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Introduction 

Bergsten, C and B. Frank: Sole haemorrhages in calving heifers as an indicator of 
periparturient laminitis: Effects of diet, flooring and season. Acta vet. scand. 1996, 
37. 383-394. - Fifty-six tied heifers calving in autumn (trial I) and 21 tied heifers calv­
ing in late spring (tnal II) were fed either a high or a low concentrate diet from 3 weeks 
before expected calving until 13 weeks after calving. Half the heifers m trial I were kept 
on concrete floors and the others were kept on rubber mats; all the heifers m tnal II were 
on concrete floors. The hooves were trimmed and the soles were photographed 3 weeks 
before expected calvmg and agam 13 weeks after calvmg. The photographs were eval­
uated, each claw was scored for sole haemorrhages, and the total score for all 8 claws 
was calculated. Before calving there were no differences between the groups of heifers 
within trial I or tnal II, but the heifers in trial II had higher scores than those in tnal I. 
Thirteen weeks after calving the scores had increased m both trials. In trial I the animals 
fed the high concentrate diet and kept on concrete floors had the highest score, and the 
type of floor had a greater influence than the level of concentrates fed. The heifers calv­
mg m the autumn had higher scores than those calving in the spnng. The sudden change 
from being at pasture to being housed, and the events related to the periparturient period 
were the most significant factors for the development of sole haemorrhages. 

concentrates; concrete floor; dairy cow; foot disease; rubber mat. 

Larninitis (Pododermatitis aseptica diffusa) is a 
diffuse non-infectious inflammation of the hoof 
corium (Espinasse et al. 1984). The disease has 
a degenerative effect on the keratocytes which 
produce poor quality horn with blood serum, 
erythrocytes and debris incorporated into the 
keratin (Andersson & Bergman 1980, Kempson 
& Logue 1993). The haemorrhages become vis­
ible in the sole surface at trimming from about 
2 months after the onset of the inflammation of 
the corium, and at that time the clinical signs of 
chronic laminitis may appear; however, quite 
often no clinical signs are observed (Peterse 

