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Foreword

Lameness in dairy cattle is a high prevalence condition with significant negative impact on the welfare and
economics of the dairy herd. Most lameness is attributable to four main conditions: sole bruising (also referred
to as sole haemorrhage), sole ulcer, white line disease and digital dermatitis. Understanding of the pathogenesis
of major claw horn diseases has undergone a transformation in the last 20 years, with a shift from a primary
nutritional aetiology to a biomechanical one. This has led to significant research into factors relating to claw
biomechanics and interventions targeting the inflammatory process. Even for infectious conditions, the benefit
of non-steroidal anti-inflammatory drugs to cow welfare and recovery cannot be underrated. In this roundtable
discussion, the panel explore the clinical relevance of the findings of research exploring biomechanics and
managing inflammation.

Nick Bell, David Bacon, Emily Craven, Steve Crowe, Reuben Newsome, Georgios Oikonomou, Sara Pedersen,

Jon Reader, James Wilson
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Dairy cattle lameness:
a roundtable discussion

ameness is a considerable welfare

challenge in the dairy industry

and has a major economic impact

through reductions in milk produc-
tion and longevity (Green, 2002; Reader et al,
2011; Randall et al, 2016). Lameness in dairy
cattle is highly prevalent (Griffiths et al, 2018;
Randall et al, 2019) and frequently results in
chronic recurrent lesions (Leach et al, 2012;
Groenevelt et al, 2014) that are associated with
considerable pain (Whay, 1997). Historically,
farmers and veterinary surgeons have focused
on the treatment of overtly lame animals; how-
ever more recently there has been a move to-
ward more prompt intervention as evidence
indicates that delays in treatment is associated
with lower rates of healing (Thomas et al, 2015,
2016) and higher rates of recurrence (Groen-

velt et al, 2014). Furthermore, the disease
processes that ultimately result in lameness in
older cows may start early in life prior to lacta-
tion, indicating a need to address management
practices of replacements and heifers to reduce
lameness in the herd. Unfortunately, with tra-
ditional approaches, the pathology associated
with claw horn lesions (sole ulcers, heel ulcers
and white line lesions) is frequently irreversible
by the time the lesions are identified (Bergsten
et al, 2015) (Figure 1). As awareness and atti-
tudes among consumers evolve, the welfare of
dairy cows rightly assumes ever-greater impor-
tance and the industry comes under increasing
pressure to reduce the prevalence of lameness,
which likely sits upward of 20% and may be
over 30% in some herds (Bergsten et al, 2015;
Bell and Randall, 2021). This article presents

Figure 1. Early detection and treatment of deep sole bruising can catch lameness at a stage more
amenable to treatment and less likely to result in scarring of the digital cushion or development
of irreversible bone exostoses on the distal phalanx. Note the sole bruising in this photograph has
probably been detected and treated just in time before progressing to a more severe sole ulcer.
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current thinking on how progress can be made
in the prevention and management of dairy
cattle lameness.

Aetiopathogenesis of claw horn
lesions in dairy cattle

Claw horn lesions may involve pathology of
the digital cushion (Newsome et al, 2017a), the
third phalanx (Newsome et al, 2016) and pos-
sibly the corium (Evans et al, 2011), with ex-
treme cases potentially extending to joints and
tendon sheaths (Figure 2). Many of the changes
that ultimately lead to claw horn pathology are
related to normal physiological changes in the
digital cushion. The digital cushion comprises
three cylindrical fat pads (Figure 3) that dissi-
pate concussive forces through the foot, with
lesions developing when the function of the
digital cushion is compromised through re-
duction in volume. Digital cushion thickness
(DCT) has been shown to be an important fac-
tor in the development of lameness (Bicalho et
al, 2009; Bicalho and Oikonomou, 2013), with
a recent study also demonstrating that the vol-
ume of the digital cushion was negatively as-
sociated with the number of lameness events.
Cows with a body condition score (BCS) above
3, those culled later in lactation, or those with
greater body weight were more likely to have a

Figure 2. A cross section of a bovine hoof with
the distal phalanx, suspensory apparatus, and
digital cushion highlighted. The distal phalanx is
suspended from the dorsal wall of the hoof by
the laminar corium, and the digital cushion func-
tions to support the bone to protect the sensitive
tissues beneath from concussive forces.
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Figure 3. Images of the digital cushion. Agri-
culture and Horticulture Development Board
(AHDB) and the Dairy Herd Health Group at
University of Nottingham.

