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Abstract
A study on claw disorders’ influence on milk production was performed during one year on 226 Simmental loose-reared cows. The first trial group
included 42, the second 37, and the third 34 cows, with claw changes observed in the first hundred days of lactation, between days 101 and 200,
between days 201 and 305, respectively. The control group included 113 cows with no observed changes. Lameness intensity was assessed once a
week. Milk yield data were collected three weeks before, in the week of treatment of claws and three weeks afterwards. There were significantly more
cows with lameness in the third group than in the other two groups, as well as the most cows with one affected limb in the first hundred days of the
lactation (P<0.05). Significantly fewer cows with two affected limbs were present in the first group. In the second group, more cows were observed
with two affected limbs than in the first group (P<0.05). In the third group, more cows with three or four affected limbs were noticed than in the
other groups. The most common claw disorders were: solar ulcer, laminitis, dermatitis digitalis and overgrown claws. Cows whose claws were affected
between days 101 and 200 of lactation period produced 231 kg less milk than those of the control group; cows whose claws were affected in the last
third of lactation produced 26 kg less milk. Nevertheless, no significant differences were found between milk yields of the control and trial groups
(P>0.05). Cows affected in the first third of lactation produced less milk (324 kg) than both healthy and cows with claw changes manifested in later
stages of lactation. Obtained data confirm that claw disorders may affect dairy production.
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Simental Süt İneklerinde Tırnak Bozukluklarının Süt Üretimine Etkisi
Öz
Açık sistem yetiştiriciliğinin yapıldığı 226 Simental inek üzerinde bir yıl boyunca tırnak bozukluklarının süt üretimi üzerine etkisine yönelik bir çalışma
gerçekleştirildi. Birinci deneme grubu, laktasyonun ilk yüz günlük döneminde olan ve tırnak değişiklikleri gösteren 42 inek; ikinci grup, laktasyonun
101 ile 200. günleri arasında olan ve tırnak değişiklikleri gösteren 37 inek ve üçüncü grup, laktasyonun 201 ile 305. günleri arasında olan ve tırnak
değişiklikleri gösteren 34 inekten oluşuyordu. Kontrol grubunu hiçbir tırnak bozukluğu gözlenmeyen 113 inek oluşmaktaydı. Topallık yoğunluğu
haftada bir değerlendirildi. Süt üretim verileri, tırnakların tedavisinden önceki üç haftalık dönem, tedavini yapıldığı hafta ve tedaviden sonraki üç
haftalık dönemlerde toplandı. Diğer iki gruba göre üçüncü grupta topallık gösteren inek sayısı çok daha fazlaydı ve bir ayağı etkilenmiş ineklere en fazla
laktasyonun ilk yüz günlük döneminde rastlandı (P<0.05). İki ayağı etkilen inek sayısı birinci grupta önemli ölçüde daha azdı. Birinci gruba oranla ikinci
grupta iki ayağı birden etkilenen inek sayısı daha fazlaydı (P<0.05). Üçüncü grupta ise diğer gruplara oranla üç veya dört ayağı etkilenmiş inek sayısı
daha fazalydı. En yaygın tırnak bozuklukları; taban ülseri, laminitis, dermatitis digitalis ve aşırı tırnak uzamasıydı. Kontrol grubu ile kıyaslandığında,
laktasyonun 101 ile 200. günleri arasında yer alan ve tırnak bozukluğu olan inekler 231 kg daha az süt üretirken, laktasyonun son üçte birlik kısmında
yer alan ve tırnak bozukluğu olan inekler ise 26 kg daha az süt üretmiştir. Bununla birlikte, kontrol ve deneme gruplarının süt verimleri arasında önemli
bir fark saptanmamıştır (P>0.05). Laktasyonun ilk üçte birlik döneminde bulunan inekler, hem kontrol hem de laktasyonun sonraki dönemlerinde
bulunan ve tırnak bozukluğu olan ineklere oranla daha az (324 kg) süt üretmiştir. Bulgular, tırnak bozukluklarının süt üretimini etkileyebileceğini
doğrulamaktadır.
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Introduction
Lameness caused by claw disorders is one of the most
important diseases in modern dairy cattle production worldwide [1,2], causing pain, distress, weight loss, decreased milk
production and reproductive performance, increased risk
of culling and treatment costs and death [2,3]. This condition
occurs as a result of many causes and predisposing factors
ranging from the environmental conditions to the
individual factors of the dairy cattle [1,4,5]. Claw disorders
are characterized by intensity, a number of affected limbs
and disease characteristics. An important predisposing
factor for lameness is claw overgrowth [1,3,4], particularly
in combination with hard flooring surfaces and weight
bearing disturbances. The most significant causes of hoof
overgrown in cows are genetic predisposition, insufficient
movement of animals, inadequate nutrition, and untimely
hoof trimming. Overgrowth of the hoof leads to deformation
of the hoof horn, exposure of the soft parts of the hoof,
development of degenerative and inflammatory processes,
all of which contribute to the appearance of claw disorders.
There are many risks for lameness, including season,
gestation and stage of lactation, previous disease and
parity, as well as a genetic determined intrinsic risk for
development of claw lesions [5]. Generally, the incidence
of lameness in dairy cows has been approximately 25%,
ranging from 1 to 55% [6,7]. According to literature data, the
most prevalent claw disorders in intensive dairy farming
are digital dermatitis, sole ulcer, white line disease, toe
necrosis and sole hemorrhage [8,9].
There is a growing amount of evidence worldwide
regarding the impacts of lameness on milk yield in dairy
cows, and numerous studies have been conducted from
different viewpoints [10-15]. According to Kibar and Çağlayan [16],
the shape of the lactation curve is influenced by herd
factors such as management and nutrition and individual
factors like genetics, parity, and disease. Discrepancies in
the literature regarding to the effect of lameness and claw
lesions on milk yield are partly the result of these complex
influences. Comprehensive literature data regarding the
impact of claw disorders on milk production in Serbia
were presented by Hristov et al.[2]. The loss of milk of 1.7-3.0
L/day occurs up to one month before and one month after
the treatment due to pain. According to Greenough [9]
the financial impact of claw disorders includes losses
from decreased production, cost of treatment, prolonged
calving interval, and possibly nursing labour. The study of
Charfeddine and Pérez-Cabal [17] demonstrated that claw
disorders have an important effect on the production and
performance of cows. Cases of dermatitis, sole ulcer and
white line disease reduce milk production, led to longer
days open intervals, and decrease productive life.
In this study, the hypothesis was that not only the
incidence of claw disorders and treatment significantly
affect the milk production, but the intensity of lameness of
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lactating cows may be correlated with a decrease in milk
yield, a number of affected limbs, types of diseases and
lactation period when lameness occurs as well. To test this,
the frequency distribution of the intensity of lameness,
number of affected legs, types of diseases and treatment
results were examined in different stages of lactation in
relation to the milk yield.