1980, Greenough 1985, Kempson & Logue 
1993). In some cases acute or subacute signs of 
larninitis may have been observed when the 
corium first became inflamed, and in some 
cases the laminitis may have been subclinical 
throughout the whole period. 
Subclinical larninitis, indicated only by small or 
moderate haemorrhages of the sole at trim­
ming, is most common in heifers at calving (Pe­
terse 1980, Smits et al. 1992, Bergsten 1994) 
whereas severe lesions of the sole horn, with 
sole ulcer (Pododermatitis circumscripta) and 
white line disease (Pododermatitis zona alba) 
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are at least as common in multiparous cows as 
in heifers (Livesey & Fleming 1984, Rowlands 
et al. 1985, Greenough & Vermunt 1991). 
Laminitis is most often manifested as a herd 
problem and is strongly associated with the per­
iparturient period, and with being housed dur­
ing the winter (Andersson 1980, Edwards 
1982). The most important risk factors are con­
sidered to be housing, feeding, management, 
stress and behaviour (Peterse 1980, Bazeley & 
Pinsent 1984, Co/am-Ainsworth et al. 1989, 
David 1989, Bergsten 1994, Leonard 1994). 
The economics of the dairy industry determine 
that the majority of heifers calve in the autumn, 
when they are subjected to a number of risk fac­
tors: the change in diet from fresh grass to win­
ter fodder and, shortly after, the introduction of 
an intensive lactation diet, the change from soft 
pasture to hard concrete floors, and the change 
from regular exercise to a less active life. At the 
same time they are undergoing profound hor­
monal changes in relation to calving and the in­
itiation of lactation. All these changes occur 
within a few weeks and their interrelationships 
make the aetiology oflaminitis potentially very 
complex. Experimental studies are needed in 
which the number of variable factors is re­
stricted so that the relative importance of each 
can be evaluated; the results would complement 
the results of multifactorial epidemiological 
studies. 
The fact that haemorrhages of the sole horn are 
revealed retrospectively at trimming 2 to 4 
months after calving (Peterse 1980, Bergsten et 
al. 1986) makes it possible to make more de­
tailed studies of the risk factors for laminitis 
during the periparturient period. The aim of the 
present study was to evaluate the influence of 
the diet and the nature of the stall floors on the 
incidence of haemorrhages of the sole horn in 
tied heifers calving either in the autumn or in 
the spring. 
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Materials and methods 
Environment and animals 
The study was made at the University of Agri­
cultural Sciences Research Station at Alnarp 
during the period of housing from autumn 1987 
to spring 1988. The barn was divided into a sec­
tion with tie-stalls, and a section with cubicles. 
The tie-stall section had 2 rows of short stalls 
(1.8 mxl.3 m) with concrete floors, one on each 
side of a common centre alleyway, with a parti­
tion between each animal (Fig. 1 ). One of the 
rows of stalls was fitted with rubber mats. Saw­
dust and chopped straw were provided twice a 
day as bedding. The cubicles, used during the 
precalving period in trial II, had a concrete floor 
with an edge 10 cm high at the back to retain the 
sawdust provided as bedding. The alley ways 
had concrete slatted floors. 
The heifers were Swedish Friesians sired by 8 
bulls and born in the herd between July 1984 
and November 1985. 
The experimental period lasted 16 weeks, from 
3 weeks before calving until 13 weeks after 
calving. 
Trial I used 56 heifers which were expected to 
calve from August to December 1987. When 
they were between 24 and 30 months old they 
had taken part in a study of laminitis which has 
been described by Bergsten & Frank (1995). 
Their mean age at calving was 36 months 
(range 33-41). Their mean weights 3 weeks be­
fore calving, 2 days after calving and 12 and 16 
weeks after calving were 671 kg (range 581-
754), 616 kg (range 523-725), 596 kg (range 
472-686) and 605 kg (range 515-700) respec­
tively. The heifers were at pasture from the end 
of May to the end of September, except for 
those expected to calve in August and Septem­
ber, and they were housed in the tie-stalls at 
least 4 weeks before they were expected to 
calve. The animals were assigned to 4 groups, 
balanced as far as possible with respect to sire, 
bodyweight and expected calving date and then 
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allotted at random to 4 treatments. Two of the 
groups were housed in the concrete-floored tie­
stalls and the other 2 in the stalls with rubber 
mats; one of each pair of groups was fed a high 
concentrate diet and the other a low concentrate 
diet. 
Trial II used 21 heifers which were expected to 
calve in April or May 1988. Their mean age at 
calving was 32 months (range 30-33). Their 
mean weights 2 days, 12 weeks and 16 weeks 
after calving were 572 kg (range 517-634), 562 
kg (range 487-620) and 565 kg (range 502-
640), respectively. In November all the animals 
were removed from pasture and housed in the 
cubicle section. During the winter they were fed 
a diet of 2.2 kg of concentrates and 2.8 kg dry 
matter (DM) silage, and they had free access to 
straw. Four to 5 weeks before they were ex­
pected to calve all the animals were tied up in 
the stalls with concrete floors. They were di­
vided into 2 groups, which were balanced as far 
as possible with respect to sire and bodyweight, 
and one of the groups was fed a high concen­
trate diet and the other a low concentrate diet. 

Diets, feeding regimens and management 
The diets fed to the animals during the trials are 
presented in Table 1. From the third week after 
calving both diets were calculated to provide 
for the production of 30 kg fat-corrected milk 
(FCM). The concentrates were offered 4 times 
daily (6 and 9 am, and 2 and 5 pm) and the 
roughages twice daily (6 am and 2 pm) from 
computer-controlled feed carriers. 
The animals were milked twice daily and the 
milk yields were recorded on 3 days a week. 
The general health of the animals was observed 
daily. 

Records of haemorrhages of the sole horn 
The hooves of all the animals were trimmed by 
a professional hoof trimmer at approximately 3 
weeks(± 1 week) before they were expected to 

Acta vet scand vol 37 no. 4, 1996 

calve and approximately 13 weeks(± 1 week) 
after they had calved. The surface of the sole 
horn was photographed by the method de­
scribed by Bergsten (1993) and the photographs 
were all evaluated together after the trial by 2 
people who had no knowledge of the groups to 
which the animals had belonged. Each claw 
was assigned a score for haemorrhages on a 6-
point scale which was related to both the sever­
ity and the extent of the lesions: 
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) 
The sum of the scores for each animal was cal­
culated and a median score with 10% and 90% 
quantiles was calculated for each group. The 
difference between the median scores observed 
at the first and second trimming was termed the 
net score. 

