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Foreword

When Professor Greenough invited me to write a foreword to this book,
I assumed it to be a new edition of his Lameness in Cattle which had already
reached its third edition in 1997. It was not until the proofs arrived that
I noticed the new title Bovine Laminitis and Lameness and realized that it
was an entirely new text. Book titles do not change by accident, so I took
some moments to explore both the prior books and the pages of this
new text.

Why had laminitis been elevated into a title role? T went to my bookshelf and
found my copy of the first edition of Lameness in Cattle, published in 1972.
I'located laminitis under a section entitled Metabolic Diseases and found the
entries ‘acute’ and ‘chronic’ laminitis discussed in less than ten pages. There
are histological photographs of thrombi in vessels of the corium. There is a
picture of a cow with a familiar arched back. However, it is both humorous
and gratifying to read the entire discussion of the prevention of laminitis in
a single sentence: ‘Little may be possible in the way of prevention if the cause is
associated with metritis or retained fetal membranes or a particular intensive
fattening system except where a particular foodstuff, such as wheat bran or oilseed
cake, is incriminated.’ Ten pages on laminitis and one sentence on prevention!
As I turned to this new book, I found over a hundred pages on laminitis and
those pages are dominated by discussions of risk factors for laminitis. Gratified
to realize the profound expansion of knowledge in this area, T concluded
that the elevation of laminitis into the title was appropriate.

The intervening 35 years have also seen the emergence of the ‘herd’ as a
unit of interest by the veterinary profession and this book reflects that
growth. We still characterize a hoof as normal or abnormal based upon the
appearance of lesions, but we now characterize the herd as normal or
abnormal based upon the prevalence of specific problems. In treating the
herd, our interventions are as likely to be focused on housing, rations, foot
bath concentrations, or track management as on the cows themselves.
While herd-level risk factors and preventive interventions are a major focus
of this book, the fundamental core of veterinary practice and this book
remains that of making an informed diagnosis of the individual animal
problem. The terminology, photographs, and discussions of specific lesions
should quickly establish this book as the current standard textbook on
bovine lameness. On reflection, I believe that the quality of discussion that
extends across both specific lesions and herd interventions is perhaps
unique and is the greatest strength of this text.



Foreword

Several features make these pages very friendly to readers. In color-coded
blocks within each chapter, you will find a Glossary, Key Concepts, and
Technical Comments that stand out for convenience. Understanding that
most users of this textbook will not read it cover to cover, but will instead
search through individual chapters for answers to specific questions, Professor
Greenough has repeated many of the key concepts in related locations
throughout the book. Because literature citations make for disrupted sentences,
they are not offered within the text itself. Should additional information be
desired, a list of references is provided at the end of each chapter. Finally, the
inclusion of color photographs brings new clarity to the many illustrations
of hoof lesions to be found in these pages.

I would like to close with some personal comments about Professor
Greenough. I have been a veterinarian for 30 years. Within a few months
after entering practice, I purchased a copy of the little green first edition of
Bovine Lameness because it had become self-evident that my training on
lameness in veterinary college had been insufficient. That edition served me
well for several years. In the early 1980s, I recall driving to the Minnesota
Herd Health Programming Conference in St. Paul because Paul Greenough
was scheduled to present a series of lectures. As he finished the presentations,
I'stood in a queue of people with questions. I held a handful of photographs
of hoof lesions from one of my client’s herds and sought his opinion. T still
recall how he examined the pictures, sat down to discuss the history of the
herd, and offered pointed advice that opened to me a dawning awareness of
the relationship between ruminal acidosis and the lesions I had photographed.
Other contributions continued to arrive over the subsequent decades. For at
least 40 years, Professor Greenough has occupied a position as the central
authority on bovine lameness in North America, collecting and advancing
our knowledge, serving our profession and the cattle industries, and advocating
for animal welfare. On behalf of the hundreds or perhaps thousands of
veterinarians who have improved their services to cows and their owners
because of his career, I say thank you to Professor Paul Greenough.

Ken Nordlund, DVM
January 2007



CHAPTER 1

Introduction

GLOSSARY

Lameness: Modification of gait; a clinical sign of many diseases and
disorders.

Disease: A sickness caused by an infectious agent.

Disorder: A sickness resulting from an accident or a failure in body
function.

Risk factor: Any stressful circumstance making an animal more prone
to lameness.

Insult: The point in time when a risk factor negatively affects an animal.

KEY CONCEPTS

‘The veterinary practitioner faced with a herd lameness problem on a farm needs
to examine farm management rather than merely treating a long series of
individual cases’ (Chesterton)

° Lameness is a clinical sign and should not be regarded as a disease or
disorder.

° Risk factors affecting the incidence of lameness also affect the
incidence of other conditions, such as reproductive problems and
mastitis.

° An individual skilled in recognizing lameness is 2.5x more likely to

identify an affected animal than a person who is unskilled.
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INTRODUCTION

The objective of this book is to present information in
language that is easy to understand. English will not be
the mother tongue of every reader and idiomatic speech
varies throughout the English-speaking world. For this
reason a glossary is provided.

The primary target reader is the veterinarian who
practices cattle medicine and surgery. The bulk of the
information falls into the category of ‘need to know.’
Another objective of the book is to make this type of
information understandable to other individuals who
work with practicing veterinarians, such as animal
scientists, claw trimmers, nutritionists, and progressive
producers. There are several exceptions to this need-
to-know policy. Chapters 2 and 4 are dedicated to new
and specialized information concerning the structure,
function, and pathophysiology of the digit. This knowl-
edge is basic to understanding certain disease processes.
In other chapters, ‘Technical Comments’ are clearly
identified as containing information that is only
necessary for the benefit of students and scientists who
need a deeper understanding of the scientific principles.

A feature termed ‘Key Concepts’ has been included
in order to help the reader identify topics or ideas of
greatest importance from a practical point of view. The
remainder of the text explains, elaborates, or even repeats
some of these concepts.

The author considers that photographs are an
important component of the communication process.
The captions should, for the most part, be considered as

Figure 1-1 Cows at pasture in Costa Rica. Cattle will lie
down for up to 14 hours each day. During this period they
will ruminate and produce 108-308 liters (23-68 imperial
gallons or 28-81 US gallons) of saliva each day. Saliva is the
natural buffer to ruminal acidosis. Encouraging dairy cows to
lie down for prolonged periods is one of the keys to
controlling subclinical laminitis.

part of the text, providing emphasis and reinforcement
to the verbal message or idea. (See Fig. 1-1.) Many
colleagues from around the world have given copies of
photographs they have taken, to the author. This help is
deeply appreciated. The author wishes to apologize for
a poor memory regarding illustrations that credit
‘anonymous’ donors.

ABOUT REFERENCES

In this book, the reader will find very few references in
the text. This follows the trend in contemporary scien-
tific books which omit references from the body of the
work. Text that is congested with references is uncom-
fortable to read. An author can no longer accommodate
the contemporary explosion of information.

A bibliography is provided with most chapters. These
are included as a starting point for literature searches
for use by research workers and graduate students. The
majority of references have been taken from refereed
journals or textbooks usually found in libraries, together
with the Proceedings of the International Symposia on
Disorders of the Ruminant Digit. Where an author has
written multiple papers on the same subject, the most
recent publication is cited.

AN HISTORICAL COMMENTARY
ON LAMENESS

We tend to think of preventing lameness as a modern
notion, but this is not the case. First-century Romans
appear to have taken good care of their oxen:
‘Cattle will be less likely to go lame if their feet are
washed in plenty of cold water when they are
unyoked after work and if their hocks, the crowns of
their hooves, and the division itself between the two
halves of the hooves are rubbed with stale axle grease.’

Furthermore, Roman veterinarians were among the
earliest researchers to record their lameness-related
activities. Once they had perfected the ‘solea ferria,” a
metal shoe for horses, they turned their attention to a
similar device for cattle. The problem for the Romans
was to increase the distance of a day’s march before
draft oxen became lame. To this end, they created the
‘demi solea’ (Fig. 1-2).

In 1534, the monk Petrus Magni produced a manual
on how to run the agricultural business of a large
monastery. He emphasized the importance of good
bedding and cleanliness to ‘protect cattle hooves from
rotting.” The concern about preventing lameness in
cattle is reflected in a book by Hess (1887) who also
describes the destructive influence of manure and



Figure 1-2 A demi solea is a metal shoe ingeniously fixed
with cords. Topical dressings were kept in place by a cloth
bag located between the claw and the shoe. The Romans did
not attach shoes with nails; this came some centuries later.
(Courtesy of Mosby, Veterinary Medicine: An Illustrated
History)

moisture and points out the importance of hygiene and
cleanliness. Other publications from the 19th century
concerning bovine lameness are noted in the bibliog-
raphy, attesting to an early interest in the problem.

Prior to 1960, there were two books of note dedi-
cated exclusively to bovine lameness: Malattie degli arti
dei bovini written by Professor Guiseppe Gerosa (first
published in Milan in 1929) and Klauenkrankheiten by
Hess & Wyssmann (193 1). These books reflect the state
of knowledge at that time, which was quite consid-
erable. Other excellent books published in the first half
of the 20th century dealt with anatomy (Wyssmann
1902), microanatomy (Mueck 1928) and the ortho-
pedic surgery of both the horse and the cow (Pfeiffer &
Williams 1900).

THE CLINICAL IMPORTANCE
OF LAMENESS

Lameness has come to be considered as the most
important animal health issue next to reproductive
disorders and mastitis. This evaluation is probably based
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partly on the prevalence of this clinical sign and the
economic importance of the causal diseases. In another
sense, lameness may have even greater importance.
Well-established control protocols can be implemented
with respect to both mastitis and reproductive disorders;
however, this is not the case with herd lameness. The
increase in the incidence of lameness, particularly in
dairy herds, is partly due to the fact that production
technologies are being adopted without the user being
aware of the implications to animal health.

ANIMAL WELFARE

The conditions causing lameness are among the most
painful diseases or disorders affecting cattle. Other painful
conditions such as renal colic or displaced abomasums
are not as ubiquitous as lameness. It is the sheer number
of lame cows that makes bovine lameness the important
welfare issue that it is. In some dairy herds, 60% of the
cows can be lame in any given year; 20% of the cows
can be lame at any given time in a problem herd.

It is not known how severe the pain is for the cow.
Pain in the feet is shown by a cow as changes in her body
language and this is used as the basis for scoring the
severity of lameness (pp. 34 and 35). It is presumed that
cows feel pain in their feet much as we do as there is a
dense network of sensory nerve fibers and a high
number of nerve endings, particularly in the sole heel
bulb region.

It is known that the incidence of lameness has
increased considerably in dairy herds during recent years
and now has reached a point at which it is causing an
unprecedented level of suffering among cattle. This
thought is supported by the considerable amount of fund-
ing dedicated to lameness research. A good example is
the LameCow 2002-2006 project with a budget of
€30,543,890 administered by partners in the EU.

Fundamental to the issue of animal welfare is the
genetic selection of dairy cows. The genetic potential for
milk production in Holsteins has doubled in just over
20-30 years. Workers in some countries are alarmed
that selection for production has intensified at the
expense of selection for non-production traits such as
‘feet and legs,” resistance to disease, and other factors
that contribute to longevity and functional efficiency.

Pain (even discomfort) causes considerable stress.
Pain is only the tip of the iceberg in that for every pain-
producing lesion there are likely to be many other
lesions in the same or other claws. However, pain may
not be the only factor stressing dairy cattle. It is now
believed that stressors in the environment, referred to as
‘management risk factors,” increase the likelihood of
lameness-causing lesions to develop in the claw. It has
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been shown that these same stresses are implicated in
the occurrence of other disorders, particularly those
affecting fertility and perhaps mastitis.

Cow barns are designed to be convenient for farm
workers rather than for the comfort of cows. Manage-
ment risk factors have attracted a great deal of attention
over the past 10 years, causing the subject of ‘cow
comfort’ to emerge as a science of real concern to those
seeking measures to reduce the incidence of herd lame-
ness. For example, it is now believed that cattle can
suffer psychological stress when a dominant animal
interacts with a submissive animal. It is also thought
that cows are stressed when they stand for long periods;
inactive on hard concrete surfaces. However, correcting
risk factors associated with barn design often presents
insurmountable financial difficulties for dairy producers.

An important study undertaken in the UK has reported
that dairy farmers who lack knowledge and skill are
those who have herds with the highest incidence of lame-
ness. Another study found that a skilled observer could
identify 2.5x more animals lame that could an individual
who was unskilled. The implication is that many lame
animals fail to be treated. Furthermore, in Australasia,
where cattle are herded along trackways, there is a
noticeably higher incidence of lameness in herds where
attendants are not patient and gentle with the animals.

In Sweden, the importance of animal welfare in dairy
herds is already a matter of public concern. In that
country, the consumer is willing to pay a premium for
milk (green milk) produced on dairy farms that have been
certified as meeting specified criteria for animal comfort.

Toe abscess is a condition affecting yearling beef
calves and is described on pages 100-102. The cause of
this condition is unknown. However, circumstantial
evidence suggests that standing for long periods while
being transported may be involved. Current laws in
North America only require that cattle shall be unloaded
every 48 hours. In order to avoid animals falling down
and being trampled, they are packed tightly into trucks.
Possible movement is so restricted that blood cannot
move through the feet and pressure inside the claws is
thought to increase, causing discomfort. Toe abscesses
have been found most frequently 10 days after trans-
portation and are so painful that calves must lie down
and frequently contract pneumonia and die.

ECONOMIC IMPORTANCE

The following factors have to be taken into considera-
tion in calculating the cost of a single case of lameness
in a dairy cow:

° Veterinary fees

° Cost of medication

° Value of the time of the animal attendant nursing
the cow
° Loss of milk due to pain (20% of the production

for the lactation can be lost if the animal becomes
lame during peak lactation)

Negative effect on reproductive efficiency

Loss of milk if antibiotic therapy is used

10% of lame animals are culled prematurely;
the salvage value of the culled animal will only
partly compensate for the rearing costs of a
heifer which will have a lower milk yield than a
mature cow

Loss of body condition

Reduction of the economic life of a cow.

There have been numerous estimates of the cost of
a single case of lameness. One lame cow will cost the
producer at least US$350. Estimates for losses expe-
rienced in large high-production herds run into many
thousands of US dollars annually.

EFFECT OF LAMENESS ON
REPRODUCTIVE EFFICIENCY

When a cow becomes lame, she loses her status of domi-
nance among the rest of the herd. She becomes less
competitive for resources such as water, forages, and
concentrates. Lameness also causes the interval between
calving and conception to increase. One of the reasons
for this is that the associated pain reduces the ability of
a lame cow to ride another during oestrus. This in turn
will reduce the cowman’s ability to detect heat.

The cow is likely to spend more time lying down and,
in so doing, becomes more liable to injury by other cows
and/or to suffer from bed sores. When lame, a cow
spends more time lying during a single lying event, but
less total time lying in a day. A cow will also stand longer
in a free stall before attempting to lie down and will
change positions much less often while lying down.

In one study it was reported that lame cows had a
lower conception rate at first service (17.5% versus
42.6%) and a higher incidence of ovarian cysts (25.0%
versus 11.1%) than controls. Cows becoming lame
within the first 30 days postpartum are associated with
a higher incidence of ovarian cysts, a lower likelihood of
pregnancy, and lower fertility than control cows.

One further sequel of stress may be the slower invo-
lution of the uterus after parturition.

Bacterial endotoxins originating from the break down
of bacterial walls (e.g., caused by ruminal acidosis) have
a negative effect on ovarian function. Endotoxins also
have a number of direct and indirect local effects in the
organ systems, including the claw.



TECHNICAL COMMENTS

As stress from pain caused by lameness increases, it is
believed that the secretion of adrenocorticotrophic
hormone (ACTH) will also increase with an associated
reduction in the liberation of luteinizing hormone
(LH). These physiological changes will result in
significant alterations in the manifestations of heat,
and have shown to result in reduced, aberrant, or
asynchronous LH release and abnormalities in
ovulation.

A fundamental role in the pathogenesis of fertility
disturbances is played by the negative energy balance
(NEB) which is invariably experienced by the lame
cow. Studies have shown that this causes a reduction
of the secretion of gonadotrophin releasing hormone
(GnRH) and LH which are essential for starting and
maintaining cyclic ovarian activity. Progesterone
secretion during the luteal phase is also strongly
reduced in cows experiencing NEB. Prompt treatment
and recovery are essential to reduce the duration of
NEB combined with stress.

As a consequence of these hormonal disturbances,
there is a high probability of pregnancy failure,
anestrus, and, under severe prolonged stress, atrophy
of the ovaries. Herds with the highest incidence of
lameness are usually those having the highest
production and are the most intensively managed.

RECORDING FOOT LESIONS

A record of the incidence and prevalence of lesions in
the feet of cattle is essential in order to determine the
risk factors likely to be involved in herd lameness
problems. This is a very important task for claw
trimmers who should be recording all lesions they
encounter during trimming sessions. Some lesions to be
recorded may not have developed to the stage where
they are causing lameness or which are being resolved
by appropriate trimming methods. Further information
should be contributed by the veterinarian, much of
which will speak to the severity and treatment of the
lesion. Dairymen must record all cases of lameness,
particularly those caused by infectious diseases treated
by farm staff. These various inputs give a comprehensive
picture of the herd lameness problem.

There are electronic data recording systems avail-
able now which have been developed by or in collabora-
tion with hoof trimmers. Such an electronic system was
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developed by the National German Agriculture Society
(DFG). The ‘LameCow’ system is available in different
languages including English. Electronic recording is
future oriented and has many advantages for cow-side
data-recording. For the time being claw trimmers prefer
to write their findings on a record sheet.

LAMENESS IN DIFFERENT PRODUCTION
SYSTEMS

Lameness is directly related to and influenced by the
system of cattle management.