Material and Methods
The study was carried out on a dairy farm with 320
Simmental loose-reared cows during one year. The claws of
all cows were weekly observed for lameness and those that
were found to be affected were treated by veterinarians. A
total of 226 of 320 cows on the farm were used.
There were 113 cows without changes (control group)
and 113 cows in three groups of affected cows with claw
changes (including overgrown claws). The affected cows
were divided in three groups regarding the period of
lactation when changes were noticed and the therapeutic
treatment also was performed. There were 42 cows in the
first (1st) trial group with claw changes observed in the first
100 days of lactation. In the second (2nd) trial group there
were 37 cows with claw changes manifested between days
101 and 200 of lactation, and the third (3rd) trial group was
formed of 34 cows with claw changes noticed between
days 201 and 305 of lactation.
According to needs of current phisical conditions (body
mass, parity, milk production and phase of lactation),
cows were fed using five total mixed rations (TMR) with
17.57%, 22.57%, 21.61%, 22.28% and 25.20% of dry matter,
2764.65 g, 3542.27 g, 3339.87 g, 3669.33 g and 3961.99 g of
crude protein, and 104.77 MJ, 145.07 MJ, 136.11 MJ 150.81
MJ and 171.03 MJ of net energy content, respectively.
In preparation of TMR was used corn silage, alfalfa hay,
pea hay, peas and alfalfa, soybeans, semolina, sunflower
meal, beetroot pulp, corn grains, dried fodder peas grains
and mineral-vitamin supplement. Rations were delivered
by vertical mixer trailer, once a day, in the amount of 24
h. The cows consumed water ad libitum due to automatic
heated water througs. Floors were made of cement and
cleaned by manure scrapers were used on daily bases, and
lying areas were recovered with saw dust when neccesary.
The stall was equiped with fans for cooling and additional
ventilation. Preventive hygiene measures prescribed by
the Veterinary Law and the Program of animal health
protection measures took place.
Lameness intensity was assessed once a week according
to the Whay et al.[18], modified by Berry [19], on the concrete
floor in a narrow corridor. On the day of lameness diagnosis,
lameness intensity, number of affected limbs, the character
of claw diseases were determined and therapeutic claw
treatment were applied to all cows. Milk yields for the
control groups divided into three periods corresponded
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to the same periods used for three trial groups. Milk yield
data were collected using the software of computerized
milking parlor Westfalia SARD-C21 and by recording amounts
of raw milk obtained three weeks before, in the week of
therapeutic treatment of claws and three weeks after
treatment. Daily milk yields were recorded and average milk
yields for three phases of lactation (days 1 - 100, 101 - 200
and 201 - 305) were established and analyzed with respect
to the standard lactation curve and time of claw changes
occurrence. Correlations between lameness parameters,
such as lameness intensity, number of affected limbs,
character of claw disorder, time of claw treatment and milk
yield were calculated.
All statistical analyses were performed by Statgraphics
centurion XV [20]. Descriptive statistics, Pearson’s productmoment correlation coefficient and ANOVA-analysis was
performed regarding correlations between lameness
intensity, the number of affected limbs, the character of claw
disorder and time of claw treatment, and milk yields at the
time of treatment. The research took place in compliance
with the Serbian Law on Animal Welfare (Official Gazette
of the Republic of Serbia, No. 41/09) and Ordinance on
the conditions for registration for trial animals and the
keeping of such a register, training programs on welfare
for trial animals, request forms for approval of conducting
experiments on animals, keeping, treatment and killing trial
animals and reproduction, circulation, or implementation
experiments on animals (Official Gazette of the Republic of
Serbia, No. 39/10).
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results
In Fig. 1, Fig. 2 and Fig. 3 the distribution of lameness
intensity, number of affected limbs and types of claw
disorders, respectively, of all examined trial groups of cows
regarding the period of lactation were presented.
Different grades of lameness intensity were noticed
during all lactation periods (Fig. 1). It may be noted that
the number of the cows without the lameness decreased,
the number of the cows with a mild form of lameness
slightly variated, while the number of cows with moderate
lameness increased with respect to the lactation period.
The smallest number of cows in all three lactation periods
was with a severe form of lameness. Less cows without
lameness were found in the 3rd trial group (P<0.05), and
more cows with a moderate form of lameness were found
in the 3rd trial group than in both the 1st and the 2nd trial
groups (P<0.05).
Regarding the number of affected limbs (Fig. 2), most cows
of the 1st trial group had one affected limb in the period of
lactation until day 100 (20 cows), which was significantly
more than in the other two groups (P<0.05). The occurrence
of the disease in two or three limbs increased as lactation
progressed, since the lower lameness occurrence rate
observed in cows with two claws affected in the first
hundred days of lactation. There were significantly more
cows with three or four affected limbs in a period of 201
to 305 days than in earlier periods. Regarding diseases of