Statistical analysis 
All the analyses were done by using Statistical 
Analysis Systems software (SAS Institute Inc. 
1987). The differences between the median 
scores of the dietary groups and of the groups 
on different floor surfaces at each trimming, 
and between the net scores of these groups, 
were analysed by the Kruskal-Wallis test 
(Kruskal & Wallis 1952); the pair-wise compar­
isons between the 4 sub-groups in trial I were 
made by means of Duncan's multiple range test 
(Duncan 1955). Within each trial linear regres­
sion analysis was used to test the association 
between the individual animals' haemorrhage 
scores and their bodyweight, sire and age, and 
in trial I, also date of calving. 
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Table 1. High and low daily concentrate diets 3 weeks before calvmg, at calvmg, one week after calvmg and 
3 weeks after calving m trial I and II. The change-over between periods was made gradually. ME = metaboli­
zable energy. OCP = digestible crude protein. OM = dry matter. 

Three weeks 
before calving 

At calving 

One week after 
calving 

Three weeks 
after calving 

Hay, kg OM 
Alfalfa silage, kg OM 
Beet pulp silage, kg OM 
Barley/Oats/Beet*, kg OM 
Protem feed**, kg OM 

Total 

Hay, kg OM 
Alfalfa silage, kg OM 
Beet pulp silage, kg OM 
Barley/Oats/Beet*, kg OM 
Protem feed**, kg OM 

Total 

Hay, kg OM 
Alfalfa silage, kg OM 
Beet pulp silage, kg OM 
Barley/Oats/Beet*, kg OM 
Protem feed**, kg OM 

Total 

Hay, kg OM 
Alfalfa silage, kg OM 
Beet pulp silage, kg OM 
Barley/Oats/Beet*, kg OM 
Protem feed**, kg OM 

Total 

High concentrate 

1.7 
3.5 
1.5 
1.4 
0 

83 MJ ME 
932 g OCP 

8.1 kg OM 

1.7 
3.5 
1.5 
5.3 
0 

134 MJ ME 
1280 g OCP 

12.0kg OM 

1.7 
3.5 
1.5 
7.6 
0.3 

168 MJME 
1628 g OCP 

14.3 kg OM 

1.7 
3.5 
1.5 

10.4 
1.1 

214 MJ ME 
2194 g OCP 

18.2 kg OM 

Low 
concentrate 

3.5 
3.5 
1.5 
0.9 
0 

92 MJ ME 
965 g OCP 

9.4kg OM 

3.5 
3.5 
1.5 
1.8 
0 

104 MJ ME 
1094 g OCP 

10.3kg OM 

3.5 
5.2 
2.5 
3.8 
0 

157 MJ ME 
1620 g OCP 

15.0kg OM 

35 
7.0 
3.0 
6.5 
0 

213 MJ ME 
2187 g OCP 

20.0kg OM 

* Barley 45%, oats 45%, dried molassed beet pulp 10%, ** soya bean meal 50%, rape seed meal 50%. 

When considering the effect of season, the 
scores of the 28 animals in trial I, which calved 
in the autumn and were housed on concrete 

floors, were compared with the scores of the 21 
animals in trial II, which calved in the spring 
and were also housed on concrete floors. 
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Results 
The results of trial I are presented in Tables 2, 3 
and 4. The haemorrhage scores before the heif­
ers calved were low, and no significant differ­
ences were observed between the groups. Thir­
teen weeks after calving the scores were all 
significantly higher (p<0.001) and there were 
differences between the groups; the cows fed 

the high concentrate diet and housed on con­
crete floors had the highest score (Table 2). The 
score of the cows fed the high concentrate diet 
was higher after calving than that of the group 
on the low concentrate diet, but the difference 
was not statistically significant (Table 3). How­
ever, the score of the cows on the concrete floor 
was significantly higher after calving than the 

Table 2. Tnal I. Median score (10% and 90% quantile) of haemorrhages of the sole horn m pnm1parous cows 
(N = number of animals) at tnmmmg 3 weeks before calvmg, 13 weeks after calvmg, and the difference between 
tnmmmgs (net score) m relation to high (H) or low (L) concentrate diet, and on concrete floor (C) or rubber mats 
(R). All calvmgs m autumn (August to December). Groups with different letters within columns are s1gmficantly 
different from each other (p< 0.05, Duncan's Multiple Range test) 