Intensive Dairy Production

The greatest increase in the incidence of lameness has
taken place in high-production intensively managed
dairy herds. Problems have resulted from greater
confinement and increasing herd size. Many cows
spend their entire lives walking on concrete. Restricted
freedom of movement results from poor barn design.
There is an increasing tendency, as herd size increases,
for feedstuffs to be purchased from different sources.
This results in the quality of the feedstuffs being incon-
sistent and contributing to poor nutritional manage-
ment.

There has been a remarkable increase in the preva-
lence of digital dermatitis since the disease was first
reported in 1974 (pp. 207-211). There has also been an
increased incidence of subclinical laminitis (pp. 40-49)
and the disorders that complicate this condition.

Pasture Managed Dairy Production
(see Chapter 8)

In New Zealand and South West Australia, dairy cows
are maintained on pasture. The predominant cause of
lameness is trauma occurring when cattle are herded
from the pasture to the milking station. Until recent
years, dairy cows have received no concentrate supple-
mentation. Under these circumstances, milk production
was much lower than in intensively managed herds but
the incidence of lameness was quite low. Today lame-
ness is on the increase in herds in which concentrate
supplements are given.

In various countries in South America, extensive
management of dairy cows is practiced, but supplemen-
tation of the ration with concentrates is common.
Silage is also fed during the winter months. Under these
conditions, the incidence of lameness is much higher
than it is in Australasia.
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In temperate climates, some herds graze pastures
only during the summer months. The transition periods
during which cows go to grass for the first time and in
the fall when they are housed full time are periods when
problems can be observed.

Cow-Calf Beef Herds

Herds of beef cattle usually are maintained on pasture
year round. Problems can arise if the quality of the
winter diet is significantly inferior to that during the
spring and summer.

On the Canadian prairies the incidence of vertical
fissures is, on average, 17% of adult beef cattle, with
the incidence in some herds reaching 60%. The same
condition has been reported in southern Sweden. The
cause of this problem may be related to sudden changes
in the quality of the diet due to seasonal variations
in climate.

Feedlot Cattle

The main problem in fattening steers is laminitis brought
on by the practice of feeding rations compounded with
a concentrate-to-forage ratio in excess of 80:20. Lack
of exercise and sudden changes in the components
probably exacerbate this problem. In certain parts of
North America there is a high prevalence of toe
abscesses in yearling steers which may be due to the
stresses of transportation. This condition is causing
considerable economic losses. In feedlots the incidence
of traumatic injuries is usually much higher than it is
in other cattle populations.

In Italy, young steers (not castrated) are often kept
on slatted floors. They experience acute laminitis —
mostly precipitated by traumatic injuries during
mounting activities. Overgrowth of the claws is also
common on slatted floors with consequent lesions
in the apical white line frequently complicated by
abscessation.
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Microstructure and Function

of the Bovine Claw

CHAPTER 2

GENERAL INTRODUCTION

GLOSSARY

Foot: Strictly speaking, the word foot describes the
region from the hock to the apex of the claw.
In this book the word ‘foot” will describe the
digital region distal to the fetlock.

Claw: The word ‘claw’ is used to define the organ at
the end of the digit of cattle, i.e. capsule and
contents. The same structure in the horse
is referred to as the ‘hoof.’ The claw comprises
the hard cornified claw capsule plus all the
structures enclosed by the capsule — bones,
joints, ligaments, tendons, fat, cushions,
connective tissue, blood vessels, and nerves.

Claw Capsule (Capsula Ungulae): The capsule is the
shoe-like structure composed of horn into which
the pedal bone and surrounding soft tissue fit.

It is sometimes referred to as the ‘shoe.’

Proliferation: The production of new epidermal cells
by division of living cells in the basement layer
(mitosis).

Keratinization or Differentiation:
The unidirectional development of epidermal
cells (produced in the basal layer) to cornified
horn cells. It is characterized by synthesis of
keratins and intercellular cementing substance:
it is terminated by transformation of the living
epidermis in claw horn, i.e. cornification
(cell death).

Cornification: The final stage of epidermal
differentiation at which a solid/stable horn cell
has been formed and which is connected to
neighboring cells.

Desmosomes (Macula Adherens): Desmosomes are
cell contacts establishing a mechanical stable
cell-to-cell contact. Each desmosome consists of
two halves. Each half belongs to one of two
neighboring cells. Each half desmosome has
intracellular and extracellular components.




Trying to remember long Latin names is at best difficult
and at worst boring. Furthermore, anatomical termi-
nology can be confusing. Nevertheless, knowledge of
anatomy is essential if some of the complex problems
involved in lameness are to be understood. Sometimes
several terms refer to the same structure. In this chapter
the terminology will be based on the simplest descriptors
that are most widely used in the field today.

THE EPIDERMIS

The pedal bone and related structures are completely
covered with modified skin. This modified skin, as it does
in skin elsewhere in the body, consists of three layers —
subcutis, dermis, and the superficial epidermis. The epidermal
capsule is composed of inner living cells and a thick layer
of dead, cornified cells, the claw horn. This capsule is referred
to as the claw capsule, which is a slipper-shaped struc-
ture. For convenience, anatomists have broken down the
claw capsule, and the underlying dermis and subcutis,
into five component segments. These are the coronary
band (periople segment), the wall (the coronary segment),
the epidermal lamellae (wall segment), the solear segment,
and the bulbar segment. Please note that in the preceding
sentence the correct anatomical term is placed in paren-
theses following the term that is in current usage. The
microstructure of each segment has unique characteristics.
However, all of the segments have a ‘living epidermis’
separated from the dermis by a basement membrane. It
is at this level many pathological processes are initiated.

Beneath the dermis is the subcutis, in some segments
modified into cushions.

See Figures 2-1-2-3.
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Figure 2-1 A section of the sole showing: (D) The dermis
with dermal papillae which represent the tubules in the sole.
(E) The epidermis. The arrows indicate the dark staining
‘mitotic’ cells of the ‘living” epidermis. The lighter stained
cells of the remainder of the living epidermis demonstrate
the progressive loss of their nuclei from top to bottom of the
picture. (H) This darker layer represents the fully keratinized
cells of the outer layer of the sole. (Courtesy of C K W Miilling)

Figure 2-2 These pictures show the cellular structure
of the claw wall. (a) The top layer is the vascular
dermis, the middle layer is the living epidermis and the
lower half represents the keratinized horn of the sole.
(b) This is a cross-section of the keratinized wall showing
the distribution of tubules each plugged with medullary
debris (incomplete, cornified horn cells). (c) The scanning
electron micrograph shows the proximal opening of a
tubule. The papillary pegs of coronary dermis fit into
these openings. (Courtesy of C K W Miilling)
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Figure 2-3 This picture shows the transition across the
living epidermis from the intensely stained mitotic cells
approximating the dermis at the top of the picture to
the flattened keratinized, dark staining cells that have
lost their nuclei at the bottom. (Courtesy of C K W Miilling)

THE LIVING EPIDERMIS

TECHNICAL COMMENTS

The epidermal cells are connected permanently to the
basal layer on one side and extend out to the surface
of the wall on the other. This intercellular connection
is made by desmosomes and intercellular cementum.
The latter is the major connection between the horn
cells.

Inside each epidermal cell there are electron-dense
plaques. Connected to these two plaques are keratin
filaments (tonofibrils) which form the ‘cytoskeleton.’
The cytoskeleton is connected to the desmosome.

In the space between the cells, specific desmosomal
glycoproteins establish cell-to-cell adhesion. It is
important to understand that the tonofibrils do not
cross between cells.

The basement membrane (BM) consists of three
layers. The lamina densa forms an electron-dense
midline, on the outside of which is the lamina rara
which makes a foundation for the mitotic cells of the
living epidermis. Both of these layers are produced
by the living epidermal cells. The innermost layer of
the basement membrane is the lamina fibroreticularis
which, as its name implies, consists of anchoring
collagen fibers which connect the basement
membrane to the network of collagen fibers in the
dermis. This layer is produced by dermal fibroblasts
and is the part of the basement membrane that is
susceptible to degradation by matrix
metalloproteinases (MMPs).

The living epidermis sits on the basement membrane
(Fig. 2-4) and it also has different layers of cells. The
first is the stratum basale, with cells dividing mitoti-
cally. The next layer is the stratum spinosum, in the
cytoplasm of which keratin filaments can be observed
radiating from the desmosomes (intercellular adhe-
sions, Fig. 2-5). The keratin filaments form an internal
three-dimensional cytoskeleton which establishes the
mechanical strength of the epidermal cell while
retaining flexibility. The third layer, the stratum
granulosum, exists only in the regions where soft horn
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Figure 2-4 Scanning electron micrograph (SEM) showing
a group of basal epidermal cells on the surface of a
dermal lamina. The basal cells have long basal processes
reaching into the dermis. In the dermis under the basal

cells a capillary is opened containing red blood cells.

The dermal tissue between basal cells and the vessel wall

is the tissue that oxygen and nutrients have to travel through
on their way to supply the avascular epidermis. (Courtesy of
C KW Miilling)

is produced, i.e., the bulb and periople. The living
epidermis is nourished via diffusion from the micro-
vasculature of the dermis.

The basement membrane is frequently referred to
as the dermo-epidermal junction. It is of particular
importance in regulating the proliferation and differ-
entiation of the mitotic cells of the living epidermis.
The regulatory cascade leading to increased basal
proliferation is activated by a variety of mechanical
and biochemical stimuli including growth factors
and cytokines. Growth factors, including epidermal
growth factor (EGF), migrate through the basement
membrane to bind at their specific receptors in the
basement layer (stratum basale). The signaling between
dermis and epidermis is sometimes referred to as
‘cross-talk.’

The collagen of the innermost layer of the base-
ment membrane (lamina fibroreticularis) is a substrate
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Figure 2-5 Desmosomes (arrows) connecting two
neighboring epidermal cells in the stratum spinosum.
Bundles of tonofilaments connect the cytoskeleton to the
intracellular plaques of the hemidesmosomes. (Courtesy of
C KW Miilling)

for activated MMPs which are enzymes designed to
degrade collagen — the major component of connec-
tive tissue. The MMPs play an important role in the
normal turnover of connective tissue. An increase in
the activated form of MMPs is also believed to be
responsible for pathological alterations in some forms
of laminitis.

Vasoactive substances and endotoxins originating
in the rumen as the result of acidosis, metabolic
disorders, or inflammatory processes, and/or hormones
either interfere directly with the microcirculation in the
claw or trigger the release of cytokines, which in turn
affect the tissue integrity in the claw. The result is a
disturbance in or even disruption of horn production
for short or long periods and with varying degrees of
severity.

The forgoing suggests that two distinctly different
pathophysiological events are possible. Collagen degra-



12 2 / Microstructure and Function of the Bovine Claw

dation and horn disruption may occur singly or in
concert.

Pressure on the sole of the claw is transferred via
the epidermis to the basal cell layer, stimulating
proliferation of cells and thereby accelerating the
production of horn. Functional claw trimming aims
to distribute load evenly between both claws. The
objective of trimming is to avoid pressure overload of
one sole leading to increased horn production and
enlargement of a region of the sole, usually the heel
(overburdening). Functional claw trimming interrupts
the vicious circle which occurs in mechanical overload
of the claw. On the other hand thinning of the sole in
routine claw trimming also increases pressure on the
keratogenic cells, stimulating the production of healthy
horn.

In the wall the mechanical stimulus for increased
proliferation and subsequent horn production is created
by direct tensile force rather than pressure.

See Figures 2-6—2-8.

Formation of claw horn

Proliferation basal cells
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Cell death
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4% increased
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Figure 2-6 Composite illustration of growth and vicious
circle in mechanical overload. (Courtesy of C K W Miilling)

Figure 2-7 An electron micrograph (EM) of the dermo-
epidermal junction. The basement membrane (BM) is
located between the basal processes of a basal epidermal
cell and the underlying dermis. Keratin filaments (KF) stabilize
the epidermal cell. They are anchored to hemidesmosomes
in the cell membrane (arrow). Outside the cell membrane
follows the electron-lucent ‘lamina rara’ and then the dense
‘lamina densa’. These two are product of the epidermis.

The connection to the dermal collagen system (asterisk
indicates a collagen fiber) is established by anchoring fibers
of the lamina fibroreticularis (arrowheads) which is a product
of the dermal fibroblasts. (Courtesy of C K W Miilling)

Figure 2-8 Low power EM of the dermo-epidermal
junction. (E) Epidermis, (B) Basal cell. Arrows indicate the
position of the basement membrane. (D) Dermis.

Asterisk indicates a dermal capillary containing three red blood
cells, which is in close proximity (1-2um) to the basement
membrane. The distance between the capillary and the basal
epidermal cell would be the diffusion distance for supply
with oxygen and nutrients. (Courtesy of C K W Miilling)



THE SEGMENTS OF THE CLAW CAPSULE

KEY CONCEPTS

° Claw segments are five different regions of
the capsule together with the underlying
associated dermis and subcutis. Therefore,
each segment has a specific configuration of a
dermal papillary body, specific modes of
cornification, and specific architecture of claw
horn. The claw can be divided into five
segments: periople, coronary segment,
wall, sole, and bulb.

° The dermal papillae interfacing with the
proximal ends of tubules are conical in shape
while those of the dermal lamellae form folds
to correspond with the leaflets of the epidermal
lamellae.

Coronary Band, Limbus or Periople
(the Periople Segment)

The coronary band is a thin strip of soft tubular horn
about 1.5cm wide forming the region or segment
between exposed wall and the skin of the pastern. It is
the equivalent of the human cuticle.

The coronary band of some cattle is unusually rough,
wrinkled, and perhaps darker in colour than normal.
The significance of this type of appearance is unknown.
If numerous animals in a herd are showing this abnor-
mality, the possibility of nutritional and/or micronutrient
deficiency should be investigated. The coronary band
is rich in lipids, therefore, lipid metabolism may be
disturbed.

The coronary band is produced by cells lining a
narrow groove at the hair line referred to as the
perioplic dermis which merges with the soft resilient
horn of the bulb of the heel. The continuity of the
coronary band with the bulb of the heel can be readily
seen in the fetus.

See Figures 2-9-2-11.
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Figure 2-9 The inside of the claw capsule showing the
following features: (A) Groove for dermis of the periople
from which the coronary band originates. (B) Depression for
the dermis of the wall (coronary epidermis) together with the
coronary cushion. (C) The dermal lamellae, which are longer
on the dorsal wall and significantly shorter towards the
abaxial groove. Note that there are no epidermal lamellae on
the inner surface of the bulb.

Figure 2-10

The abaxial
groove marks
the transition
between the wall
and the heel
bulb. On the
interior surface of
the claw the
epidermal/dermal
lamellae come

to an end a few
centimeters
anterior to this
point; see also
Fig. 2-9.
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Figure 2-11 The coronary band is the smooth band of
horn adjacent to the hair line. It covers the coronary cushion
and protects the living epidermis of the wall (coronary
epidermis) which lies beneath.

Wall (Coronary Segment)

TECHNICAL COMMENTS

In anatomical terminology the word wall is applied to
the epidermal and dermal lamellae which are located
beneath the cornified coronary epidermis.

The terms strata externum, medium, and internum
identify different layers of horn making up the
thickness of the wall (coronary horn). These different
layers should not be confused with segments.

The average length of the dorsal surface of the claw of
an adult female should be 7.5cm. For practical purposes
the wall grows at the rate of 0.5cm per month. This rate
may increase during summer months, in young animals
and in animals maintained on a high plane of nutrition.
Measuring the distance from the hair line to a horizontal
(hardship) groove or other defect allows a clinician to
calculate when the insult to the animal causing the
defect occurred.

The wall (coronary epidermis) is composed of horn,
in which epidermal tubules run lengthwise parallel to
the surface of the claw. Proximally the dermal papillae
fit into the proximal ends of the epidermal tubules.

There are more tubules per mm? closer to the outer
surface of the wall than there are close to the dermis.
Some workers believe that the higher the density of the
tubules the greater will be the biometric stability of the
wall by directing mechanical stresses to that region.

Therefore, tubule density graduation across the wall
could be a mechanism for smooth energy transfer. Tubule
density acts in concert with changes in stiffness that result
from changing levels of moisture content. The moisture
content of the wall is generally considered to be about 26%.
When the moisture content falls, as is the case during
dry environmental conditions, the wall becomes brittle.

The wall (coronary epidermis) is produced by the
epidermis covering the coronary dermal papillae which
are concealed beneath the coronary band. As the wall
grows it is pushed towards the tip of the toe and makes
up the most visible part of the capsule structure. The
microcirculation to the dermal papillae can be compro-
mised by mechanical blockages (thrombi) which will
reduce the rate of blood perfusion. Reduced blood flow
or complete disruption of the microcirculation may
alter the differentiation and cornification of epidermal
cells, i.e. the production of horn. The horn of reduced
quality produced under these circumstances is called
dyskeratotic horn; it is of inferior quality and reduced
biomechanical stability. In addition to qualitative changes
the rate of horn growth may diminish and/or the rate
of horn growth may become irregular causing the
appearance of striations (rugae).

The wall is produced only by the keratogenic cells
lying under the coronary band. The wall and coronary
band are two structures independent of each other.

See Figure 2-12.

Figure 2-12 The living epithelium covers the dermal
papillae. The peripapillary (around the papillae) and
suprapapillary (above the papillae) living epidermis produce
horn in a tubular arrangement corresponding to the papillae
which fit into the proximal ends of the epidermal tubules.
(Courtesy of C K W Miilling)
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A horn tubule consists of a central part, the ‘medulla,’
which is composed of soft and brittle horn. The outer
part, ‘the cortex,’ is constructed of stable horn cells.
In the cortex each layer of keratinized cells is
arranged, like the layers of an onion, in a spiral
fashion giving strength and flexibility to the structure.
The horn quality and resistance against destructive
environmental influences depends on the dimensions
of the medulla/ cortex ratio and the number of horn
tubules.

