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ABSTRACT

Lameness is an important cause of reduced animal welfare and has been shown to cause substantial economical losses in
dairy and beef-cattle herds. Lameness is perhaps one of the most important diseases of the modern dairy cow. Laminitis is
a diffuse aseptic inflammation of the laminar corium of the hoof wall and, in the bovine definition, also includes the sole
corium. There are various forms of laminitis: subclinical, acute or subacute, and chronic. Subclinical laminitis is the most
common form of laminitis in dairy cows. For the study, we aimed to determine the prevalance of the lesions associated
with subclinical laminitis in 1352 dairy cows from 132 cow barns in Elazig province between 2007 and 2008. Of the 1352
cows selected for the study, lameness was detected in 387 (28.6%). Of these lame cows, 320 (82.7%) had 591 lesions
that could be associated with subclinical laminitis. Claw lesions were diagnosed on the basis of macroscopic examination
before and after trimming to the correct claw shape. In this study, yellow discolouration and haemorrhage of the white
line and the sole, separation of the white line, erosion of the heel, double sole, sole ulcers, flaky or chalky white powder
on the sole, abscessed soles were considered lesions associated with subclinical laminitis. The most common lesions were
separation of the white line (20.98%) and haemorrhage of the sole (20.31%). Consequently, in this study, it was found that
causes of 82.7% of lameness showed in cattle in Elazig region was originated from subclinical laminitis-related lesions.
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INTRODUCTION

Lameness is one of the most important causes of financial loss
and distress in dairy cattle (1-4), and lesions in the claw are
the most common visible pathology associated with lameness
(5-7). Claw disorders cause over 90% of lameness in dairy
cattle (8,9). Lameness is detrimental to animal welfare and is
among the three most important diseases in the dairy industry
after mastitis and fertility problems (10-12). Several studies
in North America, the United Kingdom, and Scandinavia
report a wide range in the prevalence of lameness in dairy
cattle between herds, typically of the order of 10 to 55% of
the herd affected (13-17). Laminitis has been described in
many species, but is most common in the equine and bovine.
Although bovine laminitis is most common in lactating dairy
cows, it has been reported in all ages and both sexes. Laminitis
is a diffuse aseptic inflammation of the laminar corium of the
hoofwall and, in the bovine also includes the sole corium. There
are various forms of laminitis: subclinical, acute or subacute,
and chronic. Subclinical laminitis is the most common form of
laminitis in dairy cows (18-22).

In cattle, lesions in the sole are usually attributed to laminitis,

include haemorrhages in the horn, double soles, ulcers in the
sole and toe, haemorrhage and separation of the white line,
as well as deformation of the whole surface (“dropped sole”)
(23,24). Furthermore, lesions considered by researchers to
be associated with subclinical laminitis include an inflamed
coronary band, a sunken and rotated distal phalanx (25),
abnormal horn formation with reduced hardness and strength
(26-29), flaky or chalky white powder on the sole, deformed
claws, horizontal grooves in the hoof horn (30), overgrown
claws, abscesses of the white line and abscessed soles (31).
Other authors used the term claw horn disruption (CHD)
(13,32). Usually these lesions occur in the heel, i.e. in zones3,
4 and 6 (Figure 1).

Claw disorders can be divided into three main categories
according to their actiology; infectious, metabolic, mechanical
and traumatic. Infectious and partly infectious claw lesions
such as digital dermatitis, heel-horn erosions and interdigital
phlegmones are mainly influenced by the environment (30).
The causes of CHD or laminitis- like lesions are diverse.
The incidence and severity of the lesions are influenced by
external mechanical factors such as abnormal claw or limb
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configuration, hard surfaces and soft horn. Systemic factors
are associated with rumen acidosis, ketosis and endotoxaemia
due to e.g. inadequate feeding (24,33-37). Factors that have
been associated with claw lesions are individual factors like
stage of lactation, parity, weight and genetics (38-40). Herd
factors involved are housing, environment, management and
nutrition (41-45).

In order to improve preventative regimens, it is necessary
to better understand the relative importance of the main factors
that influence the prevalence of lameness. In particular, it is
necessary to identify whether different causes of lameness
have different risk factors. The present study examined the
prevalence of subclinical laminitis in Elazig, Turkey.