Prepartum Postpartum Net score 
N 

Median 10% 90% Median 10% 90% Median 10% 90% 

HC 14 1.0• 0 3 9.6• 1 15 8 5a -1 14 
LC 14 1.0• 0 3 8.5• 2 12 7 5• 1 10 
HR 14 1.0• 0 3 4.0•h 1 13 3.0•h 0 12 
LR 14 1.0• 0 2 4.0h 0 8 3.0b 0 7 

Table 3. Tnal I. Median score (10% and 90% quantile) of haemorrhages of the sole horn in pnm1parous cows 
(N = number of animals) at tnmmmg 3 weeks before calvmg, 13 weeks after calvmg, and the difference between 
tnmmings (net score) in relation to high (H) or low (L) concentrate diet. (NS= not significant (p>0.05), Kruskal­
Walhs test). 

Prepartum Postpartum Net score 
N 

Median 10% 90% Median 10% 90% Median 10% 90% 

High 28 1.0 0 3 70 1 15 7.0 -1 13 
Low 28 1.0 0 3 6.0 0 11 5.0 0 10 

S1gn1ficance NS NS NS 

Table 4. Trial I. Median score (10% and 90% quantile) of haemorrhages of the sole horn m pnm1parous cows 
(N = number of animals) at trimmmg 3 weeks before calving, 13 weeks after calving, and the difference between 
tnmmings (net score) in relation to concrete or rubber mats. (NS= not significant (p>0.05), * = p<0.05, ** = 
p<0.01, Kruskal-Wallis test). 

Prepartum Postpartum Net score 
N 

Median 10% 90% Median 10% 900/o Median 10% 90% 

Concrete 28 1.0 0 3 9.0 1 15 8.0 0 14 
Rubber 28 1.0 0 3 4.0 0 11 3.0 0 6 

Significance NS NS NS 
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Table 5. Tnal II. Median score (10% and 90% quantile) of haemorrhages of the sole horn in pnm1parous cows 
(N = number of animals) at tnmmmg 3 weeks before calvmg, 13 weeks after calvmg, and the difference between 
tnmmmgs (net score) m relation to high or low concentrate diet All anrmals stalled on concrete floor and all 
calvmgs m late spnng (Apnl to May). (NS= not s1gmficant (p>0.05), Kruskal-Walhs test). 

Prepartum Postpartum Net score 
N 

Median 10% 90% Median 10% 90% Median 10% 90% 

High 10 2.0 0 4 40 1 9.5 2.5 -1.5 8 
Low 11 2.0 1 4 5.0 0 8 20 -3 7 

S1gmficance NS NS NS 

Table 6. Tnal I and II Median score (10% and 90% quantile) of haemorrhages of the sole horn m pnm1par­
ous cows (N =number of ammals) at tnmming 3 weeks before calvmg, 13 weeks after calvmg, and the differ­
ence between tr1mmmgs (net score) mammals stalled on concrete floor and calvmg m autumn (tnal I) or spnng 
(trial II). (S1gmficance levels are*= p<O 05, ** = p<0.01, *** = p<0.001 (Kruskal-Walhs test)) 

Prepartum Postpartum Net score 
N 

Median 10% 90% Median 10% 90% Median 10% 90% 

Autumn 28 1 0 0 3 
Sprmg 21 20 0 4 

S1gmficance * 

score of the cows on rubber mats, and they also 
had a significantly higher net score (Table 4). 
The results of trial II are shown in Table 5. 
There was no significant difference between the 
groups at either of the trimmings, but the scores 
of both groups had increased after calvmg 
(p<0.01). After calving the median score of the 
group fed the low concentrate diet was higher 
than that of the high concentrate group, but the 
group fed the high concentrate diet had a higher 
net score. 
The results of the comparison between calving 
in the autumn or spring are shown in Table 6. 
Before calving the haemorrhage score was sig­
nificantly higher in the spring calving heifers, 
but after calving the score was significantly 
higher in the autumn calving heifers. The net 
score of the autumn calving heifers was 4 times 
that of the spring calving heifers. 
In trial I there was a significant (p<0.05) posi-

9.0 
40 

15 8.0 0 14 
9 2.0 -2 7 

** *** 

tive association between the live weight of the 
heifers 3 weeks before they were expected to 
calve and their sole haemorrhage scores at the 
first trimming. Furthermore, the time of calving 
affected the haemorrhage score at the first trim­
ming, with the effect that animals that calved 
late had significantly higher scores (p<0.01). 
There were no other significant regressions 
between the sole haemorrhage scores, either 
before or after calving, and the age, bodyweight 
or sire of any of the heifers in trials I or II. 

