
SUMMARY
Lameness as a consequence of hoof disorders is gaining significance in animal health considerations with a particular impact in
tie-hold systems. Preventive hoof trimming becomes an important zootechnic measure and procedure for the health and wel-
fare improvement of cows. The objective of our study was to demonstrate findings of sole ulcers and white line diseases of cat-
tle on smallholder farms. Another aspect was to display our observations on hoof trimming within the perspective of sole ul-
cers and white line disease in the examined herds. A total of 108 Simmental cows from 14 small noncommercial farms located
in the Mačva district, Western Serbia, from March to October in 2020 were observed. The trimming procedure was performed
by the Dutch method with cows fixed in a mobile chute for hoof trimming. Also, medical treatment of the hoof was provided
as needed, using orthopedic foot blocks (wooden and rubberized blocks). Before treatment the white line disease and sole ul-
cers were present in 12 herds (85.7%). After treatment, there was a decrease in the frequency of sole ulcers positive herds (from
85.7% to 78.5%), while the frequency of white line disease in herds remained unchanged. Regarding cows, a frequency of white
line disease of 25.0% was reduced to 18.5%, showing a significant difference (p<0.05) before and after treatment. The frequen-
cy of sole ulcers in cows of 23.1% was reduced to 15.7% on re-examination six months after trimming though the difference
was not significant, respectively (P<0.05). White line disease and sole ulcers are widespread diseases of hooves on small noncommercial
farms in Serbia. This study also provides insights that show the health status of cows’ hooves and demonstrated the importance
of regular hoof trimming. Our findings suggest that regular hoof trimming (twice a year) and adequate housing conditions are
crucial for improving the health of hooves.
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INTRODUCTION

Lameness of dairy cows is one of the most common reasons for
their exclusion from production1. Factors that lead to lameness
are constant holding in deep litter straw beds, insufficient wear
of the horn, irregular trimming of the hooves, poor horn qual-
ity, mechanical lesions, and wet conditions in stalls as well as the
breed and nutrition2. The most usual noninfective lesions
which occur in dairy cattle are sole ulcers and white line disease3,
which together lead to the greatest economic losses among all
foot diseases in dairy cattle4. They directly decrease the milk yield,
lead to weight loss5,6 and affect the occurrence of reproductive
disorders7. High milk yield, age, and body condition of cows can
all be risk factors for the development of white line disease and
sole ulcers of cows8. In Hungary economic losses due to lame-
ness were € 61.60 per cow or € 320.10 per case9. The main cause
of white line disease and sole ulcers is laminitis10. The sole ul-
cer is specific lesions of the sole, and has a multifactorial etiol-
ogy11. As a consequence of laminitis, there are circulatory
changes resulting from rotation of the phalangeal bone, these sta-
tistical-mechanical changes lead to pressure on the corium of the
soles and development of haemorrhagic-necrotic changes and

predisposition to the appearance of sole ulcers12, 13. Vascular
changes at the site ulcer include edema, hemmorhages, necro-
sis and an increased number of arterio-venous anastomoses14.
The pathological process in sole ulcers is the most prevalently
located on the hind legs, on the outer claw of the hoof because
it carries more weight than the inner claw15. Neglecting of hoof
trimming procedure leads to horn overgrowth followed by the
increased incidence of sole ulcers16. The risk of developing sole
ulcers is higher if cows stand longer on a solid surface11. White
line disease involves hemorrhage, fissure, and abscess between
the sole and the wall of the hoof and is predominantly localized
to the outer claw of the hind hoof17,18. Laminitis, which disrupts
blood flow to the corium, leads to poor production and quali-
ty of keratinocytes that result in cracks in between keratinocytes
along the white line and the development of while line disease10.
Due to changes along the white line, a separation wall occurs be-
tween the hoof wall and the sole of hoof18. Loss of continuity be-
tween the sole and the wall of the hoof allows the colonization
of pathogenic bacteria aided by environmental factors moisture
and dirty surroundings, and penetration to the corium can re-
sult in the appearance of lameness19.
Cows with lameness are 25% less likely to remain pregnant, which
is in line with the fact that the highest prevalence of sole ulcers
is around the peak of lactation8. Studies have shown that the im-
pact of sole ulcers and white lines can lead to a reduction of milk
production by 574 kg and 369 kg per lactation, respectively20.
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Cows affected with white line disease and sole ulcers in the first
third of lactation had milk production reduced by 324 kg com-
pared with later lactation stages21. Hoof trimming aims to im-
prove the balance of the foot, provide relief from the overgrown
horn, improve the health of hooves, and to prevent the onset of
hoof diseases, and usage of therapeutics22,23. We have estimated
the frequencies of white line disease and sole ulcers on small farms
in Serbia because of the lack of detailed data on the frequencies
of these diseases in Serbia. The subject is also of particular in-
terest due to the choice of breed of cows, and their housing. Thus,
the aim of this report is to deliver the first information on white
line and sole ulcers in smallholders’ farms in the Ma va district
in the Republic of Serbia and to study the effect of hoof treat-
ment on the frequency of hoof diseases.