Fig 1. Lameness intensity distribution in trial
groups regarding the period of lactation

Fig 2. Distribution of cows according to the
number of affected limbs during different
periods of lactation
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Fig 3. Distribution of cows in trial groups
regarding the type of claw disorder

Fig 4. Lactation curves of three trial groups
of cows

Table 1. Milk production of cows with and without claw disorders
1st Trial Group
(days 1-100) (n=42)

Lactation Period, Days
Days after correction
Control group, x/cow, kg
All three trial groups, x/cow, kg
Statistical significance

2nd Trial Group
(days 101-200) (n=37)

3rd Trial Group
(days 201-305) (n=34)

day of
correction

7

14

305

day of
correction

7

14

305

day of
correction

7

14

305

22.69 x̄

23.24

23.60

6057

19.91

20.81

20.86

5970

19.21

19.25

19.26

6056

21.96

22.3

21.95

5733

19.37

19.87

19.43

5739

18.45

18.77

18.34

6030

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns: P>0.05; * P<0.05; ** P<0.01

the front or the hind limb, it was observed that more cows
(65 cows) had pathological changes on hind limbs than on
front limbs (6 cows). Both affected hind limbs were noticed
in 34 cows, while 31 cows had one hind limb affected. In
addition, 42 cows underwent changes on both front and
hind limbs, with 18 of them having some claw changes
and 24 cows with overgrown claws.

milk yields of all trial groups were almost equal. From the
middle to the end of the lactation period, higher milk yield
was determined for cows of the 3rd trial group.

