) (c)

(a)

Figure 22.9  (a–c) 3D CT scan of a grade 3 MPL. Red lines show the alignment of the quadriceps mechanism. The 
yellow lines indicate the amount of tibial tuberosity transposition required to realign the patella into trochlear groove. 
The required amount of lateral translation of the tuberosity cannot be achieved, and the trochlear groove continues 
to be malaligned with the quadriceps mechanism. Quadriceps angle (Q angle) of the a grade 3 MPL. The yellow line 
represents the existing quadriceps alignment before and after a DFO. Notice how the Q angle post‐osteotomy is now 
equal to the preexisting quadriceps alignment.
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A partial (cranial half) transverse osteotomy 
is then performed with a reciprocating saw 
over the cranial aspect of the femur, centered 
between middle two holes (three and four) of 
the medially placed ALPS plate.

A lateral approach to the distal femur, just 
caudal to the vastus lateralis muscle, is then 
made, again preserving the majority of the 
geniculate vasculature and the periosteum. 

Using the cranial partial osteotomy as a direc-
tional guide, complete the transverse osteotomy 
to the medial plate between screw holes three 
and four using a sagittal saw (Figure 22.12). If a 
torsion correction is planned, the proximal 
aspect of the medial plate should have an addi-
tional screw hole and held to the bone with one 
mono‐cortical standard screw and a secure 
bone holding forceps. Following the completed 
transverse osteotomy, you must return to the 
medial plate, release the proximal bone by 
removing the screw, and rotate the distal seg-
ment as required. Using a Kirschner wire on 
each side of the osteotomy can serve as guides 
to achieve the correct amount of rotation. 
Following rotation, the proximal plate is 
secured as previously described using mono‐
cortical locking screws. For the closing wedge 
procedures, a lateral closing wedge ostectomy 
is performed to remove the premeasured sec-
tion of bone proximal to the initial osteotomy. 
This is done by measuring the radiographi-
cally calculated distance proximally from the 
initial transverse osteotomy. Start the second 
osteotomy of the wedge directly lateral on the 
femur using a sagittal saw. Then, insert another 

Figure 22.10  A medial approach to the distal femur. 
Femur is exposed with minimal dissection and the 
periosteum is left intact.

Figure 22.11  A six‐hole #5 or 6 Advanced Locking Plate 
System (ALPS) plate is fixed to the medial femoral cortex. 
Notice holes three and four are left open. The CORA 
osteotomy location lies between those two holes. A medial 
or lateral approach to the stifle can be done to inspect the 
trochlear groove and remainder of the stifle joint.

Figure 22.12  The lateral approach to the distal femur. 
The transverse osteotomy and the second wedge 
osteotomy are easily and accurately performed with the 
femoral alignment maintained by the previously applied 
medial plate.
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sagittal saw blade into the initial transverse 
osteotomy to be used as a guide. While holding 
a radiographically predetermined angle guide 
against the sagittal saw blade placed in the 
transverse osteotomy, complete the second 
osteotomy from lateral to medial. The wedge of 
bone is created with the osteotomies coming 
together at the medial plate between the central 
holes three and four. The wedge is then 
removed and the lateral defect in the bone is 
easily collapsed and compressed manually by 
manipulation of the distal femur.

This will produce bending of the small 
medial ALPS plate between holes two and four. 
A larger ALPS plate is contoured in plane to the 
distal femur. While the distal femur is held 
in approximate reduction with pointed bone 
reduction forceps, bending and torsional con-
touring of the plate to the lateral surface of the 
femur is achieved. While being held in reduc-
tion, a standard cortical screw is placed in one 
of the distal two screw holes of the contoured 
plate. With the distal plate compressed to the 
distal femur, the osteotomy is collapsed and 
compressed, then held with a bone‐holding 
forceps over the proximal plate and bone. 
After assuring alignment laterally on the femur, 
a proximal standard bicortical screw is placed 
to compress the plate to the bone. With the plate 
compressed to the bone both distally and 
proximally, mono‐cortical locking screws are 
used to fill the remaining holes proximal and 
distal to the osteotomy. The distal monocortical 
standard screw is then replaced with a locking 
screw (Figure 22.13).

Alignment is then evaluated by flexing and 
extending along with internal and external 
rotation of the stifle. A trochlear groove reces-
sion is performed for patients that are assessed 
to have a shallow trochlear groove or worn 
trochlear ridge. Since the DFCO will appropri-
ately correct the joint angle and Q angle, a 
tibial tuberosity transposition should not be 
necessary to complement this procedure. Some 
dogs with severe deformities having concur-
rent internal stifle torsion may require a lateral 
stabilizing suture from the lateral fabella to 
the tibial tuberosity to prevent or neutralize 
excessive internal torsion within the stifle joint. 
The patella should remain in the groove and 
appeared appropriately reduced prior to closure. 
A routine closure is then performed.

All stifles should be evaluated for concurrent 
cranial cruciate ligament rupture during sur-
gery. If a cranial crucial ligament (CCL) rupture 
is diagnosed, a TPLO can be performed concur-
rently with the DFCO procedure. Severe cases 
of distal femoral varus may also have concur-
rent proximal tibial valgus. If the mechanical 
medial proximal (mMPTA) of the distal tibial in 
a tangential view CA‐CR view radiograph is 
over 95°, a corrective osteotomy of the proximal 
tibia should also be performed to achieve a 
post‐operative mMPTA of 90–93°.

Orthogonal femoral radiographs consisting 
of a mediolateral projection and either a crani-
ocaudal or caudocranial projection are obtained 
postoperatively. Distal femoral angulation 
assessed radiographically with a goal of the 
aLDFA to range from 92–95° (Figures 22.14 and 
22.15).

Instead of using a jig to maintain reduction, 
this technique uses a small ALPS plate to sta-
bilize the site of the closing wedge osteotomy. 
The placement of the small ALPS plate on the 

Figure 22.13  Application of the lateral ALPS plate is 
performed by first compressing the plate to the bone with 
standard cortical screws (gold color) placed proximal and 
distal to the osteotomy. The distal standard cortical screw 
has been replaced with a monocortical locking screw 
(green color). The smaller‐diameter standard cortical 
screw can also be used to apply compression across the 
osteotomy site. Notice both in‐plane and out of plane 
bending of the ALPS plate to allow for very distal fixation.
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medial cortex prior to the osteotomies pro-
vides additional stability and reference to 
facilitate an accurate wedge generated with 
the second osteotomy. The locking plate 

design of the ALPS plate allows for monocor-
tical locking screws to be used. The monocortical 
locking screws not only allow for both medial 
and lateral plates to be applied to the distal 

Figure 22.14  Postop distal femoral corrective osteotomy (DFCO). Note the mild amount of in‐plane bending needed to 
keep the plate caudal to the lateral trochlear groove.

Figure 22.15  One‐month postop DFCO. Nearly healed osteotomy with a return to normal function.
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femur, but also make it easier to perform a 
lateral closing wedge osteotomy with the 
medial plate fixed to the bone. The in‐plane 
bending feature gives the surgeon the ability 
to conform both the medial and lateral plates 
to distal femurs with excessive distal femoral 
procurvotum. Accuracy of the intended cor-
rection angle will still be maintained even if 
the second osteotomy exits the medial cortex 
proximal to the first transverse osteotomy 
since the plate maintains the medial cortex 
distance.

The author has found this method to be 
technically easier than other reported tech-
niques that use TPLO jigs to assist. With just 
four screws placed, the small medial plate is 
very quickly applied, providing a guide for 
the osteotomy and maintaining the osteotomy 
in alignment for easy application of the lateral 
plate after the bone wedge is removed. This 
procedure can also be performed on toy breed 
dogs as small as 3–4 kg (Figure 22.16).
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The clinical challenges of arthrodesis in 
companion surgery are varied and include 
limited regional bone stock for fixation and 
the periarticular geometry that complicates the 
contouring of bone plates. Additionally, the 
postoperative period can be challenging for 
patients and clients due to extensive limita­
tions on mobility and prolonged need for coap­
tation that is generally recommended following 
arthrodesis when using nonlocking plate fixa­
tion (nLPF). The author’s clinical experience 
advocates that the use of locking plate fixation 
(LPF) can reduce many of the technical chal­
lenges associated with arthrodesis, reduce 
patient postoperative limitations, and decrease 
the duration of, or eliminate the need for, 
postoperative coaptation.

Indications for arthrodesis in companion 
animals are numerous and include end‐stage 
osteoarthrosis, irreparable global ligament dam­
age, congenital or traumatic joint luxation and 
loss of structural integrity of a joint. The general 
principals of arthrodesis, regardless of fixation 
method, include (i) removal of weight‐bearing 
articular cartilage with surgical instrumenta­
tion; (ii) preservation of functional joint angle; 
(iii) bone grafting to expedite callus formation 

and promote bone union; (iv) rigid fixation 
with compression of the joint surfaces.

The majority of described techniques and 
clinical outcomes for arthrodesis in the veteri­
nary literature are limited to the tarsus and 
carpus with less information available on 
shoulder, elbow and stifle arthrodesis out­
comes. Prospective and retrospective studies 
directly comparing outcomes of LPF and nLPF 
are nonexistent. The use of LPF in human 
arthrodesis’ (specifically tibiotalocalcaneal and 
metatarsocuneiform) reduces surgical time, 
decreases intraoperative blood loss and reduces 
the number of postoperative surgical visits  
[1, 2]). With the increasing utilization of LPF in 
veterinary medicine, publication of more peer‐
reviewed literature comparing clinical out­
comes with the use LPF to nLPF is anticipated.

23.1  Shoulder Arthrodesis

Glenohumeral arthrodesis is indicated for the 
surgical management of congenital or traumatic 
luxation and end‐stage osteoarthrosis. Gleno­
humeral arthrodesis is an alternative to glenoid 
or humeral excisional arthroplasty. Functional 

Fred Pike
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outcomes are reported as fair to excellent [3]. 
The recommended angle for functional limb 
alignment is 110° [4].

Glenohumeral arthrodesis is technically 
demanding, with preservation of limb align­
ment a primary challenge. Limited bone stock 
proximal to the glenoid and the transitioning 
contour of the greater tubercle present major 
technical challenges. The use of LPF can address 
such concerns by limiting the need for precise 
plate contouring and eliminating the need for 
maximizing direct periosteal contact that would 
be required with nLPF.

The author’s preference for glenohumeral 
arthrodesis is the use of the polyaxial (PAX) 
plating system for fixation, particularly for the 
scapula, where the ability for screw angulation 
with this system allows for maximum bone 
purchase. Fixation is applied following a cran­
iolateral approach to the glenohumeral joint 
and following debridement of the articular car­
tilage. A tibial plateau leveling osteotomy 
(TPLO) saw blade of appropriate radius can 
facilitate removal of the articular cartilage and 
improve cancellous bone contact at the arthro­
desis site. The curvature of the saw blade mir­
rors the natural contour of the articular surface 
in the transverse (lateromedial) plane, allowing 
maintenance of the shape of the glenoid and 
humeral head. Osteotomy of the acromion is 
not required. Maximizing the working length 
of the locking plates (LP) is critical to reduce the 
risk of stress concentration and plate fatigue at 
the level of the site of the primary arthrodesis. 
With the use of LPF, interfragmentary compres­
sion (lag screw or tension band fixation) is not a 
necessity. Intramedullary pins or Kirschner 
wires are helpful to provide temporary reduc­
tion prior to plate fixation (Figure 23.1).

23.2  Elbow Arthrodesis

In the author’s experience, elbow arthrodesis is 
technically demanding with a high complica­
tion rate experienced with nLPF techniques. 
Fortunately, recent advances in minimally inva­
sive orthopedic surgery, prosthetics ligaments 
and subcortical bone anchors have decreased 
the need for elbow arthrodesis to complex, 
non‐reconstructible articular fractures of the 
elbow, severe end‐stage osteoarthritis and 

failed elbow replacements may necessitate 
arthrodesis. The principles of arthrodesis out­
lined above are critical for successful elbow 
arthrodesis. The recommended angle for func­
tional limb alignment is 110° [4].

Challenges for elbow arthrodesis include the 
triarticular nature of the joint that complicates 
complete debridement of the articular cartilage. 
Application of bone plating to the tension 
(caudal) surface of the elbow joint typically 
necessitates osteotomy of the tuber olecranon 
for traditional, linear nLPF application. LPF 
offers the advantage of limiting the need for 
screw purchase in the juxtaarticular region and 
the ability to contour the plate (dependent on 
LP design) to avoid periarticular bony anatomy, 
including the tuber olecrani and medial/lateral 
epicondyle. In the author’s opinion, lateral 
application of the plate is associated with 
improved ability to maintain limb alignment 
through visualization of the entire limb in the 
sagittal plane. As with glenohumeral arthrode­
sis, maximizing the working length of the LP is 
critical to reduce the risk of stress concentration 
and resultant implant fatigue (Figure 23.2).