Figure 4. Two magnetic resonance imag-

ing scans described by Wilson et al. (2021)
demonstrating the differences observed in
digital cushion volume. These reconstructions
show the plantar aspect of the foot, with the
digital cushion being represented by the yellow
regions. The cow with more digital cushion had
no history of claw horn lesions, the cow with
little digital cushion had been treated repeat-
edly throughout life for claw horn lesions.
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higher volume of digital cushion in the lateral

claws (Wilson et al, 2021).
The volume of the digital cushion is not static

and can be influenced by a number of factors:

® Age (Riber et al, 2004)

® Genetics (Oikonomou et al, 2014)

® Exercise and adaption to hard surfaces
(Gard et al, 2015)

® Stage of lactation (Newsome et al, 2017a)

® Body condition (Newsome et al, 2017b;
Wilson et al, 2021)

® The
inflammation (Newsome et al, 2017b)

presence of haemorrhage and
® Lameness history (Figure 4) (Wilson et al,

2021).

Body condition

There is a direct relationship between BCS
and the volume of the digital cushion (New-
some et al, 2017b; Wilson et al, 2021), and a
positive correlation also exists between back
fat thickness and DCT (Bicalho et al, 2009)
(Figure 3). It has been debated whether loss
of weight causes lameness or lameness results
in the loss of weight, and there are no experi-
mental trials, only observations studies, so the
findings at this stage remain correlation rather
than causal in nature. Nonetheless, looking at
all factors influencing digital cushion integrity,
BCS remains an important factor to monitor
and potentially manage. Recent work demon-
strates that the number of adipocytes in the
digital cushion does not change but the volume

KEY POINTS

@® Digital cushion thickness has been
shown to be an important factor in the
development of lameness.

® The volume of the digital cushion is
influenced by age, genetics, the rearing
period, stage in lactation, lameness
history and body condition.

® Poor management of body condition
score is associated with the onset of claw
horn lesions.

® Lameness could be associated with
irreversible anatomical changes that
increase the risk of future lameness.

® The experience of the heifer through
rearing and transition into the first
lactation are becoming the major focus
for managing and extending foot health
in later life.

of cells changes, suggesting that fat is depos-
ited and mobilised within the digital cushion
(Newsome et al, 2021).

Stage of lactation

Around calving there is an upregulation of ma-
trix metalloproteinases and relaxation of colla-
gen, which facilitates parturition but also results
in slackening of the suspensory apparatus and
greater loading of the sole corium for several
weeks after calving (Tarlton et al, 2002). Digital
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Figure 5. A summary of the pathogenic pathway that leads to claw horn lesions. Figure courtesy of

James P Wilson.
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Figure 6. X-ray computed tomography scan of
a bovine foot, displaying the distal phalanx/
pedal bone with large exostoses protruding
downwards towards the germinal epithelium of
the sole. This is the end-stage of a degenerative
inflammatory process.

cushion thickness reaches its thinnest a week
after calving (Newsome et al, 2016; Bach et al,
2021), and given the fast rate of change this is
most likely through compression by a sinking
PIII rather than fat mobilitisation, with recovery
taking place slowly through early lactation.
When the foot is at its most susceptible,
heifers are often subject to changes in manage-
ment and are exposed to more time on con-
crete, compounding the increase in loading on
structures of the sole. They may also be intro-
duced to new housing or cubicle systems and
spend less time recumbent, further increasing
the risk of damage. Housing on straw yards
for 4 weeks prior to anticipated calving, until
8 weeks after calving, has been associated with
reduction in lesion scores and prevention of
sole ulcers (Webster, 2002). Housing on straw
yards can be more challenging because of the
associated costs and increased mastitis risk. A
compromise may be reached by keeping heifers

as a distinct group to reduce bullying, deeply
bedding cubicles and reducing milking times
(Bergsten et al, 2015).

