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Veterinary orthopedics in recent years has made tremendous advancements, in
terms of greater understanding of fracture biology and fixation, and develop-
ment of versatile techniques and mechanically stable fixation implants. This
has resulted in effective treatment of even some of the complicated cases,
which are otherwise difficult to manage by conventional methods. Neverthe-
less, use of most of the advanced techniques is confined to select veterinary
institutions and colleges, and only to a few “qualified” veterinary surgeons.
While most of the veterinary graduates are well trained and confident of
undertaking many soft tissue surgeries, they are less prepared to treat ortho-
pedic conditions such as fractures. Hence, there is a great need to train and
infuse confidence among the veterinary graduates and surgeons to treat a
variety of fractures and other orthopedic conditions routinely encountered in
veterinary practice. The main purpose of publishing this Textbook of Veteri-
nary Orthopedic Surgery is to disseminate basic knowledge about veterinary
orthopedics among the veterinary professionals and describe in simple terms
the basic and advanced techniques of fracture fixation and other treatment
modalities both in small and large animals to help veterinary graduates,
postgraduates, practicing surgeons, and university teachers and trainers. The
textbook can be a ready reckoner for all sorts of veterinary orthopedic
problems.

The chapters in the book are dedicated to basic considerations in orthope-
dics such as structure of bone, types of bone, development and growth of
bone, fracture classification, biomechanics and healing, fixation implants,
emergency treatment, assessment and first aid of fracture cases, anesthesia
and pain management, and timing and selection of fracture fixation
techniques. Basic principles of external, internal, and external skeletal fixation
techniques have been described in detail. Further different fixation techniques
for management of specific fractures in both small and large animals have
been elucidated. Some of the recently developed internal fixation and external
skeletal fixation implants for large animals have been detailed. Separate
chapters have been dedicated to fractures in young, osteoporotic and avian
fractures, management of open fractures, bone grafts and scaffolds,
complications of fracture fixation, metabolic bone diseases and antebrachial
bone deformities, joint luxations, arthritis, common ligament and tendon
injuries, and physiotherapy and rehabilitation of veterinary orthopedic
patients. Most of the techniques described are those practiced by the authors
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based on their vast clinical experience. All the sections include an adequate
number of sketches, diagrams, or/and photographs to describe almost each
and every technique for better understanding.

We are thankful to our colleagues and friends who have provided some
quality figures of clinical cases for inclusion in this book. We are also grateful
to authors and publishers for granting permission to reproduce some of the
published figures. We express our gratitude to our mentor, Dr Gaj Raj Singh,
who was an inspiration for our interest in veterinary orthopedics, especially
large animal fracture fixation. We take this opportunity to thank our PG
students who have helped us in treating the dumb animals and relieving
their pain. We are also thankful to our families for their constant support
even when we stole their share of time both while doing our clinical practice
and also while writing the textbook manuscript. We would also like to
remember those patients who selflessly allowed us to “experiment” on them
and enable us to learn a lot during our long journey. Thanks are also due to our
Directors and Joint Directors of Indian Veterinary Research Institute, who
have encouraged and supported us during our entire career. We are also
grateful to Springer Nature, and Dr Bhavik Sawhney, Senior Editor-
Biomedicine for helping us publish this book. We sincerely hope that our
efforts will not go in vain and we will come up to the expectations of our
valued readers.

Pune, Maharashtra, India Hari Prasad Aithal
Bareilly, Uttar Pradesh, India Amar Pal
Barielly, Uttar Pradesh, India Prakash Kinjavdekar

Barielly, Uttar Pradesh, India Abhijit M Pawde
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Learning Objectives
You will be able to understand the follow-
ing after reading this chapter:

Structure and types of the bone
Development of the bone and regulation
of bone growth

Fracture biomechanics and classification
of fracture

Fracture healing (primary and secondary
healing), factors affecting healing, and
methods to enhance healing

Implants and instruments used for frac-
ture stabilization

Examination of animals with fracture,
emergency treatment, and first aid
Anesthesia and pain management in
animals with fracture

Methods of fracture reduction and selec-
tion of fracture fixation technique

Summary

Osteoblasts are bone-forming cells and
are involved in the synthesis of
proteoglycans and collagen fibrils and
production of a mineralizable matrix.

q

Check for
updates

Calcium phosphate crystals deposited in
the form of hydroxyapatite are the prin-
cipal inorganic mineral of the bone,
comprising about 75% of dry bone.

The principal blood vessel supplying the
bone is the nutrient artery, which enters
the medullary cavity through the nutrient
foramen and then bifurcates into the
ascending and descending branches
within the medullary cavity.

Calcium metabolism is primarily
regulated by three major hormones,
parathyroid hormone (PTH), calcitonin
(CT), and vitamin D.

Bending, a combination of compression
and tension, is one of the most common
forces causing a fracture.

Based on the direction of fracture line
with respect to the long axis of the bone,
fractures can be classified as transverse,
oblique, spiral, comminuted,
multiple, etc.

Primary bone healing occurs directly by
the formation of bone tissue, whereas
secondary healing is characterized by
the formation of cartilaginous or fibrous
connective tissue first, which is subse-
quently replaced by the bone.

316L stainless-steel alloys (low carbon
steel having chromium) are most widely

(continued)
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used for
implants.

* Classical clinical signs of fracture in
animals are acute non-weight-bearing
lameness, soft tissue swelling, and crep-
itation at the site of fracture site; radio-
graphic examination helps in
confirmatory diagnosis.

» The initial care and management of an
animal with fracture should include sta-
bilization of the injured animal, dressing
of the open wound, and immobilization
of the fractured limb to prevent
continued injury from the broken
bone ends.

* Orthopedic procedures for fracture fixa-
tion are always painful due to manipula-
tion of the injured bone and surrounding
soft tissues; hence, perioperative pain
alleviation therapy should be the priority
in all cases, and it should be started
before the start of surgery and should
continue during surgery and postopera-
tive period.

* Open reduction of fracture is indicated
along with internal fixation, primarily in
fractures with severe comminution
and/or overriding of bone segments.

» The extent of soft tissue injury and open
wound associated with fractures are
important determinants of the timing
and technique of surgical fixation.

manufacturing orthopedic

1.1 Structure and Types

of the Bone

The bone is a type of dense connective tissue,
which forms the body skeleton. The bone acts as
levers for muscles and thus helps in locomotion,
gives shape to the body, and provides protective
cavities for the vital organs [l]. The blood-
forming cells present in the medullary cavity of
bones help in formation of new blood cells
(haemopoietic tissue), and mesenchymal stem
cells help in tissue repair. Further, the bone also

1 Basic Considerations

acts as mineral reservoir that can be drawn upon
whenever required. The bone also plays an impor-
tant role in acid-base balancing of the body. The
bone mineral metabolism revolves around the
bone tissues and cells, along with biochemical
and endocrine reactions [2].

1.1.1  Components of the Bone

A bone has three major constituents, including
osteogenic cells, organic matrix, and inorganic
minerals [3]. The osteogenic cells contain
osteoblasts, osteocytes, and osteoclasts
(Fig. 1.1). The organic matrix, which forms
about one third of the bone mass, contains pre-
dominantly collagen and proteoglycans. About
two thirds of the bone is made up of minerals
comprising of calcium phosphate crystals depos-

ited in the form of hydroxyapatite
[Cas(PO4)3;(OH)].
1.1.1.1  The Bone Cells

Osteoblasts: Osteoblasts develop from undiffer-
entiated mesenchymal stem cells, also called as
osteoprogenitor cells, present in the inner (cam-
bium) layer of periosteum and the bone marrow.
These bone-forming cells, present mostly on the
periosteal and endosteal surfaces of an actively
growing bone, are arranged in a monolayer.
Osteoblasts can be morphologically diverse, usu-
ally cubic, round, flat, or cylindrical. They are
relatively large fusiform cells (15-20 p diameter)
with alkaline cytoplasm that is due to the presence
of a large number of nucleosomes and rough
endoplasmic reticulum in their cytoplasm
[4]. The cytoplasm contains a round or oval
nuclei, which is lighter staining but bulky with
1-3 nucleoli. The osteoblasts regulate the mineral
transport from the extracellular space to the oste-
oid seam and the site of mineralization.
Osteoblasts are involved in the synthesis of
proteoglycans and collagen fibrils and production
of a mineralizable matrix. The osteoblasts eject
the amorphous calcium phosphate into the extra-
cellular space. The alkaline phosphatase pro-
duced by the osteoblasts is thought to initiate the
process of mineralization. The amorphous cal-
cium phosphate is transformed to crystalline
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Fig. 1.1 Bone cells:
mesenchymal cell (a),
osteoblast (b), osteocyte
(c), and osteoclast (d)

hydroxyapatite both inside and outside the matrix
vesicles. When these crystals contact the vesicle
membrane, it ruptures, and the exposure of
released crystals to a supersaturated solution in
the matrix induces their precipitation [5].

Osteocytes: About 10% of the osteoblasts get
trapped within the lacunae of evolving bone
matrix to become osteocytes [6]. They have faintly
basophilic cytoplasm and a large oval nucleus with
large chromatin  granules. Osteocytes are
surrounded by mineralized matrix and are
interconnected by cytoplasmic processes through a
canalicular system [7]. This interconnection of cells
regulates the exchange of mineral ions between the
extracellular fluid and the bone. Osteocytes are
essential to the maintenance of the bone.

Osteoclasts: They are the large multinucleated
cells found on the bone surfaces [8]. The cytoplasm
is pale staining, acidophilic, and foamy. They are
essentially seen at the site of remodeling and help
in the removal of organic matrix and minerals.
Osteoclasts produce acid phosphatase and collage-
nase, which help in dissolution and removal of the
minerals and matrix. The osteoclasts absorb the
degraded matrix products by endocytosis and are
then ejected into the extracellular space.

1.1.1.2 Organic Matrix

Organic matrix predominantly consists of type
1 collagen (95%) and proteoglycans (4%) and
constitutes approximately one third of the bone
mass [3]. Bone collagen is capable of calcifying,

Bone cells

which is relatively insoluble in salt solutions and
weak acids. The mucopolysaccharide (proteogly-
can) is an amorphous jelly, which serves as a
ground substance for binding of collagen fibers.

1.1.1.3 Inorganic Mineral

The inorganic mineral of the bone, comprising
about 75% of dry bone, is calcium phosphate
crystals deposited in the form of hydroxyapatite
[3]. As mineralization increases, the bone
becomes less soluble and stiffer. Bone water is
bound to the matrix, which occupies the spaces
within the bone, like nutrient canals, the
Haversian system, and the ultramicroscopic
structures.

1.1.2  Structure of the Bone
Although all the bones are made up of the same
constituents, the apparent density, porosity, and
structure may differ among different bones and
also at different locations within a bone. Based on
the structure, bones are classified as cortical or
compact bone (shaft bones) and cancellous or
spongy bone (flat bones and ends of long
bones). Based on the shape, the bones are classi-
fied as long bones (femur, tibia, humerus, etc.),
short bones (carpals and tarsals), and flat bones
(skull, pelvis, and ribs).

A typical long bone consists of a diaphysis at
the middle and metaphysis and epiphysis on both
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ends (Fig. 1.2). The diaphysis is a hollow tube of
cortical bone, its central (medullary) cavity is
lined by a layer of endosteum, and it contains
the marrow. Haversian canals, which contain
nerves and vessels, are distributed longitudinally
in the cortex. These canals are surrounded by
concentric layers of lamellae (Fig. 1.3). Lamellae
have lacunae containing osteocytes, which are
interconnected by microscopic channels called
canaliculi (Fig. 1.4). The Haversian canals com-
municate with the medullary cavity through the
Volkmann’s canals. The basic structural unit of
lamellae concentrically arranged around the
Haversian canal is called an ‘osteon’.

Epiphyseal growth plate (also known as
physis) separates the metaphysis from the epiph-
ysis in growing animals. When the animal attains
maturity, the growth plate ceases to exist and the
epiphysis fuses with the metaphysis. The
metaphysis consists of spongy/cancellous bone
with a network of fine trabeculae that are

interconnected enclosing cavities that contain
either hematopoietic (red, in young animals) or
fatty (yellow, generally in old animals) marrow.
A thin layer of cortical bone extends over the
metaphysis. Small and flat bones also have simi-
lar spongy structure surrounded by a thin layer of
dense bone.

The complete outer surface of the bone is
covered by periosteum, except at the ends
(joints), which is covered with articular (hyaline)
cartilage. Periosteum has an inner cambium layer
containing osteoprogenitor cells and an outer
fibrous layer attached to the soft tissues
surrounding the bone [9]. The osteoprogenitor
cells present in the cambium layer multiply and
contribute to bone healing during a fracture repair
process. Hence, extreme care should be taken to
avoid any damage to the periosteum during frac-
ture fixation, especially during bone plate and
screw  fixation  (periosteal  stripping  is
contraindicated).
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Fig. 1.3 Microstructure of a compact bone

1.1.3  Circulation of the Bone

The bone is richly supplied with blood vessels.
The vascular system of a mature long bone has
three main components, i.e. afferent vascular sys-
tem (arteries and arterioles), which carry

Fig. 1.4 Microstructure of
an osteon

Osteocyte =3

NS,
XGRS

nutrients; efferent vascular system (veins and
venules), which carry waste products; and inter-
mediate vascular system (capillaries in the can-
cellous bone and vessels in the canals of the
cortical bone), which link the afferent and efferent
systems [10].
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Fig. 1.5 Circulation of the bone

The principal blood vessel supplying the bone
is the nutrient artery, which penetrates the cortex
and enters the medullary cavity through the nutri-
ent foramen (Fig. 1.5). The nutrient artery
bifurcates into the ascending and descending
branches, which further give rise to many
arterioles  within  the medullary cavity
[11, 12]. The radiating arteriolar branches enter
the endosteal surface of the cortex to supply at
least inner two thirds of the cortex (centripetal in
nature). Within the cortex, they give rise to
branches forming capillaries within the Haversian
system; some arterioles traverse the entire cortex
to reach and anastomose with the periosteal
arterioles. It should be noted that during
intramedullary fixation of a long bone fracture,
the nutrient artery, the major blood vessel supply-
ing the bone, is most likely to get damaged
completely. In such circumstances, the periosteal

and metaphyseal arteries play a predominant role
by compensating the vascular supply.

The second major vessels supplying the bone
are metaphyseal arteries, which are multiple in
number and enter the entire periosteal surface of
the proximal and distal metaphyses. In young
ones, metaphyses, epiphyses, and diaphysis have
separate blood supply. Hence, more care should
be exercised while treating metaphyseal and
epiphyseal fractures in young animals; the
techniques which would cause least damage to
the epiphyseal plate and epiphyseal vessels
should be preferred. In adults (after the fusion of
epiphyseal plate), the metaphyseal vessels and the
arteriolar branches of nutrient artery anastomose.

The periosteal arterioles originating from the
surrounding soft tissues provide circulation to the
outer one third of the bone cortex. Periosteal
circulation plays a prominent role during fracture
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healing [13]. Hence, during fracture fixation, soft
tissues around the fracture site should be handled
carefully to minimize traumatic damage, and also,
as far as possible, the soft tissues should not be
detached from the bony cortex. The role of peri-
osteal blood supply is also very important as an
auxiliary source of blood flow to the entire cortex
when there is interruption of supply from the
intramedullary nutrient artery, as in the case of
intramedullary fixation.

Major venous drainage (efferent vascular sys-
tem) from a long bone includes metaphyseal
vessels, which are a part of periosteal venous
system. The cortical venous channels drain into
the periosteal venules, which join the veins
draining the muscles. A central venous sinus
present in the medullary cavity receives trans-
verse venous channels that transport blood from
the sinusoids and then emerges from the diaphy-
sis through the nutrient canal as the nutrient vein.

The blood vessels linking the afferent and
efferent vascular systems constitute the interme-
diate vascular system. It comprises the vessels
present in rigid canals within the compact long
bone. These vessels carry the nutrients to the
osteocytes through the canalicular system. The
longitudinally directed channels in the Haversian
canals are capable of carrying the blood for
1-2 mm length. Therefore, they have vascular
connections with the medullary artery all along
their course. The retraction of these vessels in the
event of a fracture leads to avascular necrosis of
bone ends.

1.2 Bone Development
and Growth Regulation
1.2.1 Development of the Bone

The development of the bone starts in the embry-
onic stage from the mesenchymal tissue, which is
a diffuse, loose cellular tissue present between the
ectoderm and endoderm. Apart from the bone,
other connective tissue structures such as the car-
tilage, fascia, tendon, ligament, etc. are also
developed from differentiation of mesenchymal
cells as per the need, condition, and local

environment. In early stages of development, the
skeletal structures appear as dense concentration
of mesenchymal cells that tend to take the shape
of the particular bones. Bones are developed
either by endochondral or intramembranous ossi-
fication [14, 15]. In endochondral ossification, the
bone is formed from a model of hyaline cartilage
(e.g. long bones), whereas in intramembranous
ossification, the bone is directly formed from
connective tissue cells (e.g. bones of calvarium).

In endochondral ossification, mesenchymal
cells differentiate into chondroblasts, forming a
cartilagenous model of the bone, which increases
in length and width by interstitial as well as appo-
sitional growth (Fig. 1.6). The process involves
proliferation, maturation, and enlargement of
chondrocytes forming the intercellular substance.
The earliest chondrocytes at the center of the
model mature, enlarge, and secrete alkaline phos-
phatase into the intercellular substance. As the
cartilagenous cells mature and hypertrophy, and
the matrix gets mineralized, the diffusion of
nutrients to the chondrocytes is impeded causing
cell death. The calcified matrix in the center of the
model then disintegrates to form cavities. Simul-
taneously, vascular buds from the periosteum
enter into the disintegrating cartilagenous area,
bringing about mononuclear cells and mesenchy-
mal stem cells, which translate into chondroclasts,
osteoclasts, and osteoblasts. The ossification gen-
erally starts first at the middle of the cartilage
model, known as ‘primary ossification center’
[16]. The process of resorption and replacement
of cartilage by newly formed bone (cancellous
type) continues along the length. The cancellous
bone in the central part is resorbed to form a
marrow or medullary cavity, which gets filled up
with the myeloid tissue. At the same time, two
more ossification centers develop one each in
proximal and distal epiphysis replacing the carti-
lage. The process of endochondral ossification
extends peripherally but does not replace all the
cartilage; a portion remains on the surface as
articular cartilage. Another transverse layer of
the cartilage is retained between the epiphysis
and metaphysis, which is called the physeal
plate or growth plate. As the process of ossifica-
tion proceeds from both ends, the bone continues
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Fig. 1.6 Development of a long bone (endochondral
ossification): (a) cartilage model; (b) periosteal ossifica-
tion and calcification of the cartilage at the mid-diaphysis
(primary ossification center); (¢) invasion of vascular mes-
enchyme, resorption of calcified cartilage, and laying
down of new bone on either side; (d) further progress in
vascular proliferation and laying down of the new bone

to grow in length at the epiphyseal end through
the epiphyseal plate, which remains active
throughout the growing period by producing car-
tilage cells that in turn are replaced by bone cells.
The longitudinal growth stops when the animal
attains puberty; at that point of time, the growth
plate ceases to exist as the metaphyseal and
diaphyseal bones fuse together. Circumferential
growth continues from the cambium layer of the
periosteum by deposition of new bone.

The newly formed (woven) bone contains
irregularly arranged bony spicules with more
number of cells. The osteoclasts cut a hole in the
bone (cutting cone), which progress longitudi-
nally along the course of the vessel, producing
the resorption cavity. Osteoblasts align on the
walls and secrete concentric layers of
mucopolysaccharides to fill the cavity leaving a
small central (Haversian) canal that contains
vessels and nerves. This process leads to the

and appearance of secondary ossification centers at the
epiphyseal ends; and (e) growth of the bone by ossification
from the diaphyseal and epiphyseal ossification
centers. Note: cartilaginous growth plate (epiphyseal
plate) separating the diaphysis and epiphysis in
growing bone

formation of true osteons with Haversian system.
The osteogenic cells continue to add the bone to
the surface and thus producing strong compact

bony wall.
The bone directly formed from the mesenchy-
mal model of flat bones is called

intramembranous bone (e.g. cranial and facial).
Intramembranous ossification begins when a clus-
ter of mesenchymal cells directly differentiate
into osteoblasts. These osteoblasts begin secret-
ing the intercellular substance and get enclosed to
become osteocytes. The actively secreting
osteoblasts line the surface of the newly formed
spicules of the bone, which continue to grow in a
radial manner producing bony scaffold of
trabeculae (cancellous bone). The spaces
contained within the scaffolding trabeculae
enclose the vascular myeloid tissue. The
continued deposition of fresh bone lamellae on
the trabeculae and appositional bone growth at
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the surface form the compact bone of inner and
outer cortices. The surface connective tissue
becomes the periosteum. Thus, a flat bone is
formed as a layer of cancellous bone and marrow
between the plates of compact bone.

1.2.2  Calcium Regulation

Calcium ion present in the bone is not only an
essential structural component of the skeleton but
also acts as mineral reservoir. It plays a vital role
in many basic biological reactions such as
enzyme activity, blood coagulation, muscle con-
traction, neuronal excitability, hormone release,
and membrane permeability and is essential for
maintenance of blood calcium level. Therefore,
the exact control of calcium ion concentration in
the skeleton as well as extracellular fluid is vital to
the health of human beings and animals. This is
possible through intake of balanced diet
containing optimum levels of minerals and
vitamins and endocrine control mechanisms
involving primarily the three major hormones,
parathyroid hormone (PTH), calcitonin (CT),
and vitamin D [17-19].

1.2.2.1 Dietary Calcium and Phosphorus
The skeleton of the embryo first presents as a
structure made of cartilage. At birth, only the
middle part and the ends of the cartilage templates
of long bones are ossified. Most of the bone
growth (ossification and calcification) occurs in
the early stage of animal’s life through endochon-
dral ossification; hence, mineral nutrition has to
meet the increased demand of growing period,
i.e. up to the age of about 1 year. Impaired supply
of calcium, phosphorus, trace minerals, or
vitamins may lead to skeletal abnormalities.

In growing dogs, calcium intake through the
diet has to be maintained as per the growth rate
and the age, starting with 550 mg/kg body weight
daily after weaning, 300 mg during 5-6 months,
and 140 mg/kg during 7-12 months, with an
adequate Ca:P ratio of 1.2-1.5:1.0. Balanced
diet formulation should have adequate minerals,
which is important to ensure normal bone forma-
tion, and maintain the electrolyte balance and

acid-base equilibrium. Vitamin D, which
regulates calcium absorption and skeletal miner-
alization, is recommended at 20 IU/kg body
weight/day for growth.

1.2.2.2 Calcium-Regulating Hormones
Parathyroid hormone (PTH) is released by chief
cells of the parathyroid gland as a response to
lowered blood calcium ion concentration
(Fig. 1.7). Blood phosphorus level has no direct
control over the synthesis and secretion of PTH;
however, an elevated blood phosphorus level may
indirectly lead to parathyroid gland stimulation as
it can lower the blood calcium level.

PTH helps to mobilize calcium ions from the
skeletal reserve into the extracellular fluid (ECF).
In the kidney, it reduces absorption of phosphate
leading to phosphaturia. Further, it increases uri-
nary excretion of K" and increases Ca* absorp-
tion. It also regulates the conversion of
25-hydroxycholecalciferol to bioactive 1, 25 Di
OH-CC and other metabolites of vitamin D.

Prolonged reduction in the dietary intake of
calcium or imbalance in the calcium-phosphorus
ratio in the diet in growing animals leads to
hypocalcaemia, which stimulates the parathyroid
gland, leading to secondary hyperparathyroidism.
In such a condition, there will be progressive
depletion of minerals from the skeleton causing
osteopenia/osteoporosis and may lead to patho-
logical bone fractures.

Calcitonin (CT) is secreted by C cells of the
thyroid gland. The increased concentration of
calcium ion in the plasma and ECF enhances the
secretion and release of CT. The release of CT
causes hypocalcaemia by temporarily inhibiting
the PTH-stimulated bone resorption. CT also
brings about hypophosphataemia by increasing
the movement of phosphate from the plasma
into the soft tissues and bone and also due to
inhibition of bone resorption. The action of CT
does not depend on vitamin D.

Vitamin D (cholecalciferol) is normally
ingested only in small quantities in the diet but
largely synthesized in the epidermis through pre-
cursor molecules like 7-dehydrocholesterol, the
reaction catalyzed by UV irradiation (Fig. 1.8).
The cholecalciferol is transmitted from the skin
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Fig. 1.7 Calcium homeostasis: decreased calcium level
in the blood stimulates the parathyroid gland to release
PTH, which in turn helps maintain blood calcium level by
its action on the bone (increased osteoclastic activity), the
kidney (increased reabsorption of calcium), and the

into the blood through vitamin D-binding protein.
Unlike many other mammals, dogs and cats are
unable to synthesize vitamin D through cutaneous
sun exposure, and therefore, they are dependent
on its dietary intake [20]. Cholecalciferol gets
converted to 25-hydroxycholecalciferol
(25 OH-CC) in the liver with the help of an
enzyme calciferol-25-hydroxylase. 25-OH-CC
gets metabolized to an active form 1, 25,
dihydroxycholecalciferol; the process is catalyzed
by 25-OH-CC la-hydroxylase enzyme in the kid-
ney. The formation of 1, 25-DiOH-CC is
accelerated by PTH and low blood Ca* and P*
levels but suppressed by high blood P* levels.
However, a negative feedback exists whereby
vitamin D metabolites decrease PTH secretion
and thereby reduce the formation of
1, 25-DiOH-CC. During growth, somatotropin
may also enhance the activity of la-hydroxylase.

Vitamin D helps in the absorption of calcium
and phosphorus from the intestinal mucosa,
thereby maintains sufficient levels of Ca™ and P*
in the ECF, and helps in mineralization of the
bone matrix [20]. In growing animals, vitamin D
is essential for mineralization of physeal (growth

Ca2* level in blood
decreases

intestines (calcium absorption); increased blood calcium
level releases calcitonin from the thyroid gland, which
helps decrease blood calcium level by its action on the
bone (inhibit osteoclastic activity) and the kidney (reduced
calcium reabsorption)

plate) cartilage and thereby longitudinal growth
of bone. Vitamin D deficiency leads to a condi-
tion called rickets, wherein the physeal cartilage
fails to mineralize and ossify leading to broaden-
ing of the physis (unhindered multiplication of
cartilage tissue), weakening of long bones, and
stunted growth. In adults, it is required for osteo-
clastic resorption and calcium mobilization from
the bone. In the kidneys, vitamin D stimulates the
tubular resorption of calcium. In chronic kidney
disease, failure to form active form of vitamin D
results in a condition called ‘renal rickets’,
wherein there is softening of the facial bones,
leading to ‘rubber jaw’ condition.

1.3 Fracture Biomechanics

and Classification

In recent years, several advances have taken place
in the area of fracture repair, which were mostly
attributed to greater research focus on surgical
anatomy, physiology, and biomechanics related
to the skeletal system and fracture fixation. An
orthopedic surgeon needs to better understand the
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Fig. 1.8 Illustration detailing the role of vitamin D in calcium metabolism and homeostasis

fracture biology, the principles of implant use,
and the bone’s response to those implants, rather
than simply learning a specific technique for a
particular fracture. As Prof. R.J. Boudrieau puts
it, fracture repair has now become more of a
‘science’ than an ‘art’ [21].

Basic understanding of biomechanics related
to normal bone, fracture etiology, treatment, and
implants used for fracture immobilization helps in
better assessment and management of fractures
[22, 23]. Force, a basic concept of mechanics, is
anything that tends to change the state of a struc-
ture with respect to motion or its conformation.
When force is applied to a bone, it results in
deformation of its structure and generation of
internal forces within. The intensity of internal
force (force per unit area) at any given point and

plane is called as stress, and the deformation
(change in unit length) resulting from this internal
force is called strain. The stress-strain curve
(representing an object’s material properties) is
similar to that of the force-deformation curve
(representing an object’s structural properties)
and has elastic and plastic regions, a yield point
and a failure point or ultimate strength (Fig. 1.9).
Each increment of stress/load applied to an object
is accompanied by a corresponding change in
length, i.e. strain. The bone acts as a linear elastic
solid in this region of the stress-strain curve; the
slope of the linear elastic region is called as
Young’s modulus of elasticity.

The mechanical behavior of the bone as well
as the fixation implants can be described using
two important parameters, i.e. modulus or
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stiffness and strength. The modulus is a measure
of the amount of elastic deformation an object
undergoes when subjected to loads. Low modulus
materials are likely to deform more than high
modulus materials when subjected to similar
loads. Strength is the ability of a material to
sustain the applied load prior to its failure.

1.3.1  Mechanical Properties

of the Bone

There are several factors which influence the
mechanical properties of the bone [22]:

1. Bone density: The apparent density (mass of
tissue per unit volume) of the bone (g/ml) is
directly related to its mineral content and
porosity. Porosity varies from 5% to 30% in
cortical bone and 30 to 90% in cancellous
bone. Apparent density, porosity, and mineral-
ization all have a significant effect on the
stress-strain behavior of a bone. Even a little
change in the apparent density of the bone will

Strain (displacement - mm)

lead to significant difference in the modulus
and strength. Generally, it is difficult to radio-
graphically visualize a change until the bone
density is altered by 30-50%; hence, one can
imagine the magnitude of change in the stiff-
ness and strength of the bone which is appar-
ently osteopenic.

2. Age of bone: The bones of immature/young
animals have the ability to absorb more energy
and elastically deform before failure; hence,
greenstick/folding fractures are often seen in
such bones. As the age advances, the bone
tissue becomes stiffer and stronger. Advanced
aging results in decline in bone strength and
stiffness (due to increased porosity) as well as
energy-absorbing capacity (due to increased
collagen cross linking and mineralization);
hence, more comminuted fractures occur due
to brittleness of the bone.

3. Mode of loading: Long bones owing to
orthotopic placement are stronger along their
long axis and weaker perpendicular to the axis.
Thus, a long bone is strongest under
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compression, weak under bending, and
weakest under tension. Compressive strength
of cancellous bone is lower than that of
cortical bone.

4. Rate of loading: A bone when subjected to
sudden or rapid stress exhibits higher elastic
modulus and ultimate strength than when
subjected to slow or gradual loading over a
period of time. The materials whose mechani-
cal characteristics depend on the rate of
applied strain, such as the bone, are called
viscoelastic.

5. Direction of loading: The bone is anisotrophic
in nature, i.e. its material properties differ in
different directions. Long bones can better
resist stresses applied along their longitudinal
axis (along the osteonal orientation) than per-
pendicular to their axis. Further, long bone
when loaded in a direction perpendicular to
their long axis is more likely to fail in brittle
(crackly) manner with little plastic deforma-
tion. Hence, when a dog’s limb is hit hard by a
stick, it is more likely to result in comminuted
fracture.

The bone is constantly subjected to different
types of loads, in the form of weight bearing or
otherwise. As per the functional requirement, the
bone undergoes remodeling continuously to
change its shape and internal architecture
depending on the applied load (Wolff’s law).
The ends of long bones made of cancellous
bone are adopted to absorb the energy and com-
pressive stress generated by weight bearing and
distribute them to the rest of the bone. The
metaphyseal region is made thicker than other
regions to compensate for the weakness of can-
cellous bone against compressive stress. Smaller
diameter in the middle of the long bone reduces
the strain in bending and increases its ability to
elastic/plastic deformation without leading to a
fracture. As age advances, the cortices of long
bones become thinner and weaker, but nature
compensates it by increasing the outer diameter.
A cylindrical shape is better able to resist tor-
sional forces, and a square shape is ideal for
resisting bending forces applied along its sides;
therefore, the shape of a long bone is a
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combination of square, triangular, and round,
based on the forces they are subjected
to. Similarly, the diaphysis of long bone is tubu-
lar, which is better able to resist torsional and
bending stresses than a solid cylinder. Thus, the
shapes of different long bones are ideally
designed to uniformly resist different forces
applied in all directions.

1.3.2  Fracture Forces

The bone has inherent capacity to resist the
applied load, sudden overloading, or sustained
loading, but over a period of time, these may
cause injury and result in the breakage of bone,
a fracture. Fracture pattern (type) is characteristic
to the applied load, and its understanding would
give an insight into the nature of trauma and could
be useful in fracture management. There are five
basic forces which may act to cause a fracture
(Fig. 1.10). During a trauma, however, it is gen-
erally a combination of forces acting simulta-
neously to cause a fracture [22, 23]:

1. Compression: Compression occurs when two
apposing forces approach one another on the
same plane. When a load is applied along the
bone, the plane perpendicular to the load
experiences maximum compressive —stress;
hence, normally a transverse fracture is
anticipated. However, due to anisotropic
nature of the bone, fracture occurs obliquely
along the lines of generated shear stress.
Fractures produced by compression stress are
often seen at the metaphyseal region of long
bones as impacted fracture (fracture is visible
as a line of increased bone density) and also as
compression fracture in the vertebrae (charac-
teristically shortened vertebra as compared to
adjoining vertebrae). Such fractures are com-
mon when an animal suddenly jumps/falls
from a height.

2. Tension: Tension fracture occurs when two
opposing forces act on the bone through one
plane. Maximum tensile stress occurs along
the plane perpendicular to the applied load
resulting in pulling out of osteons leading to
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Fig. 1.10 Fracture forces:

(a) compression, (b) 1
tension, (c¢) bending, (d)
torsion, and (e) shear Q
i\t
B\

a transverse fracture. Sudden pull/stretch from
the attached tendon results in tensile force,
causing avulsion of bony prominences (usu-
ally at traction apophyses), especially in young
age where there is incomplete bony fusion at
the growth plate. Common sites of avulsion
fracture are tuber calcis, olecranon process,
and tibial tuberosity, which can be diagnosed
by the presence of widening/gaping at the
growth plate (wider and irregular radiolucent
line) and loss of outer contour of the bony
prominence.

. Bending: Bending, a combination of compres-

sion and tension, is one of the most common
forces causing a fracture. When a bending
force overcomes the elastic limit of the bone,
a crack develops in the cortex opposite to the
applied force (convex/tension side) that gradu-
ally continues toward the opposite cortex (con-
cave/compression side) leading to a complete
fracture. The fractures caused by bending
force are generally short oblique or transverse.
Such fractures can occur in different long
bones when an animal suddenly falls or
jumps from a height or suddenly steps into a
dig or hole while running. In hindlimbs,
fractures due to bending stress occur more
frequently around the stifle joint (distal femur
and proximal tibia), and in forelimbs, it is
frequently seen at the distal radius-ulna.

4. Shearing: When a force transmitted along the
axis of a bone acts on a portion of the same
bone that lies peripheral to the long axis, it
may shear off a portion of the bone. A shearing
force can also be transmitted across the joint to
other bones. The fracture line caused by the
shearing forces is parallel to the direction of
the force. Such fractures generally occur dur-
ing fall/jump from a height. If the animal lands
on forelimbs, the axial compression forces are
transmitted up along the antebrachium leading
to shearing off of the lateral condyle of the
humerus. When an animal happens to land on
the hindlimb during a fall, it sometimes may
cause shearing off of the femoral head
and neck.

5. Torsion: When a bone is twisted along its long
axis, in situations when one end of a bone is
fixed and other end is forced to rotate, the bone
will be generally subjected to torsional force.
The bone subjected to torsional loading leads
to spiral fracture due to the combined effects of
both shear and tensile stresses. Such fractures
are more often seen in the tibia and humerus.

When a bone is loaded, it absorbs the kinetic
energy; and upon further loading to failure, the
stored energy is released and dissipated through
breaking of the bone. In case of a minor trauma,
simple two-piece fracture may occur releasing
only little amount of energy, whereas during a
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major trauma (rapid loading with high strain), the
bone absorbs greater energy, and sudden release
of energy results in comminution (splintering) of
the bone with extensive soft tissue injuries.
Comminuted fractures are usually caused by
complex loading modes and hence result in
diverse and complicated fracture patterns. When
a bone is subjected to repetitive suboptimal cyclic
loads well below that necessary to produce failure
by a single load application, the resulting fracture
is called a fatigue or stress fracture. Changes in
the bone structure or density (as in neoplasia,
osteoporosis, secondary hyperparathyroidism,
etc.) may also act as stress risers and cause patho-
logical bone fractures when subjected to loads
well below the optimal load required to cause a
fracture in otherwise normal situations. Stress
concentration may also occur when there is elastic
modulus mismatch between the bone and
implant. Such fractures are generally seen in the
diaphysis at the end of the rigid bone plate or a
cemented prosthesis. Hence, very rigid implant
fixation should be avoided especially in osteopo-
rotic bones, and also, the implant (e.g. a bone
plate) should span the whole length of the bone
to evenly distribute the stress and avoid stress
concentration at the bone-implant junction.

1.3.3  Classification of Fracture

‘A classification is useful only if it considers the
severity of the bone lesion and serves as a basis
for treatment and for evaluation of the results’
Maurice E Miiller [24]. Proper classification of
fracture not only helps the surgeon to decide the
technique of fracture fixation to be used but also
predict the possible outcome. Fractures can be
classified in many ways.

Based on the connection of fracture site with
the outside environment, fracture can be classified
as simple (closed) or compound (open). A simple
fracture has intact skin, and hence, it is not
directly exposed to the environment, whereas a
compound fracture is exposed to the outside envi-
ronment through an open wound in the skin.

Based on the extent of fracture line, a fracture
can be classified as incomplete or complete. An
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incomplete greenstick fracture is more common
in immature bones under bending stress. The
cortex under the tension side (convex) fractures
completely, while the cortex under the compres-
sion side (concave) remains intact. In a complete
fracture, there will be complete loss of bony con-
tinuity with separation and frequently overriding
of bone segments.

Based on the direction of fracture line with
respect to the long axis of the bone, fracture can
be classified as transverse, when the fracture line
is transverse to the long axis of the bone (com-
monly results from bending stress); oblique, frac-
ture line is oblique to the long axis of the bone
(generally results from bending stress with axial
compression); spiral, fracture line spirals along
the long axis of the bone (generally results from
rotational or torsion forces); comminuted, two or
more fracture lines interconnect to form at least
three fracture fragments (generally results from
high-energy trauma like automobile accidents);
and multiple, two or more fracture lines exist,
but they do not interconnect leading to three or
more fracture fragments, i.e. two or more separate
fractures in the same bone (Fig. 1.11).

Based on the type and extent of deviation/
displacement of fracture segments, fracture can
be called as impacted fracture, when a cortical
fragment is forced/impacted into a cancellous
segment (occurs due to compression force at the
junction of the diaphysis and metaphysis of long
bones); compression fracture, cancellous bone
collapses and compresses upon itself (usually
occurs in vertebral bodies); and avulsion fracture,
a part of the bone (generally apophysis) is torn/
avulsed away due to powerful pull of a muscle/
tendon attached to it.

Based on its location, fracture can be classified
as diaphyseal fracture, at the proximal, middle or
distal third of the diaphysis; metaphyseal fracture,
either proximal or distal metaphyseal; epiphyseal
fracture, either proximal or distal; fracture of the
epiphyseal plate, can be proximal or distal epiph-
yseal plate fracture, which can further be classi-
fied as Salter-Harris type I (separation of the
epiphysis from the metaphysis at the physeal
plate), Salter-Harris type II (separation of a
small piece of the metaphyseal bone along with
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Fig. 1.11 Fracture types: (a) transverse, (b) oblique, (c) spiral, (d) comminuted, (e) multiple, (f) impacted, (g) avulsion,

and (h) overriding fracture

the epiphysis from the metaphysis at the physeal
plate), Salter-Harris type III (fracture of the epiph-
ysis and physeal plate without affecting the
metaphysis), Salter-Harris type IV (fracture
involving the epiphysis, physeal plate and
metaphysis), and Salter-Harris type V (impaction
of the physeal plate with the metaphysis driven
into the epiphysis) (Fig. 1.12); condylar fracture,
a fracture of the metaphysis, physis, and epiphy-
sis together is called as condylar fracture and
commonly occurs in immature animals and
affects the distal ends of the humerus, femur,
and proximal tibia (if both condyles are fractured
and separated from the shaft, it is called as
supracondylar fracture, and if a fracture occurs
separating the medial and lateral condyles, it is
called as intercondylar fracture); and articular
fracture, a fracture involving the subchondral
bone and articular cartilage.

AO/OTA classification: A comprehensive sys-
tem of fracture classification has been developed
by the AO  (Arbeitsgemeinschaft fiir
Osteosynthesefragen) Foundation or the Associa-
tion of the Study of Internal Fixation (ASIF)
group and the Orthopaedic Trauma Association
(OTA). In this system, a fracture is classified
based on the extent of severity and complexity

of the fracture, difficulty in treatment, and wors-
ening prognosis. The system includes a five-
element alphanumeric code, which allows for a
detailed and consistent description of a fracture
using specific terminology [25].

