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Introduction 

Bergsten, C. and B. Frank: Sole haemorrhages in tied heifers in early gestation as 
an indicator oflaminitis: Effects of diet and flooring. Acta vet. scand. 1996, 37, 375-
382. - The influence of feeding a high concentrate diet and of different types of floor 
surface on the prevalence and severity of haemorrhages of the sole horn was studied m 
60 Swedish Fries1an heifers dunng early pregnancy. For 4 weeks, out of a total observa­
tion period of 17 weeks, half the animals were offered 6.5 kg/day of concentrates while 
the others were fed a standard diet consisting mamly of roughage. Half the animals were 
kept on rubber mats and half on a concrete floor. The hooves were trimmed and the soles 
were photographed at the start and at the end of the expenment. The photographs were 
evaluated, each claw was scored for sole haemorrhages, and the total score for all 8 
claws was calculated. No differences were observed between the groups m the scores of 
sole haemorrhages at any trtmmmg. The scores were significantly higher at the first than 
at the second trimming, probably as a consequence of an abrubt change of floor surface 
2-3 months before the first trtmmmg. The study provides indirect evidence that events 
relating specifically to calvmg are hkely to be crucial nsk factors for sole haemorrhages 
and lamimtts. 

concentrate diet; concrete floor; foot disease; rubber mat. 

Laminitis (Pododermatitis aseptica dijfusa) in 
cattle is a multifactorial disease of which the 
aetiology and pathogenesis are not fully under­
stood. Its clinical signs are variable in their 
progress and severity (Nilsson 1963, Andersson 
& Liberg 1980) and a subclinical form is com­
mon in housed dairy cattle (Peterse 1980, Ene­
voldsen et al. 1991, Bergsten 1994). Both the 
clinical and subclinical forms of the disease can 
be revealed retrospectively by the appearance 
of sole haemorrhages, which occur most com­
monly 2 to 4 months after calving (Peterse 
1980, Bergsten et al. 1986). Sole haemorrhages 
are considered to be an early stage of sole ulcer 
(Pododermatitis circumscripta) and white line 

disease (Pododermatitis zona alba), complica­
tions which are quite common in dairy cattle 
(Edwards 1982, Greenough 1985). Clinical 
laminitis and sole haemorrhages have also been 
observed in young heifer calves and pregnant 
heifers (Bradley et al. 1989, Greenough & ver­
munt 1991, Bargai et al. 1992, Frankena et al. 
1992), and in male cattle of various ages 
(MacLean 1966, Greenough & Gacek 1987, 
Rousseau & Fostier 1988, Greenough et al. 
1990). However, the lesions in these types of 
cattle are less severe and usually regress spon­
taneously without complications. Many risk 
factors for laminitis in dairy cattle have been 
discussed; among the most important factors 
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are high levels of concentrate feeding and con­
crete flooring. 
The aim of this investigation was to study the 
effects of diet and flooring as risk factors for 
laminitis; the incidence of sole haemorrhages 
was estimated in groups of tied heifers in early 
gestation which were fed either a high or low 
concentrate diet and housed in accommodation 
with different types of flooring. 

Materials and methods 
Animals 
The experiment used 60 Swedish Friesian heif­
ers which were the offspring of 8 sires. They 
were born in the herd of the University Re­
search Station, Alnarp, between July 1984 and 
January 1985. They all grazed from May to Oc­
tober 1986, and during that time they received 
no supplementary feed except for a vitaminized 
mineral supplement. At the beginning of the ex­
periment they ranged in age from 24 to 30 
months. 

Accommodation 
The trial lasted from the end of January to the 
end of May 1987, while the animals were 
housed. The barn was provided with a section 
with tie-stalls and a section with cubicles. 
The tie-stall section had short stalls (1.8 mxl.3 
m) with a concrete floor and a partition between 
each animal. The heifers were tied with cross­
ties and had individual mangers (Fig. 1 ). Half 
the stalls had rubber mats. Sawdust and 
chopped straw were provided twice a day as 
bedding. 
The cubicles (2.2 mxl .2 m) had a concrete floor 
and an edge ( 10 cm height) at the rear to keep a 
layer of sawdust which was provided as bed­
ding. The alleyways had concrete slats, and the 
feeding gates were self-locking. 

Experimental procedure 
All the heifers were housed in the cubicle sec-
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tion in November 1986 and fed straw ad libitum 
and a vitaminized mineral supplement. They 
were synchronized and then artificially insemi­
nated between November 1986 and January 
1987; their expected calving dates were from 
August to November. 
In the middle of January they were all moved to 
the tie-stall section and assigned to 4 groups, 
balanced as far as possible with respect to age, 
sire and live weight. Two of the groups were 
randomly accommodated in stalls with concrete 
floors (C) and 2 in stalls with rubber mats (R). 
The 2 groups on each type of floor were then as­
signed to be fed either a standard diet (S) or a 
high concentrate diet (H), as illustrated m Table 
1. 
For 2 weeks all the animals were fed the stan­
dard conventional diet, and then during the next 
2 weeks an attempt was made to adapt the high 
concentrate group gradually to a diet contain­
ing 9 kg/day of concentrates. However, some of 
them developed diarrhoea and the final amount 
of concentrates was reduced to 6.5 kg/day. This 
full concentrate diet was then fed to the high 
concentrate group for 4 weeks, after which the 

Table 1 The mean daily consumpt10n of the differ­
ent feedstuffs, dry matter (DM), metabohzable en­
ergy (ME) and d1gest1ble crude protem (DCP) by the 
heifers fed the standard and high concentrate diets. 
The standard diet was fed to 2 of the groups of heif­
ers throughout the expenment and the high concen­
trate diet was fed to the other 2 groups for 4 weeks. 