Fig. 4 clearly demonstrates that lactation curves of the trial
groups differed from the standard lactation curve.

According to Table 1, cows whose claws were affected
between days 101 and 200 of lactation period produced
231 kg less milk than those of the control group, and
cows whose claws were affected in the last third of
lactation produced 26 kg milk less than those of the
control group. Nevertheless, no significant differences
were found between milk yields of the control and trial
groups (P>0.05). Cows that were affected in the first third
of lactation produced less milk (324 kg) than both healthy
cows and cows with claw changes manifested in later
stages of lactation.

In the 3rd trial group, lower production of milk was
determined in the first four months of lactation than in
the 1st and 2nd groups. In the fifth month of lactation, the

According to the results presented in Table 2, there was
no significant difference between milk yields three weeks
before and three weeks after claw treatment.

The type of claw disorder varied significantly amongst
groups (Fig. 3) and was related to the period of lactation.
The most common claw disorders in our study were solar
ulcer, laminitis, digital dermatitis and interdigital fibroma.
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Table 2. Daily milk yield with respect to time of claw correction
Daily Average Milk Yield, kg

3 Weeks Before
Correction

In the Week of
Correction

3 Weeks After
Correction

Influence of
Correction

LSD-Test

21.43±5.73

21.96±5.63

22.03±5.61

ns

ns

1st group, x
2 group, x

19.85±5.63

19.37±4.74

19.4±4.29

ns

ns

3rd group, x

19.57±4.66

18.45±5.08

17.8±5.44

ns

ns

Influence of the period
of lactation

ns

ns

ns

ns

ns

LSD-test

ns

ns

1st group : 3rd group
P<0.05

ns

ns

nd

ns: P>0.05; * P<0.05; ** P<0.01

Table 3. Correlations between lameness parameters and milk yield
Parameters
Milk yield 3 weeks before correction
Sample size, n

Lameness
Intensity

Number of Affected
Limbs

Character of
Disorders

Time of
Correction

0.0062

-0.1083

0.0826

-0.0930

113

113

113

113

P-value

0.9481

0.2534

0.3845

0.3274

Milk yield in the week of correction

-0.0927

-0.2192

0.1260

-0.2795

113

113

113

113

P-value

Sample size, n

0.3287

0.0197*

0.1837

0.0027**

Milk yield 3 weeks after correction

-0.0217

-0.1893

0.1467

-0.3318

113

113

113

113

0.8197

0.0446*

0.1210

0.0003**

Sample size, n
P-value
ns: P>0.05; * P<0.05; ** P<0.01

Three weeks after the treatment of claws, the difference
was significant between groups 1 and 3 (22.0 kg and
17.8 kg, respectively), due to a physiological drop of milk
production in the last third of lactation having in mind for
standard lactation curve and lactation persistence.
Milk yield of cows with claw disorders was lower compared
to ones with no claw disorders two weeks after the
treatment in all three phases of lactation (1.65 kg, 1.43 kg,
and 0.92 kg, respectively).
Correlations between lameness parameters and milk
yield are presented in Table 3. The significant negative
correlation between milk yield and the number of affected
limbs (P<0.05; r=-0.2192 and r=-0.1893) was found, as well
as a very significant negative correlation between milk
yield and time of claw treatment (P<0.01; r=-0.2795 and
r=-0.3318) in the week of treatment and three weeks later.