Discussion 
Confounding factors 
Regular hoof trimming to keep the claws in 
their optimal shape is probably the most impor­
tant preventive measure against laminitis and 
its secondary affections of the hoof horn. In 
these trials, in order to prevent any confounding 
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effect of overgrown or uneven claws, the feet of 
all the heifers were carefully trimmed 3 weeks 
before calving by the same professional hoof 
trimmer. 
Investigations oflaminitis are subject to several 
other confounding factors. For example, it is 
known that a cow's parity affects the likelihood 
of its suffering sole haemorrhages, laminitis 
and sole ulcers (Peterse 1980, Andersson & 
Lundstrom 1981, Mortensen & Hesselholt 
1982, Rowlands et al. 1985, Bergsten & Her/in 
1995); for this reason only heifers were used in 
these trials. 
The results of trial I were subject to the possible 
confounding effects of the previous use of the 
same heifers, early in their pregnancy, in a sim­
ilar experiment in which they were fed different 
diets and housed on different floor surfaces 
(Bergsten & Frank 1995). However, the effects 
of this earlier experiment were likely to have 
been small, partly because only low haemor­
rhage scores were recorded, and partly because 
there was an interval of at least 5 months, in­
cluding a pasture season, between the 2 experi­
ments. 
The possible confounding effects of herd, breed 
and management were avoided completely in 
the present trials, and the possible variations 
due to sire were minimized by distributing the 
progeny of the 8 sires randomly among the dif­
ferent treatment groups. Variations in the inci­
dence oflaminitis have been reported with both 
breed (Peterse 1980, Andersson & Lundstrom 
1981, Bergsten 1994) and sire (Peterse 1980, 
Russell 1986). 
The incidence of sole haemorrhages and lamin­
itis has been reported to increase with the 
animals' body weight (Rowlands et al. 1985, 
Enevoldsen et al. 1991, Greenough & Vermunt 
1991); in trial I there was a significant positive 
relationship between the live weight of the heif­
ers 3 weeks before they were expected to calve 
and their haemorrhage scores at that time, but 
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the relationship was not observed at other times 
in either of the trials. 

Effects of calving 
In both trials the haemorrhage scores recorded 
a few months after calving were higher than 
those recorded before calving, in agreement 
with the results of several earlier investigations 
in dairy cows (Peterse 1980, Bergsten et al. 
1986, Logue et al. 1994). These results clearly 
indicate that events related to the periparturient 
period are very important for the aseptic in­
flammation of the hoof corium. Indirect evi­
dence for the importance of this period is pro­
vided by the observations that a high con­
centrate diet and different floor surfaces had no 
significant effect on the incidence of sole hae­
morrhages in heifers in early pregnancy (Berg­
sten & Frank 1995), and that different diets fed 
from 5 to 6 weeks after calving similarly had no 
effect (Logue et al. 1994). In contrast, Boosman 
(1990} did not find any clinical or histopatho­
logical signs of laminitis at calving in beef 
cows, and Kempson & Logue (1993) observed a 
relationship between haemorrhages of the sole 
horn recorded 10 to 20 weeks after calving and 
the quality of the white line horn observed one 
month before calving. Furthermore, Gree­
nough & Vermunt ( 1991) and Stanek ( 1994) ob­
served haemorrhages of the sole horn ofheifers 
a few months before they calved; they reached 
their highest prevalence at calving and were 
much less severe 2 months later; the develop­
ment of the haemorrhages appeared to be re­
lated to the sudden introduction of the heifers to 
concrete floors. 
These apparently contradictory results suggest 
that further studies of the importance of calving 
itself, and of the period of risk associated with 
calving, are required. The influence of the 
changes in hormonal patterns in the peripartur­
ient period requires particular study. It seems 
possible that the softening of the tissues at calv-
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ing could predispose the claw corium to hae­
morrhages, because oedema and diffuse hae­
morrhages have been observed around the ile­
osacral joints of periparturient cows, and of 
non-parturient cows injected with oestrogen 
and relaxin (Jonsson & Pehrson 1969). 