Recent studies have revealed that the diameter of horn Figure 2-14 Tubules in the wall originate in the epidermis

tubules is influenced significantly by the hardness of of the coronary band and run distally parallel to the
dorsal surface. The lumen of a tube (medulla) is clogged

with debris (incomplete, cornified, disintegrated horn cells).
(Courtesy of C KW Miilling)

the flooring. Hard floors lead to increased thickness
of and a higher proportion of medullary horn in the
tubules with the consequent loss in horn quality

(i.e., increased wearability and increased vulnerability
to mechanical, chemical, and bacterial destruction).
Therefore, the tubules are points of vulnerability in
the claw horn. Close to the ground surface the central
part, the medulla, becomes brittle and falls out,

so that patent tubule develops. These tubules

provide entrance for contamination and bacteria,
permitting an ascending horn destruction process to
take place.

See Figures 2-13-2-15.

Figure 2-13 These are transverse sections of tubules Figure 2-15 The cross-section of an individual tubule.

showing the walls of some are thicker than others. There are onion-like layers of keratinized cells, wrapped
The tubules are larger in diameter closer to dermis. spiral-fashion around the medulla. (Courtesy of C K W

(Courtesy of C K W Miilling) Miilling)
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Figure 2-16 An electron micrograph showing the variations in the appearance of dermis in different segments of the

digit. (Courtesy of R M Hirschberg)

Lamellae (Wall Segment)

GLOSSARY

Lamellae: These are leaflets of horn lining the inside of
the wall (coronary epidermis). The term lamellae
or epidermal lamellae will be used in this text.

Laminae: These are leaflets of connective tissue,
collagen fibers blood vessels, and nerves that fit
exactly between the lamellae. The term laminae
will be used interchangeably in this text with
the correct anatomical term ‘dermal lamellae.’

KEY CONCEPT

° The laminae and lamellae are structures
corresponding perfectly in shape that are
formed by two different tissues, dermis and
epidermis, separated by a basement membrane.

TECHNICAL COMMENTS

For anatomists the wall segment is made up of the
interdigitating dermal laminae and epidermal
lamellae in the wall region covered by coronary horn
(Fig. 2-16). At the ground surface of the claw this
segment emerges as the ‘white line’. Therefore,
the white line is situated between coronary horn
and sole horn. The lamina (dermal lamella) has
two layers, the superficial stratum papillare or
lamellatum and the deep stratum reticulare. Both
strata contain the dermal system of blood vessels
and nerves.

In summary, the dermal lamellae on one side of

the basement membrane contain the vascular system
and on the other epidermal lamellae is composed of
living and keratinized cells. Dermal and epidermal
lamellae interdigitate consisting of two different
types of tissue but having the same mirror-image
shape.



The disease laminitis was first described in horses as
an acute inflammation of the dermal laminae. It is
doubtful if inflammatory processes occur in the
developmental stages of bovine laminitis. In cattle,
regions of the dermis other than the laminae are
affected and for this reason the internationally
accepted term ‘pododermatitis asceptica diffusa’ was
introduced as a more accurate descriptor.

It is assumed that, as in the horse, desmosomes in
the living epidermis break and reform continuously
to enable the epidermis to slip past as the wall grows.
Each cell has hundreds of these ‘temporary’ contacts
in the living layer. They are continuously broken
down and replaced, therefore, there are always a
sufficient number of cells with stable connections to
their neighbors, even when some cells lose their
contacts and slide distad. This slide-contact mechanism
allows the load to be supported even during claw
growth.

Laminae increase the surface area to which the
suspensory apparatus of the digit is attached (p. 20).
This serves two purposes: better nutritional supply via
diffusion and good mechanical connection and stability
of the dermo-epidermal connection.

In the proximal half of the lamellar region
thereis almost no horn production. Notwithstanding,
horn repair will occur in any part of the wall following
trauma or surgical interference involving the wall and
lamellae. However, scar horn formation usually lacks
the leaflets and the new horn produced will tend to have
an irregular shape.

In the distal half of the lamellar region the rate of
proliferation of basal cells in the living epidermis
increases, as does the consequent production of horn
the closer it approaches the sole. The lamellar horn
produced in the lamellar region reaches the ground
surface of the claw as the ‘white line.’

See Figures 2-17-2-19.

The Sole (Solear Segment)

GLOSSARY

Solear: This is the adjective preferred to describe zones
1-5.
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Figure 2-17 The appearance of the normal laminae
(dermal lamellae) of an exungulated claw. (Courtesy of
P Ossent)

/o

Figure 2-18 (a) The upper scanning electron micrograph
shows the shape of the epidermal lamellae (horn
leaflets). The dermal lamellae (laminae) are mirror images
and make up the modified shapes equivalent to papillae.
(b) The lower scanning micrograph shows the proximal
openings to the tubules of the wall. The structures to the
left of the image are the proximal ends of the epidermal
lamellae. (Courtesy of C K W Miilling)
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Figure 2-19 The lamellae are leaflets of the epidermis lining the inner distal surface of the wall. They cornify and turn
into horn lamellae towards the surface. The lamellae continuously get shorter towards the heel. The dark red groupings of

mitotic cells are referred to as caps. (Courtesy of C K W Miilling)

The average thickness of the sole of a normal mature
cow is approximately 5—7mm in region 5 (anterior part
of the sole) and 15mm in region in region 4 (Fig. 17-8).
Following claw trimming the thickness of the sole
should not be less than these guideline dimensions.

The distribution of the tubules in the sole is less
dense than it is in the wall. All of the tubules slope
forward in alignment with (parallel to) the slope of the
dorsal wall. In some cases of sole hemorrhage, blood
may diffuse down the tubules giving the stain a brush-
mark appearance.

In cattle on pasture the sole experiences little
wear. Under low wear conditions it has been proposed
that the distal ends of the tubules may become blocked.
Lack of moisture in the superficial layers of the sole
could account for the natural flaking of the horn
sometimes seen in pastured cows. This hypothesis is
unproved but there must be some simple explanation
for the natural flaking process. A ‘self-flaking mecha-
nism’ has been described in wild ungulates. Progressive
loss of the adhesive function of the intracellular cemen-
tum as it nears the surface of the sole is believed to
contribute to this process.

In cattle confined on concrete where the sole is
subject to rapid wear the tubules are open to the surface.
Tubules are only really patent if the medullary debris
falls out. Experimental evidence shows that moisture
from the environment can rise along the tubules by
capillary action. Tt is useful to refer to thisas exogenous
moisture. Moisture in the sole supplied by diffusion from

the dermis or via the tubules would be considered as
endogenous moisture. The overall moisture content of
the sole is a major factor with regard to how hard and
resistant it may be.

The normal rate of growth of the sole has not been
documented. However, it is almost certainly variable
under conditions of intensive management. The greater
the wear and the higher the pressure on the dermis the
more rapidly will horn be produced. This is of clinical
importance. If blood escapes from the vessels of the dermis
it will stain the horn. The stain will not appear on the
surface of the sole for 6-10 weeks after the escape of
blood has occurred. It is, therefore, important to recognize
that a sole hemorrhage associated with laminitis is an
historical event and certainly not of recent origin.

Bulb of the Heel (Bulbar Segment)

This refers to zone 6 of the claw capsule and lies directly
posterior to zones 3 and 5 (Fig. 17-8). The anterior
border of the bulb is a strip of thick horn referred to as
the bar or pad. The bar is the first structure to take the
forces of concussion during locomotion. These forces
are transmitted upwards to the ‘Pedal Bone Support
System’ (p. 20). The posterior and flexor aspects of the
bulb are rounded, smooth and composed of soft and
elastic, rubber-like horn. Papillae and small tubules are
distributed sparsely throughout the matrix.
See Figure 2-20.



is richly supplied with nerves (arrows). (Courtesy of C K W
Miilling)

The White Line (Zona Alba)

The white line or zona alba is a vulnerable and unstable
junction between the wall horn and the sole horn; it acts
like a hinge between these two horn masses of different
origin and biomechanical characteristics. The white line
is composed of very soft horn which has only 20% of the
hardness of wall (coronary) horn and is susceptible to
several different types of lesions. The lesions fall into two
classes. The first is that in which direct trauma causes
an external lesion. The second occurs after the white line
has been previously weakened by a laminitis-like episode.
The lesions associated with ‘previous weakening’ such
as a retroarticular abscess are described on page 93.

Under intensive dairy management very few cows
will have white lines that are completely healthy. A very
important factor is the loading status of the claw. If the
claw is overloaded due to lack of trimming a simple
white line defect will become much more serious and
the prognosis will be poor.

OTHER FUNCTIONAL FEATURES
OF THE CLAW

GLOSSARY

Retinaculum: This is a ‘special fibrous thickening that
holds back a part.’

Other Functional Features of the Claw 19

The Coronary Cushion (Pulvinus Limbi)

The coronary cushion is a system of fat cushions organ-
ized and compartmented by connective tissue beneath
the coronary band. It includes a network of veins con-
taining valves which direct the flow of blood from the
foot back into the systemic circulation. It is suggested
that when the animal walks, the vessels are squeezed
between the wall and the distal phalanx. This action
probably pumps stale blood from the claw, returning it
to the systemic circulation. This function is, of course,
closely related to exercise and is an important consid-
eration in management systems that restrict exercise.
See Figures 2-21 and 2-22.

Structures that Maintain the Pedal
Bone in Position inside the Claw
Capsule

Two systems hold the pedal bone in its proper position
in the space inside the claw capsule — the suspensory
apparatus of the digit and the support system of the
pedal bone. Both systems depend on collagen fibers to
maintain their function and both are susceptible to
degradation by MMPs. Failure of these structures causes
the orientation of the pedal bone to move (to sink, to
rotate, or to be displaced).

The Suspensory Apparatus of the Digit

The suspensory apparatus consists of collagen fibers
that insert into the pedal bone on one side and are
anchored to the basement membrane of the dermal
lamellae on the other side. It is responsible for trans-
ferring the load (weight of the animal) on the pedal
bone to the claw capsule. Fibers that run upwards from
the pedal bone are suspending the pedal bone. Fibers
running forward take the drag as the animal propels
itself forward.

See Figures 2-23-2-26.

Pedal Bone Support System (PBSS)

This term has been introduced to describe the digital
retinaculum and the fat bundles of the digital cushion
which it envelops (see below). The rationale for using
this term is that the distal interphalangeal ligament
(cruciate ligament) consists of two functionally different

parts:

° The true cruciate ligament which prevents the two
digits from separating.

° The retinaculum of the digit which is a fibroelastic

envelope binding the digital cushion and deep



20 2 / Microstructure and Function of the Bovine Claw
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Figure 2-21 The coronary cushion (CC) is composed a network of veins and elastic fibers. During locomotion when the
bone squeezes the cushion against the claw wall it serves as a pump to facilitate the perfusion of blood through the digits and
its return to the general circulation. (Courtesy of C K W Miilling)

Figure 2-22 The coronary cushion occupies
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Dermo-epidermal —
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in the coronary

segment)




Other Functional Features of the Claw 21

Figure 2-23 The support system of the pedal bone is most extensive on the inner dorsal surface of the claw where the
epidermal lamellae are longest. The dermal lamellae considerably increase the surface area to which supporting fibers are
attached. The pedal bone literally hangs from these fibers which are compromised when MMPs are released during an episode

of laminitis. (Courtesy of C K W Miilling)

Figure 2-24 A faint groove running parallel to the ground
surface of this pedal bone marks distinct transition of
function. Distal to the groove are ridges for the attachment
of the suspensory apparatus of the digit. The ridges are more
intensely represented on the dorsal surface of the bone and in
fact extend upwards towards along the dorsal flexure almost to
the extensor process. The bone proximal to the groove is smooth
and covered with periosteum. (Courtesy of C K W Miilling)

Figure 2-25 This is the pedal bone from an older cow than
in Figure 2-24. Note that the dorsal surface is more concave
and significantly rougher. This suggests that the ‘pull’ of the
suspensory apparatus of the digit has been involved and that
functional adaptation of tissues (causal histogenesis) probably
has taken place. (Courtesy of C K W Miilling)
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Figure 2-26 Periosteum is only present in the depths of
the groove indicating that the collagen fibers are anchored
directly into the boney prominences of the ridges.
(Courtesy of C KW Miilling)

flexor tendon to the bony structures that make
up the pedal joint. This structure merges with
the true cruciate ligament and inserts into the
axial, abaxial, and solear surfaces of the pedal
bone.

See Figures 2-27 and 2-28.

The Digital Cushion (Pulvinus Digitalis)

The bulk of the digital cushion lies behind the pedal
joint with a slim portion extending forward beneath the
pedal bone. It is made up of three cylindrical parallel
oriented bodies, each with a capsule of connective
tissue filled with soft fat (Fig. 2-29). The fat content is
significantly higher in cows (38%) than in heifers
(27%). There is a marked change in the composition
of the cushions as the animal gets older. It is estimated
that the development of the digital cushion is not
complete before the animal is 3 years old. The fatty
acid composition and the size of the fat cushions
change under the influence of metabolic disorders, in
particular in cows with lipid mobilization syndrome
(LMS, ketosis.) There is significantly more arachidonic
acid in the cushions of heifers. Arachidonic acid
is a precursor of prostaglandin, a pro-inflammatory
mediator.

The digital cushion functions as a shock absorber
acting in conjunction with the retinaculum of the digit
and surrounding soft-elastic horn of the bulb. The
elastic tissues of the retinaculum expand laterally when
compressed during weight-bearing. The lateral pres-
sures are transferred to the wall which normally has
high tensile strength functioning as a spring to absorb

Figure 2-27 Dissection of the cruciate complex showing
its relationship to the digital retinaculum. (Courtesy of
C KW Miilling)

Figure 2-28 A sketch representing the attachment of the
pedal bone support system.



some of the energy of locomotion. This tensile strength
of the wall is diminished if the quality of the horn
of the wall is compromised by disorders such as
subclinical laminitis, horizontal or vertical fissures, or
heel erosion.

Normally, once the compressive force is reduced
the elasticity of the retinaculum will assist in
restoring the cushion to its normal configuration. The
fibers of the posterior portion of the suspensory
apparatus of the digit undoubtedly merge with the
retinaculum.

Most of the factors leading to activation of MMPs in
laminitis circulate with the blood and will activate
MMPs in any connective tissue within the organism.
The degradation of collagen is particularly fatal in the
claw because of the high mechanical load of the
suspensory apparatus. The collagen of the digital
retinaculum will also be altered by MMPs. This will tend
to account for lowering of the heel and may be a factor
in the tissue disruption associated with white line
disease.

Figure 2-29 The cushion is composed of three cylindrical
parallel-oriented bodies each with a capsule of connective
tissue filled with soft fat. Towards the tip of the pedal bone a
system of thin transverse oriented fat strands is present in continuity
with the fat cylinders. (Courtesy of C Lischer & P Ossent)
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THE FLOW OF FORCES THROUGH
THE CLAW

Recent observations of the microstructure inside the
claw combined with known features of locomotion and
recent treadmill locomotion studies lead to the follow-
ing conclusions:

° The hind foot touches the ground with the
lateral heel bulb first (Fig. 2-30).

° The digital cushion/retinaculum is not directly
related to the suspensory apparatus of the
digit.

° The suspensory apparatus of the digit covers

very little surface area starting at the abaxial
groove and increasing dramatically towards
the dorsal surface, where there is evidence that
it has the maximum weight-bearing function
(Fig. 2-31).

° The coronary cushion absorbs compression
occurring in the final stage of the stride when
the pedal bone is forced forward towards the
wall and the dorsal part of the capsule is
pulled inwards due to the loading of the
suspensory system. In functional synergy with
the suspensory apparatus and the digital
cushions the coronary cushion stabilizes the
position of the pedal bone inside the claw
capsule.

If these observations are correct it can be hypothesized
that during locomotion the forces are first dissipated by
compression of the digital cushion/retinacular complex,
it flows forward naturally into suspensory apparatus of
the digit, and is finally absorbed by the bending and
flexing capacity of the horn of the wall and the coronary
cushion.
See Figures 2-30 and 2-31.

TECHNICAL COMMENTS

When matrix metalloproteinase expression is
unregulated by proinflammatory cytokines,
endotoxins, or other bioactive molecules, the active
MMPs start degrading collagen fibers. The fiber system
is weakened, resulting in loss of function. An increased
mobility of the pedal bone within the capsule causes
sinking and/or rotation or tilting or a combination of
these movements of the bone — to a degree depending
on the localization and severity of the collagen
degradation. Another factor influencing the
displacement of the pedal bone is believed to the
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periparturient hormone, relaxin. Other hormones may too much MMP is produced and transformed into its
also be involved in alterations of the connective tissue active form. TIMPS can no longer control MMPs while,
of the pedal bone support system. at the same time, cytokines also down-regulate TIMPS

which makes MMP degradation even more efficient,
i.e., destructive.

TIMPs (tissue inhibitors of MMPs) normally prevent
excessive MMP activity. In disease, simply put,

Figure 2-30 In the top left hand picture the front foot can be seen touching toe first at the beginning of each stride.
In the picture beneath the limb is fully weight-bearing and is in a vertical position. The picture on the top right hand side
shows the heel of the hind foot touching the ground first. The picture below suggests that weight-bearing takes place with
the limb at an angle to the ground. It should be noted that the hindlimb bears only 40% of an animal’s weight and that

propulsive forces are active on the claw. The forelimb functions mostly as ‘prop.’