MATERIAL AND METHODS

Study population
This study was conducted on a total of 108 Simmental dairy
cows from 14 smallholders’ farms located in four municipal-
ities (Vladimirci, Koceljeva, Šabac, and Loznica) in the Ma va
district, Western Serbia. Ages of cows were from 3 to 9 years.
All cows enrolled in this study were kept in tie-stall farms, from
the first to seventh lactation with an average yearly milk yield
of 5700 kg. The diet, although not uniform in all farms, was
based on corn silage, alfalfa hay, and concentrate with about
16% protein in the meal. All herds had a concrete stall base with
deep litter straw beds. The study took place from March to Oc-
tober 2020. All cows had their hooves trimmed between 60 and
180 days of lactation. 

Data collected 
Information regarding milk yield and feeding was obtained by
interview with farm owners. The clinical examination focused
on all possible visible alterations on the hooves. Changes were

exclusively found on hind feet, with no alterations exhibited
on front feet hoofs. The history of previous hoof trimming was
not disclosed by all farmers. The trimming procedure was per-
formed using the Dutch method, with cows fixed in a mobile
chute for hoof trimming. In additional, medical treatment of
the hoof was provided as needed, using orthopedic foot
blocks (wooden and rubberized block). 

Statistical analysis
Descriptive statistics were prepared using the office software
package (Microsoft® Excel® MSO, 2016), while the significance
of differences before and after treatment was tested using a
paired-sample t-test in GraphPad® Prism®6 software. Farms
with fewer than 7 cows were excluded from the statistical com-
parison of the observed groups. P-values ≤0.05 were consid-
ered significant. 

Statement of ethical compliance 
The experiment was done in compliance with Serbian Law on
Animal Welfare (Official Gazette of the Republic of Serbia No
41/09) and Ordinance on the conditions for registration for ex-
perimental animals and the keeping of such a register, train-
ing programs on welfare on experimental animals, request forms
for approval of conducting experiments on animals, standing,
treatment and killing experimental animals and reproduction,
circulation, or implementation experiments on animals (Of-
ficial Gazette of the Republic of Serbia No 39/10). 

RESULTS

The average size of the herds in this study was 7.71 with standard
deviation of 4.18 cows. In this study, both lesions concomitant-
ly, white line disease and sole ulcers, were present in 10 of 14 herds
(71.43%). Data of the frequency of white line disease and sole ul-
cers on smallholders’ farms are presented in Table 1.

1 15 4 2 4 0

2 3 0 1 0 1

3 8 2 2 1 2

4 12 3 3 1 2

5 8 0 2 1 2

6 3 1 0 1 0

7 6 1 2 2 0

8 14 3 3 2 1

9 11 2 5 1 4

10 1 1 1 0 1

11 7 3 0 2 1

12 6 2 1 1 1

13 5 3 1 3 1

14 9 2 2 1 1

Total 108 27 25 20 17

Frequency % 25 23.1 18.5 15.7

Table 1 - Occurrence of sole ulcer and white line diseases in cows on smallholders’ farms.