Discussion
The obtained results show that different types of lameness
in dairy cows occurred during all three lactation periods,
while its intensity changed during lactation. The study
results are in accordance with literature data regarding
etiology, time and frequency of major claw diseases [21].
Analysis of distribution of cows regarding to the affected

limbs occurrence during lactation showed that disease
in two or three limbs increased as lactation progressed,
since the lower lameness occurrence rate observed in
cows with two claws affected in the first hundred days of
lactation. Certain disease manifestations (laminitis, white
line disease, e.g.) on more cow limbs require more time to
develop [22]. Claw disorders findings during the last third of
lactation indicate that there was sufficient time to develop
clinical manifestations which will last longer in a number
of limbs. According to Greenough [22], claw diseases cannot
be diagnosed timely, so they may influence health and
production for a long time, which is in line with our results
as a whole.
Related to the period of lactation, the most common claw
disorders in performed study were solar ulcer, laminitis,
digital dermatitis and interdigital fibroma. The occurrence
of the solar ulcer decreased while the incidence of
laminitis increased as the lactation progressed. Digital
dermatitis was significantly more prevalent in the last
third of lactation. The occurrence of overgrown claws was
observed during the first two thirds of lactation, while
later was not recorded. Obtained results are in accordance
with literature data [5,8,23]. Most claw diseases occurres in
the time of calving [16]. Claw diseases, such as white-line
disease, sole ulcer, and hemorrhages, become visible after
2 to 3 months. These cows eat less; they are more reluctant
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to move and might consequently produce less milk than
cows without claw lesions.
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and time of claw treatment in the week of treatment and
three weeks later are consistent with the data presented
by Kos et al.[27], confirming that overgrown claws are fairly
common during the first two thirds of lactation. Overgrown
claws are one of the major factors in claw damage and
lameness development, but well-timed treatment in the
initial period of disease could decrease production loss [28]
and increase milk yield in the following lactation stages, as
it was observed in our study.

In the fifth month of lactation, the milk yields of all trial
groups became almost equal. From the middle to the end
of the lactation period, higher milk yield was determined
for cows of the third trial group. The larger decline in
milk production at the beginning of the second third of
lactation coincided with the occurrence of claw disorders.
These results show that the earlier occurrence of claw
disorders during lactation has more apparent influence
on the reduction of the milk yield compared to the later
occurrence. Hernandez et al.[11] found that during lactation,
31% of cows were affected with lameness caused by claw
lesions (60%), papillomatous digital dermatitis (31%) or
interdigital phlegmon (9%). Consequently, milk yield
of lame cows with interdigital phlegmon was significantly
lower (10%). Lame cows with papillomatous digital
dermatitis produced less milk than healthy cows, but the
difference was not significant. Similarly, there was a linear
relationship between milk yield and different increasing
grades of lameness of dairy cows and decreasing milk yield
among cows in their second or later lactations [12]. Amory
et al.[13] investigated the effect of lesion-specific causes
of lameness, based on farmer treatment and diagnosis
of lame cows, such as solar ulcer and white line disease.
Their results highlight that specific types of lameness
vary between and within herds, associated with higheryielding cattle [14,24]. Results of Correa-Valencia et al.[25] study
confirmed these findings, who found that non-infectious
foot lesions were more common than infectious (94.4 vs.
5.6%), white line disease was more frequently observed in
the hind limbs (79.6%) and more frequent in medial claws
of the front limbs (70.3%). In hind limbs, the lateral claws
were more commonly affected (65.7%). The significant
associations between most claw disorders and decreased
yield do not prove direct relationships in the study of
Kibar and Çağlayan [16]. Different aspects of the impact
of lameness on milk production have been investigated
by many authors. For instance, it was established that
summer season foot lesions were more severe than winter
season lesions, regardless of the stage of lactation [5,6].
Also, our study revealed that milk production, when foot
lesions occurred, was a determining factor of the amount
and pattern of milk loss only for cases during mid to late
lactation [10]. The positive impact of the claw treatment
was visible in the control group of cows, where the first
two weeks after treatment and even in the last third of
lactation an increase in the milk yield was noticed. In this
study, cows with claw disorders produced less milk than
those with no claw disorders two weeks after the claw
treatment in all three phases of lactation. Obtained study
results are in line with the literature data [10,15,26].