In AO classification, the first digit denotes
the bone: 1, humerus; 2, radius/ulna; 3, femur;
4, tibia/fibula; etc. The second digit denotes the
fractured bone segment: 1, proximal end;
2, diaphyseal; 3, distal end; and 4, malleolar (pre-
cisely, the proximal and distal end segments are
defined as a square having same length sides
equal to the widest part of the epiphysis/
metaphysis, and between them is the diaphysis)
(Fig. 1.13).

Alphabetical letters A, B, and C describe the
fracture morphology; for diaphyseal fractures,
they denote simple, no comminution of bone
segments (A); wedge, comminuted fragments,
but contact between the main bone segments
restores bone length after reduction (B); and
multifragmentary, multiple fracture lines not
connected to each other with many fracture
fragments (C); for proximal and distal end
fractures, they denote extra-articular (A), partial
articular (B), and complete articular (C). Morpho-
logically, each type is further divided into 2-3
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Fig. 1.12 Salter-Harris
classification of epiphyseal
fractures: type I (a), type 11
(b), type III (c), type IV (d),
and type V (e) fractures

groups as per the increasing severity and com-
plexity of fracture, difficulty in treatment, and the
prognosis. Based on fracture pattern, diaphyseal
simple fractures (A) are further classified as spiral
(1), oblique (2), and transverse (3) (Fig. 1.14);
wedge fractures (B) are classified as intact (2) and
fragmentary (3) (Fig. 1.15); and multifragmentary
fractures (C) are classified as intact segmental
(2) and fragmentary segmental (3) (Fig. 1.16).
End segment fractures can be extra-articular, par-
tial articular, or complete articular (Fig. 1.17).
Proximal and distal end extra-articular fractures
(A) are classified as avulsion (1), simple (2), and
wedge or multifragmentary (3); partial articular
fractures (B) are classified as simple (1), split
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Fig. 1.13 AO classification of fracture: definition of
proximal (1), diaphyseal (2), or distal end (3) segment

and/or depression (2), and fragmentary (3); and
complete articular fractures (C) are classified
based on articular fracture pattern as simple
(1) and multifragmentary (2). Complete articular
fractures (C) are subgrouped based on the
metaphyseal fracture pattern as simple articular
with simple metaphyseal (1), simple articular
with multifragmentary metaphyseal (2), and
multifragmentary articular with multifragmentary
metaphyseal (3).

Some exceptions have been described for the
proximal end fractures of the humerus and femur.
Simple proximal humeral fractures involving one
tuberosity or the metaphysis and proximal femo-
ral fractures involving the trochanter are classified
as type A. The partial articular type does not exist
in the humerus or femur. Proximal humeral frac-
ture involving one tuberosity and the metaphysis
and the proximal femoral fracture involving the
femoral neck are classified as type B. Proximal
humeral articular fractures involving the humeral
neck and fractures involving the femoral head are
type C.

For detailed description of the fracture mor-
phology, displacement, location, and associated
injuries if any that are general to most fractures,
the universal modifiers (such as non-displaced,
displaced, impaction, non-impaction, dislocation,
etc.) have been described, which are optional.
Universal modifiers may be added to the end of
the fracture code within square brackets [ ]. Simi-
larly, the fracture qualifications are descriptive
terms of fracture morphology or location that are
specific to each fracture and are applied as aster-
isk as a lower case letter within a round bracket ()
to the end of the fracture code.

Alphanumeric structure of the AO/OTA classi-
fication can be summarized as:
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Fig. 1.14 AO
classification of simple
diaphyseal fractures based
on fracture pattern: spiral
(1), oblique (2), and
transverse (3)

Fig. 1.16 AO classification of multifragmentary fractures:
Fig. 1.15 AO classification of wedge fractures: intact intact segmental (1) and fragmentary segmental (2)
(1) and fragmentary (2)
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Fig. 1.17 AO
classification of end
segment fractures:
extracapsular (a), partial
articular (b), and complete

articular (c)

Localization Morphology

Bone Location Type Group
172/3/41. .. | 17273/ (4) ‘ A/B/C 17213 ‘ .

Hence, in the example
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Complete classification is given as 3, femur;
3, distal segment; C, complete articular;
2, multifragmentary; 3, multifragmentary articu-
lar with multifragmentary metaphyseal.

Hence, the above alphanumeric code can be
read as ‘multifragmentary complete articular with
multifragmentary metaphyseal fracture of the dis-
tal femur’.

1.3.4 Incidence of Fractures

The fractures of long bones are common in both
small and large animals [26, 27]. In dogs and cats,
fractures are more frequent in hind quarters; the
femur is the most commonly affected bone (about
30%), followed by the radius/ulna, tibia/fibula,
and humerus. Fractures of metacarpals and
metatarsals are also often seen. Fractures are
caused mostly due to automobile accidents and

Subgroup
| 17273 | ‘

(Qualifications) [Universal modifiers]

falls/jumps from height. Hind quarter is more
commonly trapped during road traffic accidents.
Fractures due to jump/fall are generally centered
around the stifle (middle/distal femur and proxi-
mal tibia) in hindlimbs and around the carpus
(distal radius/ulna or proximal metacarpals) in
forelimbs [28]. Automobile accidents generally
lead to open comminuted fractures, whereas
low-energy falls more often result in simple
two-segment closed fractures [29].

In large animals, metacarpal and metatarsal
fractures are more frequent (about 50%),
followed by that of the tibia and radius/ulna.
Fractures of the femur, humerus, pelvis, and pha-
langes are less common. The cause of fracture is
mostly an automobile accident; in young calves
and foals, they often occur due to trauma during
dystocia or handling. In large animals, fractures
are more often open and comminuted in nature.
Heavy weight of animals and inadequate care
during the immediate post-traumatic period lead
to compounding of fractures, more often leading
to gross contamination of open wounds.
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Fig. 1.18 Types of primary bone healing: (a) contact healing and (b) gap healing

1.4  Fracture Healing and Methods
to Enhance Healing
1.4.1 Fracture Healing

In contrast to the healing of a soft tissue wound by
the formation of fibrous tissue scar, fracture of the
bone heals by regeneration, i.e. by the formation
of the original bone tissue itself. The healed bone
can resume 100% of its original strength and
function. Fracture healing is characterized by the
presence of necrotic bone, the propagation of
osteoprogenitor cells, and the growth of granula-
tion tissue through the callus into almost perfectly
reconstructed bone.

Fracture heals either by primary healing or by
secondary healing [30]. Primary healing refers to
the union between the fracture segments directly
by the formation of bone tissue. Secondary
healing is characterized by the formation of carti-
laginous or fibrous connective tissue first, which
subsequently becomes mineralized and replaced
by the bone.

Primary healing occurs either by ‘contact’
healing or ‘gap’ healing (Fig. 1.18). If there is
no gap that exists between the fracture segments,
contact healing occurs by infiltration of cutter
cones of osteoclasts forming longitudinal
resporption cavities that forward crossing the
fracture line [31]. The resorption cavities mature

into crossing osteons by a process identical to
Haversian remodeling. Crossing osteons mature
by filling the osteonal lamellar bone that unites
the two segments. Bony union and Haversian
remodeling occur simultaneously. Gap healing
occurs when there is a small gap between the
fracture segments, which are rigidly fixed. Vascu-
lar loops from the medullary vascular system
accompanying osteoprogenitor cells grow into
the fracture gap and differentiate into osteoblasts.
The osteoblasts deposit layers of lamellar bone on
the surfaces of the two bone segments until they
are united. In larger gaps, the gap is first
subdivided into multiple smaller compartments
by the formation of woven bone, subsequently
filled with concentric layers of the lamellar
bone. Once the fracture gap is filled with bone,
subsequently Haversian remodeling follows.
Primary healing is facilitated by anatomical
bony reduction, complete stability at the fracture
site without any micromotion, and
interfragmentary compression. Periosteal and
endosteal callus is absent as proper reduction
and rigid stabilization eliminate the biological
signals responsible for recruitment of cells,
which contribute to callus formation. Resorption
and replacement of necrotic fracture ends do not
occur; the avascular bone is revascularized by
new vessels that grow into existing intracortical
vascular channels. Primary bone union generally
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Fig. 1.19 Stages of secondary bone healing: (a) haematoma formation, (b) fibrocartilaginous callus formation, (¢) bony

callus formation, and (d) bone remodeling

takes longer time than secondary bone union.
Further, the bone undergoing primary union is
mechanically weaker than secondary union, espe-
cially in the initial stages of healing process. In
fact, a fracture undergoing secondary healing is
considerably stronger than a fracture undergoing
primary healing during the early period of the
healing process due to its greater cross-sectional
fracture callus area. Hence, wherever rigid immo-
bilization of fracture segments is provided using
internal fixation techniques such as locking com-
pression bone plating in small animals, the exter-
nal callus formation is negligible, and fracture
healing takes relatively more time, and hence,
the implants should be retained for longer period
as compared to less rigid intramedullary pins. In
large animals, however, it is generally not possi-
ble to achieve motionless rigid immobilization
and thus primary bone union.

Secondary healing: Secondary healing occurs
generally in the majority of fractures immobilized
with less rigid (semi-rigid) fixation. Secondary
healing is characterized by three different phases:
inflammatory, reparative, and remodeling
(Fig. 1.19) [32].

Inflammatory phase is initiated soon after a
fracture is sustained. Extensive hemorrhage
occurs from the ruptured blood vessels in the
torn periosteum, disrupted cortex and medullary
cavity, and adjacent soft tissues. Ischaemic

necrosis of the bone and other tissues occurs at
the fracture site. Subsequently, a fibrin clot is
formed, and inflammatory exudates accumulate
at the fracture site. There will be transient increase
in the extraosseous blood supply that brings along
osteoclast progenitor cells, which affect the dis-
posal of necrotic bone and help in callus forma-
tion. Sprouting of new blood vessels and the
proliferation of fibroblasts begin at the periphery
of the clot. By third or fourth day, after the occur-
rence of a fracture, repair by granulation tissue
commences.

Reparative phase begins when the signs of
acute inflammation subside and the fracture site
is bridged by a mass of tissue composed of new
blood vessels, fibrous tissue, cartilage, and woven
bone, which is called as ‘callus’. The callus
formed around the fracture segments is known
as ‘external or periosteal’ callus, and that formed
between the segments and within the marrow
cavity is known as ‘internal or endosteal’ callus.
The callus tissue is derived from the proliferation
of pluripotential mesenchymal cells, the osteo-
genic layer of periosteum, endosteum, and mar-
row cavity. The nature and amount of callus
tissue are determined by several factors such as
the relative rapidity/speed with which a callus
forms, the amount of movement at the fracture
site, and the age and species of the animal
involved. In  rapidly growing  callus,
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neovascularization cannot keep pace with cellular
proliferation, whereas excessive motion at the
fracture site may result in severance of blood
vessels; in both cases, vascular supply is
compromised, which favor chondrocytic differen-
tiation and cartilage formation. The necrotic bone
at the fracture end is removed by getting
incorporated within the developing callus,
reabsorbed by osteoclasts, or encased by a fibrous
capsule. Reparative phase ends at a stage where
the fracture is strong enough to qualify as clini-
cally healed fracture.

Remodeling phase is characterized by a slow
change in the shape of the fracture callus and
bone. Osteoclastic resorption of redundant
trabeculae of woven bone occurs simultaneously
along with deposition of new structural trabeculae
of lamellar bone in a functionally more advanta-
geous orientation/location (Wolff’s law). Eventu-
ally, the compact bone of the cortex is slowly
restored to its normal osteonal architecture, and
the medullary cavity is reestablished.

Several factors influence the fracture healing,
such as general health and age of the animal,
fracture site and morphology, the extent of soft
tissue trauma, adequacy of local vascular supply,
presence or absence of bacterial contamination,
use of anti-inflammatory drugs, and the degree of
movement at the fracture site [33]. Healing occurs
relatively faster in young animals, and as age
advances, healing delays. Fractures at the
metaphyseal region of long bones heal faster
than the fractures at the diaphysis due to abundant
vascular supply and cells present in the cancel-
lous bone. Long oblique fractures heal quicker
than comminuted fractures if same level of fixa-
tion rigidity is provided. Fractures stabilized with
rigid fixation with compression between the bone
segments heal faster than those fractures con-
stantly subjected to tensile force (avulsion
fractures). Soft tissue trauma and vascular com-
promise at the fracture site delay healing as well
as contamination of open wound. While
micromotion at the fracture site favors early callus
formation and bone healing, excessive movement
disrupts the invasion of vascular supply and
delays fracture healing. The wuse of anti-
inflammatory drugs to reduce pain due to
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inflammation at the fracture site is debatable.
Most commonly used non-steroidal anti-inflam-
matory drugs (NSAIDs), COX-1 and COX-2
inhibitors, may be useful in reducing pain and
preventing further damage, but they may delay
fracture healing. Prostaglandin-induced inflam-
mation is beneficial for the fracture healing, and
cyclooxygenase enzymes play an important role.
Hence, the use of NSAIDs such as aspirin, ibu-
profen, meloxicam, indomethacin, etodolac,
nabumetone, and naproxen is not generally
advocated for fracture pain relief. Alternatively,
acetaminophen can be given alone or along with
narcotics such as codeine to help reduce the pain
of fracture. Further, prolonged used of these
drugs should be avoided.

1.4.2 Methods to Enhance Fracture

Healing

Bone repairs by itself and fracture repair process
are spontaneous and natural. However, several
factors can influence greatly the quality and
speed of the bone healing process.

1.4.2.1 Nutrition
Nutritional supply is needed in each stage of the
fracture healing process both in human beings
and animals [34, 35]. The complete process of
healing requires considerable amount of energy,
which is normally met through the dietary intake
of calories. For healing to occur, it is essential to
synthesize new proteins; hence, adequate supply
of amino acids derived from dietary proteins is
crucial. Also, the release of free radicals during
the fracture trauma can cause oxidative stress.
Energy: Fracture healing requires more energy
than one might normally expect. In traumatic
fracture, metabolic demand increases instantly
and thus increased caloric demand up to three
times the normal. If this increased energy demand
is not met, the healing process can be hampered.
Protein: Proteins and minerals are the building
blocks of the skeletal tissue [36, 37]. Protein
constitutes about half of the bone volume; and
for a fracture to heal, a new protein matrix has to
be synthesized. Hence, adequate protein
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supplementation in the diet is essential. Further,
protein supplementation may increase the avail-
ability of growth factors such as insulin-like
growth factor-1 (IGF-1), which can positively
impact the overall immune response, bone regen-
eration, and skeletal integrity. Studies have
proved that the intake of protein accelerates frac-
ture healing. The benefits of protein supplemen-
tation are more important in those patients with
malnutrition or low baseline protein intake.
Amino acids such as lysine, arginine, proline,
glycine, cysteine, and glutamine are important
for fracture healing. Lysine aids in bone regener-
ation and healing by enhancing calcium absorp-
tion and calcium deposition in the bone matrix.

Minerals: About 70% of the bone is made up
of minerals, including calcium, phosphorus, mag-
nesium, silicon, and zinc. Fracture healing
requires specific key minerals. Calcium and phos-
phorus: Calcium and phosphorus are the major
bone minerals present in the form of calcium
hydroxyapatite crystals. The development and
repair of bone tissue require adequate calcium
and phosphorus. It is known that fracture can
heal normally without dietary supplementation
of calcium; but during the early stages of healing,
calcium is drawn from the skeleton and additional
supply of calcium is beneficial. However, the
intake of unusually high minerals may not speed
up fracture healing. As calcium absorption and
deposition in the bone are dependent on availabil-
ity of vitamin D, optimum levels of vitamin D
along with calcium have to be supplemented daily
to achieve best fracture healing [38, 39]. Though
phosphorus is adequately present in the normal
diet (often more), old patients and those on low
protein diets may need additional phosphorus for
aiding synthesis of new bone.

Zinc: A large number of enzymes involved in
cell proliferation requires zinc for their function-
ing. Supplementation of zinc helps stimulate frac-
ture healing by enhancing bone protein
production and callus formation.

Copper: Copper helps in the formation of bone
collagen and thus essential for bone healing. The
requirement of both copper and zinc is propor-
tional to the extent of trauma; as the severity
increases, the demand rises.
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Silicon: Silica, bioactive silicon, is known to
play a significant role in the synthesis of bone
collagen and augment the effects of calcium and
vitamin D3.

Vitamins: Vitamins are important as they act as
catalysts in many biochemical reactions involving
bone regeneration. Several vitamins including
vitamin C, D, K, and B play critical roles during
fracture healing [38—41]. Vitamin C is necessary
for bone collagen synthesis, and it also has anti-
oxidant and anti-inflammatory properties. Studies
proved that higher vitamin C resulted in a stron-
ger fracture callus. Vitamin D regulates calcium
absorption and vitamin D deficiency makes less
calcium available for fracture healing. Studies
have shown suboptimal fracture healing with
low vitamin D levels and accelerated callus min-
eralization and bone healing with administration
of vitamin D. Further, vitamin D along with vita-
min K is also known to stimulate the stem cells at
the fracture site to become osteoblasts. Vitamin K
on the other hand is needed for the formation of
osteocalcin and is essential for biochemical pro-
cesses involving deposition of calcium in the
bone. Vitamin K also helps reducing calcium
loss in the urine and thus conserves calcium and
enhances fracture healing. Vitamin B6 deficiency
increases the occurrence of fractures and delays
fracture healing, and it is known to modulate the
effects of vitamin K.

Anti-inflammatory nutrients: During the frac-
ture of a bone, the tightly bound collagen strands
in the bone are broken, which interact with
oxygen-yielding oxygen radical metabolites
releasing free radicals. These free radicals further
break down the bone collagen and accelerate
bone turnover. Several antioxidants such as
vitamin E, vitamin C, lycopene, and alpha-lipoic
acid were found useful in reducing the destructive
effect of oxygen free radicals and improving frac-
ture healing [42].

Many standard NSAIDs, which inhibit the
COX-1 and COX-2 enzymes, relieve the pain,
but they are known to delay the healing. Con-
trarily, several nutrients are known to minimize
the inflammation and pain and also hasten the
fracture  healing  process.  Vitamin C,
bioflavonoids, flavonols (quercetin,
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proanthocyanidins), and omega-3 fatty acids
decrease the inflammation and accelerate the
healing. Furthermore, the proteolytic enzymes
such as bromelain and trypsin are found to reduce
inflammation, oedema, and pain in fracture cases.

The bone is a composite tissue requiring
numerous nutrients; hence, supplementation of
important but a comprehensive range of nutrients
may produce more desirable effect on bone
healing. Human studies have proved that supple-
mentation of complex multi-nutrients containing
proteins, carbohydrates, minerals, and vitamins
has shortened the healing time and decreased the
mortality in fracture patients, which may hold
true to animal patients too.

1.4.2.2 Anabolic Steroids

Several studies report better bone mass density
and prevention of osteoporosis in patients treated
with anabolic steroids nandrolone decanoate. The
role of anabolic steroids in fracture healing is
inconclusive. However, several studies have
shown better fracture healing with an increased
osteoblastic activity and periosteal bone forma-
tion and prevention of osteoporosis with adminis-
tration of anabolic steroids [43-45].

1.4.2.3 Herbal/Homeopathic Drugs

Traditionally, herbal drugs have been used to
accelerate fracture healing in several parts of the
world. Among them, comfrey (Symphytum
uplandics x.), commonly cultivated in Europe,
used in the form of an infusion has shown benefi-
cial effect on fracture healing. Arnica (Arnica
montana) is another reportedly useful herb, but
it should be used with caution as large dose can be
poisonous. Horsetail grass, an herb high in sili-
con, when boiled and fed has shown to speed up
fracture healing in early stages. The herb Cissus
quadrangularis (widely known as hadjod,
asthisamharaka, veldt grape, devil’s backbone,
adamant creeper, and pirandai) has been studied
extensively for its fracture-healing benefits
[46]. Alcoholic extract of bamboo (Bambusa
arundinacea) buds has also been shown to accel-
erate fracture healing in experimental animals
[47]. Some of the traditional Chinese herbal
medicines have also been reported to be effective

1 Basic Considerations

in reducing the pain, swelling, and soreness of
fracture and also accelerate fracture healing.
Homeopathic medicines used in fracture repair
comprise arnica as an anti-trauma medication
soon after the fracture, symphytum (comfrey)
for reducing inflammation and pain and enhance
bone healing, and Calcarea phosphorica for
non-healing fractures. Studies have shown that a
combination of symphytum and Calcarea
phosphorica was beneficial to enhance bone min-
eral density, especially in osteoporotic bones.

1.4.2.4 Exercise

Exercise is an important way to accelerate frac-
ture healing [48]. It has been seen to increase the
synthesis of matrix and alter its composition,
organization, and mechanical properties of a
healing bone. Further, exercise increases blood
circulation at the fracture site ensuring an ade-
quate flow of nutrients and thus hasten fracture
healing. In animal patients, postoperative care,
management, and controlled exercise are difficult;
however, they should be encouraged to walk and
use the fractured limb as early as possible after
bone fixation. This will not only ‘exercise’ the
limb but also allow compression between the
fracture segments, which favors early new bone
(callus) formation and healing. However, undue
stress on the broken bone should be avoided;
excess/unrestricted fracture site movement could
delay healing and lead to complications. Hence,
one should ensure that rigid fixation is achieved at
the fracture site before allowing the animal to use
the repaired limb.

1.4.2.5 Other Physiotherapy Modalities
Several non-invasive  alternate  treatment
modalities such as ultrasound therapy, electrical
and electromagnetic stimulation, and acupuncture
therapy have been used to stimulate bone healing,
especially in delayed union and non-union
fractures.

Ultrasound therapy: Low-intensity pulsed
ultrasound (LIPUS) has been used therapeutically
and shown to significantly enhance fracture
healing [49, 50]. However, the exact mechanism
of osteoinduction is still not properly understood.
The studies have shown ultrasound treatment
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resulting in accelerated osteoblastic activity and
multiplication of cells leading to an early and
increased callus formation at the fracture site.
Further, LIPUS has been suggested to upregulate
the receptor activity of neurotransmitters at the
fracture site, thereby accelerating bone healing.

Electrical and electromagnetic stimulation:
Electrical stimulation has been used since long
to accelerate fracture healing [51-54]. Early
report of electrical stimulation for bone healing
dates back to the 1840s, and subsequently, several
reports were published narrating the effects of
electricity on bone growth and healing. Electrical
stimulation has shown to hasten the bone healing
in different conditions such as fresh fractures and
delayed or non-union fractures and to improve the
efficacy of bone grafts, etc. Direct current (DC) is
known to work by an electrochemical reaction at
the cathode, capacitive coupling (CC) by enhanc-
ing multiplication and differentiation of the
osteoblasts through its effect on molecular
pathways and growth factors, and inductive cou-
pling (IC) results in enhanced differentiation and
proliferation of osteoblasts by altering of growth
factors, gene expression, and transmembrane sig-
naling. IC and CC upregulate calcium and thus
help in bone mineralization and healing. All
modes of electric stimulation upregulate the
growth factor synthesis, leading to increased pro-
liferation and differentiation of bone cells, thus
resulting in enhanced callus formation and
maturation.

The use of magnets to enhance bone healing
has been proposed by many researchers; the pur-
pose is to improve circulation and thus enhance
the delivery of nutrients to the fractured bone
[55]. Though the use of static magnets is probably
not useful to help a bone to heal faster, there is
evidence of beneficial effect of using pulsed elec-
tromagnetic fields (PEMF) as a method of bone
stimulation. A number of devices were developed
to produce electromagnetic fields at the fracture
site. The principle of PEMF application is similar
to inductive coupling; an electric field (second-
ary) is generated in the bone through the electric
current produced in a coil (by an external field
generator). Usually, a range of 1-100 mV/cm
electric fields are produced in the bone by
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applying 0.1-20 G magnetic fields. The effect of
electromagnetic stimulation of the bone is
believed to be similar to mechanical loading.
PEMF have been shown to activate the extracel-
lular matrix protein synthesis and directly influ-
ence the synthesis of proteins regulating gene
transcription. They are also known to regulate
various membrane receptors such as PTH, insu-
lin, IGF-2, LDL, and calcitonin receptors and
secretion of many growth factors including bone
BMPs 2 and 4 and TGF-beta by stimulation of
osteoblasts.

Acupuncture: Acupuncture, a
non-conventional healing modality, was also
used to accelerate fracture healing in both
human beings and animals [54]. It has been
shown to facilitate faster reductions in swelling
and pain, improve range of motion, and promote
bone healing. The studies have indicated that
acupuncture significantly improves outcomes of
patients with bone fractures. Currently, there are
no randomized clinical trials to conclusively
prove the beneficial effects of acupuncture stimu-
lation on bone healing; however, many small
animal and human trials suggest its possible ben-
eficial effects in bone remodeling and increase in
testosterone in rats and estradiol levels in post-
menopausal women.

1.5 Implants Used for Fracture

Fixation

Several implants are being used in orthopedics,
for a variety of purposes, namely, for fixation of
fractures (like plates, screws, wires, rods and
nails, external skeletal fixators) and for replace-
ment of joint (hip and stifle joints) and limb, etc.
Most of these implants are not made from pure
metals but from specially produced metal alloys
[56, 57]. Orthopedic implants manufactured from
the metal alloys are solidified crystal solutions
that are molded to desired size and shaped by
melting and allowing cooling. The alloy used to
develop orthopedic implants has to be very
strong, i.e. it should not bend or break under
heavy loading but should not be too stiff to
avoid stress protection of the bone and must be
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well tolerated by the tissues (biocompatible). To
achieve optimum mechanical characteristics, the
alloy must not contain impurities, the crystal
(grain) size should be uniform, and the structure
must be free of voids.

All the implants must be wear or corrosion
resistant. Metallic surfaces in contact with body
fluids tend to corrode. There are several causes for
the corrosion of metals implanted within the
body. The reduction of pH at the implant site
(to about 5.3-5.6) because of the surgical trauma
and the decrease in oxygen concentration due to
the presence of microbes and the crevices
between different parts of the implant may con-
tribute to corrosion. The most common materials
currently used to manufacture orthopedic
implants such as stainless steel, titanium, and
cobalt-chrome are known biocompatible, but the
best tolerated is titanium in pure form.

Even though the orthopedic implants can with-
stand corrosion, still the corrosion can occur
when two diverse metals/alloys make contact
and when there is metal-on-metal contact (like
in plate and screws or total hip joints). As the
metal surfaces dissolve releasing metal particles
such as cobalt, chromium, and titanium, their
concentration in the blood circulation may
increase causing health concerns. Nevertheless,
till date, it is unproven that these trace metals
can cause any pathological changes or induce
tumor in patients. While the toxic studies in
human patients are inconclusive, it may be less
relevant in animal patients due to their shorter
lifespan. As the orthopedic implants developed
from corrosion-resistant steel and other metal
alloys are not ferromagnetic, MRI can be used
to examine the patients.

1.5.1  Stainless Steel

Stainless-steel alloys are most widely used for
manufacturing orthopedic implants worldwide
(>50% of implants) [58]. Stainless steel is a typi-
cally low-carbon steel having chromium. More
elements like molybdenum, nickel, and nitrogen
are added along with chromium to increase the
desirable characteristics of the steel alloy
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including corrosion resistance, and impurities
including non-metallic components are reduced
to improve the qualities for implantation. For the
development of orthopedic implants, the
stainless-steel type that is mostly used is 316L
(Table 1.1). M/S Sherman surgical stainless-steel
alloys discovered the 316L stainless steel having
iron, chromium, and nickel in different
proportions. The letter ‘L’ indicates low carbon
(<0.03%), which avoids carbide precipitation.
When steel is heated to high temperatures
(800-1600 °F), carbon precipitates, which
combines with the chromium promoting corro-
sion. By minimizing the amount of carbon, corro-
sion can be controlled. The low carbon in surgical
stainless steel reduces corrosion, adverse tissue
reactions, and metal allergies. Nevertheless,
when implanted within the body, even the 316L
stainless steel may corrode in areas under consid-
erable stress and oxygen depletion (like at screw-
plate intersections); hence, they are advisable for
use only as temporary fixation implants, like bone
plates, rods, wires, screws, etc.

Almost all the orthopedic devices developed
using stainless steel for implantations inside the
body are generally of type 316L; L grades, how-
ever, are more expensive. The properties of the
steel alloy can also be varied based on the heat
treatment (annealing, softer materials; cold work-
ing, strong and hard materials). Relatively, high-
carbon-containing stainless-steel types, with suf-
ficient strength and low cost, may be preferred for
the development of other accessory orthopedic
instruments and external fixator components,
which lie outside the body (need not be as inert
and corrosion resistant as implantable devices).
Mild steel, which is readily available, sufficiently
strong, and economical, has been used to develop
external components of circular fixators (with
nickel coating) for use in large animals.

1.5.2 Titanium

Titanium and its alloys are employed in medical
engineering since long [59]. Apart from bone
fixation implants such as nails, plates, nuts and
screws, and external fixator components, they
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Table 1.1 Characteristics of metals and alloys used for bone fixation [57]

Mechanical properties

Elastic modulus Yield strength

Metal/alloy (GPa) (MPa)
Stainless steel 190 200-250
(316 L)

Titanium alloys 55-100 530-900
Co-Cr alloys 220-230 275-1585

have been used to develop joint prosthetic
devices, dental implants and prosthetics, cardiac
instruments, casings for pacemakers and
valves, etc.

High strength, low weight, excellent corrosion
resistance (with respect to pitting and stress cor-
rosion cracking), and total biocompatibility make
titanium an ideal material for implantation
(Table 1.2). Titanium is non-magnetic and has
low electric conductivity, and hence, it is safe
for use with implanted electronic devices. The
density of titanium alloys is more (60% heavier)
than aluminum alloys but lesser (40% lighter)
than that of stainless steel. Titanium is quite resil-
ient (15-25% elongation) and has a high tensile
strength (30 ksi, 207 Mpa). Due to the combined
effects of modest weight and great strength, tita-
nium alloys have higher strength-to-weight ratio
(about 30% greater) than steel or aluminum
alloys. The elastic modulus is almost similar
among stainless-steel, aluminum, and titanium
alloy materials.

The alloys used for fabrication of a fixation
implant should not be much stiffer than the bone
itself. If the stiffness of the implant is more, the
shielded bone can lose its substance and becomes
weak (stress protection). Hence, metal alloys used
to develop an implant should have stiffness
almost similar to the bone. As titanium alloys’
stiffness is close to that of the bone (lowest

Material properties
Biocompatible, resistant to corrosion, cost-effective

Low density, excellent corrosion resistance,
osteointegration

Superior mechanical properties, corrosion, and wear
resistance

among all implant alloys), it is preferred for
bone fixation, especially in osteoporotic bones.
However, high cost of titanium implants limits
their use in animal patients in routine clinical
practice.

Many newer alloy materials are being
investigated for the development of implants hav-
ing ideal mechanical and biological properties.
Ti-15Mo is a comparably new alloy with superior
mechanical properties (notch sensitivity and
reverse bending) offering better implant designs.
Similarly, metal alloys with ‘shape memory
effect’ (alloys that can deform when cold and
return to normal shape when heated), also called
as shape memory metal/alloy or smart metal/
alloy, sound attractive for implant manufacturing.
However, presently available memory metals/
alloys have not been used as implants due to
their hardness, difficulty to machine, and high
cost. Nitinol, a shape memory Ti alloy with low
elastic modulus and stiffness, has a great potential
as a fixation implant, especially in osteoporotic
bones. Nitinol foam, made from nickel commer-
cially pure titanium (cpTi) powder, has elastic
modulus similar to subchondral bone and
interconnecting pores (40-80% porosity); hence,
there is a possibility of its use as solid sponges to
provide adequate purchase for screws in osteopo-
rotic/spongy bone. Super elastic nitinol appears

Table 1.2 Comparative mechanical characteristics of different alloys used in orthopedic applications

Characteristics S-steel
Stiffness High
Strength Medium
Corrosion resistance | Low
Biocompatibility | Low

Titanium Cobalt-chrome
Low Medium
High Medium

| High | Medium

| High | Medium
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promising for specific applications like spinal
deformity corrections.

1.5.3 Cobalt-Chrome

Cobalt-chrome alloys are non-precious alloys,
first introduced in dentistry in the 1930s. They
do not cause systemic toxic reactions because the
corrosion is low and the released ions are essen-
tial elements (cobalt and chromium are part of the
enzyme system). Chromium and molybdenum are
critical for corrosion resistance; a minimum of
20% chromium content make the alloy corrosion
resistant (by forming oxide layers) and hence
biocompatible. The carbon content is restricted
to less than 0.02% to avert possible precipitation
of carbide (leading to brittleness) during welding.
Nickel content of less than 0.1% is considered
nickel-free and standard, as it is usually impossi-
ble to separate nickel from cobalt completely.
Each alloy has its specific features and is used
for definite purposes. Cobalt-chrome (Co—Cr)
alloys have been recommended for surgical
implant applications as they are highly resistant
to corrosion and thus for fatigue and cracking; but
they are prone to failure due to fatigue fracture.
Cobalt-chrome alloy is mostly used to develop
joint prostheses; however, poor fabricability and
high costs have made Co-based alloys currently
unsuitable for routine use in bone fixation
implants.

1.54  Aluminum Alloy
Aluminum alloy (aluminum 7075-T6), apart from
stainless steel and titanium, has been used exten-
sively for construction of external fixator
components due to their high strength-to-weight
ratios. Aluminum is light (Sp.gr 2.7), weighting
about 1/2 to 1/3 of stainless steel (Sp.gr 7.9).
These alloys, however, are susceptible to corro-
sion in chloride environments and may lead to
fixator failure, if not taken proper care.

Although the metallic implants have desirable
mechanical properties for use in orthopedic
applications, once implanted, there are
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possibilities of corrosion and eroding of metals
releasing metal particles/ions causing inflamma-
tion, a sign of reduced biocompatibility and tissue
toxicity. Further, as the metals and bone have
significantly different elastic moduli and tensile
strength, it can often cause stress protection of the
neighboring bone resulting in osteoporosis.
Hence, recent innovations are focused on the use
of polymeric materials, which are less rigid, more
elastic, and useful, in achieving better outcomes.

1.5.5 Non-biodegradable Polymers
Polyaryletherketone polymers such as
polyetheretherketone (PEEK) and

polyetherketoneketone (PEKK) are biocompati-
ble radiolucent thermoplastics that can be easily
sterilized [60]. Unlike metals, they do not cor-
rode. They are non-magnetic and therefore MRI
compatible. The tensile strength of these
polymers is quite reasonable (PEEK,
90-100 MPa), but it can be enhanced by carbon
reinforcement. However, the problem with car-
bon reinforcement is the release of microfibers
after wear/fretting/breakage of the implant over
a period of time (due to reduction in bonding
strength between the polymer and the fibers).
These polymers have high chemical resistance;
but as they are hydrophobic, they need to be
subjected to surface modification/coating before
implantation. The use of these polymers in ortho-
pedic applications is limited by their high costs,
and currently, they are used in spinal surgery for
fusion of the vertebrae.

Bone plates and screws fabricated from carbon
fiber (CF)-reinforced PEEK polymers can
increase the fatigue life of the implanted device.
Carbon-reinforced PEEK polymers have several
advantages compared to conventional metals.
Carbon-reinforced PEEK has an elastic modulus
(3.5 GPa) closer to that of the bone (cortical bone,
12-20 GPa; cancellous bone, 1 GPa) than metals
(stainless steel, 230 GPa; titanium,
106155 GPa), which provide an excellent load-
ing condition to stimulate bone healing and
decrease the stress shielding. Bone healing is
improved by using the CF PEEK polymer as its
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stiffness is more similar to the bone than metals.
Further, it is easier to remove the CF PEEK plate
than a metal plate due to less bone growth around
the implant. PEEK is increasingly becoming the
material of choice in trauma fixation devices,
sports medicine, and oncology. Advancements
in PEEK implants featuring antimicrobial
properties may reduce the likelihood of infection
around the implantation site. Currently, though
several such implants are available for use, the
main disadvantage is their inability to be
contoured at the time of surgery. Further, like
metallic implants, they cannot degenerate and
are retained in the body permanently; hence, a
second surgery may be needed to remove the
implants.

Carbon fiber-reinforced polymer composites
have been used as implants for fracture fixation
[61] and for development of external fixator
components such as circular rings (Ilizarov
fixator). Unlike stainless steel, titanium, or alumi-
num, carbon fiber composite is radiolucent, which
allows radiographic examination of the fracture
site. The carbon fiber component is about 1.5
times lighter than the metallic equivalent. Carbon
fiber rings are less stiff than stainless-steel rings,
but they can withstand adequate loads. Experi-
mental studies comparing the stainless-steel tubes
and carbon fiber rods have proved that during
bending, the carbon fiber rods were 15% stiffer
and were able to sustain higher loads than
stainless-steel tubes.

Ideally, an implant should have mechanical
properties (like strength, elastic modulus, and
hardness) comparable with the natural bone to
allow early weight bearing and functional use of
the limb without weakening or displacement of
bone segments. It should promote osteosynthesis
(osteoinduction and osteoconduction) without
causing any inflammatory response or toxicity.
Further, it is also desired that an implant is pro-
gressively broken down within the body and
dissolved slowly and completely after the com-
plete bone healing. Various materials have been
researched for the development of such ‘ideal’
bone fixation devices and have been tested for
their clinical usage. These materials are of differ-
ent types such as metals or metal alloys, ceramics,
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polymers, or composites. While ceramics have
limited application as a fixation device (used
extensively for filling of bone defects), metals
and metal alloys, polymers, and composites are
being tested as bone fixation implants.

1.5.6 Biodegradable Metals

Due to their biosafety and biodegradability, Mg,
Fe, Zn, and their alloys are being investigated as
bone implant materials [62—65]. The advantage
with Mg and Mg alloys is that their densities and
elastic moduli are similar to that of the natural
bone, but their disadvantage is quick degradation
in physiological environments resulting in
untimely loss of implant strength. Fe and Fe
alloys have excellent mechanical properties, but
they degrade very slowly to be ideal bone
implants. On the other hand, Zn and Zn alloys
have suitable degradation rates; however, their
main constraints are poor strength and ductility
for their applications in bone repair. Efforts are
being made to improve the deficiencies by
alloying, heat treatment, and surface modification
of these biodegradable metals.

Mg alloys are ‘revolutionary’ biodegradable
metal materials, which can be used in orthopedic
applications, as they are biocompatible, are bio-
degradable, and have acceptable mechanical
properties. Mg, primarily stored in the bone tis-
sue, is an essential element required for many
metabolic processes. Mg released from corrosion
of Mg alloy implants is readily eliminated in the
urine and therefore does not cause any
complications. The mechanical properties of Mg
alloys are akin to bone. They are lightweight,
having density (1.7-1.9 g/cm) and elastic modu-
lus (45 GPa) very close or similar to that of the
cortical bone (density, 1.75 g/cm; modulus,
3-20 GPa), and thus protect from stress shielding
(normally seen with stainless steel). Hence, Mg
alloys are expected to become ideal load-bearing
orthopedic implants.

Although significant progress has been made
in research on Mg alloys as bone implants over
the past 20-25 years, there have been challenges
for their use in bone fixation. More extensive



30

studies are underway to improve the mechanical
properties and evaluate in vivo degradation and
biocompatibility of Mg alloys. Efforts are being
made to develop Mg alloys with controllable
degradation through processing control and
bionic coating (biofunctional alloy). Works
focusing on angiogenesis of Mg-based implants
are also under way. The development of the next-
generation superior performance Mg alloys may
play an important role for their use as bone fixa-
tion implants in the future.

1.5.7 Bioresorbable Polymers
Biodegradable and resorbable polymeric implants
are considered as an effective alternate bone fixa-
tion system over metallic implants [59, 66]. They
have several advantages as the implants need not
be removed after the osseous healing and they are
radiolucent and without the problems of corrosion
and accumulation of metal in tissues. Stress pro-
tection is also of less concern as the load is grad-
ually transferred to the bone as the implants
degrade. Several bioresorbable polymers such as
polyglycolic acid or polyglycolide (PGA),
polylactic acid or polylactide (PLA), polylactide-
co-glycolide (PLGA), polydioxanone (PDS), pro-
pylene (PP), polysulphone (PS), and polycarbon-
ate (PC) have been used in orthopedic
applications (Table 1.3). However, PGA, PLA,
and their co-polymers have been studied more
extensively due to their superior strength. The
molecular weight and crystallinity of a polymer
determine its mechanical properties, i.e. polymers
with higher degree of crystallinity are stronger
and degrade slower. Hence, by altering the
molecular weight and crystallinity, the mechani-
cal strength of a polymeric implant can be
optimized.

1.5.7.1 Polyglycolide (PGA)

PGA was the first bioresorbable polymer used to
develop augmented pins, plates, and screws for
bone fixation. It is a hard and crystalline material
having molecular weight of 20,000-145,000 and
a melting point of 224-230 °C. When implanted,
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it is degraded by hydrolysis; its mechanical
strength is reduced within 6 weeks, and it is
completely resorbed within a few months
depending on the molecular weight, crystallinity,
and size and shape of the material. The main
drawback of PGA implants has been early degra-
dation (and loss of mechanical strength) and
adverse tissue reactions (2.0-46.7%), which
have discouraged the widespread use of PGA
implants in favor of PLA having lower rate of
degradation and tissue reaction. PGA implants
have been used mostly for fixation of fractures
in soft cancellous bones.