Number of Before treatment After treatment
cows in herd White line disease Sole ulcers White line disease Sole ulcers
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White line disease 
Before treatment the frequency of white line disease was pres-
ent in 12 out of 14 herds (85.71%). Amongst the 108 examined
cows, the frequency of white line disease was 27 (25.0%). Af-
ter treatment, the frequency of herds with white line disease
remained unchanged, but the frequency of white line disease
on the 108 cows was reduced to 20 (18.5%); a significant dif-
ference in the occurrence of white line disease in cows before
and after hoof trimming of P<0.05 (P=0.0479). 

Sole ulcer
Prior to treatment, sole ulcer frequency was esssentially the same
as the white line disease i.e. present in 12 of the 14 herds
(85.71%), and found in 25 (23.1%) cows. Subsequent to treat-
ment, the number of herds affected dropped to 11 (78.6%), and
the number of findings dropped to 17 (15.7%) cows. Decrease
of sole ulcers showed no significant difference before and af-
ter treatment (P>0.05, P=0.0796). 

DISCUSSION

Regular hoof trimming enables insight into the health con-
dition of the hoof and detection of subclinical claw lesions
before the appearance of visible lameness. The importance of
determining the frequency of hoof disorders in the herd is con-
siderable, because farmers notice when cows become lame.
White line disease and sole ulcers are the most common claw
lesions in dairy cows12. On the territory of Serbia, previous
authors have estimated the frequency of white line disease and
sole ulcers in cows to be 6.18% and 3.35% on mini-farms in
mountainous Serbian areas24. Contrary to this, Bojkovski et
al.13 estimated the frequency of sole ulcers 21.83% cows on
seven farms with tie stall housing. The variable frequencies
of white line disease and sole ulcer may be due to the fact that
some cows develop pathological lesions without observable
lameness25. The prevalences of white line disease and sole ul-
cers were 12.1% and 9.4%, respectively, in free stalls with deep
straw bedding in Slovakia26. Four main risk factors may have
caused the findings in our study: irregular hoof trimming,
non-adequate conditions, wet, dirty surroundings, the neg-
ative effects of concrete flooring with deep litter straw beds,
so the probabilities for the occurrence of white line disease
and sole ulcers were high in the presence of these predisposing
factors27. Body condition score (BCS) and digital cushion
thickness are factors that may affect our results. Cows with
BCS <3.5 have higher probabilities of foot disease, and com-
position digital cushion, therefore ratio of connective and adi-
pose tissue have plays in the onset of hoof disease28. Due to
insufficient walking surfaces on the farms, the tied way of keep-
ing the cows does not lead to even wear of the horn and is it-
self an introduction to the appearance of hoof disorders. How-
ever, a significant factor influencing the overall health of cows
is hoof trimming29, which had a positive impact, leading to
a decrease in the frequency of white line disease and sole ul-
cers in our study. 
A prevalence of white line disease of 8.8% was found in Swe-
den12. Sole ulcers were reported in 85% of herds in the
Netherlands with a 1-5% prevalence among cows11. A factor
that may have affected the results in our study was the lack of
previous or irregular trimming practice of cows amongst the
farms we studied.

Using deep litter straw beds for beddings was found to reduce
the prevalence of white line disease and sole ulcers30, and our
general observation supports these findings for decreased fre-
quencies of white line disease and sole ulcers. On the other hand,
there are reports that hoof trimming may not lead to reduced
prevalence of sole ulcers31 and our findings haven’t shown a sta-
tistically significant reduction of sole ulcer frequency on the
observed farms (P>0.05). The appearance of white line disease
and sole ulcers in Simmental cows has been rarely investigat-
ed concerning lameness. 

CONCLUSION

White line disease and sole ulcers are widespread diseases of
hooves on small noncommercial farms in Serbia. This study
also provided insights into the health status of cows’ hooves and
demonstrated the importance of regular hoof trimming.
Regular hoof trimming twice a year with adequate ambient con-
ditions can maintain the good health of hooves. 
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