23.3  Carpal Arthrodesis

The literature suggests that the carpus is the 
most common joint necessitating arthrodesis 
in the canine [5]. Primary indications for 
pancarpal arthrodesis (PCA) include hyper­
extension injury and shearing injury. The 
recommended angle for functional limb align­
ment is 10–12° [4]

A technical challenge encountered when using 
LP for carpal arthrodesis is maximizing the 
working length of the bone plate. Traditionally, 
following cartilage debridement and bone 
grafting, the radiocarpal bone is engaged with 
a bone screw to stabilize the radiocarpal bone 
within the arthrodesis site and to maximize 
fixation across the arthrodesis. If the radiocarpal 
bone is engaged when using a LP, the effective 
working length of the plate is reduced and the 
construct is at risk of stress concentration and 
plate fatigue. With the reported high success 
following PCA using HDCPs or CastLess Plates 
(CLP), the indication for use of LP for arthrode­
sis of the carpus is limited [5]. An advantage of 
the PAX plating system for carpal arthrodesis is 
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the ability for screw angulation, which is bene­
ficial during fixation distal to the radius. 
Additionally, given that the screwheads of the 
2.0/2.4 and 2.7/3.5 are the same geometry, PAX 
plates can accommodate smaller screw diame­
ter for use in the metacarpal bones providing 
an advantage similar to the hybrid dynamic 
compression plate (HDCP).

The author has used the PAX T‐plate for 
partial carpal arthrodesis with excellent clinical 

outcomes. The T‐plate is positioned distally on 
the dorsal surface of the radiocarpal bone and 
third metacarpal. The ability for screw angula­
tion helps facilitate distal placement of the plate 
and decrease the risk of impingement of the 
radiocarpal joint. Given the limited bone stock 
of the radiocarpal bone, fixation is limited to 
two screws. In theory, LP offers an advantage of 
increased stiffness with two locked screws com­
pared to two nonlocked screws (Figure 23.3).

(a) (b) (c)

(d) (e) (f)

Figure 23.1  Cranial‐caudal (b, d, and f) and lateral (a, c, and e) radiographs of the glenohumeral joint of a five‐
year‐old Miniature Pincher mix with a history of a progressive left thoracic limb lameness. Preoperatively (a and d), a 
medial luxation of the shoulder is documented. Glenohumeral arthrodesis (b and e) was performed using a polyaxial 
(PAX) locking straight plate (PAX system®, Securos Surgical). Radiographic evaluation day 56 postoperative (c and f) 
documented stable implants and complete union of the arthrodesis.
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23.4  Stifle Arthrodesis

The need for stifle arthrodesis is rare, and with 
the advent of the canine total knee arthroplasty 
(TKA) has become even more so. The main 
indication to perform a stifle arthrodesis is 
lack of the availability of TKA expertise or if 
conditions contraindicate a TKA. Indications for 
stifle arthrodesis include complex articular frac­
tures, grade III open fractures, septic arthritis 

that is nonresponsive to medical management, 
end‐stage osteoarthritis, and limb‐sparing pro­
cedures that necessitate excision of significant 
load‐bearing articular. While reasonable clini­
cal outcomes can be achieved following stifle 
arthrodesis, a significant functional lameness 
is expected and client expectations should be 
established in advance of surgery. Limb circum­
duction is an anticipated outcome that can limit 
return to the functional expectations of the 

(a) (b) (c)

(d) (e) (f)

Figure 23.2  Cranial‐caudal (a, b, and c) and lateral (d, e, and f) radiographs of the elbow joint of a two‐year‐old terrier. 
Preoperative radiographs (a and d) identify a chronic malunion secondary to failed repair of a type A1 distal extra‐
articular fracture of the humerus. Immediate postoperaitve radiographs of the elbow arthrodesis (b and e) performed using 
a PAX straight plate. Kirschner wires were used to achieve temporary fixation prior to plate application. Radiographic 
evaluation day 56 postoperative (c and f) documented stable implants and complete union of the arthrodesis.
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owner. The recommended angle for functional 
limb alignment is 140° [4].

With respect to stifle arthrodesis, LPF offers 
the advantage of requiring a less aggressive 
surgical approach. Osteotomy of the tibial 
tuberosity is not required, as the need for 
sagittal placement of the bone plate is not a 
prerequisite to successful arthrodesis. The 
author’s preference is to place temporary fixa­
tion following appropriate limb alignment in 
the sagittal and axial plane. When limb align­
ment is confirmed, a LP is applied to the 
cranial cortex of the femur and the medial 
aspect of the proximal tibia without the mor­
bidity associated with tibial tuberosity oste­
otomy. Soft tissue dissection is minimized by 
medial application of the bone plate to the 
proximal tibia. Maximizing the working 
length of the LP is critical and avoids the need 
for excessive juxtaarticular dissection.

Linear application of LPF in the cranial 
plane has been described and necessitates 
osteotomy of the tibial tuberosity with subse­
quent reattachment utilizing cerclage wire or 
compression screw fixation following plate 
fixation [6].

As described for glenohumeral arthrodesis, 
the use of a TPLO blade of appropriate radius 
can facilitate stifle arthrodesis. Following a 
medial approach to the distal femur and proxi­
mal tibia, the saw blade is advanced in a medi­
olateral transverse axis, resulting in excision of 
the articular surface of the distal femur and 
proximal tibia and the associated intra‐articular 
structures, including the menisci and cruciate 
ligament. The resultant concave osteotomy 
surfaces can be apposed with K‐wires for tem­
porary immobilization to allow evaluation of 
limb alignment prior to LP fixation (Figure 23.4).

23.5 Tarsal Arthrodesis

Numerous techniques for pantarsal arthrodesis 
have been described, including cranial, medial, 
and lateral application of dynamic compression 
plating (DCP)/ limited‐contact dynamic com­
pression plate (LC‐DCP). Major and minor 
complication rates for tarsal arthrodesis have 
been reported as 32.5% and 42.5%, respectively 
[7] with pantarsal arthrodesis having a higher 
complication rate than partial tarsal arthrode­
sis. An advantage of LP fixation for tarsal 
arthrodesis is the need to engage a single meta­
tarsal bone distally, thereby reducing the risk of 
trauma to the medially located dorsal pedal 
artery or perforating metatarsal artery. Such 
arterial trauma can result in plantar necrosis, 
which is reported to occur in 15% of clinical 
cases utilizing nLPF [7].

Specialty locking plates are available, with 
limited literature describing long‐term clinical 
outcomes. The recommended angle for func­
tional limb alignment is 135–145° for dogs and 
115–125° for cats [4].

The challenges for pantarsal arthrodesis are 
similar to other joints, with the primary technical 
consideration being regional anatomy that 
complicates the surgeon’s ability to contour 
bone plates. Without appropriate contouring, the 
plate‐bone contact friction created by the screw 
tightening moment is minimized and construct 
fixation is compromised. In theory, the locking 
interface provided by LP may favor osteosyn­
thesis by providing a more stable mechanical 
environment with lower strain. Given the advan­
tages of LPs, the availability of specialty plates 
for arthrodesis will likely increase in the future.

(a) (b)

Figure 23.3  Lateral (a) and cranial‐caudal (b) radiographs 
of the carpus of six‐year‐old Irish Wolfhound presented 
for a non‐weight‐bearing right thoracic limb lameness. 
Carpal hyperextension of 60° was documented. Patient 
size necessitated the use of two PAX straight plates.
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The author’s primary clinical experience 
with LP for the tarsal region has been partial 
tarsal arthrodesis utilizing a laterally applied 
PAX LP. Traditional principles of arthrodesis are 
applied and the LP is applied proximally to the 
lateral aspect of the calcaneus continuing dis­
tally to the diaphysis of metatarsal V. A high‐
speed burr is utilized to remove the protuberance 
of the base of MT V at the insertion of the fibula­
ris brevis muscle. The rigidity of the LP negates 
the need for interfragmentary compression. 

Clinical experience suggests that the duration 
of external coaptation can be reduced with LPF 
for partial tarsal arthrodesis thereby decreas­
ing the risk of bandage related morbidity. The 
author typically uses external coaptation in 
the form of a medioplantar splint made from 
fiberglass casting tape. Splint coaptation is 
utilized for two weeks followed by one week 
immobilization with a soft padded bandage. 
Coaptation is not utilized beyond week three 
postoperative.

(a) (b) (c)

(d) (e) (f)

Figure 23.4  Cranial‐caudal (a, b, and c) and lateral (d, e, and f) radiographs of the stifle joint of a 10‐year‐old Shih‐
Tzu with grade V outerbridge wear secondary to chronic immune mediated polyarthropathy. Immediate postoperaitve 
radiographs of the stifle arthrodesis (b and e) performed using a PAX straight plate and Kirschner wires. Radiographic 
evaluation day 60 postoperative (c and f) documented stable implants and complete union of the arthrodesis.
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24.1  Introduction

Atlantoaxial subluxation (AAS) is an uncom-
mon disorder seen particularly in toy breeds of 
dogs including Chihuahuas, Yorkshire Terriers, 
Pomeranians, and Toy Poodles. The congenital 
form of the disease is most common, with 
abnormalities contributing to instability includ-
ing dens aplasia, hypoplasia, dorsal angulation 
or degeneration, and failure or absence of liga-
mentous support. The acquired form can occur 
in any age or breed of dog following trauma.

Many different surgical techniques have been 
described for the treatment of AAS. Dorsal and 
ventral approaches have been advocated, with 
neither having been shown to be superior to the 
other with similar complication and success 
rates reported [1]. When comparing risk factors 
affecting outcome, similar success rates for dor-
sal (88.9%) and ventral (85.3%) procedures were 
noted; however, dogs were also noted to have a 
higher incidence of postoperative neurologic 
deficits with dorsal procedures than with ven-
tral procedures. Acute onset of clinical signs is a 
known positive predictor of a success [1, 2]. In 
some studies, age of onset of clinical signs was 
predictive of outcome, whereas in others it was 

not [1–3]. Severity of neurologic deficits at pres-
entation may affect outcome [1, 3]; however, 
most studies show even those with the most 
severe neurologic dysfunction can recover well 
[2, 4–6]. Postoperative AA reduction and radio-
graphic positioning of the dens have not been 
shown to correlate with outcome [1]. This sup-
ports the suggestion that the shearing motion 
of the instability is the critical insult to the spi-
nal cord, not the static position of the vertebrae 
(see biomechanics below). The postoperative 
fatality rate is 5% with ventral procedures and 
8% with dorsal procedures [7].

Dorsal techniques rely on fibrosis to stabilize 
the AA joint, as there is no access to the joint 
space with these techniques. With ventral tech-
niques, the joint space can be arthrodesed, 
allowing for long‐term fusion of the joint to 
combat the instability.

Of the ventral techniques described, screws, 
with or without wire, and polymethylmeth-
acrylate (PMMA) is likely the most common 
technique utilized. The use of PMMA has been 
shown to provide a strong, solid fixation. 
However, there are several disadvantages, 
including thermal damage, increased risk of 
infection, pressure necrosis of adjacent structures, 

Karl C. Maritato
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and inconvenience when revision surgery is 
required [1, 8–12]. In addition, screw placement 
with these techniques requires a very shallow 
angle of placement, which can be difficult to nav-
igate in such small anatomic spaces.

In several studies, locking plates have been 
promoted over compression plates due to a 
loss of stabilization from screw loosening and 
pullout from the vertebra with compression 
plates  [13, 14]. Additionally, monocortical 
screw pullout was shown in humans to be simi-
lar to bicortical screws, supporting the use of 
locking plates with monocortical screws [15]. 
Biomechanical tests have shown locking plates 
to be more stable than nonlocking plates in 
human studies [15, 16]. As early as 1995, the 
biomechanical advantages of locking plates 
were shown in experimental models comparing 
locking and nonlocking implants in the human 
cervical spine, particularly in flexion [16]. In the 
canine cervical spine, both biomechanical stud-
ies and clinical applications of locking plate 
fixation have been published for treatment of 
cervical spondylomyelopathy and vertebral 
fractures [13, 17–19]. The soft, small vertebrae 
in these dogs can predispose to vertebral and 
spinal cord damage [10]. The only evaluation of 
locking plate treatment of AAS published to 
date was in three dogs in 2011 [20], all of which 
recovered to near‐normal neurologic function 
and were pain free. Two of the three dogs were 
grade 4 tetraparetic preoperatively, with the 
third being grade 2 tetraparetic. Application of 
the locking plate as described later in this chap-
ter resulted in adequate arthrodesis of the C1–
C2 space and improved neurologic function 
within two weeks of surgery in all three dogs, 
along with high owner satisfaction.

24.2  Anatomy

Given that AAS is most common in small‐breed 
dogs, a solid understanding of the anatomy 
makes for operating in such a small area more 
feasible. The AA joint is differentiated from 
the  other vertebral units due to the lack of an 
intervertebral disc. The vertebral canal of C1 is 
defined by a small vertebral body ventrally 
(known as the arch), the lateral masses, and the 
dorsal arch. Adjacent to the lateral masses are the 
large transverse processes (the wings). Cranially 

the atlas has articular processes that articulate 
with the occipital condyles, and caudally there 
are two glenoid cavities that articulate with the 
cranial aspect of the vertebral body of the axis.

The fovea of the dens is a depression in the 
ventral arch in which the dens of the axis rests. 
The dens arises from the cranial aspect of the 
body of the axis. It is retained in the fovea via 
the transverse ligament of the atlas, just dorsal 
to the dens. Three other ligaments are involved 
in the stability of the AA joint: the apical liga-
ment of the dens and two alar ligaments. The 
apical ligament runs from the dens to the basi-
occiptal bone and the alar ligaments bilaterally 
arise adjacent to the dens and attach medial to 
the occipital condyles. The axis has a large ver-
tebral body for screw placement; however, the 
bone is thin.