1.5.7.2 Polylactide (PLA)
PLA is an amorphous to semi-crystalline and
highly crystalline thermoplastic polymer having
molecular weights of 180,000-530,000, a melting
point of 130-180 °C. Several distinct forms of
polylactide exist; depending on the L and D con-
figuration, they are called as poly-L-lactide
(PLLA) and poly-DL-lactide (PDLLA). Degrada-
tion of PLA also occurs by hydrolysis. Biodegra-
dation of PDLA is slower (more resistant to
hydrolysis) than for PLA due to the higher crys-
tallinity of PDLA. Physically, blending of PLLA
with PDLA maximizes temperature stability.
PLLA interference screws and plates have
been used successfully for the repair of skeletal
fractures. Much of the PLLA research focusing
on veterinary applications has been done in
rabbits. PLLA and PDLLA (poly-DL-lactide)
have shown desirable characteristics (well toler-
ance like stainless steel and slow resorption with
complete degradation occurring in about
36 months) for use in high-strength fracture fixa-
tion, even though they are not strong enough for
use in load-bearing bones (PDLLA is less strong
than PLLA). Further, a large number of patients
with PLLA implants have reported foreign body
reactions (aseptic soft tissue reactions) caused by
the decaying PLA particles. Nevertheless, in
comparison with PGA (6 months), the time for
complete resorption of PLA is considerably lon-
ger (up to 5 years), and hence, currently, PLLA is
more often used to manufacture resorbable ortho-
pedic implants.
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Table 1.3 Mechanical properties of different polymers used for biomedical applications [57]
Tensile strength (MPa) Flexural strength (MPa) Tensile moduli (GPa)
Polymer UR R UR R UR R
PLA 11.4-72 200 45-145 89.6412 0.64 6-29.9
PDLLA 45.5 - - 70-174 3.2 -
PLLA 60.3 - 109 193 3.7 -
PGA 57 250 - 370 6.5 -
PLGA 40 290 150 190 1.4-2.8 -
PCL 19.3 22.5 — — 0.34 —
PELA 3.8-16.1 - - - 0.11 -
Bone 50-150 - 130-180 - 12-18 -

R, reinforced; UR, un-reinforced

1.5.7.3 Co-polymers

A complete range of PLGA polymers can be
prepared by combining PGA and PLA; both L-
and DL-lactides are used for co-polymerization.
Co-polymerization of crystalline PGA with PLA
results in increased rates of hydration and hydro-
lysis. By varying the ratio of monomers
(glycolide to lactide) in a composition, the
properties of a co-polymer (including degradation
time) can be controlled [57, 67]. Generally,
higher glycolide content results in faster
degradation.

As on today, bioresorbable polymeric implants
are mainly used to stabilize fractures of the facial
bones, foot and ankle, and knee; wrist and hand
injuries; in spinal reconstructive surgery; and in
pediatric orthopedics.

There has been a significant improvement in
biomaterials used in manufacturing bone fixation
implants, and the approach has been changed
from bioinert stabilizers to bioactive and biode-
gradable healing promoters. Due to their mechan-
ical strength and low cost, specific classes of
bioinert metals such as stainless-steel and tita-
nium alloys are used in routine clinical practice.
Nevertheless, bioresorbable implants having sig-
nificant advantages over these traditional metal
implants can make effective fixation devices.
Magnesium alloy, a biodegradable metal, which
has almost similar density as that of the bone, has
been studied to function as an osteoconductive
and biodegradable implant material in load-
bearing applications; however, there is a need to
control the high rate of degradation before it can

see the light of load-bearing applications. The
bioresorbable polymers and composites are par-
ticularly appealing as their development and
properties are comparable to host the bone.
Innovations in the design and fabrication methods
of composite materials have raised the
expectations of developing improved implants
with better properties. Despite decades of
research, no suitable implant that fully meets all
the requirements for bone fixation has been devel-
oped, and a large gap still exists between the
present treatment modalities and ideal clinical
situation. There is a need to take a large leap
toward the development of high-performance tis-
sue engineered devices to fulfill the criteria
required for an ideal bone fixation.

1.6 Instrumentation for Fracture
Fixation

The basic material used for making the orthopedic
implants is austenitic stainless-steel type AISI
316, which is highly resistant to corrosion. It
contains 17.5% chromium, 12% nickel, 2.5%
molybdenum, <3% silicon and manganese, and
<0.06% carbon, and the remainder is iron. If
greater strength and hardness are required,
i.e. for tools like drills and screwdrivers, a stain-
less chromium steel is used, which is relatively
less corrosion resistant. To obtain smooth surface
(passive layer), the implants are polished mechan-
ically, chemically, and electrolytically.
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Fig. 1.20 Basic orthopedic instruments: (a) rongeur,
(b, ¢) bone-cutting forceps, (d) trephine, (e) Gigli wire
saw, (f) chisel, (g) osteotome, (h) bone-holding forceps,

1.6.1 Basic Instruments (Fig. 1.20)
Rongeurs: Are forceps with cupped heavy tips,
used to remove small pieces of the bone or to
break larger bone pieces. They are also used to
cut the bone edges.

Bone-cutting forceps: Have paired chisel-like
tips for sharp cutting of the bone.

Trephines: Used to drill holes in the bone.

Gigli wire saw: Used for sharp cutting of
the bone.

Chisel: Cutting instrument with the tip beveled
at one surface.

Osteotome: Cutting instrument with the tip
beveled at both surfaces.

Bone-holding forceps: Can be handheld or
self-retained. Used to manipulate and hold frac-
tured segments and bone plates.

Lowman bone clamp: Used to hold the bone
segments and plates.

Bone curette (Burns). Used to ‘curette’ the
bony mass.

Bone hammer (mallet): Used to hammer the
instruments like chisel, nails, drivers, etc.
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(i) Lowman bone clamp, (j) bone mallet, (k) amputation
saw, (1) Engel plaster saw, and (m) Bolers plaster shears

Amputation saw: Used to cut the bone during
amputation of the limbs.

Engel plaster saw: Helps to cut the plaster cast.

Bolers plaster shears: Also used to extract the
plaster cast; it has the advantage of protecting the
skin from any trauma while cutting the plaster.

Electric saw: Used to cut the bone (osteotomy/
ostectomy), plaster cast, etc.

1.6.2 Instruments for Bone Plating
Screws (cortex screw, cancellous screw, locking
screw). Cancellous screws have a wider thread
and a steeper pitch than cortex screws. Cancellous
screws have better holding power in the soft/
loosely packed bone, while cortex screws have
better holding power in the dense/compact bone.
Locking screws have threads at the base of the
screw, which help in getting locked with the
threaded screw holes present in the locking com-
pression plates. Screws can be fully threaded or
half threaded. Half or incomplete threaded screws
are used as lag screws to bring compression
between the bone segments.
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Fig. 1.21 Bone screws and plates: (a) fully threaded
cancellous screw, (b) lag screw, (c) cortical screw,
(d) locking screw, (e) Sherman bone plate, (f) Venable
bone plate, (g) heavy-duty bone plate, (h) mini plate,
(1) small fragment T-plate, (j) Eggers bone plate,

Bone plates: There are several types of bone
plates (Fig. 1.21).

Sherman bone plates: They have constrictions
between the screw holes and hence are weak, and
their use is limited to small bones, especially in
small dogs and cats.

Venable bone plates: No constrictions between
screw holes and consequently the plates are
strong and ideal for veterinary fixations.

Eggers bone plates: Have long slots in the
plate; hence, screws can be fixed at adjustable
distance, not in common use.

Williams spinal plates: Are curved and have
serrated edges, which help to stabilize the spinal
processes.

Heavy-duty bone plates: Are very strong and
are used as buttress plates, more often in large
animal fixations.

Small fragment T-plates: Available in different
shapes, like ‘T’ plates, angled plates, etc. Useful

|
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(k) reconstruction plate, (1) dynamic compression plate,
(m) limited contact dynamic compression plate,
(n) locking compression plate, and (o) String of pearl
locking plate

for immobilization of pelvic and mandibular
fractures and also metaphyseal/epiphyseal
fractures of the long bones.

Mini plates: Suitable for fixation of radius-ulna
fractures in small breeds of dogs and cats. They
are also useful for fixation of metacarpal or meta-
tarsal fractures in dogs. 1.5-2.0 mm cortex screws
are generally used.

Reconstruction plates: Are flexible and can be
contoured to any shape and cut to desired length.
They are relatively weaker, used normally in pel-
vic and mandibular fractures and often in
metaphyseal/epiphyseal fractures of the long
bones.

Dynamic compression plates: Screw holes are
designed as per the spherical gliding principle.
Insertion of screw eccentrically and tightening
the screw against the hemi-cylindrical slope of
the screw hole displace the plate away from the
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Fig. 1.22 Instruments for bone plating: (a) Lane screw-
driver, (b) Williams screwdriver, (c) screwdriver with
hexagonal tip, (d) plate benders, (e) plate-holding forceps,
(f) universal bone drill and key, (g) twist drill/drill bit,

fracture line resulting in compression of bone
segments at the fracture site.

Limited contact dynamic compression plates
(LCDCP): Have undercut beneath each screw
hole and between adjacent screw holes, which
help to reduce the contact between the plate and
the bone surface and in turn minimize the stress
shielding and vascular compromise.

Locking compression plates (LCP): Have
combi-holes (have threaded and non-threaded
part), which allow threaded screws to fix into
the plate and function as a fixed-angle device
and also allow placement of traditional
non-locking screws.

String of pearl (SOP) locking plates: Uses
cortical screws as locking screws and can be
contoured in six degrees of freedom and hence
can be bent and twisted to contour to the shape of
the bone. It can be used in a variety of fractures
such as long bone, pelvic, acetabular, and spinal
fractures.

(h) drill guide, (i) drill sleeve, (j) tap, (k) depth gauge,
(1) counter sink, and (m) compression device with special
sleeve

1.6.2.1 Screwdrivers (Fig. 1.22)
Lane screwdriver: Simple screwdriver with chisel
tip.

Williams screwdriver: The lever of the handle
operates the locking and releasing device holding
the screw. Provides better grip than Lane screw-
driver and avoid slipping.

Screwdriver with hexagonal tip: Fits accu-
rately into the recessed head (hexagonal shape)
of the screws (2.7, 3.5, and 4.5 mm) and allows
easy insertion and extraction of the screw without
slipping and causing injury. It is more commonly
used nowadays.

Plate benders: Used to bend and contour the
plate to the shape of the bone.

Plate-holding forceps: Used to hold the plate
snugly.

Universal bone drill and key: Used to drill hole
in the bone with the help of a drill bit.

Twist drills/bits: Sharp edges on the surface
helps to ‘cut’ holes in the bone.
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Drill sleeve: Ensures proper alignment of holes
drilled in the proximal and distal bone cortex. It
also protects the drill bit from breakage. It also
ensures that the hole is drilled exactly at the center
of the hole in the plate and helps to keep the drill
bit and the plate apart from each other.

Drill guide: Guides drilling a hole in the
desired position and prevents drilling a hole
very close to the fracture line. Eccentric drill
guide is used to drill eccentric holes during com-
pression plating. A special drill guide is used in
locking compression plate, which gets locked
with the threaded hole and ensures accurate align-
ment of the drill hole with the threaded
screw hole.

Tap: Used to cut thread in the drilled hole.
Tapping prevents binding of the screw at the
distal cortex causing it to strip the bone.

Measuring scale: Used to measure the length
of the screw.

Depth gauge: Used to measure the depth of the
drilled hole.

Counter sink: Used to make a conical depres-
sion in the bone to receive the screw head.

Orthopedic scale:- For comparing the bit size
with the size of the screw.

Compression device: Used to bring compres-
sion between the bone segments when standard
normal bone plate is used; more useful in large
animal fixations.

Special drill sleeve for compression device:
Ensures the proper distance between the screw
hole of the compression device and the last
screw hole of the bone plate.

Periosteal elevator (Bard-Parker). Used to
strip/separate the periosteum.

1.6.3  Instruments for Intramedullary

Pinning (Fig. 1.23)

Steinmann  pins: Most widely used round
intramedullary devices, commonly range from
1.5 mm to 6 mm in diameter and are available
with trocar, chisel, and threaded trocar points, and
can be pointed at one or both ends. Pins with both
pointed ends are used during retrograde pinning,
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and pins with one end pointed (another end blunt)
are used in normograde pinning.

Kirschner wires: Small trocar pointed steel
pins that range in diameter from 0.8 mm to
1.5 mm. Used in a manner similar to that of
Steinmann pins. Flexibility permits it to follow
the contour of a curving medullary cavity or to be
inserted at an angle through the sides of a bone
(in condylar/supracondylar fractures). Also useful
for tension band wiring and external skeletal
fixation.

Jacob’s  chuck key:
intramedullary pins.

Berbecker Steinmann pin cutter: Helps to cut
the extra length of pins.

Used to insert

1.6.4 Instruments for Interlocking

Nailing (Fig. 1.24)

Interlocking nail: Is an intramedullary nail which
can be secured (locked) in position by proximal
and/or distal transfixing screws/bolts, to help pre-
vent rotation of bone segment and collapse at the
fracture site. Interlocking nails for dogs range in
diameter from 6 mm to 8 mm; for large animals,
10 mm to 18 mm diameter nails may be required.
For fixation in the tibia, angled nail is more ideal.

Curved awl: s a long, pointed steel spike used
for piercing the cortex to introduce the nail.

Reamer: Helps to ream the medullary cavity
before fixation of the nail.

Jig and accessories

Jig: Is an aiming device, having multiple holes
corresponding to the holes in the interlocking
nail. It guides drilling of holes and fixation of
bolts in the bone cortex through the nail.

Slide hammer: Attached to the nail and helps
to introduce or retract the nail.

Attachment screw: Helps
interlocking nail to the jig.

Insertion tool: Snugly fixes the nail to the jig
and thus helps proper alignment of nail holes with
that of the jig.

Fixation bolts/screws: Can be smooth (bolt) or
threaded (screw), used for transfixing the nail
with the bone cortex at the proximal and
distal ends.

attachment of
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Fig. 1.23 Instruments for
intramedullary pinning:
(a) Steinmann pin,

(b) trocar point pin tip,

(c) chisel point pin tip,

(d) end threaded pin with
trocar point, (e) Jacob’s
chuck key, and

(f) Berbecker Steinmann
pin cutter

Miscellaneous instruments: Bone drill (man- 1.6.5 Instruments for Rush Pinning
ual/electric) and key, depth gauge, trocar, guide (Fig. 1.25)

sleeve, tap sleeve,
screwdriver, etc.
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drill guide, drill bits,
Rush pins: Specially designed round, elastic
stainless-steel pins, which have a hooked end
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Fig. 1.24 Instruments for interlocking nail fixation: hammer, (g) medullary reamer, (h) depth gauge, (i) twist
(a) jig, (b) interlocking nail, (c) fixation bolt, drill, (j) guide wire, (k, 1) drill sleeve, (m) hexagonal
(d) attachment screw, (e) nail adapter bolt, (f) slide screwdriver, (n) curved awl, and (o) wrench
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Fig. 1.25 Instruments for Rush pinning: (a) Rush pin,
(b) Rush pin reamer, and (c) Rush pin driver

that is used to drive and seat the pin into the bone
and a boat-shaped end that bounces off the inner
cortex of the bone as it is inserted. Available in
diameter ranging from 2.5 mm to 6 mm. Used
mostly in supracondylar femoral fracture fixation.

Rush IM pin reamer: Special type of bone
reamer used during fixation of a Rush pin.

Rush IM pin driver: Used to insert the
Rush pins.

Instruments for Kuntscher
Nailing (Fig. 1.26)

1.6.6

Kuntscher nails: Are clover leaf or V-shaped
hollow nails, ranging in diameter from 2 mm to
20 mm. One end of the nail is sharpened for
impaction, and at the other end, there is a hole
to engage an extractor hook. K-nails allow direct
contact along the medullary cavity in at least three
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Fig. 1.26 Instruments for K-nailing: (a) K-nail,

(b) medullary reamer, (c) guide wire, (d) K-nail driver,
and (e) K-nail extractor
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places, which provides rotational stability to
fixation.

Medullary canal reamer: Used to ream the
medullary cavity before K-nailing. Due to
reaming, the medullary canal becomes more
uniform in diameter for greater contact of the nail.

Guide pin: Used to guide the K-nail into the
medullary cavity. Also helps to measure the
length of the medullary cavity to select K-nail of
desired length.

K-nail driver: Used to drive the K-nail into the
medullary cavity. At one end, it has a notch which
helps to seat on the nail, whereas the other end is
hammered to drive the nail.

Mallet: Helps to hammer the nail.

K-nail extractor: The hook present at one end
of a long rod is engaged into the hole present in
K-nail, and the other end is hammered to facilitate
easy extraction of the nail.

1.6.7 Instruments for Bone Stapling

(Fig. 1.27)

Staples: “U’-shaped stainless-steel wires, pointed
at both ends. Used mainly to fix metaphyseal/
epiphyseal/chip fractures. Commonly used along
with other primary fixation devices.

Staple starter: Helps to mark the depressions
in the bone for proper seating of staples before
they are driven into the bone.

Staple driver: Helps to secure and insert the
staples.

Staple extractor: It has an elevated edge at one
end, which helps for easy extraction of staples by
inserting it between the bone and the staple.

1.6.8 Instruments for Orthopedic

Wiring (Fig. 1.28)

Orthopedic wire: Is a flexible monofilament
stainless-steel wire that is most commonly used
in combination with some other primary internal
fixation techniques, such as IM pins, bone plates,
etc. Available in sizes ranging from 16 to
28 gauges.
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Fig. 1.27 Instruments for
staple fixation: (a) staples,
(b) staple starter, (c) staple
driver, and (d) staple
extractor

Wire-tightening forceps: Helps to tighten the
wire, so that uniform interfragmentary compres-
sion can be achieved at the fracture site.

Wire twister: Helps to achieve uniform twist-
ing of both ends of the wire and properly secure
while doing full cerclage or hemicerclage wiring.

Wire cutter: Used to cut the stainless-steel
wires.

Wire passer: Mainly used to pass wires around
the fractured bone. It helps firmly grip and control
the passage of wire without injuring the nerves,
vessels, and soft tissues.

Fig. 1.28 Instruments for
orthopedic wiring:

(a) orthopedic wire,

(b) wire-tightening forceps,
(c) wire twister, (d) wire
cutter, and (e) wire passer

T

Instruments for External
Skeletal Fixation (Fig. 1.29)

1.6.9

Fixation pins: Can be half or full pins and smooth
or threaded pins. Threaded pins can be of positive
profile (if the core diameter is consistent between
smooth and threaded regions) or negative profile
(core diameter of the threaded section is smaller
than the diameter of the smooth section), and it
can be completely threaded or centrally/end
threaded.

Thomson beaded pin: Used in circular ESF,
the presence of a bead in the pin helps to align the




1.6 Instrumentation for Fracture Fixation

39

Fig. 1.29 Instruments for external skeletal fixation:
(a) centrally threaded pin, (b) end threaded pin, (c) fully
threaded pin, (d) K-wire, (e) Olive (beaded) wire,
(f) fixation clamps for linear fixation device, (g, h)

bone segments by pulling the bone segments to a
required position. It will also help to prevent
translation (movement) of bone segments after
bone fixation.

External connectors: Are either linear side
bars (in linear fixation systems) or circular rings
connected through threaded rods (in circular fixa-
tion systems). External connectors can be made
from different materials such as stainless steel,
mild steel, aluminum, carbon fiber, or epoxy.

Linkage devices: Clamps (connects the fixa-
tion pins to side bars and also connects side bars
in linear fixation systems) and fixation bolts,
either cannulated or slotted (for joining fixation
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cannulated and slotted fixation bolt for circular fixation,
(i) threaded rods, (j) nuts, (k) half rings for circular fixa-
tion, (1) K-wire bender, (m) pin/wire bender, (n) pin cutter,
(o) wrench, (p) wire tensioner, and (q) electric drill

pins to the rings in circular external fixation
systems).

Nuts and wrenches: For tightening and loosen-
ing the fixation bolts and external connectors/
rings.

Wire tensioner: Used to apply tension along
the transfixation pin before fixing them to the
circular fixator; there are many types of wire
tensioners available.

Pin bender/cutter: To bend or cut the extra
length pins.

Electric drill:
transfixation pins.

For insertion of
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Examination of the Animals
with Fracture

1.7

A comprehensive clinical examination of the ani-
mal suspected of having a fracture should be
carried out before deciding the treatment
[68]. Localization and diagnosis of a complete
fracture of a long bone are relatively easy by
simple clinical examination. Incomplete fractures
sometime pose a challenge to examine and
correctly diagnose. Lameness is the foremost
clinical sign of a fracture. It is always advised to
observe the injured animal first from a distance,
without attracting the attention of the patient.
Observe the animal shifting its weight at a stance
or while sitting. It will tend to subtly shift its
weight away from its painful limb/s during stand-
ing; if both pelvic limbs are injured, it may prefer
to sit. Injured animals, especially cattle which are
recumbent, should be allowed to remain recum-
bent during the physical examination. Often,
there is a sudden weight shift to the front limbs
as the animal attempts to sit or rise. Similarly, a
weight shift away from a single uncomfortable
limb can be quite evident while sitting.

Animals with complete fractures of the limbs
have acute non-weight-bearing lameness (carry-
ing of the limb). There can also be shortening of
the affected limb with bending or deformity at the
injured site. Based on the site of bending/bowing
of the bone, fracture can be localized. Some spe-
cial fractures may show specific signs. For
instance, fracture at the femoral head/neck along
with dislocation of the hip joint may result in
hyperextension of the stifle joint, whereas in
diaphyseal fractures of the humerus (especially
at the distal third), knuckling of the paw/digits
may be seen due to involvement of the radial
nerve.

Soft tissue swelling at the site of fracture is
another classical sign, which helps in fracture
localization. Soft tissue swelling is more pro-
nounced in fractures of the proximal limb bones
(femur/humerus), though it may also be noticed in
lower limb fractures. Comminutions of bone
fragments generate more heat and hence profound
soft tissue swelling. Also, in fractures near the
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joint or in intra-articular fractures, swelling is
generally more, like in cases of fractures near
the femoral condyles. The presence or absence
of soft tissue swelling sometimes may help to
differentiate between a fracture and a joint dislo-
cation, as in case of a luxation of the femoral head
and fracture of the femoral head/neck. Soft tissue
swelling may not be apparent in old fractures,
wherein acute stage of inflammation would have
subsided.

Some animals often become recumbent after a
trauma, and any attempts to make the animal
stand may fail. It is also not advisable to make
repeated attempts to lift the animal without proper
application of splints and bandages, especially
large animals, as it may further damage the
injured limb. In such cases, multiple trauma/
fractures should be suspected. There could be
bilateral limb fractures, pelvic fractures, or spinal
fracture. Urinary and fecal incontinence and flac-
cidity of the tail/hind quarter may be observed in
cases of spinal fractures.

Close physical examination of a fractured ani-
mal should be undertaken carefully, when the
patient is relaxed and comfortable, and the animal
may also be sedated (particularly large ruminants)
before undertaking examination. The patient may
be examined while in standing or recumbent posi-
tion, whichever is comfortable to the animal. Pal-
pation at the suspected site of fracture may reveal
crepitation of bone fragments. However, exces-
sive maneuvering of the fracture site should be
avoided, as it may elicit pain response and the
animal may get excited. While examining an
aggressive or tense animal, we should also make
sure to protect ourselves from getting injured.

Radiographic examination confirms the pres-
ence or absence of a bone fracture. It also helps to
find the type of fracture and its exact location,
which ultimately help the surgeon to plan surgical
fixation. It is always advisable to make two
orthogonal radiographic views for definitive diag-
nosis of a fracture. If only one view is made, then
it should be medio-lateral or latero-medial view
for the limb bones, lateral view for the spine, and
ventro-dorsal view for the pelvis. Generally, a
plain radiograph is sufficient to confirm a bone
fracture; however, more advanced techniques
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such as digital radiography or CT scan would be
more accurate, especially to detect occult
fractures. In recent years, these techniques are
being frequently used in small animal practice,
though they are still beyond the reach for large
animal use.

1.7.1  Things we Should Avoid while

Examining an Injured Animal

* Making sudden noise and movements.

* Performing excessive maneuvering and
manipulations to detect fracture site crepitus.

* Making excessive attempts to make the animal
stand, especially a recumbent large animal.

* Forcing a fractured animal to move before
stabilizing with splints and bandages.

* Rush to sedate the animal and perform
radiography.

* Rush to undertake definitive surgical fixation.

1.8 Emergency Treatment

of Fracture and First Aid

The initial care and management of an injured
animal are critical, which largely decide the out-
come of the case. Before attempting any defini-
tive treatment of a fracture, the patient should be
given first aid and emergency treatment, when
required [69, 70]. The animal met with an auto-
mobile accident or any other trauma must be first
rescued from the site. As an injured animal is
likely to get excited and there are more chances
of further injury at the fracture site, it is all more
important to secure the animal. A thorough phys-
ical examination of the animal should be carried
out, and life-threatening injury should be dealt
first. One should ensure that the airway is clear
and any external hemorrhage is controlled. Hem-
orrhage generally does not require a tourniquet to
control; small bleeding can be controlled ade-
quately by firm bandaging. Life-threatening hem-
orrhage may often be seen due to laceration of a
major artery. Only if profuse arterial bleeding
persists, the need for a tourniquet may arise. If a
tourniquet is applied, ensure that it is removed as
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early as possible. Multiple injuries sometime may
be life-threatening, especially if the thoracic part
is involved with rib fractures causing flail chest
and pneumo-/haemo-thorax. In such cases, emer-
gency care should be provided first. Administra-
tion of drugs such as corticosteroids may be
beneficial. Assessment of the state of hydration,
cardiopulmonary, and shock status is important,
and if needed, they should be taken care on prior-
ity by administering either blood or plasma
expanders/colloid solutions. Normal saline or
Ringer’s solution though cannot replace blood
may help improve circulation.

Once it is ensured that the animal is physiolog-
ically stable, any open wound is covered with a
clean dressing, and an attempt should be made to
immobilize the fractured limb to make the animal
comfortable and prevent continued injury from
the broken bone ends. If the animal is recumbent,
especially a large animal, it should not be dis-
turbed till the physical examination done and the
limb immobilized. Only then, an attempt should
be made to get the animal stand and allowed to
move. Allowing the animal to move before
splinting the limb may prove disastrous as it
may lead to compounding of a simple fracture
[71]. In general, a fracture below the elbow or
stifle may be temporarily immobilized using
splints or casts. Proximal fractures do not require
any immobilization as there is sufficient soft tis-
sue coverage to protect the broken bone. Further,
it is not possible to immobilize a fracture in the
humerus/femur through external cooptation,
especially in large animals. Any such attempt
may result in “fulcrum effect’ at the fracture site
leading to more soft tissue damage.

The external stabilization of the fractured limb
can be done using either splints and bandage or a
cast. If an open wound is present, it should be
thoroughly cleaned with any antiseptic solution
and bandage applied before splinting. In small
animals, single lightweight splint made of PVC
pipe or a cardboard is enough, and in large
animals, at least two strong splints made of bam-
boo/PVC pipe are placed one at the caudal aspect
and another at the cranial/lateral aspect of the
limb, and bandage should be applied firmly after
placing adequate padding. The joints proximal
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and distal to the fractured bone should be
included in the cooptation, and it should extend
from the joint above the fracture and below up to
the level of the paw/sole. In large animals, it is
desirable to immobilize the whole limb extending
from the stifle/elbow up to the sole to provide
greater stability.

Administration of anti-inflammatory analgesic
drug/s should be initiated as early as possible.
This can help in reducing the pain and discomfort
to the animal and controlling inflammatory
swelling and oedema and hence facilitate surgical
fixation of fracture. However, administration of
analgesics prior to adequate immobilization of the
fractured limb may decrease the pain sensitivity,
which may allow unrestricted movement of the
broken bone leading to further injury to the ani-
mal. Tranquilizers or hypnotics, which also
depress CNS and sedate the animal and reduce
body movements, may be used especially in
vicious animals. A broad-spectrum antibiotic is
required if the fracture is open and contaminated.
This should continue till definitive fracture fixa-
tion is done.

Once stabilized, the animal should be taken to
a referral hospital with adequate facility to under-
take surgical fixation of fracture. It is relatively
easy to carry a small animal, but a greater care is
needed to transport a large animal orthopedic
patient. The animal should be tranquilized/
sedated and properly secured on soft bedding
with the fractured limb held upwards. Care should
also be exercised while loading and unloading the
animal.

Anesthesia and Pain
Management in Animals
with Fracture

1.9

Fracture of the bone is a very painful condition.
Further, it is always associated with certain level
of soft tissue injury. Thus, maneuvering the frac-
ture fragments even with closed methods would
result in excessive pain to the animal. Therefore,
anesthesia and effective analgesia are an essential
component of any operation conducted in relation
to management of bone fracture. A large variety
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of anesthetic techniques are available for practice
in animals [72-78]. However, the choice of the
technique for a particular situation may be dic-
tated by several considerations like the species of
the animal, the bone involved, the availability of
the facility, preferences of the attending veterinar-
ian, etc. Here, we have listed some of the common
techniques of anesthesia and analgesia that may
be used in orthopedic cases.

1.9.1  Anesthesia in Cattle

1.9.1.1 General Anesthetic Techniques

1. Injectable anesthetics: Anesthesia can be
induced after casting the animal on a hydraulic
table in lateral recumbency. The use of
indwelling catheter (10-14 gauge; 10-15 cm
long) is preferable for intravenous injections to
avoid perivascular injection of irritant drugs
and for supplemental injections.

(a) Ketamine: Premedication with diazepam,
xylazine, acepromazine, or
medetomidine produces quiet, smooth
anesthetic induction with good muscle
relaxation and deep sedation.

Xylazine, 0.1-0.2 mg/kg body weight i.
m.; 0.05-0.1 mg/kg body weight i.v. and
ketamine, 2-5 mg/kg body weight i.v. or
i.m.; duration of anesthesia, 15-30 min.
Diazepam, 0.2 mg/kg and ketamine,
5 mg/kg body weight i.v.; duration of
anesthesia, 15 min.

Medetomidine, 0.02 mg/kg body weight
and ketamine, 0.5-1.0 mg/kg body weight
1.v.; duration of anesthesia, 30 min.

(b) Propofol: A costly drug used in large
animals but is a good general anesthetic
agent.

Dose, 5-6 mg/kg body weight i.v.; dura-
tion of anesthesia, 4-9 min; recovery,
smooth.

(¢c) Tiletamine and zolazepam: Produces
hypoxia when the animal is restrained in
dorsal recumbency., 4 mg/kg body
weight i.m. and zolazepam, 0.1 mg/kg
body weight i.m.; duration of anesthesia,
70 min; recovery, 130 min.
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2. Inhalation anesthetics: Anesthesia can be

induced initially through a mask using a

small animal circle system in small ruminants.

In large animals, induction is preferably done

by an injectable agent after premedication with

diazepam (0.1 mg/kg body weight),
butorphanol (0.05-0.1 mg/kg body weight),
and xylazine (0.02 mg/kg body weight). Endo-
tracheal intubation is then done with or with-
out a laryngoscope. The cuff is inflated, and
the tube is secured, and inhalation anesthesia is

used for maintenance of anesthesia for a

desired period.

(a) Halothane: Used with a precision vapor-
izer along with oxygen 1-2% is required
for maintenance; recovery is rapid.

(b) Isoflurane: Similar effects as that of halo-
thane but recovery is more rapid.

(60—100 pg/kg body weight), medetomidine
(30-60 pg/kg body weight), and romifidine
(50 pg/kg body weight) can be used along
with lidocaine in order to increase the potency
and duration of anesthesia produced by
lidocaine.

. Opioid analgesics: Produce analgesia by act-

ing via p, d, and k receptors located in the
spinal cord and prevent the release of sub-
stance P. Meperidine (1 mg/kg body weight)
and buprenorphine (1 mg/kg body weight)
have higher potency and longer duration of
action than local anesthetics. Produce side
effects such as respiratory depression, pruritis,
and urinary retention.

4. NMDA antagonists: Ketamine produces local

analgesia by the antagonism of NMDA
receptors. Ketamine (2-3.5 mg/kg body
weight) after epidural/spinal administration

1.9.1.2 Local/Regional Anesthetic produces short duration of regional analgesia
Techniques and cardiac and respiratory stimulation after

The technique involves the use of local systemic absorption.
anesthetics and other drugs to produce desensiti- 5. Combination of different drugs: Combinations
zation over a limited body area. of local anesthetic and opioids, local anesthetic
and alpha-2 adrenergic agonists, and alpha-2-
agonists and ketamine have been used in
clinical settings, wherein the doses of drugs

used in combination are relatively lower than

Anesthetics Used for Local/Regional
Analgesia
1. Local anesthetics: Lidocaine (2%) is the most

commonly used local anesthetic having a
shorter onset and longer duration of action
than procaine. Bupivacaine (0.5%) and
ropivacaine (0.75%) are more potent than lido-
caine and mepivacaine and have longer dura-
tion of action. Side effects occur on absorption
through systemic circulation and produce
hypotension on epidural administration due
to sympathetic blockade. Respiratory depres-
sion occurs from CNS activity.

2. Alpha-2 agonists: Produce slower onset and

longer duration of regional analgesia than
local anesthetics by stimulation of alpha-2-
adrenergic receptors in the brain and spinal
cord. Sedation, hypotension, bradycardia,
decreased secretions, and GIT motility are
due to systemic absorption through the venous
sinuses of the spinal cord. Xylazine
(0.05-0.1 mg/kg body weight), detomidine

an individual drug administration, and hence,
the side effects are relatively less. They pro-
duce synergistic action and longer duration of
regional analgesia than that produced by either
agent used alone.

Techniques of Local/Regional Anesthesia
1. Infiltration analgesia: The nerve endings at the

actual site of surgery are blocked by lidocaine
(0.5-2%) or bupivacaine (0.125-0.5%). An
intradermal weal is made with a hypodermic
needle. Subcutaneous tissues are then
infiltrated, and injection is made after
ascertaining that the needle has not entered a
blood vessel. As the needle is gradually with-
drawn, the anesthetic solution is injected along
the length (about 1 mL of anesthetic solution
for every cm length).
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2. Regional nerve blocks: Regional nerves are
blocked by fanwise injections of local
anesthetics in the tissues on their way to the
surgical site. An inverted ‘L’ block is made by
two linear infiltrations by incorporating the
whole thickness of the abdominal wall in the
flank region. Ring block of the extremities is
done through a transverse plane in a circular
fashion. Conduction in the sensory nerves is
blocked by local anesthetic without touching
the operative field.

3. Intravenous regional analgesia (IVRA): A
tourniquet is tied on the proximal side of the
limb to occlude the arterial supply. Local anal-
gesic solution is then injected intravenously
through a needle. Analgesia of the lower
extremity up to the level of the tourniquet is
effected very rapidly and also wears off rap-
idly after releasing the tourniquet.

4. Epidural/spinal analgesia:

Injection of local analgesic solution into the spi-
nal canal paralyzes the spinal nerves. Epidural
injections are made by deposition of analgesics
on the dura mater and spinal injections by
depositing the solution into the CSF. Caudal
block is made by injections in the sacrococcygeal
or intercoccygeal space for analgesia of the tail,
perineum, vulva, vagina, and caudal thigh region.
The needle is inserted between the first and sec-
ond coccygeal vertebrae or between last sacral
and first coccygeal vertebrae. It is advanced ven-
trally and cranially at 15° angle to enter the neural
canal. 5-10 mL of local anesthetic drug is then
injected (Table 1.4). The onset of effect occurs
within a minute and analgesia persists for an hour.
Cranial block is made by injections in the lumbo-
sacral or lumbar epidural space. Lumbar epidural
block produces analgesia of the posterior thoracic
region, flank, and ventral abdominal region. The
motor fibers of the hindlimbs are unaffected. In
lumbosacral block, the entire thigh region, poste-
rior flank, perineum, inguinal region, ventral
abdomen, hindlimbs, and digits are affected. For
these injections, a long spinal needle (14 gauge,
12 cm long) with short bevel is needed. The
needle is passed between the two vertebrae and
the neural canal is entered through the
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interarcuate ligament. Analgesic solution is
injected which enters freely. If CSF comes out
through the hub, then the needle is slightly with-
drawn and injection is made.

1.9.2  Anesthesia in Sheep/Goat

1.9.2.1 General Anesthetic Techniques

1. Injectable anesthetics: Orthopedic surgery is
best performed under inhalation anesthesia,
using injectable anesthetics as induction
agents, and for intubation. However, injectable
anesthetics for induction and maintenance of
anesthesia can be used (Table 1.5), but
prolonged use may cause hypoxaemia. The
use of preanesthetics may reduce the dose of
anesthetic and shorten recovery time.

2. Inhalation anesthetics: Sevoflurane and
isoflurane are the most commonly used inhala-
tion anesthetics for better control and rapid
recovery. Anesthetic breathing system used
for dogs may be utilized for sheep and goats.
After anesthetic induction and intubation,
isoflurane may be set at 2.0-2.5% with oxygen
flow rate of 1-2 L/min.

Local/regional anesthetics: Drugs used and
techniques are similar to those used in cattle.

1.9.3  Anesthesia in Horse

1.9.3.1 General Anesthetic Techniques

1. Intravenous techniques: There are a number
of possible combinations of drugs suitable for
anesthetic induction (Table 1.6). The choice
depends upon the health status of the horse,
facilities available, and on the individual pref-
erence on their use.

2. Inhalation agents: These agents are mainly
used for maintenance of anesthesia.

(a) Halothane: Halothane causes dose-
dependent decrease in arterial blood pres-
sure and cardiac output and increase in
central venous pressure but produces
anesthesia without toxicity and causes
depression of reflexes and smooth
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Table 1.4 Drugs used for epidural/spinal analgesia in cattle

SL.
no. Drug

1 ‘ Lidocaine (2%) with adrenaline 1 mL/5 kg body weight
2. ‘ Bupivacaine 0.5% or 0.75% 1 mL/4 kg body weight
3 Xylazine (0.05 mg/kg body weght) with ketamine (2.5 mg/kg body

weight)

recovery. Anesthesia can be maintained
with 0.7-1.3% of halothane in oxygen.
Recovery takes place 0.5-1 h after termi-
nation of administration.

(b) Isoflurane: Effects are similar to halo-
thane. Other drugs used are enflurane,
sevoflurane, and desflurane.

1.9.3.2 Local/Regional Anesthetic

Techniques

1. Local anesthesia: The important local anes-
thetic techniques for orthopedic surgery in
horse include different regional nerve blocks
of the head, forelimbs, and hindlimbs.

2. Epidural analgesia: Caudal epidural analge-
sia is performed between the first and second
coccygeal vertebrae. The depression between
the first and second coccygeal dorsal spinous
process can be palpated about 2.5 cm cranial to
the onset of the tail. The epidural needle is
inserted at the caudal portion of the first
intercoccygeal space directing cranioventrally
at an angle of about 30 degrees. 10 mL of 2%
lidocaine is sufficient to produce caudal
analgesia.
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Onset Duration Standing
(min) () ()
125 2 135-5.0
45 46 L 812

‘<5 ‘1 ‘ 2.3

1.9.4  Anesthesia in Pig

1.9.4.1 General Anesthesia

In pigs, 6-8 h of fasting and 2 h of deprivation of
water is sufficient. Premedication with atropine
0.3-2.4 mg body weight (total dose) i.m. ori.v. or
glycopyrrolate 0.2-2.0 mg (total dose) based on
animal’s body weight will be sufficient to control
salivation. Azaperone is the most widely used
sedative in pigs (dose 1-8 mg/kg body weight, i.
m.). Intravenous injections can be made through
auricular veins on the external ear flap. For large
quantities of fluids, jugular vein should be
catheterized under general anesthesia. The ante-
rior vena cava can be catheterized by restraining
the animal on its back with fully extended neck
and head in handing down position and forelegs
pulled backwards. A 5-7.5 cm long needle is
inserted through the skin in the depression lateral
to the cranial angle of the sternum and the angle
between the first rib and trachea. The needle is
then pushed toward an imaginary central point
between the scapulae until the vena cava is
pierced and blood starts oozing out. A fine plastic
catheter should be threaded through the needle.
Intubation is difficult in pigs as the larynx is set to
an angle to the trachea.

Table 1.5 Drugs used for general anesthesia in sheep and goats

SL. Dosage (mg/kg body weight);
no. | Drugs route of administration Duration Remarks
1 Diazepam + | 0.2-0.3, i.v. + 10-15 min Butorphanol 0.1 mg/kg body
ketamine 5.0-7.5, i.v. weight may be added
2 Xylazine + | 0.1, im. + 30 min Additional ketamine can be
ketamine 6.0, 1.v./11.0, i.m. added to prolong the time
3 Xylazine+ 0.1, im. + 45-60 min Higher dose of xylazine may
tiletamine- | 4.0, i.v. cause apnoea
zolazepam
4 Propofol 4.0, i.v. Duration is short but can be Quality of anesthesia can be
increased by incremental improved by preanesthetics
dose
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Table 1.6 Combination of different drugs used for induction of general anesthesia intravenously in horses

Premedicants (mg/kg body

Induction agents (mg/kg body

Maintenance agents (increment doses in

weight); route of administration
Acepromazine 0.03-0.05, i.v.
Xylazine 0.5, i.v.