Plantar pouch of pedal joint

Coronary cushion

Coronary band <%
Area of suspensory
apparatus

Tendon sheath
Navicular bursa

Deep flexor tendon
Insertion of deep flexor tendon

Digital cushion

Heel bulb junction

Figure 2-31 The bulk of the digital
cushion/retinaculum is located behind
the joint and is fused to the deep
flexor tendon. This structure, in the
hind foot, is compressed during the
first phase of a stride. The suspensory
apparatus of the digit (marked in red)
is only present in the anterior two-thirds
of the wall. Therefore, the forces
generated by weight-bearing flow
forward as the bearing surface of the
claw impacts the ground. During the
propulsion take-off phase of a stride the
coronary cushion is compressed and in
so doing transfers pressure onto the dorsal
wall which flexes in order to absorb
energy. (Courtesy of C K W Miilling)
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THE MICROVASCULATURE SUPPLYING
THE DERMIS (PODODERM, CORIUM,
OR QUICK)

GLOSSARY

Anastomosis: The intercommunication of blood vessels
by natural anatomic arrangements which provide
alternative pathways for blood supply to a
peripheral part. They are variable in diameter
and function as shortcuts or bridges between two
blood vessels. They regulate the perfusion rate of
the capillary bed of a peripheral vascular system.

Arteriovenous Anastomosis (AVA)

Arteriovenous anastomoses are present in the skin
where they play an important role in thermoregulation.
They are also present in the dermis of the claw. The
number of AVAs in the dermis of the claw depends on
functional challenges. That is to say, the number of
AVAs increases in diseased claws, e.g. during laminitis

Collateral arteries

Thoroughfare
channel

Metarteriole | preferred
(central channel)

Capillaries

e

Arteriovenous
anastomosis

and around the periphery of sole ulcers. AVAs are shunts
between the arterioles bringing the blood into the
capillary bed and the venule draining the blood from
the capillary bed. (See Figure 2-32.) They are supplied
with nerves which innervate smooth muscle in vessel
walls and thus allow opening and closure of AVAs to
regulate perfusion of the capillary bed of the dermis.
The prime function of an AVA in the claw is believed to
be to control temperature. It has also been suggested that
AVAs may function as a mechanism to accommodate
changes in intra-ungular pressure during weight-bearing.

When functioning normally the venous end of the
AVA has a larger diameter than the arterial end of the
bridge. Some AVAs are referred to as ‘thoroughfare
channels’ which, as the name implies passively pass
blood directly from arteriole to venule and are particu-
larly prevalent in papillae.

‘Sphincteric’ arteries are structures which regulate
the rate of blood flow whereas an AVA directs blood flow
to or withholds blood from specific areas. The sphincteric
artery functions by changing its diameter and allowing
the rate of blood flow to be modified according to actual
functional needs. The existence of these specialized struc-
tures highlights the importance of blood flow regulation
for a proper physiological function of claw tissues.

Figure 2-32 Diagrammatic representation of
an arteriovenous shunt. In this instance the
shunt is open, directing blood away from the
vascular bed. The opening and shutting of the
shunt is brought about by smooth muscles
which are controlled by the autonomic nervous
system.
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TECHNICAL COMMENTS
by Ruth Hirschberg

It is important to stress that the dermal

microvascularization and the perfusion patterns at any
given time are very adaptable to metabolic and functional
requirements (i.e., by mechanisms of angioadaptation).

The overall microvascular pattern of the dermal
papillae and lamellae is quite extensive, but not all
branches of this microvascular bed are perfused at all
times. Therefore, a basic or primary ‘nutritional’
pathway (supplying the dermal cells and the adjacent
epidermal cells with their basic needs, i.e., maintenance
supply) has to be differentiated from the ‘functional’
microvascular pathway which responds to the functional
demands required from the dermis and epidermis

(e.g., region-specific proliferation rate, keratinization,
cornification etc.). The actual perfusion pattern is
tuned to the dermo-epidermal needs by precapillary
sphincter mechanisms rather than arteriovenous
anastomoses. It is important to not confuse real
arteriovenous anastomoses with metarteriolar and
thoroughfare channels within the microvascular bed.

The so-called ‘thoroughfare channels’ are main
pathways within the capillary bed. Within the papillae,
this basic nutritional pathway is represented by the
central papillary arteriole and venule connected by a

There is no evidence to support the theory that AVAs
play a leading role in the pathogenesis of laminitis.
However, pressure in the vessels and tissues increases
during laminitis. This could be explained by compro-
mising the function of AVAs — or more likely by blood
clots (coagulopathy). The pressure increases in the
capillaries together with transvascular movement of
fluid in tissues may be caused by an increased post-
capillary resistance. This resistance is believed to be
the result of a reduction in the diameter of the venules
in the periphery draining blood from the capillary
bed.

A single cause and single pathological expla-
nation of laminitis which has been long known to
be a multifactorial disease is highly unlikely, if not
impossible. Undoubtedly a combination of patho-
mechanisms is involved. The initial local ‘reactions’
to laminitis that takes place in claw tissues
are:

(a) alterations in the vascular endothelial lining
(roughening)

long peripheral capillary loop at the tip of the papilla.
The functional pathway required for proper supply of
the adjacent highly keratinizing and cornifying
epidermal layers is provided by the extensive peripheral
capillary network of the papilla. The mechanical forces
acting on such structures as the spring-like shaped
papillae of the bulb also take part in regulating the
perfusion pattern. Compression and tearing forces
occurring during weight-bearing deform the papillae
and may thus deviate or open certain microvascular
pathways within the papillae. Thus, the perfusion
pattern of the microvascular bed is regulated
according to demand and mechanical forces.

On the other hand, the microvascular angioarchitecture
itself may adapt to the demands and mechanical forces
by active remodeling processes within the
microvasculature such as capillary sprouting and
capillary remodeling.

Real arteriovenous anastomoses (by definition) are
situated outside (or prior to) the microvascular bed and
regulate extreme demands for perfusion. Therefore,
they occur at the base of the lamellae and papillae

and in the deeper layers of the connective tissue of the
claw rather than within the lamellae and papillae.
These arteriovenous anastomoses are also subject to
function-related remodelling and are formed on
demand that is, mostly in response to changes in the
environmental temperature.

(b) alterations in the microcirculation (changes in
the rate of perfusion).

These events are followed by the activation of a variety
of interacting and cross-linked inflammatory and regu-
latory cascades. MMP activation is only one part of the
jigsaw. It also may be that there is initial damage to the
epidermis, e.g. by mechanical overload. The damage will
cause the release of interleukin-1 (IL1) which is a potent
proinflammatory cytokine produced and stored by the
epidermal cells. IL1 will then diffuse into the dermis,
binding to fibroblasts and triggering the release of ker-
atinocyte growth factor (KGF). KGF is a potent mitogen
activating basal proliferation in the epidermis. Parallel
to this, IL1 also activates MMPs. In addition there is
positive and negative feedback between these autocrine
and paracrine regulations. These observations strongly
support the idea of complex rather than a simple patho-
genesis. Any hypothesis reducing everything to the one
and only magic factor or molecule is highly suspicious.
See Figures 2-33 and 2-34.



Figure 2-33 Short arteriovenous anastomoses connecting
lamellar arteriole (A) and lamellar venule (V) at the base
of a pododermal lamella. Scanning electron microscopy,
micro-corrosion cast. (Courtesy of R M Hirschberg)

Plantar aspect

Dorsal aspect

Figure 2-34 The terminal arch feeds the marginal arterial
plexus (circumferential artery). (A) Dorsal pedal artery,

(B) axial plantar arteries, and (C) terminal arch. The point at
which the small vessels leave the bone is a common site of
mural thrombi. (After N de Vos)
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Characteristics of Lameness

GLOSSARY

Stride: The forward/backward motion of a limb consisting of a forward
phase (protraction), a weight-bearing phase, and a backward phase
(retraction).

Gait: The complete characteristics of a step, including the stride and
swinging of the limb out or with respect to the midline of the
animal.

Camping Forward: This is a sign of abnormal walking when one or both
front or hind feet are carried further forward than normal
(protraction).

Camping Back: A sign of abnormal walking when one or both front or
hind feet are carried further back than normal (retraction.)

Tracking: The actual path taken by each foot during each step.

Seat of Lameness: The point in the limb or in the foot which is the
location of the source of pain, causing the animal to be lame.

Stance: A cow normally stands with the point of the hock directly beneath

the pin bone (tuber ischiadicum). Changes in stance caused by an
animal’s effort to gain relief from a painful stimulus can be referred
to as a clinical posture.

CHAPTER 3

29
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RECOGNIZING THE CHARACTERISTICS NORMAL GAIT
OF LAMENESS

There are three ‘phases’ in each stride:

° The weight-bearing phase. During the weight-
bearing phase, the bearing surface of heel-bulb
junction of a hindlimb normally touches the
ground first. This is followed by the abaxial part
of the weight-bearing margin of the wall and
then the toe. Finally, the bearing surface of the
claw will slide forward to an extent, depending
on the friction generated by the ground surface.

KEY CONCEPTS

° Always observe cows walking on level concrete
(firm, non-slippery ground surface) in order to
detect lameness. A cow has to be extremely
lame before it is noticeable on sawdust or straw-
bedded yards (Fig. 3-1).

° A person who is skilled in recognizing lameness
will observe 2.5x more lame cows than an
unskilled person.

° Observe the observable.

° Farmers significantly underestimate the level of
lameness in their herds; about 1 in 5 lame cows
go undetected. Cows are quite tolerant of pain;
therefore, the causal lesion can reach an
advanced stage before it is detected. If cows can
be treated in the early stages of lameness, the
chances for a successful treatment without
severe damage, reduced performance, and
economical loss, the loss to the farmer will be

improved. Figure 3-2 This cow is protracting its hind feet (camping
° A cow should be observed from each side, from forward) and its fore feet are retracted beneath the body
in front and behind, when standing quietly and (camping back). This posture is typical of acute laminitis.

(Courtesy of K Mortensen)

also when walking. The animal should then be
observed as it turns first to the left and then to
the right.

Figure 3-3 This cow is retracting her hindlimbs (camping
back.). This is usually a sign of pain in the heel bulbs or
Figure 3-1 A cow has to have a serious lesion for it to be posterior region of the sole. It may also be characteristic of
extremely lame if walking on deep bedding. (Courtesy of arthritis of the hip, in which case muscle wastage will be seen
R Shaver) around the rump. (Courtesy of Anon)



° The protraction phase is when the limb swings
forward and then back to weight-bearing.

° The retraction phase is the backward swing of the
limb.

A cow walks with a level spine and places her hind feet
almost exactly onto the same spot as the fore feet.

On which foot is the cow lame?

A cow that is lame will hold its head lower than normal.
Less time will be spent bearing weight on the affected
limb. The stride will be shortened. Holding the less pain-
ful side of the rump (or shoulder) higher than normal
indicates pain in that limb.

If lame in a front foot, the head will move higher
each time the animal bears weight on the affected foot.

Figure 3-4 When a cow swings its limb away from the
body it is attempting to relieve pain in the outside
(lateral) claw. This is ‘swinging leg lameness.’
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Pain in a hind foot causes the hip on that side to be
lifted higher than normal. Some degree of head lifting
may be seen when the unaffected hind foot touches the
ground. Also, the lame leg may swing outwards to avoid
bearing weight on a painful lateral claw.

CHANGES IN STANCE OR GAIT CAUSED
BY PAIN (I.E., LAMENESS)

Camping forward, when walking, often indicates pain
in the apex of the claw. Camping forward is sometimes
confused with sickle-hocked conformation of the
hindlimb.

See Figures 3-2—3-12.

Figure 3-5 If an animal stands or walks with its feet close
together it is ‘walking narrow.’ This is often the sign of the
seat of lameness being located in the inside (medial) claw.
Cattle with subclinical laminitis mainly in the medial claws
will walk narrow.
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Figure 3-8 Knuckling at the fetlock is an attempt to
relieve pain in the heel. The toe hits the ground first; then
the fetlock flexes in order to allow the heel to impact the
ground more gently.

Figure 3-6 Crossing either the fore or hind feet is
indicative of the most acute pain. (Courtesy of R Shaver)

Figure 3-7 Fracture of the pedal bone, laminitis in a Figure 3-9 Hanging leg lameness is a reaction to extreme
medial claw, or an acute abscess in the medial claw can pain as would occur from septic arthritis of the pedal
cause this change in posture or gait. joint or a fractured pedal bone.
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Figure 3-10 An animal that has a very straight limb

(post legged) will take short strides but is not necessarily
lame. This characteristic of conformation can be confused
with ‘Elso Heel.’

Figure 3-12 Turning-in of the hocks is referred to as
‘Cow Hock’ posture (a) and is caused by the heel of the
lateral claw becoming much thicker than normal (b).
This phenomenon is referred to as ‘overburdening’ of the
heel.

Figure 3-11 Cattle that are reluctant to rise on the
forelimbs when they have very acute laminitis are often
referred to as ‘crawlers.” (Courtesy of K Mortensen)
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Clinical Description

Description:

Clinical Description

Description:

Clinical Description

Description:

Clinical Description

Description:

Clinical Description

Description:

(A

Back Posture Standing: Flat

Back Posture Standing: Flat Back Posture Walking: Arched

Back Posture Standing: Arched Back Posture Walking: Arched

Back Posture Walking: Arched

3

B4

Back Posture Standing: Arched Back Posture Walking: Arched

Figure 3-13 Recommended system for routine farm use. (Courtesy of ZINPRO Corporation)
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INCIDENCE OF LAMENESS

The incidence of lameness in dairy herds probably
ranges from O to 60%. An annual incidence of over 10%
should be regarded as a problem herd and foot health
should be monitored very closely. If the incidence of sole
ulcer (pp. 84-89), toe ulcer (pp. 96-99), and white line
disease (pp. 89-96) together exceeds 5-10% in a herd,
this would be a strong indication that subclinical
laminitis (pp. 40-52) is present and a comprehensive
investigation is justifiable on economic grounds.

SCORING THE SEVERITY OF LAMENESS

The severity and duration of a lameness should be
recorded in the health records of any herd with a claw
health problem. A new case of lameness is one that has
occurred more than 28 days after recovery from a
previous incident of lameness.

TECHNICAL COMMENT

The following modification of the lameness scoring
system shown in Figure 3-13 is recommended for
research studies:

1.0 Minimal abduction/adduction, no unevenness
of gait, no tenderness

1.5 Slight abduction/adduction, no unevenness or
tenderness

2.0 Abduction/adduction present, uneven gait,
perhaps tender

2.5 Abduction/adduction present, uneven gait,
tenderness of feet

3.0 Slight lameness, not affecting behavior

3.5 Obvious lameness, difficulty in turning, not
affecting behavior

4.0 Obvious lameness, difficulty in turning,
behavior affected

4.5 Some difficulty in rising, difficulty in walking,
behavior affected

5.0 Extreme difficulty in rising, difficulty walking,
behavior affected.
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The Laminitis Syndrome

KEY CONCEPT

° Laminitis in cattle is a systemic disease with local manifestation
in the claws and occurs in several clinically recognizable forms.
The ‘acute’ or ‘subacute’ and ‘chronic’ forms are similar to the
condition observed in horses. A ‘subclinical’ form has also been
described in cattle.

HISTORICAL COMMENT

Laminitis in horses was known 2,000 years ago when it was described as ‘a
down-flow of blood into the animal’s feet giving rise to bruises which, if not
treated, take a long time to heal if the lesions suppurate.” An early descrip-
tion of laminitis in horses was given by Solleysel in 1691. Bedel was the first,
in 1839, to describe laminitis in cattle. Lafore (1843) and Anker (1854)
considered the condition to be common in cattle.

The first comprehensive and systematic clinical and morphological
investigation of bovine laminitis was undertaken by Nilson in 1963.
Nilson’s findings and description influence our understanding of laminitis
up to the present day. Only the acute, subacute, and chronic (founder) forms
of laminitis were recognized until 1976, when Toussaint-Raven presented
the first photograph of the alleged ‘subclinical’ form of the disorder.

36

CHAPTER 4




GLOSSARY

Syndrome: A number of clinical findings that are
grouped under one term.

Dermis of the claw: Also referred to in the literature
as the corium, the quick, or the pododerm
(the dermis of the foot).

Founder / foundered: These are used commonly to
describe laminitis. In this text, this term will be
restricted to the chronic forms of the disorder in
which obvious distortion of the claw has taken
place.

INTRODUCTION

In recent years, scientists have shown that the word
‘laminitis’ is an inappropriate descriptor for the disorder.
They argue that the laminae are not always the only
and not necessarily the first structures in the claw that
are involved. Inflammation is not an invariable finding
in the early stages of the disorder.

ACUTE LAMINITIS

Description

TECHNICAL COMMENT

Acute laminitis is the only form of the disease that has
been induced experimentally.

In practice, acute laminitis is a rare disorder in cattle
associated with accidental consumption of cereals
and is one of the clinical outcomes of ‘grain overload.’
Affected animals rapidly become distressed. The rate of
breathing is accelerated, the heart rate rises, and the
feces will be liquid and lighter in color than normal.
Palpation of the rumen will reveal sluggish movements
or complete inactivity. The severity of the clinical signs
depends on the amount of grain consumed, but most
animals stagger and some will be recumbent. Crawling
on the knees (Fig. 4-1), crossing legs, and engorgement
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of the superficial veins of the limbs (Fig. 4-2) are other
symptoms that may be observed. The stance most
typical is that of camping the limbs forward and/or
backward (Fig. 4-3).

Figure 4-1 Acute laminitis occurs in feedlot cattle.
Kneeling or attempting to walk on the knees is sometimes
seen in feedlot cattle and in dairy cows. (Courtesy of E D
Janzen)

Figure 4-2 The large subcutaneous veins of the hindlimb
may be engorged in cattle with acute laminitis. The claws
may feel warmer than normal and the digital pulse may be
distinct.
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Figure 4-3 A cow with acute laminitis will bring its feet
under its body and arch its back. (Courtesy of K Mortensen)

Cause

Grain overload, as the name implies, involves the acci-
dental intake of a considerable amount of cereals. The
change in the environment of the rumen is both rapid
and extreme. The natural buffering capacity of the rumen
is overwhelmed and the rumen pH falls to 5 or below. At
this point, rumen movement will cease altogether and
rumenitis may supervene.