The lactation curves of the three trial groups of cows
revealed differences between milk yields in different
periods of lactation, indicating that the occurrence of
claw disease impacted milk production and changed the
shape of the lactation curve. Also, cows with affected claws
during the first period of lactation had lower milk production
compared with the control group. The most likely explanation
for this may be that claws are particularly susceptible during
partus and at the beginning of lactation [29]. According to
Ristevski et al.[21], high milk production is related to lameness
occurrence. Cows with claws that manifest disease later
have lower milk production in the early period of lactation,
which was also found in our research. According to
Charfeddine and Pérez-Cabal [17], severe lesions were less
frequent by far, but typically led to economic losses three
times greater than those associated with mild lesions. Data
on lesion incidence and economic costs could be used to
develop farm-based decision support tools that could
assist farmers to tackle lameness issues on their farms in
the most cost-effective manner. Results in the study are
also consistent with the study results of Onyiro et al.[30],
who found that poor locomotion was associated with
a significant reduction in the milk yield of later lactation
cows. There was a significant difference in the shape of the
lactation curve depending on whether or not the cow was
lame during lactation [16]. Studying an impact of mobility
score on milk yield and activity in dairy cattle, Reader et
al.[31] noted that lame cows had a reduced milk yield, both
before and after they were treated. The cows activity
was significantly lower with increasing mobility score;
the associations between activity and parity and month
of lactation were larger, indicating that once cows were
lame, they remained lame or became lame again despite
treatment, so they concluded that cows started to produce
less milk before their mobility was visibly impaired, which
is an acceptable explanation for our results. According to
Ristevski et al.[21], milk production is an important lameness
risk factor, since that high milk production and low or high
BCS are important for developing chronic lameness, as well
as that the interaction between milk production, a BCS and
metabolic parameters poses a higher risk for developing
chronic lameness in dairy cows in comparison with the
exposure to a single risk factor.

The significant negative correlation between milk yield
and the number of affected limbs was found, as well as a
very significant negative correlation between milk yield

Cows affected during the first third of the lactation revealed
a greater reduction of milk yield than cows which were
affected later. A positive effect of claw treatment could be
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seen between the first and the second third of lactation
when cows of the 1st trial group produced more milk
than other cows. As an immediate treatment followed
the diagnosis of claw disorder, a favorable effect of claw
treatment occurred through an increase of milk production
in the second period of lactation, like in other studies [28].
Results obtained in this study are consistent with literature
data [16,32] confirming that factors such as poor conditions
of rearing, social and hierarchical relationship problems,
presence of other diseases, such as claw diseases, which
for some reason cannot be observed timely and are
sometimes present in the initial period of lactation, may
reduce milk production during that period, but later, with
the cessation of their impact, milk production usually
increases [22]. Regardless of the cause, these cows do not
achieve the genetic potential for the quantity of produced
milk without spending metabolic reserves, and in the later
periods of lactation, consequently, an increase in milk
production follows. In addition, according to Alvergnas
et al.[33], the most efficient strategy seems to be early
detection and diagnosis, hygiene of floors and bedding,
and proper diet to avoid any ruminal acidosis or BCS drop.
According to data about influence of claw disorders
on milk production presented in this study, different
lameness intensities were observed during all periods of
lactation. A significantly higher number of cows with a
moderate form of lameness were found in the last third of
lactation. Cows affected in the first third of lactation had
lower milk production than both healthy cows and cows
with claw changes manifested in later lactation stages.
All presented data confirm that claw disorders may affect
dairy production of Simmental cows.

Acknowledgements
The paper was financed by the Ministry of Education,
Science and Technological Development of the Republic
of Serbia, project TR 31086. The authors thank dr Danijela
Đorđević, English language teacher of the Faculty of
Agriculture, University of Belgrade, and Dr Steve Quarrie,
Guest Professor, Biology Faculty, University of Belgrade for
proofreading and suggestions.