Detomidine 0.01, i.v.

Xylazine 1.0, i.v.

Detomidine 0.01, i.v.
Romifidine 0.08-0.12, i.v.
Acepromazine 0.03-0.05, i.v.

Xylazine 0.5-1.0/detomidine
0.01/romifidine 0.08, i.v.

Xylazine 1.0/detomidine

0.01-0.02/romifidine 0.08/kg, i.

weight); route of administration
Ketamine 2-2.2, i.v.

Ketamine 2-2.2, i.v.

Ketamine 2-2.2, i.v.

Ketamine 2-2.2 mg/kg, i.v.
Ketamine 2-2.2, i.v.

Ketamine 2-2.2, i.v.
Guaifenesin 25-50, i.v. followed
by ketamine 1.0, i.v.
Guaifenesin 25-50, i.v. followed
by ketamine 1.0, i.v.
Guaifenesin 15-30, i.v. followed
by ketamine 1.5-2.0, i.v.

mg/kg body weight); route of administration

Ketamine 1.0, i.v.

Do -,

Do -.

Xylazine 0.5 and ketamine 1.0, i.v.
Ketamine 1.0, i.v.

Romifidine 0.02-0.04 and ketamine 1.0, i.v.

Ketamine 1.0, i.v.

Ketamine 1.0, i.v.

Ketamine 1.0, i.v.

V.

1.9.4.2 Intravenous Techniques

* Azaperone 2 mg/kg body weight i.m.; 20 min
later, metomidate 3.3 mg/kg body weight, i.v.

» Azaperone 2 mg/kg body weight, i.m.; 20 min
later, thiopental i.v. till effect (5 mg/kg body
weight or less).

+ Ketamine 20 mg/kg body weight, i.m.

* Xylazine 1 mg/kg body weight, i.m. followed
by 15 min later ketamine 2-5 mg/kg body
weight, i.v.

* Diazepam 1-2 mgkg body weight,
1.v. followed by ketamine 10—15 mg/kg body
weight, i.v.

* Ketamine 2 mg and xylazine 1 mg per mL of
5% guaifenesin is given at 0.6-1.0 mL/kg
body weight for induction, and anesthesia can
be maintained at 2.2 mL/kg body weight/h

1.9.5 Anesthesia in Dog
Preanesthetic medication: It usually involves
administration of anticholinergic, sedative, and
analgesic drugs (Table 1.7).

Anticholinergic drugs: To limit bradycardia
and to prevent salivation.

1. Atropine sulfate, 0.04 mg/kg body weight, s.
C., i.m., or 1.v.; onset 20 min; duration 1.5 h.

2. Glycopyrrolate, decreases gastric acidity,
causes lesser increase in heart rate as compared
to atropine sulfate, and is advantageous in
animals with tachycardia. It may be given at

0.01 mg/kg body weight i.m. or 0.005 mg/kg
body weight i.v.; onset 40 min; duration 2—4 h.

Intravenous anesthesia: Intravenous agents
are used either as sole anesthetic agents or as
induction agents for anesthesia to be maintained
with inhalation agents.

Sites: The most common site is the cephalic
vein, but the lateral saphenous vein, femoral vein,
jugular vein, and in anesthetized animal lingual
vein may also be used.

Anesthetic Agents Ketamine: It should not be
given as sole anesthetic agent in dogs as it causes
excessive muscle tone and spontaneous muscle
activity. Anticholinergics should be used to pre-
vent salivation. Xylazine 1 mg/kg body weight
i.m. followed 10—15 min later by ketamine 5 mg/
kg body weight or combination of medetomidine
0.04 mg/kg body weight i.m. followed 15 min
later by i.v. ketamine 3-4 mg/kg body weight
makes good anesthetic choice for short surgeries.
Diazepam 0.25-0.5 mg/kg body weight
i.v. followed 10 min later by ketamine 5 mg/kg
body weight i.v. can also be given.

Propofol: 1t is a free-flowing water in oil emul-
sion. It is a rapidly acting agent producing anes-
thesia for short duration. It is given intravenously
only, but perivascular injection does not produce
tissue necrosis. It can be used as a sole anesthetic
agent (6-8 mg/kg, i.v.), but due to its very short
duration of action, it is used with wide range of
preanesthetics and injectable and inhalation
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Table 1.7 Different sedative/analgesic drugs, such as opioids, phenothiazines, benzodiazepines, and alpha-2 adrenergic

agonists used in dogs

Dose of drug (mg/kg body

Classification of weight); route of

drug Name of drug | administration
Phenothiazines Acepromazine | 0.05-0.1, i.m.
Alpha-2 agonists | Xylazine 0.5-2.0, i.m. or 0.5-1.0, i.
V.
Medetomidine | 0.02-0.04, i.m. or
0.01-0.02, i.v.
Romifidine 0.04-0.08, i.m.
Opioids Butorphanol 0.2-0.4, i.m. or i.v.
Pethidine 3.0-4.0, i.m.
Oxymorphone |0.05-0.20, i.m. or i.v.
Buprenorphine | 0.006-0.01
Benzodiazepines | Diazepam 0.2-0.5, i.v.
Midazolam 0.1-0.2, i.m.

anesthetic agents. The common combinations are
acepromazine (0.03-0.05 mg/kg body weight, i.
m.) + propofol (4-5 mg/kg body weight, i.v.);
acepromazine (0.03-0.05 mg/kg body weight, i.
m.) + butorphanol (0.2-0.3 mg/kg body weight, i.
m.) + propofol (3—4 mg/kg body weight, i.v.);
acepromazine (0.03-0.05 mg/kg body weight, i.
m.) + morphine (0.5 mg/kg body weight, i.
m.) + propofol (1-2 mg/kg body weight, i.v.);
and medetomidine (0.04 mg/kg body weight, i.
m.) + propofol (1-1.5 mg/kg body weight, i.v.).

Inhalation anesthesia: Used for maintenance
of anesthesia induced with intravenous agents.

Halothane: Anesthesia can be maintained with
0.8—2% concentration. The MAC is about 0.85%.
It causes dose-dependent depression of the car-
diac output and arterial blood pressure due to
decreased plasma catecholamines. Dose-
dependent reduction in rate and depth of respira-
tion is also recorded. It also causes bradycardia
due to activity in the vagus nerve. Halothane
induces only moderate muscle relaxation and is
a poor analgesic agent. Addition of opioid anal-
gesic is advantageous. The incidence of hepato-
toxicity is very low.

Isoflurane: It is a potent anesthetic agent, and
therefore, the vaporizer must be precisely

Comments and precautions

To be avoided in animals with severe blood loss or
hypotension and in dogs with history of seizures
and when myelography is scheduled

Retching and vomiting, marked sedation; dose of
anesthetics is reduced; induction of anesthesia is
slowed; risk of anesthetic overdose

Profound sedation, severely reduced dose

Reduced dose of ketamine up to 4 mg/kg body
weight

Onset of action 10-15 min

Onset of action in 20 min

Max. dose 5 mg, may initiate vomiting/panting
Onset time is 30—40 min

Poorly absorbed on i.m. injection

Two times more potent than diazepam and more
useful for i.m. injection

calibrated. Concentration required for mainte-
nance is 1.5-2.5%. MAC in dogs is 1.28%.
Other drugs used for inhalation anesthesia in

dogs include enflurane, desflurane, and
sevoflurane.

1.9.6 Anesthesia in Cat

Injectable agents: Cats object to being

restrained, and therefore, injection of intravenous
agent is  difficult in  conscious or
un-premedicated cats.

Ketamine: Ketamine can be administered
through i.v., i.m., or s.c. route. A dose of 10 mg/
kg body weight i.v. or 20 mg/kg body weight
im. can make the cat recumbent for 30 min.
Ketamine initiates a state of catalepsy. It
abolishes superficial painful stimuli but abdomi-
nal pain may still persist. Cats administered with
ketamine exhibit marked muscle tone, and spon-
taneous movement unrelated to the stimulation
may occur. Salivation is often profuse and
premedication with atropine 0.03-0.05 mg/kg
body weight is recommended. The effects of keta-
mine on the heart and respiration are minimal. A
wide range of preanesthetics has been used to
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reduce emergence excitement and increased
muscle tone: acepromazine 0.01-0.03 mg/kg
body weight + ketamine 10 mg/kg body weight
iv. or 20 mg/kg body weight i.m.; xylazine
1.0 mg/kg body weight + ketamine 5 mg/kg
body weight; diazepam 1 mg/kg body weight or
midazolam 0.2 mg/kg body weight + ketamine
10 mg/kg body weight i.m.; and medetomidine
0.08 mg/kg body weight i.m. + ketamine 5—7 mg/
kg body weight i.m.

Propofol: It has been a quite extensively used
intravenous anesthetic in cats. Dose is 6—7 mg/kg
body weight.

Inhalation agents: All inhalation anesthetics
used in dogs may be used in cats in similar way.

1.9.7 Management of Pain

The International Association for the Treatment
of Pain defined pain in human as ‘An unpleasant
sensory and emotional experience associated with
actual or potential tissue damage or described in
terms of such damage’. Like human beings, frac-
ture of a bone leads to severe pain and discomfort
in animals as well. Prevention and treatment of
pain and suffering of animals during the fracture,
fracture fixation, and the postfixation period
should be an important goal of veterinary ortho-
pedic surgeons.

Pain in fracture cases is generally acute in
nature, which can vary from mild to severe, and
is induced by the trauma causing the fracture or
fracture repair, especially surgical fixation. Based
on the severity of tissue injury, pain may persist
for a few days to weeks. Following a trauma, the
magnitude of acute pain is highest during the
initial 24-72 h, which normally responds well to
analgesics. Early and stable fixation of fracture
will reduce the intensity of pain. However, pain
may be chronic lasting for months to years
depending on the level of fracture repair and
bone healing.

The various species of animals react differ-
ently to a trauma or a bone fracture. They may
reveal different clinical signs suggesting (but not
very characteristic to) pain and may respond dif-
ferently to treatment. The individual response to
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trauma and the analgesic requirement may also
vary greatly among the animals of a particular
species. Nevertheless, it is essential to assess
and control pain at the earliest as it can lead to
early functional recovery and regaining of
production.

The need to treat postoperative pain in animals
is more compelling now than before. Nowadays,
many veterinary practitioners use anesthetic
drugs such as propofol, diazepam-ketamine, and
isoflurane, which provide quick recovery from
anesthesia. However, speedy anesthetic recovery
is usually accompanied with profound pain after a
surgery, except when analgesic drugs like
opioids, alpha-2 adrenergic agonists, local
anesthetics, or NSAIDs are used with these
anesthetics. Further, the development of safe
anesthetic techniques has allowed many veteri-
nary surgeons to undertake more invasive
procedures causing higher tissue damage and
pain, necessitating the administration of drugs to
mitigate pain.

It is difficult to estimate the intensity of pain
experienced by an animal with a fracture; how-
ever, it is easy to predict and prevent/minimize
the pain by knowing the extent of fracture and
soft tissue trauma, the anatomical site, and the
type of fixation technique used or to be used.
Orthopedic procedures such as fracture fixation
are always painful due to manipulation and
trauma to the bone and surrounding soft tissues.
Amputation can cause severe pain, especially on
the high limb. Surgical procedures of the
vertebrae can cause severe pain, especially of
the cervical region (relatively less pain in the
thoracic and lumbar regions).

Pain in animals may be recognized by
deviations from normal behavior and appearance;
however, they are not very consistent in all spe-
cies of animals, and all the changes may not be
seen in a particular animal. Pain may be
recognized by the sudden changes in the behavior
and temperament (e.g. a docile animal may sud-
denly become aggressive or an agile animal may
become silent); abnormal vocalization (especially
upon palpation of the injured site or if it is com-
pelled to move); licking, scratching, or biting the
aching area, sometime leading to self-mutilation;
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guarding or protecting the affected area; changes
in normal sleeping pattern; changes in posture or
ambulation (lameness and limb disuse); changes
in the activity (may become restless and repeat-
edly lie down and get up sometimes may become
recumbent and lethargic or reluctant to move);
inappetence (leading to cachexia); variation in
facial expression (fatigue eyes, dilated pupils,
drowsy, photophobia, etc.); extreme sweating
and salivation (sweating is more frequent in
horses than cattle); oculonasal discharge; grind-
ing of the teeth (common in ruminants); and diar-
rhea or difficulty in defecation and urination.

Clinical signs associated with pain comprise of
increase in heart rate, respiratory rate, body tem-
perature, and blood pressure; peripheral vasocon-
striction; cardiac arrhythmias; sweating and
hyperventilation; reduction in peristalsis; elevated
blood glucose, corticosteroid, and catecholamine
concentrations; excessive shaking of heads,
rubbing or scratching at the painful area, and
vocalization during recovery from anesthesia;
and kicking at their abdomen or rolling on their
backs, seen especially in horses. However, it is
often difficult to diagnose pain in animals based
on any single clinical or laboratory finding.
Rather, pain in animals can be perceived on the
basis of a combination of one’s skill to recognize
the signs of pain and discomfort, understanding
of animal behavior, and knowledge of the inten-
sity of pain inherent with a specific surgery.

1.9.7.1 Treatment of Pain

Although pain in animals may not be treated
consistently or appropriately, the main objective
of treatment is to minimize the pain and suffering
of the animal, thereby hastening a return to nor-
mal function. Therefore, pain treatment can be
considered successful if the animal can cope
with the pain and perform its normal regular
activities like eating, sleeping, and moving
around.

Disruption of any tissue leads to pain, and
trauma to the bone can cause severe pain.
Hence, pain alleviation should be the priority in
all cases of fractures soon after the trauma. Simi-
larly, the patients should be given analgesics
before recovery from anesthesia. The use of
proper analgesics in the anesthetic protocol

reduces the dose of general anesthetic required
and thus reduces the extent of cardiovascular
depression. Studies have demonstrated that
administering analgesics before the induction of
nociceptive stimulus (say surgical fixation of a
fracture) can limit the excitation of the dorsal
horn neurons in the spinal cord, thereby reducing
the postoperative pain. It suggests that if
analgesics are administered before the surgical
fixation of a fracture (instead of after), postopera-
tive pain can be minimized. As a general rule,
pain management protocol should start before the
surgery and should be continued during surgery
and postoperative period. Administration of
analgesics should be continued till the pain is
reduced to a tolerable level. After a major surgery,
it is advised to administer potent analgesics like
narcotics during the initial 48—72 h; subsequently,
relatively less potent NSAIDs may be sufficient.

Pain can be modified by intervening at various
points along the pain transmission pathway.
Nociceptive stimulation can be restricted by
minimizing tissue trauma and/or by administering
NSAIDs (like ketoprofen or carprofen), which
diminish the production of prostaglandins and
other substances (by inhibiting cyclooxygenase)
that sensitize the nociceptors. Peripheral nerve
transmission can be interrupted by the use of
local anesthetic drugs for infiltration at the surgi-
cal site, blocking nerve roots, and intravenous
administration for regional analgesia. Nocicep-
tive transmission at the spinal cord level can be
inhibited by systemic and epidural/subarachnoid
administration of opioids or alpha-2 adrenergic
agonists or epidural/subarachnoid administration
of local anesthetics. The brain pathways can be
modulated by systemic administration of opioids
or alpha-2 adrenergic agonists. The use of bal-
anced or multimodal analgesia may act at differ-
ent levels to maximize pain control with minimal
drug doses and clinical side effects. Further, by
ensuring that the animal is comfortable,
normothermic, and free from environmental
disturbances during recovery and postoperative
period, pain can be controlled (as anxiety and
fear may magnify the hypothalamic response
to pain).

Selecting a particular drug or dosage of a drug
used for pain relief in animals depends on several
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factors. Treatment of pain must be aimed at indi-
vidual patient, based on the species, breed, age of
the animal, surgical procedure, degree of tissue
trauma, etc. A drug with known analgesic prop-
erty, such as opioids, alpha-2 adrenergic agonists,
local anesthetics, or NSAIDs, should be used.
Sedatives can be used to reduce anxiety, but
they generally have poor analgesic properties.
The effects of therapy should be carefully moni-
tored with respect to the dose and frequency of
administration, which may be modified based on
the particular animal’s needs. Administration of
analgesic drugs should be started before the start
of surgery to reduce postoperative pain and
hyperalgesia. Despite all analgesic drugs having
some harmful effects, proper selection of drugs
and dosages customized for the individual patient
can minimize the detrimental effects. Further, the
use of a combination of drugs from different
pharmacological classes (multimodal analgesia)
may provide more effective analgesia with
reduced dosages of individual drugs and their
side effects.

Analgesic Drugs

Doses and routes of administration of analgesics
in different species of animals are listed in
Tables 1.8, 1.9, 1.10, and 1.11.

1.10 Methods of Fracture Reduction

The basic principles of fracture treatment are
reduction of fracture segments and their stabiliza-
tion till the healing of the bone and restoration of
function [23, 79]. Reduction refers to bringing the
fracture segments to near normal anatomical
alignment. In incomplete fractures with the bone
segments in place, fracture reduction is not
required. Similarly, in certain type of complete
fractures with little or no overriding of bone
segments, fracture reduction may not be required.
If bone segments can be aligned properly, imper-
fect apposition of the segments is acceptable in
clinical situations as long as normal function and
appearance are restored. When reduction of bone
segments is necessary, it must be carried out
under deep sedation or general anesthesia as the
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reduction of fracture segments is very painful.
Further, sedation/anesthesia also brings about
muscle relaxation, which facilitates reduction.

The fracture reduction can be achieved either
by closed, open, or semi-open method. Reduction
of fracture without incising the skin or exposing
the bone, through external manipulation, is called
closed reduction. The technique involves holding
the major bone segments over the skin, separating
the impacted broken ends by traction if needed
and then aligning them to the near normal
anatomical position. Normally, after a closed
reduction, fracture is immobilized with an exter-
nal fixation technique, although in certain internal
fixation, reduction can be achieved externally as
in fresh cases of incomplete/greenstick fractures
of femur in young animals without bone displace-
ment. Closed reduction is generally indicated in
fresh lower limb fractures, comprising only two
bone pieces with little or no overriding of the
bone segments. Closed reduction is done only
when the bone segments are easily palpable with
less muscular coverage. It reduces the risk of soft
tissue trauma from the surgical incision and also
the cost of initial treatment.

Under sedation/anesthesia, the animal is
secured in lateral recumbency. Fractures of the
metacarpus, metatarsus, and radius-ulna, which
have least soft tissue covering and are oriented
along the long axis of the limb, can be reduced by
applying traction along the limb. Holding the
limb in an upright position helps in muscle relax-
ation and hence facilitates fracture reduction, in
addition to allowing optimal surgical preparation
of the suspended limb. A rope or bandage is tied
to the toe/hoof of the affected limb and traction is
applied along the axis of the limb. The traction,
counter-traction, and manipulation bring about
reduction in fresh cases with little overriding of
bone segments. In large animals, the rope can be
secured to the dorsal, lateral, or palmar/plantar
aspects of the pastern to alter the direction of
pull and to facilitate fracture reduction. If it fails,
as in cases with severe overriding of bone
segments, toggling/angulation/tenting method
can be used. In this method, the limb is carefully
bent at the fracture site until the two bone
segments are met to form an angle with each
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Table 1.8 Doses of analgesics for use in dogs
Drug Dose (mg/kg body weight) Route Frequency/duration
Opioid agonists
Fentanyl” 0.001- 0.002 Lv. 0.25-0.5h
0.001-0.006°h CRI Duration of infusion
+~0.5h
0.01-0.04°h CRI Duration of infusion
+0.5t0 1.0 h
Hydromorphone 0.02-0.1 iv., im, s.c. 1-4h
Methadone 0.1-1.0 iv., im., s.c. 1-4h
Oxymorphone 0.02-0.1 iv., im., s.c. 14h
Morphine® 0.05-1.0 iv., im., s.c. 14 h
0.1-0.3/h CRI Duration of infusion
+0.5-1.0 h
Preservative-free morphine 0.1-0.2 Epidural 6-24 h
Partial opioid agonist
Buprenorphine 0.005-0.02 iv., im. 4-8h
Opioid agonist-antagonist
Butorphanol 0.1-0.5 iv., im., s.c. 0.25-2.0h
Alpha-2 agonists®
Medetomidine 0.01-0.04 im. 0.5-2.0h
(Postop, low dose) 0.001-0.002 iv. 0.5-1.0h
Xylazine 0.1-0.5 im., s.c. 0.5-2.0h
(Postop, low dose) 0.1-0.2 iv. 0.5-1.0h
Local anesthetics
Bupivacaine 1.5-3.0 Local blocks 2-6h
Intrapleural
1.0-1.5 Epidural 4-6h
0.1-0.5 Epidural 4-6h
Lidocaine 1-2 Local blocks 1-2h
Prior to bupivacaine
NMDA receptor antagonist
Ketamine 0.25-0.5 iv. Loading dose
0.01-0.02/h CRI Duration unknown
NSAIDs®
Carprofen 22 s.c., i.m., p.o. 12h
4.4 s.c., i.m., p.o. 24 h
Deracoxib 34 p-o. (max. 7 days) 24 h
1-2 p.o. 24 h
Firocoxib 5 p-o. 24 h
Ketoprofen 12 s.c. 24 h
Meloxicam 0.2 i.v., s.c., p.o. (once) 24 h
0.1 iv., s.c., p.o. 24 h

Adapted from Hellyer, P.W., Robertson, S.A., and Fails, A.D. 2007. Pain and its management, /n: Lumb & Jones’
Veterinary Anesthesia and Analgesia, Edn 4, Edited by William J. Tranquilli, John C. Thurmon, Kurt A. Grimm,
Blackwell Publishing, Oxford OX4 2DQ, UK, pp. 49-50 [84]

BID, twice a day; CRI, constant-rate infusion; i.m., intramuscularly; i.v., intravenously; NMDA, N-methyl-D-aspartate;
NSAIDs, non-steroidal anti-inflammatory drugs; p.o., per os (orally); s.c., subcutaneously; s.i.d., once a day

“Fentanyl doses may be increased incrementally above the recommended dose, provided the patient is monitored for
respiratory depression and bradycardia

°High doses of fentany] are associated with bradycardia and hypoventilation and usually decrease anesthetic gas requirements
“Must be administered slowly to avoid side effects, such as hypotension and excitement

9These doses have been compiled from many sources and reflect doses used by the authors. The wide variability of
recommended doses appears related to the variety and severity of stimuli used to establish the individual drug’s analgesic
activity in a given species. Doses are intended as guidelines only. Clinical judgment must be exercised to provide
effective analgesia in a given situation

“Postsurgical doses and duration of effect have not been clearly established. Use cautiously to avoid profound cardiac
depressant effects. ‘Bupivacaine dose when combined with preservative-free morphine at 0.1 mg/kg

€Do not use in the presence of hypovolemia, hypotension, renal disease, gastrointestinal bleeding, or coagulopathies



52

Table 1.9 Doses of analgesics for use in cats

Dose (mg/kg body

Drug weight) Route
Opioids
Butorphanol 0.1-0.4 Lv., im.
Buprenorphine | 0.01-0.02 iv., im.,
transmucosal
Fentanyl 0.005-0.01 iv.
25 pg/h patch Transdermal
Hydromorphone | 0.05-0.1 iv., im.
Meperidine 5-10 im.
Morphine 0.2-0.5 i.v., im.
Oxymorphone 0.05-0.01 iv., im.
NSAIDs
Carprofen 1-4 s.C.
Ketoprofen 1-2 s.C.
Meloxicam® 0.2 or 0.1 s.C., 1.v., p.o.
0.1
0.025 (0.1 mg/cat,
lean weight)
Local anesthetics
Lidocaine 2-4 Local
anesthetic
blocks
Bupivacaine 2 Local
anesthetic
blocks
Alpha-
2 agonists
Medetomidine 0.005-0.02 iv., im., s.c.
0.01 Epidural
Others
Ketamine 2 iv.
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Comments

Short acting (less than 90 min);
increasing the dose does not provide more intense or longer
periods of analgesia

May take up to 12 h to reach effective plasma concentration
Uptake affected by body temperature

SC route associated with vomiting.
Doses of 0.1 mg/kg and higher can produce hyperthermia

Must not be given IV

May be less effective in cats compared with other species
because of a lack of active metabolites

Do not use in hypertensive or hypovolemic patients
Not licensed for cats in the USA.

Should not be repeated

Not licensed for cats in the USA.

Can be repeated with care (1-5 days at 1 mg/kg)
One dose. Dose depends on degree of pain

Repeat once daily for 3 days

Alternate day or twice weekly

Duration of action 1-2 h.

Constant-rate infusions not recommended in cats because of
cardiovascular depression

Duration of action 4-5 h

Use with care in cats with cardiovascular disease

Low doses combined with an opioid offer good sedation and
analgesia

No published data about cats on the efficacy of low-dose
constant-rate infusions

Adapted from Hellyer, P.W., Robertson, S.A., and Fails, A.D. 2007. Pain and its management, /n: Lumb & Jones’
Veterinary Anesthesia and Analgesia, Edn 4, Edited by William J. Tranquilli, John C. Thurmon, Kurt A. Grimm,

Blackwell Publishing, Oxford OX4 2DQ, UK, p 51 [84]

i.m., intramuscularly; i.v., intravenously; p.o., per os (orally); s.c., subcutaneously
“The only licensed NSAID for cats in the USA. The oral formulation is off-label; however, this has been used in cats with

careful attention to dose delivered

other (Fig. 1.30). Then, the apex of the angle is
gently pushed away by slowly straightening the
limb to impinge the fractured bone to bring about
reduction. While doing so, care should be taken to
prevent damage to the surrounding soft tissues by
carrying out angulation in the direction of least

resistance. Toggling technique is generally useful
in transverse or near transverse fractures
(dentated edges) in places with little soft tissue
covering like the distal radius-ulna and tibia,
metacarpal, and metatarsal bones. However, it
should not be attempted in long oblique or
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Table 1.10 Doses of analgesics for use in horses
Frequency/
Drug Dose (mg/kg body weight) Route duration
NSAIDs
Phenylbutazone 2244 iv., p.o. SID-BID
Flunixin 1.1 iv., im., p.o. SID-BID
Ketoprofen 2.2 Lv., im. SID-BID
Carprofen 0.7 iv., p.o. SID-BID
Opioids
Butorphanol 0.01-0.02 Lv. q2to4h
Morphine 0.02-0.1 1Lv. q2to4h
0.1-0.2 Epidural ql2to24h
Preservative-free morphine | 5-10 mL Intra-articular
(1 mg/mL)
Fentanyl 0.001-0.002 iv.
0.001 mg/kg/h CRI
Fentanyl transdermal patch | 1-3 patches per horse (10 mg or 72h
100 pg/h patches)
Local anesthetics
Lidocaine 1to2 Infiltration 1-2h
Lidocaine CRI 2 i.v. (loading dose administered
over 20 min)
30-50 pg/kg/min CRI
Bupivacaine 1-2 Infiltration 6-8 h
Alpha-2 agonists
Xylazine 1.0-2.2 im. 0.5-2h
0.3-1.0 iv. 0.5h
25 mg total dose Epidural, added to morphine
Detomidine 0.005-0.01 iv. 1-2h
0.01-0.02 iv., im. 1-2h
0.03-0.06 Epidural 2-3h
0.01 Epidural, added to morphine

Adapted from Hellyer, P.W., Robertson, S.A., and Fails, A.D. 2007. Pain and its management, /n: Lumb & Jones’
Veterinary Anesthesia and Analgesia, Edn 4, Edited by William J. Tranquilli, John C. Thurmon, Kurt A. Grimm,

Blackwell Publishing, Oxford OX4 2DQ, UK, p 52 [84]

BID twice a day, CRI constant-rate infusion, i.m. intramuscularly, i.v. intravenously, p.o. per os (orally), SID once a day

comminuted fractures and also old fractures with
overriding segments. Toggling may also aggra-
vate longitudinal fissures leading to comminution
of fractures. In fractures of the proximal bones
with heavy soft tissue covering (such as the
humerus, femur, and tibia), it is difficult to reduce
bone segments by traction, which may often lead
to overriding of the fracture segments. However,
pulling the rope in cranial or caudal direction may
facilitate fracture reduction. Alternate methods
which can be used to aid fracture reduction are
the local anesthetics, general anesthetics, muscle
relaxants, and fragment distractors. The main

disadvantage of closed reduction is decreased
ability to achieve anatomical realignment at the
fracture site, especially in proximal bones.

Open reduction is achieved under general
anesthesia by directly exposing the fracture
segments through a skin incision. Open reduction
is done primarily along with internal fixation,
although at times it is done with external fixation
or external skeletal fixation, commonly indicated
in fractures with severe comminution and/or
overriding of bone segments. As the fracture
segments are directly visualized, manipulation is
easy in early cases. With severe overriding of
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Table 1.11 Doses of analgesics for use in ruminants and swine

Drug ‘ Dose (mg/kg body weight) Route Frequency Species
NSAIDs
Aspirin 50-100 p.o. ql2h Cattle
50-100 p.o. ql2h Sheep/goat
10 p.o. q4h Swine
Phenylbutazone | Not recommended Cattle
5 i.v., p.o. Daily Sheep, llama
4 i.v., p.o. Daily Swine
Flunixin 1.1 iv. ql12h Cattle, llama
2.2 iv. ql12h Sheep
Ketoprofen 1-3.3 iv., im. Daily Ruminants/llama
Opioids
Butorphanol 0.044-0.07 iv. q4h Cattle
0.05-0.2 iv., im. q4h Camelid
0.1-0.5 iv,im,sc. |q4h Sheep
0.1-0.2 iv,im,sc. |q4h Goats
Buprenorphine | 0.005-0.01 iv,im,sc. |ql12h Sheep, goats
Morphine 0.05-0.5 iv.,im,s.c. [q4to6h Ruminants/camelids
0.1 Epidural ql2h Ruminants/camelids
0.2 iv., i.m. q4to6h Swine
Fentanyl patch | 0.002-0.004 iv. q0.25t0 0.5 h | Ruminants
0.002 (equivalent to 15 mg/70 kg sheep) | Transdermal |q72h Sheep
Local anesthetics
Lidocaine Do not exceed 10 mL (2% lidocaine) Adult sheep/goats
Do not exceed 1 mL (2% lidocaine) Dehorning young kids
4-5 mL 2%) Epidural Cattle
1-2 mL (2%) Epidural Sheep
Bupivacaine 1-2 mg/kg Infiltrations Ruminants/camelids
Alpha-2 agonists
Xylazine 0.1 im. As needed Cattle
0.05-0.1 im. As needed Sheep
1 im. As needed Swine
Detomidine 0.01 iv. As needed Cattle

Adapted from Hellyer, P.W., Robertson, S.A., and Fails, A.D. 2007. Pain and its management, /n: Lumb & Jones’
Veterinary Anesthesia and Analgesia, Edn 4, Edited by William J. Tranquilli, John C. Thurmon, Kurt A. Grimm,

Blackwell Publishing, Oxford OX4 2DQ, UK, p 53 [84]

i.m intramuscularly, i.v. intravenously, PO per os (orally), s.c. subcutaneously

bone segments and in old cases with fibrous
adhesions, manual reduction of bone segments
is difficult. In such cases, careful dissection/sepa-
ration of soft tissues around the fractured bone
should be done to exteriorize the bone segments,
and reduction can be achieved with the help of
bone clamps by traction or toggling method. In
open reduction, perfect bone alignment can be
achieved without soft tissue interposition between
the bone segments.

1.11 Timing and Selection

of Fracture Fixation Technique

Immobilization of broken bone segments is an
important aspect of fracture treatment. Some
fractures may not require immobilization to
ensure union, whereas some fractures may be
immobilized wusing simple external fixation
techniques such as splints and bandages to
achieve satisfactory bone union, and excessive
immobilization may be actually harmful in some
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Fig. 1.30 Toggling method of bone reduction

cases. However, some other fractures require
rigid immobilization using either external skeletal
fixation or internal fixation of the bone. There are
mainly three reasons for immobilizing a fracture:
(i) to relieve pain associated with broken bone,
(ii) to prevent dislodgement or angulation of the
bone segments, and (iii) to avert any movement
between the bone ends that might hamper healing
at the fracture site. In general, if reduction is
required to align bone segments, immobilization
is also needed to avoid their further displacement.
In human patients, if the broken bone segments
are not displaced much at the time of the original
injury (if the original position is acceptable), it
may not be necessary to immobilize the fracture,
whereas in animal patients, if the fractured bone
segments are not immobilized, they are more
likely to get displaced subsequently, and more
often, a simple closed fracture may get open and
contaminated. Hence, fractured limb should be
immobilized immediately through temporarily
using the available external fixation techniques
such as splints and bandages or cast application,
before deciding on the definitive (operative)
fixation.

During fracture stabilization, emphasis should
be given on soft tissue preservation and minimal
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tissue damage while providing stable bone fixa-
tion to achieve desirable bone healing in optimal
time duration [80]. It is therefore a balance
between carpentry and gardening. This balance
is important especially in complex trauma
patients with severe soft tissue injury [81]. More
emphasis to biological fixation may often lead to
insufficient stabilization and vice versa; hence,
inherent biological and mechanical needs of spe-
cific patient should be taken into consideration.

1.11.1 Timing of Definitive Fixation
Timing of operative fracture fixation is not only
important with respect to outcome of fracture but
also for financial considerations. By optimizing
the time of fracture management, the morbidity,
mortality, and hospital stay related to fracture care
can be minimized, and also, long-term outcomes
may be improved.

Haemodynamic stability of the patient is an
important factor that should be taken into account
while deciding the timing of fixation. In multiple
trauma patients, delaying or limiting early ortho-
pedic intervention is beneficial. In patients with
blunt trauma having thoracic and soft tissue dam-
age, early definitive fixation of the long bones
(particularly intramedullary nailing) may result
in complications such as respiratory distress and
multiple organ failure. Hence, timing of fracture
care is dependent on adequate resuscitation, and it
is ensured that vital physiological parameters
such as heart rate, blood pressure, and urine out-
put are normal before surgical fixation of fracture.
Reversal of coagulopathy and correction of core
body temperature are also important to favorable
outcome. In a human study, 100% mortality was
reported when core body temperature was not
restored before surgical treatment. Management
of lung injury should also take precedence over

definitive bony stabilization. Inflammation
remains elevated during the initial 2—4 days after
injury, indicating sustained inflammatory

response and ongoing fluid imbalance; surgical
procedure should be avoided during this phase to
reduce the rate of complications.
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Another major concern pertaining to the
timing of surgical fixation is the extent of soft
tissue injury and open wound associated with
fractures [82]. The status of the soft tissues even
in closed fractures is often the principal decisive
factor of delayed fracture fixation. Open fractures
need urgent attention but delay the definitive frac-
ture fixation. The timing of wound closure in
open fracture is also an important issue. In clean
wounds, it is possible to close the wounds after
the initial irrigation and debridement. But when
the condition of the tissue is doubtful, skin clo-
sure may be done by only keeping adequate
drainage, or delayed closure may be preferred.
Closure of wounds should generally be
undertaken between the fourth and seventh day
or may be allowed to heal by second intention if
the wound bed is not clean and ready. When the
wound bed is clean and fracture fixation is stable,
flap coverage can be undertaken within 72 h.

High-energy gunshot wounds are always
treated as open fractures [83]. Therefore, the deci-
sion on fracture fixation, whether temporary
external fixation or definitive fixation, should be
made based on the degree of soft tissue damage,
viability, and contamination. Delaying the defini-
tive fixation not necessarily increases the hazard
of infection, but early antibiotic administration
(such as cephalosporin) is essential to control
infection.

The timing of surgical fixation in veterinary
orthopedics is often complicated with many
issues unrelated to the fracture; it is also some-
times dictated by the availability of expertise and
implants for fracture fixation and economic
considerations, especially in ruminants. Never-
theless, once the animal is otherwise healthy and
haemodynamically stable, definitive fracture
immobilization should be undertaken as early as
possible, which will not only help reduce
complications but also achieve early functional
recovery.

1.11.2 Selection of Fixation Technique

Many factors should be considered while
selecting a technique for fracture management,
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namely, the species of the animal, the fracture
type and location, the extent of soft tissue injury,
the presence or absence of open wound, the
behavioral nature of the animal, the facilities
available, and the experience of the veterinary
orthopedic surgeon. The following questions
should be answered before attempting any treat-
ment: (i) Can the fracture be optimally reduced by
closed method or open reduction needed?;
(i) Can the fracture be adequately stabilized
using any of the external fixation techniques?;
(iii) Is the surgical treatment really required?;
(iv) Which is the ideal technique of fixation?;
(v) What is the type and utility of animal —
whether it is a pet?, a food animal?, or a produc-
tion animal?; (vi) What is the potential economic
or genetic value of the animal?; (vii) Can the
animal owner afford the treatment and take care
of his animal after bone fixation?; and (viii) What
is the other best option if the ‘ideal treatment’ is
not possible?

In general, fractures in dogs, cats, sheep, and
goats can be treated more easily than in large
animals, mostly due to relatively less body
weight. Almost all the advanced fracture fixation
techniques and implants available for use in
human patients can be employed in small
animals. Sheep and goats are more docile than
dogs and cats and hence are easier to manage
during fracture repair. Fractures in large animals
are not as easy to treat as in small animals, due to
heavy weight, non-availability of proper fixation
implants, and difficulty in postoperative care and
management. Nevertheless, cattle and buffaloes
are better orthopedic patients as they are more
sensible in handling a fractured limb, spend
majority of time lying down, less likely to
develop contra-lateral limb breakdown and stress
laminitis, do not resist having orthopedic devices
on their limbs, and have remarkable bone healing
capacity and lesser susceptibility to infection than
horses.

Age of the injured animal should also be taken
into account while selecting a fracture fixation
technique. Young animals make better orthopedic
patients, as they are easy to manage during post-
operative period (due to less body weight and
easy to handle) and have tremendous bone
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healing potential due to increased metabolic rate
and faster skeletal growth. Hence, most of the
distal limb fractures can be managed using exter-
nal fixation techniques, whereas fractures in the
proximal bones (e.g. femur) can be treated using
simple IM fixation technique. In young animals,
damage to the growth plate should also be taken
into account. As most of the long bone fractures
in young animals are located at the metaphyseal/
epiphyseal region, any technique used to stabilize
the bone segments should not damage the growth
plate; reaming of the medullary cavity and bone
plate fixation should be avoided (e.g. distal
growth plate of the femur is responsible for
70-80% of long bone growth). In very old geriat-
ric patients also, internal fixation of fracture
should be avoided.

The type and location of fracture is another
important factor determining the selection of frac-
ture fixation technique. Fractures of the axial
skeleton (including skull and vertebral column)
are usually managed by only providing confine-
ment and rest, especially in large animals,
because external or internal fixation is not practi-
cal. In general, fracture in proximal limb bones
such as the femur and humerus may not be ame-
nable to external fixation techniques, and
fractures below the stifle or elbow joint are better
treated using external fixation techniques. Simi-
larly, forelimb fractures can be better managed
using external fixation techniques such as cast
application, as it is relatively straighter than
hindlimbs, and tibial fractures are difficult to
treat using external fixation techniques as it is
difficult to stabilize the stifle joint (due to conical
shape of the limb with more soft tissues). Diaphy-
seal fractures can be relatively easy to treat using
any of the internal fixation techniques than
metaphyseal or epiphyseal fractures, as fracture
reduction is easy and there is greater purchase of
implants. Further, fractures near or involving a
joint need more rigid fixation, often using
transarticular fixation, to achieve early bone
healing with minimal callus formation. Simple
transverse or oblique fractures of the diaphysis
can be treated using IM pin fixation, whereas a
comminuted fracture needs to be immobilized
using a more rigid bone plate or interlocking nail.
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The degree of soft tissue trauma is also an
important factor determining the selection of a
fracture fixation technique. Animals with open
fractures are more difficult to treat. In principle,
a fixation technique used in open fractures should
not only provide rigid bone fixation but also allow
soft tissue drainage and regular dressing of the
open wound. Hence, a suitable external skeletal
fixation technique is preferred; and cast applica-
tion should not be done; if unavoidable, a window
should be opened in the cast at the wound site.
Similarly, internal fixation technique should also
be avoided, as a buried implant may harbor
infection.

The cost of treatment and utility of the animal
are other important determinants of fracture fixa-
tion in animal patients, except may be in small
animal practice. While many of the dog owners
may be ready to bear the treatment expenses, in
small and large ruminants, the value of the animal
and economics of fracture treatment must be kept
in mind. If the animal owner is unable to bear the
cost and still insists on a treatment, simple
procedures such as stall rest and application of
splints and bandages or plaster cast should be
considered wherever possible rather than to
attempt an ideal treatment option which may be
complicated and more expensive. The utility of
the animal should also be considered before
attempting a fracture repair, especially in produc-
tion and working animals. A lactating cow or a
buffalo may not lose productivity even if some
degree of fracture malunion occurs. However, a
working bullock or a horse following a fracture
will require restoration of near normal function of
the affected limb.