Diet Standard Htgh 
concentrate 

Beet pulp silage, kg DM 3.0 1.0 
Straw, kg 4.0 3.8 
Gram*,kg 0.4 6.5 
Rape seed meal, kg 1.0 
DM,kg 7-7 10.0 
ME,MJ 71 105 
DCP,g 542 496 

* Barley 50%, Oats 50%. 
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amount of concentrates was reduced succes­
sively over 2 weeks until they were receiving 
the standard diet, which was then fed for a fur­
ther 7 weeks until the end of the experiment. 
The group fed the standard diet received this 
diet throughout the experiment. 
The animals were weighed at the beginning and 
end of the experiment. The mean weights ( sd) 
at the beginning were 504 (46) kg, 506 (47) kg, 
509 ( 46) kg and 509 (54) kg, for groups SR, SC, 
HR and HC, respectively. 

Records of haemorrhages of the sole horn 
The hooves of all the animals were trimmed in 
the second pre-experimental week and again at 
the end of the experiment 16 weeks later. The 
surface of the sole was photographed on both 
occasions by the technique of Bergsten (1993). 
The sets of photographs were evaluated to­
gether by 2 people who had no knowledge of 
the groups to which the animals belonged, and 
they were assigned scores on a 6-point scale: 
0 = no haemorrhages 
1 = slight haemorrhages covering a small area 
2 = slight haemorrhages covering a large area 

or moderate haemorrhages covering a small 
area 

3 = moderate haemorrhages covering a large 
area 

4 = severe haemorrhages covering a small area 
5 = severe haemorrhages covering a large area 

or exposed corium (sole ulcer). 

Statistical analysis 
The scores for all the claws of each animal were 
added together, and median scores were calcu­
lated for each group. The difference between 
the scores observed at the first and second trim­
ming was calculated and termed the net score. 
The differences between the scores of the 
groups were analysed by the Kruskal-Wallis 
non-parametric test (Kruskal & Wallis 1952) 
and associations between the scores and the 
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weights by linear regression (SAS Institute Inc 
1987). 

Results 
The median and 10% and 90% quantiles of the 
haemorrhage scores of the 4 groups of heifers 
are shown in Table 2. All the groups of heifers 
had higher scores at the first trimming than at 
the second (p<0.001), but there were no signif­
icant differences between the scores of the 4 
groups at either trimming or between their net 
scores. No clinical lameness was observed, al­
though a few animals in each group adopted an 
awkward stance for a short period. None of the 
animals had a score of 3 or more on a single 
claw at any trimming. 
The animals fed the high concentrate diet 
gained in weight by an average of 746 g/day 
during the experiment, significantly more than 
the animals fed the conventional diet which 
gained on average 652 g/day (p<0.05). A signif­
icant (p<0.05) positive association between the 
score at second trimming and the weight differ­
ence from the beginning to the end of the ex­
periment was found among animals on concrete 
stalls. However, no association was found 
between the score at first trimming and any re­
corded weight. 

Discussion 
The different diets and different floors had no 
significant effect on the scores of sole haemor­
rhages in the 4 groups of heifers. However, the 
scores were higher at the end of January than at 
the end of May and this result was probably due 
to the abrupt change of floor surface when, in 
November, the heifers were brought off grass 
into the cubicle section of the barn which had a 
floor with concrete slats. Bradley et al. (1989) 
observed that 18-month-old Holstein heifers 
developed moderate to severe haemorrhages of 
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Table 2. The median and 10"/o and 90% quantde haemorrhage scores in the sole horn of all the claws of each 
group of heifers (N = number of animals) before and after the experimental penod, and the difference between 
them (net score). The groups were fed either a standard diet (S) or a high concentrate diet (H), and were housed 
on either a concrete floor (C) or rubber mats (R). NS =not sigruficant (p>0.05, Kruskal Walhs test). 