24.3  Biomechanics

There is very limited information on the bio-
mechanics of the AA joint in dogs. In 2013, a 
study was published that demonstrated that 
the alar ligaments seem to be the main stabiliz-
ing component during shear loading [21]. It is 
suspected that shear loading is the most impor-
tant force involved in supporting the weight of 
the head. Disruption of the apical and alar liga-
ments may lead to dorsal dislocation of the 
dens, allowing the dens to induce concussive 
trauma to the spinal cord. Flexion shear force is 
likely the most important force to be countered 
when considering fixation methods. In 2015, 
Forterre et al, showed that ventral and lateral 
flexion may lead to severe spinal cord compres-
sion in these dogs, as the range of motion in a 
Yorkie with AAS was compared to a Coton de 
Tulear with a normal AA joint [22]. Figure 24.1a 
and b depicts an MRI of a three‐year‐old 
Chihuahua with intact dense and ruptured lig-
aments. This resulted in severe contusion to the 
spinal cord, as depicted by the hyperintensity 
of the spinal cord in the region of C1‐2.

24.4  Materials

The author uses a 2.0 mm Polyaxial (PAX) 
Advanced Locking System butterfly locking 
plate (Securos, Fiskdale, MA, USA). These plates 
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are titanium, are 2 mm thick, and have lengths 
of 12, 14, and 16 mm. They have four holes in the 
“corners of the butterfly wings,” which accept 
2.0 mm PAX locking screws (Figure  24.2). The 
advantage of the PAX system is the ability to 
angle the screws up to 10°, allowing more free-
dom to place the screws where needed [23].

24.5  Surgical Approach

The patient is placed in dorsal recumbency, 
with a small towel under the neck to elevate 
gently, allowing for a more level surgical field. 
A ventral midline incision is made from just cra-
nial to the palpable larynx to the mid‐caudal 
cervical region. The subcutis is dissected and 
the bellies of the paired sternohyoideus muscles 
are separated; be cautious of the caudal thyroid 
vein. The trachea, larynx, thyroid gland, carotid 
artery, and internal jugular vein are retracted to 

one side. The longus colli muscle and the fibers 
of the ventral arch of the atlas and body of the 
axis are transected, which exposes the joint as 
well as the bodies of both the atlas and axis.

24.6  Application

The body of the axis is typically dorsally 
displaced upon initial observation; it is elevated 
into reduction via gentle traction on the remain-
ing intact musculature. The joint surfaces of the 
AA joint are removed with a high‐speed pneu-
matic drill and/or 11 blade and currette. The 
plate requires no contouring, and it is placed 
centered on the joint space with two screw holes 
over the atlas and two over the axis. A PAX‐spe-
cific drill guide is placed into the plate hole to 
ensure proper angulation and prevent overan-
gulation, which leads to poor locking mechanics 
[23]. A 1.3 mm drill bit is used to drill the holes 
into the atlas and axis. Caution must be taken to 
not enter the spinal canal and damage the spinal 
cord. The benefit of being able to angle the 
screws, as well as the allowance of monocortical 
only screws via the locking mechanism, makes 
this plate well suited for minimizing iatrogenic 
spinal cord damage. The author typically places 
the atlas screws first, followed by the axis 
screws. The screws are 2.0 mm.

Given the incredibly small size of some of 
these patients and the very thin bone encoun-
tered, the author has, on occasion, utilized a 

(a) (b)

Figure 24.1  (a and b) Sagittal and axial MRI images of a dog with AA luxation. Note the dorsal tipping of the dens into 
the spinal canal causing ventral compression of the spinal cord.

Figure 24.2  Securos butterfly atlantoaxial PAX locking 
plate in 12, 14, and 16 mm sizes.
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Jacob’s chuck to complete “drilling” of the hole. 
This allows slower, more controlled pressure 
application to the thin bone, reducing iatro-
genic damage. The hole is started with power 
drill and completed by hand.

Once completed, the area is lavaged with 
sterile saline, and the muscles, subcutaneous 
tissue, and skin are sutured with appropriately 
sized suture. Postoperative radiographs are 
made to evaluate placement and alignment 
(Figure 24.3a and b).

24.7  Postoperative Care

The authors make an attempt to reduce ven-
troflexion ability in these dogs postoperatively 
by placing a lightweight neck brace for approx-
imately four to six weeks. Whether this supple-
mental stabilization is required is not proven; 
however, in the author’s perspective, it is asso-
ciated with minimal morbidity and may reduce 
complications. The brace is checked weekly to 
ensure that the patient is comfortable and no 
complications are occurring.

These dogs are allowed to recover in the 
intensive care unit and are monitored closely 
for any respiratory compromise. The intensity 
of the postoperative nursing care varies based 
on preoperative neurologic status. If the patient 
is nonambulatory, it is important to ensure that 
the patient is rotated/flipped every four hours 
and is not left in one recumbent state. Ideally, 
these dogs are kept in sternal recumbency, 
with hind limb side flipping, as neurologic 
patients are prone to aspiration pneumonia 
and respiratory difficulty [24]. On average, 
they are released within 48 hours.

Owners are instructed to confine the dog at 
home and encourage rest to minimize the 
chances of implant failure due to excessive 
activity. Owners are shown rehabilitation exer-
cises they can do with their dog at home, and 
professional rehabilitation is instituted as soon 
as possible.

At week six, radiographs of the cervical 
spine are made to evaluate healing of the AA 
joint. In most cases, sufficient fusion is obtained 
at this point and a steady increase in activities 
is introduced over the following four weeks. 

(a)

(b)

Figure 24.3  (a and b) Postoperative lateral and ventrodorsal radiographic projections showing proper plate placement 
and reduced AA disc space.
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By week 10, patients are allowed to return to a 
normal lifestyle.

In summary, locking plate fixation is strongly 
advocated in human cervical neurosurgery and 
is applicable to veterinary patients. The tech-
nique and implants involved are straightfor-
ward and may reduce intraoperative iatrogenic 
injury, resulting in very good outcomes for 
these patients.
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25.1  Introduction

Cervical spondylomyelopathy (CSM) is a 
multifactorial condition affecting the cervical 
spine of the dog, resulting in progressive com-
pression of the spinal cord and nerve roots [1–3]. 
A spectrum of distinct lesions may coexist and 
commonly include combinations of chronic 
degenerative disc disease, ligamentum flavum 
hypertrophy, congenital osseous vertebral 
malformation, articular facet hypertrophy, and 
vertebral column subluxation [1, 2, 4]. Large‐
breed dogs are generally affected, with over-
representation of middle‐aged Doberman 
Pinschers and young Great Danes [1, 2, 5–7].

25.2  Biomechanics of the 
Cervical Spine

The biomechanical and morphologic features of 
the caudal cervical spine may contribute to the 
high frequency of caudal cervical disc lesions. It 
is reported that 77% of people with neck pain 
have an abnormal center of motion in at least 
one functional spinal unit (a pair of adjacent 
vertebral bodies plus the intervertebral disc) 

[8]. Axial rotation has been suggested as a major 
biomechanical predicator of disc degeneration 
[9]. Concave‐shaped articular facets allow more 
axial rotation [10]. A higher number of concave 
articular facets have been demonstrated in the 
cervical spine of large‐breed dogs as compared 
to small‐breed dogs and in the caudal cervical 
spine by comparison with the cranial cervical 
spine [10]. The caudal cervical spine has been 
recently shown by kinematics study to experi-
ence three times more axial rotation than the 
cranial segment [11].

25.3  Classification of CSM

Refinement of treatment protocols can be 
improved by accurate classification of the 
condition.

25.3.1  Disc‐Associated Wobbler 
Syndrome

Disc‐associated wobbler syndrome (DAWS) 
describes protrusion of one or more degenera-
tive cervical discs into the spinal canal, causing 

Noel Fitzpatrick

25 Caudocervical 
Spondylomyelopathy
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compression of the spinal cord and exacerbat-
ing any subclinical stenosis already existing at 
the affected cervical spinal segments due to 
bony abnormalities or dorsal ligamentum fla-
vum hypertrophy [2]. Spinal cord compression 
typically occurs at the intervertebral disc spaces 
between the fifth cervical (C5) and seventh 
cervical (C7) vertebrae in large‐breed dogs such 
as Dobermans [12–14].

25.3.2  Osseous-Associated Wobbler 
Syndrome

Osseous-associated wobbler syndrome (OAWS) 
is a term developed by the author to describe 
compression of the spinal cord by malforma-
tion and proliferation of the osseous elements 
of the dorsal facets and neural arch. Although 
giant‐breed dogs such as Great Danes show a 
predilection for lesions of the caudal cervical 
spine, they also develop lesions of the vertebrae 
more cranial, and the osseous compression can 
occur concomitant with soft tissue proliferation 
of the facets and intervertebral disc protrusion 
[14, 15]. We have also observed such changes in 
the cranial cervical spine in chondrodystrophic 
breeds such as Basset Hounds [16] and sporadi-
cally in other giant‐ and large‐breed dogs as 
well [17].

25.4  Decision‐Making

It is the author’s preference to obtain a 
minimum imaging database of patients with 
suspected CSM.

25.4.1  MRI

•	 MRI imaging should include T1‐weighted 
and T2‐weighted sagittal and transverse 
plane projections to determine localiza-
tion, extension, direction, presence, and 
severity of spinal cord and/or nerve root 
compression, discogenic disease, signs of 
degenerative disease, and potential cysts 
with or without articular facet pathology 
[14, 15, 18]. Additionally, T2* gradient 
echo sequences may provide additional 
information on osseous margins.

•	 MRI parenchymal imaging is important 
both in terms of volume of compression for 
DAWS and OAWS cases and also in terms 
of adjudication of hyperintensity signal on 
T2‐weighted images as a percentage of spi-
nal cord diameter as a prognostic indicator 
suggestive of chronic disease (gliosis).

•	 For all DAWS cases at the author’s facility, 
MRI scan sequences are obtained with the 
cervical spine in flexion and in extension as 
well as neutral to advise classification as 
static or dynamic (Figure 25.1). We also rec-
ommend the application of 20% of linear 
traction to the cervical spine to determine if 
compression is reduced in traction respon-
sive cases (Figure  25.2). These factors 
directly influence our treatment choice of 
distraction‐fusion or disc replacement.

25.4.2  CT

•	 For cases with suspected OAWS, a CT scan 
is routinely performed since it provides 
superior definition of osseous margins 
[19–21].

•	 CT scans are also mandatory for accurate 
manufacture of custom implants.

We believe there is a rationale to provide dis-
traction‐stabilization for multiple manifesta-
tions of CSM with the exception of DAWS 
where there is no osseous static compression or 
facet pathology. Those cases may benefit from a 
motion‐preserving technique such as interver-
tebral disc replacement.

Surgical distraction provides immediate 
nerve root and spinal cord decompression, 
and mechanical stabilization with autologous 
graft augmentation for fusion favors osseous 
or fibro‐osseous union, minimizing or reduc-
ing dynamic compressive forces. We no longer 
perform dorsal laminectomy procedures for 
the majority of OAWS cases and have had 
considerable success treating such cases with 
distraction‐fusion alone. We have demon-
strated regression of facet hypertrophy and 
osseous compression over time using sequen-
tial CT scans in multiple patients in associa-
tion with resolution of pain and resolution or 
stabilization of upper motor neuron (UMN) 
neurologic signs.
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Cases classified as DAWS are generally 
dynamic and traction responsive. Dorsal 
annulus fibrous hypertrophy either with or 
without associated osseous hypertrophy 
can  exacerbate spinal cord compression 

[3, 12, 13]. C5–C6 and C6–C7 are most com-
monly reported affected sites [22]. Disc‐
associated CSM is recognized in 82–96% of 
Dobermans with cervical myelopathy [19, 
23], (Figure 25.3).

(a)

(b)

(c)

Flexion

Neutral

Extension

Figure 25.1  MRI investigation of dynamic and static cervical spondylomyelopathy (CSM). The variable presentation of CSM 
in flexion (a), in neutral positioning (b), and when extended (c) is demonstrated. Protrusion of the C6–C7 intervertebral disc 
is apparent, which worsens on extension and is accompanied by increased signal within the cord consistent with gliosis.

(a)

(b)

Figure 25.2  Traction application during MRI imaging. (a) Spinal cord impingement is visible at C6–C7 associated with 
intervertebral disc protrusion. (b) When 20% traction was applied to the same patient, the degree of impingement is 
reduced and continuity of CSF fluid signal is largely restored. The use of traction may help identify patients suitable for 
treatment using distraction-fusion and stabilization.
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For OAWS patients, osseous changes account 
for 77% of spinal cord compression in giant 
breed dogs [19]. C5–C6 and C6–C7 are the most 
common locations for compression in large‐
breed dogs in 91% and 72% in giant‐breed dogs, 
respectively [19]. The osseous compression pro-
duces an absolute stenosis of the spinal canal. 
Other compressive lesions are generally sec-
ondary including disc disease (Figure 25.4).

25.5  Patient Positioning and Surgical 
Anatomy

Dogs are placed in dorsal recumbency with pad-
ding under the trunk and caudal cervical spine. 
The cranial cervical spine is extended approxi-

mately 40° relative to the trunk to allow ventral 
access to the cervical spine. The head is secured to 
the operating table with tape to maintain sagittal 
plane alignment of the cervical spine. The thoracic 
limbs are crossed over the thorax and secured cau-
dally to maximize exposure to the caudal cervical 
spine and to expose the proximal lateral humerus 
for harvesting autogenous cancellous bone graft 
(Figure  25.5). A ventral midline approach is 
performed as previously described [24].