Proper case selection is also important for suc-
cessful outcome of a fracture repair. Recumbent
animal with multiple fractures/injuries is a poor
subject for surgery. Usually, it is futile to attempt
repair of a long bone fracture in adult cattle or
buffaloes which are recumbent for a period longer
than 48-72 h. If the animal owner is willing,
euthanasia is always a practical proposition in
such cases. The success of fracture treatment
depends to a great extent on the experience and
insight of the surgeon and cooperation of the
animal owner and the patient. If the owner is not
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cooperative in following instructions or is negli-
gent with the aftercare of his animal, even the best
technique applied with a high degree of precision
and skill will fail to produce satisfactory results.
Similarly, there are greater chances of failure if
the animal is vicious and uncooperative, which is,
however, not in the hands of a surgeon. The use of
a more common technique by a relatively inexpe-
rienced surgeon may yield better results than a
newer and technically superior technique
followed by an otherwise experienced surgeon.
There are many treatment methods available for
the stabilization of fractures; the choice of the
fixation method must be based on which method
best accomplishes functional restoration with
least complications and patient risk. Hence, the
surgeon should use his wisdom while selecting a
suitable fracture fixation technique based on his
experience and the facilities available at hand.

Chapter 1: Sample Questions

Q. No. 1: Mark the correct answer

1. The bone cells responsible for the formation
of the matrix
(a) osteocytes (b) osteoblasts (c) osteoclasts
(d) mesenchymal cells
2. The nutrient artery supplies to
(a) outer 1/3 of the bony cortex (b) inner 1/3
of the bony cortex (c) outer 2/3 of the
bony cortex (d) inner 2/3 of the bony
cortex
3. Primary bone healing cannot occur in the
presence of
(a) micromotion (b) fracture gap (c) rigid fix-
ation (d) none of the above
4. The rate of fracture healing can increase in
the presence of
(a) infection (b) bone loss (c) soft tissue
trauma (d) controlled exercise
5. Long, spiral fracture is generally caused by
(a) compression force (b) shearing force
(c) torsional force (d) bending force
6. Which of the following vitamins is important
for bone formation?

1 Basic Considerations

(a) Vitamin B (b) Vitamin C (¢) Vitamin D
(d) Vitamin E
7. During early stages of fracture healing, the
external callus is mainly supplied by
(a) nutrient artery (b) periosteal arteries
(c) metaphyseal arteries (d) medullary
artery
8. A fracture with at least three bone fragments
which are interconnected to each other is
known as
(a) compound fracture (b) complex fracture
(c) comminuted fracture (d) multiple
fracture
9. Bone mineral is mostly composed of
(a) calcium sulfate (b) calcium carbonate
(c) calcium phosphate (d) calcium
hydroxide

10. Increase in bone length is brought about by

(a) osteochondral growth (b) enchondral
growth  (c) appositional ~ growth
(d) endochondral growth
Q. No. 2: State true or false

1. Periosteum has an outer cambium layer
containing osteoprogenitor cells and an inner
fibrous layer.

2. Callus formation may take place independent
of haematoma formation.

3. Bone healing cannot occur without the forma-
tion of periosteal callus.

4. Osteoclasts may appear in the early stage of
fracture healing.

5. During bending of the bone, electronegativity
exists in the convex side and electropositivity
in the concave side.

6. Healing of the cortical bone is faster than the
cancellous bone.

7. Cartilagenous callus forms from vascular peri-
osteum, while bony callus forms from avascu-
lar periosteum during fracture healing.

8. Healing of the bone will never occur in the
presence of infection.

9. Corticosteroid administration may delay the
fracture healing.

10. The cartilagenous model of bones is formed

only during embryonic life.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chapter 1: Sample Questions

The calcification of intercellular substance of
the cartilage is known as endochondral
ossification.

Vitamin C has antioxidant and anti-inflam-
matory properties and is necessary for bone
collagen synthesis.

Electronegativity favors osteoclastic activity,
whereas electropositivity is associated with
osteoblastic activity.

Metaphyseal fractures usually heal faster than
diaphyseal fractures.

Periosteal callus formation is useful to pro-
vide fracture stability in early stages of frac-
ture healing.

Gunshot injury usually leads to comminuted
fracture.

Articular cartilage has no blood supply but
richly supplied with nerve endings.
Parathyroid hormone is released from the
parathyroid gland in response to lowered
blood calcium ion concentration.

Analgesics should be administered before the
surgical fixation of a fracture to minimize the
postoperative pain.

Titanium is an ideal material for implantation
due to its high strength, low weight, excellent
corrosion resistance, and total
biocompatibility.

Mg alloys are biodegradable metals best

suited for development of orthopedic
implants due to their biocompatibility, biode-
gradability, and acceptable mechanical
properties.

Q. No. 3: Fill in the blanks

1.

2.

3.

Osteocytes surrounded by mineralized matrix
are interconnected by
through the
system.
Osteoclasts help in dissolution and removal
of the minerals and matrix by production of
and

Organic matrix of the bone predominantly

consists of and
, whereas the
inorganic mineral comprises of
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. The basic structural unit of lamellae concen-

trically arranged about the Haversian canal is
called

. The complete outer surface of the bone is

covered by
_, except at the ends (joints), which is cov-
ered with

. The principal blood vessel supplying a long

bone with blood is

, which penetrates the cortex
through the
_ and enters the medullary cavity.

. In endochondral ossification, the bone is

formed from
, whereas in intramembranous ossi-
fication, the bone is directly formed from

. When two apposing forces approach one

another on the same plane, it is called as

, Whereas when
two opposing forces act through one plane, it
is called

. Different phases of secondary bone healing

10.

NNk W=

are
, and
phase.
alloys are most widely wused for
manufacturing orthopedic implants
worldwide.
Q. No. 4: Write short note on the
following:

Endochondral ossification

Composition of the bone

Circulation of the bone

Secondary bone healing

Fracture forces

Instruments for bone plating
Non-biodegradable polymer implants
Pain management in orthopedic patients
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Learning Objectives
You will be able to understand the follow-
ing after reading this chapter:

» Principles and application of different
external techniques of fracture fixation
such as bandages, splints, slings, casts,
and modified Thomas splint

» Basic principles and techniques of inter-
nal fixation such as intramedullary pins/
nails, bone plate, and screws, minimally
invasive percutaneous osteosynthesis,
and ancillary fixation devices such as
orthopedic wires and screws

¢ Indications, biomechanics, and different
types of external skeletal fixation
systems, linear ESF systems for small
animals, transfixation pinning and cast-
ing, bilateral linear ESF system for large
animals, circular ESF, epoxy-pin fixa-
tion, and complications of ESF

Summary

» Splint and bandage, the most economi-
cal orthopedic application, can be used
as a first aid to stabilize fractures tempo-
rarily, to prevent preoperative or

q

Check for
updates

postoperative swelling or as a primary
fixation method in closed fractures of the
distal limb bones especially in light-
weight animals.

Velpeau sling is used to hold the shoul-
der joint in flexion, while Ehmer sling is
used to stabilize the hip joint.
Fiberglass cast, a synthetic alternative to
the plaster of Paris cast, is preferred for
both small and large animal applications
as it has greater strength and durability,
is lightweight, sets quickly, and allows
immediate weight-bearing on the limb.
Intramedullary (IM) Steinmann pin is
the most widely used internal fixation
device in veterinary practice as it can
resist bending forces well and maintain
bone alignment due to its central posi-
tion in the medullary cavity. Cross IM
pinning can provide stable fixation of
small segment fractures, such as
supracondylar femoral fractures, with
minimal damage to the growth plate.
Interlocking nail system is useful to
repair comminuted long bone fractures,
as the nail is secured to the bone cortex
using fixation bolts that provides rota-
tional stability and prevents collapse of
fracture segments. Locking plate with
threaded screw holes is biomechanically

(continued)
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superior to conventional dynamic com-
pression plate.
e In minimally invasive plate

osteosynthesis technique, a bone plate
is applied in a bridging fashion through
small incisions without exposing the
fracture site.

» External skeletal fixation (ESF) is a ver-
satile and minimally invasive orthopedic
procedure with excellent mechanical
properties allowing early return to func-
tion of the affected limb.

e The circular and hybrid ESF systems can
provide stable fixation of long bone
fractures and are effective to treat
fractures in angularly placed bones
such as the tibia and transarticular stabi-
lization of fractures with small bone
segments near the joint.

* The epoxy-pin fixation technique,
wherein the bent fixation pins are
incorporated within the epoxy mold to
construct the connecting side bars, can
be easily applied with minimal facilities
and can provide stable fixation of
fractures in different species of animals
weighing up to about 100 kg.

Fracture fixation techniques can be broadly clas-
sified as external fixation techniques, internal fix-
ation techniques, and external skeletal fixation
techniques. The basic principle of any technique
is to provide stable bone fixation by immobilizing
the fractured bone segments to enable early bone
healing and functional recovery of the injured
limb. The way and the extent to which it is
achieved, however, differ among the techniques,
apart from the fracture configuration and location.

2.1 External Fixation Techniques

External fixation or external coaptation, often
called as conservative fracture management,
refers to immobilization of fractures and other
skeletal abnormalities with devices applied exter-
nally, without the use of any invasive technique.

2 Principles of Fracture Fixation Techniques

External coaptation has been the most widely
used technique for fracture management in man
and animals for centuries. Although materials
may have changed, techniques largely remain
the same with few modifications. Among the
external fixation techniques practiced today, ban-
dage and splints, plaster/synthetic cast, modified
Thomas splints, and splint-cast combinations are
widely used in both small and large animal
practices [1-6]. As external coaptation techniques
are relatively inexpensive and non-invasive, they
are frequently applied even in situations where
they are not ideal or where there is a high proba-
bility of complications (where probably surgical
fixation is recommended), mostly due to financial
or other constraints. Nevertheless, external coap-
tation is an integral part of every form of orthope-
dic therapy, be it to prevent swelling, as a first aid
to treat fractures temporarily, as a primary means
of fixation in specific fractures, or as an additional
support in various conditions such as internal fixa-
tion of comminuted unstable fractures, arthrodesis,
tendon suturing, etc. Proper case and technique
selection is essential for successful outcomes.

2.1.1 Bandages
Application of bandage and splint is the simplest
and probably the most economical orthopedic
application (Fig. 2.1). It does not need any special
materials or instruments and can be easily applied.
It looks quite easy to apply bandage and splints,
but it may get loosened when not tight enough or
may cause serious complications when too tight.
Application of bandages may help to cover the
wounds and prevent preoperative or postopera-
tive swelling and as a first aid stabilize fractures
temporarily. For bandaging, the animal is prop-
erly restrained in lateral recumbency, and the
affected limb is held upwards. In forelimb
applications, the elbow joint is held in fully
extended position, whereas in the hindlimbs, the
stifle joint is held partially extended. Help can be
taken from an assistant to keep the limb in
extended position using an anchor tape/adhesive
tape applied along the limb extremity or a cotton
bandage tied around and above the toes. Cotton
stripes are put between the toes, and adequate
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Fig. 2.1 Application of bandage to stabilize the forelimb
in a cat

padding of the limb is done by wrapping an even
layer of cotton roll around the limb, starting from
the distal end, including the fractured bone, and
up to above the joint proximally. Cotton gauze is
then firmly applied by twisting over the cotton
padding from the distal to the proximal end, so as
to leave 1-2 cm of cotton strip out of the bandage
proximally. The cotton gauze is then quickly
twisted back from the proximal to the distal end,
with each new twist covering 1/2-2/3 of the pre-
vious. This ‘to and fro’ covering of cotton gauze
is done for 3—4 times. The distal end of the limb
may be covered using additional gauze flaps
placed from the dorsal to the plantar aspect and
then secured with twisting the bandage roll
around the limb. Finally, after making sure that
the bandage is uniform and firm, if needed, addi-
tional coverings are reinforced. An adhesive tape
is then wrapped around the limb in a circular
fashion intermittently to secure the bandage. The
bandage so applied should be changed every
3—4 days depending on the case situation, espe-
cially in cases with open wounds/fractures.

Elastic bandage can be used to protect from
postoperative oedema and swelling. Normally,
the bandage is directly applied over the skin,
and if there is a need to keep the bandage for
more than 3—4 days, it may be applied over the
first layer of the cotton padding. While applying
the bandage over the limb, it is important to make
sure that the pressure is adequate with same level
of elasticity. The end of the bandage is secured
with an adhesive tape to prevent loosening, and
the proximal edge of the bandage is stuck to
the skin.

Robert-Jones bandage is used to prevent soft
tissue inflammation and to temporarily immobi-
lize the stable limb fractures below the elbow or
stifle joint [7]. In this technique, 3—4 thick layers
of cotton padding are done around the leg
(as described above), which is then tightly and
uniformly compressed by covering with cotton
gauze roll. Thick cotton padding around the
limb prevents any chance of vascular compromise
while tightening the gauze roll. If the outer cov-
ering is not tightened firmly, there is possibility of
slipping of bandage. This can be prevented by
applying adhesive tape along the lateral and
medial side of the leg from proximal to distal
(with a long tail projecting at the tip of the toe)
before the cotton is applied and turning it back-
wards (1800) to stack it to the bandage before
completion. This ‘massive’ bandage often causes
inconvenience to the animal. Hence, the modified
Robert-Jones bandage having much less cotton
padding is commonly used in small animals and
small ruminants (Fig. 2.2). The bandage can
incorporate splints or casts to increase its rigidity.
Two to four wooden or aluminum stripes can be
sandwiched between the layers of the bandage
equally around the leg or a half-leg; molded ther-
moplastic cast (caudal half for the front leg, cra-
nial half for the hind leg) can be used to make the
bandage stiff and strong. The tips of the toes may
be excluded while bandaging, which may allow
for daily inspection, but too much exposure and
constriction around the toe should be avoided not
to obstruct the venous blood flow causing
swelling. The Robert-Jones bandage is effective
for short-term applications only. The elastic
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Fig. 2.2 Modified Robert-Jones bandage application to
stabilize tibial fracture in a goat

bandage provides the compression to the surface
of the limb for very short duration, lasting for not
more than 24-48 h; hence, it is inappropriate for
any use beyond 1-2 days.

2.1.2 Splints

Splints cover only a part of the limb surface,
unlike casts which encircle the entire limb. They
are indicated in stable closed fractures distal to the
proximal 1/3 of the radius or tibia (mostly with
intact ulna or fibula). Open fractures with wounds
and unstable comminuted fractures are
contraindications for its use. Splints can be either
prefabricated (mostly made of plastics or alumi-
num) or custom-made (plaster/fiberglass cast or
thermoplastics). Preformed splints are more con-
venient but they often do not fit adequately. The
disadvantage with wooden or plastic sticks is that
they do not adapt to the leg (the leg is adapted to
the splint), whereas the cast splint can adapt to the
contours of the leg. Hence, wooden sticks or

plastics can only be used for first aid and for
temporary stabilization of fractures and not pre-
ferred for definitive treatment (Fig. 2.3). Thermo-
plastic material is also not used as definitive
fixation device as it also does not adapt to the
contours of the leg and hence may not provide
stable fixation of fracture segments. Molding sev-
eral layers of casting tape to the limb produces
better fracture stability and a more comfortable fit
for animal applications. Plaster of Paris can be
easily molded along the contours of the leg and is
quite resistant against bending load; however, it is
not resistant against humidity and may lose its
strength upon wetting. Newer synthetic cast
materials such as fiberglass cast are strong and
can mold to the shape of the limb, but it is costly
and more expensive.

Splints should be applied along the length of a
fractured leg, distally from the point of the toes/
hoof and proximally up to the joint above the
fracture site. It should include the carpal joint in
metacarpal fractures and the tarsal joint in case of
metatarsal fractures, whereas in fractures distal to

Fig. 2.3 Application of splint and bandage to stabilize
metatarsal fracture in a kid



2.1 External Fixation Techniques

69

the elbow (distal 2/3 of radius-ulna) or stifle (dis-
tal 2/3 of tibia-fibula) joints, the splint should
extend up to the olecranon and tibial tuberosity,
respectively (Fig. 2.4). Half/hemi-splint, covering
half of the leg surface is generally ideal, as it
provides support to the broken bone, allows for
swelling, and is easily removed. In forelimbs, the
splint is applied along the caudal surface of the
antebrachium, as the ulna is longer and courses
more superficially than the radius. In hindlimbs,
the splint is applied along the cranial surface of
the crus as the tibia is located at the cranial aspect
and the presence of the Achilles tendon caudally
may not allow its proper placement.

For application of splint, under deep sedation,
the animal is restrained with the fractured limb
downwards but slightly tilted on its back. Fracture
segments are reduced and the limb is held
extended. The whole leg is then padded with a
thin cotton layer, covering the areas of bony
prominences, followed by a layer of cotton
gauze bandage. A 6-8-layer plaster strip is
immersed in warm water (till the air bubbles
stop coming), squeezed to remove excessive
water, compressed uniformly, and applied at the
right place. When still wet, the plaster is
contoured to the surface of the limb and allowed
to harden. The splint edges are then smoothened
by trimming with a pair of scissors (POP) or a saw
(fiberglass), and the splint is properly placed. The

Fig. 2.4 Application of splint in the forelimb (a) and
hindlimb (b)

uncovered part of the leg is padded with the
cotton to fill the gap. The plaster splint along
with the cotton is then secured around the limb
by applying cotton gauze roll from the distal to
the proximal end.

In large animals, splint and bandage is often
used for temporary stabilization of fractures in
straight long bones such as the metatarsus, meta-
carpus, and radius-ulna (Fig. 2.5). It can also be
used as a primary fixation method, especially in
lightweight animals. Under sedation, the animal
is restrained in lateral recumbency with the frac-
tured leg held uppermost. A long length of cotton
gauze/rope is loosely tied around and just above
the hoof, to help reduce the fracture by applying
traction and counter-traction and to keep the limb
in extended position with the help of an assistant.
After sprinkling talcum powder over the limb,
‘adequate’ padding of the limb is done by
wrapping an even layer of cotton around the
limb. A roll of cotton gauze is then firmly
wrapped around the limb starting from the distal
extremity of the limb and moving upwards, leav-
ing about 1-2 cm cotton strip out of the bandage
at the proximal end. After a layer of bandaging,
two wooden/metal splints of appropriate length

Fig. 2.5 Application of splint and bandage to stabilize
open fracture of the metatarsus in a calf
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are placed at 90° to each other (one on the medial/
lateral aspect and another on the caudal/cranial
aspect). In heavy animals, 3—4 splints may be
used and are secured by tying cotton gauze roll/
ropes around. The width and thickness of the
splint may vary as per the animal’s size, but it
should not be very light (may break during
weight-bearing) or very heavy (may interfere
with normal weight-bearing). The length of the
splint should span from the hoof up to the joint
above the fracture site. The cotton gauze roll is
then wrapped over and above the splints by
incorporating them within. Depending on the
case, several layers of wrapping are done. Extra
turns of gauze roll are taken at the distal and
proximal ends to secure the splints properly, and
at the level of the joints, extra layers of wrapping
are done in figure of ‘8’ fashion to provide addi-
tional support against bending stress. Before
applying the final layers of the bandage, the
anchor tapes/ropes are released by loosening/cut-
ting, and the extra length of cotton sticking out is
reflected back and included in the bandage. The
splint and bandage is then secured by applying
adhesive tape rolls around at places, especially at
the distal extremity, proximal end, and at the level
of joints.

2.1.3 Slings

Slings are infrequently used for external coapta-
tion in animals [7]. Velpeau sling is used to hold
the forelimb joints (carpus, elbow, and shoulder)
in flexion by bandaging the limb against the body,
thus preventing weight-bearing on the affected
limb (Fig. 2.6). It is indicated in stabilization of
minor fractures of the scapula and humerus or
reduced shoulder luxation. The sling can be
applied in standing awake animals or in recum-
bent animals under general anesthesia. The paw
and carpus are held in a slightly flexed position,
and cotton padding is done followed by wrapping
of the elastic bandage roll. By placing the padded
portion in the axillary region, the wrap is
continued to cover the elbow and shoulder,
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holding the limb to the side of the torso and
encircling the body. Padding is ideally wrapped
behind and in front of the opposite limb alterna-
tively to prevent its slippage. While bandaging, a
small window may be left at the distal end of the
limb to visualize the toes.

Ehmer sling, which is more popular in veteri-
nary practice, prevents the patient from weight-
bearing on the bandaged hindlimb (Fig. 2.7). It is
indicated to provide stability following reduction
of a cranio-dorsal luxation of the hip joint. The
sling if applied properly helps to abduct and inter-
nally rotate the femur and thus keep the femur
head within the acetabular cavity. This is not
indicated in ventral dislocation of the hip, as
abduction of the limb may lead to re-luxation.
The technique includes soft padding of the hind
paw and metatarsal region followed by elastic
gauze application starting from the lateral surface
of the paw. The gauze roll is then progressed
upwards on the medial side and over the quadri-
ceps. By flexing the leg, the bandage roll is
continued laterally over the thigh and medial to
the hock joint to take it around the paw. This
process is repeated 2—3 times and then the gauze
bandage is wrapped around the body by keeping
the limb close to the body in a flexed position. At
the end, the gauze bandage is fixed using one or
two pieces of adhesive tape to prevent loosening
of the bandage. The sling is kept in place for
about 10-15 days to achieve full stability of the
joint, constantly observed, and if get wet or loos-
ened, it is reapplied.

2.1.4  Plaster Cast

Plaster cast is the most widely practiced external
fixation technique in both small and large animals
[2, 6-8]. Plaster bandage consists of a cotton
bandage impregnated with plaster of Paris that
hardens upon wetting. Plaster of Paris is anhy-
drous calcium sulfate that has been heated. In the
presence of water, the soluble form of calcium
sulfate becomes insoluble (hardening) with pro-
duction of heat (exothermic reaction):



2.1 External Fixation Techniques

71

Fig. 2.6 Velpeau sling: (a)
the paw of the affected limb
is loosely wrapped around
(lateral to medial) using a
gauze bandage; (b) by
keeping the carpus, elbow,
and shoulder joints in
flexed position, the gauze
bandage is taken over the
lateral aspect of the limb
and chest and brought
behind the opposite axilla;
(c) several such layers of
gauze are applied taking
around the flexed carpus;
(d) gauze bandaging is
completed by taking several
layers of wrap around the
chest and secured

2 (CaSO4 . HQO) + 3 H,O
— 2 (CaS04-2H,0) + Heat

2.1.4.1 Indications
and Contraindications
It is indicated in fractures below the

mid-diaphysis of the radius or tibia (below the
elbow or stifle joint) and is most suitable for
straight limb applications like fractures of the
metacarpus, radius-ulna, and metatarsus. Plaster
should be used in only those fractures which can
be closely reduced and maintained with at least
50% of the bone ends in contact. Further,
fractures that are expected to heal relatively rap-
idly are chosen for cast application to reduce the
chances of cast-related complications. Plaster cast
is contraindicated in proximal bones such as the

femur and humerus, as the joints above (hip and
shoulder joints) cannot be stabilized adequately
by a cast. Generally, it is not indicated in open
fractures with soft tissue injury.

Plaster should be applied in fresh cases with no
or little soft tissue swelling or when the inflam-
matory swelling has subsided (after 3—4 days of
initial injury), to prevent cast loosening and slip-
page. Until then, the limb may be immobilized
using temporary splinting and bandaging.

2.1.4.2 Biomechanics

Full cylindrical cast of adequate thickness, which
conforms to the limb and immobilizes the joints
above and below the fracture site, can effectively
neutralize bending and rotational forces; how-
ever, it is generally unable to resist compressive,
shear, and tensile forces. A cast applied straight is
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Fig. 2.7 Application of
Ehmer sling: (a) the hind
paw and metatarsal region
are soft padded and the
elastic gauze is applied
starting from the lateral
surface of the paw and is
then progressed upwards on
the medial side and over the
quadriceps; (b) by flexing
the leg, the bandage roll is
continued laterally over the
thigh and medial to the
hock joint to take it around
the paw; (c) rolling of
bandage is repeated 2—3
times; and (d) the gauze
bandage is wrapped around
the body by keeping the
limb close to the body in
flexed position and secured
using clips or adhesive
bandage application

better able to resist fracture forces than that
applied angularly. As the cast is applied around
the limb (bone surrounded by soft tissues), there
exists a certain distance between the cast and the
bone; therefore, the level of fixation stability
achieved is much less than internal fixation and
also external skeletal fixation, where the bone
segments are directly immobilized using fixation
implants. Hence, the bones having least coverage
of soft tissues, such as radius-ulna, metacarpus,
and metatarsus, are better suited for cast
application.

Fracture immobilized by a cast heals by sec-
ondary healing, i.e. through external callus for-
mation (suggesting adequate stability to allow
revascularization and callus formation), but sta-
bility is insufficient to allow primary bone union
(micro-movement at the fracture site persists).

2.1.4.3 Technique

Usually, the animal is restrained in lateral recum-
bency with the fractured limb positioned
upwards, under deep sedation or general anesthe-
sia. An assistant can help to maintain proper
alignment of bone segments and ensure the
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correct positioning of the limb. In small animals,
adhesive tapes (anchor tape) may be placed along
the medial and lateral sides of the foot extending
about 10 cm beyond the toes, to hold the limb in
an extended position. A cotton bandage may also
be tied around the toes to hold the limb and apply
tension. In large animals, rope restraint may be
used; in heavy animals, the limb can be pulled by
applying traction using the wires placed through
the holes drilled in the hoof wall.

In general, the limb is placed in a comfortable
position, with the normal standing angle preferred
during casting. The limb should be dry before cast
application. The talcum powder may be sprinkled
over the limb (shaving is not needed), and an even
layer of cotton is applied around the leg in order
to protect bony prominences. The cotton padding
is extended 1-2 cm beyond the cast to prevent
direct contact with the skin. Over-padding should
be avoided to prevent cast loosening; further, it
may impair immobilization by allowing move-
ment of fracture segments within the cast. A
tube of stockinette firmly fitting the limb may be
slipped along the length of the limb (Fig. 2.8). If
not, a roll of cotton bandage may be used to wrap
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Fig. 2.8 Application of plaster cast: (a) adhesive tapes
applied along the medial and lateral sides of the foot
extending beyond the toes to hold the limb in extended
position; (b) a stockinette is slipped along the length of the
limb (adopted from Leighton, R.L. 1991. Principles of
conservative fracture management: splints and casts.
Semin Vet Med Surg. 6 (1): 39-51.)

the limb in spiral fashion. An assistant (may be
two are required in large animals) can hold the
limb in traction by grasping the stockinette/cotton
bandage above and the anchor tape/rope below
the area to be covered by the cast.

Plaster of Paris bandage is soaked in warm
water for a few seconds until air bubbles cease
to appear. It is then removed from the water,
squeezed, and wrapped over the limb, starting at
the fracture site from the distal to the proximal
(Fig. 2.9). Subsequently, remaining POP
bandages are applied one by one along the entire
limb except for the toe pads in dogs and hooves in
large animals. A strip of a few (6-8) layers of
plaster can be made wet and applied firmly along
the caudal surface of the limb to provide greater
strength to fixation (Fig. 2.10). During cast
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application, formation of folds or indentations
should be prevented as they may cause injury
and necrosis of the wunderlying skin.
Overstretching and tightening of the plaster cast
around the limb should also be avoided.

The strength of the cast can be increased and
weight reduced by incorporating the splints
within the cast, especially in large animals. Two
wooden/metal rods can be placed 90° to each
other. In large animal applications, a ‘U’-shaped
walking bar (metal strip) may be placed under the
hoof and incorporated into the cast (Fig. 2.11).
This can reduce the loading forces on the distal
limb and thus help protect the fracture site.

The plaster is molded by rubbing with wet
hand after each layer before hardening. And
before applying the final layers of cast, the tapes
and the stockinette are reflected back onto the cast
at both ends. If a rope is used, one should not
forget to untie the knot (if applied) before
allowing the cast to set. At the end, a wet poly-
thene sheet may be pressed over the wet cast to
smoothen the surface.

The plaster cast should generally extend from
the toe/hoof up to above the level of the joint
proximal to the fracture site. In heavy animals,
the full-limb cast extending up to the elbow or
stifle joint should be applied even if the fracture is
in the metacarpus or metatarsus, especially if it is
at the proximal end of the bone near the carpal/
tarsal joint. The thickness of the cast may vary
depending on the case. In small animal
applications, 4-5-layer thick cast is usually ade-
quate; in calves weighing up to 150 kg, 6-8-layer
thick cast may be required; and in adult large
animals, 12—-16-layer thick casts may be needed.
The cast should be thicker at the level of the joints
(applied in figure of 8 fashion), especially at the
hock joint (hindlimb) to resist the stress concen-
tration due to the angulation and movement of the
joints.

The plaster is then allowed to become dry and
hard before letting the animal bear weight on the
limb. This may take about 30—45 min in small
animals and about 1-2 h in large animals. How-
ever, complete drying and hardening of the cast
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Fig. 2.9 Application of plaster cast: (a) POP bandage is
soaked in warm water for a few seconds until air bubbles
cease to appear; (b) POP bandage is removed from the
water and squeezed; (¢, d) POP bandage is then wrapped

Fig. 2.10 Application of
plaster cast: (a) a strip of a
few layers of plaster (6-8)
is made wet, (b) it is then
applied firmly along the
caudal surface, and the
tapes and the stockinette are
reflected back onto the cast
at both ends, and (c¢) the
final layers of cast are
applied, molded by rubbing
the layers of cast using a
wet hand; a wet plastic
sheet may be used to
smoothen the surface, and it
is then allowed to dry
(adopted from Leighton,
R.L. 1991. Principles of
conservative fracture
management: splints and
casts. Semin Vet Med Surg.
6 (1): 39-51.)

around the limb, starting at the fracture site from the distal
to proximal (adopted from Leighton, R.L. 1991. Principles
of conservative fracture management: splints and casts.
Semin Vet Med Surg. 6 (1): 39-51.)
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Fig. 2.11 Placement of U-shaped bar under the hoof will
help reduce the load on the distal limb

(attaining full strength) may take 24-72 h
depending on the thickness.

‘Bi-halving’ can be done after applying the
cast, allowing it to set, and then making it into
two halves by cutting longitudinally along the
medial and lateral aspects of the cast. After plac-
ing back the halved cast on the limb, it is then
wrapped with an elastic bandage to hold it firmly.
Bi-halving a cast allows examination of the
underlying soft tissues if need arises and allows
easy removal of the cast if swelling develops, and
it can be reapplied. This technique is often used in
small animals and rarely practiced in large
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animals, as bi-halving reduces the fixation
strength of the cast considerably.

2.1.4.4 Post-application Care

and Management

In open fractures, for drainage and daily dressing
of the skin wound, an opening (window) is made
in the cast at the level of the wound. The window
at the wound site can also be left at the time of
cast application. One should remember that creat-
ing a ‘window’ in the cast will reduce its strength
considerably and make the window site prone for
breakage, especially when it is at the level of
joints.

Complications can occur with application of
cast both in small and large animals [2, 9-—
11]. The toes/hooves are inspected several times
during the first 48 h for any swelling, coldness, or
constriction. If the toe/hoof gets swollen or gets
cold, pressure at the end of the cast should be
relieved by removing the cast, and the cast may be
reapplied after swelling subsides. Similarly, if the
cast gets loosened and slips (due to subsiding of
inflammatory swelling present earlier), the cast
should be reapplied.

The plastered animal should be kept in a dry
place (to prevent the cast from getting wet) with
soft bedding (to prevent slippage). Wetting is
more common in hindlimbs due to urination; it
weakens the cast and may lead to its breakage.
Plastic (polythene) sheets may be wrapped
around the cast to prevent wetting.

Cast may be retained for up to 3—4 weeks in
young dogs, sheep, and goats and 4-6 weeks in
adult dogs, sheep/goats, and calves. In adult large
animals, clinical union of fracture (development
of bridging callus with adequate fracture stability)
may normally take place by 8-10 weeks, but
often, it may require 12—-16 weeks or more. Plas-
ter is removed using a saw after radiographic
fracture union (complete bony union with obliter-
ation of fracture line), which generally takes a few
weeks to months after the clinical union. After
removal of the cast, the affected limb is massaged
to promote circulation. Movement is restricted till
the limb regains its normal function.
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2.1.5 Fiberglass Cast

Fiberglass cast, unlike traditional plaster cast, is
strong, lightweight, and radiolucent. Due to its
desirable qualities, fiberglass cast has become
the preferred type of casting both in human and
veterinary orthopedics [12—16].

2.1.5.1 Advantages over Plaster Cast
Fiberglass cast is made of water-activated
polyurethane resin combined with bandaging
materials, so it offers greater strength and dura-
bility. It weighs less and hence more comfortable
to the patient. The setting time is very quick and
therefore needs less care and restraint during
application, and the animal can be allowed to
use the limb almost immediately. Fiberglass cast
is radiolucent and hence allows better radio-
graphic evaluation of fracture repair. It is also
water impermeable (waterproof); therefore, the
inside padding does not get wet. If the cast gets
wet, it quickly becomes dry.

2.1.5.2 Drawbacks

Fiberglass cast is costlier than traditional plaster
cast; hence, it may be a constraint in veterinary
practice. As fiberglass cast hardens quickly, there
is less time to apply. The synthetic materials leave
less room for swelling; if more tightly applied, it
may lead to vascular compromise. Knitted fiber-
glass and resin bandages are less moldable than a
traditional plaster, so sometimes a less comfort-
able fit is achieved. Fiberglass bandage is less
smooth and more likely to snag clothing or to
cause skin bite injuries.

2.1.5.3 Technique

Technique of application of fiberglass cast is
almost similar to that of plaster cast. The fractured
limb is first padded with cotton or any other
waterproof padding material. Then, the knitted
fiberglass bandage is wrapped around the limb
in several layers (Fig. 2.12). The use of
stockinettes and/or cast padding is essential to
avoid direct contact between the cast and the
skin. Wearing of protective gloves is a must
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Fig. 2.12 Application of fiberglass case in metacarpal
fracture in a buffalo

during its application to prevent sticking of the
cast material (once get stick, it is difficult to
remove).

When the cast material is immersed in water, it
should be squeezed firmly before applying. Cast
should be applied quickly, to prevent premature
hardening. Application of 3—4 layers of the cast is
enough in small animals and 6-8 layers in large
animals. Further, application of additional sup-
port strip or splints is not needed (stronger than
plaster cast). The cast may be smoothed with a
smoothing gel or lubricating gel.
2.1.5.4 Post-application Care
and Management
A fiberglass cast requires less care and mainte-
nance than a plaster cast, and weight-bearing can
be allowed as early as 15-20 min post-
application. The limb immobilized with a fiber-
glass cast should be watched carefully in the first
2448 h after the application for any swelling,
coldness, or bad odor, as there is less room for
swelling. Complications are more in equine
patients (skin is more sensitive) than bovines. In
case of any doubt, the cast should be removed and
reapplied after the swelling subsides. For removal
of the cast, an electric/power saw is needed, as it
is difficult to cut the cast using a hand saw. While
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cutting the cast, it is taken care to prevent any
possible injury to the skin.

2.1.6 Modified Thomas Splints
Modified Thomas splint (Schroeder-Thomas
splint) is a whole limb traction splint, wherein
the fracture ends are brought together and held
in alignment by application of traction in specific
directions using traction tapes/ropes/bandages,
which are anchored to the supporting side rods
[6, 7, 17]. This technique is not widely used in
practice nowadays due to the advent of better
internal and external skeletal fixation techniques;
however, if properly used, it can give satisfactory
results in many types of fractures, especially in
small lightweight animals. Modified Thomas
splint and cast combination has been used suc-
cessfully for treatment of different long bone
fractures in large ruminants too.
2.1.6.1 Indications
and Contraindications
Modified Thomas splints are generally indicated
for treatment of fractures at the distal femur and
humerus, tibia-fibula, and radius-ulna in dogs,
cats, sheep, goats, and young calves. Splint-cast
combination is indicated in heavy animals. It is
either used as a sole method of fracture fixation or
as an ancillary method along with internal fixa-
tion techniques such as intramedullary pins.
Modified Thomas splint is not indicated in
long oblique and comminuted fractures, where it
is difficult to reduce the fracture segments by
close method and prevent overriding of bone
ends. Further, fractures near the joints, unless
properly reduced, may lead to malunion and
degenerative joint disease.

2.1.6.2 Materials Required

Aluminum rods (for dogs, cats, sheep/goats) or
steel rods (for calves/foals) of varied diameter
(5-7 mm is adequate in most cases; in adult
large animals, 8-12 mm rods may be needed
depending on the size of the animal), rod bender,
pin cutter, cotton roll, gauze bandage, and adhe-
sive tape are needed.
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2.1.6.3 Technique of Application

Under deep sedation/tranquilization (general
anesthesia may be preferred where severe
overriding of fracture segments is present), the
animal is restrained in lateral recumbency with
the fractured leg held upwards. The splint is
customized to the individual case, so as to fit
well to the front limb or hindlimb of the patient.

Firstly, the aluminum rod is bent to make a
ring (1% circle, taking the help of a splint mold or
any cylindrical object of appropriate size) to prop-
erly fit in the patient’s groin or axilla and secured
using adhesive tapes (Figs. 2.13 and 2.14). The
size of the ring should be kept adequate to accom-
modate wrapping of the ring with cotton roll and
bandages. For hindlimb splint, the ring diameter
should be the distance from the tuber ischii to the
tuber coxae. For the forelimb, the distance from
the axilla to the midpoint on the scapula should be
the diameter of the ring. The ring is bent inwardly
(toward medial side) at 45° angle from the verti-
cal rods. The ring is then wrapped with a thin strip
of cotton roll and secured with gauze bandage and
adhesive tape. Sufficient padding is done at the
bottom of the ring to protect the groin/axilla
region when the splint is applied with the limb
under traction.

The limb is temporarily inserted into the rings
to determine the length of side rods. The length of
the splint should be slightly longer than the
extended limb. If the length is too long, it will
hinder locomotion; and if it is short, proper ten-
sion cannot be applied. The total length of the rod
is calculated as 2(3D + 1) + 2 L + 20, where
D = diameter of the ring and L = length of the
splint bar. For the forelimb, the diameter (D) is
the length from axilla to midpoint of the scapula,
and the length of bar (L) is the distance from
axilla to the tip of the toe in an extended leg,
whereas for the hindlimb, the diameter (D) is the
length from tuber ischii to tuber coxae, and the
length of bar (L) is the distance from the thigh to
the tip of the toe in an extended leg.

For forelimb splint, both splint rods (cranial
and caudal) are bent slightly at the level of the
elbow to conform to the standing angle, whereas
for the hindlimb, the caudal as well as the cranial
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Fig. 2.13 Application of
Modified Thomas splint:
(a) an aluminum rod is bent
to make a ring (1% circle)
and secured using an
adhesive tape; (b) the ring is
bent at 450 angle from the
vertical rods; (¢) the limb is
temporarily inserted into
the rings to determine the
length of side rods, and the
side bar is bent at the level
of the stifle and hock; (d)
the extra length of the rod is
cut and joined to give the
final shape

rods can be bent to conform to the standing angles
of stifle and hock joints, or the caudal rod can be
kept straight without any bend and the cranial rod

Fig. 2.14 Modified Thomas splint application in the fore-
limb: note bending of both side bars at the level of the
elbow

may be bent at stifle and hock (Fig. 2.15). The
distal end of side rods is bent inwards and secured
together using adhesive tape.

In bovine calves, iron/steel rods may be used
in place of aluminum rods to construct the splint
to provide greater strength to fixation (Fig. 2.16).
Rings have to be secured by welding (rather than
by adhesive tape), and an oval-shaped iron sheet
of the size of hoof is welded at the distal end of
side rods to provide a suitable anchorage for the
hoof. The side rods of the splint are generally kept
straight without any angulation/bending. The
whole length of side rods may be tightly wrapped
with gauze bandage, which is then anchored with
adhesive tapes at different places.

At the distal extremity of the limb, adhesive
tape strips are attached, one on the dorsal and
another on the palmar/plantar surface, and the
extended portions of the adhesive tapes are
stuck together below the toes (dogs/cats) or
hooves (sheep/goats) (Fig. 2.17). A thin layer of
cotton roll is wrapped around the limb over the
tape strips (from toe up to the knee/hock joint),
which is then covered with a firm wrap of gauze
bandage and anchored at places using circular
wrap of adhesive tape to ensure that the tape strips
applied on the limb do not slip while applying
traction. In large animals, cotton rope may be
anchored above the fetlock using a loose slip
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Fig. 2.15 Modified
Thomas splint: (a) for
forelimb and (a) for
hindlimb

knot in place of adhesive tape strips to enable
traction with greater force.