ZLATANOVIĆ, HRISTOV, STANKOVIĆ
CINCOVIĆ, NAKOV, BOJKOVSKI

References
1. EFSA: Scientific Opinion of the panel on animal health and welfare on
a request from the commission on the risk assessment of the impact of
housing, nutrition and feeding, management and genetic selection on
leg and locomotion problems in dairy cows. EFSA J, 1142, 1-57, 2009.
2. Hristov S, Zlatanović Z, Stanković B: Influence of lameness on yield
and composition of dairy milk. Proceedings of the International Symposium
on Animal Science (ISAS), 227-236, Herceg Novi, Montenegro, June 05-10th,
2017.
3. Coetzee JF, Shearer JK, Stock ML, Kleinhenz MD, van Amstel SR:
An update on the assessment and management of pain associated with
lameness in cattle. Vet Clin North Am: Food Anim Pract, 33 (2): 389-411,
2017. DOI: 10.1016/j.cvfa.2017.02.009
4. Hristov S, Stanković B, Zlatanović Z, Plavšić B: The most significant
predisposing factors and causes of lameness of dairy cows. Proceedings of
International Scientific Symposium of Agriculture “Agrosym Jahorina 2011”,
Republic of Srpska, 82-89, November 10-12th, 2011.
5. Zlatanović Z, Hristov S, Stanković B, Dokmanović M: The most
prevalent locomotion disorders of dairy cows in the loose system of
rearing. Proceedings of the First International Symposium on Animal Science,
Book I, 452-459, November 8-10th, Belgrade, Serbia, 2012.
6. Ito K, von Keyserlingk MAG, LeBlanc SJ, Weary DM: Lying behaviour
as an indicator of lameness in dairy cows. J Dairy Sci, 93, 3553-3560, 2010.
DOI: 10.3168/jds.2009-2951
7. Ózsvári L: Economic cost of lameness in dairy cattle herds. J Dairy Vet
Anim Res, 6(2): 00176, 2017. DOI: 10.15406/jdvar.2017.06.00176
8. Hristov S, Stanković B, Zlatanović Z, Relić R: The most prevalent
lameness disorders in dairy cattle. International Symposium on Animal
Science, 302-309, November 24-25th, Belgrade-Zemun, Serbia, 2016.
9. Greenough PR: Overview of lameness in cattle. http://www.
merckvetmanual.com/musculoskeletal-system/lameness-in-cattle/
overview-of-lameness-in-cattle; Accessed: 12.03.2019.
10. Coulon JB, Lescourret F, Fonty A: Effect of foot lesions on milk
production by dairy cows. J Dairy Sci, 79, 44-49. 1996. DOI: 10.3168/jds.
S0022-0302(96)76332-4
11. Hernandez J, Shearer JK, Webb DW: Effect of lameness on milk
yield in dairy cows. J Am Vet Med Assoc, 220, 640-644, 2002. DOI: 10.2460/
javma.2002.220.640
12. Hernandez JA, Garbarino EJ, Shearer JK, Risco CA, Thatcher
WW: Comparison of milk yield in dairy cows with different degrees
of lameness. J Am Vet Med Assoc, 227, 1292-1296, 2005. DOI: 10.2460/
javma.2005.227.1292
13. Amory JR, Barker ZE, Wright JL, Mason SA, Blowey RW, Green LE:
Associations between sole ulcer, white line disease and digital dermatitis
and the milk yield of 1824 dairy cows on 30 dairy cow farms in England
and Wales from February 2003 to November 2004. Prev Vet Med, 83, 381391, 2008. DOI: 10.1016/j.prevetmed.2007.09.007

Conflict of Interest

14. Green LE, Borkert J, Monti G, Tadich N: Associations between lesionspecific lameness and the milk yield of 1,635 dairy cows from seven herds
in the 10th region of Chile and implications for management of lame dairy
cows worldwide. Anim Welf, 19, 419-427, 2010.

The authors confirm no conflicts of interest regarding this
manuscript.

15. Zlatanović Z: Uticaj šepavosti na mlečnost krava simentalske rase
[The impact of lameness on milk yield of Simmental cows]. PhD Thesis,
University of Belgrade - Faculty of Agriculture, 2015.

Author Contribution Statement

16. Kibar M, Çağlayan T: Effect of hoof trimming on milk yield in dairy
cows with foot disease. Acta Sci Vet, 44:1370, 2016.

Z. Zlatanović and S. Hristov conceived and planned the
experiments. Z. Zlatanović, S. Hristov and B. Stanković
carried out the experiments. Z. Zlatanović, S. Hristov, B.
Stanković, M. Cincović, D. Nakov and J. Bojkovski contributed
to the interpretation of the results. S. Hristov took the lead
in writing the manuscript. All authors provided critical feedback and helped shape the research, analysis and manuscript.