25.6  Distraction Stabilization Techniques

The technique and results from application of 
ventral and dorsal decompressive techniques 
including laminectomy, facetectomy, and ventral 

(a) (b)

Figure 25.3  MRI presentation, DAWS. Sagittal T2‐weighed MRI scan in sagittal (a) and transverse (b) planes showing multiple 
intervertebral sites with ventral loss of hyperintense signal (fat/csf) due to spinal cord compression at C5–C6–C7. Transverse 
image of the same patient at C5–C6 reveals dorsal and ventral extradural spinal cord compression due to intervertrbral disc 
protrusion and ligamentous hypertrophy. Hyperintensity of the spinal cord parenchyma is indicative of gliosis.

(a) (b)

Figure 25.4  MRI and CT imaging, OAWS. (a) Transverse T2‐weighed magnetic resonance image (MRI) showing 
dorsolateral extradural compression with central hyperintense signal in the spinal cord indicative of gliosis 
(white arrow). (b) Computer tomographic (CT) scan of the same patient demonstrates dorso‐lateral facet hypertrophy 
and reduction of the spinal canal and neuroforaminal dimensions.
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slot have been well documented. Recent litera-
ture suggests that distraction‐stabilization may 
produce rapid and robust longer‐term decom-
pression for DAWS patients. Several stabilization 
and distraction‐stabilization procedures have 
been reported with the use of ventral and inter-
body fixation with or without biological 
augmentation, including intervertebral spacers 
such as allogenic cortical bone grafts, polymeth-
ylmethacrylate (PMMA) cement plugs, washers, 
and other metallic spacers such as cages with or 
without screws [22, 25–29].

25.6.1  Unicortical Locking Systems

The application of monocortical screws 
provides comparable fixation to bicortical 
screws in the canine cervical spine [30], with-
out the risk of vertebral canal penetration, 
damage of the cord, and damage of the verte-
bral vascular plexus. Biomechanical exami-
nation of cervical fixation identifies the use 
of unilateral locking systems with monocor-
tical screws as suitable fixation in the canine 
cervical spine [31].

Excessive motion has been related to delayed 
healing or surgical failure in anterior plating of 
the cervical spine in humans [32]. The use of 

locking plates in the cervical spine has signifi-
cantly improved intervertebral fusion in people 
[33]. The need to minimize motion to achieve 
union has driven the development of locking 
plate constructs for management of CSM in 
dogs.

Angular stable (locking) constructs minimize 
implant back out and collapse because of sub-
sidence. Rigid fixation has gained widespread 
acceptance for the treatment of CSM in dogs [22, 
25, 26, 34]. Locking plates provide comparable 
fixation to nonlocking plates and screw‐PMMA 
systems [35, 36] while the fixed‐angle interface 
negates the risk of screw‐plate disengagement 
inherent in non‐locking systems.

Bilateral locking plate stabilization is supe-
rior to screw‐PMMA in the reduction of bend-
ing and axial rotation across a single vertebral 
space and may minimize the domino effect in 
adjacent intervertebral spaces [37]. Positive 
profile pin‐PMMA constructs confer superior 
fixation in flexion and lateral bending in a lum-
bar spine model [38] however this stabilization 
modality may exert a deleterious effect on adja-
cent intervertebral segments and presents 
the  risk of transverse foraminal penetration 
during cervical fusion [37, 39]. This risk may be 
minimized by using 3D printed guides to facili-
tate pin placement.

Figure 25.5  Patient positioning for surgery. Accurate positioning is required for distraction-fusion surgery in CSM cases. 
The patient is placed in dorsal recumbency with adequate padding supporting the caudal cervical spine and cranial 
thorax. Cranial cervical spine extension relative to the trunk provides ventral cervical spine exposure. The head and 
thoracic limbs are secured firmly and proximal humeral access is available for autograft harvest.

Ve
tB

oo
ks

.ir



214  Section V: Nontrauma Applications: Clinical Case Examples

Veterinary specific solutions may be prefera-
ble to address CSM in dogs. Biomechanical test-
ing of commonly used human locking plate 
systems demonstrated inferior stabilization 
and increased failure compared to screw‐
PMMA and cortical ring spacer fixation in a 
canine model [36]. By contrast, mechanical 
testing of veterinary‐specific locking plates pro-
duced distraction stabilization comparable to 
screw‐PMMA fixation [40]. Concomitant appli-
cation of an intervertebral spacer with fixation 
enhanced construct stiffness [26].

Finding a reliable alternative to the applica-
tion of PMMA with screw or pin fixation may 
be desirable from the perspective of ease of 
implant application and reduction in profile of 
fixation units, such that the possibility for 
neural impingement, vascular disruption, 
oesophagitis, and dysphagia is reduced.

25.6.2  Bone Graft and Intervertebral 
Spacers

Failure of the fixation construct and collapse of 
spacers before fusion is a common challenge for 
all techniques. Therefore, spacers that favor 
osseous union and spacers with a wide surface 
area over the end plates have been preferred. 
An integrated intervertebral fusion device for 
single body fusion was described with in vitro 
data demonstrating fixation comparative with 
locking plates alone without bone graft [41].

A variety of polymeric and metallic implants 
have been developed with the aim of achieving 
stable robust intervertebral distraction and 
transvertebral osseous union, and these are 
usually augmented with cancellous autograft.

Bone autograft is potently osteogenic, osteo-
conductive, and nonimmunogenic. Use of 
autograft should be limited to augmentation 
of implants in transvertebral fusion; cancel-
lous graft is preferred over cortical and trans-
cortical material. Application of autograft 
alone as an intervertebral spacer material 
should be avoided. Allograft and allograft‐
derived materials may have adequate struc-
tural strength as cortical block spacers, but 
lack intrinsic osteogenic capacity and demon-
strate slower integration rates and lower 
rates  of fusion by comparison with autoge-
nous material. Locking plates applied in 

combination with intervertebral cancellous 
block and cortical ring allograft have pro-
duced satisfactory outcomes for treatment of 
traction responsive single site CSM [25, 26].

Activation of organic graft and synthetic 
graft alternatives by OP‐1 (Bone Morphogenic 
Protein‐7) and BMP‐2 enhances osteogenic 
activity but has been associated with adverse 
off‐target effects [42].

The use of intervertebral cement plugs for 
cervical distraction-fusion has yielded variable 
success [43–45]. Immediate decompression, 
symptom alleviation and limited disease pro-
gression long‐term have been reported in some 
studies in large‐breed dogs [44, 45]. However, 
PMMA set‐curing may cause thermal injury 
and extrication of inaccurately placed material 
is challenging. Postoperative radiographs and 
early follow‐up highlight propensity for bone 
cement to delocalise post application. In one 
study of 52 Doberman pinchers, intervertebral 
PMMA spacer treatment provided satisfactory 
initial stabilization but complications in a sig-
nificant number of cases were associated with 
inadequate distraction, failed fusion, vertebral 
fracture and catastrophic cervical collapse [43].

Good outcomes were reported using a poly-
mer cage device incorporating autologous bone 
graft in combination with locking plates  [27]. 
This device was comparable to PEEK spinal 
cage systems described in human patients [46].

Radiographic documentation of osseous union 
and favorable clinical outcome has been reported 
in dogs affected by DAWS using an interverte-
bral spacer developed by the author (Fitz 
Intervertebral Traction Screw, FITS™) in conjunc-
tion with double ventral locking plates (SOP™, 
“String‐of‐Pearls”) [22]. Short‐term loosening of 
the plates and screws was documented but 
generally without clinical consequence [22].

Across all systems, long‐term intervertebral 
fusion based on radiographic assessment has 
been reported with a success of 70–90% incorpo-
rating use of cancellous bone graft [22, 25–29].

25.7  New Implants and Surgical 
Planning

The author has developed a new intervertebral 
distraction-fusion system. The objectives for 
the system are as follows:
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1.	 The intervertebral spacer devices should be 
self‐distracting following preparation of the 
intervertebral space.

2.	 The intervertebral spacer devices should be 
applicable even in the presence of deformed 
end plates, including those affected by 
deformity and vertebral “tipping.”

3.	 The intervertebral spacer devices should be 
applicable to all patient sizes.

4.	 The intervertebral spacer devices should 
have the capability of variable depth inser-
tion and be coated for osteo‐induction.

5.	 The intervertebral spacer devices should 
penetrate the end plates focally for osseous 
bridging but not induce end plate 
collapse.

6.	 The system should be applicable for the 
treatment of both OAWS and DAWS 
patients.

7.	 Intervertebral spacers should be linkable to 
plate fixation units to provide an integrated 
robust construct.

8.	 Plate fixation units should be as low profile 
as possible and be easy to centre on the mid 
sagittal ventral aspects of the vertebral 
bodies.

9.	 Vertebral fixation units should have fixed‐
angle screws that when positioned correctly 
result in screw divergence for maximal 
screw purchase without violation of the 
vertebral canal.

10.	 Vertebral fixation units should have locking 
screw fixation through two cortices, i.e. 
from ventral to dorsal lateral to the spinal 
cord.

11.	 Sequential intervertebral spacer devices 
linked to individual vertebral fixation units 
should be rigidly linkable through any 
number of vertebrae in the cervical spine 
from C2–3 caudally to C7–T1.

12.	 The rigid linkage system for vertebral fixa-
tion units should be amenable to contour-
ing dorsal to ventral and left to right in 
order to accommodate anatomic variance 
and desired neck angle.

13.	 Each unit should be sequentially linkable so 
that contouring of a fixation device over a 
long distance is not necessary.

14.	 The rigid linkage system for vertebral 
fixation units should be resistant to interver-
tebral collapse, torsion and lateral, or 
ventro‐dorsal bending.

15.	 The entire linkage system should facilitate 
easy placement of autologous cancellous 
graft to afford biological fusion of any 
number of vertebrae.

These objectives have been achieved using 
intervertebral spacer devices that are threaded, 
conical and coated in hydroxyapatite (Fitz 
Intervertebral Traction Screw, FITS™), linked to 
an integrated plate and rod system (Cervical 
Fitzateur). To date, the cervical spinal fixation 
system units have been custom made for each 
individual patient, but ongoing experience 
facilitates manufacture of standard units that 
can be sized based on radiographs and CT 
scans. At present, CT scans imported to com-
mercially available software packages facilitate 
digital templating. Application of this system 
has allowed the author to distract and fuse from 
one to seven cervical intervertebral spaces.

The use of the intervertebral spacer device 
has previously been reported in conjunction 
with SOP™ plates [22]. These locking plates had 
monocortical screws only, were very challeng-
ing to contour over more than a single vertebral 
pair, and it was difficult to achieve appropriate 
angulation. Plates often sat too far from the ven-
tral vertebral cortex due to contouring chal-
lenges, and because the plates were not linked 
to the spacers, vertebral collapse was reported 
before fusion. The new integrated plate and rod 
system has superseded all other devices in the 
author’s practice. The implant system is part of 
a larger group of implants that facilitate spinal 
distraction‐fusion at any spinal location  –  the 
Fitz Universal Spinal System (FUSS™).

The cervical Fitzateur system comprises three 
basic elements – an intervertebral spacer, a plate 
linked to the spacer and also to a saddle 
(Figure 25.6a) that is screwed to the vertebra and 
a rod linking adjacent spacers. In single site 
fusions, rods are not required and instead a single 
plate spanning the vertebrae over the spacer is 
employed (Figure 25.6b). The Fitz Intervertebral 
Traction Screw (FITS™) spacer is conical, tapered 
and threaded and is available in 10 sizes.

The most critical factor is to determine 
optimal angulation for the screws to maximize 
bone‐purchase in the vertebral body and 
ventral vertebral arch and to avoid the spinal 
canal. Avoidance of encroachment of the venous 
sinus is desirable but not mandatory. Assessment 
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of screw length is facilitated by preoperative 
measurement on CT scans. The goal is at least 
two screws per plate in each vertebral body; 
four in larger breed dogs.

The objective of the system is to immediately 
decompress the spinal cord and nerve roots caused 
by intervertebral disc protrusion, facet hypertro-
phy, or vertebral arch malformation by placing the 
FITS™ device. The device is coated in hydroxyapa-
tite for fibro‐osseous on‐growth and fusion is aug-
mented using cancellous bone graft harvested 
from the proximal humerus. The spacers are linked 
robustly across any number of cervical sites with 
custom‐contoured rods and clamps (Figure 25.7).

25.8  Surgical Techniques

A standard ventral approach to the cervical 
spine facilitates muscular retraction, ventral 

annulectomy and nuclear extirpation. The 
end plates are debrided and a shallow groove 
is created perpendicular to the mid‐sagittal 
ridge of each vertebral body to facilitate 
tracking of the conical FITS spacer device. 
The saddle and plate units are attached 
sequentially to the spacer devices, centred 
appropriately and screwed in position using 
3.5 mm locking screws of appropriate length. 
Divergence angle is pre‐determined and 
intrinsic to the saddle plate. Then contiguous 
saddles are linked using a rod and clamp sys-
tem that facilitates placement of both the 
leading and the trailing ends of alternate rods 
side‐by‐side to form a series of units as 
required. One end of the rod has a ball shape 
and the other has a trapezoid shape, such that 
contouring is possible but torsion and lateral 
bending is prevented. The result is a rigid 
construct.