Treatment

A case of grain overload must be treated as an emer-
gency. Usually, more than one animal will be affected;
therefore, the clinical severity of each case will be an
indicator of how much grain has been consumed. In the
most severe cases, rumen lavage should be practiced. A
well-lubricated large bore pipe (=1lin in diameter) is
passed down to the rumen and water from a hose is
flushed into the rumen and allowed to drain out. A mild
laxative, together with an antacid, should be administered
by mouth.

Treatment administered within 24 hours will be the
most successful. Delaying treatment beyond 48 hours
may have serious consequences. Antihistaminics have a
valuable role but only if given very early in treatment.
The use of corticosteroids beyond 24 hours from the
onset of the condition is dangerous. The administration
of NSAIDs is recommended. During the recovery phase,
methionine may be given at the rate of 10g/day for 3 days
followed by 5g/day for 10 days. If during recovery the
animal is reluctant to eat, a rumen transplant (rumen
contents from the slaughterhouse) may be given as a
drench.

SUBACUTE LAMINITIS
Description

This is a vague, ephemeral disorder that is observed
coincidentally among cows known to have the subclinical
form of the disorder. In other words, it is possible, in some
cases, that the subacute form may precede the sub-
clinical form. Traditionally the definition ‘subacute’ has
been applied to animals obviously lame and showing
slight clinical signs that are otherwise compatible with
acute laminitis. In the light of present knowledge a better
definition might be: ‘A short-term laminitis-like event
from which the affected animal apparently recovers.’

The defining feature of this disorder is that it is of short
duration and that it causes, at least, mild discomfort
such as shifting from foot to foot. Very subtle changes in
gait may be observed, such as the animal placing its feet
on the ground very carefully. Some refer to this gait as
‘walking on egg shells.” If a cow experiences discomfort,
it does so equally on all feet, thus making lameness
difficult to evaluate.

One form of subacute laminitis is referred to as ‘puffy
foot’ (Fig. 4-4). As the name implies, the skin above the
coronary band and around the dew claws is swollen and
pink in color. Puffy foot is most important as an
indicator that the producer may be mismanaging the
increase in feed intake after calving. Usually, this
condition disappears spontaneously,

Another form may be associated with slight lameness
which may or may not be observed shortly following a

Figure 4-4 A puffy foot usually indicates that a cow is in
the phase of adjusting to an increase in carbohydrate
intake after calving. The sign should disappear after two or
three days. If it takes longer to disappear, or if every recently
calved cow has a puffy foot, there is a problem with the rate
of daily increase of energy.



known insult. However, a groove in the wall of the
claw running more or less parallel to the skin/horn
junction emerges from beneath the coronary band
some weeks after the known insult. The depth of the
groove will reflect the severity or amplitude of the insult
(Fig. 4-5). If the amplitude is exceptionally severe, a
‘fissure’ will result (Figs 4-6 and 4-7). A fissure is a
crack that penetrates the entire wall. Severe cracks
could also occur following acute laminitis in animals
that survive, but there are no reports that this actually
takes place. As a fissure grows out the toe partially
breaks away forming a cap or ‘thimble’ (for more
information see p. 235). If the insult had ‘persisted’ for
several days, the groove will become relatively wide.
This will be a weak point around which the wall will
bend or buckle.

Grooves should not be interpreted as a sign that
subclinical laminitis is present in the animal as they
occur with a time delay following an event that has
terminated.

TECHNICAL COMMENT

Pathologists use the words acute, subacute, and
chronic to describe different stages of an
inflammation. So technically these words relate
to the duration of an inflammation rather than
the severity.

Figure 4-5 The simplest groove is often referred to as a
‘hardship groove.” A groove such as this might form as the
result of a sudden change in diet or a febrile disease such as
metritis.
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Gy,

Figure 4-6 On the other hand, a groove may be very deep
(a fissure) which would indicate the presence of a very
intense short-term stressor. The more distinct the groove,
the more likely it will be for the dorsal wall to bend or
‘buckle’ around the groove when it grows out to the middle
of the claw wall.

Figure 4-7 The mark furthest from the skin/horn junction
represents the time at which the animal calved. The groove
closest to the skin/horn junction was caused by a sudden
change in diet.

The Cause of Subacute Laminitis

There seems to be a connection between this disorder
and any sudden, dramatic, but short-term change in
nutrition. There is sudden release of a vasculoactive agent,
no doubt causing digital blood vessels to dilate and produce
an increase in the pressure inside the feet, causing
discomfort. Such a mechanism could also account for
puffy feet. There is a distinct difference in the suscepti-
bility between animals. When a group is subjected to a
nutritional change of this nature, some may react while
others may not.
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Treatment

Subacute laminitis, by definition, is a transitory occur-
rence that warrants recording but does not merit
treatment. In the case of the appearance of a groove,
the same applies. The factors causing pathophysio-
logical disturbances believed to be associated with this
condition are present some weeks before clinical signs
are evident.

SUBCLINICAL LAMINITIS (SCL)
(PODODERMATITIS ASEPTICA DIFFUSA,
PAD)

GLOSSARY

SCL: will be used throughout this text. However, an
alternate term, ‘claw horn disruption’ (CHD),
has been introduced by researchers seeking
a more accurate descriptor for the disorder.
CHD refers to a lesion rather than its
pathogenesis.

Introduction

KEY CONCEPTS

° A variety of lesions are now accepted as being
‘laminitis-associated.” SCL causes significant
weakening of the horn capsule. The result is an
increased susceptibility of the claw to damage
and lesions — the most important of these are
white line disease and sole ulcer.

° There is increasing evidence that toe ulcers
are also associated with a laminitis-like event.
There is a strong probability that some cases of
double sole have a laminitis component to their
etiology. Heel erosion may more readily affect
animals that have had subclinical laminitis.

° It is of prime importance that the reader be
quite clear that the ‘multifactorial concept’ of
etiology is the key to understanding the basis
for successful preventive measures.

Description

As the term ‘subclinical’ implies, there are no clinical
(diagnostic) signs of this disorder during the early phase
when pathophysiological changes are taking place. The
condition is only known to have been present at all
because SCL is associated with the high prevalence of
certain specific lesions. These lesions result from two
distinctly different pathological processes:

° The structural and functional integrity of the claw
horn is weakened. The claw capsule becomes more
susceptible to destruction by environmental
agents. The biomechanical strength of the
capsule is reduced, making it less able to sustain
loading.

° The structural and functional integrity of the
suspensory apparatus of the digit and the support
system of the pedal bone are weakened.

SCL is particularly prevalent in intensively managed,
high-production dairy cows during early lactation. SCL
also occurs commonly among feedlot cattle. There is
some evidence that ‘grass founder’ occurs in pasture-
managed cattle following changes from poor feed to
lush pastures or where concentrate supplements are
offered. SCL has also been reported in intensively fed
young beef bulls.

There is a strong body of evidence suggesting that
hemorrhages in the sole confirm that SCL exists in the
majority of the cattle in any particular group. However,
experts dealing with lameness on a daily basis are of the
opinion that is not possible to distinguish a sole hemor-
rhage caused by SCL from one that is the result of trau-
matic bruising. When hemorrhages are found in the soles
of the claws of a group of animals, the circumstances of
management (e.g. flooring) must be taken into
consideration when making a diagnosis.

TECHNICAL COMMENTS

Compression of the dermis, and in more severe cases
disruption of vessels, occurs when traumatic external
compressive forces are transferred through the
capsule to the enclosed living tissue. The result is a
hemorrhage. In SCL the traumatic injury of vascular
structures is caused by displacement of the pedal bone
(sinking). That is to say the compression causes
internal damage. It does not matter whether the blood
vessels are damaged by forces from outside or inside;
compression is compression. When the vascular wall
is disrupted, blood will ooze into the surrounding



tissue and become entrapped in the newly produced
horn. In the absence of oxygen the red coloration will
remain until the hemorrhage is observed weeks later
on the surface of horn or during trimming of the sole.

If any of the following apply, the role of trauma will
overshadow the role of SCL:

° Walking significant distances on roads (Figs 4-8,
4-9, 4-10).

° For the first 6 months after claws are exposed to
new concrete.

° 1-3 weeks after cattle have been suddenly moved
from a soft surface to concrete.

° When claws have been neglected and there is a

great deal of overloading of the sole, the surface
of which is in serious imbalance (Fig. 4-11).

SCL causes the horn of the claw capsule to become
softer over several weeks. Therefore, the appearance of
lesions does not occur until some time after the disorder
was first affecting the animal. Eventually, a soft, worn,
flat sole will become subjected to damage when the animal
walks on hard surfaces. Further softening of the claw will
occur if the feet are continuously exposed to slurry. Having
taken due consideration of all of the foregoing excep-
tions and qualifications, any group of animals with a
high prevalence of sole hemorrhage must be suspected
of suffering from SCL.

Whether or not bleeding into the sole horn takes place
as part of the pathophysiology of SCL has not been proven
conclusively. Nevertheless, hemorrhage will occur
automatically if the pedal bone sinks so far that pres-
sure damages vessel walls. Trauma from overloading the
claw must be accepted as part of the etiology. Figures
4-12-4-15 provide circumstantial evidence that this
can be the case.

TECHNICAL COMMENTS

‘Scoring’ hemorrhages may prove useful in sorting out
which group of animals in a herd is most seriously
being subjected to an ‘insult’ irrespective of whether it
is caused by trauma or SCL. The severity of hemorrhages
is evaluated on a scale of 1-5, 5 being the most severe.
If the cumulative score for all eight claws exceeds 5 in
25% of the animals in a group, it would be appropriate
to search for a risk factor that is common to that
group but not to the others.
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Yellow discoloration of the sole has also been
proposed as a clinical sign of SCL. However, it must be
remembered that superficial layers of the sole are
frequently stained by slurry. Therefore, a thin layer
(1-2mm) of horn must be removed before a ‘true’
yellow discoloration can be confirmed.

See Figures 4-16-4-18.

Figure 4-8 These claws have been subject to wear and
trauma. Note the dark hemorrhage over the typical place
(flexor process of the pedal bone) in the left claw. In the
same claw, the apex of the sole is worn so much that tissue
beneath has been exposed. (Courtesy of | Malmo)

Figure 4-9 These are very bruised soles. (Courtesy of
J Malmo)
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Figure 4-10 Probably in these claws most of the discoloration
is caused by trauma. However, the appearance could be
confused with that caused by SCL if the history of the
animal did not include a traumatic factor. (Courtesy of

J Malmo)

Figure 4-12 This is the appearance of the claws of a heifer
4 months before she calved. The color of the sole is white
and the heel bulbs are unblemished.

Figure 4-11 The hemorrhage seen in these claws is slight

and affects areas that are not normally under load.

This appearance is more typical of subclinical laminitis than

of bruising. (Courtesy of C Bergsten) Figure 4-13 This is the appearance of the claws of the
same heifer as in Figure 4-11. The photograph was taken
2 months before she calved. The claw on the right has a
distinctly pink tinge. The horn of the heel bulb is starting
to disintegrate.




Figure 4-14 The same heifer as in the previous two
pictures. A suspicious hemorrhage is present over the
typical place (over the flexor process of the pedal bone).
Disintegration of the heel bulbs is now advanced.

The appearance of the white line in this and the last
photograph has changed from that in the first. There was
no environmental or traumatic factor involved in these
changes. However, the diet of this animal and others in the
group was ‘intensive.” These lesions seen in the feet of this
heifer were typical of all of the animals in the group.
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Figure 4-15 This is a cross-section of the claw of a steer
started on high-energy feed at 11 months of age and
slaughtered 3 months later. At the end of 3 months, it can
be seen that the layer of blood-stained sole horn formed at
the level of the dermis has ‘migrated’ close to the surface.
This supports the suggestion that hemorrhages caused by
SCL appear on the surface of the claw some weeks following
an insult. In this case, it can be seen that the horn closest to
the dermis is normal in appearance which may be attributed
to the animal adjusting to the very high level of concentrate
being fed. It should also be noted that this claw grew at a
rate 2.5x faster than normal. This is a typical finding among
young animals on a rich diet. The thickened sole horn causes
the animal to walk abnormally, possibly with a clicking
sound. When this occurs in heavily fed young beef bulls,

it is sometimes given as a reason for culling the animal for
unsoundness which may not be the case.

Figure 4-16 Successive insults can give a section of the
sole an appearance of layers of hemorrhage and suggest
that SCL can be an episodic disorder. Each layer of blood-
stained horn can be seen to terminate in a groove at the
heel. The grooves give the typical appearance of heel horn
erosion.
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Figure 4-17 This photograph was shown at the 1st
Symposium on Abnormal Foot Condition in Ruminants
(Utrect, 1976) by Egbert Toussaint-Raven. This was the first
occasion on which the concept of subclinical laminitis was
publicized: ‘Yellow discoloration of the horn and extensive
hemorrhage in the sole and the region of the white line
especially in the lateral claw.” (Courtesy of E Toussaint-Raven)

Figure 4-18 A very similar picture to Figure 4-17, but in
this case the hemorrhage in the white line is very
pronounced. (Courtesy of C Bergsten)

The Cause of Subclinical Laminitis

KEY CONCEPTS

o One common denominator associated with SCL
is subacute rumen acidosis (SARA). The amount
of acid produced in the rumen (amplitude) and
the length of time over which abnormal levels
of rumen acidosis persist (persistence) are the
principal variables determining the outcome.

° A second common denominator is trauma
caused by ‘overloading the sole.’

Etiology and Pathogenesis of
Metabolic Laminitis: A Review of Facts
and Hypotheses

Facts

It has been proven beyond reasonable doubt that two

pathological processes are consistently observed in the

dermal/epidermal interface of the claws of cattle known
to have had laminitis:

° Microfibrils will disappear from the collagen fibers
thus weakening the bundle connecting bone and
capsule. Collagen fibers are not elastic at all but
microrupture in bundles of collagen weakens
the suspensory apparatus and allows the bone
to sink.

° Interference with horn production (keratogenesis).

These two pathologies are the endpoint of a cascade of
pathophysiological events that precede the clinical
manifestations of the disorder. Hypotheses have been
elaborated to explain the pathogenesis of the two
pathologies, which probably have common etiological
components.

Hypotheses

Subacute Rumen Acidosis

Metabolic problems such as SARA and ketosis are
associated with subclinical laminitis. Other risk factors
will either make the animal more sensitive to the effects
of SARA or cause the effects of SARA to become more
profound.

It has not been proposed that acidemia or a distur-
bance in the acid—base balance has a direct effect on the
dermis of the claw. However, it has been demonstrated
in human research that lactate has direct effects on the
vascular endothelium, including increased permeability



and leakage. However, it is more probable that SARA
has an indirect effect, either by causing endotoxins to be
released from Gram-negative organisms in the rumen or
by stimulating the release of biogenic messengers from
the wall of the rumen. Rumenitis has been recorded as
occurring concurrently with SARA.

TECHNICAL COMMENTS

Bioactive Messengers

The simplest bioactive messengers, many of which
have vasoactive properties, are the monoamines,
which include histidine, histamine, and serotonin.
Some catecholamines also have vasoactive properties;
this group includes dopamine, norepinephrine,

and epinephrine. Bradykinins are vasodilators;
endothelin is a vasoconstrictor. Many tissues produce
prostaglandins. Only a few of these have been studied
in the context of SCL.

Histamine is released by neuropeptides which are
produced at nerve terminations and by mast cells in
response to tissue injury and inflammation of any
tissue. Elevated histamine levels are found in the blood
of cattle with acute laminitis. Histamine is very
unstable in the rumen. Therefore, it is probably
appropriate to conclude that histamine production
associated with laminitis takes place outside of the
contents of the rumen. Animals with acute laminitis
respond to antihistamine therapy if administered in
the early stages of the disorder. Histamine is a
powerful vasodilator and acts by causing the smooth
muscle in vessel walls to relax. This reaction can be
reproduced experimentally by administering histamine.
There is no experimental evidence that histamine
release plays a major role in the etiology of SCL.

(See Fig. 4-19.)

Cytokines, interleukin, and TNF alpha may be the link
between SARA and tissue damage in the claw. Some of
them are proinflammatory agents inducing or
controlling the inflammation seen in some cases of
acute and chronic laminitis. They activate matrix
metalloproteinases (MMPs).

Endotoxins

Evidence of a direct relationship between laminitis and
endotoxins in cattle is lacking. Nevertheless, endotoxin
release has received considerable attention. It is a tempting
hypothesis to propose that endotoxins trigger the release
of biogenic agents that produce pathologic changes at the
basement membrane level of the epidermis of the claw.
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Figure 4-19 This picture shows normal rumen mucosa
(top left) compared with other specimens that have
rumenitis in various degrees of severity. One of the
inflammatory reactions arising from rumenitis is the release
of histamine. (Courtesy of R Shaver)

It has also been postulated that endotoxins could be
vasoactive and have a direct action on the dermis of the
claw. The link between endotoxins and the alterations in
the vascular system and the claw tissues has not yet been
demonstrated convincingly. Recent data suggest that endo-
toxins trigger the production and release of cytokines in
the liver and locally in tissue. Cytokines such as TNF alpha
activate local cascades of inflammation or enzyme
activity. This chain of events is responsible for activating
MMPs or other local regulatory/modulating factors. MMP
activation is also possible without inflammation. In these
instances the result is non-inflammatory degradation/
degeneration of the tissue and sinking of the pedal bone.
Secondary tissue disruption may lead to aseptic inflam-
mation. It must be stressed that laminitis is not as simple
as SARA = laminitis, the problem is much more complex.

Endotoxins are the lipopolysaccharide component of
the cell wall of Gram-negative bacteria. Acidosis causes
an increased turnover of Gram-negative bacteria with
subsequent release of endotoxin. Different Gram-negative
bacterial strains have different side chains. The side chain
known as ‘the O-specific side chain’ is used for serological
typing of Gram-negative bacteria. No specific organism(s)
has been incriminated as a mediator of SCL. However, it
must be noted that Fusobacterium necrophorum (biotypes
A and B) is the primary etiologic agent of liver abscesses.
E necrophorum is ubiquitous, has a proclivity for digital
tissues, and has a powerful endotoxin.