Development and adaptation

It is often assumed that heifers calve down
with healthy feet; however sub-clinical disease
often goes unrecognised (Randall et al, 2016)
and lameness in heifers associated with sole
lesions may be assumed to have other causes.
A growing body of evidence highlights the
importance of calf and heifer management in
preventing lameness later in life. The digital
cushion was shown to be 37% larger in calves
that were walked on rough tracks (Gard et al,
2015), and mild lesions found at the time of
first calving (probably a consequence of insults
indured weeks early in the rearing environ-
ment) appeared beneficial to foot health and
longevity (Randall et al, 2016). On pasture, the
claw presses into the surface and load is dis-
tributed across the wall of the foot; by contrast,
on concrete load is concentrated at the back of
the foot (Telezhenko, 2019). Weight is also dis-
tributed less evenly on concrete, with 70-80%
of loading going through the lateral claw com-
pared with 60-65% of loading going through
the lateral claw on pasture (Telezhenko, 2019).
Managing heifers separately and providing
them with additional comfort around calving
may protect against subsequent lameness. Al-
ternatively, management of stocking density
and time away from the cubicles has major im-
pacts on lying behaviour (Charlton et al, 2014);
compromised lying behaviour has, in turn,
major consequences for subsequent lesion risk

4[ Acute pain
A
\/

-

Appropriate
management

.

Inappropriate
management

~N

Exposure to pain
when young

!

\/ (
[ Cessation of pain ]
\

Alterations to neural
signalling pathways [~

N

A

J

\/

Reduce nociceptive
threshold )

N

Figure 7. A basic summary of the pain management pathway associated with long-term nociceptive
threshold reduction. See also Table 1. Figure courtesy of James P Wilson.
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(Leonard et al, 1994, 1996). When first intro-
duced to cubicles, heifers will spend less time
lying down (von Keyserlingk et al, 2011). Cubi-
cle training prior to calving has been associated
with marked reductions in lesion score (Logue
et al, 2004). Maintaining optimal BCS (Randall
et al, 2015) in line with normal BCS targets for
fertility, e.g. Agriculture and Horticulture De-
velopment Board (AHDB) targets — lose no
more than 0.5 from calving to peak lactation,
may also promote digital development.

Ensuring that the feet are in optimal shape
and condition before calving may be protective
but needs to be balanced carefully against the
risk of over-trimming, which can paradoxi-
cally increase the risk of lameness (Mahendran
etal, 2017).

Metabolism

Poor nutrition has been associated with hoof
claw lameness. The mechanism is unknown,
but may be a result of poor biotin synthesis, wet
faeces, deficiency of macrominerals (Bell and
Randall, 2021) or the association with fat mo-
bilisation from the digital cushion. Historically,
ruminal acidosis and laminitis were implicated,
but there is scant evidence to link ruminal aci-
dosis and claw horn lesions. Interest has shifted
toward potential roles for inflammation or
metabolic changes (and particularly lowered
glucose availability) on keratinocyte growth
and laminar attachment (Mulling, 2019).

Previous lameness
It has long been recognised that lameness is
frequently associated with the development
of irreversible anatomical changes that in-
crease the risk of future lameness (Hirst et al,
2002; Tsuka et al, 2012; Randall et al, 2016).
In response to increased loading, exostosis of
the distal phalanx develops (Figure 5 and 6).
Bone development increases with age, previ-
ous lameness and a history of claw horn lesions
(Newsome et al, 2016). Exostosis permanently
damages other structures of the sole, further
compromising the normal function of the foot
predisposing to further lameness and a spiral
of perpetual suffering (Figure 5).

Interventions in heifer management that
may help to reduce the development of lame-
ness are summarised in Figure 7 and Table 1.