(a) (b) (c)
B

A

Figure 25.6  Custom fixation unit for single intervertebral fusion. Cervical Fitzateur and FITS™ (Fitz Intervertebral 
Traction Screw). (a) The cervical Fitzateur system comprises three elements; an intervertebral spacer (FITS device), plate 
and saddle. Locking screws are used to secure the saddles to adjacent vertebrae. (b) The angle of screw application 
is designed to maximize bone engagement, avoid incursion of the spinal canal and avoid convergence with the FITS 
spacer (Image a, arcs A and B). (c) Locking screws are divergent in the transverse axis and secured within the vertebral 
pedicle with care taken to avoid interfering with the vertebral canal and facet joints. The leading edge of the FITS device 
is flush but does not penetrate the ventral border of the vertebral canal (b and c).

Figure 25.7  Interlinking FITS spacers and Fitzateur system. A single Fitzateur device can be linked through a rod and 
locking plate‐saddle system and secured to adjacent FITS spacers. The modular interlinking system combines to provide 
immediate decompression of the spinal cord, distraction fusion and stabilization across multiple vertebrae.
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25.9  Outcomes

Outcomes associated with the application of 
this new cervical distraction‐fusion fixation 
system has not yet been reported and patient 
follow‐up is ongoing. An earlier version of the 
technique using the spacer device and more 
conventional locking plates (SOP™) revealed 
radiographic fusion in 10/16 cases at 6 weeks 
after surgery [22]. With the new system, we 
have avoided problems previously observed 
for plate‐screw loosening. Design based on CT 
scan for every case avoids the possibility of 
screw incursion of the spinal canal when the 
saddles are placed appropriately and also 
allows purchase of greater bone stock. The rod 
and clamp architecture is unique and allows 
contouring for accurate alignment while also 
being torsion resistant. We have fused from one 
to seven intervertebral sites and complications 
with the most recent iteration of implants are 
lower than that reported for other techniques at 
this time, but longer‐term follow‐up data is not 
yet available for publication. Our subjective 
adjudication is that operative times are reduced 
by comparison to all other systems the author 
has used, patients walk quickly (within 
48 hours), hospital stay is significantly reduced 
by comparison with both published and anec-
dotal experience with laminectomy, and the 
recovery is robust and resilient. It is important 
to note that spinal cord degeneration can be so 
severe that no distraction‐fusion technique 
would produce improvement in some cases, 
with the hope merely being prevention of 
further deterioration for as long as possible.

We have treated all forms of disc‐ and osse-
ous‐associated cervical deformities including 
dorsal, lateral, ventral, or combination of com-
pressive lesions on the cervical spine with this 
system and have documented evidence of 
regression of both soft tissue and osseous com-
pressive elements over time.

25.10  Conclusion

The use of internal rigid fixation with angle sta-
ble screws in distraction‐stabilization tech-
niques for management of CSM in dogs have 
provided advantages and generally improved 
short and long term outcomes. Outcomes 

analysis is ongoing. Accurate decision‐making 
to identify the particularities of each individual 
case affected by this complex syndrome remains 
paramount to achieve a successful long term 
outcome.
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26.1  Introduction

Degenerative lumbosacral stenosis (DLSS) is a 
common cause of caudal spinal pain in medium‐ 
and large‐breed dogs. It is seen less commonly 
in small dogs and cats. DLSS results in a nar-
rowing of the vertebral canal and intervertebral 
foramina at the level of the lumbosacral junc-
tion. The narrowing results in compressive 
radiculopathy of the L7 nerve roots and the 
nerve roots of the cauda equina. Compression of 
the nerve roots is a multifactorial process. Direct 
compression of the nerve roots can be caused by 
prolapse of the annulus fibrosus, hypertrophy 
of the joint capsule of the L7‐S1 (LS) articular 
facets and hypertrophy of the interarcuate liga-
ment. Osteophytosis / spondylosis at the level 
of the intervertebral foramena may also cause 
direct compression of the L7 nerve roots abaxi-
ally. The compressive process may also have a 
dynamic component whereby compression of 
the nerve roots is exacerbated or relieved 
depending on degree of flexion or extension at 
the LS junction. This is the result of further disc 
protrusion, motion of the spondylotic new bone 
on the caudal aspect of L7 and the cranial aspect 
of S1, ventral migration of the dorsal lamina of 

the sacrum relative to L7 and relative motion of 
the inflamed articular facets. It is well estab-
lished that the intervertebral foramen under-
goes narrowing when the LS junction is placed 
into extension [1, 2].

26.2  Clinical Examination

Though direct consequences of compression of 
the L7 and cauda equina nerve roots can be 
observed with neurogenic deficits producing 
paresis, muscle weakness and urinary issues, 
the most commonly encountered clinical signs 
are related to pain, both acute and chronic, and 
lameness, both profound and subtle. In the 
author’s experience, pain only or pain and 
lameness are often the only signs manifested. 
Because muscle spasms can be associated with 
persistent or intermittent claudication of the L7 
nerve roots, the condition is commonly con-
fused with other scenarios such as iliopsoas 
muscle strain‐sprain or sacroiliac pain.

In dogs affected by DLSS, pain may often be 
elicited during physical examination by appli-
cation of direct pressure over the lumbo‐sacral 
junction dorsally, but one must be careful to 

Noel Fitzpatrick
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neutralize the coxofemoral joints so as not to 
confuse hip pain. Simultaneous hyperextension 
of the LS spine may also produce a painful 
response. Along the sciatic nerve pathway, pain 
may be evoked on deep digital pressure appli-
cation, either externally by placing the thumb 
in the caudal thigh recess between the biceps 
femoris and the semitendinosus‐membranosus 
(Holsworth Test) or per rectum using a gloved 
index finger where the sciatic nerve can be pal-
pated on the axial aspect of the lesser ischiatic 
notch (Fitzpatrick Test). Clinical signs are 
caused by direct compression of the cauda 
equina and impingement of the ganglia of the 
spinal nerve roots as they exit through the 
intervertebral foramena [3].

26.3  Decision‐Making

26.3.1  Radiography

•	 Plain and dynamic radiography has been 
evaluated in the diagnosis of LS disease. 
However, the author never undertakes sur-
gery in cases affected by DLSS without 
advanced imaging [4].

•	 The effect of intervertebral disc protrusion, 
spondylosis, and facet inflammation on the 
cauda equina and L7 nerve roots cannot be 
determined without cross‐sectional imaging.

26.3.2  CT Scan

•	 The author prefers CT scan over MRI scan for 
evaluation of the osseous compressive ele-
ments of DLSS, especially in the neuroforam-
ina on transverse planar imaging and 
evaluation of positional alignment of the dor-
sal lamina of the sacrum relative to L7 in neu-
tral and hyperextended positions. CT scan 
can demonstrate a reduction in the volume of 
the intervertebral foramena of dogs abaxially 
(by bone and soft tissue) but unlike MRI, can-
not evaluate the neuronal structures trave-
ling through the intervertebral foramena [5].

•	 CT scan is also a very important tool for 
patients undergoing instrumented surgical 
management of DLSS so that implant sizes 
can be estimated presurgically, thus facili-
tating operative planning.

26.3.3  MRI

•	 MRI is the gold standard modality for eval-
uating the anatomic and dynamic features 
of DLSS. This modality allows accurate 
assessment of the neuronal structures and 
the soft tissue components of compression 
while also demonstrating osseous compres-
sive elements.

•	 Dynamic imaging sequences, whereby the 
dog is scanned in different degrees of exten-
sion of the LS junction, are very useful to 
fully understand how neural impingement 
changes as the dog moves. This is pertinent 
to the L7 nerve roots abaxially and the 
cauda equina when affected by protrusion, 
spondylosis, facet inflammation and ven-
tral migration of the dorsal lamina of the 
sacrum relative to L7 (Figure 26.1a).

•	 Traditional parasagittal imaging of the 
neuroforamena has been shown to underes-
timate neuroforaminal volume. Angled 
cross‐section imaging of the L7‐S1 neurofo-
ramena using parasagittal oblique 
sequences allow a more clinically relevant 
understanding of the compression of the 
nerve root at the entry, middle, and exit 
zones, (Figure 26.1b). This imaging is a key 
tool in the decision‐making process of the 
author regarding stabilization of the L7‐S1 
junction, and we have published this data 
recently [6].

26.4  Surgical Planning: Patient 
Positioning and Surgical Approach

The patient is positioned in ventral recumbency 
and supported in the midline with positioning 
aids to maintain patient stability. The hind 
limbs are drawn forward with the metatarsal 
bones parallel to the top of the surgical table to 
flex the lumbosacral spine and open the L7‐S1 
space. A standard dorsal approach to the L7‐S1 
junction is adopted [7] with dorsal laminec-
tomy involving approximately one‐third of the 
cranial to caudal width of the L7 lamina and 
two‐thirds of the cranial extent of the sacral 
lamina. Meticulous hemostasis is important to 
maintain a clear surgical field during implant 
positioning, but this can be very challenging 
because frequently in chronic cases there is 
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significant bleeding associated with chronic 
inflammation, and bleeding from the ventral 
venous sinuses can be considerable. Muscular 
dissection is extended cranially to allow access 
for screw placement on either side of the L7 
vertebral body.

26.5  Surgical Techniques

26.5.1  Decompression Alone – Dorsal 
Laminectomy and Foraminotomy

Surgical management of LS disease involves 
either decompression alone, stabilization alone, 
or distraction‐stabilization, with dorsal facet 
and /or ventral vertebral body fusion being 
preferable for any stabilization technique. 
Decompression without surgical stabilization 
may provide immediate symptomatic relief for 
some patients, and this may be maintained 
indefinitely, although analysis of long‐term out-
comes is required to validate this approach [8]. 
However, laminectomy alone can only be suc-
cessful for central protrusion or extrusion, and 

this accounts for a very small proportion of 
clinical cases of DLSS in the author’s practice. 
Decompression via dorsal laminectomy alone 
does not address lateralized neuroforaminal 
impingement and it can be difficult to achieve 
adequate decompression of all of the entry, 
middle, and exit zones by foraminotomy tech-
niques alone. The possibility for iatrogenic 
damage of the L7 nerve roots must also be 
considered and impairment of visibility pro-
duced by hemorrhage potentially compromises 
optimal removal of osseous and soft tissue 
compressive elements.

Dorsal laminectomy and dorsal disc annulec-
tomy destabilize the L7‐S1 spinal segment and 
increase the range of motion in flexion and 
extension [9–11]. Extension of the mobile L7‐S1 
junction that ensues may decrease the foraminal 
aperture and exacerbate the effect of foraminal 
stenosis on nerve root impingement [12], even 
when foraminotomy has been performed. 
Foraminotomy may be a successful interven-
tion for lateralized L7 compression but fails to 
address the dynamic compressive effect of 
spinal motion on foraminal occlusion. Ongoing 

(a) (b)

(c) (d)

Figure 26.1  Typical MRI findings in DLSS. T2 weighted (a–c) and STIR (d) MRI scans of a typical presentation of 
degenerative lumbosacral stenosis (DLSS). (a) Sagittal plane demonstrating marked compression of the cauda equina dorsal 
to L7‐S1 intervertebral space. Nucleus pulposus signal is reduced and irregular. (b) Transverse plane through L7‐S1 disc 
with dramatically reduced nucleus pulposus signal and obliteration of both the spinal canal and the L7 neuroforamina, 
which normally manifest nerve roots within fat signal. (c) Parasagittal plane manifesting hypointensity of lateralized disc 
protrusion within the neuroforamen when compared with more cranial segments. (d) Dorsal plane demonstrating  
near‐complete discontinuation of nerve root and fat signal at junction of conus medullaris and cauda equina.
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lumbosacral instability can accelerate the 
progression of lumbosacral disease and may 
exacerbate clinical signs associated with nerve 
root occlusion [1, 12]. Additionally, even if satis-
factory decompression is achieved at the time 
of foraminotomy, bone and scar tissue may 
grow back such that longer‐term success of 
decompression might not be maintained.

26.5.2  Decompression + Dorsal Fixation

26.5.2.1  Dorsal Fixation with Facet Screws
Transarticular fixation of the facet joints with 
screws following decompression seeks to 
preserve relative vertebral position and to 
maintain foraminal aperture (Figure 26.2a), but 
it has been observed that such stabilization may 
not significantly alter long‐term outcomes ver-
sus decompression alone [13, 14]. Furthermore, 
the author has observed fracture of the L7‐S1 
facets following screw stabilization after 
both  dorsal laminectomy and foraminotomy, 
separately or combined. Additionally, facet 

screws do not result in distraction and therefore 
may not adequately resolve clinical signs 
because of residual static impingement.