MATERIALS AND METHODS

We aimed to determine the prevalance of lesions associated
with subclinical laminitis in 1352 dairy cows originating 132
cow herds in Elazig province, Turkey, between 2007 and 2008.
Heifers were defined as animals more than 1.5 years of age
and more than 30 days before their first calving. Most of the
animals examined were either close to calving or within 3
months after calving. In all herds, dairy cattle were housed
in stalls with concrete floors and, in general, shallow litter
bedding material was used. During the summer, the cows were
confined to grass. During the winter, when weather permitted,
the cows were allowed to use an exercise area around the barn.
In general, the animals were fed a total mixed ration.

Claw lesions were diagnosed on the basis of macroscopic
examination before and after trimming to the correct claw
shape. Each cow was examined while it was restrained in lateral
recumbency or in a standing position. The trimming technique
included levelling the two claws, aiming for symmetric bulbs.
The axial and abaxial walls were both intended to be parts of
the bearing surface and the two claws were trimmed flat and
balanced with each other. The caudal 2/3 of the axial sole of
both claws was dished out. The lateral and medial claws of
the fore and hind limbs of each animal were examined after
thorough cleaning.

In this study, yellow discolouration and haemorrhage of
the white line and the sole, separation of the white line, erosion
of the heel, double sole, sole ulcers, flaky or chalky white
powder on the sole, abscessed soles were considered lesions
associated with subclinical laminitis. The soles of all 8 claws
per cow were scored for yellow discoloration, hemorrhage of
the white line, separation of the white line, hemorrhage of the
sole, erosion of the heel, yellow discoloration of the sole and
sole ulcers using an evaluation system described by Greenough
and Vermunt (30). The soles were divided into 6 zones (Figure
1). Double sole, yellow discoloration and hemorrhage of the
white line and the sole, sole ulcers, separation of the white
line and heel-horn erosions were scored either as absent (no
notation), mild (1), moderate (2) or severe (3). Definitions in
table 1 are adapted from Bergsten (46).

The presence of double sole, flaky or chalky white powder
on the sole and abscessed sole was also recorded. The recording
protocol did not differentiate between the inner and the outer
claw because most lesions occur in the outer hind claw and the
inner front claw (9,47).

The herdsmen were interviewed to obtain information
about nutrition, housing and trimming intervals of the herd.

RESULTS

The mean incidence of lameness (70%) during the winter
(November through April) was higher compared to the
summer (30%) during the months May through October. The
outside (lateral) claw of the hind legs, and the inside claws of
the front legs, were most often affected by laminitis. Of the
1352 cows selected for the study, 387 (28.6%) were lame. Of
these lame cows, 320 (82.7%) had 591 lesions that could be
associated subclinical laminitis. A total of 591 lesions causing
lameness were found in the study group, with 94% of these
lesions occurring in the hind feet. Of the lesions occurring in
hind feet, 83% occurred in the outside claw, 17% in the inner
claw. In forelimbs, 66% of lesions occurred on the inside
claw and 34% on the outer.

Table 2 shows the distributions of laminitis-related
claw lesions by age. While the lesions related to subclinical
laminitis were observed in 4.1% of the cattle aged 1.5-2 year
old, it was observed in 14.7% of the cattle aged 6 years old.

In the cows with the laminitis, one or a couple of lesions
associated subclinical laminitis were generally observed
together in the same claw. The most common lesions were
separation of the white line (21.0%) and haemorrhage of the
sole (20.3%) (Table 3). Erosion of the heel was observed
almost as frequently as separation of the white line and
haemorrhage of the sole. In comparison, yellow discoloration
of the sole, flaky or chalky white powder on the sole,
haemorrhage of the white line, sole ulcer, abscessed sole and
double sole were recorded less frequently than hemorrhage
of the sole and yellow discoloration of the sole. Most lesions
in front and hind claws were mild and heel horn erosions had
the highest prevalence of moderate to severe scores.

DISCUSSION

Laminitis-related claw lesions were more prevalent with
increasing age. This is partly in agreement with several studies
which found lameness increasing with age (16,17,37,48,49).
This might be the result of repeated scarring of the corium
with irreversible and cumulative damage to claw tissue.

The pathogenesis of laminitis is believed to be associated
with a disturbance in the microcirculation of blood in the corium,
which leads to breakdown of the dermal-epidermium between
the hoof and pedal bone. Rumen (lactic) acidosis is considered
to be a major predisposing cause of laminitis and presumably
mediates its destructive effects through various vasoactive
substances released in coincidence with development of
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rumen acidosis. These vasoactive substances initiate a cascade
of events in the vasculature of the corium, including increased
blood flow, thrombosis, ischemia, hypoxia, and arteriovenous
shunting (which directs the flow of blood directly from artery
to vein). The end result is oedema, haemorrhage, and necrosis
of corium tissues (30,33,34,38).