17. Charfeddine N, Pérez-Cabal MA: Effect of claw disorders on milk
production, fertility, and longevity, and their economic impact in Spanish
Holstein cows. J Dairy Sci, 100 (1): 653-665, 2017. DOI: 10.3168/jds.201611434
18. Whay HR, Main DCJ, Green LE, Webster AJF: Assessment of the
welfare of dairy cattle using animal-based measurements: direct observations
and investigation of farm records. Vet Rec, 153, 197-202, 2003. DOI:
10.1136/vr.153.7.197
19. Berry SL: Locomotion scoring of dairy cattle. http://cdrf.org/wp-

110

Influence of Claw Disorders on ...

content/uploads/2012/06/11_1_Zinpro_locomotion_scoring.pdf;
Accessed: 12.03.2019.
20. Statgraphics: Centurion XV Version 15.2.06. 1982-2007, StatPoint, Inc.,
Herndon, USA. 2007.
21. Ristevski M, Toholj B, Cincović M, Trojačanec P, Starič J, Smolec O:
Milk production, body condition score and metabolic parameters at the
peak of lactation as risk factors for chronic lameness in dairy cows. Kafkas
Univ Vet Fak Derg, 23 (5): 721-727, 2017. DOI: 10.9775/kvfd.2017.17593

Research Article

10.3168/jds.S0022-0302(01)74642-5
27. Kos J, Babić T, Vnuk D, Džaja P, Smolec O: Laminitis u goveda [Bovine
laminitis]. Hrv Vet Vjesnik, 29 (1): 5-17, 2006.
28. Fjeldaas T, Sogstad AM, Østerås O: Claw trimming routines in
relation to claw lesions, claw shape and lameness in Norwegian dairy
herds housed in tie stalls and free stalls. Prev Vet Med, 73, 255-271, 2006.
DOI: 10.1016/j.prevetmed.2005.09.004

22. Greenough P: Bovine Laminitis and Lameness. 1st ed., 328, Saunders
Ltd, Elsevier, Philadelphia, USA, 2007.

29. Webster AJF: Effects of housing practices on the development of
foot lesions in dairy heifer in early lactation. Vet Rec, 151, 9-12, 2002. DOI:
10.1136/vr.151.1.9

23. Hadžić I, Pavlović I, Hudina V, Anđelić Buzadžić G, Bojkovski J:
Dermatitis interdigitalis and dermatitis digitalis the great problem on cattle
production. Bull Univ Agric Sci Vet Med Cluj Napoca, 70 (2): 242-248, 2013.

30. Onyiro OM, Offer J, Brotherstone S: Risk factors and milk yield
losses associated with lameness in Holstein-Friesian dairy cattle. Animal,
2, 1230-1237, 2008. DOI: 10.1017/S1751731108002279

24. Bicalho RC, Warnick LD, Guard CL: Strategies to analyze milk losses
caused by diseases with potential incidence throughout the lactation:
a lameness example. J Dairy Sci, 91, 2653-2661, 2008. DOI: 10.3168/
jds.2007-0744

31. Reader JD, Green MJ, Kaler J, Mason SA, Green LE: Effect of mobility
score on milk yield and activity in dairy cattle. J Dairy Sci, 94, 5045-5052,
2011. DOI: 10.3168/jds.2011-4415

25. Correa-Valencia NM, Castaño-Aguilar IR, Shearer JK, ArangoSabogal JC, Fecteau G: Frequency and distribution of foot lesions
identified during cattle hoof trimming in the Province of Antioquia,
Colombia (2011–2016). Trop Anim Health Prod, 51 (1): 17-24, 2019. DOI:
10.1007/s11250-018-1652-1
26. Warnick LD, Janssen D, Guard CL, Grohn YT: The effect of lameness
on milk production in dairy cows. J Dairy Sci, 84, 1988-1997, 2001. DOI:

32. Fjeldaas T, Sogstad AM, Østerås O: Locomotion and claw disorders
in Norwegian dairy cows housed in freestalls with slatted concrete, solid
concrete or solid rubber flooring in the alleys. J Dairy Sci, 94, 1243-1255,
2011. DOI: 10.3168/jds.2010-3173
33. Alvergnas M, Strabel T, Rzewuska K, Sell-Kubiak E: Claw disorders
in dairy cattle: Effects on production, welfare and farm economics with
possible prevention methods. Livest Sci, 222, 54-64, 2019. DOI: 10.1016/j.
livsci.2019.02.011