26.5.2.2  Dorsal Fixation with Screws + 
Plates or Screws /Pins + Cement
Stabilization of the L7‐S1 junction has been 
achieved using a variety of methods. Pins or 
screws and polymethylmethacrylate cement 
deployed either in neutral or flexed lumbo‐sacral 
positions have been deployed most commonly 
(Figure  26.2d). Custom locking plates have 
purportedly been employed but not yet reported. 
The string‐of‐pearls (SOP™, Orthomed, 
Huddersfield, UK) locking plate applied dor-
sally has been reported (Figure 26.2c) but found 
to have no biomechanical benefit over pins and 
PMMA cement [15]. It is challenging to effec-
tively deploy fixed‐angle locking systems in the 
lumbosacral area as the anatomy makes it diffi-
cult to obtain sufficient bone stock and plates can 
be challenging to contour. Variable angle locking 
systems may be more suitable for use, however 

(a) (b)

(c) (d)

Figure 26.2  Fixation modalities in lumbosacral fusion. (a) Facet screw fixation. (b) Noncustomized pedicle screw with 
fixed‐angle connecting rod and clamp. (c) Contoured SOP plate with fixed‐angle pedicle screws. (d) Multi‐angled pins 
secured with PMMA.
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these systems often lack the angular freedom 
needed for successful deployment.

Some authors have advocated fusion in mild 
flexion with dorsal fixation, but this results in 
abnormal loading of the lumbosacral spine and 
may contribute to fixation failure with implant 
breakage over time. The author has observed 
this with all screws up to 3.5 mm in diameter 
linked with either polymethylmethacrylate 
cement or SOP locking plates and also with 
pins up to 3 mm in diameter. There is consider-
able load exerted and failure in such circum-
stances is largely dependent on core diameter 
of the screw or pin. In the opinion of the author, 
the core diameter of 3.5 mm screws and even 
solid 3 mm pins may be too weak to sustain 
such loading, especially with the lumbosacral 
spine fixed in permanent flexion, and some-
times patient size prohibits deployment of 
screws of larger diameter such as 4.5 mm stand-
ard screws or 4 mm pins.

26.5.2.3  Dorsal Fixation with 
Pedicle Screws
Pedicle screw and rod fixation following dorsal 
laminectomy stabilizes the lumbosacral joint 
(Figure  26.2b), maintaining the intervertebral 
space and foraminal dimensions and may slow 
the progression of degenerative changes [9, 10, 
16, 17]. Clinical data reporting the use of a pedi-
cle screw and rod fixation system developed for 
humans and deployed to treat 12 dogs with 
severe lumbosacral stenosis demonstrated alle-
viation of symptoms in 8/12 animals and 
improvement in 4/12 as measured by hind 
limb function and force plate analysis with no 
implant failure [18]. The screws were placed 
vertically into the arches of L7 vertebrae and 
the lateral aspects of the sacrum but available 
screw sizes limit patient applicability, and there 
is a risk of iatrogenic trauma to the L7 nerve 
roots in the lateral recesses of the caudal aspect 
of the L7 vertebra. Purportedly, some distrac-
tion in the pedicle screw‐rod construct is 
imbued by dorsal tension across the device. 
However, the absence of an implant between 
adjacent end‐plates fails to contribute ventral 
distraction and does not provide vertebral 
segments with an osteoconductive scaffold 
necessary to promote interbody bone union. 
This is evidenced by the lack of intervertebral 

bone growth in pedicle screw‐rod fixation 
systems.

The goal of decompression combined with 
dorsal fixation of the L7‐S1 vertebrae is to 
remove the static elements of compression of 
osseous or soft tissue origin and permanently 
stabilize relative motion of the L7‐S1 functional 
spinal unit. This aims to prohibit dynamic 
impingement of the L7 nerve roots and cauda 
equina and render ongoing degenerative 
changes less clinically relevant to the patient. 
The fundamental challenge is that even if a 
locking plate or screws / pins and cement or 
rods are used, fixation is persistently vulnera-
ble to failure if the dorsal facets do not fuse and 
become adequately robust independent of the 
mechanical fixation employed. The surface area 
of the facet joints is very small and even when 
all cartilage is debrided and bone graft is 
applied, this surface area available for biological 
fusion is intrinsically small. Therefore, fusion 
ventrally between the L7 vertebral body and 
the sacrum would be desirable. Apart from the 
formation of further ventral and abaxial spon-
dylosis, which in and of itself can cause further 
L7 nerve root compression, there is no mecha-
nism by which dorsal fixation alone can achieve 
this. With all decompression and dorsal stabili-
zation systems there remains an inherent risk of 
implant failure and sudden intervertebral and 
foraminal collapse.

26.5.2.4  Decompression + Ventral 
Distraction + Dorsal Fixation
In contrast to decompression and placement of 
screws across the facets or decompression and 
placement of screws / plates or screws / pins / 
cement or screws/ rods dorsally with the lum-
bosacral spine in mild flexion, ventral distraction 
plus dorsal fixation aims to linearly distract the 
L7 vertebra relative to the sacrum before stabili-
zation and also aims for inter‐body vertebral 
fusion. The goal of distraction‐stabilization‐ 
fusion is to distract the L7‐S1 vertebral end‐plates 
and neuroforaminae in an anatomically favorable 
position prior to stabilization such that the vol-
ume of the intervertebral foramena is enlarged 
and thus nerve root pain and dysfunction may be 
alleviated immediately and indefinitely. This 
may also result in relative realignment of the L7 
vertebral body and the sacrum, which is superior 
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226  Section V: Nontrauma Applications: Clinical Case Examples

rather than inferior to the preoperative position 
in that hyperextension may be reduced and the 
functional spinal unit is not being placed in 
forced flexion (Figures 26.3, 26.4, and 26.5).

The use of a titanium intervertebral cage as a 
stand‐alone device or in combination dorsal 
fixation was recently investigated in vitro [19]. 
Application of the intervertebral device 

(a) (b)

Figure 26.4  CT scan in the sagittal plane. Demonstration of the reduction in lumbosacral angle following application of 
the FITS-Fitzateur™ system. (a) Lumbosacral angle measured comparing the intersection of two lines projected across the 
dorsal aspect of the lumbar and sacral vertebral segments. (b) Angle postoperatively. Angle reduction is sustained through 
six-month follow up. 

Figure 26.3  Measurement of L7-S1 endplate distraction on CT scan. (a) Dorsal plane measurements across the 
FITS™ spacer demonstrated over 80% increase from pre-operative values. (b) Sagittal plane measurements of entire 
intervertebral space (solid white) and dorsal segment (dashed) on sagittal view was up to twice that of the pre-operative 
distance and persistent at six months.

(a) (b)

Figure 26.5  CT scan Parasagittal view. (a) Lateralized stenosis of the neuroforaminal aperture obscuring nerve 
root outflow at L7. (b) Application of FITS spacer between L7-S1 vertebral bodies generates ventral distraction of 
the impinged functional spinal unit. Realignment of vertebral bodies into greater flexion enhances neuroforaminal 
dimensions measured in the cranial-caudal and dorso-ventral plane. Significant opening of the neuroforaminal aperture 
was sustained at six months following surgery.

(a) (b)
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without supplementary fixation recapitulated 
a normal range of motion and resistance to 
bending and axial forces in spinal samples. 
Concurrent application of the spacer with dor-
sal fixation further enhanced lumbosacral seg-
ment stabilization. To date no system 
incorporating an intervertebral distraction 
device in combination dorsal fixation has yet 
been published for clinical patients clinically 
affected by DLSS.

The author has reported in abstract form the 
application of a novel titanium intervertebral 
spacer device in association with a dorsal 
screw and rod stabilization system using a 
multidirectional clamp system [20] 
(Figure 26.6). The distraction device is a conical 
screw of various sizes (Fitz Intervertebral 
Traction Screw, FITS™) that can be placed via 
dorsal laminectomy following dorsal annulec-
tomy and nuclear extirpation. The nerves of 
the cauda equina are retracted laterally to 
permit intervertebralL7‐S1 FITS placement 
(Figure  26.7). The device alleviates compres-
sion across the neuroforamina by distracting 
the end‐plates of L7 and S1. An adjunctive dor-
sal fixation rod–clamp–screw system (Fitzateur, 
Figures  26.8 and 26.9) uses pedicle screws 
placed bilaterally in the body of L7 and in the 
alar wings of the sacrum and dorsally linked 
using clamps and rods to achieve rigid stabili-
zation (Figure 26.3).

26.5.2.4.1  Objectives of 
the FITS–Fitzateur System

1.	 The FITS device is conical to facilitate pas-
sage past the nerve roots of the cauda 
equina, and also to be self‐distracting  – 
i.e.  as it is driven, the end‐plates are 
distracted.

2.	 The FITS device is manufactured in five 
diameters, with two lengths in each diame-
ter, yielding 10 devices capable of deploy-
ment in patients of any size over 10 kg 
bodyweight.

3.	 The FITS device is coated in hydroxyapatite 
to encourage osseous on‐growth and 
through‐growth to facilitate interbody 
fusion (Figure 26.3b).

4.	 Back‐out of the FITS device is prevented by 
application of a 2.4 mm screw through a slot 
in the device (Figures 26.3b and 26.6b).

5.	 Large‐diameter 5 mm screws are employed 
for the dorsal Fitzateur system, which 
taper from their apex to base such that the 
hub of the screw subjacent to the head is 
largest at the maximum point of loading at 
the cis‐cortex. The profile is designed to 
minimize possibility of screw breakage 
(Figure 26.8b).

6.	 The screws penetrate the L7 vertebral body 
abaxially at an angle that reduces the 
possibility for inadvertent penetration of 

Figure 26.6  The Fitzateur™ dorsal fixation construct and the Fitz Intervertebral Traction Screw (FITS) spacer. 
(a) Schematic of the variable angle pedicle screw and locking system. Customization of the locking angle enables the 
surgeon to adapt the angle of pedicle screw placement. (b) Radiograph of dorsal fixation using the Fitzateur system. 
Dorsal fixation is achieved by careful pedicle screw placement into the vertebral bodies of L7 and the sacrum and 
linkage by the rod and locking clamp assembly. Screw size and angle are patient specific and derived from CT scan 
assessment to maximize bone purchase and avoid violation of any neural structures. Bilateral screws are linked by a 
unique “dumbbell” rod and clamp system dorsally between adjacent vertebral segments.

(a) (b)
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the lateral recess of the L7 nerve roots 
(Figures 26.7 and 26.9).

7.	 The screws are bicortical in the L7 vertebral 
body, with the aim of increasing pullout 
strength (Figure 26.9).

8.	 The clamps, washers, and screwheads are 
specifically designed to allow multidirec-
tional capability (Figure  26.8a). The angle 
between the rod and the screw connected 
via the clamp can vary from 37–124° 
(Figures 26.10b and c).

9.	 The clamp‐rod connector system of the 
Fitzateur is designed such that the base of 
the clamp tapers so as to fit flush with the 
vertebral arch of L7 in the narrow angle 
between the lateral aspects of the L7 verte-
bral bodies and the wings of the ilii 
(Figure 26.8b).

10.	 The rods have ball‐shaped enlargements on 
either end to fit inside C‐shaped clamps 
such that collapse between clamps is pro-
hibited (Figure 26.8).

11.	 Specific washers within each clamp allow 
compression of the ball‐end of the rod with 
a locknut within the clamp to prevent loos-
ening (Figure 26.8).

12.	The rods can be bent in any direction 
and can be contoured over and flush 
with the articular facets to provide 
added rigidity by three‐point contact  – 
each end in clamps and the midpoint 
flush dorsal to the facet on either side 
(Figure 26.6b).

(a) (b)

Figure 26.7  CT scan, dorsal plane, pre- (a) and post- (b) operatively. (b) Axial placement of FITS spacer between 
L7-S1 end plates with concurrent placement of a cross-locking screw directed caudoproximal to distocranial through 
the central aperture of the FITS™ device preventing screw backout. Accurate vertebral body screw placement is 
demonstrated within the cortices of L7 and S1 vertebral bodies.

(a)

(c)

(b)

Figure 26.8  Multidirectional clamp-rod lumbosacral 
fixation system with tapered self-distracting screw 
spacer device. This constitutes a unique adjustable rod 
and locking system enabling variability in screw angle 
placement. (a) Demonstrates the individual components 
of the pedicle screw, rod, and locking system. 
(Fitzateur™) (b) Schematic of the screw-washer-clamp 
assembly. (c) Some examples of the various distraction 
devices available (Fitz Intervertebral Traction Screw, FITS).
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26.6  Outcomes

There is a lack of standardization when it comes 
to classifying DLSS and this makes it difficult to 
compare outcomes between surgical approaches 
and even the outcomes between patients within 
a treatment group. An analysis of the published 
data suggests that around 80% of dogs will 
improve with surgical intervention and clinical 
signs will resolve for about 50% in the medium‐
to‐long term with stabilization [21].

The FITS–Fitzateur distraction‐stabilization 
technique allows immediate and indirect 
decompression of the neuroforaminae 
(Figure  26.10) without the potential for iatro-
genic trauma to the L7 nerve roots, which could 
be associated with foraminotomy, and follow‐
up CT scan supports that foraminal decompres-
sion is sustained to at least six months 
postoperatively [3]. In a recent analysis of 21 
clinical cases measured by CT scan, the dorsal to 
ventral neuroforaminal dimension mean across 

all zones (entry, middle, and exit) postopera-
tively was 107% greater than the preoperative 
measurement and sustained to 91% greater at 
six months. The sagittal distraction postopera-
tive mean across the dorsal aspect of the LS 
intervertebral space was 99%, with 98% being 
maintained at six months post‐operatively 
(Figure 26.3). Pre to postoperative reduction in 
LS angle was 41% with maintenance at 35% at 
six months postoperatively [3] (Figure 26.4).