The limb is inserted into the ring (bend should
be held toward the inner/medial side of the limb)
and ensured that the ring is properly and firmly fit
in the region of the groin/axilla. Traction is
applied at the extremity of the limb by tensioning
the tapes/ropes and the tape strip/rope is secured

Fig. 2.16 Construction of MTS ring using iron rod for
calves: (a) the cut ends of rod are joined by welding; a flat
iron sheet is welded at the distal end to seat the hoof; (b)
the limb is then inserted in the MTS ring, and the limb is
anchored

to the ‘U’ portion of the splint under tension, in
such a way that the leg is slightly rotated
inwardly. Then, as per the fracture location and
displacement of bone segments, the traction is
applied at different levels, and the bones are
fixed to the frame using cotton strips or bandages.

2.1.6.4 Application of Traction

The fracture site is supported and secured to the
side rods with the help of cotton strips/bandages
for applying traction at least at two locations (one
above and one below the fracture site) around the
non-fractured bones of the limb.

To apply traction, the cotton strip/bandage is
secured to the side bar toward the direction at
which the traction is desired (say, cranial). It is
then wrapped around the portion of the limb by
taking it through the medial, caudal, and lateral
sides and bringing it back to the original side bar
with firm traction, to allow pulling of that portion
of the limb toward the side bar (cranial). Few
more layers of similar wrappings may be done
to provide additional support. The cotton bandage
is then encircled around the limb including both
side rods 2-3 times and secured using an
adhesive tape.

In middle or distal diaphyseal fractures of
humerus, the side rods are bent at a more acute
angle at the elbow, and both the foot and the
radius-ulna are drawn caudally by using traction
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Fig. 2.17 Anchoring the
limb in MTS: (a) adhesive
tape strips are applied on
the dorsal and palmar/
plantar aspect, and the
extended portions of the
adhesive tapes are stuck
together below the toes; (b)
wrapped around the limb
using cotton roll and gauze
bandage; and (c) securing
the tape strip to the ‘U’
bottom of the splint under
tension

bandages (Fig. 2.18). In middle or proximal
diaphyseal fractures of the radius-ulna, the side
rods are only slightly angled at the elbow to
provide an almost straight pull on the limb; the
traction is applied caudally at the lower limb as
well as at the humerus.

In fractures of the femur or tibia, the lower
limb cotton strip/bandage should secure the foot
in caudal position. The proximal strip should pull
the tibia and stifle (in femoral fractures) or the
femur (in tibial fractures) toward the cranial side
(Fig. 2.19).

In fractures of carpals/metacarpals, the side
bars of the splint are more acutely bent at the
hock corresponding to the normal standing angle
of the joint. The distal bandage strip should hold
the foot caudally and the proximal strip should
draw the femur cranially.

Once the splint is properly secured and traction
applied appropriately, the entire splint may be
covered with a stockinette or cotton bandage
rolls and secured using adhesive tapes at desired
places, before allowing the weight-bearing on
the limb.

2 Principles of Fracture Fixation Techniques

2.1.6.5 Postoperative Care

The animal must be checked frequently for any
injury at the groin or axilla that may have been
caused due to rubbing of the ring. The splint is
kept in place for 3—6 weeks as per the fracture
type and location or till the radiographic healing
occurs. All skin wounds created by rubbing of
splint, if any, may be treated with antibiotic oint-
ment/powder.

2.1.7 Thomas Splint-Cast
Combination
2.1.7.1 Indication

Modified Thomas splint-cast combination is
indicated for treating closed radius-ulna and tibial
fractures in heavy large animals, in which full-
limb cast alone does not provide adequate immo-
bilization [2, 18-20]. Generally, it is not
recommended in very young animals and also in
cases of severe comminuted fractures and in
fractures near the joint (metaphyseal or epiphy-
seal fractures).
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Fig. 2.18 Application of
traction using modified
Thomas splint in forelimb
fractures

2.1.7.2 Biomechanics

The fractured limb is spared from weight-bearing
stresses, which are taken by the splint rods,
preventing collapse of the fracture segments.
Adequate immobilization of fracture segments
allows healing of the bone by external callus
formation.

2.1.7.3 Technique

Under sedation or general anesthesia, the animal
is positioned in lateral recumbency with the
affected limb held upwards. The limb is held in
extended position using a tape strip/traction rope
tied above the pastern. Alternatively, holes can be
drilled in the hoof wall of both distal phalanges,
and a suitable size wire threaded through these
holes can be used to apply traction and subse-
quently secure the limb with the splint rod.

An appropriate size steel rod (10-12 mm) is
bent from the middle of the rod (using a template)
to make a ring (1'% circle), with the extended part
of the rod to make the legs (side rods) of the splint
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(Fig. 2.20). The splint ring should be large
enough to properly fit into the axilla or groin
region without causing any harm to the bony
prominences. Care is also needed to avoid
exerting pressure on the scrotum in bulls and
udder in dairy cows. The ring is bent at its middle
to about 30—40° toward the inner/medial side, and
the rod extending from the ring is cut to the limb
length. The contralateral normal limb may be
used to measure the normal length of the limb.

A second piece of the rod is bent to a U-shaped
bar, cut to the length of limb, and fixed to the
extended bars of the ring and to the ring itself
using adhesive tapes or welded in case of iron/
steel rods to provide adequate strength to the
splint. The distal end of the splint may be welded
to a steel plate, conforming to the hoof. The side
rods are not generally bent but kept straight.

The ring is padded using cotton roll and
bandages and secured using adhesive tape. The
inner portion of the ring must be adequately pad-
ded to avoid pressure sores. The side bars of the
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Fig. 2.19 Application of
traction using modified
Thomas splint in hindlimb
fractures

splint may be padded with foam rubber pipe/
cotton roll and bandages for insulation.

The limb is inserted into the ring and the distal
end of splint (U-bar) is attached to the foot using
the wires threaded through the hoof wall. The

Fig. 2.20 Modified Thomas splint-cast combination: (a)
MTS ring, (b) cast applied around the side bars

splint is firmly anchored in the axillary or groin
region so that maximum load can be transferred.
However, the limb is fixed to the splint with
minimum traction (traction applied should only
be sufficient to keep the limb extended and hold
the bone segments in alignment) to avoid pressure
sores at the contact points of the splint in the
axillary or inguinal area and to prevent interfer-
ence in venous drainage and locomotion.

The cast (preferably fiberglass/POP) is applied
first directly over the fractured limb constructing
a lightweight cast. Care is taken to prevent medial
bowing of the limb by supporting the carpus or
hock joint with a sling of plaster bandage. The
cast is fixed to the splint using a casting tape, and
the splint is then incorporated within the cast to
make a splint-cast unit, which would help to
prevent limb movement and rotation during
locomotion.

In the forelimbs, the limb is attached to both
side rods of the splint throughout the length,
whereas in the hindlimbs, the thigh is attached
to the cranial rod, the hock is attached to both side
rods, and the limb below the hock is attached to
the caudal side bar of the splint using a casting
tape. Generally, the total cast material required is
less (about 1/3 to % less) than the full-limb cast
alone. It is better to extend the cast proximally up
to the medial aspect of the ring to strengthen the
splint and also to prevent the opposite limb from
getting entrapped and to prevent urine and
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manure accumulation between the skin and
the cast.
2.1.7.4 Postoperative Care,
Management,
and Complications
The animal must be assisted while getting up
during the first few days until it learns to rise on
its own without help, especially a heavy animal
[13]. The animal must be watched frequently to
make sure that it is not lying on the splint side.
The animal must be inspected for any loosening
of the cast around the fracture site leading to
slipping of the splint, which can occur after the
initial soft tissue swelling subsides. Refracture
may be seen in some cases of slipped splint.
Hence, in such cases, the splint-cast should be
replaced. The animal must also be checked fre-
quently for any injury or decubital ulcers in the
flank and inguinal area under the ring; decubital
ulcers may also occur due to prolonged recum-
bency and struggling to rise. They should be
checked and treated properly. Splint-cast is kept
in place for 6-8 weeks depending on the type and
location of fracture and animal’s age and weight.
Laxity in the immobilized limb immediately
after removal of the cast is common, which can be
reversed gradually by regular exercise. Poor
alignment and lateral deviation/outward rotation
of the limb are common complications; however,
it generally does not adversely affect the fracture
healing and functional recovery of the limb.

2.2 Internal Fixation Techniques
Internal fixation of fractures by open reduction
provides good alignment and rigid fixation of the
bone segments. In small animal practice, internal
fixation is the preferred method for fixation of
long bone fractures, especially of the femur,
humerus, and tibia. It can be achieved either by
intramedullary fixation techniques like pinning/
nailing or by extramedullary techniques like
bone plating. Screws, wires, and staples are gen-
erally used as ancillary fixation devices along
with plates and nails.
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2.2.1 Intramedullary Pin/Nail
Intramedullary (IM) Steinmann pins are most
commonly and widely used for fracture fixation
in veterinary practice [21-23]. Nail/IM pin can be
used either alone or along with other ancillary
techniques like cerclage wiring. Due to their cen-
tral position within the medullary cavity, IM pins
can resist bending forces well and maintain align-
ment. Single IM pin cannot, however, resist com-
pression and rotational forces. The technique of
IM pinning is simple and needs minimum
instruments, such as variable size Steinmann
pins, Jacobs chuck with handle and key, and pin
cutter in addition to the general surgical
instruments. There are different types of IM pin-
ning techniques.

2.2.1.1 Single IM Pin

It is indicated in simple transverse or slight
oblique diaphyseal fractures of long bones
(mostly the femur, humerus, and tibia). The pin
can be introduced either by normograde tech-
nique (through one end of the bone) or by retro-
grade technique (through the fracture site) [21]
(Fig. 2.21). In retrograde pinning, after exposing
the fracture site through standard surgical inci-
sion, the fracture segments are identified and
reduced either manually or using forceps. While
separating and exteriorizing the bone segments,
the bone ends are protected by covering with
finger tips, so that the sharp bone ends do not
damage the surrounding soft tissues and espe-
cially the vessels and nerves. At the exposed
distal end of the proximal bone segment, a
Steinmann pin of adequate diameter is inserted
into the medullary cavity using a chuck until the
pin exits the proximal bone cortex (Fig. 2.22).
Subsequently, the chuck is reversed and the pin
is withdrawn from the proximal end up to the
level of fracture site. The bone segments are
then aligned and the pin is driven into the medul-
lary cavity of the distal bone segment until it
reaches the distal metaphysis or epiphysis,
where a resistance to pin insertion is felt. At this
time, the chuck is removed, and the extra length
of the pin is cut short at the proximal end using a
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Fig. 2.21 Retrograde and
normograde technique of

IM pin fixation Retrograde

pin cutter. The cut end of the pin is then pushed
into the metaphysis/epiphysis by gently hitting
the cut end of the pin using the T-handle. Rotating
the pin at the point of final seatment should be

Fig. 2.22 Retrograde
technique of IM pin fixation
in the femur: (a) insertion of
IM pin through the distal
end of proximal fragment
using a chuck; (b) the pin
inserted through the
proximal cortex; (c) the pin
is withdrawn from the
proximal end up to the level
of fracture site; (d) the bone
fragments are aligned and
the pin is then driven into
the distal bone fragment;
and (e) the pin is seated in
the distal metaphysis/
epiphysis

Normograde

avoided as it may loosen the pin and predispose to
pin migration. Subsequently, the skin is drawn
over the cut end of the pin and an interrupted
suture may be applied.
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In normograde technique of pinning, the
Steinmann pin is inserted from one end of the
bone. Normograde pinning is often done by
closed/blind method in recent incomplete or sim-
ple transverse and sort oblique fractures with
minimal displacement of bone segments after
closed reduction [24, 25]. In long oblique/spiral
and comminuted fractures, open reduction and
fixation are always done. Once the pin reaches
at the fracture site, the bone segments are reduced
and the pin is then inserted into the medullary
cavity of the opposite bone segment. The pin is
driven up to the level of metaphysis and ensured
that it is properly seated, and then, the extra
length of the pin is cut close to the skin level.

There are some basic principles of IM pinning
[23, 26]. One should not use pin fixation for
non-reconstructable and unstable fracture
configurations (comminuted fractures) and
where uncontrolled loading is predicted. One
should have a pack of large number of pins of
different diameter and always select two pins of
the same length, one pin for insertion and one pin
to be used as a ‘measuring pin’ to estimate the
depth of pin insertion in the medullary cavity. It is
always better to select a smaller-diameter pin first,
because we can easily remove and replace it with
a larger pin, if needed. But if we use larger diam-
eter pin first, it cannot be replaced by a smaller
pin, and it may lead to pin loosening and migra-
tion. Assessment of pin seating can be done by
(i) feeling resistance to further insertion, (ii) a
measuring pin, or by (iii) radiographic examina-
tion. One should not cut and countersink a pin
unless we are absolutely certain of its proper
position, which can be confirmed by radiography
or by image intensifier.

The retrograde pinning has the advantage of
simpler passage of pin and easier selection of pin
diameter, whereas normograde pinning has the
advantage of accurate placement of pins and bet-
ter purchase at the smaller bone segment (mostly
used in metaphyseal/epiphyseal fractures). The
diameter of the pin should be near to that of the
medullary cavity, i.e. 70-90% of medullary cav-
ity diameter (Fig. 2.23). The pin should run the
whole length of the bone and then anchored at the
distal metaphysis or epiphysis. The main

85

>
Stable with 3-
point fixation

unstable

Fig. 2.23 Improper (a) and proper (b) fixation of IM pin
in the medullary cavity

limitation of single IM pin fixation is its inability
to resist rotational forces and inability to hold the
bone fragments in comminuted fractures. The use
of full-cerclage or hemi-cerclage wires along with
single IM pin provides greater stability against the
rotational forces, especially in long oblique/spiral
fractures.

2.2.1.2 Stack Pins

The use of more than one pin (of relatively small
diameter) is indicated in transverse or slight
oblique fractures of long bones to provide more
stable fixation [27]. It is also indicated in long
bones with relatively large medullary cavity,
where a single pin cannot fill the medullary cavity
adequately (calves and foals in particular). The
use of more number of pins can snugly fit the
medullary cavity and thus provide enhanced sta-
bility against shear and rotational forces
[21]. Each pin is inserted through a separate
proximal hole into the medullary cavity, prefera-
bly allowing the opposite ends of the pins to
diverse within the opposite metaphysis



86

Fig. 2.24 Technique of
stack pinning: (a) more than
one pins (3—4) are inserted
through the proximal
fragment through separate
holes in the cortex; (b) bone
fragments are reduced and
the pins are driven across
the fracture line into the
distal fragment; (c) if
needed, one or two more
pins are inserted between
the multiple stack pins to
snugly fit in the medullary
cavity; and (d) all the pins
are then seated in the distal
metaphysis, and the extra
length of the pins is cut
short at the proximal end

7

(Fig. 2.24). This technique also cannot
completely resist the rotational forces and some-
times may lead to pin loosening and migration.

2.2.1.3 Rush Pins

Rush pins, described by Dr. Leslie Rush, are solid
curved cylindrical pins [22, 28]. Rush pin has a
hooked end, which helps to drive and seat the pin
in the bone, and another end is tapered that helps
to bounce off the opposite inner cortex of the
bone and thus prevent penetration of the bone
cortex. Rush pins are indicated for the stabiliza-
tion of metaphyseal/epiphyseal fractures of long
bones, especially at the distal femur and proximal
humerus or tibia. Two pins are passed from oppo-
site sides (normally medial and lateral) of the
cortex in the smaller bone segment (Fig. 2.25).
The pins are inserted at about 30° angle to the
long axis of the bone so that they cross each other
above the fracture site and then glance off the
endosteal surface of the diaphyseal bone to pro-
vide spring loaded tension. Bending the pins into
a slight curve prior to insertion (prestressing) is
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useful to prevent penetration of the opposite cor-
tex. Paired Rush pins held in spring loaded ten-
sion are expected to provide rotational stability.
Rush pinning is contraindicated in very young
animals, where the soft bony cortex (with rela-
tively large medullary cavity) may get easily
penetrated by the pin. Rush pinning may damage
the growth plate leading to its rapid closure and
shortening of the bone. Rush pins are also
contraindicated in cases where there is longitudi-
nal crack in the bone segment.

2.2.1.4 Cross IM Pins

Cross intramedullary pins (two small diameter
Steinmann pins/K-wires) can also be used instead
of Rush pins, and they are allowed to exit from
the opposite end of the bone to facilitate pin
removal in the later stage. This dynamic cross
IM pinning using small diameter pins provides
stable fixation of small fracture segments (mostly
supracondylar femoral fracture or proximal tibial
fracture) with minimal injury to the physeal plate
[29, 30]. The technique of pin insertion and
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Fig. 2.25 Technique of
Rush pinning: (a) two
proper size Rush pins are
inserted on opposite sides
of the small distal fragment,
alternatively, at an acute
angle (30% to the long axis
of the bone to exit at the
fracture site; (b) bone
fragments are held in
reduction and the pins are
alternatively driven into
large proximal fragment;
(c) once the pins are driven
completely, they glance off
the opposite cortex and are
held in spring loaded
tension; and (d) the pin can
be removed using Rush pin
driver/extractor and a
mallet

30°

removal is easier than Rush pinning (Fig. 2.26).
As the pins are inserted from the outer surfaces of
the condyles, there is generally no interference
with the extension and flexion of the joint. Fur-
ther, the pins are crossed and remain in spring
loaded tension; hence, fracture fixation is more
stable with rotational stability, and pin migration
is also rare.

2.2.1.5 Kuntscher Nail

‘Clover leaf’ of ‘V’-shaped Kuntscher nails are
hollow IM nails with an ‘eye’ at either ends
[31]. They have the advantage of lightweight
and can provide three-point fixation. They are
indicated in transverse or short oblique fractures
of the long bones, especially the femur, humerus,
and tibia, where the cortex is good with no longi-
tudinal cracks [22]. The technique is preferred in
calves, foals, small ruminants, and large dogs,
where medullary cavity diameter is large. The
medullary cavity is first reamed using a reamer,
and then using a guide wire, a proper diameter
K-nail is introduced through one end of the bone
(normograde technique, through the trochanteric
fossa in femur), driven across the fracture site
(after reducing the bone segments using bone
clamps) and placed in the distal metaphysis
(Fig. 2.27). It is important to cut the nail at one
end (lower) to the desired length before insertion
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by measuring the length of the medullary canal
(using preoperative radiograph or using a guide
wire during surgery) so that the other end of the
nail with the ‘eye’ will be left on the upper side to
facilitate removal of the nail after fracture repair.
K-nail is removed by a K-nail extractor, which is
attached to the nail through the ‘eye’. K-nail
extractor is a must during insertion of K-nail as
well as for its removal.

2.2.1.6 Interlocking Nail
Interlocking intramedullary nail is a relatively
new and an advanced device used mostly in
human and small animal practice [32—-37]; how-
ever, in recent years, it is becoming popular in
large animal applications too [38—43]. The first
interlocking nail (ILN) was described by the Ger-
man surgeon Gerhard Kiintscher in 1939. John-
son and Huckstep in 1986 first reported the use of
ILN fixation in experimental dogs with
comminuted femoral diaphyseal fracture, which
required fluoroscopic guidance. Dueland and his
colleagues from the USA in 1993 first reported
the use of veterinary ILN system with an align-
ment guide (jig) for insertion of transverse
locking screws. Since then, it is being used more
frequently in small animal fracture fixation.
Interlocking nail is basically a cylindrical
intramedullary (IM) nail with transverse
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Fig. 2.26 Cross IM pinning of supracondylar femur frac-
ture: (a) two relatively small diameter pins are inserted
from opposite cortices of the small distal fragment, alter-
natively, at an acute angle (30°) to the bone axis to exit at
the fracture site; (b) bone fragments are held in reduction
and the pins are alternatively driven into the proximal
fragment so that the pins are crossed in the medullary

cannulations secured (locked) in position by
proximal and distal transfixing screws/bolts,
which secure the nail to the bone cortex, thereby
effectively neutralizing bending, rotational, and
axial forces. It is performed using an image inten-
sifier or a jig system.

Unlike a bone plate, the ILN allows biological
osteosynthesis with minimal soft tissue trauma
and vascular injury. Interlocking nail system is
useful to repair simple and comminuted fractures
of different long bones such as the humerus,
femur, and tibia. Due to its mechanical
advantages, the ILN provides rigid and stable
bone fixation by neutralizing all the forces at the
fracture site. As the implant is placed in the mid-
dle of the medullary cavity along the bone’s bio-
mechanical axis (like IM Steinmann pin), it
effectively counteracts bending force. As the
nail is secured to the cortex using fixation bolts,
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cavity above the fracture site; (c¢) the pins are further
progressed into the proximal fragment to glance off the
opposite cortex and exit from the proximal end; and (d) the
pins are withdrawn from the proximal end so as to seat into
the distal end just below the articular surface; and (e) the
extra length of the pins is cut from the proximal end

it provides rotational stability (resists axial and
rotational forces unlike IM Steinmann pins) and
prevents collapse and overriding of bone
segments at the fracture site. Intramedullary posi-
tion of ILN, unlike eccentric placement of bone
plates, makes it more resistant to compressive,
torsional, and bending forces. By increasing the
number of fixation bolts in each bone segment
and the locking mechanism in the nail, the
strength of fixation can be increased, which is
particularly important in large animal fracture
fixations. The ILN also allows dynamization at
the fracture site in delayed or non-healing cases.

Different systems of interlocking nails are
available today, such as regular interlocking
nails (Dueland), angle-stable interlocking nails
(Dejardin), inverse interlocking nails (Unger and
Briickner, Germany), etc. However, the Dueland
ILN system is the basic and first ILN system
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Fig. 2.27 Technique of
K-nailing: the medullary
cavity is reamed using a
reamer (a); a guide wire (b)
is introduced into the
medullary cavity (which
will help measure the length
of the bone and also guide
the insertion of the nail); a
proper diameter and length
K-nail (c) is inserted along
the guide wire
(normograde) using the
K-nail driver (d) and mallet
(e) and seated in the distal
metaphysis; K-nail
extractor (f) attached to the
nail through the ‘eye’
facilitates extraction of

the nail

exclusively commercialized for use in veterinary
practice and currently available commercially in
India (Fig. 2.28).

The ILN is a solid steel rod with transverse
openings usually at both ends. The one end of the
nail has a trocar point to help in insertion and
proper anchoring of the nail. The other end has
negative threading (on the inner side), which
helps to fix the alignment guide through the
extension rod. The diameter of the nail generally
ranges from 4 mm to 10 mm (Table 2.1), and any
diameter nail can be custom-made. The lengths of
6—10 mm diameter nails vary from 120-230 mm,
and 4 and 4.7 mm diameter nails vary from 68 to
134 mm. The number of holes in the nail vary
from 3 (2 at one end and 1 at other end) to
4 (2 holes at both ends). The hole diameter varies
from 2 to 4.5 mm. The holes are placed 22 mm
apart in model 22 series (normally used for repair
of diaphyseal fractures) and are placed 11 mm
apart in 11 series (mostly used for repair of
metaphyseal fractures). 4.0/4.7 mm nails are
available only in the model 11 series.
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Jig is an aiming device, which is fixed to the
ILN using nail extension to facilitate correct
placement of locking bolts/screws along the
transverse openings of the nail without the need
for image intensifier. The jig is attached to the nail
with an extension so as to position it parallel to
the nail with the jig holes corresponding to the
nail holes. The nail extension, available as short
or long extension, is temporarily attached to the
nail to facilitate deep placement of the proximal
nail end so that it does not protrude out of the
bone once implanted. Locking screws (threaded)/
bolts (smooth) are fixed in the cis- and trans-
cortex of the bone through the hole in the nail,
so that the nail is locked with the bony cortex and
the bone and nail can act as a single unit.

Interlocking nails are commonly placed in dif-
ferent long bones, namely, femur, humerus, and
tibia. The surgical approach for placement of ILN
is same as IM pin fixation. The nail is introduced
into the medullary cavity of long bones in
normograde technique, either by closed or open
approach  (Fig. 2.29). Using a bone
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Fig. 2.28 The inscription
on an ILN

Model number

y

Diameter of
nail in mm

awl/Steinmann pin, a hole is created in the proxi-
mal bone cortex, which is enlarged with succes-
sively larger diameter reamers to a size that
allows passage of the nail into the bone. The
proper diameter nail with adequate length that
can fit into the medullary cavity is chosen. A
guide wire is passed in the proximal bone seg-
ment from the fracture site, so that it exits through
the bone cortex and the skin at the proximal end.
The nail attached to the jig is driven into the bone
along the guide wire so that it is well seated in the
proximal bone segment. Subsequently, the frac-
ture segments are reduced, and the nail is further
driven into the distal bone segment up to the level
of metaphysis (till there is resistance to insertion).
The holes for fixation screws/bolts are then drilled
through predetermined sites by giving small stab
incisions in the soft tissue and are directed
through the bone and through the holes in the
nail by utilizing the jig that aligns the drilling
site with the holes in the nail.

If the screws/bolts are fixed in both proximal
and distal bone segments, the fixation is called
static (load-bearing mode), which is commonly
used in small animals, especially in comminuted
fractures with instability. Two screws/bolts fixed
on both bone segments provide stable fixation.
When the screw/bolt is fixed in only one bone
segment, either proximal or distal, it is called
dynamic fixation (load-sharing mode) allowing
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Number of
distal holes

Length of nail
inmm

2-08-160-02-01-3

Number of

proximal holes

Diameter of
hole in mm

micromotion at the fracture site. Dynamic fixation
does not neutralize rotational and axial forces and
weight-bearing results in axial compression pro-
moting bone healing. In large animal fixations, as
many fixation bolts as possible should be used in
proximal and distal bone segments to provide
greater stability. In fractures of the distal
metaphysis/epiphysis of the femur, the nail can
be introduced through the intercondylar fossa to
achieve greater purchase in the smaller distal seg-
ment. In canine femur, 4-8 mm nails are gener-
ally adequate. In bovine femur and humerus,
14-18 mm diameter straight nails are optimum,
whereas in the tibia, 12—14 mm angular nails are
adequate.

General guidelines for ILN fixation include
selection of proper nail (appropriate diameter,
length, and model) based on preoperative
radiographs of the fractured bone and the contra-
lateral intact bone. A Steinmann pin is used to
create a hole in the bone cortex, and it is then
passed in a retrograde (in femur/humerus) or
normograde (tibia) fashion to establish an
intramedullary channel in the proximal bone seg-
ment. Intramedullary reaming is not generally
required and may be avoided to reduce endosteal
injury and cortical ischaemia. ILN should be
tightly fit with the jig for proper alignment of
holes in the jig and nail, and the holes in the jig
through which fixation bolts (proximal and distal)

Table 2.1 Sizes of bone tap and drill bit in different diameter nails

ILN diameter (mm) 4
Hole/screw/bone tap size (mm) 2
Drill bit size (mm) 1.5

4.7 6 8 10
2 2.7 3.5 4.5
1.5 2 2.5 32
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Fig. 2.29 Technique of interlocking nail fixation: using a
chuck (a) fixed with Steinmann pin (b), a hole is drilled in
the proximal cortex; the intramedullary cavity is reamed
with a corresponding size reamer (c); a guide wire is
introduced into the medullary cavity in normograde man-
ner, and a proper length nail (d) is selected; before inser-
tion of the nail, holes along the jig arm corresponding to
the holes in the selected nail should be noted; the nail
attached to the extension (e) insertion tool (g) and firmly
anchored to the jig (f) is inserted into the medullary cavity

need to be fixed should be ascertained based on
the fracture location and configuration. The holes
should not be drilled very close to the fracture site
and should be at least 1 cm away. Undue pressure
on the arm of the jig should be avoided while
driving the nail (as it may lead to mal-alignment
between the jig and nail) and ensure that the nail
is properly seated in the distal metaphysis. Before
drilling for transfixation bolts, if needed, the jig
may be rotated to orient transfixation holes in the
medio-lateral plane. The guide sleeve should
always be used before inserting the drill/tap
guides, and the holes are drilled using long drill
bits without putting any pressure on the jig arm to
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along the guide wire; the jig-nail unit is rotated to align in
medio-lateral plane (desired for screw/bolt placement);
then, interlocking screws/bolts are fixed first by drilling
holes by placing guide sleeve/drill guide (h) and drill bit (i)
in the corresponding hole in the jig; the most distal bolt is
placed first, followed by other bolts in proximal and distal
fragments as per the situation. At the end of fixation, the
jig along with extension-insertion tool is detached from the
nail by unscrewing, so that the nail will remain within
the bone

ensure accurate drilling. A transfixation hole may
be drilled in the proximal bone segment first, and
the drill bit is left in situ to temporarily stabilize
the jig to ensure accurate drilling in the distal
bone segment. Before drilling any transfixation
holes in the distal segment, it is ensured that the
distal bone segment is rotationally aligned with
proximal segment. After drilling at the most distal
hole and inserting the drill bit in the distal bone
segment, rotate the distal segment to ascertain that
the distal drill bit has engaged the nail; if engaged,
the nail will not rotate with the distal segment,
and if not, the nail will freely rotate. Care should
be taken while placing the distal-most screw as
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there is every chance for getting misplaced. It is
better to fix two fixation bolts on both bone
segments, but in distal metaphyseal fractures, at
least one bolt/screw should be placed in the small
distal bone segment. It is also advised not to leave
an empty hole at the fracture site.

Interlocking nail can be placed in semi-closed
manner; hence, soft tissue morbidity and vascular
interference are lesser leading to biological
osteosynthesis as compared to plating. It also
permits early weight-bearing and return of limb
function. The nail can be removed after bone
healing, but it is not necessary to remove it if
there are no complications.

The common complications with ILN include
malpositioning of the nail in the medullary cavity
leading to mal-alignment of the nail and jig and
damage to the threaded proximal end of the nail.
Misplacement of locking bolts/screws in the dis-
tal hole of the nail is also common. Other
complications may include bending and breakage
of screws and angular deformation of the nail.
Complications of bone healing such as delayed
union, non-union, and osteomyelitis can also be
seen at times.

Hybrid ILN-ESF systems have been devel-
oped to improve the bending and torsional stiff-
ness and overcome slack and interfragmentary
movements. Type I ESF can be connected to
ILN by tie-in configuration using an ILN exten-
sion or extended locking bolts. ILN can also be
combined with epoxy-pin fixation using extended
locking bolts. These hybrid fixators have the
advantage of achieving dynamization at the frac-
ture site by controlled destabilization. Further, it
also facilitates easy removal of ILN after bone
union. However, complications such as difficulty
in postoperative care, poor patient tolerance, loos-
ening of external pins, pin-tract infections, and
additional soft tissue trauma offset the mechanical
advantages of hybrid constructs. Attempts have
also been made to combine ILN with bone plates
(plate-ILN construct) to achieve maximum
mechanical advantages of both implants in a sin-
gle system so that all the forces acting at the
fracture site can be more effectively neutralized.

The angle-stable ILNs have been developed to
enhance the construct stability of the standard
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ILN by improving the torsional and bending
deformation and by reducing slack and
interfragmentary motion. The basic design of an
angle-stable ILN is almost similar to standard
ILN, with some modifications. The locking bolt
has a threaded conical central part that matches
with the shape and threads of the nail holes to
create an angle-stable rigid fixation between the
bolt and nail. The solid triangular end of the bolt
is designed to engage the cis-cortex and is driven
into the nail, and the thinner cylindrical end is
designed to engage the trans-cortex. The locking
bolts are available in different diameters, and they
can be cut to appropriate length as per the require-
ment. The AS-ILN has been designed in an hour-
glass shape, which reduces damage to medullary
circulation and increases overall construct stabil-
ity. The core diameter of the nail is relatively less;
hence, it is easy to insert without reaming the
medullary cavity. The bullet-shaped distal tip of
the nail minimizes tissue trauma, especially injury
to the joint. AS-ILN is currently available in
6 mm, 7 mm, and 8 mm diameters, ranging in
lengths from 122 to 203 mm.

Even though interlocking nail systems from
different manufacturers are available for use in
small animals, ILN systems for use in large ani-
mal fracture repair are not freely available com-
mercially. Mostly, the implants developed for use
in human applications are being used in large
animals, but they are not strong enough due to
their tubular designs, which compromise the fixa-
tion strength. However, a prototype of equine
interlocking nail (manufactured by IMEX Veteri-
nary, Longview, TX, USA) [44, 45] and bovine
interlocking nails (Nebula Surgical Pvt. Ltd.,
Rajkot, India) [39, 41] for use in the humerus,
femur, and tibia of young horses and bovines has
been developed.

2.2.1.7 Interlocking Nails for Bovine

The ICAR-Indian Veterinary Research Institute
has developed interlocking nails for fixation of
fractures in bovine tibia and femur. The tibial ILN
developed using 316L stainless steel has a diam-
eter of 12 mm and length of 250 mm (Fig. 2.30).
The nails are solid and have 9 holes, either all
holes threaded or non-threaded (smooth), along
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Fig. 2.30 Angular interlocking nail developed for bovine tibia; ILN with locking bolts (a), placement of ILN using the
jig in a cadaver tibia (b), ILN-tibia bone construct (c), and lateral radiograph of ILN-tibia construct (d)

its length to facilitate application to a variety of
diaphyseal fracture configurations. The direction
of holes is cranio-caudal. The nails are given a
cranial angular bend of 10° at the proximal
one-fifth of length to facilitate easy insertion and
alignment with the medullary cavity of the tibia.
Locking bolts are of 4.9 mm diameter (self-
cutting trocar tip, self-tapping) and are either
standard bolts (high pitch) for nails with
non-threaded holes or a modified locking bolts

Fig. 2.31 Locking bolts used in bovine ILN for the tibia;
standard locking bolt (a) and modified locking bolt (b)

(with low pitch), having two types of threads, the
proximal part with threads complementary to hole
threads to snugly fix the bolt with the nail in
locking fashion (in nails with threaded holes)
and the distal part with threading as of standard
locking bolt (Fig. 2.31).

The nail-bone (buffalo tibia) constructs (with
10 mm mid-diaphyseal transverse ostectomy)
developed using 4 or 8 standard locking bolts
and 8 modified locking bolts were subjected to
axial compression and 3-point cranio-caudal
bending and torsion tests using a universal testing
machine. ILN-bone constructs with 8 bolts were
significantly stronger than the constructs with
4 bolts under compression, bending, and torsion
loads [39]. The constructs with 8 modified bolts
showed highest mechanical values. The compres-
sive stiffness was 1.852 + 0.04 MPa, yield load
18.475 + 0.40 kN, and ultimate failure load
21.6 + 0.39 kN. Bending moment was
419.03 =+ 10.61 Nm, stiffness
0.583 + 0.01 MPa, yield load 6.15 + 0.17 kN,
and ultimate failure load 6.33 + 0.16 kN. Yield
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loads under compression and bending in
constructs with modified bolts were significantly
higher than in constructs with standard bolts.
Under torsion, the constructs with 8 modified
locking bolts showed ultimate failure load of
265.53 + 10.23 Nm and ultimate failure displace-
ment of 31.79 + 0.82°. Both in vitro mechanical
tests and clinical studies have shown that ILN
developed for bovine tibia was sufficiently strong
to stabilize diaphyseal fractures in young adult
cattle and buffaloes weighing up to about
250-350 kg.

The ILNs developed for bovine femur (with
solid or tubular shaft) measured 16 mm in diame-
ter and 240 mm in length. The tubular nail has an
inner diameter of 10 mm. The nails had 8 threaded
holes (4 each in the proximal and distal part), for
fixation of 6 mm locking bolts (Fig. 2.32). The
nails were subjected to in vitro mechanical tests
and clinical application.

For mechanical testing, nail-bone constructs
were prepared using cadaver buffalo femur
bones. The constructs developed using either
solid or tubular ILNs (with eight 6-mm diameter,
self-cutting trocar tip modified locking bolts,
40-75 mm length) with 5-mm mid-diaphyseal
osteotomy were subjected to compression and
cranio-caudal bending and torsion tests
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Fig. 2.32 Tubular ILN developed for bovine femur

[41]. The compressive stiffness (MPa), yield
load (kN), and  ultimate failure load
(kN) recorded for solid and tubular nails were
5.77 £ 0.23 and 5.35 = 0.12, 46.89 + 0.66 and
45.22 +0.86, and 51.39 + 0.52 and 49.98 + 0.51,
respectively, with no significant difference
between the solid or tubular nail constructs. The
bending stiffness (MPa), bending moment (Nm),
yield load (kN), and ultimate failure load (kN) for
solid and tubular nail-bone constructs were
1.07 £+ 0.05 and 0.86 + 0.09, 680.55 + 10.83
and 62259 + 23.13, 832 + 0.25 and
7.36 + 0.31, and 9.49 + 0.28 and 8.18 + 0.35,
respectively (bending moment and failure load
significantly ~ different between the nail
constructs). Under torsion testing, ultimate failure
load (kN) and failure displacement (°) recorded
for solid and tubular nail-bone constructs were
33156 + 4.87 and 31248 + 2.71 and
20.27 + 0.39 and 18.33 + 0.37, respectively
(failure load significantly different between the
nail constructs). These results suggested that
solid nails were mechanically more stronger
than tubular nails, but both solid and tubular
nails were sufficiently strong to immobilize
femur fractures in young adult cattle and
buffaloes weighing at least 250-350 kg.

The interlocking nail provides rigid fixation of
the bone allowing early weight-bearing and func-
tional recovery of the limb. Additionally, the soft
tissue morbidity is also minimal. The nail can be
removed after bone healing, but it is not necessary
to remove it if there are no complications.
Non-availability of proper size and shape of the
nail and the cost of the instruments, however,

limit their routine use in large animal
applications.
2.2.2 Bone Plate and Screw Fixation

Bone plate and screw fixation provides rigid and
stable internal fixation, especially in unstable
comminuted fractures [22, 46-49]. It also
facilitates early mobilization of the joints leading
to quick functional recovery of the affected limbs.
Plates can be used to function in different ways
(Fig. 2.33):
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Fig. 2.33 Functions of
plate: Neutralization,
transmits the force from one
end of the bone to another
via the plate; compression,
plate fixed in tension side of
the bone or fixed in
principles of DCP brings
compression between the
bone ends favoring bone
healing; buttress plate,
bridges the diaphyseal bone
defect and thus prevents
collapse and shortening at
the fracture site; and bridge
plate, the plate is attached to

the main fragments
spanning the fracture site
and restores the bone length
and alignment

®

(i)

(iii)

Neutralization

Neutralization plate: Here, the plate acts as a
bridge to protect a comminuted area that has
been constructed with lag screws. It
transmits the force from one end of the
bone to another via the plate, bypassing the
area of fracture, and thus acts as a mechani-
cal link between the main bone segments
above and below the fracture site. It does
not produce compression between the bone
segments.

(ii) Tension band plate/compression plate:
Compression of the main segments of a frac-
ture can result in absolute stability, with
complete abolition of interfragmentary
movement. By fixing the plate on the tension
side of the bone (such as the lateral side of
the femur, the craniolateral aspect of the
tibia, the anterior aspect of the humerus,
the anterolateral aspect of the radius, and
the caudal aspect of the proximal ulna)
(Fig. 2.34) and by the use of dynamic com-
pression plate principle, compression can be
achieved at the fracture site.

(iii) Buttress plate: The plate is used to
bridge a diaphyseal defect with a
comminuted fracture or a gap filled with a

Compression Buttress

Fig. 2.34 Why should the plate be applied on the tension
side of the bone? Normally, a long bone is subjected to
bending stress (tension on one side and tension on the
opposite side). If the plate is fixed on the tension side,
compression occurs between the bone ends on opposite
side favoring bone formation. If plate is fixed in compres-
sion side, gapping occurs on the tension side leading to
fixation failure
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bone graft or a substitute. Its function is to
prevent the fracture from collapsing until the
new bone fills the diaphyseal bone defect.
The buttress plate is never applied under
tension.

(iv) Bridge plate: In comminuted diaphyseal
fractures with severe soft tissue injury, a
plate is often attached to the main bone
segments spanning the fracture site. It is
used to restore the bone length and align-
ment, even though fixation stability is less.
This technique allows biological healing
with external callus. Bridge plating is often
performed by minimally invasive surgery.

@iv)

There are four basic types of plates: (i) straight
rigid plates for diaphysis, (ii) flexible/cuttable
plates which can be easily contoured to the bone
surface/cut to the desired length, such as recon-
struction plates and veterinary cuttable plates, (iii)
special plates like mini plate, “T’/‘L’ plate for the
epiphysis and metaphysis of long bones, and
(iv) special plates for specific applications like
angled/hooked plates for the proximal and distal
end of long bones like the femur, acetabular plate,
tibial plateau leveling osteotomy (TPLO) plate,
pancarpal and pantarsal arthrodesis plates, etc.
Straight plates are most widely used for repair of
long bone fractures in veterinary practice. Special
T/L plates offer greater purchase in small segment
fractures, as 2-3 screws can be easily fixed.
Reconstruction plates are more often preferred
in fractures of irregular bones such as the mandi-
ble and pelvis as these plates can be more readily
contoured to the irregular bone surfaces.