The importance of genetics in
dairy cattle lameness

Dairy cattle lameness is primarily influenced
by environmental factors, but there is a herit-
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Foot health intervention

Examples of practical applications and rationale

Table 1. Interventions to minimise the development of lesions causing lameness in heifers and

later life (order according to typical stages applied in the heifer’s life)

References

. Genomic selection of

resilient heifers

Applying genomics to weaned heifers to cull (or sell for
beef) heifers with a higher risk of lameness

Surprising there is only one peer-reviewed publication on
genomic selection for lameness in dairy heifers (Barden et
al, in press). Liverpool University are currently investigating
this. AHDB provide a sire selection index called Lameness
Advantage, which is based on an average heritability of 4%
(Anon, 2020)

. Rearing heifers free from

digital dermatitis

Keeping rearing facilities biosecure so heifers do not
encounter digital dermatitis prior to first calving. This
might involve ensuring no mature animals are brought
to the heifer rearing site, using automatic scrapers,
making sure no trimming equipment is shared and
people wear dedicated personal protective equipment
for the heifer rearing site

Bell (2006)
Gomez et al (2015)

. Cubicle training prior to

first calving

Rearing heifers on cubicles. Sand could predispose to
acquired corkscrew claws

Logue et al (2004)

von Keyserlingk et al (2011)
O’Connell et al (1993)

Kjeestad and Myren (2001a, 2001b)

. Developing the digital

cushion with exercise and
hard floor/track surfaces

Scraped concrete feed passage during rearing period.
Housing autumn block calving heifers 2 months before
calving or housing when over 8 weeks into lactation

Bergsten et al (2015)
Gard et al (2015)

Feeding high dry matter
rearing diets

Rearing diets based on straw/hay and concentrate
reduces claw horn lesions

Webster (2001)

Webster and Tarlton (2001)
Offer et al (2001)

Logue and Offer (2001)
Offer et al (2003)

Leach et al (2005)

. Trimming pre-calving

Trim heifers with long toes 7-8 weeks prior to
expected calving

Mahendran et al (2017) found trimming increased the
prevalence of lameness compared with no trimming.
However, initial trimming took place as heifers entered
transition and the lactation environment was a high risk for
high wear rates

. Heifer transition and

fresh group

Parity 1 transition and milking groups

Cross et al (1999)

. Protecting the weakened

laminar attachment
around first calving with
a heifer straw yard group
for 12 weeks (C-4 to C+8)

Straw yards for 4 weeks before calving, until 8 weeks
after calving, would appear to be the gold standard,
but deep bed cubicles with appropriate dimensions
could achieve a comparable level of lying time and
behaviour. Rubber matting (like quarry belting) along
feed barrier to cushion feet. Small fresh group for short
pen times for milking and other activities

Webster (2002)

. Trimming heifers 60-100

days in milk

Conservative foot check at 60 days in milk. Focus
mostly on the large and deep model (Stoddard, 2018),
and treatment of lesions causing lameness

No good evidence supporting this. There have been two
trials which found no reduction in lameness with a 100
day check (Mahendran et al, 2017) or improvement in
productivity with an 80 day foot check (Maxwell et al,
2015). Liverpool research suggests this may have been too
late in lactation to have a protective or corrective benefit
(Griffiths et al, 2018, and unpublished data)

10.Fortnightly mobility

scoring with prompt,
effective treatment

Every 1-2 weeks the person responsible for cow
health and welfare watches milking groups walk past
them at a milking and selects animals for trimming
and treatment. Best practice for claw lesions involves
the proactive use of a block and non-steroidal anti-
inflammatory drug for claw horn lesions and topical
antibacterial treatment with or without a bandage

While trials have not reported heifer groups separately,

this intervention would appear to apply well to heifers
(Groenevelt et al, 2014; Thomas et al, 2015). Mahendran et
al (2017) used the fortnightly scored heifer group as

their control group which performed better than the
trimmed groups

Livestock | May/June 2022, Volume 27 No 3
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KEY POINTS

® There is a heritable component to claw
horn lesions, and with better data
recording it may be possible to select for
lower lameness risk, through using tools
such as the AHDB Lameness Advantage
Trait.

® Early detection and prompt effective
treatment (EDPET) based around
fortnightly mobility scoring has been
shown to be effective in reducing rates of
lameness.

@ Automated mobility scoring shows
promise as part of a holistic approach in
herd lameness management.