Many researchers have suggested an association between
subclinical laminitis (Pododermatitis aseptica diffusa) and
hoof lesions such as white line disease (Pododermatitis
zona alba), haemorrhage of the sole, erosion of the heel,
yellow discolouration of the sole, double sole, sole ulcers
(Pododermatitis circumscripta), and abscesses in the subsole
(Pododermatitis septica) (11,30,31,36,39,43,50). The finding
that haemorrhages of the sole increased with age is in contrast
with many previous studies of dairy cattle (16,22,37,51),
which found the highest incidence of haemorrhages of the
sole in primiparous cows. Dairy heifers experience major
changes in housing conditions, social environment, nutrition
and physiological demands, which might lead to increased
prevalence of haemorrhages during their first lactation. Stanek
et al. found that claw condition deteriorated with an increase
in body weight, and higher body weight with increasing age
might partly explain the relationship between increasing age
and more claw lesions (52).

Differences in claw shape, limb conformation, movement
and shifting of weight make the hind claws more predisposed
(29,47), and hind claws are also more exposed to dirty
environment. Sogstad ef al. found that 13.6% of the hind feet
in free-stall herds were affected by haemorrhages of the white
line and 20% by haemorrhages of the sole (37). The lower
prevalence of haemorrhages in beef-cow herds might be the
result of low-intensity feeding. Greenough et al. found that
high-energy feed increased the prevalence of toe and heel
haemorrhages in feedlot calves and of heel haemorrhages in
feedlot yearlings (20). External mechanical forces are also
considered to cause claw-horn disruption and haemorrhages
(12,37,51).

Sole ulcers are the result of haemorrhages and contusions
in the corium leading to claw-horn disruption and possible
infection (41). Thysen (53) found that the prevalence of sole
ulcers observed at claw trimming was not affected by the
housing system, which is in agreement with Sogstad et al.
(37). This suggests that metabolic and hormonal factors are
important in the pathogenesis of sole ulcers both in beef and
dairy cattle. The prevalence of sole ulcers in the present study
was also low compared to most previous studies of dairy cattle
(16).

UK studies have reported that sole ulcers and white line
lesions are the most common hoof lesions in cows (9,10).
Bargai and Levin observed 28.6% sole haemorrhages, 26.7%
white line separation and 14.5% sandy soles (54). Belge et
al. reported 61.4% hemorrhage of the sole, 58.5% yellow
discoloration of the sole, 23.9% erosion of the heel, 19% for
separation of the white line (5). Smilie et al. reported 26.7%

for sole haemorrhages, 36.2% for yellow waxy discoloration,
9.3% for separation of the white line and 13.3% for erosion of
the heel (43). In another study (39), 62.1% hemorrhage of the
sole, 27.1% erosion of the heel and 15.8% separation of the
white line were reported.

This variation may be due to a combination of many
factors, including breed types surveyed, genetic selection,
conformation characteristics, nutrition and feeding practices,
amount of milk production, manure handling systems, presence
or absence of certain types of infectious disease, and factors
related to the environment in which dairy cows are kept.

The most common lesions in the present study were
separation of the white line and hemorrhage of the sole. The
prevalence of separation of the white line was 21.0% and
the prevalence of haemorrhage of the sole was 20.3%. The
other findings recorded were 19.1% for erosion of the heel,
13.2% for yellow discoloration of the sole, 11.3% for yellow
discoloration and hemorrhage of the white line, 10.0% for
double sole, 2.0% for sole ulcer, 1.7% for flaky or chalky white
powder on the sole and 1.3% for abscessed sole. These findings
are in agreement with the above descriptions of prevalence of
the diseases (39,43,54).

Laminitis-related lesions have a multifactorial aetiology
and are influenced by nutrition, feeding routines, hormones
around calving and external and internal mechanical forces
(30). According to Stokka, laminitis may be the principal
cause of foot problems both in dairy and feedlot cattle (55).
However, when comparing with feedlots, it should be kept in
mind that most of those herds consist of bulls receiving a high-
energy diet. The finding of more laminitis-related lesions in
hind claws than in front claws is in agreement with previous
studies of dairy cattle (9,16,37).

The most common cause of laminitis is known to be a
high-energy diet. Feeding high-energy rations to dairy cows is
essential to maintain high production. However, the practice
of giving large amounts of concentrated food in the absence
of roughage could cause a reduction in rumen pH, which is
thought to predispose animals to laminitis (19,30,32,34,42).