The selection of bone plate is made carefully
based on animal’s size and age, the bone
involved, and the type and location of fracture
(Table 2.2). Commonly, 2.7 mm and 3.5 mm
plates are used in small animals; however,
1.5 mm and 2.0 mm plates are often used, espe-
cially in cats. In large animal applications, gener-
ally, 4.5 and 5.5 mm broad plates are utilized.
Plates selected should be large enough to neutral-
ize the forces acting at the fracture site but not too
thick or heavy for the bone they cover. Before
application, the plate should be contoured to the
shape and curvature of the bone. Plates should be
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fixed using at least four cortices or two screws on
both sides of the fracture site. There should be no
gap between the bone and the plate and between
the plate and screw head.

For application of plate, the fracture site is
approached as per the standard procedure, and
the soft tissue is then retracted along the whole
length of the affected bone. Fracture segments are
then reduced in their original position. After
selecting a proper size plate, it is contoured to
the bone accurately using a plate bender. The
contoured plate is placed on the bone centered
over the fracture and aligned along the axis of the
bone and secured using bone-holding forceps. To
ensure proper alignment of the plate along the
axis of the bone, screws can be first fixed at either
ends of the plate. Then, the fracture alignment can
be re-checked before remaining screw holes are
drilled and screws fixed. On the other hand, if
plate-bone alignment can be easily ensured, the
screws can be first fixed in the screw holes close
to the fracture site on both sides of the fracture.
The screws in the remaining holes of the plate are
then fixed alternatively in both bone segments.
Once all the screws are inserted, the correct align-
ment of the fracture segments is ascertained, and
the screws are tightened one by one.

Screw holes in the bone are predrilled using a
proper size drill bit, which is one size smaller than
the screw size (Table 2.3). After drilling the hole
in one of the screw holes, the screw length is
measured by considering the plate thickness, and
the proper length screw is chosen. If self-tapping
screws are used, they can be directly inserted into
the hole. If non-self-tapping screws are chosen,
then the drill holes need to be tapped using a
threaded tap (of same size as screw). Threads
carved in the tap are sharper than the screw
threads, and tapping helps to clear the bone debris
and facilitate screw insertion. Tapping also
reduces the heat generation during the screw
insertion.

2.2.2.1 Dynamic Compression Plate

Dynamic compression plate (DCP), first
introduced in 1969, is an improvised plate having
special oval holes unlike traditional plates with
round holes. The DCP allows achieving axial
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Table 2.2 Choice of plate size in different long bones in relation to animal’s body weight

Body weight
Type of long bone Type of bone plate <10 kg
Humerus/femur/tibia | DCP/LC-DCPLCP | 2.0

| VCP 11.52.0
Radius-ulna | DCPILC-DCPILCP | 2.0

| vCP 11.52.0

97
1020kg  |20-30kg | 30-40kg | >40kg

12.7/3.5 135 13.5/4.5 4.5

127 \ \

|27 135 135 45

12.02.7 \ \

DCP dynamic compression plate, LC-DCP limited contact dynamic compression plate, LCP locking compression plate,

VCP veterinary cuttable plate

compression at the fracture site (without a tension
device) by eccentric placement of screws. When a
screw is tightened along the sloping design of the
oval screw hole, the plate moves away from the
fracture resulting in compression of the bone
segments [50-55].

A DCP is applied by drilling a hole in one of
the bone segments (say, proximal segment) close
to the fracture site (about 1 cm away) using a
neutral guide, and the plate is then secured by
inserting a screw. Another screw hole is then
drilled eccentrically in the opposite bone segment
(say, distal segment) close to the fracture with the
aid of a loaded (eccentric) drill guide (Fig. 2.35).
Insertion of screw through the eccentrically
drilled hole and tightening against the slope of
the screw hole result in self-compression of frac-
ture by displacing the plate. The remaining
screws are then inserted alternatively in the prox-
imal and distal bone segments using the neutral
drill guide. It is also possible to use more than one
eccentrically placed screw on either side of the
fracture. Before the second compression screw is
tightened, the first screw has to be loosened to
allow the plate to slide and achieve compression
at the fracture site; the first compression screw is
then tightened.

Bone plating requires complete exposure of
the fractured bone, sometimes leading to disrup-
tion of soft tissue attachments and hence vascular
compromise at the fracture site. When the plate is
rigidly fixed, it may protect the underlying bone

from loading stresses. This ‘stress protection’
along with vascular compromise may lead to
weakening of the bone (osteoporotic). In recent
years, limited contact dynamic compression
plates (LC-DCPs) have been developed [52, 54,
56]. These plates are designed to reduce the con-
tact between the plate and the bone with the
presence of undercuts beneath and between the
screw holes. This in turn reduces the stress pro-
tection and vascular compromise and thus allows
periosteal callus formation at the fracture site. In
LC-DCP, the holes are symmetrical, which
allows eccentric placement of a screw in either
direction. It helps to achieve compression at any
level along the plate and thus facilitate treatment
of a segmental fracture. LC-DCP also allows rel-
atively more inclining of screws (40°) along the
longitudinal direction than a DCP (25°).
LC-DCPs are now being used more frequently
in clinical practice than before.

The DCPs are available for small animal use in
a variety of sizes like, 2.0, 2.7, 3.5, and 4.5, which
are used with 2 mm, 2.7 mm, 3.5 mm, and 4.5 mm
cortex screws, respectively. 4 mm cancellous
screw can be used with DCP 3.5, and 6.5 mm
cancellous screw can be used along with DCP
4.5. Whereas in large animal applications, 4.5 or
5.5 broad DCPs are used, broad DCPs are wider
and thicker than standard DCPs (4.5 mm broad
DCP has a width of 16 mm and thickness of
4.8 mm as against 13.5 mm width and 4.2 mm
thickness of standard narrow DCP) and have

Table 2.3 The sizes of drill bit and tap for different sizes of screw

Screw size (mm) ‘ 1.0 ‘ 1.3 ‘ 1.5 ‘ 2.0
Drill bitsize mm)  [0.8 |10 |11 |15
Tap size (mm) ‘ 1.0 ‘ 1.3 ‘ 1.5 ‘ 2.0

24 |27 [35 |40 |45 |55
18 |20 |25 |25 (32 |40
24 |27 |35 |40 |45 |55
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Fig. 2.35 In dynamic compression plating, a hole is
drilled in the center of the screw hole close to the fracture
site in the proximal bone fragment using a neutral guide,
and the plate is then secured by inserting a screw. An
eccentric hole is drilled in the screw hole in the distal
bone fragment close to the fracture site with the help of
an eccentric drill guide. As the screw is inserted and
tightened through the eccentrically drilled hole, the frac-
ture is self-compressed by displacing the plate. The
remaining screws are then inserted alternatively using the
neutral drill guide

staggered screw holes. In heavy large animals,
double plates are recommended for fixation of
fractures in load-bearing bones. Though plates
have been developed specifically for use in large
animal orthopedics, they are not readily available.
Compression can also be obtained with any of the
straight plates by using a compression device
(Fig. 2.36). Here, a suitable length plate is used
across the fracture site and is fixed to one (proxi-
mal) fracture segment using one or more SCrews.
At the opposite (distal) end of bone segment, the
compression device is fixed using a small cortical
screw and is anchored with the last screw hole. As
the screw in the device is tightened, the plate is
pulled toward the device achieving compression
between the fracture segments. Subsequently, the
screws are fixed in the remaining holes of the
plate, and then, the compression device is
removed by loosening the small screw fixing the
device.

Plate luting: Fixation stability with a bone
plate is achieved from friction between the plate
and the bone, and therefore, it is directly

2 Principles of Fracture Fixation Techniques

proportional to the extent of plate contact with
the bone cortex. The technique of ‘plate luting’
has been developed to obtain maximum plate-
bone contact, through interfacing a layer of bone
cement between the plate and the bone. Plate
luting is mostly used in large animal fixations to
achieve greater fixation strength [57, 58]. The
technique involves placement of all screws in
the plate first, and then, the screws are loosened
to lift the plate off the bone. PMMA dough
(incorporated with a broad-spectrum antibiotic)
is filled between the bone and the plate, and all
the screws are soon tightened, and the excess
spilled cement is removed. Hardened PMMA
cement, filled between the plate and screws and
in the screw holes around the screw heads,
provides stable plate-bone fixation. While apply-
ing PMMA dough, care should be taken to pre-
vent penetration of bone cement into the fracture
line, which may hamper bone healing. Further, as
hardening of PMMA (polymerization) is an exo-
thermic reaction with releasing of heat, the bone
and the implants have to be cooled using cold
saline solution during the process.

2.2.2.2 Veterinary Cuttable Plate (VCP)
and Reconstruction Plates
Veterinary cuttable plates are special plates that
can be customized for use in bones of varied
length by cutting them to desired length
[59, 60]. VCP is not a compression plate. They
are available in two sizes: small plates can accom-
modate 1.5 mm and 2.0 mm screws, and larger
plates can accommodate 2.0 mm and 2.7 mm
screws. The length of plate is 30 cm having
50 round holes. As these plates are relatively
weak, they can be used only in small animals
with simple fractures.

Reconstruction plates are flexible plates,
which can be contoured in two planes [61]. The
presence of deep notches between the screw holes
makes them relatively flexible but much weaker
than standard bone plates. The different sizes of
plates available are 2.7, 3.5, and 4.5. The plates
have oval holes, which allow for compression
between the bone segments. Reconstruction
plates are particularly useful for fixation in pelvic
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Fig. 2.36 The use of a compression device to achieve
compression between fracture fragments: (a) a plate is
applied across the fracture site and is attached to the
proximal fragment with 2-3 screws, and at the opposite
end of fracture fragment, the compression device is fixed
with a small cortical screw and is attached to the last screw

fractures, mandibular fractures, and distal

humeral or femoral fractures.

2.2.2.3 Special and Mini Plates

Special T- and L-plates are available in variable
sizes (2.0, 2.7, and 3.5) for veterinary
applications. Other special plates include acetab-
ular plates (2.0 and 2.7) [62, 63], hook plate for
proximal femoral fracture, tibial plateau leveling
osteotomy plate, pantarsal and pancarpal arthrod-
esis plates, and tubular plates for bones with
minimal soft tissue coverage and osteoporotic
bones, etc. Small fragment mini plates are also
available in variable sizes (1.0, 1.3, 1.5, and 2.0),
shapes, and lengths as T-plate, L-plate, round-
hole plate, cuttable plate, and DCP [64]. Gener-
ally, self-tapping screws are used. Mini plates are
commonly used for fractures of the mandible,
maxilla, metacarpals, and metatarsals in small
breed dogs and cats.

2.2.24 Locking Plate-Screw Systems

Locking plate-screw system, a more recent con-
cept, is a bone plate having threaded screw holes
that allow locking head screws to snugly fix into
the plate. This combination of plate and screw
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hole; (b) the compression device is tightened to bring the
two bone fragments closer; (c) with the fragments in the
proper position, the screws are fixed in the distal aspect of
the plate; (d) the device is then detached by removing the
small screw

functions as a fixed-angle device [65—
72]. Locking plate systems have several
advantages over other conventional plating

systems. The locking plate is biomechanically
superior to traditional DCP [73, 74]. In the
DCP, friction at the bone-plate interface brings
about compression of the plate to the bone; as the
axial load is increased, the screws may start tog-
gling and loosening, leading to fracture instability
and implant failure. Thus, it is difficult to attain
and maintain adequate screw-plate stability, espe-
cially in unstable comminuted fractures and in
metaphyseal and osteoporotic bones. The conven-
tional plate fixation may also compromise the
periosteal circulation and vascularity at the frac-
ture site. The locking plate need not be in close
contact with the underlying bone; hence, perfect
contouring of the plate is not essential. Thus,
reduced contact between the plate and the bone
can help preserve the periosteal circulation and
reduce osteoporosis underneath the plate. The
locking plates do not cause friction between the
plate and the screws, and the angularly stable
screw-plate interfaces provide stable fixation. In
other words, the locking plates act as external
fixators positioned under the skin with little
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distance between the bone and plate, providing
more stable fixation. Further, the screws need not
be fixed through both bone cortices (can only be
fixed in the near cortex); it allows locking plates
to be used in a variety of applications like in
mandibular and acetabular fractures and in double
plate fixations.

Locking Compression Plate

Innovation of locking compression plate (LCP) is
the presence of combi holes to allow fixation of
either locking head screws or conventional
non-locking screws (Fig. 2.37). The locking com-
pression plates with combi holes are available in
standard DCP/LC-DCP sizes of 3.5, 4.5, and 5.5.
Combi hole has one part similar to standard com-
pression plate that allows fixation of conventional
screw allowing compression or an angled lag
screw [65]. The other part of the hole is threaded,
which allows fixation of locking head screw
exactly at perpendicular to the plate, providing
angular stability. Special threaded drill guide,
which can fix to the hole threads, facilitates pre-
cise drilling for fixation of locking screws.
Depending on the situation and function, the
plate can be used as a compression plate or a
fixed angle internal fixator. Locking head screws
are available in two forms, either only self-
tapping screws (for fixation in unstable fracture
conditions) or self-drilling and self-tapping
screws (for unicortical fixations). Locking screws
have smaller threads (as there is no need to
achieve compression between the plate and the
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Fig. 2.37 Locking plate with combi holes fixed with
locking and non-locking screws
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bone) and have a larger core diameter (ensures
greater bending and shear strength). Locking
screws are designed with new Stardrive head,
which can withstand 65% greater insertion torque
than conventional hexagonal head, and it is also
self-retaining (screw stays on the screwdriver).

Locking compression plates can be used to
treat most of the fractures where plating is
indicated, especially in unstable conditions. In
small animals and in sheep and goats, 2.7/3.5
plates can be used to immobilize the fractures of
different long bones such as the femur, humerus,
tibia, and radius-ulna, apart from the mandibular,
pelvic, and spinal fractures. In large animals
(horses, cattle, and buffaloes), diaphyseal
fractures of the tibia and radius are more amena-
ble to plate fixation, although they can also be
used to treat certain fractures of the femur,
humerus, metacarpus, and metatarsus using 4.5/
5.5 broad locking compression plates.

Locking Plate (UniLock)

The UniLock locking plate has round holes with
locking mechanism for fixation of locking head
screws [75]. This is available in two systems, 2.0
(allow 2.0 mm locking screws) and 2.4 (allow 2.4
and 3.0 mm locking screws), which allow fixation
of self-tapping locking screws. Locking screws
are fixed perpendicular to the plate using special
threaded drill guide. The UniLock plates can be
particularly useful in mandibular and pelvic
fractures and small bones of dogs and cats.

String of Pearls (SOP) Plate
SOP plate with locking mechanism is a unique
fixation system; mechanically, it acts as an inter-
nal external fixator [70]. Its design allows the use
of cortical screws as locking screws and allows
contouring in six degrees of freedom (medio-
lateral bending, cranio-caudal bending, and tor-
sion) with high bending strength. The SOP plate
is narrower but has greater moment of inertia than
DCP, LC-DCP, or LCP of similar size. Mechani-
cally, the bending strength of SOP is 30-50%
greater than conventional plates.

Basically, the plate has two components,
cylindrical and spherical, arranged alternatively.
The cylindrical component (internode) is
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designed to contour the plate by bending or twist-
ing. The spherical component (node) is designed
to accept the head of a standard screw; as the
screw head is tightened, the screw threads get
locked along the threads carved within its deeper
part to provide rigid fixation. Both bicortical and
monocortical screws can be fixed in SOP plates.

SOP plates are available in two sizes, 2.7 and
3.5. As it can be bent and twisted to contour to the
shape of the bone, it has a variety of clinical
applications like long bone fractures, pelvic and
acetabular fractures, and spinal fractures. Bend-
ing and twisting, however, reduce the plate
strength (twisting should not be more than 20°
per internode). SOP plate cannot be used to
achieve compression but can be used as a buttress
or neutralization plate.

Clamp-Rod Internal Fixator (CRIF)

The CRIF is another versatile system, which
consists of a rod, clamps, and standard screws. It
can be readily contoured to the bone surface and
easily applied with minimal instrumentation, and
it is relatively economical [43, 76—78]. CRIF sys-
tem favors vascularization at the fracture site as
only the clamps placed along the rod touch the
bone. Clamps can be arranged on either side of
the rod contouring to the outer surface of the bone
to provide rigid fixation. Tightening of screws
allows firm fixation of the clamps to the rods.
The available CRIF systems can utilize 2.0, 2.7,
3.5, and 4.5 mm screws, for use in different long
bones of small animals and young large animals.
2.2.2.,5 Contoured Locking Plates

for Bovines

The novel locking plates specifically contoured to
different long bones such as the radius, femur,
and tibia (designer plates) have been developed
by the Indian Veterinary Research Institute, using
316L stainless-steel alloy for use in large bovines
[41, 79, 80]. The plates are contoured to the
cranial surface of the radius, craniolateral surface
of the femur, and craniomedial surface of the
tibia. The screw holes are placed in two rows
and are directed in different planes to facilitate
proper placement and fixation of screws in the
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bone cortex and also to provide greater fixation
stability.

The contoured plate developed for the radius
has a length of 180 mm, thickness 4.5 mm, and
width 32 mm (Fig. 2.38). The plate has 7 combi
holes on medial and lateral border each, and the
distance between the two screw holes (longitudi-
nal) is 15 mm. Curvature of the plate (arc) is 45°
(1/8th of circle). The plate has two additional
locking holes at both ends between the two rows
of combi holes. Both rows are angled at each
other at about 40 to prevent penetration of medial
and lateral radial surfaces during screw fixation.

The locking plate developed for the femur has
a length of 180 mm, thickness 4 mm, and width
(straight) 35 mm at proximal and distal portions
and 32 mm at the central portion (Fig. 2.39). The
number of combi holes on medial and lateral
border is 8 each, and the distance between the
two screw holes is 25 mm, whereas the distance
between the screw holes on the same border (lon-
gitudinal) is 10 mm. The medial border of the
plate is straight, whereas the curvature of the
plate on the lateral border (arc) is 45" (1/8th of
circle), which is nearly flattened at the distal end.
The plate has two additional locking holes, one at
either ends, between the two rows of screw holes.
The holes on both rows are placed alternatively
and angled at each other at about 40° to prevent
collision and proper purchase of screws in both
bone cortices (cis- and trans-cortices) during
screw fixation.

The locking plate developed for the tibia has a
length of 240 mm, thickness 5 mm, and maxi-
mum and minimum width of 55 mm and 24 mm
(Fig. 2.40). The number of holes on the cranial
and caudal border is 8 and 7, respectively. The
distance between two screw holes (longitudinal)
is 15 mm. The tibial plate has three additional
combi holes in between the two rows of screws.
The first five screws in the craniomedial row are
at an acute angle to the screws of caudal row to
allow the craniomedial screws to enter the far
cortex without penetrating through the lateral sur-
face of the bone.

The threaded component of combi holes in all
the plates can accept 5.0 mm locking screws with
a core diameter of 4.4 mm and a thread pitch of



102 2 Principles of Fracture Fixation Techniques

Fig. 2.38 Contoured
locking compression plate
developed for bovine radius

Fig. 2.39 Contoured
locking compression plate
developed for bovine femur
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Fig. 2.40 Contoured
locking compression plate
developed for bovine tibia

1 mm. The oval component can accept 4.5 mm
cortical screws with a core diameter of 3.0 mm,
thread pitch of 1.75 mm, and head diameter of
8 mm.

The novel locking plates developed for differ-
ent bones were subjected to in vitro mechanical
tests using plate-bone constructs developed using
buffalo cadaver bones. In the radius,
mid-diaphyseal transverse osteotomy model was
used; in the tibia, a long oblique osteotomy was
used; and in the femur, a transverse ostectomy
with a 5 mm gap was used to develop bone-plate
constructs.  Different  locking  plate-bone
constructs were subjected to axial compression
and cranio-caudal 3-point bending and torsion
(only femur constructs) tests and compared with
different  plate-bone  constructs such as
non-locking plate-bone, single locking plate-
bone, and double locking plate-bone constructs
using a universal testing machine. For compres-
sion testing, specimens were loaded in compres-
sion at a constant actuator displacement rate of
10 mm/sec until failure; for bending, the central

load support contacted the cranial aspect at the
center of the specimen, and load was applied at
10 kN per second until failure. For torsion testing
(0-2000 Nm TTM), with the longitudinal axis of
the femur aligned along the axis of rotation, each
bone or construct was externally rotated, so that
the cranial aspect of the femur moved medially
relative to the mid-shaft, at 5°/sec until failure
occurred.

The novel locking plate-radius constructs
under compression showed mean (+SE) stiffness
of 3.59 + 0.47 MPa, yield load of 22.65 + 2.03
kN, and ultimate failure load of 22.65 + 1.91kN.
Under the bending test, the mean (+SE) bending
moment was 514.07 + 55.06 Nm, stiffness
0.61 + 0.09 MPa, yield load 8.73 + 0.95 kN,
and ultimate failure load 10.82 + 1.16 kN.

The novel locking plate-femur bone constructs
showed 5.19 + 0.15 MPa stiffness, 45.13 + 0.76
kN yield load, and 49.31 + 0.57 kN ultimate
failure load under compression. Under bending,
mean (+SE) stiffness was 0.93 + 0.08 MPa,
bending moment 620.00 + 24.56 Nm, yield load
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7.09 + 0.50 kN, and ultimare failure load
8.51 £ 0.45 kN. Under torsion, mean (+SE) ulti-
mate failure load was 245.64 + 4.47 kN and
ultimate failure displacement was 21.66 + 0.48°.

The novel locking plate-tibia constructs
exhibited mean (+SE) compressive stiffness of
4.0 + 1.04 MPa, yield load of 24.07 + 3.45 kN,
and ultimate failure load of 25.85 + 4.32 kN. The
mean (£SE) bending moment was
565.37 + 79.3 Nm, stiffness 0.58 + 0.11 MPa,
yield load 7.9 + 1.14 kN, and ultimate failure load
9.83 + 1.38 kN.

The novel locking plates designed and devel-
oped for fixation of different long bones of a
bovine were well contoured and could fit well
on the respective bone surfaces. Fixation of the
bone with contoured locking plate was mechani-
cally stronger than the standard single locking
compression plate fixation and was almost as
strong as double plate fixation. These contoured
locking plates look promising to treat long bone
diaphyseal fractures in adult cattle and buffaloes,
which are otherwise difficult to treat by conven-
tional plate fixation. However, they need to be
tested in more number of cases in a variety of
clinical settings.

Locking plates have certain limitations. Frac-
ture has to be properly reduced before fixing the
plate, as the bone segments cannot be
manipulated once a locking screw is fixed
through the plate. The cost of locking plates is
also more than conventional plates, which may
limit their use in routine veterinary practice.

2.2.2.6 Minimally Invasive
Percutaneous Plate
Osteosynthesis (MIPO)
In recent years, more focus in fracture repair has
been given on minimally invasive fixation
techniques. After the advancements in the devel-
opment of rigid fixation systems such as LCP, a
new technique of fracture fixation, i.e. less inva-
sive stabilization system (LISS) or minimally
invasive percutaneous osteosynthesis (MIPO), is
gaining popularity [81-84].
In MIPO, a bone plate is fixed through two
small incisions made away from the fracture site
and hence referred as percutaneous plating
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(Fig. 2.41). As the fracture site is not directly
exposed and minimally disturbed, this technique
allows biological bone healing. In this technique,
a bone plate is fixed in the proximal and distal
bone segments in a bridging fashion across the
fracture site. The bone segments are first reduced
by closed or indirect methods. Two small skin
incisions are made one on either end of the frac-
tured bone, and using a blunt instrument such as
artery forceps, a subcutaneous tunnel is created
between the soft tissues and the periosteum
connecting the two incisions. The plate is then
inserted through one of the incisions along this
tunnel, sliding across the fracture site on the peri-
osteal surface of the bone, toward the opposite
incision. The plate is aligned along the bone and
screws are fixed at both ends of the plate through
the insertion incisions, and if needed, additional
stab incisions are made to fix more screws. Usu-
ally, only 2-3 screws are fixed at both ends of the
plate leaving the screw holes at the center blank
(bridge plating).

MIPO has the advantage of reduced operative
time once familiar with the procedure. It lowers
the risk for bacterial infection due to decreased
duration of surgery, limited soft tissue trauma,
and reduced fracture site contamination. It
preserves the haematoma formed at the fracture
site contributing to early callus formation and
bone healing. MIPO also causes minimal damage
to the periosteal vascular supply in comparison to
conventional plating, which in turn may hasten
fracture healing. With MIPO, the postoperative
pain is relatively lesser, and the fracture healing is
more rapid than traditional plating due to minimal
skin incision and manipulation of bone segments.
Even though MIPO has similar advantage as
external skeletal fixation in terms of fracture
healing, postoperative care of patient is less
with MIPO.

The main disadvantage with MIPO is that the
technique is difficult and challenging to learn and
apply. Further, it may not be suitable for fractures
requiring more rigid and stable fixation, espe-
cially in small segment fractures, and in articular
fractures which require precise anatomic reduc-
tion and interfragmentary compression. With
MIPO, fracture site cannot be directly visualized,
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Fig. 2.41 Minimally
invasive plate
osteosynthesis (MIPO)

(a) vs. standard bone plate
fixation (SBPF) (b). MIPO
is less traumatic, less rigid,
but more biological. SBPF
is more traumatic, less
biological, but more rigid

and therefore, there is a need for intraoperative
fluoroscopy or radiography, which may increase
the risk of radiation exposure for both the patient
and the surgical team.

2.2.3 Ancillary Fixation Devices
2.2.3.1 Screws

Screws have been used in many ways in orthope-
dic applications [7, 46, 47, 49, 54] (Fig. 2.42).
Generally, screws are not used as sole fixation
devices as they cannot resist bending, rotation,
or axial loads. They are used as ancillary fixation
devices along with primary fixation devices such
intramedullary pins/nails or bone plates, where
screws can stabilize the fracture and keep the
bone fragments in anatomic alignment. The
screw is often used to provide compression
between the bone segments, so that the fractured
bone can heal faster. Any screw used to bring
interfragmentary compression is called as a lag
screw, which not only reduces the gap between
the fracture segments but also decreases the stress
on the primary fixation implant. Usually, half-
threaded screw is used as lag screw, wherein the
near cortex is over-drilled automatically leading
to compression of bone segments while

tightening the screw. If fully threaded screw is
used as lag screw, the near cortex must be over-
drilled to achieve compression (Fig. 2.43). If the
compression is achieved by the fixation device
alone, it is called static compression, and if the
body weight or muscle force is utilized to achieve
additional compression, it is called dynamic
compression.

Screw can be either cortex or cancellous type.
Cortex screws, which are designed to anchor in
the cortical bone, have fine threads (with rela-
tively larger core diameter and smaller pitch)
along their shaft. Cortex screws are commonly
available in sizes varying from 1.5-5.5 mm (1.5,
2.0, 2.5, 3.5, 4.5, and 5.5 mm) in diameter with
varied lengths. Most frequently used 3.5 mm cor-
tex screw has a 6 mm head with a 3.5 mm hexag-
onal recess, the outer thread diameter is 3.5 mm,
and the core diameter is 2.4 mm, whereas cancel-
lous screws having coarse threads (with lesser
core diameter and larger pitch) are designed to
anchor in softer cancellous bone. A 3.5 mm can-
cellous screw has an outer thread diameter of
3.5 mm and core diameter of 1.9 mm. Cancellous
screws can be fully threaded or half-threaded
having a smooth unthreaded portion, which is
normally used as a lag screw. Locking head
screws, used along with locking plates, have
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Fig. 2.42 Fixation of
screws in different
fractures/bones: (a) femur
neck fracture, (b)
intercondylar fracture of the
femur, (c) distal epiphyseal
fracture of the radius, (d)
olecranon fracture of the
ulna, (e¢) comminuted
fracture of the femoral
diaphysis, and (f)
comminuted fracture of the
tibial diaphysis

core diameter larger with smaller threads than
standard bone screws; the pitch of the screws is
also smaller, and it matches with the pitch of the
threads on the screw head. A 3.5 mm locking
screw typically has thread diameter of 3.5 mm
and core diameter of 2.9 mm with 1.24 mm thread
pitch.

Screws can be self-tapping or non-self-
tapping. Self-tapping screws are designed to
directly insert into a predrilled hole in the bone,
without tapping (creating threads in the bone).
Self-tapping screw can allow withdrawal and
reinsertion through the predrilled hole without
losing its grip; but if misdirected, it can damage

Fig. 2.43 Application of

lag screw: in fully threaded
cortical screw (a), the near
cortex must be over-drilled

2 Principles of Fracture Fixation Techniques

the previously cut threads. Hence, it is inappro-
priate to use self-tapping screw as a lag screw,
whereas non-self-tapping screws require cutting
threads in the predrilled hole in the bone using a
tap having sharp threads corresponding to the
profile of screw threads, before their insertion.
These screws can be withdrawn and reinserted
without fear of accidentally cutting a new track,
as it is unable to cut threads in a dense bone. Self-
drilling self-tapping screw can cut through the
bony cortex and is designed for use in locking
plate systems for unicortical fixation.

Generally, solid screws are used; however,
cannulated screws with a hollow shaft are often

to achieve interfragmentary
compression, whereas in
half-threaded cancellous

screw (b), the near cortex is
automatically over-drilled
while tightening the screw
which brings about
compression between the

fragments
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used in specific applications. Cannulated bone
screws are available in sizes 3.5 mm and
6.5 mm. The cannulated screw can be placed at
exact location using Kirschner-wire as a guide. A
small K-wire is first drilled across the fracture
line, usually under C-arm fluoroscopic visualiza-
tion, and the cannulated screw is then slid along
the wire down into the bone using a special
driver. Care should be taken not to penetrate the
articular surface while placing the screw in the
subchondral bone near the joint. The K-wire is
then withdrawn to complete the procedure.
Cannulated bone screws can be used as lag
screws particularly in the metaphyseal or epiphy-
seal fractures of the distal humerus and distal or
proximal femur.

2.23.2 Wires
Kirschner- or ‘K’-wires are handy orthopedic
devices used in many different ways for reduction
and temporary or final stabilization of fractures.
They are also used as guide wires during the
application of cannulated screws or nails. The
difference between a pin and a wire is their diam-
eter. Pins are between 1.5 mm and 6.5 mm in
diameter, whereas Kirschner-wires are between
0.9 mm and 1.5 mm in diameter. K-wire is used
to reduce comminuted bone segments before the
placement of primary fixation device, to stabilize
small bone segments or as a primary
intramedullary device to immobilize a long bone
fracture [85]. K-wires can also be used in a
crossed fashion (cross pinning or cross IM pin-
ning) to help stabilize fractures at the epiphyseal/
metaphyseal region of long bones, as in cases of
supracondylar femoral and humerus fractures or
in proximal tibial fractures in young animals. The
main advantage with a K-wire is that as it is very
small, the fixation is minimally invasive and
non-traumatic. Hence, it can be placed safely
through an articular surface or across an open
physeal (growth) plate without causing significant
injury. K-wires are also widely used in external
skeletal fixation systems, especially in circular
fixators, which use relatively small diameter pins.
Orthopedic wire is available on a spool or in
individual preformed loops (eyelet wires). It is
used most widely as an adjunct to IM pinning or
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bone plating to provide rotational stability
[7, 21]. Generally, 0.6-1.2 mm (18-24 G) thick
wires are used in small animals and 1.2 to 2.0 mm
(14-18 G) wires in large animal fixations. It can
be used either as full-cerclage wire or hemi-
cerclage wire [26, 86, 87].

The full-cerclage wire is placed around the
circumference of the bone, generally to hold
small fracture fragments together in a
comminuted fracture or to achieve compression
between long oblique/spiral fracture segments
(Fig. 2.44). Spool wire is cut to the desired length
and the cut ends are secured by twisting with
pliers, needle holders, or special twisting
instruments. While passing the wire around the
bone, care should be taken not to entrap any soft
tissue. A needle holder or a wire passer can help
in safe passage of the wire. The wire should be
firm, and even tension should be applied along
the two ends during twisting to ensure proper
intertwining of the two cut ends, instead of twist-
ing one wire end around the circumference of the
other (Fig. 2.45). The wire is usually cut at the
third or fourth twist. It is advised to bend the twist
knot down along the bone surface to prevent
possible injury from the protruding wire to any
surrounding neurovascular structures
(Fig. 2.45b). However, one should remember
that bending causes a 30% loss of wire tension.

Fig. 2.44 Technique of cerclage wiring: (a) full-cerclage
wire, encircles the complete cortex over the periosteum
and below the soft tissues, (b) hemi-cerclage wire, wire is
passed through hole/s drilled in the bone cortex and taken
around partially encircling the cortex
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Fig. 2.45 Technique of
orthopedic wire tightening:
(a) symmetric twist knot
(correct), (b) asymmetric
twist (incorrect), and (¢)
eyelet loop knot. (d) Full-
cerclage wires used to
secure the bone fragments
in a comminuted fracture of
the femur immobilized with
interlocking nail

On the other hand, loop knots have been shown to
produce a greater wire tension than twist knots. In
this technique, the preformed (eyelet) loop wire is
placed around the bone, and by taking through the
eye loop, it is tightened using a special tightening
instrument. After achieving the desired tension, it
is bent over the loop along the bone surface and
cut about 2-3 cm from the eye loop. Twist-
knotted wires provide greater resistance to knot
failure than single-loop knotted eyelet wires, but
final wire tension (thus compression) on the bone
is greater with loop-knotted wire. A double-loop
knotted wire provides greater final wire tension
and resistance to knot failure.

Cerclage wires should be used to stabilize only
reconstructable fractures (long oblique or spiral
fractures or single large butterfly fragment).
Wires should not be used if the bone is not cylin-
drical in shape. Monofilament wire with sufficient
strength should be used, and braided wire should
never be used. A minimum of two cerclage wires
should be applied and are placed at least 0.5 cm
(or half the bone diameter) away from the fracture
line and spaced approximately 1 cm (or bone
diameter) apart. The wire is always placed
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perpendicular to the bone’s axis directly on the
periosteum without interposition of the soft
tissues. All wires are placed and tightened before
closure. To prevent slip of wire and subsequent
loosening, the wire may be passed and secured
through a hole drilled in the bone cortex or
secured by notching the cortex or placing a
small K-wire.

Properly tightened and applied cerclage wires
do not interfere with the blood supply to the
underlying cortical bone. Likewise, cerclage
wires can also be placed around immature bone
without disrupting bone growth. However, loose
wires shift back and forth along the cortical bone
and disrupt the blood supply by damaging the
periosteal vessels and compromising blood flow
through the bony cortex and predispose to
infection.

Hemi-cerclage wires are used to counter the
rotational or shear forces in transverse and short
oblique fractures. The orthopedic wire is passed
through a hole drilled in the bone so that it only
partially encircles the bone. The wire is placed
before the fracture is reduced and tightened after
fracture reduction. Tightening of hemi-cerclage
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wire should be just enough; excessive tightening
may distract the fracture on the opposite cortex. If
distraction is suspected, another hemi-cerclage
wire can be used on the opposite side. Hemi-
cerclage or full-cerclage wires can also be used
to reduce the fracture and keep the bone segments
in alignment during primary bone fixation with
IM nail/plate and screws, especially in severely
displaced/comminuted fractures of long bones
such as the tibia.

Orthopedic wire can also be used for stabiliza-
tion of avulsion fractures (especially of os-calcis
and olecranon) to counteract tension force
(Fig. 2.46). Here, two holes are drilled at the
center of the bone in the proximal and distal
bone segments, medio-laterally almost equidis-
tant from the fracture line. Two wire pieces
(long enough to approximate and twist the oppo-
site ends) are then passed, one each through the
proximal and distal holes. Subsequently, they are
tightened uniformly on both sides in the form of
figure eight wire or as a mattress suture. This type
of fixation is particularly useful in fractures with
small bone segments, especially in young

lightweight animals. However, one should be
careful not to put undue tension on the wires,
which may cut through the soft bone of young
animals.

Tension band wire: 1t is indicated for the treat-
ment of avulsion fractures, wherein the avulsed
bone segment is constantly subjected to distrac-
tion/tensile force through the attached muscle,
tendon, or ligament. Tension band wires not
only counteract the tensile force acting on the
avulsed bone segment but also bring about com-
pression between the fracture segments. Common
fractures that are amenable to tension band wiring
are that of thw olecranon, greater trochanter,
patella, tibial tuberosity, and os-calcis [88, 89].

Tension band fixation consists of dual K-wires
that fix the avulsed bone fragment back to the
shaft and orthopedic wire that passes through a
hole in the distal bone segment and behind the cut
ends of K-wires twisted in a figure of ‘8’ form
(Fig. 2.47). Twists are placed on each side of
figure of 8 wire and loops are tightened simulta-
neously [90] (Fig. 2.47b). The purpose of K-wires
is to maintain fracture alignment and provide
rotational stability; the figure of 8 cerclage
counteracts the tensile forces of the tension
attachment on the avulsed bone and converts
these forces into vectored forces that compress
the fracture as the animal bears weight. Tension
band wires should be avoided in places where it
involves active growth plate as it may cause pre-
mature closure of the growth plate (if used, it
should be removed within 4 weeks).
2.2.3.3 Postoperative Care
and Management with Internal
Fixation
Postoperatively, broad-spectrum antibiotics and
non-steroidal anti-inflammatory/analgesic drugs
should be given for 3-5 days. The antibiotic
coverage may be extended if inflammation
persists or infection develops. Prolonged use of
anti-inflammatory drugs should be avoided as
they may hinder bone healing.

Post-surgery, the animals should be restricted
to cages/stalls, for the initial 2-3 weeks. Only
minimum weight-bearing should be allowed on
the operated limb, to prevent any complications.
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Fig. 2.46 Orthopedic wire fixation for avulsion fracture: (a) as a Mattress suture, (b) as figure of 8

Fig. 2.47 Tension band
wiring for fixation of
avulsion fracture: (a)
K-wires, (b) hole drilled in
the bone, (c) orthopedic
wire. (d) Tension band
wiring in a dog with
olecranon fracture

In cases of small animals, generally, the internal
fixation provides rigid and stable bone fixation,
and chances of implant/fixation failure are rare.
Weight-bearing can be gradually increased as the
fracture site consolidates. Early weight-bearing
should be encouraged (as far as possible), as it
will help to hasten bone healing. In large animals,
special care is needed during the period of

anesthetic recovery and in the immediate post-
fixation period. During the period, complications
such as implant failure and refracture are more
common, especially in horses. However, internal
fixation of fractures is associated with consider-
able risk both in horses and cattle. Contralateral
limb laminitis is more common in horses, but in
cattle, it is less common as cattle prefer to lie
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Fig. 2.47 (continued)

down more often than horses. Bending of the
contralateral limb is more often seen in young
animals. In cases where the animal is unable to
get up or struggle while getting up, decubital
ulcers may develop. Hence, soft padding should
be provided at the stalls/sheds.

Implant removal after bone healing is not
always necessary. Generally, if the fracture heals
without any complications, there is no need to
remove the implants. If complications arise,
such as implant failure or infection, the implants
should be removed. It is generally easy to remove
an intramedullary pin in small animals with a
small skin incision under sedation and local anal-
gesia, whereas bone plates and screws and
interlocking nails are not often removed both in
small and large animals, as they require extensive
surgery for removal. However, if nails and plates
are kept in situ for a prolonged period, they may
get trapped within the bone or bony callus and
may cause stress protection resulting in refracture
in later dates. If and when an internal fixation
device is removed, the affected limb should be

temporarily immobilized using splints and
bandages for a few days to avoid chances of
refracture.

2.3  External Skeletal Fixation

External skeletal fixation (ESF) indicates immo-
bilization of a debilitating musculoskeletal injury
(normally bone fractures, but often joint
dislocations, tendon/ligament injuries, etc.)
utilizing multiple percutaneous fixation pins
(transfixation pins/transcortical pins), which are
connected to make a rigid external frame or scaf-
fold, spanning the region of instability. Parkhill
devised the concept of ESF in 1897 to stabilize
open fractures and malunions of the extremities.
In the first half of the last century, veterinarians
such as Ehmer, Leighton, Schroeder, and Stader
developed various designs of external skeletal
fixators. ESF has been used in both human and
veterinary orthopedic applications for more than
100 years, but it has only recently (during the last
20-30 years) enjoyed resurgence of popularity
among veterinarians [91-99]. Renewed interest
in the use of ESF has occurred for several reasons:
an increasing occurrence of severe bone injuries
related to vehicular and firearm accidents;
advances in biomechanical studies of ESF and
fracture healing that have reduced the incidence
of fixator related complications; and the versatil-
ity of fixators for use in treatment of a variety of
conditions such as fractures, delayed and
non-unions, arthrodesis and limb deformities,
etc. Even though ESF has been widely used in
small animals to treat various fractures, arthrode-
sis, and limb-lengthening procedures, it has not
got widespread acceptance in large animal prac-
tice due to lack of appropriate fixation implants
that can endure heavy weight of the animals that
can be applied in angularly placed bones and due
to postoperative management problems. The cost
of treatment is also a hindering factor for use of
ESF in large animals. Although open fracture
repair and stabilization using pins and wires or
plates and screws have remained viable treatment
modalities, more attention has been given
recently to minimal surgical invasion and external
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Fig. 2.48 Dynamization,
more rigid to less rigid
fixation, by gradual
destabilization of fixator
components

fracture stabilization, and ESF is being used more
frequently in both pets and livestock. It has
allowed repair of some fractures that are unman-
ageable by use of conventional techniques.