Effects of diet 
Peterse et al. (1984) reported that the incidence 
of sole ulcers in dairy cows increased as they 
were fed larger amounts of concentrates, and 
Manson & Leaver ( 1988) observed a higher in­
cidence of lameness due to laminitis in calving 
heifers fed large amounts of concentrates. Fur­
thermore, Livesey & Fleming (1984) reported 
that when cows were fed a diet containing little 
crude fibre and large amounts of starch after 
calving they suffered a high prevalence of clin­
ical laminitis in early lactation and an excep­
tionally high prevalence of sole ulcer about 3 
months later. 
In the present study the diets fed differed prin­
cipally in the amounts of starch derived from 
grain, and in the amounts of fibre derived from 
hay and silage. It is well known that easily di­
gestible starch is rapidly fermented in the ru­
men, and that in large quantities it can reduce 
the rumen pH and give rise to rumenitis, a con­
dition which can lead to the absorption of toxic 
agents into the blood. This effect might be in­
creased by a ration containing small amounts of 
fibre, thus reducing the chewing time and the 
alkaline buffering effect provided by saliva. 
The importance of a balanced ration and regu­
lar feeding has been observed in earlier studies 
by Bergsten (1994) in which the incidence of 
sole haemorrhages was observed to be higher in 
animals which were fed fewer than 4 times a 
day, or had access to fodder for only a short 
time, or were fed concentrates before they were 
fed roughage. In the present study the heifers 
had free access to straw, the automatic feed car­
riers offered the roughage and the concentrates 

simultaneously and the concentrates were given 
4 times a day. This careful feeding regimen 
probably contributed to the small differences 
observed between the incidences of sole hae­
morrhages in the heifers fed the high and low 
concentrate diets. 

Effects of housing and floor surfaces 
In trial I the late calving heifers had higher hae­
morrhage scores at the first trimming than those 
calving earlier. This difference can be related to 
the fact that the early calving heifers - in con­
trast to the late calving animals - were housed 
in close connection to their first trimming. 
In trial I the heifers in the stalls with concrete 
floors had significantly higher haemorrhage 
scores postpartum than those in the stalls with 
rubber mats. In an epidemiological study of 
cows in tie-stalls Bergsten (1994) similarly ob­
served that subclinical laminitis occurred less 
commonly in the animals on rubber mats than 
in those on concrete floors. Thysen (1987) re­
ported a higher incidence of clinical lameness 
(treated by a veterinary surgeon) in cows in tie­
stalls with concrete floors than in cows in stalls 
with rubber mats, but in contrast with the 
present results, did not find any difference 
between the incidence of subclinical claw le­
sions among the cows on the 2 different types of 
floor. In investigations of dairy cows in cubicle 
systems Rowlands et al. (1983) and David 
(1989) observed a higher incidence of sole ul­
cers and white line disease among cows on con­
crete floors than among cows in straw yards. In 
an investigation of intensively reared beef cattle 
Murphy & Hannan (1986) recorded twice as 
much lameness among animals on concrete 
slats than among those on a softer type of floor­
ing. 
It has been shown that when a cow is provided 
with a soft comfortable lying area it will spend 
longer time lying down (Cermac 1988). This 
behaviour should help to prevent laminitis-re-
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lated lesions, because significant correlations 
have been reported between the time spent by 
cows standing on a concrete floor and the inci­
dence of haemorrhages of the sole, sole ulcer 
and white line disease (Galindo & Broom 1993, 
Singh et al. 1993, Leonard 1994). Also, when a 
cow stands on a soft surface the weight is dis­
tributed more evenly; and when the animal gets 
up, lies down or moves about the impact on the 
hoof corium is more likely to be absorbed 
smoothly. Moreover, on soft yielding ground 
the action of turning the toe over is facilitated, 
and the moment applied to the point of insertion 
of the deep flexor tendon into the rear pal­
mar/plantar part of the distal phalanx is re­
duced, because the toe can penetrate into the 
ground and grip it. As a result the tension on the 
deep flexor tendon, and the biomechanical 
forces on the corium of the hoof, are both sub­
stantially reduced. 