® (linical lameness derived from claw horn
lesions damages the anatomy of the
foot in a manner which predisposes the
individual to future lameness, while mild
contusions appear protective.

® Ensuring that lameness is prevented
where possible, and promptly treated
when it occurs may minimise, if not
prevent these changes to anatomy
occurring.

able component to claw horn lesions (Hering-
stad et al, 2018). Current estimates suggest that
the heritability of different conditions is low to
very low, however the poor quality of lameness
data recording may disguise a greater herit-
able component than appreciated currently.
For example, when foot lesions were recorded
consistently by a research team and for a whole
production cycle the heritability of sole haem-
orrhage, sole ulcer, and white line lesion re-
sistance was found to be 0.20, 0.29 and 0.06,
respectively (Barden et al, 2021). With better
data recording it may become possible to select
for lower risk of lameness.

Applying lameness detection
and treatment protocols

A sole ulcer is a failure of management and
a failure of detection. Early detection of claw
horn lesions is essential in preventing chronic
recurrent lameness and the associated welfare
and economic impacts. Currently there are
large discrepancies between farmer-observed
(and recorded) lameness and the rates of
lameness that are identified by trained opera-
tors performing mobility scoring (Leach et al,
2010). A lack of accurate farm-level data ham-
pers decision making and has prompted the

S8
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development of an AHDB Healthy Feet App,
which includes features on mobility scoring
and lesion recording.

In order to be successful, implementation
of an early detection and prompt effective
treatment (EDPET) regimen on farm should
include:
® Accurate and sensitive mobility scoring

to detect cows in the very early stages of

lameness

® Correct therapeutic trimming techniques

® Adherence to
including the use of non-steroidal anti-
inflammatory drugs (NSAIDs).

EDPET based around fortnightly mobil-
ity scoring has been shown to be effective in

treatment protocols,

reducing rates of lameness (Groenvelt et al,

2014). This requires that:

Scoring is focused on early detection of all
lame cows accepting that some may be false
positives

Strict  evidence-based  protocols are
implemented for treatment (Figure I)
Where therapeutic trimming is required, this
is implemented to a high standard to avoid
over-trimming or poor techniques which can
be detrimental to recovery. Poor techniques
of too much toe can be detrimental

There is re-examination of treated cases
at pre-determined intervals to ensure that
recovery is as expected

Inspection criteria are determined based
on mobility score analysis and all cows are
inspected when eligible

Figure 8. An image showing a deep bruise (haemorrhage) which was initially detected using hoof
testers. Following the application of a wide and deep model, the lesion became visible. This animal
received a therapeutic trim, orthopaedic block and a course of non-steroidal anti-imflammatory drugs.
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® Data on lameness incidence and recovery
rates is constantly monitored and protocols
altered accordingly

® There s
transparency and understanding between

effective communication,
all those involved — farmer, veterinary
surgeon and trimmer.

The ability of EDPET to reduce rates of
lameness may be two-fold in origin; first, the
‘downwards spiral’ illustrated in Figure 5 may
be minimised, preventing animals from being
predisposed to claw horn lesion pathogenic
mechanisms. Second, the pain management
pathway illustrated in Figure 7 may be appro-
priately handled, where the nociceptive thresh-
old of animals is not lowered, meaning they are
less likely to experience pain in the future than
those animals managed without appropriate
management (Figure 8).

Automated methods of mobility scoring
such as ‘CattleEye’ and ‘CowAlert’ have been
trialed. In work performed to date the ‘Cat-
tleEye’ was shown to be at least as effective at
mobility scoring as a trained scorer, and may
even prove to be better (Anagnostopoulos et
al, 2021). Larger trials with more farms are
warranted with further refinement of the algo-
rithms around specific lesion data. Automated
mobility scoring shows promise as part of a ho-
listic approach in herd lameness management.

Current consumer-led initiatives record
percentages of lame cows, which comes with a
risk of encouraging under-reporting and may
deter the identification of early lameness which
is so critical in preventing chronic recur-
rent disease. Greater transparency and better
benchmarking of mobility scoring and lesion
types across farms would be helpful in mov-

KEY POINTS

® Effective prevention and management of
pain and inflammation with non-steroidal
anti-inflammatory drugs (NSAIDs) should
be central to the control of lameness.