2.3.1 Indications

ESF has been recommended for the treatment of
long bone fractures below the stifle or elbow
joints, where cast immobilization is not suitable
or provides satisfactory level of fixation (above
the mid-diaphysis of the radius/ulna or tibia).
Fractures with open wounds and soft tissue
injuries can also be better managed using an
ESF, as they cannot be suitably treated using
casts, splints, or their combinations [100]. It is
useful especially in open, comminuted, and
infected long bone fractures, where internal fixa-
tion in not advised and also suitable for
transarticular application [101] for arthrodesis or
temporary immobilization during healing of the
soft tissues (ligament/tendon injuries) [102] or
bone fractures of the extremities (metaphyseal/
epiphyseal fractures).

2.3.2 Advantages of ESF

External skeletal fixation offers several
advantages, such as quick functional recovery of
the injured limb with excellent mechanical
properties, allowing correction of rotational or
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angular deformities by adjusting the external
frames even after fixation of the bone; avoidance
of surgical trauma to the injured or normal tissues
and hence protecting the circulation at the fracture
site; and avoidance of infection associated with
the buried implants. It also preserves the fracture
haematoma and bone stimulatory proteins
released during the fracture, allowing natural or
biological healing to occur with a periosteal or
endosteal callus [92, 94, 103—-105].

Diversity in design and versatility of the ESF
techniques allow their application to numerous
types of fractures and are useful to treat short-
segment fractures also. Fixation is useful in
reserving the bone length and alignment, and
removal of the implant after fracture union is
easy. ESF is also useful for transarticular applica-
tion in cases with severe soft tissue injury or
comminution of the bone at the end of long
bones. It preserves the joint range of motion and
allows multiple applications with reusability of
components. ESF also allows providing
dynamization at the fracture site to hasten bone
healing [106] (Fig. 2.48). Dynamization, how-
ever, is insubstantial in large animal applications,
as providing rigid and stable fixation is most
important and less rigid fixation leading to fixa-
tion failure is one of the major concerns. In the
treatment of fractures, the use of closed reduction
and stabilization via external skeletal fixation bet-
ter preserves the periosteal circulation than bone
plate fixation with open method.
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2.3.3 Disadvantages of ESF

Though ESF offers several advantages, it has
certain limitations. Penetration of fixation pins
through the soft tissues may injure the vessels,
nerves, and tendons, impairing the neuromuscular
functions. The open skin-pin interfaces may allow
the entry of bacterial infection. Eccentric place-
ment of the ESF connecting elements (far from
the central axis of the bony column) may often
put ESF devices at a mechanical disadvantage
when compared to intramedullary nails and bone
plates. Postoperative care and management are
difficult due to the presence of fixator
components exposed externally.

2.3.4 Fixator Configurations

and Types

According to the shape/configuration of the exter-
nal frame connecting the transfixation pins, ESF
is classified as either linear fixator, circular
fixator, or hybrid fixator [96, 103, 107-
109]. Based on the number of skin surfaces
penetrated by the pins, ESF can be unilateral
(pins enter the skin from one surface and pene-
trate only till it exits the opposite cortex) or bilat-
eral (pins enter from one surface and exit from the
opposite surface). As per the number of planes
involved in the fixator, an ESF can be uniplanar,
biplanar, or multiplanar.

In small animal practice, unilateral or bilateral
linear fixation systems are often used, and in large
animals, mostly bilateral systems are used. Uni-
lateral fixator is mostly used in an upper extremity
(humerus or femur, usually along with IM nails)
or mandible, etc., because the anatomical struc-
ture precludes placement of a connecting bar on
the medial side, whereas bilateral fixators are
commonly used in distal limb bones such as the
radius, tibia, metatarsals, and metacarpals, where
medial and lateral limb surfaces are easily acces-
sible. Circular fixators are also used in both small
and large animal fracture fixation. They can be
used in any bone where bilateral multiplanar
fixators can be applied but are particularly useful
for trans-tarsal applications in the hindlimb
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(fractures of the tibia and proximal metatarsus,
luxation of tarsal joints, etc.).

2.3.5 Biomechanics of ESF

External skeletal fixation involves fixation of
fractured bone using pins transfixed through
bone segments, which are then -externally
connected to form a rigid frame. Fracture stability
is achieved by transfer of loads between the major
bone segments through the fixator components
spanning the fracture site. Therefore, mechanical
stability of a fracture immobilized by ESF is
determined by (1) the material characteristics of
the bone and fracture configuration, (2) the mate-
rial properties of the ESF components, and (3) the
design of the ESF [95, 104, 110-114].

The Material Characteristic

of the Bone and Fracture
Configuration

The diaphysis of a long bone has more dense
cortical (lamellar) bone than the metaphysis or
epiphysis having less dense cancellous (spongy)
bone. Further, the diaphysis is more cylindrical in
shape than the metaphysis or epiphysis, which are
more irregular. Therefore, implant holding power
of the diaphyseal bone is more than the
metaphyseal or epiphyseal bone.

Fracture configuration also influences the
mechanical stability of a reconstructed bone
(Fig. 2.49). When an ESF is applied for fracture
stabilization, a varying proportion of load is
shared by the fixator and the reconstructed bone.
In a transverse fracture with compression between
the bone segments, much of the ground reaction
force is transmitted axially along the bone
segments across the fracture line; hence, the load-
ing of the fixator components and the pin-bone
interfaces is the least (ideal load-sharing fixation).
In an oblique or comminuted fracture having a
large butterfly fragment that is anatomically
reconstructed with full-cerclage wires or lag
screws (stabilized with interfragmentary com-
pression), the ESF takes most of the ground reac-
tion load as compared to the reconstructed bone
(a partial load-sharing fixation), whereas in a
highly comminuted fracture that cannot be

2.3.5.1
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Fig. 2.49 Load sharing by
the fixator under different
fracture conditions: (a)
transverse fracture, (b)
oblique fracture with
cerclage wiring, (c)
comminuted fracture

anatomically reconstructed, none of the ground
reaction force is transmitted through the bone
column; instead, all of the load is transmitted
from the distal bone segment to the proximal
bone segment through the pin-bone interfaces
and fixator components (buttress or non-load-
sharing fixation).

2.3.5.2 The Material Properties
of the ESF Components
Traditionally, ESF components have been

fabricated from stainless steel. The connecting
bars/rings made of mild steel, aluminum, or car-
bon composites have also been used. Stainless
steel is a sufficiently strong material than alumi-
num and mild steel. Mild steel is stronger than
aluminum and economical. Stainless steel is also
generally more rigid and stronger than carbon
fiber, but it may undergo plastic deformation
with progressive loss of strength at higher loads.
Carbon fiber frames are stronger than aluminum
frames but costlier than aluminum or stainless-
steel frames. Further, carbon fiber frames can
delaminate when clamps are tightened on it,
which limits their use for multiple applications.
As aluminum and carbon fiber are lightweight
and less rigid, their frames should be thicker
than that of stainless-steel frames to maintain
comparable rigidity.

The methyl methacrylate used to construct a
connecting bar in free-form fixation systems has
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certain advantages such as lightweight and more
economical than standard steel connecting bars
and clamps. But to achieve comparable mechani-
cal strength, acrylic connecting bars should be
about four times larger in diameter than
stainless-steel connecting bars (20 mm diameter
acrylic column is almost similar to 5 mm diameter
stainless-steel rod). Once hardened during frame
construction, acrylic connecting bars cannot be
adjusted. Acrylic is also more brittle and hence
can develop cracks. Further, during hardening
(polymerization-exothermic reaction) of acrylic,
heat is generated (>55 °C); hence, there is a
possibility of thermal injury to the tissues. How-
ever, this can be minimized by wetting/rinsing the
transfixation pins with cold saline during the
period and also by keeping a safe gap of about
10 mm between the skin and the acrylic column.
The use of epoxy putty for construction of exter-
nal frame has also shown promising results in
terms of mechanical strength of the fixator,
which is as good as methyl methacrylate. With
epoxy putty, construction of connecting bars is
technically easy, and heat generation is also less
(because polymerization reaction is slower in
epoxy than acrylic).

2.3.5.3 The Design of the ESF
The strength and stiffness of an ESF construct are
also determined to a large extent by the implant
design of different ESF components.
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Fig. 2.50 Mechanical
strength increases as the
complexity of the design
increases

Frame configuration: The unilateral uniplanar
fixation systems are mechanically the weakest
(Fig. 2.50). In unilateral fixation systems, the
axial extraction force for transcortical pins is
greater when the pins engage to both cortices
than that engages to only one cortex. Divergent
pins increase the torsional stability and yield
higher resistance at the fracture site as compared
to parallel pins.

Bilateral linear fixator designs provide supe-
rior biomechanical stability than that of unilateral
designs, irrespective of the pin size and number.
Multiplanar fixators having four connecting bars
(quadrilateral) placed equidistantly from one
another are mechanically superior to bilateral
fixators. The number of connecting bars (more
number, greater stability) and the size of the
connecting bars (increased size, greater stability)
used also affect the fixation stability.

Regardless of the fixator design, the clamps
joining the fixation pins to the connecting bars
are the weak link in the fixator assembly. If not
applied properly, it may cause movement and
instability at the pin-bone interfaces leading to
loosening of the pin and fracture instability.
Hence, in large animal applications, fixation
bolts are preferred over clamps, to provide more
stable  fixation between the pin and
connecting bar.

Circular external fixation (CEF) allows axial
micromotion at the fracture site without affecting
the fixation stability [113]. With CEF systems,
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the distribution of bending and torsional loads is
more uniform across the fractured bone with
transfer of greater axial load along the fracture.
The CEFs are less rigid but are more resilient
(load-bearing capacity) than linear fixation
systems.

In CEF, relatively small diameter pins are used
under tension. Tensioning of pins increases the
axial stiffness. It has been seen that a properly
tensioned 1.6 mm pin can be as stiff as a 4 mm
non-tensioned pin. However, pin should not be
tensioned more than 50% of its yield strength
(i.e. 105 kg for 1.5 mm pin and 150 kg for
1.8 mm pin) to avoid deformation and breakage
of pin. Further, the effect of tensioning is more in
small diameter pins, and as the pin diameter
increases (large animal applications), tensioning
effect reduces.

The angle between the opposing (cross) pins in
a ring also impacts the fixation stability; to maxi-
mize stability, this angle must be close to 90,
Eccentric position of the bone within the ring
reduces the axial and torsional stiffness. The use
of beaded pins (olive wires) minimizes the trans-
lation of bone segments along the axis of the pin
and thus significantly enhances bending stiffness
and fixation stability.

Number of pins in each bone segment: The
more the number of fixation pins in each bone
segment, the larger the surface area for stress
distribution and, hence, the greater the fixation
stiffness (Fig. 2.51). The use of two or more
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Fig. 2.51 Mechanical
strength increases by
increasing the number
of pins

pins (in linear systems)/rings (in circular systems)
in each bone segment significantly increases fixa-
tion stability as compared to single pin/ring fixa-
tion. However, adding more than four pins per
bone segment does not increase fixation stiffness
but may increase the potential for pin-tract
infection.

Pin design: Smooth (non-threaded) pins have
least axial extraction strength and have the ten-
dency for premature loosening and fixation fail-
ure and hence should be avoided in linear ESF
systems. Among the threaded pins, the axial
extraction force is greater in positive-profile pins
than negative-profile pins. Among the different
pin tip styles, trocar points are better penetrable
than chisel or diamond points, but they cause
higher temperature along the pin tract. Experi-
mental results have shown that the use of wire
ropes (braided steel wires) instead of monofila-
ment pins of the same diameter can provide
greater stiffness with respect to transverse loads,
indicating that a wire rope may be a viable alter-
native to a monofilament pin as the transosseous
component, especially in large animal circular
fixation systems; however, it has not resulted in
clinical applications, may be due to technical
difficulties.

Pin diameter: Pin diameter also influences the
fixation rigidity both in linear and circular fixation
systems, as it has a direct effect on stability at
pin-bone junctions. The larger pins bend less and

hence produce less movement between the pin
and bone. Pin stiffness is directly proportional to
its radius (fourth power); hence, larger pins pro-
vide more rigid fixation (Fig. 2.52). But pin diam-
eter should not exceed 20-25% of the bone
diameter to avoid the risks of iatrogenic fracture
through the pin tract and catastrophic failure of
fixation.

Pin length: The strength and stiffness of fixa-
tion are inversely proportional to pin length,
which also implies to the position of the

H

Fig. 2.52 Mechanical strength increases by increasing
the diameter of pins

b
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Fig. 2.53 Mechanical
strength decreases as the
distance from the bone to
the connecting rod
increases

connecting bar/ring on the fixation pins.
Irrespective  of fixator configuration, by
minimizing the distance from the bone to the
connecting bar, the fixation rigidity can be
increased (Fig. 2.53); doubling this distance has
been shown to reduce the resistance against com-
pressive load by about 25%. If the distance
between the bone and connecting bar/ring is
less, the working length of the pin will be shorter.
Hence, the pin will be less flexible causing less
movement at the pin-bone interfaces. Clinically, it
has been recommended placing the clamps about
1-2 cm from the skin surface.

Pin placement: Proper placement of the pins
relative to the bone is critical to augment the
strength and stiffness of the fixator construct.
The pin must be placed at the center of the med-
ullary cavity of the bone, so as to penetrate both
bone cortices, to maximize stability and prevent
iatrogenic fracture. Increasing the distance
between the pins increases the working length of
the connecting bar bridging the fracture zone and
thereby increases its deflection (and fracture gap
deformation) with weight-bearing. It is also
advised to distribute the pins throughout the
length of the bone segments (by using more
pins) to disperse the load evenly. Pins close to
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the fracture are placed about 1-2 cm from the
fracture line.

In bilateral linear and circular ESF systems,
pins are always placed parallel to each other and
perpendicular to the long axis of the bone;
angling of pins does not offer any significant
mechanical advantage. However, in unilateral
systems, divergent pins are used to increase the
yield strength; pins close to the fracture are
angled to shorten the working length of the
connecting bar.

2.3.6 Linear External Skeletal
Fixation Systems for Small

Animals

External skeletal fixation (ESF) is an ever-
evolving system. In the 1940s, Emerson Anton
Ehmer  working  with  the  Kirschner
Manufacturing Co., Washington, developed the
Kirschner-Ehmer splint, popularly called as KE
device. The KE device became synonymous with
the external skeletal fixator for several
generations of veterinarians and has been widely
used in small animal applications [105]. However,
due to several disadvantages of KE device, such
as mechanical weakness, poor understanding of
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the system, and high patient morbidity, the popu-
larity of ESF system is reduced by the early
1980s. Subsequently, better understanding of the
ESF system led to improved design of fixation
pins and KE clamp and a trend toward more rigid
fracture fixation. Further improvements in ESF
devices were directed to simplify some of the
complex frame geometries with the KE device,
which led to improved ESF systems such as
IMEX™ SecurOS™, Innovative Animal
Products™, and Synthes ESF system. These
ESF devices have significant improvements in
ESF design that improved technical ease of appli-
cation; increased fixation rigidity, with simplified
frame configurations; and decreased patient
morbidity.

The standard ESF systems developed for small
animal applications have often tried for large
animal fixations. However, the mechanical
limitations of most of these ESF devices mark-
edly limit their application in large animals. The
major limitation is the inability of conventional
ESF systems to sustain the heavy weight-bearing
loads, leading to fixation failure, especially at the
clamps used to connect the fixation pins to the
connecting rods. Implant failure in large animals
is mostly attributed to loosening of pin-bone
interfaces. Heavy weight-bearing loads placed
on transfixation pins may cause deflection of
pins and thus significant strain at the pin-bone
interfaces leading to bone resorption. Resorption
of the bone along the pin-bone tracts can further
increase pin movement, thus setting in vicious
cycle of pin motion and bone resorption, resulting
in reduced fixator stiffness and fixation failure.
Although various ESF devices developed for
humans and small animals have been used in
experimental and clinical studies in large animals,
the results with type II configurations were satis-
factory in lightweight calves and foals weighing
less than 150 kg, and type I (half-pin) designs
were successful only to a limited extent.

A typical ESF device is made up of (1) fixation
pins, (2) linkage devices (fixation clamps, pin
grippers), and (3) connectors (connecting rods/
connecting bars/sidebars). Connectors and link-
age devices together form ESF frame.
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2.3.6.1 Frame Configurations

ESF systems for small animal applications are
available in different frame configurations: unilat-
eral or bilateral (based on the side) and uniplanar,
biplanar, or multiplanar (based on the plane)
[90, 109] (Fig. 2.54). Taking both the side and
plane into consideration, ESF frames can be fur-
ther classified as detailed below:

* Unilateral-uniplanar (type Ia): Fixator frame
projects from only one side (mostly lateral) of
the limb and occupy just one plane. The
frames are constructed entirely of half-pins.

* Unilateral-biplanar (type Ib): It is a combina-
tion of two distinct type Ia frames. Type Ib
frames also protrude from only one distinct
side of the limb, but the frame occupies two
planes. Many modifications of the type Ib
frame have been described.

* Bilateral-uniplanar (type II): The frame
projects from two sides of the limb (usually
medial and lateral) but occupy only one plane.
These frames are made of either entirely full-
pins or a combination of full- and half-pins.
Accordingly, type II frames are sub-classified
as either ‘maximal’ or ‘minimal’. A maximal
type II frame has full-pins in all locations,
whereas a minimal type II frame has at least
one full-pin each in the proximal and distal
bone segments and half-pins in the remaining
locations.

* Bilateral-biplanar (type III): It is a combina-
tion of type I and type II frames. It can be
constructed in many different ways.

2.3.6.2 Fixation Pins
Fixation pins are of different types. Based on their
placement, pins can be called as either half-pins
or full-pins. A half-pin penetrates one surface of
the skin and both bone cortices. A full-pin
(through and through) enters through a skin sur-
face (near), penetrates both bone cortices, and
exits through the opposite (far) skin surface.
According to their design, pins can be classi-
fied as non-threaded (smooth) or threaded. His-
torically, smooth pins were used in ESF systems.
The placement of pins at divergent angles is
recommended to increase the fixation stability,
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Fig.2.54 Classification of ESF frames based on the side and plane: (a) unilateral-uniplanar (type Ia), unilateral-biplanar
(type Ib), (b) bilateral-uniplanar (type II and type II modified), and (c) bilateral-biplanar (type 1II)

but it does not prevent pin loosening and
associated morbidity. Threaded pins allow an
interlock between the pin and the bone such that
this pin-bone interface is much more stable when
compared to use of non-threaded pins. Hence,
currently most often, threaded pins are used in
ESF designs.

Threaded pins can be sub-classified according
to the thread profile (negative vs. positive), loca-
tion of the thread (centrally
threaded vs. end-threaded), or recommended use
(cancellous vs. cortical).

Threaded pins manufactured by cutting
threads into the core of the pin are called

negative-profile pins. In partially threaded
negative-profile pin, the junction of the threaded
and non-threaded portion is the weak point due to
the concentration of bending stress leading to
cracks. In early ESF devices (such as IMEX and
KE), these negative-profile pins were mostly used
to provide some pin-bone interface stability when
compared with smooth non-threaded pins. Mod-
ern ESF devices are designed in such a way that
the positive-profile pins can be used at any posi-
tion within a fixator due to improved clamp
configurations such as the Secur-U™ clamp
(SecurOS) and the IMEX-SK™ clamp (IMEX).
Due to the improvements in these fixation
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systems and the advantages of positive-profile
pins, the use of negative-profile pins is declining.
In positive-profile pins, the threads are built
above the pin core; hence, they have good hold-
ing power when implanted in the bone and are
quite resistant to fatigue failure [115]. These pins
are available from IMEX™, SecurOS™, and
Innovative Animal Products™ in end-threaded
and centrally threaded designs.

Fixation pins can also be classified based on

their thread form as cortical or cancellous. Corti-
cal pins have large number of fine threads per unit
length, which is ideal for hard lamellar bone as it
has greater surface area of contact through thread-
bone interfaces. Cancellous pins have more
coarse thread pattern with fewer threads per unit
length, designed particularly for use in sites
where the bone is very soft such as the
metaphyses or epiphyses of long bones.
2.3.6.3 Linkage Devices (Fixation
Clamps/Pin Grippers)
Connecting rods and linkage devices (clamps) are
the essential frame components of an ESF. Link-
age devices are specific to the manufacturers.
Some of the commonly available systems are
described below, but there are many other
systems marketed around the world that may dif-
fer in a variety of ways but not necessarily
inferior.

KE clamp: Three different sizes (small,
medium, and large) of KE clamps are available.
The KE single clamp has a bolt portion holding a
U-shaped body. The clamp is primarily used to
join the fixation pin to the connecting bar. Pin is
attached through a small gripping channel present
in the bolt, while a large gripping channel at one
end of the U-shaped body is used to fix the
connecting rod (Fig. 2.55). The clamp can also
be used to make articulations in biplanar
configurations and in tie-in configurations
wherein an intramedullary pin is connected to an
external fixation frame. The KE double clamp has
two large rod-gripping channels, which is
designed for attaching one connecting rod to
another and is also useful for connecting an IM
pin to a fixation frame. The limitation of KE
clamps is that when adequately tightened to
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achieve firm fixation between the connecting bar
and the clamp, the U-shaped body of the clamp
may get deformed, which has to be restored to its
original shape prior the reuse. This can be done
by springing open the U-shaped body with a pin
cutter applied to the open end of the ‘U’. Due to
mechanical inferiority of the clamps and the tech-
nical limitations of their use, KE device is cur-
rently not commonly used as compared to more
modern/advanced ESF devices.

Secur-U ™ clamp: The Secur-U clamps are
available in small and medium sizes. The clamp
has three parts: a U-shaped body, a round head,
and bolt that attaches the head to the body and
tightens the clamp. The U-shaped body has an
opening for the connecting bar, and the head
portion has two holes each accommodating dif-
ferent diameter pins. The SecurOS™ fixator
overcomes the problems with the KE splint, as
positive-profile pins can be placed in any clamp
position by using an aiming device. Tightening of
the clamp may cause only slight deformation of
the head portion against the connecting rod;
hence, when used for the second time, the head
should be rotated 180° so that there will be a
different contact area. The clamp can be ideally
tightened to 7.34 Nm of torque by using the
precision torque wrench. Another clamp, the Aug-
mentation Clamps™ made by SecurOS, is used to
attach an augmentation plate to build a stiffer,
more compact frame.

IMEX-SK™ clamp: The IMEX-SK™ fixator
also overcomes many of the limitations of KE
splint. SK clamps are also available in three dif-
ferent sizes (mini, small, and large). The clamps
have three different components: a two-piece
body, a long pin-gripping bolt, and another short
secondary bolt. The two-piece body made of
black anodized aluminum has the rod-gripping
channel at the center, and the pin-gripping bolt
with a slotted washer and nut goes through the
bottom portion of the body and the secondary bolt
through the top portion. Clamps can be fixed at
the desired position along the connecting rod. The
washer in the pin-gripping bolt permits effective
gripping of different diameter pins. The presence
of large hole in the pin-gripping bolt allows
predrilling and fixation of positive-profile pins
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Fig. 2.55 Different types
of fixator clamps: (A) KE
clamp with U-shaped clamp
body (a), rod-gripping
channel (b) and
pin-gripping channel (c¢);
(B) Secur-U ™ clamp
showing U-shaped clamp
body (a), opening for
connecting bar (b) and
opening for fixation pin (c);
and (C and D) IMEX-SK™
clamps with bolt for
fixation pin (a), bolt for
connecting bar (b), opening
for connecting bars (c),
opening for fixation pin (d),
halves of clamp body (e)
and slotted washer (f)

directly through the clamp. The secondary bolt
which is unique to the SK clamp design helps to
properly secure the connecting rod with addi-
tional grip and also allows the use of clamp as a
drill guide as well as a targeting device. The
secondary bolt is loosely tightened to hold the
clamp in the desired location on the connecting
rod and to maintain the position of the clamp
while predrilling and placing a fixation pin. The
connecting rods in SK splint are made from car-
bon fiber composite, titanium, or aluminum
(instead of stainless steel), which permit the use
of increased rod diameter and strength without
excess weight.

2.3.6.4 General Principles of ESF
Application

Many of the principles of ESF application are the
same regardless of the specific device used
[98, 103, 116, 117]. The use of the more modern
ESF devices available today can improve the
clinical outcomes because of enhanced technical
simplicity of application and mechanical superi-
ority of the devices themselves.

Anesthesia and restraint: The patient is
anesthetized, the hair is clipped, and skin is
prepared with scrubbing as for any orthopedic
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procedure. The surgical field must include a
joint above and below the fracture, and it is prop-
erly draped. The animal is restrained in dorsal
recumbency and the limb is suspended in a hang-
ing limb position throughout the surgical proce-
dure, especially for fixation of radius-ulna or
tibia-fibula fractures, whereas in humerus or
femur fractures (where typically unilateral
fixators are used), the animal may be positioned
in lateral recumbency with the affected limb fac-
ing upwards.

ESF frame construction: The planned frame
configuration including pin selection should be
sketched prior to surgery and placed near the
radiographic viewer, which will act as a guide
during fracture fixation. With the KE device, it
is important to anticipate the desired number of
fixation pins so that an appropriate number of
clamps can be positioned on the connecting bar
in the beginning since it is very difficult to add or
remove clamps later during the repair, whereas
SecurOS™ or IMEX-SK™ clamps can be added
to the connecting rods at any point during the
procedure. The distal-most and proximal-most
pins are usually placed first (Fig. 2.56). These
pins are then fixed to a connecting rod through
the clamps to construct the frame. Fracture
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Fig. 2.56 Technique of
ESF application: the
proximal-most and distal-
most pins are usually placed
first; subsequently,
remaining pins are inserted
using the clamp as guide

reduction and alignment are fine-tuned at this
time prior to placing pins in the middle-clamp
positions. Subsequently, predrilling and pin
placement are done through the clamps (KE and
IMEX-SK™ devices) or with the aid of an aiming
device (SecurAim ™) to ensure placement of the
pin in an appropriate position relative to the
connecting bar. Pins should be positioned about
1-2 cm off the fracture line. In multiplanar frames
(type Ib and type III), two uniplanar frames are
interconnected. As metallic multiplanar frames
tend to obstruct the radiographic visualization of
the fracture, the two frames can be articulated
after postoperative radiographs are made.

Pin selection: The selection of appropriate size
pin depends on the bone diameter. Larger diame-
ter pins are much stiffer; however, the penetration
of the bone by excessively large pins will weaken
the bone. By and large, the pin diameter should
not be more than 20-25% of the bone diameter.
Threaded pins are preferable to non-threaded pins
because of their superior holding power in the
bone. Positive-profile threaded pins offer the
additional advantage of resistance to breakage.
Negative-profile threaded pins may be preferred
where the bone diameter is small to minimize risk
of iatrogenic fracture through the pin tract. With
modern ESF devices which allow the use of dif-
ferent pin sizes, smaller-size positive-profile
threaded pins may be preferred instead of
negative-profile pins. Cancellous fixation pins
may be used in the metaphyseal regions of differ-
ent long bones; however, placement of cancellous

pins in other locations risks iatrogenic fracture
through the pin tract.

Pin placement and insertion: Fixation pins are
placed through ‘safe’ corridors to reduce the risks
of musculotendinous or neurovascular injury. As
a general rule, medio-lateral or latero-medial pin
placement is safe than cranio-caudal placement.
About 1-2 cm-long release incision is made
(proximal to distal) in the skin at the proposed
site of pin placement. A haemostat is used to
bluntly dissect down and make a small ‘grid’
along the soft tissues down to the underlying
bone. It is advised to make a slightly larger soft
tissue corridor than the pin size because any ten-
sion of soft tissues on the fixation pin may cause
irritation and inflammation. Soft tissues are
retracted away from the pin during pin placement
by use of a haemostat spread at the tips or use of a
drill sleeve. It is always preferred to predrill the
pin tract with a drill bit measuring about 10-15%
smaller in diameter than the pin, before the pin
placement. Ensure that the pin tract is made at the
center of the bony cortex. Half-pin is then
advanced through the soft tissue corridor and
inserted along the predrilled hole in the bony
cortex (using a power drill) so as to penetrate
the far cortex. The entire trocar point should exit
with 1-2 threads coming out of the far cortex to
maximize stability. In case of a full-pin, it is
advanced through the soft tissue corridor and
both cortical surfaces to exit the far skin surface.
At the exit point, a small skin incision is made,
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and using a haemostat, the soft tissues are
retracted to create a corridor around the pin.

For drilling, a slow-speed power drill is used; a
hand chuck or high-speed drill (>400 rpm) is not
recommended. Hand chuck insertion creates an
excessively large pin tract due to chuck wobbling,
whereas high-speed drill insertion generates
excessive frictional heat causing necrosis of the
bone around the pin tract. Both methods risk
premature pin loosening and associated pain,
poor-limb use, and loss of fracture reduction.

It is also important to drill in small pulses (with
30 s between the pulses) to allow for dissipation
of heat generated. If stuck, the pin should be
retracted and reinserted after a while. While dril-
ling, cold isotonic solution is dropped continu-
ously at the pin site to minimize thermal injury to
the tissues. To achieve stable fixation, at least two
pins are fixed in each bone segment. The distance
between the skin and connecting rod should be
minimum; however, at least 1-2 cm gap should
be kept between the skin and the connecting rod
to allow soft tissue swelling and regular dressing
of pin-skin interfaces. Except in unilateral linear
fixation systems, pins are always placed parallel
to each other and perpendicular to the bone axis.

ESF is often used along with intramedullary
pin, as in ‘tie-in’ configuration (Fig. 2.57). In this
case, the fracture is first reduced by inserting a
relatively small diameter Steinmann pin into the
medullary cavity. Unilateral ESF is then fixed on
the lateral surface of the limb by inserting two
end-threaded bicortical half-pins, one at each end.
After ascertaining adequate bone reduction, addi-
tional half-pins may be reinforced as per the need.
The protruding end of the IM pin is then anchored
(tied-in) with proximal end of the ESF using a
clamp.

Post-fixation radiographs are made to assess
proper placement of fixation pins in the bone.
After reviewing the radiographs, if needed, it is
preferable to advance a pin that was not placed
deeply enough into the bone, rather than
retracting a deeply seated pin (retraction of the
pin disrupts the pin-bone interface and hence
increases the risk of premature pin loosening).
Final adjustments are then made and all the
clamps are tightened.
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Fig. 2.57 Tie-in ESF fixation
2.3.6.5 Postoperative Care

and Management

Immediately after the surgical fixation, the exter-
nal fixator components and the surgical area
should be cleansed of debris and blood clots and
allowed to dry. Cut ends of fixation pins are
flushed, and protective caps may be applied to
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prevent injury to the animal as well as the handler
while dressing. The skin-pin interfaces are
cleaned with an antiseptic solution (0.05% chlor-
hexidine or 1% povidone iodine), an antibiotic
ointment is applied, and then a sterile
non-adherent dressing is done around the surgical
area to cover the open wound or skin incision and
the skin-pin interfaces. It is also advised to apply
a compressive bandage on the operated limb,
similar to a Robert-Jones bandage, which would
help absorb exudates from the pin-skin interfaces
and decrease postoperative swelling [107]. A
course of broad-spectrum antibiotic is given for
a period of 3-5 days, especially in open fractures
to prevent bacterial infection. If bandaging is
done, it should be replaced after 1-2 days. Daily
cleaning and dressing of the surgical site may
continue till the release incisions/wounds are
healed.

The animal’s activity should be restricted in
the postoperative period to prevent any
complications and allow for bone healing. The
patient may be confined to a cage/limited area to
prevent running, jumping, or playing and allowed
only leash walking. This movement restriction
should continue until the radiographic confirma-
tion of bone union. It is important to inform the
animal owner about the importance of movement
restriction and daily cleaning and dressing of
pin-skin interfaces for successful outcome of fix-
ation and bone healing.

The patient should be subjected to follow-up
examinations at regular intervals. Although the
interval of examinations may differ from case to
case, it is advisable to inspect more frequently in
the initial stages, especially the fixator
components, and if needed, corrections (tighten-
ing the loose components) may be done. Subse-
quently, clinical and radiographic examinations
may be carried out at 15-day intervals till radio-
graphic bone healing. If delayed healing is
suspected, staged destabilization of the fixator
construct can be done (starting from sixth week)
by removing certain part/s of the frame. This
‘dynamization’ reduces fixator stiffness and
increases micro-movement at the fracture site
leading to accelerated bone healing. The fixator
is removed after the radiographic evidence of
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bone healing (bridging callus). For removal of
fixator, the animal may be sedated and fixation
pins are cut using a pin cutter, and the cut pins are
pulled using a plier or hand chuck. The pin tracts
are flushed with sterile saline or antiseptic solu-
tion, and the limb is temporarily bandaged for
2-3 days. The pin tracts are not sutured but
allowed second intention healing to occur.

2.3.7 Transfixation Pinning

and Casting in Large Animals

Transfixation pinning and casting (TCP) is the
most commonly used external skeletal fixation
technique in large animal practice. It can be
applied as a ‘hanging limb pin cast’ or as an
‘external skeletal fixator’.

2.3.7.1 Hanging Limb Pin Cast

In hanging limb pin cast, one or two transfixation
pins are placed medio-laterally in the proximal
bone segment of a fracture, and a full-limb cast
is applied by anchoring the cast with the pin/s
(Fig. 2.58). In this scenario, the load (body
weight) is taken by the pin/s and transferred to
the cast, sparing the fracture site. The distal part
of the limb is ‘free’ and it ‘hangs’ inside the cast
[13, 118].

Principle of Hanging Limb Pin Cast

During cast application, fracture site stability is
achieved by immobilizing the joints above and
below the fracture. However, inclusion of both
joints in the cast is not always possible because of
anatomical disposition of some bones. Fractures
of the proximal tibia (and often the radius) in
heavy large animals cannot be adequately
stabilized using a plaster cast because the stifle
or elbow joint cannot be appropriately secured in
the cast. In hanging limb pin cast, the pin(s) used
in the proximal bone segment helps secure the
cast and prevent its downward slipping.

Technique

Under general anesthesia or deep sedation with
regional nerve block, the animal is restrained in
lateral recumbency with the injured limb
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Fig. 2.58 Hanging limb pin cast: (a) Steinmann pin,
(b) cast

positioned upwards. The area proximal to the
fracture site is shaved and prepared aseptically.
The proposed site of pin insertion (usually one) is
marked on the skin on the outer surface (usually
lateral). A small release incision is given in the
skin (proximal to distal orientation) at the pro-
posed site of pin insertion in the proximal bone
segment. A hole is predrilled through the center
of the bone cortex (perpendicular to the bone
axis) along the proposed line of pin insertion,
using an electric drill and a drill bit (about
0.5 mm smaller than the pin diameter). A proper
size pin (about 6-7 mm Steinmann pin) is then
inserted through the predrilled tract, so as to exit it
through the far cortex and the skin on the opposite
surface (standard pin insertion technique as
described before is followed while passing the
transfixation pin). The extra length of the pin is
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cut and the pin-skin interfaces (on both skin
surfaces) are dressed with sterile gauze and anti-
septic solution. The fracture segments are aligned
by closed reduction using traction and counter-
traction and held in extension using a rope tied at
pastern region. The whole limb is padded using
cotton, and a full-limb cast (plaster of Paris or
fiberglass) is then applied in such a way that the
cut ends of the pin are buried within the cast.

Postoperative Care and Management
Postoperatively, broad-spectrum antibiotic and
analgesic-anti-inflammatory drug are
administered for 3—5 days. The animal is closely
observed for any soft tissue infection or necrosis
around the pin exit points.

Limitations/Disadvantages

With handing limb pin cast, it is not possible to
prevent overriding of bone segments in case of an
oblique or spiral fracture, and it does not provide
adequate fixation of a comminuted fracture.
Placement of pin only in proximal bone segment
does not prevent rotation of the distal bone/limb
and hence cannot provide as stable fixation as
transfixation pinning of both bone segments.
2.3.7.2 Transfixation Pinning

and Casting (TCP) as an ESF
This technique includes placement of at least two
fixation pins in both major bone segments (proxi-
mal and distal) and application of a full-limb cast
to stabilize the fracture site [2, 13, 119, 120]
(Fig. 2.59). The advantages of pin-cast ESF as
compared to hanging limb pin cast is relatively
more rigid fixation of fracture with limited move-
ment of fracture segments within the pin-cast.
Further, with pin-cast ESF, the cast need not
span the adjacent joint (such as stifle); however,
full-limb cast is always preferred, especially in
heavy large animals.

Technique

Under general anesthesia (or deep sedation with
regional nerve block), the animal is positioned in
lateral recumbency. The affected leg is drawn out
of the operation table and held in extended posi-
tion. The whole length of the injured bone is
aseptically prepared by shaving and scrubbing.



126 2 Principles of Fracture Fixation Techniques
Fig. 2.59 Transfixation ! i H A
2 . ? { t H
pinning and casting: (a) ! \ ) D)
Steinmann pin, (b) side bar, { } \',‘1:..-: s >
\ |
(c) cast i A L B
—_“ﬁ 5
i XA T ¢
¥
\‘ a1 "I. !
I t 4
L]
1 I J
i 1 ﬁ e
1 1 ]
\. y? 1
1 i 3
| T 1
I 1 1 ]
I \
(I c 3
\ ; \ )
1 \ . \
‘h”--) L5 ﬂ"'lu.’
G e
0 e
T“‘l ) FB =
v R T
' . { T N

The bone segments are aligned by close reduction
using traction and counter-traction and held in
extension using a rope tied around the pastern.
The proposed sites of pin insertion are marked on
the skin along the bone (upper surface). Small
release incisions are made in the skin at the pro-
posed sites of pin insertion. Subsequently, opti-
mum size pins (smooth or threaded pins, a least
two each in the proximal and distal segment) are
drilled through predrilled holes in the bone cor-
tex, so as to exit from the opposite bone cortices
and the skin (through release incisions made in
the skin at the pin exit points). The size of the pins
is selected based on the animal’s body weight;
usually, 6-7 mm pins are adequate in adult large
animals.

The transfixation pins are inserted using a
low-speed electric drill, following proper pin
insertion principles. All the pins are passed paral-
lel to each other and perpendicular to the bone’s
axis. The pins emerging from the skin surfaces on
medial and lateral surfaces are then connected
using connecting bars (metal/plastic/wooden) to
give greater strength to fixation. The extra length
of the pins is cut, and the pin sites are protected
using sterile gauze with antiseptic solution. Sub-
sequently, a full-limb cast is applied routinely so

that the cut ends of the pins are buried within the
cast. Plaster of Paris or fiberglass cast can be used,
but fiberglass cast has distinct advantage of light-
weight and greater strength.

In open fractures, a ‘window’ is kept at the
level of skin wound to allow for drainage and
daily dressing. Keeping a window, however,
does not give satisfactory results always, and the
patient may feel discomfort due to the develop-
ment of swelling at the defect site. The cast is cut
and transfixation assembly is removed once the
clinical union of fracture is evident, usually after
10-12 weeks in adult large animals.

Advantages

The biomechanical advantage of TPC includes
rigid bone fixation due to the least distance
between the bone and the external frame. With
TPC, fixation pins can be placed at desired
locations (as per the fracture configuration), and
it need not dictated by the typical ESF clamp or
rod position. Further, the mechanical (weight-
bearing) load is distributed by sharing with
the cast.
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Disadvantages

Complications such as soft tissue infection, bone
necrosis, and periosteal reaction around the
transfixation pins can often occur, which are dif-
ficult to assess and treat. It is not possible to adjust
the fracture reduction and alignment after the cast
application. There can be difficulty in managing
wounds (with open fractures) and problems in
assessing the development of cast sores.

2.3.8 Linear External Skeletal
Fixation Systems for Large

Animals

It is a great challenge to treat long bone fractures
in large animals, especially open infected
fractures. As most of the bone fractures are open
in nature, the fixation device should not only
provide rigid fixation and well tolerated by the
animal but also allow drainage and daily dressing
of the open wound. Further, any fixation tech-
nique developed for large animals should also
be less cumbersome to apply by practicing veteri-
nary surgeons at field level for its wide accep-
tance. ESF devices developed specifically for use
in large animal applications [13, 121-125] are not
commercially available.

A full-pin type II ESF device has been devel-
oped for equines by Nunamaker and Nash in 2008
[126—128]. The original design comprised of par-
tially threaded self-tapping fixation pins with core
diameter of 8.6 mm at threaded portion and
9.6 mm at non-threaded portion. The connecting
bars are developed from composite polyurethane
reinforced with stainless-steel rods. The device
was designed specifically for distal limb fractures
(metacarpals and metatarsals), wherein
tr