N Before 

Median 10%, 90".4 

HC 15 4.0 0 6 
SC 15 2.0 1 7 
HR 15 4.0 2 8 
SR 15 4.0 1 8 
Sign. NS 

the sole horn when they were housed on con­
crete slats, but that the lesions had disappeared 
when they were examined 3 months later. Gree­
nough & Vermunt (1991) also related sole hae­
morrhages in heifers in early pregnancy to their 
abrupt introduction to concrete, slatted floor­
ing, and Frankena et al. (1992) found that fe­
male dairy calves housed on concrete slats had 
considerably more sole haemorrhages than ani­
mals kept on straw. 
There was no difference between the scores of 
the heifers kept on rubber mats or concrete, 
even in May, when they had been used to the 
different surfaces for 4 months. In contrast, 
Bergsten (1994) found that rubber mats re­
duced the risk of haemorrhages of the sole in 
lactating dairy cows, even when they had been 
used to a life indoors. The heifers in the present 
experiment were relatively heavy, and it is 
therefore probable that the different results 
were attributable to the fact that the cows were 
lactating and receiving a lactation diet, rather 
than to the fact that the load on their hooves was 
particularly heavy. In spite of the fact that the 
scores were lower at the second trimming a pos­
itive association with weight gain was present 
in the 2 groups on concrete floor. It seems pos­
sible that any such effect was suppressed in the 
groups on rubber mats. Greenough & Vermunt 
(1991) found an association between weight at 

After Net score 
Median 10%, 90".4 Median 10%, 90% 

1.0 0 2 -3.0 -5 1 
2.0 0 3 -1.0 -4 0 
1.0 0 3 -2.0 -8 0 
1.0 0 2 -2.0 --6 0 

NS NS 

breeding and sole haemorrhage score from 4 
months before calving, whereas no such rela­
tions were found in the present study. 
The vague effect of the rubber mats on these 
young animals, which were accustomed to a life 
indoors, seems reasonable, but the lack of effect 
of the high concentrate diet was surprising. For 
example, it has been reported that high concen­
trate diets increased the prevalence of sole hae­
morrhages in feed-lot calves and yearlings 
(Greenough et al. 1990), bullocks (Rousseau & 
Fostier 1988) and dairy calves (Bargai et al. 
1992), and MacLean ( 1966) related laminitis to 
the feeding of high levels ofbarley in young in­
tensive beef units. On the other hand, clinical 
signs of laminitis are uncommon among beef 
animals raised in systems which provide free 
access to concentrates and very restricted 
amounts of roughages in Sweden. It is possible 
that if the animals could have been fed the full 
planned amount of 9 kg/day of concentrates or 
fed the diet during a longer period, significant 
differences might have been observed. 
Haemorrhages in the distal surface of the sole 
horn are the result of a pathological disturbance 
in the corium about 2 to 4 months earlier (Pe­
terse 1980, Bergsten et al. 1986). The interval 
varies according to the load on the hooves and 
the rates of growth and wear of the horn. In this 
experiment the hooves were trimmed for the 
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second time 13 weeks after the heifers had be­
gun the high concentrate diet and 7 weeks after 
they had returned to the standard diet. The 
hooves were trimmed stepwise to reveal all the 
haemorrhages, and there was therefore little 
risk of missing any of them. 
The lack of any significant increases in the inci­
dence of haemorrhages in the hooves of these 
heifers during early pregnancy, either as a result 
of eating a high concentrate diet or housing on 
concrete floors, provides indirect evidence that 
events related to the periparturial period are 
likely to be crucial for the development of asep­
tic inflammation of the hoof corium. This in­
flammation is responsible for the laminitis and 
haemorrhages in the sole observed from 2 
months later. It seems likely that a change in the 
hormonal pattern, or some other undefined fac­
tor operating during the peripartal period, in­
creases the susceptibility of cows to other risk 
factors such as diet and the type of floonng. 
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Sammanfattning 
Sulblodmngar som mdzkatwn pd fang hos upp­
bundna kvzgor 1 t1d1g driikhghet mverkan av uifod­
rmg och bdspallsunderlag 

lnverkan av utfodnng med en hog kraftfoderg1va och 
ohka baspallsunderlag pa forkomsten och graden av 
sulb!Odmngar studerades hos 60 SLB-kv1gor 1 tldig 
driiktighet. Under en 17 veckors observatlonspenod 
gavs hiilften av djuren under fyra veckor en daghg 
kraftfoderg1va bestaende av 6,5 kg spannmfil samt 
grovfoder medan ovnga dJur erbJods en norrnalfo­
derstat huvudsakhgen bestaende av grovfoder Hiilf­
ten av dJuren var uppstallade pa gunim1matta och 

hiilften pa betong-baspall. Klovarna pa samthga djur 
verkades och klovsulorna fotograferades i borjan och 
slutet av forsoket Klovbilderna bedomdes och sul­
blodningar pa varje klovhalva poiingsattes varefter 
poangen fran de 8 klovhalvoma surnmerades och an­
gavs som sulb!Odmngspoiing Inga sktllnader ktmde 
iakttagas mellan de ohka gruppema Vld nagon av 
verknmgama. Sulblodmngspoiingen var hogre vid 
forsta verknmgen an Vtd den andra, troligtvis som en 
f61Jd av en plotshg mstallnmg tJll betongspalt 2-3 
manader fore den forsta verknmgen. Resultaten utgor 
indrrekt en mdtkatton pa att kalvmngen 1 s1g iir en 
huvudsakhg nskfaktor f6r sulblodnmgar och fang. 
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