The following observations have been reported in the
literature:

° It is generally believed that endotoxins are not
contaminants of systemic blood in healthy
individuals and that their presence in peripheral
blood is an indication of an impaired liver func-



46 4 / The Laminitis Syndrome

tion or damage to the gastrointestinal wall barrier.
There is a tendency for higher-yielding cows to
have increased ruminal endotoxin levels imme-
diately after calving.

° Cows not previously adapted to grain (or following
grain overload) show an increase in concentration
of free endotoxins in the rumen. From this obser-
vation, it can be concluded that endotoxins can
be shed as a process of microbial growth as well
as Gram-negative bacterial lysis and that a low
ruminal pH may be necessary for this to occur.

° Tissue damage to the mucosa of the rumen accom-
panying low rumen pH is thought to increase
the uptake of endotoxins.

° The rumen endotoxin concentration is related to
the total number of Gram-negative bacteria in the
rumen contents. The number of Gram-negative
bacteria relative to Gram-positive bacteria is
greater in hay-fed cattle than in grain-fed cattle.
However, it is believed that the total number of
bacteria is greater in grain-fed cattle. Thus the
total number of Gram-negative bacteria would be
greater in grain-fed cattle compared to hay-fed
cattle. Feeding grain has been shown to favor the
growth of acid resistant Escherichia coli spp.

° A gradual increase in ruminal endotoxin has
been found to match the increase in the level of
concentrate in the diet.

° Calves affected with bovine virus diarrhea have
been observed to have laminitis when they were
8—12 weeks of age. At this age, it is doubtful that
the rumen was fully developed, although these
animals were fed a rich carbohydrate diet. While
a virus may not be directly implicated in the patho-
genesis of SCL, it may cause an inflammatory
reaction in the gut, making it vulnerable to invasion
by Gram-negative organisms.

Changes in the Microcirculation

Vasoactive agents released into the blood stream cause

responses in the microvasculature of the dermis, i.e.,

dilation, constriction, or leakage. The degree of response

depends on the quantity of agent released and the period
over which vulnerable tissues are exposed. The following
are among the most likely reactions:

° Dilation of arterioles causes blood flow to slow.
Reduced drainage of blood on the venous side in
combination with endothelial damage and leakage
leads to increased transvascular movement and
subsequent pressure increase in the capsule.

° Opening of arteriovenous shunts diverts blood
into deeper parts of the vascular bed, thereby
contributing to blood stagnation in the dermis
and causing local ischemia.

Damage to the walls of the tiny vessels (endotoxins
plus the presence of bradykinin-like substances)
allows red blood cells and fluid to escape without
rupturing them (diapedesis) and causes an
increase in interstitial pressure.

° Damage to the vessel walls causes blood clots to
form (mural thrombosis) which will reduce the
supply of blood to the dermis (localized ischemia),
thereby depriving surrounding tissues of oxygen
and nutrients and ultimately causing tissue
death (necrosis).

° Following tissue damage and death, new blood
vessels are created and invade the affected area,
bringing white cells to the region and initiating
scar tissue formation.

° As the intra-ungular pressure increases, the
capillary flow decreases, pain is intensified, and
the capillaries, arterioles, and arteriovenous
shunts dilate to a maximum. The leakage of
fluid and blood from the microcirculation
occurs. Stagnation of blood within the capsule
accelerates mural thrombus formation. It has
been found that capillary pressures and post-
capillary resistance are significantly higher in
grain overload steers compared with control
animals. No such difference is observed in the
horse. It has been suggested that this accounts
for the different clinical presentation seen in the
two species.

It is not clear how, and/or at what stage, inflammatory
components contribute to degenerative events or even
whether they are necessarily involved at all.

There is some evidence that young cattle can recover
from this phase of laminitis and that recurrence of the
disorder can occur at a later date. The development of
collateral circulation could explain some instances of
recovery from an episode of SCL. Clinical experience
suggests that an animal that has had subclinical laminitis
once will be more susceptible to subsequent laminitis-
like episodes. Repeated episodes of laminitis cause chronic
vascular damage (arteriosclerosis) which could account
for the etiology of chronic laminitis.

Changes in the Quality of the Horn of the
Claw

The horn-producing (keratogenic) epidermal cells (living
epidermis) are supplied with nutrients from the blood
vessels in the underlying dermis (corium). If the blood
supply is reduced, interference with horn production will
follow. However, the pathological outcome (as well as
the clinical outcome seen in the wall of the claw) differs
from that seen in the sole. The reason for this is that the
number of keratogenic cells, as well as their proliferative



and synthetic activity, differs in the following three

anatomic regions of the claw:

A. The coronary epidermis produces the horn of
the wall (coronary epidermis). The rate of horn
production on the dorsal surface of the claw is
5+2mm/month. The highest rate of horn produc-
tion in the region of the abaxial groove (8mm/
month and more). Therefore, if the rate of horn
production is correlated to the surface area of the
underlying dermis the highest relative growth
activity is in the abaxial end of the white line.

e Temporary cessation of horn production will
result in a groove or fissure.

e Short-term increase in horn production
occurs occasionally, resulting in the production
of a ridge around the surface of the wall.

e Intermittent spurts of horn production appear
to be responsible for a rasp-like appearance
of the surface of the claw wall.

B. The epidermis of the sole has the next most
active keratogenic tissues and normally
produces horn at about one-third of the rate of
wall growth. Production of sole horn of poor
quality is the best documented outcome of
compromised blood perfusion and contributes to
conditions such as white line disease and sole
ulcer. Cessation of sole-horn production does
occur and is seen clinically as ‘double sole.’

C. The epidermal lamellae form the region least well
supplied with keratogenic tissues. This means that
very little horn is produced in this region and
that the lamellae increase only slightly in depth
as they move distally.

Changes in epidermal cell ultrastructure occur in advance
of any detectable clinical signs of laminitis. For this reason,
it has been impossible to study the histopathological
changes occurring in the bovine claw immediately
following the insults causing SCL in commercial herds.
Much of the information has been obtained from
experimental studies of claw tissues from animals with
acute laminitis induced by grain overload or following
experimental injections of endotoxin. Other informa-
tion has been gathered from chronic cases of laminitis.

Other Biogenic Agents Active at the
Dermal/Epidermal Interface

Matrix Metalloproteinases (MMPs)

These are one of many agents responsible for the con-
tinuous process of tissue replacement throughout the
body. In this case, they degrade old collagen fibers which
are replaced by newly synthesized fibers. This turnover
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maintains the structural integrity of collagen systems,
including the fibrous network which makes up the sus-
pensory apparatus of the digit and support system of the
pedal bone (see p. 20). Increased MMP activity results
from increased conversion of the inactive pro form into
the active form, while at the same time inhibitors are
down-regulated.

Activation is triggered by endotoxins, a number of
cytokines, and hypoxia. Pathological activity of MMPs
leads to increased collagen degradation and loosening
and elongation of the collagen fibers of the suspensory
apparatus of the digit and support system of the pedal
bone. This accounts for displacement of the pedal bone
as well as the occurrence of toe ulcers. Deterioration of the
structural integrity in hooves of heifers around calving
compared with maiden heifers has been clearly demon-
strated. The deterioration progressed from 2 weeks pre-
calving to 12 weeks post-calving. At the same time, a highly
significant increase in MMP-2 in calving heifers was
found as well as a highly significant correlation between
MMP-2 and ‘hoofase,” a novel gelatinolytic protease of
52KkD. The hooves of one cow diagnosed with laminitis
expressed high levels of hoofase.

Epidermal Growth Factor (EGF)

This is known to be produced when the gut wall is damaged,
as is the case of the rumen wall during an episode of
SARA. Receptors for EGF have been found in the base-
ment membrane of the epidermis of the claw.

Mechanical Risk Factors

Overloading the Sole of the Claw

There is an interaction between the tissue damage caused
by metabolic disturbance and overloading on hard flooring
— both factors together result in the lesions seen in SCL.
It is essential for the reader to appreciate that two factors,
trauma and metabolic disturbance, have to be taken
into consideration when addressing herd management.
Managing how the cows are changed from one flooring
system to another is exceptionally important.

Some workers have stated that the interaction of the
sole of the claw with a concrete surface is a risk factor
almost as important as nutritional mismanagement. To
support their argument, it has been found that the inci-
dence of SCL is lower when the animals are confined in
yards or corrals with soft bedding, or tied in stalls with
rubber mats (p. 80). It is hypothesized that when the
sole of a claw is ‘overloaded’ the dermis suffers damage
and local biogenic agents are released. On hard floors,
the alterations in the tissue inside the claw are much
more dramatic than soft floors.
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Exercise and Movement

The ability and willingness of dairy cows to lie down are
now considered to be an important risk factor. The
standing/lying behavior of intensively managed dairy
cattle influences the rate of blood diffusion through the
dermis of the claw. During inactive standing, there will
be poor oxygenation and toxin removal (p. 72).

Stress

There is now strong evidence that stress caused by
the cow’s living condition (metabolic stress) also is a
risk factor to be considered. The environmental risk
factors (stressors) worsen as management systems
intensify.

Very little is known about how stress affects cattle.
Does the brain and central nervous system react to
social confrontation, overcrowding, or noise toleration?
Many scientists are reluctant to attribute emotional
feelings to such a phlegmatic beast as a cow. Never-
theless, there is an increasing awareness that bovine
behavior is dictated by fear of discomfort or the
dominance of other cows. Cows will voluntarily choose
not to seek resources if they have learned that it is
uncomfortable to do so. It is not known if this type of
stress is powerful enough to generate the release of
cortisol or substance P in sufficient quantities to tip the
delicate balance in the basic metabolism of the cow.
Cows exposed to common stressors have not only a
higher incidence of lameness than normal, but the
incidence of reproductive disorders and other diseases
increases also.

Endocrine Control

Several researchers have proposed that disorders
causing lameness are under endocrine control.
Considerable support for this argument stems from the
observation that laminitis-like lesions seem to have a
common focal point, the peri-partum period. Until
recently, it has been assumed that the increase of
laminitis-like lesions around calving is due exclusively
to changes in nutrition and management. However,
there is a surge in the level of hormones in the blood
associated with parturition. Relaxin is one of several
hormones that might influence the pathophysiology of
SCL. Also unknown is the possible influence that
growth hormones could have. Thirty years ago, many
heifers calved for the first time when they were
36 months of age. Today, there is ever increasing
pressure to deliver the first calf before a heifer is
24 months of age. At this age, growth hormone activity
must still be much higher than it would be in mature
COWS.

Summary

The foregoing review demonstrates that the cause of
subclinical lameness is still very unclear. Particularly the
links between metabolic/systemic problems and the
local events in the claw tissue. The multitude of
potential biogenic agents could include others yet to be
identified and/or studied. There may be several permu-
tations by which bioactive molecules and risk factors
work together to produce the several different clinical
manifestations of the disorder.

Changes Occurring Inside the Claw

Horn production is disturbed over a prolonged period,
causing the sole to become considerably softer than normal
because there is a decrease in cell adhesion due to changes
in the intercellular cementum. Increased flexibility of sole
horn is instrumental in increasing pressure over the flexor
process of the pedal bone, which is part of the patho-
genesis of sole ulcer which develops from inside the capsule.
Poor-quality horn in the white line is the initiating
process in white line disease. Probably heel erosion may
be more prevalent when the horn at the heel is softer
than normal. The appearance of the wall of the claw
may change over time.

Displacement of the pedal bone takes place when the
fibers of the suspensory apparatus of the digit are damaged.
Permanent sinking is only observed in a small but signifi-
cant percentage of cases of SCL, although dynamic changes
with non-permanent sinking cannot be excluded. The
risk factor responsible for this particular pathology has
not been identified.

Risk Factors Impacting the Outside of the
Claw Capsule

° Hardness of the floor, traumatizing the vasculature
of the claw.
° Amount of wear of the sole of the claw, making

it flexible and subject to trauma.

Softening of sole horn caused by exposure to slurry.
Inability to move around freely, reducing blood
flow through the claws.

° Unwillingness to lie down for adequate periods
causing blood to pool in the claws.
° Low environmental temperature.

Treatment of SCL

Treatment of individual animals affected with SCL is not
practical due to the difficulties in being sure to which
stage the condition may have progressed. Therefore,
preventive measures at the herd level are mandatory.



Control of SCL

The disorder has been, for many years, regarded as having

a ‘multifactorial’ etiology. The ‘risk factors’ that make up

the multifactorial package can be conveniently divided

into five groups:

1. Metabolic Disorders (including SARA): Many
different combinations of nutritional risk factors
can increase or decrease rumen acidosis (see
Chapter 5).

2. Trauma: Risk factors related to hard floor surfaces
(see p. 78).

3. Cow Comfort: Risk factors causing prolonged
standing and reduced blood flow to the feet (see
Chapter 6).

4. Stress: Risk factors causing stress can be envi-
ronmental or psychological (see p. 71). Systemic
diseases can also play a part.

5. Genetic Selection: (see Chapter 12).

Rather than repeat the appropriate information here
the reader is directed to the relevant pages of this book
noted above. SARA presents the widest range of variables
(risk factors) which demand continuous monitoring and
the greatest skill on the part of the animal attendants.
The other factors are of no less importance, but each
calls for long-term management decision making.

CHRONIC LAMINITIS
Description

This disorder is often referred to in Europe as ‘slipper foot’
as the affected claw is thought to resemble a Persian
slipper (Fig. 4-20). Probably, it would be more descrip-
tive to refer to this condition as ‘founder.” Usually, this
condition affects older cows. In dairy herds, only a small
percentage of cows will be affected. There may be a
heritable component to the condition, but this has never
been established.

The coronary band is the first part of the capsule to
show signs of deterioration. It becomes darker in color,
may be rough, and/or have a fringe of fragmenting
horn (Fig. 4-21).

As the condition progresses, the dorsal wall flattens
and becomes concave along its length. Most of the
abnormal shape is caused by the rotation and sinking of
the pedal bone inside the claw that changes the growth
direction. This deformation cause more pressure to be
exerted on the posterior region of the sole and sole ulcer
may be appear.

As the sole widens, so does the white line. The risk of
foreign-body involvement increases. Frequently, the apex
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of the claw breaks off, leaving a square end. Extreme
ridging of the wall gives the condition its typical appear-
ance. The sole is much wider and flatter than is normal.
One or more claws may be affected, although the condi-
tion occurs more commonly in the lateral hind claw.

Cause

It has never been proven that this condition is the result
of repeated episodes of laminitis. Nevertheless, slaughter-
house specimens are abundant, and many pathological
findings attributed to laminitis are based on such material.
The assumption may be correct that chronic laminitis is
a sequel to other forms of this disorder, but it also possible
that due to the sporadic incidence it is just as likely that
some cows are more susceptible to this form of laminitis
than others.

Figure 4-20 This is a typical slipper foot showing a
flattened concave dorsal surface.

Figure 4-21 These claws have square toes, the dorsal
surface is flat and concave. The coronary band is rough and
has a horny fringe.
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Treatment and Control

This disorder seems to take about 12 months to become
evident, and there may be no warning that change in
appearance is going to occur. Once established, no amount
of claw trimming or other treatment will bring about
resolution. The animal may expect about 6 months of
functional life before humane slaughter becomes
mandatory.

PATHOLOGY OF LAMINITIS

KEY CONCEPTS

° It must not be assumed (or categorically
excluded) that pathological changes reported as
typical of either acute or chronic laminitis are
also typical of subclinical laminitis.

° Subclinical laminitis is asymptomatic and
changes in claw morphology and epidermal cell
structure occur in advance of any detectable
signs of the disorder.

Gross Pathology

In acute laminitis, hemorrhage and congestion domi-
nate the picture. In some specimens displacement of the
pedal bone will be observed. A groove is present in the
corium around the periphery of the bone.

In chronic laminitis, displacement of the pedal bone
will be observed more frequently than in acute laminitis.
The claw capsule will be deformed, and old hemorrhages
will be present in the horn and dermis. The horn will be
softer than normal and stained yellow.

GLOSSARY

Displacement of the Pedal Bone: This non-specific
term is being used in the text to describe

changes in the position of the pedal bone
relative to the claw capsule. The terms ‘rotation’
and ‘sinking’ are in common use but still await
precise pathological definition

TECHNICAL COMMENTS

So called ‘rotation’ is believed to occur as the result of
failure of the suspensory apparatus of the pedal bone
attached to the dermal lamellae, which are most
extensive on the inside the dorsal wall of the claw.

A noticeable increase in the space between the apex
of the pedal bone and the wall occurs (Fig. 4-22).
The apex can intrude into or penetrate through
(prolapse) the most anterior part of the sole, and for
this reason has been linked to a toe ulcer and possibly
a toe abscess (Fig. 4-23).

Although ‘rotation’ of the bone around its long axis is
known to occur, some deviation of the transverse axis
(tilt) and/or sinking also may be present and this may
be associated with changes in the white line.

There are no lamellae on the inside of the posterior
half of the wall of the claw. However, there is an
extensive network of fibers encasing the digital
cushion and deep flexor tendon (the retinaculum).
This is referred to in this text as the support system of
the pedal bone (p. 20). It is suggested here that the
term ‘sinking’ of the pedal bone should be confined to
pathological changes seen in the posterior half of the
claw. It has been reported that ‘heel height’ decreases
as a cow ages, which may or may not indicate a
collapse of the structures inside of the heel. Furthermore,
it has been shown that the fat content of the digital
cushion changes as an animal ages. Recent studies
have shown that sinkage of the pedal bone is directly
associated to the development of sole ulcers, particularly
if exostoses are present in the solear surface of the
pedal bone. The same work has established that the
collagen fibers also stretch in the posterior region of
the claw; these fibers are distinct from those associated
with the dermal lamellae. These findings open the
possibility that the activity of MMPs could weaken all
collagenous structures including the strength of the
retinaculum (which binds the shock-absorbing structures
in the heel). If this does happen, the flattening and
lateral expansion of these structures might explain
something of the etiology of white line disease.