We have performed mechanical testing of the 
FITS–Fitzateur system in vitro wherein instru-
mented lumbo‐sacral spinal units were sub-
jected to nondestructive four‐point bending 
under compressive loading [6]. Angular dis-
placement at L6‐L7 and L7‐S1 in flexion at 150 N 
was compared between three constructs 
(intact –  laminectomy –  instrumented). Dorsal 
laminectomy/discectomy resulted in a modest 
increase in the range of motion at L6‐L7 and L7‐S1 
as compared with the intact spine when sub-
jected to compressive loading. Application of 

Figure 26.9  Lumbosacral distraction fusion using Fitz Intervertebral Traction Screw (FITS™) and Fitzateur assembly. (a) 
CT reconstruction following successful lumbosacral distraction fusion. FITS device in situ following dorsal annulectomy 
of L7-S1 with 2.4 mm locking screw applied to prevent device migration. Bilateral screws placed within vertebral bodies 
are linked with the angle-variable rod and clamp system designed to permit appropriate rod contouring. (b) Transverse 
plane CT scan of 7th lumbar vertebra demonstrating convergent screw placement within vertebral body. (c) Screws 
placed into the alar wings of S1 are divergent in the transverse axis. Bicortical screw placement is achieved in both 
L7 and S1 enhancing pullout strength and construct integrity (note that in larger dogs, bicortical fixation is not always 
achieved in the sacrum but should always be achieved in the L7 vertebral body).

(a)

(b) (c)
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the spinal instrumentation at L7‐S1 resulted in 
a significant reduction in flexion, extension, 
and lateral bending at L7‐S1 as compared with 
laminectomy alone but no significant change in 
motion at the L6‐L7 junction. Therefore, the 
system should reliably stabilize the L7‐S1 junc-
tion and, hopefully, in clinical cases longer term 
would not result in increased propensity for 
disease further cranially.

In a clinical study presented recently as an 
abstract pre‐publication by the author, 73 dogs 
affected by DLSS where cauda equina and 
neuroforaminal stenosis was identified were 
operated using FITS‐Fitzateur constructs [3]. 
According to owner and veterinary assessment 
at an average of 290 days, clinical signs 
improved for 72 dogs with one euthanized due 
to lack of response. Veterinary examination 
included musculature score, pain score, and 
lameness examination. Owner questionnaire 
included assessment of walking, sitting, rising, 

running, climbing stairs, getting into car and 
exercise more than 10 minutes in addition to 
perceived pain. Major complications included 
three surgical site infections and screw break-
age in three cases where a 3.5 mm screw was 
employed, which we no longer deploy in 
clinical cases over 15 kg bodyweight. Minor 
complications included tail flaccidity in approx-
imately 60% of cases, 90% of which resolved 
by  12 weeks postoperatively. Also, 4% were 
affected by transient urinary incontinence, all 
of which was resolved.

26.7  Conclusion

DLSS is a complex multifactorial disease for 
which treatment is challenging. Decompression 
by dorsal laminectomy has limited success 
where abaxial impingement of the L7 nerve 
roots is present. Foraminotomy may be 

Figure 26.10  Multidirectional functionality of FITS – Fitzateur™ pedicle screws relative to clamp-rod fixation. (a) 
Schematic of Fitzateur™ and FITS assembly in-situ. Variable angulation of pedicle screws in L7 is independent of screw 
angulation in sacral body. (b) and (c) The angles between the rod, screw, and clamp construct allow for a screw-rod 
angle variation 37–124°. This linear angularity combines with a rotational freedom afforded by the spherical screw-
clamp integration and dumbbell style connecting rod providing multiple degrees of freedom in construct morphology 
and screw placement.

37°

124°

(a)

(b) (c)
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successful, but longer‐term instability or reoc-
clusion can be problematic. Facet screw fixation 
following decompression may be fraught with 
failure because of facet breakage and paucity of 
surface area for attainment of fusion, plus 
residual static compression may persist. 
Locking plate systems have been deployed 
with limited success to achieve stabilization of 
the L7‐S1 spinal segment but screw failure is 
common. Screws and pins with cement may be 
used to stabilize the LS junction in mild flexion, 
but implants may fail in this nonphysiologic 
position. Human pedicle screws provide rigid-
ity of the LS functional spinal unit but static 
compression may remain. Deployment of a 
cage plus dorsal fixation has been explored in 
cadaver patients only and application in vivo 
has not yet been reported.

The application of a new conical interverte-
bral spacer device (FITS) that can be placed via 
a dorsal approach, in conjunction with a specifi-
cally designed vertebral body screw‐clamp‐rod 
construct (Fitzateur) has yielded favorable 
medium to long term clinical results. The 
author submits that distraction of the L7‐S1 
end‐plates and neuroforamina plays a key role 
in the short and long‐term success of this treat-
ment. Further research is warranted into the 
categorization of lumbosacral disease and com-
parisons of the various modalities for surgical 
management of this challenging condition.
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clinical applications of locking TPLO plates  171, 172
clinical benefits of locking TPLO plates  168–171
complications of locking TPLO plates  171
conclusion and recommendations  173
distal femoral osteotomy for patella luxation  187
Fixin system  81
interfragmentary compression  168, 169
locking and nonlocking screws  168, 170, 171
locking TPLO plate design  167–168, 168
tibial plateau leveling osteotomy  167–173

cross threading  32
crowbar effect  54
CSM see caudocervical spondylomyelopathy
CT see computed tomography

DAWS see disc‐associated wobbler syndrome
DCP see dynamic compression plates
DCS see dynamic condylar screw
DCU see dynamic compression unit
defect nonunion mandibular fracture 

reconstruction  150–151, 151
degenerative lumbosacral stenosis (DLSS)  221–232
DFO see distal femoral osteotomy
DHS see dynamic hip screw
diaphyseal fractures

principles of LP applications in large 
animals  62–65

string of pearls  93–94
surgical approach  106, 108–109
tibia fractures  130–132, 133

disc‐associated wobbler syndrome (DAWS)  209–215
distal femoral osteotomy (DFO)

anatomy  179–180
center of rotation and angulation  180–181, 

181, 186
double plating with Kyon ALPS system  183–189, 

185–189
Fixin system  79
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assistance  180–183, 181–184
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treatment options  179
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distal humerus fractures  108, 109, 109
distraction stabilization

caudocervical spondylomyelopathy  212–214
minimally invasive plate osteosynthesis   

45–46
radius and ulna fractures  114, 114
string of pearls  94, 94

DLSS see degenerative lumbosacral stenosis
dorsal laminectomy  223–224
double pelvic osteotomy (DPO)

acetabular ventroversion  176–178, 176
examples of locking DPO plates  177
Fixin system  79, 79, 80
hip dysplasia  175–178
Polyaxial Advanced Locking System  89
rotation of ilial table  176–178
screw loosening  175–176
triple pelvic osteotomy comparison  175–178, 

176, 177
dynamic compression plates (DCP)

arthrodesis  194–195, 197
axial loads  29
bending loads  29, 30
biology of locking plate applications  13–21
biomechanical principles and in vitro 

testing  25–30, 36–37
bone necrosis and remodeling  14–16, 19
bone–screw interface  29–30
comparison with locking compression 

plates  25–27, 36–37
composite locked and compression plating   

33–34
construct basics  27–28, 29
contact surface profile  14–18, 16, 26
definition of key biomechanical terms  28
femur fractures  121, 127
fracture stability  27
historical development  2, 25–27
infections  20–21, 20
mechanical characteristics  12
osteoporosis  13–14, 14, 17
pelvic fractures  143–144
pitfalls of locking plate applications  9–12
plate length maximization  11
screw density and position  10, 11
screw insertion and fixation  11
stress protection and resorption  13–14, 15

dynamic compression unit (DCU)  54, 97
dynamic condyular screw (DCS)  53–54, 65
dynamic hip screw (DHS)  53–54, 65

elbow arthrodesis  194, 196
epiperiosteal tunnel  114–115
external skeletal fixator (ESF)  111

femur fractures  121–128
Advanced Locking Plate System  72
anatomy  122
biomechanics  122

complications and limitations  126–127
distal femoral osteotomy for patella 

luxation  179–190
distal femur  126
dynamic compression plates  121, 127
femoral shaft  124–126, 125
intramedullary implants  121, 123, 125, 125
materials  122–123
minimally invasive plate osteosynthesis  48, 48, 

121–122
monocortical versus bicortical screws  123
open reduction and internal fixation  121, 126, 126
postsurgical care and monitoring  126, 127
principles of LP applications in large 

animals  64–65, 65
proximal femur  124
surgical approach  123–124, 124
Synthes Locking Compression Plate  99, 100
transarticular approach and retrograde plate 

osteosynthesis  122, 126
treatment approaches  121–122

fetlock arthrodesis  55
fibula  93
Fitz Intervertebral Traction Screw (FITS)

caudocervical spondylomyelopathy  214–216, 216
lumbosacral stabilization  226–230, 227–231
objectives of FITS–Fitzateur system  227–228
outcomes  229–230

Fitzpatrick Test  222
Fitz Universal Spinal System (FUSS)  215
fixation wires  45
Fixin system

advantages  77, 81
biomechanics of the Fixin implant system  77–81
clinical applications  79
drilling guide  80, 80
implants and instrumentation  77–80, 79
micro Fixin system  79–80, 80
pin stopper  46, 46
screw‐bushing coupling  77, 78
standard and mini Fixin systems  77–79, 79
surgical technique  80–81

fluoroscopy  45–46, 45, 47
foraminotomy  223–224
fracture compression

hip dysplasia  176–178
string of pearls  92–93
tibial plateau leveling osteotomy  168, 169

fracture reduction
minimally invasive plate osteosynthesis  44–46, 

45, 46, 47
radius and ulna fractures  111, 112–115
thoracolumbar spinal fractures and 

luxations  157–158
Freedom Lock DPO plate  177, 178
frictional forces  28–30, 29, 42–43
FUSS see Fitz Universal Spinal System

glenohumeral arthrodesis  193–194, 195
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hanging limb technique  44, 45
HDCP see hybrid dynamic compression plate
hematoma  16
hip dysplasia

acetabular ventroversion  176–178, 176
double pelvic osteotomy versus triple pelvic 

osteotomy  175–178, 176, 177
examples of locking DPO plates  177
rotation of ilial table  176–178

humerus fractures  105–110
anatomy  105, 106
biomechanics  106–109
conclusion and recommendations  109
diaphyseal fractures  106, 108–109
distal humerus fractures  108, 109, 109
liberty lock plates  85
material considerations  107–109
minimally invasive plate osteosynthesis  46–47
principles of LP applications in large animals  63
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string of pearls  92, 106
surgical approach  105–106
Synthes Locking Compression Plate  99, 101, 

107, 107
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194–195

ilium fractures  37, 101, 102
infections

biology of locking plate applications  19–21, 20
locking compression plates  33
tibia fractures  135–136, 135, 136

intervertebral spacers  214–215
intramedullary (IM) implants

femur fractures  121, 123, 125, 125
Polyaxial Advanced Locking System  89, 89
tibia fractures  130–132, 132

intramedullary (IM) pins  44–45, 194

kerf cut cylinder (KCC)  58–59, 58
Kirschner wires (K‐wires)

arthrodesis  194, 197
distal femoral osteotomy for patella  

luxation  186
Fixin system  80
radius and ulna fractures  114
thoracolumbar spinal fractures and 

luxations  157–158, 160
Kyon ALPS system  183–189, 185–189

LC‐DCP see limited‐contact dynamic compression 
plates
LCP see locking compression plates
less‐invasive stabilization system (LISS)  3
LHS see locking head screws
liberty lock plates  83–86

characteristics and dimensions  83–84
humeral condylar fracture  85
mandibular fracture  85

polyaxial screw placement  83
tibia fracture  84
tibial plateau leveling osteotomy  84–85, 86

limited‐contact dynamic compression plates  
(LC‐DCP)

arthrodesis  197
axial loads  29
bending loads  29, 30
biology of locking plate applications  14–20
biomechanical principles and in vitro 

testing  25–30, 36–37
bone–screw interface  29–30
comparison with locking compression 

plates  25–27, 36–37
composite locked and compression  

plating  33–34
construct basics  27–28, 29
contact surface profile  14–18, 16, 26
definition of key biomechanical terms  28
femur fractures  122–123
fracture stability  27
historical development  2
principles of LP applications in large animals  61

LISS see less‐invasive stabilization system
locking compression plates (LCP)

arthrodesis  54–59
biology of locking plate applications  14–18
biomechanical principles and in vitro 

testing  25–27, 30–37
bone–screw interface  30–32
carpal arthrodesis  55–57, 57
cervical vertebrae  58–59, 58, 59
clinical applications  54–65
comfort  53
comparison with dynamic compression 

plates  25–27, 36–37
composite locked and compression plating   

33–34
conclusion and recommendations  65–66
construct basics  30–32
contact surface profile  14–18, 16
definition of key biomechanical terms  28
femur fractures  64–65, 65, 126–127
fracture repair  59–65
fracture stability  27
historical development  4, 25–27
humerus fractures  63
implant geometry  53–54
infections  33
LCP geometry  55
maxillofacial and mandibular fractures  148
metacarpal/metatarsal bones  61, 61
metacarpo‐/metatarsophalangeal joint  55, 56
middle phalanx  59, 60
monocortical versus bicortical screws  34, 35
parallel versus variable angle screw 

insertion  31–33, 31, 32, 34
principles of LP applications in large 
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Ve
tB

oo
ks

.ir



Index  237

proximal interphalangeal joint  54–55, 56
proximal phalanx  59–61, 60
radius and ulna fractures  61–63, 62
scapula fractures  63, 64
screw ratio and screw‐fracture distance  34–36, 36
stripping of the cis cortex  32, 32
tarsal arthrodesis  57–58, 57, 58
technical challenges  32–33
thoracolumbar spinal fractures and luxations  156, 