Effects of season 
At the trimming before calving the spring calv­
ing heifers had slightly, but significantly, higher 
haemorrhage scores than the autumn calving 
heifers. This difference was clearly due to the 
fact that the autumn calving heifers had been on 
pasture less than 3 months before the hoof trim­
ming, whereas the spring calving heifers had 
been housed in cubicles with concrete slats for 
at least 3 months. A similar result was observed 
in pregnant heifers (Bergsten & Frank l 995). 
For the same reason, the autumn calving heifers 
had much larger net increases in their haemor­
rhage scores after calving than the spring calv­
ing heifers, the median increases in the net 
scores being 8.0 and 2.0 respectively. The 
spring calving heifers had had a considerably 
longer period in which to become relatively 
well adapted to the concrete floors. These re­
sults agree with the results of a number of other 
experiments in which a high prevalence oflam­
initis has been associated in autumn calving 
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heifers with the abrupt change from relatively 
soft pasture to hard indoor surfaces (Andersson 
1980, Peterse 1980, Bazeley & Pinsent 1984, 
Livesey & Fleming 1984, David 1986, Potter & 
Broom 1987, Co/am-Ainsworth et al. 1989, 
Bergsten 1994). The observation by Andersson 
& Lundstrom (1981) that cows slaughtered in 
the spring were more often affected by sole ul­
cer and chronic laminitis than cows slaughtered 
at other times of the year is in agreement with 
these observations, if it is assumed that these 
diseases were late consequences of laminitis in 
the autumn. Peterse (1980) reported that cows 
at pasture had a low risk of developing lamin­
itis, and Smits et al. (1992) found that well man­
aged zero-grazed cows also had a low risk of 
developing sole haemorrhages; in neither of 
these studies did the animals have to cope with 
a sudden change from a soft to a hard ground 
surface. When considering preventive meas­
ures against laminitis it is clear that the season 
of calving is an important factor; the animals 
should have as long a period as possible before 
they calve to become accustomed to stalls with 
concrete floors. 

Conclusions 
The results of these trials clearly indicate that 
laminitis is a disease in which many factors are 
involved. The highest haemorrhage scores were 
recorded in the heifers which calved in the au­
tumn, and which were housed in stalls with 
concrete floors and fed a high concentrate diet. 
Animals appear to be particularly at risk of de­
veloping laminitis during the periparturient pe­
riod, and the type of floor appears to be more 
important than the level of concentrates if fed in 
an appropriate way. 
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Sammanfattning 
B/Odnzngar i sulhornet som zndzkation pa fang hos 
forstakalvande kvigor under perioden kring kal­
vning: inverkan av ulfodrzng, bilsplatsunderlag och 
kalvningssiisong 

Femtiosex uppbundna, hOstkalvande f6rstakalvare 
(Forsok I) och 21 uppbundna, varkalvande, f6rstak­
alvare (Forsok II) gavs en foderstat som var baserad 
pa endera en stor eller liten kraftfodergiva med suc­
cessiv borjan fr3.n tre veckor fore beriiknad kalvning. 
Hiilften av djuren i Forsok I uppstallades pa gummi­
matta medan ovnga dJur i Forsok I och samtliga djur 
i Forsok II stiilldes pa betongbilspall. Klovarna pa 
samthga dJur verkades och klovsuloma fotografera­
des tre veckor f6re beriiknad kalvning och 13 veckor 
efter kalvning. Klovbildema bedomdes och sulblod­
ningar pa varje klovhalva poiingsattes varefter poiin­
gen fh\n de atta klovhalvoma summerades och an­
gavs som sulblOdningspoiing. Fore kalvnmg f6rekom 
mgen sk11lnad mellan djurgruppema mom nagot av 
f6rsoken men alla grupper med f6rstakalvare 1 
Forsok I hade liigre sulblodnmgspoiing iin de i Forsok 
II. Tretton veckor efter kalvnmg hade sulblodning­
arna okat i bilda f6rsoken. I Forsok I hade de djur som 
filtt hog kraftfodergiva och som stod pa betongunder­
lag den hogsta sulblodningspoiingen. Baspallsunder­
laget hade storre mverkan iin foderstaten. De 
hostkalvande f6rstakalvarna (Forsok I) hade hogre 
blOdningspoiing iin de som kalvade pa varen (Forsok 
II). De mest sannolika orsakema till utvecklingen av 
sulblOdnmgar var installningen fran mJukt bete till ett 
hardare bilspallsunderlag samt faktorer relaterade till 
perioden kring kalvnmgen. 
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