® There is an increasingly strong argument
for the administration of NSAIDs to all
heifers at first and subsequent calvings.

® [tis suggested that routine NSAID
administration at first and subsequent
calvings, and at lameness will protect the
functional anatomy of the foot.

® Treatment of claw horn lesions must
include NSAIDs, both to improve cure rate
and for welfare purposes.
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ing the industry forward. There is a need for
educational initiatives on the benefits and im-
plementation of mobility scoring and accurate
identification and recording of lesions.

Evidence-based treatment protocols need to
be constructed with the farm’s veterinarian and
strictly adhered to by both farm staff and foot
trimming contractors alike. These protocols
need to be sympathetic to the individual animal,
while following the gold standard according to
expert consensus on the interpretation of the
scientific evidence base, or where that is uncer-
tain, by evaluating outcomes on the farm.

The role of non-steroidal anti-
inflammatory drugs in protect-
ing the digital cushion

Claw horn lesions are associated with signifi-
cant pain and inflammatory responses that
contribute to a downward spiral of deteriorat-
ing lameness. In addition to the anatomical
and mechanical changes that develop, expo-
sure to pain may alter neural signalling path-
ways and increase sensitivity to future noxious
stimuli (Figure 7). Even painful stimuli that
occur early in life, such as that associated with
dis-budding, can set animals up for greater
sensitisation to pain later in life. Effective
prevention and management of pain and in-
flammation with NSAIDs should therefore be
central to the control of lameness. Fortnightly
monitoring for lameness and the treatment
of lame animals with NSAIDs was shown to
reduce the incidence of lameness by 10% in a
recent study (Wilson et al, in press). The ad-
ministration of 3 days of NSAIDs to heifers
at calving was associated with a further re-
duction in lameness and a positive return on
investment, with every £1 spent on NSAIDs
returning £1.66 in reduced costs of lameness
treatment. There is an increasingly strong ar-
gument for the administration of NSAIDs to
all cows at calving, with a compromise being
the treatment of all heifers.

The value of non-steroidal anti-
inflammatory drugs in treating
digital dermatitis

Digital dermatitis is a painful condition but
NSAID use is not routine on all farms. Kasiora
et al (2021) recently performed a randomised,
controlled clinical trial of digital dermatitis
cases to assess the effect of ketoprofen on mo-
bility scores and milk yield at 1 week post treat-
ment. Ketoprofen treated cows were 2.57 times
less likely to be lame. When only cows that

St T—— magonlinelibrary.com by 2A00:23C8:22A7:C701:A9C5:BC2F:E813:45F R o ADAT 2,15('3323.‘ ‘

were lame prior to treatment were considered,
cows that received ketoprofen were 20 times
less likely to be lame and had a significantly
higher milk yield (Kasiora et al, 2021).

Conclusions

The major causes of lameness have remained
unchanged in the last 30 years, while lameness
prevalence has climbed to unacceptable levels,
both in terms of welfare and economics. Tra-
ditional interventions for lameness as a result
of claw horn lesions involved treating pro-
gressed end-stage pathology of the bone and
digital cushion, leading to chronic and recur-
rent lameness. Traditional management erro-
neously focused on nutrition. Therefore, as
production has intensified, lameness risk in-
creased, and the deficiency in prevention and
treatment strategies became magnified. Re-
cent research has redirected the scientific un-
derstanding of the pathogenesis of claw horn
disruption towards biomechanical failures,
ultimately resulting in focal inflammation of
the sole and white line. A major advance has
been the control of the initial focal bruising
through early detection using mobility scor-
ing, and more effective treatment using
NSAIDS, along with hoof blocking. NSAIDs
also have a potential role in controlling the
bruising and inflammation that occurs in the
high-risk period around calving, as well as
controlling pain and inflammation associated
with lameness as a result of digital dermatitis.
Finally, better lesion and lameness recording
will have a role in monitoring and managing
foot health in dairy herds, and will also be a
means of improving genetic indices, with her-
itability levels comparable to other major pro-
duction and health traits.
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