Necropsy Techniques

The opportunity to perform a post-mortem examination
of the claws of an animal with SCL is extremely rare (unless
the animal dies from some other disease). Performing a
necropsy of the feet of an animal affected with acute,



subacute, and chronic laminitis provides the clinician

with little information of value. Nevertheless, the ability

to exhibit the pathology of laminitis may be a useful
demonstration for clients:

° Traditionally, a sagittal section of a claw has been
used to study the gross pathology of the digital
region. This technique is useful in observing
displacement of the pedal bone, double sole,
and hemorrhages in the epidermis (Figs 4-22
and 4-23).

° Removal of the claw capsule (exungulation) has
proven to reveal a whole new dimension to the
pathology of laminitis and should be regarded
as an essential procedure in the post-mortem
identification of this disorder (Fig. 4-24).

Figure 4-22 A sagittal cross section reveals displacement
(sinking or rotation) of the pedal bone within the
capsule. Pathology of the bone may be present. (Courtesy of
C Bergsten)

Figure 4-23 This is the earliest stage of ‘displacement of
the pedal bone.’ The apex of the pedal bone has caused a
slight depression in the sole. A widening of the space
between the wall and the dorsal surface of the bone has
occurred.
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Microscopic Pathology

In acute laminitis the common indicators are: hyper-
emia, congestion (Fig. 4-25), edema, thrombi (Fig. 4-26),
hemorrhages, and accumulations of lymphocytes,
histiocytes, and fibroblasts. In the epidermis, the cells of

Figure 4-24 The digital region of a cadaver is immersed in
water at 60°C for 20 minutes. The capsule is fixed in a vice
and the digit levered away. (Courtesy of P Ossent)

Figure 4-25 Congestion, edema, and hemorrhage of the
laminae are evidence of sinkage. Usually, it takes some time
for blood to discolor the ‘lamellar’ region; this gives some
indication of the time elapsed since the onset of pathological
changes in the live animal. (Courtesy of P Ossent)
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the stratum germinativum and stratum spinosum will be
enlarged and disorientated, with a partial or complete
disappearance of keratogenic substance. Acidophilic keratin
bodies are present in the lamellae (Fig. 4-27). The lamellae
are longer and thinner in their inner extremity than is
normal. Detachment of the basal membrane may occur.

In chronic laminitis, there will be old thrombi, accu-
mulations of mononuclear cells, chronic granulation tissue
with marked proliferation of capillaries, and heavy fibrosis
of the corium (Fig. 4-28). The laminae will be thicker
than normal and the lamellae thinner. Arteriosclerosis
and atherosclerosis are usually present.

Figure 4-26 The presence of thrombi (blood clots) causes
constrictions. These are most prevalent at the point the
blood vessel exits from the distal phalanx. Localized ischemia
follows, with tissue necrosis and scar deposition being the
final phase of the pathology. (Courtesy of R Boosman)

Figure 4-27 The lamellae become irregular in shape,
the basal cells become picnotic, and irregular islets of
horn are arranged in the substance of the leaflet.

Figure 4-28 In the final stages of the pathology, large
amounts of scar tissue are found in the dermis of the
sole. (Courtesy of P Ossent)

It is probable that a disruption of keratin metabolism
in the epidermis occurs in all forms of laminitis. Normal
organization of keratin fibers is disrupted and irregular.
A reduced proportion of cystine and methionine has
been reported.
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CHAPTER 5

Nutritional Risk Factors

GLOSSARY

Slug Feeding: Offering a large amount of non-structural carbohydrates in
one meal.

Component Feeding: Feeding concentrate component separate from the
forage component.

Lead Feeding (Steaming Up): Gradually introducing cows to a high
concentrate ration before they calve.

Non-Structural Carbohydrates: Carbohydrate derived from cereals
compared to energy resulting from the fermentation of the
structured components of plants.

Transition Period: This is the period encompassing the last 3—4 weeks of
pregnancy and the first 3—4 weeks of lactation.

pH: The hydrogen ion concentration which evaluates alkalinity (> 7) and
acidity (< 7).

Push-up: In a feed bunk system this is the practice of pushing up feed to
within the reach of the cows.
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INTRODUCTION

KEY CONCEPTS

° Errors in nutrition may not occur intentionally.
However, errors do occur without the producer
or nutritionist being aware of their occurrence.

° Frequently, lameness caused by nutritional
error only becomes noticeable weeks or months
following the error; therefore, investigating
the nutritional cause of lameness must be
conducted in an historic context.

° Dry-matter (DM) intake typically drops by up to
30% in the last 3—4 weeks of pregnancy.

° The target dry-matter intake (DMI) is 1.2% of
the body weight for a dry cow and 3% (1% neutral
detergent fiber (NDF) for an animal in milk.

SUBACUTE RUMINAL ACIDOSIS
(SARA)

KEY CONCEPTS

° SARA is the non-physiological decrease in
rumen pH. There is a consensus of opinion that
the ‘threshold,” or the pH below which SARA
should be considered to exist, lies somewhere
between a pH of 5.8 to 5.6 (amplitude).

The other factor determining the impact of
SARA is the length of time the rumen pH is
below the threshold (persistence).

° SARA is the starting point of a cascade of
events causing subclinical laminitis (SCL) and
those diseases closely associated with SCL.

o Incidence of SARA can be minimized if rumen
environment is given time to adapt.

° If subclinical laminitis is prevalent in a herd,
then SARA may also be present.

Some of the most common scenarios accounting for the

presence of SARA are:

° Failing to acclimatize the environment of the
rumen and rumen papillae to carbohydrate intake

prior to introducing cows to their full lactation
ration.

° Lack of awareness by the producer that there
has been a sudden change in the components of
a ration. Frequently, sudden changes in the
functional effective fiber are overlooked.

° Infrequent or inconsistent feeding, reduced lying
time, and poor water availability.

° Reducing dietary fiber levels during periods of
heat stress.

° Excess time without access to feed including

excess time in the holding pen and infrequent
feed push-up.

The economic impact of SARA cannot be ignored. In
one herd, it was calculated that SARA caused an
increase in production cost of $330 per animal. In a
second study of 14 herds, it was found that 20.1% of
the cows had a rumen pH of 5.5 or less. In a third study,
it was found that peri-partum cows had a rumen pH of
6 for 5 hours per day and lower than 5.6 for 1 hour
per day.

It is difficult to assess the prevalence of SARA, but it
is likely to be present worldwide in any dairy herd in
which there is heavy feeding of energy.

The decrease in pH associated with SARA is due
to an increase in volatile fatty acids (VFA) production
in the rumen rather than an accumulation of lactate.
Lactate accumulation normally occurs under acute
acidotic conditions. Unlike acute ruminal acidosis,
SARA does not result in obvious symptoms of
disease.

It has been found that the pH of the rumen contents
is relatively normal for a few hours around calving simply
because the intake of feed is so low.

Description and Diagnosis of SARA

Early Clinical Signs

° A moderately distended rumen, the contents of
which may feel pasty.

A variable feed intake pattern.

Suboptimal animal performance.

Poor body condition despite adequate energy
intake.

Liver abscesses without obvious cause.
Abomasal disease.

High cull rate.

Poor therapeutic response to conditions such as
mastitis and metritis.

° Suspicion of immunosuppression in the herd.

See Figures 5-1-5-3.



Figure 5-1 The rumen of a cow showing a ‘stellate scar’
which is evidence of chronic ruminal erosion. Most commonly
caused by rumen acidosis. The tissue measures 18 x 28cm.
(Courtesy of G R Oetzel)

Figure 5-2 Mild diarrhea in several cows in a group.
(Courtesy of K Nordlund)

Figure 5-3 One of the causes of epistaxis in cattle is SARA.
(Courtesy of K Nordlund)

Subacute Ruminal Acidosis (SARA) 57

Milk Fat:Protein Inversion

Milk fat:protein inversion has been commonly used by
investigators as a signal of ruminal acidosis. It is useful
to monitor the prevalence of milk fat less than 2.5%. It
is recommended a herd investigation be conducted if
the fat percentage drops below this level in 10% of the
herd. Mature equivalent 305-day milk (ME305) can be
another indicator of ruminal acidosis. If the ME305 of
mature cows is less than that of animals in their first
lactation, acidosis may be suspected.

Rumen Fluid Analysis

If the ration is fed as separate components, rumen fluid
samples should be taken between 2—4 hours after the cow
has consumed the main concentrate meal of the day. If
the ration is fed as a total mixed ration (TMR), the samples
should be taken 4—8 hours after the cows gain access to
fresh feed.

Samples collected by stomach tube are of limited
value as contamination with varying quantities of
saliva distort the results. The equipment used is difficult
to manipulate and very difficult to clean and sterilize.
Samples obtained by either the oral route or by the use
of a cannula tend to show a higher pH value than those
resulting from rumenocentesis.

TECHNICAL COMMENTS

Rumenocentesis

A disposable needle 4-5ins long (e.g., from Air-Tite
Products Co., Inc., 565 Central Drive, Virginia Beach,
VA 23454) is inserted into the rumen. Fluid is withdrawn
gently until the needle blocks. The flow is then gently
reversed to clear the blockage and then withdrawal of
fluid is resumed. It is essential not to create negative
pressure inside the syringe as this will cause CO, to be
withdrawn from the fluid, thereby increasing the pH.

The use of pH indicator paper produces unsatisfactory
results as the greenish colored fluid is difficult to
match accurately.

If 12% of the cows sampled have an average pH of
less than 5.5, it can be concluded that the group has
subacute rumen acidosis.

Subcutaneous abscesses may occur in 1-2% of
animals sampled.

See Figures 5-4—5-6.
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OTHER FACTORS THAT SHOULD BE
CONSIDERED WHEN EVALUATING
NUTRITION

KEY CONCEPTS

° Investigating nutritional problems in a way,
is a detective process of ‘observing the
Figure 5-4 The location of the puncture site on the left side N ——
of the animal is on a horizontal line level with the top of
the patella about 15-20cm caudal to the last rib. The site ° Simply asking questions does not necessarily
is clipped, scrubbed, and sterilized. (Courtesy of K Nordlund) produce correct information. Curiosity

and the use of the senses (sight, touch,
and smell) have to be used to discover the
reality.

Some Ideas About Curiosity

° Simple human error such as a dairy manager
failing to report significant changes in ration
ingredients to nutrition advisor.

Figure 5-5 The Cardy Twin pH meter (Special Technologies,

Inc., Plainfield, lllinois 60544). It is recommended that the o Color differences in the feed can be seen in different
electrodes are soaked in water while the samples are being collected. parts of a storage facility.

The instrument should be calibrated before use and tested

against standardized solutions after use. (Courtesy of K Nordlund) ° The feel of the ration being fed can differ from one

that had been previously fed.

° Documented evidence should be reviewed
when it is available (invoices, weigh bills, etc.)
to support the history of a ration change.
The dates on which new sources of feed have
been brought on line provide important
guidelines.

° Increase in the size of the herd creates a demand
for forage to be purchased commercially.
This practice creates a serious risk in that the
fiber quality of the forage imported will be
variable. A difference, between loads, of 5%
in the acid detergent fiber (ADF) can have
Figure 5-6 Rumen fluid samples can be stored and tested quite serious consequences. This is less likely
after as much as 7 hours provided they are kept cold. to occur if batches are routinely mixed over
(Courtesy of K Nordlund) 7-10 days.
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TECHNICAL COMMENTS

Microorganism population of the rumen
Following an increase in carbohydrate intake, there
will be a change in the make up of the microorganism
population of the rumen.

Time is needed for acid-intolerant lactate-utilizing
bacteria to be replaced by more acid-tolerant lactate-
utilizing bacteria and to allow them time to alter
rumen fermentation.

Under normal circumstances, ruminal lactate
levels are negligible because the small amounts
of lactate produced are quickly metabolized.
Ruminal lactate concentration increases when
Streptococcus bovis, a Gram-positive cocci,
ferments carbohydrates to lactic acid. This lowers
the rumen pH and facilitates the proliferation of
Lactobacillus. Thus lactate-producing bacteria
will result in a spiraling effect where pH is lowered
further and ruminal lactate concentration
increases.

Development of the papillae of the rumen
Volatile fatty acids (VFAs) produced by microorganisms
in the rumen are passively absorbed through the
papillae of the rumen wall. A low rumen pH is caused

Figure 5-7 This is a biopsy of rumen papillae harvested
14 days before the cow in Fig. 5-6 calved. (Courtesy of
G Penner)

by a combination of VFA and a low supply of saliva
and dietary buffers. Accumulation of VFA is due to a
highly fermentable diet, particularly one where a large
proportion of the diet is highly processed feedstuffs rich
in starch and sugar.

Mean surface area of rumen papillae has been found
to increase from 10mm? to 60mm? when exposed to
high-concentrate rations, but the process takes

4—6 weeks. This increase triples the amount of VFA
absorbed. Therefore, it can be concluded that if
papillae were not to elongate adequately through
the transition period, the rumen may not be able to
cope with increased acid production. If the absorption
of VFA from the rumen does not keep pace with

the production, the ruminal VFA concentration
increases and the rumen pH decreases.

The physical form of the diet can affect the
development of rumen papillae in 18-month-old
calves. This failure will compromise the animal’s
ability to absorb VFA. However, it is thought that
introducing hay to calves less than 8—12 weeks of
age does not develop the rumen and VFA are
produced only in minimal amounts in young
calves.

See Figures 5-7 and 5-8.

Figure 5-8 These are other rumen papillae harvested from
the same cow as in Figure 5-6 but 70 days after she calved.
Note the significant increase in size. (Courtesy of G Penner)
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The Importance of the Components in
a Ration

Carbohydrates

KEY CONCEPTS

° Cereals are essential to provide the energy to
drive milk production, but at the same time they
are the fuel to create SARA.

° The more rapidly cereals are digested the
greater will be the severity of SARA and the
cascade of physiological events finally resulting
in subclinical laminitis.

o In general the coarser the feedstuff, the drier the
feedstuff, the better non-structural carbohydrate
will be tolerated by the animal.

When large quantities of highly digestible carbohydrates
are fed over a short period, there will be a subsequent
rapid drop in rumen pH. On the other hand, if slowly
digesting carbohydrates are fed in several meals, the
rumen pH may not even drop below the threshold.

Around 10-35% of non-structural carbohydrates are
digested in 1 hour compared with only 2-10% of non-
structural carbohydrates being digested during the
same period. Therefore, factors decreasing the length of
time the feed is in the rumen will decrease the amount
of feed broken down by bacterial fermentation. The
most important factors slowing down the passage of
carbohydrates through the rumen are the quality and
quantity of fiber in the rumen and the formation of the
rumen mat.

The digestibility of grains is quite variable. When
processed the same way, oats has the fastest rate of
digestion, followed by wheat, then barley, then corn, and
finally sorghum. However, when a cereal is processed,
effective ruminal digestibility is increased. For example,
45% of coarsely cracked corn is digested. If the shell were
fully cracked, the digestibility could rise to 53%, but if
the corn were finely ground, 75% would be digested.
Finally, if the corn were steam-flaked, up to 90% of it
might be digested. The extent of digestion also increases
the higher the moisture content in the grain.

Processed grain is more expensive than unprocessed
grain, but its use will maximize milk production. Feeding
highly digestible carbohydrates has been associated with
an increase in the incidence of laminitis.

The cost of commodities determines the composition
of rations to some extent. As a general rule, manufac-

turers of feedstuffs will take this into consideration and
make adjustments to compensate for higher or lower
digestibility of the product being introduced. However,
some producers formulating their own ration may fail
to appreciate the significance of cereal digestibility.
Even this may not be a problem provided that the
change from one formulation to another is a gradual
process.

Forage

KEY CONCEPTS
° The percentage of effective fiber in forage can be
regarded as the ‘antidote’ to SARA.

° The effectiveness of fiber is reduced if the
particles are chopped too small or when the size
of particles is reduced if the feed is over-mixed.

° Very long forage in a TMR has been shown to
promote ‘sorting.’

Diets low in fiber are often associated with:

° Ruminal acidosis.

° Reduced rumination, saliva secretion.

° Lower acetate-to-propionate ratios and milk-fat
depression.

Types of Fiber

Chemical fiber: This is expressed as the percentage of
neutral detergent fiber (NDF) derived from plant cell
walls and their contents which can be converted to
starch (structural carbohydrates). This form of energy
should balance the energy provided from cereal sources
which are expressed as non-structured carbohydrate
(NSC).

Physical fiber: This is the effective fiber (eNDF) which
is needed to make the rumen function properly — the
‘scratch’ factor which stimulates the process of rumina-
tion, salivation, and ultimately helps minimize the drop
in rumen pH.

One or other of the following signs may indicate a
shortage of effective fiber in the diet:

° Loose manure.

Reduction in rumination time.

Craving for bedding or soil.

Over 10% of the herd have milk-fat levels less
than 2.5%.
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The Importance of Particle Size

KEY CONCEPTS

° Chewing activity is usually a good indication
of rumen health as chewing stimulates saliva
secretion.

° Forage particle size has no effect on the intake

of dry-matter (DM), but time spent eating and
ruminating each day is reduced when short
silage is fed.

The physical stimulus of a diet promotes chewing and
rumination, resulting in more saliva production and
hence rumen buffering. Saliva has been estimated to
supply 70-90% of the fluid and buffering capacity
entering the rumen. Each cow can produce 108-308
liters (23—68 imperial gallons or 28—81 US gallons) of
saliva each day. Saliva is very high in buffers (sodium
bicarbonate) and, consequently, plays a very major
role in controlling acidosis. However, there appears to
be a limit to the relationship between chewing and
salivation. Total chewing and rumination times per kg
of DM intake decline as milk production and DM intake
increases, but it is negatively correlated with milk
production. Thus in high-yielding dairy cows, it may be
difficult to avoid conditions that predispose the cow to
SARA.