158–161, 159, 161
tibia fractures  63–64
see also Synthes Locking Compression Plate

locking head screws (LHS)  53–54, 63
lumbar spine  158–160, 159
lumbosacral stabilization  221–232

clinical examination  221–222
computed tomography  222, 226
conclusion and recommendations  230–231
decision‐making  222
decompression in dorsal laminectomy and 

foraminotomy  223–224
decompression plus dorsal fixation  224–228
facet screw fixation  224, 224
indications and treatment options  221
magnetic resonance imaging  222, 223
outcomes  229–230
patient positioning and surgical 

approach  222–223
pedicle screw fixation  224, 225
radiography  222
screw/plate or screw/pin/cement fixation   

224–225, 224
surgical techniques  223–228
ventral distraction  225–227, 226

magnetic resonance imaging (MRI)
caudocervical spondylomyelopathy  210, 211, 212
lumbosacral stabilization  222, 223
thoracolumbar spinal fractures and luxations   

156, 157
maxillofacial and mandibular fractures  147–153

anatomy  147
application on the mandible  149–151
application to the maxillofacial bones  151, 152
biomechanics  147–148
defect nonunion mandibular fracture 

reconstruction  150–151, 151
liberty lock plates  85
locking and nonlocking plates  148
materials  148
preoperative planning  151–152
rostral mandibular reconstruction  150
segmental mandibular reconstruction   

149–150, 150
surgical approach  148–149
three‐dimensional printing  150, 151–152
trauma  149, 149

medial patella luxation  81
metacarpal/metatarsal bones  61, 61

metacarpo‐/metatarsophalangeal joint  55, 56
metaphyseal fractures  94, 133
Metzenbaum scissor  44
middle phalanx  59, 60
minimally invasive percutaneous plate 

osteosynthesis (MIPPO)  122, 125–126
minimally invasive plate osteosynthesis (MIPO)  41–50

approach and dissection  44, 44
biology and biomechanics  42–44
biology of locking plate applications  18, 20–21
clinical findings  41
concepts and definitions  41–42
femur fractures  48, 48, 121–122
fracture reduction  44–46, 45, 46, 47
historical development  2–4
humerus  46–47
locking versus nonlocking plates  42–43
percutaneous carpal and tarsal arthrodesis  48
periosteum preservation and bone healing  42, 43
plate screw density and span ratio  43
plate working length  43–44
radius and ulna  45, 47
radius and ulna fractures  112–116, 113, 114, 118
surgical technique  44–46
Synthes Locking Compression Plate  97
technique using locking plates  46–48
temporary plate reduction devices  46, 46
tibia  47, 48
tibia fractures  130–132, 131, 132

MIPPO see minimally invasive percutaneous plate 
osteosynthesis

monocortical screws
Advanced Locking Plate System  71–73
atlantoaxial subluxation  204
caudocervical spondylomyelopathy  213–214
distal femoral osteotomy for patella 

luxation  188–189
femur fractures  123
locking compression plates  34, 35
minimally invasive plate osteosynthesis  43–44
thoracolumbar spinal fractures and 

luxations  155–157
MRI see magnetic resonance imaging

New Generation Devices locking plate  98, 98, 177

OAWS see osseous associated wobbler syndrome
olecranon  61, 61
open reduction and internal fixation (ORIF)

biology of locking plate applications  20–21
clinical findings  41
femur fractures  121, 126, 126

orthogonal radiography
distal femoral osteotomy for patella  

luxation  187
minimally invasive plate osteosynthesis   

45–46, 45
thoracolumbar spinal fractures and  
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osseous associated wobbler syndrome (OAWS)   
210–212, 215

osteoarthritis  196
osteoblasts  1
osteomyelitis  135, 136
osteoporosis

dynamic compression plates  13–14, 14, 17, 29
historical development  2
locking compression plates  30–31, 35

osteotomies
Advanced Locking Plate System  72
cranial cruciate ligament  167–173
distal femoral osteotomy for patella 

luxation  179–190
Fixin system  79
hip dysplasia  175–178
liberty lock plates  84–85, 86
Polyaxial Advanced Locking System  89
string of pearls  93
Synthes Locking Compression Plate  102, 102
tibia fractures  137–138

pancarpal arthrodesis (PCA)  194–195
patella luxation

anatomy  179–180
center of rotation and angulation  180–181, 181
distal femoral osteotomy  179–190
medial or lateral femoral plating with jig 

assistance  180–183
recession wedge trochleoplasty  180, 181
surgical approach  180
treatment options  179

PAUL see proximal abducting ulnar osteotomy
PAX see Polyaxial Advanced Locking System
PBR see plate bone ratio
PCA see pancarpal arthrodesis
PC‐Fix see point‐contact fixators
pelvic fractures  143–145

acetabular fractures  144–145
anatomy  143
lateral versus ventrolateral approach  143–144
locking and nonlocking screws  144
supracotyloid fractures  145
treatment options  143, 144

periosteal vascularization  111–112
periosteum preservation  42
pes valgus/pes varus  136–138, 137
pin stopper  46, 46
PIPJ see proximal interphalangeal joint
plate bone ratio (PBR)  115–116, 118
plate span ratio (PSR)  115
plate strain/failure  35–36, 36, 37
PMMA see polymethylmethacrylate
point‐contact fixators (PC‐Fix)

biology of locking plate applications  14–20
historical development  26
infections  20, 20

Polyaxial (PAX) Advanced Locking System  87–90
arthrodesis  194–195, 195–198, 198

atlantoaxial subluxation  204–205, 205
clinical applications  89, 89
double pelvic osteotomy  177, 178
humerus fractures in cats and dogs  108, 109
liberty lock plates  83
multidirectional stability  87, 88
pelvic fractures  144–145
plate benders  88–89, 88
screw placement in traditional systems  87
thoracolumbar spinal fractures and  

luxations  156
tibia fractures  134
torque requirements and large‐handled 

drivers  87–88, 88
trauma plate types  88–89, 88

polymethylmethacrylate (PMMA)
atlantoaxial subluxation  203–204
caudocervical spondylomyelopathy  213–214
thoracolumbar spinal fractures and 

luxations  155–158
proximal abducting ulnar osteotomy (PAUL)  72
proximal interphalangeal joint (PIPJ)  54–55, 56
proximal phalanx  59–61, 60
PSR see plate span ratio
push‐pull devices

minimally invasive plate osteosynthesis  46
radius and ulna fractures  115
thoracolumbar spinal fractures and  

luxations  160

radius and ulna fractures  111–119
biological osteosynthesis in R‐U fracture 

repair  112
biology of locking plate applications  18
conclusion and recommendations  117–118
construct failures  111, 113, 117, 117
conventional osteosynthesis  111–112
distraction frames  114, 114
intermediate screw placement  115, 115116, 116
locking compression plates  32
mechanical construct consideration for LP 

treatment  115–117
minimally invasive plate osteosynthesis  45, 47, 

112–116, 113, 114, 118
principles of LP applications in large 

animals  61–63, 62
reduction techniques for LP‐stabilized radius 

fractures  112–115
rotation of the locking plate  115, 116
screw type and distribution  116
Synthes Locking Compression Plate  99, 100
toy‐breed dogs  118, 118
treatment options  111–112, 112
ulnar fracture fixation  117

recession wedge trochleoplasty  180, 181
recombinant human bone morphogenetic protein 

(rhBMP‐2)  149–151
reconstruction plates  144, 149–151, 150, 151
revision surgery  134–136, 134–136
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rhBMP‐2 see recombinant human bone 
morphogenetic protein

rostral mandibular reconstruction  150

Salter‐Harris fractures  61, 63–64, 133
scapula fractures  63, 64
Schuhli nuts  30
segmental ilial body fractures  144
segmental mandibular reconstruction  149–150, 150
shape memory alloys (SMA)  25
shoulder arthrodesis  193–194, 195
SMA see shape memory alloys
SOP see string of pearls
spinal fractures  94, 94

see also thoracolumbar spinal fractures and 
luxations

Staphylococcus aureus  20, 20
stifle arthrodesis  195–196, 198
string of pearls (SOP)  91–95

caudocervical spondylomyelopathy  214, 215
clinical applications  93
clinical guidelines  93–94
conclusion and recommendations  94
description of the system  91
design features of SOP locking plate  

system  91–92
distraction‐fusion  94, 94
fracture compression  92–93
humerus fractures in cats and dogs  106, 108, 108
interference fit  91, 92
pelvic fractures  144–145
perceived limitations/controversies  92–93
thoracolumbar spinal fractures and luxations  156, 

161, 162
tibial plateau leveling osteotomy  168, 168

supracondylar humerus fractures  105, 106
supracotyloid fractures  145
Synthes Locking Compression Plate  97–102

clinical applications  98–102, 100–102
combination hole  19
description of the system  97, 98
drill bit and screw sizes  99
dynamic compression unit  97
humerus fractures in cats and dogs  107, 107
hybrid application  98, 99
implant removal  99
locking exclusive application  98–99, 98
maxillofacial and mandibular fractures  148
minimally invasive plate osteosynthesis  97
New Generation Devices locking plate  98, 98
push‐pull device  46
tibial plateau leveling osteotomy  167–168, 168

TARPO see transarticular approach and retrograde 
plate osteosynthesis
tarsal arthrodesis  197–198

minimally invasive plate osteosynthesis  48
principles of LP applications in large 

animals  57–58, 57, 58

TCT see tibial crest transposition
temporary plate reduction devices  46, 46
tension band wires  56
thoracic spine  161, 162
thoracolumbar spinal fractures and 

luxations  155–163
anatomy  155, 156
approaches to the vertebral column  157
fracture reduction  157–158
locking and nonlocking screws  163
locking plate application  158
lumbar spine  158, 159, 159, 160
placement of a 3.5mm LCP  158–161, 159, 160
placement of a 3.5mm SOP plate  161, 162
postoperative assessment  163
preoperative planning  157
problem solving with locking plates  161–163
thoracic spine  161, 162
treatment options  155–156

three‐dimensional (3D) printing  150, 151–152
tibia fractures  129–139

anatomy  129–130
biology of locking plate applications  17
center of rotation of angulation (CORA) 

methods  129, 138
diaphyseal fractures  130–132, 133
infections  135–136, 135, 136
intramedullary implants  130–132, 132
liberty lock plates  84
minimally invasive plate osteosynthesis  47, 48, 

130–132, 131, 132
osteomyelitis  135, 136
polyaxial screws  134
practical tips and tricks  130, 132, 133, 

135–136, 138
principles of LP applications in large 

animals  63–64
proximal and distal fractures with short fracture 

segment  132–134, 133
revision of fracture complications  134–136, 

134–136
string of pearls  93
surgical correction of tibial deformity   

136–138, 137
T‐plates  130, 132–133, 133
treatment options  129

tibial crest transposition (TCT)  183
tibial plateau leveling osteotomy (TPLO)  72

Advanced Locking Plate System  72
arthrodesis  194
biology of locking plate applications  21
clinical applications of locking TPLO plates   

171, 172
clinical benefits of locking TPLO plates  168–171
complications of locking TPLO plates  171
conclusion and recommendations  173
cranial cruciate ligament rupture  167–173
distal femoral osteotomy for patella luxation   
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tibial plateau leveling osteotomy (TPLO) (cont’d)
Fixin system  79, 79, 80–81
interfragmentary compression  168, 169
liberty lock plates  84–85, 86
locking and nonlocking screws  168, 170, 171
locking TPLO plate design  167–168, 168
Polyaxial Advanced Locking System  89
string of pearls  93
Synthes Locking Compression Plate  102, 102

tibial torsion  180
titanium alloys

Advanced Locking Plate System  71
biology of locking plate applications  20–21
Fixin system  77–78, 80
maxillofacial and mandibular fractures  148
Polyaxial Advanced Locking System  87
string of pearls  91
thoracolumbar spinal fractures and  

luxations  156
total knee arthroplasty (TKA)  196–197
T‐plates

arthrodesis  195
tibia fractures  130, 132, 133

TPLO see tibial plateau leveling osteotomy
TPO see triple pelvic osteotomy

traction screws  115
transarticular approach and retrograde plate 

osteosynthesis (TARPO)  122, 126
transfixation pin cast  60–61, 60
triple pelvic osteotomy (TPO)

double pelvic osteotomy comparison  175–178, 
176, 177

hip dysplasia  175–178
screw loosening  175–176
string of pearls  93

ulna see radius and ulna fractures
UniLock  156
Unity cruciate plate  168, 168

VA‐LCP see variable angle locking compression 
plates
valgus deformity  135
variable angle locking compression plates  

(VA‐LCP)  31–32, 31, 32
vascularization

Advanced Locking Plate System  71, 72
biology of locking plate applications  14–19
minimally invasive plate osteosynthesis  42
radius and ulna fractures  111–112
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