CONCLUSION

Consequently, in this study it was shown that 82.7% of the
lameness found in cattle in the Elazig region of Turkey could
be associated with subclinical laminitis-related lesions.
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Figure 1. Zones of the Sole Source: VIth Symposium on
Diseases of the Ruminant Digit, Liverpool, 1990 (30).

Key for Zones
Zone 1. White zone (line) at the toe

Zone 2. Abaxial white zone (line)
Zone 3. Abaxial wall-bulb junction
Zone 4. Sole-bulb junction

Zone 5. Apex of the sole

Zone 6. Bulb (of heel)

Volume 65 (1) 2010

website:

WWW.isrvma.org 31



ARTICLES

Table 1.
Definition of Lameness and Claw Lesions Recorded at Trimming

Lesion Score* Definition
1 Asymmetric gait, bearing weight on all limbs
Lameness . . . .
2 Avoiding weight-bearing on one or more limbs
1 Slight defects of the horn integrity, pits and small fissures
Heel-horn erosion 2 V-shaped fissures or craters of the heel/bulb not affecting corium
3 V-shaped profound fissures or craters affecting corium of the heel/bulb

Slight haemorrhagic discoloration
Moderate haemorrhage on a single spot or several superficial haemorrhages covering >20% of the white line
Profound haemorrhage on a single spot or extensive haemorrhagic discoloration covering > 50% of the white line

Haemorrhages of 2
the white line

3
1 . L .
Slight haemorrhagic discoloration
Haemorrhages of 2 . . . o
the sole Moderate haemorrhage on a single spot or several superficial haemorrhages covering >20% of the sole surface
3 Profound haemorrhage on a single spot or extensive haemorrhagic discoloration covering > 50% of the sole
1 Exposed, unaffected corium
Sole ulcer 2 Granulation tissue, necrosis, purulent exudates and separation of the sole horn

3 As score 2 with additional affection of the deeper structures of the claw

White-line fissure 1 Fissure, which disappear with deep cut beneath normal trimming level

and separation of 2 Deep fissure perforating next to the corium of sole or wall

the wall and/or sole 3 Corium is affected with purulent exudates, eventually with necrosis, granulation tissue

* Lameness: score 1 = moderate, score 2 = severe. Claw lesions: score 1 = mild, score 2 = moderate, score 3 = severe. Absence
of lameness or claw lesions: no notation

Table 2.
Total Prevalence of Laminitis-Related Claw Lesions

Age (years) 1.5-2 3 4 5 6 7 8 9 >10
N“mb(‘l’lr:‘;fzz;‘imals 13 18 24 28 47 43 49 45 53
% 4.1 5.6 7.5 8.7 14.7 13.4 15.3 14.1 16.6
Table 3.
Prevalence (%) of Dairy Cattle with Lameness and Claw Lesions (n=320)
Lesions Number of lesions %
Separation of the white line (Fig 2) 124 21.0
Haemorrhage of the sole (Fig 3) 120 20.3
Erosion of the heel (Fig4,5) 113 19.1
Yellow discoloration of the sole (Fig 6) 78 13.2
Yellow discoloration and hemorrhage of the white line (Fig 7) 67 11.3
Double sole (Fig 6,7) 59 10.0
Sole ulcer (Fig 8) 12 2.0
Flaky or chalky white powder on the sole (Fig 2) 10 1.7
Abscessed sole (Fig 9) 8 1.3
Total 591 100
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Fig. 2: White line separation can be seen
in zone 2 and 4 on both digits and chalky

or flaky powder sole in zone 4. Fig. 3: Solar hemorrhage (large black
arrow) in zone 4 and 6 on the lateral
claw and double sole (small black
arrow).

Fig. 5: Diffuse white line separation
(black arrow) can be seen in zone 3 and
heel erosions (white arrow) in zone 6.

Fig. 6: Yellow discoloration (large
black arrow) and hemorrhage (small
black arrow) of the sole can be seen
in zones 1,2 and 4 on the medial claw
and double sole on the medial and
lateral claws of the hind limb

4 Fig. 8: There are deep and irregular heel
erosions (large black arrow) in zone 6 on
both digits and sole ulcer (small black
arrow) on the lateral claw of the hind limb.

Fig. 9: Abscessed sole (small black arrow)
and white line separation (large black arrow)
can be seen on the lateral claw.
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Fig. 4: There are deep and irregular
heel erosions (black arrow) in zone
6 and white line separation (white
arrow) in zone 1 on both digits of the
hind limb.

Fig. 7: Yellow discoloration (small
black arrow) and hemorrhage (large
black arrow and white arrow) of the
sole and white line can be seen in
zones 1,2,3.4, and 5 on both digits.
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