A number of ‘screen particle separators’ are on the
market which are able to give the producer a handle on
the particle size of the feed consumed by the cow.

Long chop for silage may compromise compaction of
the stack and result in more aerobic spoilage, growth of
mycotoxins, and reduced feed value. Therefore, farmers
prefer to chop the forage as small as possible since it is
easier to compact in the bunk. The down side of
chopping too finely is that the value of the effective
fiber is reduced significantly by small particle size.
Adequate particle size in the ration appears to be
necessary to avoid low milk fat and avoid depressed
rumen pH. It is important to note that some mixers and
silage unloaders may reduce particle size below
acceptable levels.

Forages should be chopped to contain 25% of the
particles over 5cm (2ins) long.

A finely processed ration will reduce rumination time
by 2.5 hours with a corresponding decrease in buffer
production (in saliva) of 258g/day.

See Figures 5-9-5-11.

Figure 5-9 The Pennsylvania State Separator consists of
three boxes and a pan. Between each box there is a sieve
with holes decreasing in size. The material to be examined

is placed on the uppermost filter and shaken from side to
side 40 times. The boxes are rotated one-quarter turn every
five shakes. The larger particles on the top screen will float in
the rumen and require more chewing. The particles in the
middle box will be digested more slowly, while those in the
bottom box will be fermented rapidly and pass out of the
rumen quite quickly. (Courtesy of R Shaver)

Figure 5-10 There are many designs of mechanical feed
mixers. In this case a paddle does most of the mixing while
the screw delivers the final mix. The efficiency of any

mixer depends on the operator mixing consistently and
according to the instructions of the manufacturer.
(Courtesy of K Nordlund)
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Figure 5-11 In this case the two screws on either side of
the bin mix in opposite directions and the screw in the
base performs the delivery. (Courtesy of K Nordlund)

Sorting

GLOSSARY

Sorting: This is the skill that some cows have in
separating and consuming the concentrate
component of a TMR.

A total mixed ration (TMR) may be formulated
perfectly, mixed perfectly, be of excellent particle size,
but fail to provide adequate effective fiber for some
cows because they are skilled ‘sorters.” This means that
in some well-run establishments where maximum
energy rations are offered some cows can still
develop SARA. However, it has been reported that
cows that can sort against coarse TMR particles may
have a higher milk yield. If sorting by cows is a problem,
one or more of the following options might be
considered:

Feed smaller amounts of TMR more frequently.
Add less hay to the mix.

Process hay finer.

Use higher-quality hay.

Use hay that is more pliable.

Process corn silage.

Figure 5-12 Some cows sort against particle size and sort
relatively more energy particles from a mix than other
animals. (Courtesy of K Nordlund)

° Add water to dry TMR.
° Add a liquid feed supplement to the TMR.

See Figure 5-12.

Corn (Maize) Silage as a Source of Fiber

Corn silage is a nutritious, widely used forage for dairy
cattle. Anecdotally, it is often found in practice that
feeding corn silage and subclinical laminitis go together.
Excellent though corn silage is as a feed, it is a common
mistake to underestimate its potency. The problem would
be less likely to occur if dairy farmers were to obtain an
analysis of the content of the silage, but this is an expense
that many are unwilling to bear. From a practical per-
spective, if laminitis is suspected in a herd fed corn silage,
an effective interim measure would be to offer 10% of
the forage as long hay.

Harvesting Corn (Maize) Silage

GLOSSARY

Milk Line: The corn kernel milk line is the junction
between liquid and solid starch granules.
To check, break several cobs in half and
examine kernels on the face of the tip half.




Other Factors that should be Considered when Evaluating Nutrition 63

The stage at which the crop is harvested is highly
critical to the non-structured carbohydrate and fiber
content of the resulting silage. Consistency in the stage
at which the crop is harvested is probably more
important than the stage itself. Whole plant moisture
should be adjusted to match the type of storage
structure used. Corn silage should be harvested between
68-70% whole plant moisture for maximum yield and
optimum fermentation. If a silage moisture tester is
unavailable, evaluating the ‘milk line’ on the grain
kernel would be helpful (Fig. 5-13). In an upright silo, if
the milk line is at one-third, the moisture would be
approximately 67-72%; whereas if there were a two-
thirds milk line, the moisture would be approximately
63-68%. In sealed silos, the moisture content would be
considerably less.

Due to the ‘stay green’ qualities of some varieties of
corn it is now recommended that the producer physi-
cally measure the moisture content of corn silage.
Unfavorable changes in the weather during harvest can
result in delays that inevitably cause alterations in the
quality of the crop. A week’s delay during warm rainy
weather can dramatically change the carbohydrate:fiber
ratio of the crop.

If an entire crop has been planted to mature at the
same time it may be impossible due to lack of appro-
priate equipment or manpower to harvest it all within a
reasonable period of time. In this case, it may be appro-
priate to plan to stagger the times at which maturity
occurs or by using strains (cultivars) that mature at
different times.

Figure 5-13 To examine the milk line select several cobs of
corn and break each in half saving the conical end for
comparison. The junction between the yellow and white
part of the kernel is the milk line. If the milk line is 4 to 4
the way down the kernel it is a rough estimate that the plant
dry matter is about 30-32%. (Courtesy of G R Oetzel)

Method of Conservation

When silage is conserved in a tower or a bag, the feed is
retrieved in reverse order from which it was conserved.
For this reason, variations in the quality of the product
are more difficult to control. If the silage is conserved in
a pit (bunk) silo it is laid down in layers and is, therefore,
less subject to the vagaries of weather interfering with
harvesting. Furthermore, when the silage is cut at the
face all of the different layers will be mixed.

See Figures 5-14-5-17.

Figure 5-14 Possibly the least problematic method of
conservation is the use of a bunk or pit. With this system,
effects of variations in the quality of the crop harvested are
minimized. Each layer of the crop is mixed after the feed has
been cut from the face of the silage. (Courtesy of K Nordlund)

Figure 5-15 These heavy units compact the silage very
effectively, reducing air pockets to a minimum.

Good compression reduces the necessity for chopping the
crop too small. Good particle size is essential for proper
digestion. (Courtesy of K Nordlund)
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Figure 5-16 Tower silos are less popular than they were a
few years ago. This is partly because of the capital outlay
involved and possibly because the manner in which the

crop must be handled. However, the tower silo gives good
compression to most of the crop. On the down side variations
in quality occur between silos and in some cases even
between layers in a silo. (Courtesy of K Nordlund)

Figure 5-17 Bagging silage is quite popular but has the
disadvantage of a tower silo with the added risk of
damage to covering and subsequent spoilage of the feed.
(Courtesy of K Nordlund)

Protein

The literature is controversial on the role of protein in
the pathogenesis of laminitis. In some cases, feeding
protein at levels in excess of 18% has been associated
with laminitis. There is no evidence that any one
particular source of protein is more dangerous than any
other. Grass growing extremely rapidly tends to be low
in fiber and can contain up to 30% protein. Protein-rich
grass has been associated with the occurrence of grass
founder (a laminitis-like condition) but it is unclear to
what extent allergic reactions to protein may play a
part.

Supplementary Buffers

A buffer is a component of a ration that can neutralize
acid. Fiber is considered to be a natural buffer and acts
indirectly by stimulating rumination. Typical inorganic
buffers such as sodium bicarbonate can be included in
the ration in rates up to 1% of the dry matter. Including
more buffer may reduce the palatability of the ration.
Although not a buffer, providing rock salt licks will
increase salivation in cows, thus increasing the rumen
pH.

Magnesium oxide acts as a slow-releasing neutralizing
agent in the rumen. Due to different modes of actions,
when used in combination, sodium bicarbonate and
magnesium oxide may give some synergistic activity to the
rumen. Calcium carbonate has poor buffering capacity in
the rumen but may act to regulate pH in the intestines.

Rumen Modifiers

Monensin (Rumensin; Elanco) is an ionophore antibiotic
that functions primarily in the rumen by inhibiting
certain bacteria. It is claimed that rumensin has been
used successfully to control the risk of acidosis. Rumensin
is available as a feed additive or as a slow-release capsule
containing 32g of monensin. It releases approximately
335mg monensin per day for 95 days. It should be
administered 2—4 weeks prior to calving. Virginiamycin
(Eskalin; Philbro Animal Health) is highly effective but
its use is restricted in Australasia and Europe and under
review in the US.

Poor Feed Delivery and Bunk

Management

° Failure to evaluate forage and TMR particle size.

° Failure to evaluate grain moisture content and
degree of processing.

° Errors in ingredient feeding rate.

° Limited bunk space (< 0.45m per cow).

° Limited feed access time (16—20 hours per day).

° Restricted feeding versus feeding for 5-10%
refusal.

° Inconsistent feeding schedule.

° Inadequate, excessive, or inconsistent mixing of

feed.

Dry Cow Management

Appropriate feeding of dairy cows during the transition
period (3 weeks prior to calving until 3 weeks after calving)
is critical to avoid acidosis and laminitis. Inappropriate
nutrition during this period increases the risk of ketosis,
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fatty liver, displaced abomasum, milk fever, and retained
placenta. Animals should enter the dry period with a
body score of 3.5 and should not gain excessive condi-
tion, especially in the last 2 weeks. The evidence of a link
between over conditioning (body score 4+) and health
problems is inconclusive unless the dry-matter intake is
depressed. If this is observed to be the case, the energy
level in a TMR should be increased but never above
0.75Mcal NE/Ib as this may increase the incidence of
displaced abomasum. High body scores are often asso-
ciated with the incidence of ketosis.

If possible, separate dry cows into groups (strings):
far-off dry cows, close-up dry cows and heifers. This
permits more precise management of nutrition. A TMR
of 0.73Mcal NE/Ib and 16% CP should be available at all
times to all groups. However, metabolic disorders around
calving are a problem — the pre-partum energy in the
diet should be reduced and the bulk increased.

Lead Feeding (Steaming Up)

The dry-matter intake of dairy cows declines by about 5%
per week commencing at around 6 weeks before calving.
During the last 4—5 days before calving, the dry-matter
intake may drop by 30%. This fact is often overlooked by
dairy producers and makes it difficult to manage in small
herds (under 100 head). For this reason, it is important
to gradually increase the dry-matter intake during the
2 weeks prior to calving. This is done by offering the cow
increasing quantities of carbohydrates. When concentrates
are to be offered after calving, then the gradual addition
of concentrates to dry-cow rations 2—3 weeks before calving
at levels up to 0.75% of body weight is essential in order to
avoid sudden increases in carbohydrates after calving.

Feeding concentrate prior to calving stimulates the
development of rumen papillae and this will increase milk
production. However, too heavy concentrate feeding prior
to calving can also increase an animal’s predisposition
to laminitis. For the small farmer, managing lead feeding
requires much attention and a great deal of skill. The
safest method for the small farmer to manage the pre-
calving feeding is to use a total mixed ration.

After Calving Management

GLOSSARY

Puffy Feet: This is the term used to describe slight
swelling and pinkness of the skin around the
heel bulbs and dew claws.

The 60 days after calving is a critical period for the onset
of acidosis. A severe episode of acidosis during this period
can lead to damage to the corium of the digit that may
affect an animal adversely for the rest of her life. This is
especially the case with heifers following their first
calving.

All cows do not have an equal genetic capability to
adapt rapidly to the consumption of carbohydrates. It is
normal to find some cows in an intensively managed herd
to have ‘puffy feet’ for a few days after they calve (Fig.
5-18). This sign is indicative that the animal is accom-
modating poorly to an increase in concentrates. It is
only of concern if it persists or is present in every cow
that calves. If the manure of animals with ‘puffy feet’ is
softer than that of other cows the energy in the diet of
the affected cow should be reduced.

° Cows should be consuming about 5kg of
concentrate at calving and held at that level for
3—4 days. Concentrate can then be increased by
0.20kg/day for first-calf heifers and 0.25kg/day
for mature cows.

° The final feed intake should provide a minimum
of 18-21% ADF from forage.

° Provide one computer feeder per 20 cows when
this equipment is employed.

° Avoid sudden changes in major components of
rations; changes should take place over at least
2 weeks.

° Increase concentrates gradually over the first

6 weeks after calving.

Avoid NSC exceeding 35% of the ration dry matter.
Do not use inorganic buffers at a rate greater
than 1% of the dry-matter intake.

Figure 5-18 Some recently calved cows that are having
difficulty accommodating to a ration may show slight
puffiness and pinkness around the coronary skin and
around the dew claws. This is a useful hint that the nutritional
program is set at too high a level.
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Manure Watching

Examination of the manure is another way in which
effective fiber can be evaluated. One cup of fresh manure
should be placed on a wire screen, such as a kitchen sieve
(mesh of 6—8 squares per inch). The manure is washed
under pressurized water and the material remaining is
evaluated:

° Forage particles in the manure over 1.5cm
(0.5ins) in length will reflect a rapid rate of feed
passage.

° The appearance of whole or partial grains indi-

cates poor carbohydrate utilization. The appearance
of grains of cereal could be related to improper corn
silage chopping, corn silage that is too mature,
corn silage that is too dry, corn grain that is too
course, corn grain that was dried too fast, the
existence of a poor rumen environment, the too
rapid rate of passage or a lack of a dry cow
transition diet.

° Bubbles in the manure indicate that carbohy-
drate fermentation has been taking place in the
hind gut. That is, the grains passed too rapidly
through the rumen, possibly because of inadequate
effective fiber. This indicates that there has been
damage to the hind gut. In some cases, gelati-
nous ‘casts’ of mucus will be present as a further
indication of hind-gut damage.

Component Feeding Versus Total
Mixed Ration (TMR)

Component Feeding

KEY CONCEPT

° When concentrates and forage are fed
separately, concentrates should be fed
4-5 times per day.

Some dairy producers with small herds ‘component feed’
their cows. That is to say, the concentrate component is
fed separately from the forage. A TMR may be fed for
maintenance and the concentrate offered according to

production. However, during the transition period the
concentrate dry matter should be restricted to 0.75% of
the animal’s body weight.

If the method used were to allow the cow to ‘choose,’
she would consume relatively more concentrate than
forage. This will precipitate acidosis. Although not
proven scientifically, some workers believe that when
acidosis occurs at calving it alters the critical hormonal
turmoil of the period sufficiently to precipitate laminitis.
This might be an explanation of the seriousness of
laminitis being seen in heifers after they calve for the
first time.

If cows were allowed to consume proportionately
more concentrate before they calve, they would be at
greater risk of left abomasal displacement (LDA) due
to low rumen fill. At the other extreme, feeding
minimal grain before calving may also increase the risk
of LDA through failure to increase the volatile fatty
acid absorptive capacity of the rumen papillae and
allow sufficient time for microbial population changes
in the rumen prior to feeding high-energy diets after
calving.

Total Mixed Ration

A total mixed ration, as the term implies, will have
all the required ingredients mixed into one ration.
Using a TMR can also run into problems when it is
misapplied. Certainly, if the same TMR were fed ad lib
to all cows and heifers irrespective of their position
in the calving cycle, laminitis-like changes would
probably occur. Some cows, relative to their actual
nutritional requirements, will be over-fed while others
may be under-fed at peak lactation, leading to reduced
production.

Ideally, in large herds the animal population can be
broken down into groups. Each grouping is based on its
appropriate nutritional requirements. That is to say,
there would be a heifer group, a dry-cow group, a close-
up and the recently calved group, a peak-lactation group,
and possibly a drying-off group. Each group receives
individual attention. This practice is particularly
advantageous for heifers removed from ‘social con-
frontation’” with dominant cows during their critical
first lactation. However, the system is labor intensive
and, for this reason, subject to modifications which can
introduce risk factors. For example, it is often found that
the best forage is included in the ration for one group
and inferior, less expensive, forage given to another
group. The quality of forage is the critical component in
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the balance between concentrate and fiber. If there were
a serious and dramatic change in the fiber quality
between the ration of one group and another, laminitis
may result.

Feeding Behavior

See Figures 5-19 to 5-22.

Figure 5-21 In this picture the cows are waiting to be fed
and can hear the arrival of the feed cart. However, if animals
come to the bunk at other than feeding times it probably

indicates they are being under fed. (Courtesy of K Nordlund)

Figure 5-19 Animals feeding from a circular bunk eat for
26% shorter time than those fed from one along a fence
line of a dry lot or corral.

Figure 5-22 Ten percent of cows feeding from bunks
elevated 60-70cm above the ground will play with and
‘sort’ the feed. They throw the forage in the air and 0-5%
of the feed is wasted. (Courtesy of K Nordlund)

BIBLIOGRAPHY
Figure 5-20 Shaver Cows feeding at floor level produce Bailey C B 1961 Saliva secretion and its relation to feeding in
17% more saliva than those feeding from a raised bunk. cattle: 3 The rate of secretion of mixed saliva in the cow
Use of a manger curb prevents the scattered feed from being during eating, with an estimate of the magnitude of the
adjusted with a mechanical grader. Cable neck restrainers total daily secretion of mixed saliva. British Journal of

should be avoided. Nutrition 15:443-451



68 5 / Nutritional Risk Factors

Burato G M, Voelker ] A, Allen M S 2001 Effects of pretrial
milk yield on the feed intake, production, and feeding
behavior responses to forage particle size by lactating
cows. Journal of Dairy Science Suppl 1:(abstract).

Cameron R E B, Dyk P B, Herdt T H 1998. Dry cow diet,
management, and energy balance as risk factors for
displaced abomasums in high producing dairy herds.
Journal of Dairy Science. 81:132-139

Carter R R, Grovum W L 1990 A review of the physiological
significance of hypertonic body fluids on feed intake and
ruminal function: salivation, motility and microbes.
Journal of Animal Science 68:2811-2832

Crookson R K, Kurle | E 1988 Using the kernel milk line to
determine when to harvest corn silage. Journal of
Production Agriculture 4:293-295

Dado R G, Allen M S 1994 Variation in and relationships
among feeding, chewing, and drinking