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factors and claw lesions in individual dairy cows
recorded at maintenance claw trimming
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Abstract

Background: Laminitis and energy-related postpartum diseases share several risk factors, indicating a common
etiology. Thus, a herd's incidence rate of energy-related postpartum diseases, such as displaced abomasum and
clinical ketosis, might reflect the likelihood of cows to suffer from laminitis-related claw lesions. The aim of this
study was to investigate the association between herd-level incidence rate of displaced abomasum and clinical
ketosis, general risk factors, and claw lesions in individual cows recorded at maintenance claw trimming.

Methods: The dataset consisted of 6773 trimmings, performed between 2004 and 2006 by professional trimmers,
from 3607 Swedish Red and Swedish Holstein cows in 26 herds. The herds were classified as having a high,
inconsistent-high or low incidence rate of energy-related postpartum diseases, based on the number of recorded
cases of veterinary-diagnosed displaced abomasum and clinical ketosis in the Swedish national animal disease
recording system during 2002 to 2006, and observations and interviews in connections with herd visits. Generalized
linear mixed models were used to investigate the association between herd-level incidence rate of energy-related
postpartum diseases and laminitis-related lesions including sole ulcer and sole hemorrhage; and hygiene-related
lesions including interdigital dermatitis, digital dermatitis, heel-horn erosion, verrucose dermatitis, and interdigital
hyperplasia; and absence of any claw lesion. Systematic effects, including first-order interactions, with P < 0.05 were
included in the models. Herd classification was forced into the models, and a random effect of herd was included.

Results: In comparison to herds with a high incidence rate of energy-related postpartum diseases, low-incidence
herds showed a lower odds ratio (OR; 0.2) for laminitis-related lesions in cows trimmed during the summer months.
Low-incidence herds also showed numerically lower OR estimates for laminitis-related lesions in all parity classes
and a numerically lower OR for hygiene-related lesions. In addition, low-incidence herds showed tendencies
towards a numerically higher OR for absence of any lesion, irrespective of trimming season or parity.

Conclusions: Only a few statistically significant associations were found, but several tendencies pointed towards
better claw health in herds with low as compared with high incidence rate of energy-related postpartum diseases.
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Background

Lameness has great ethical and economic importance,
and is considered to be one of the most serious welfare
problems in dairy cattle [1]. The major cause of lame-
ness is claw lesions [2]. A prevalence study based on
protocols from maintenance claw trimmings demon-
strated that 72% of Swedish dairy cows had at least one
claw lesion [3]. This figure is in agreement with the
prevalence reported in contemporary Western European
studies [4,5]. Lameness is associated with adverse pro-
duction effects: reduced milk yield [6-8], reduced fertility
[9-11], and increased risk of culling [12,13]. The cost of
lameness has been estimated at €192 per first lactational
incidence in Denmark [14] and of claw disorders (clinical
and subclinical) at $75 per cow and year for the average
farm in the Netherlands [15].

Claw lesions can be divided into laminitis and related
horn lesions, infectious lesions, and lesions caused by
excessive wear or trauma [16]. Risk factors vary between
lesions and can be divided into systemic factors associ-
ated with calving and onset of lactation [17], managerial
practices around calving [18], metabolic and environ-
mental causes [19-21], and claw trimming routines
[22-24]. Cow-related factors such as breed, parity, stage
of lactation, and milk yield also play important roles in
the development of claw lesions [8,20,25,26].

A major challenge in managing claw health in dairy
herds is laminitis. Laminitis-related lesions in cattle are
chronic in nature and the treatment given is often con-
servative, resulting in a long recovery period and exag-
gerated sensitivity to pain also 28 days after treatment
[27]. In addition, calculations have shown that sole ulcer,
a laminitis-related lesion, is associated with a substantially
higher cost per case than other claw lesions [28], because
of long recovery time and guarded prognosis [29].

Laminitis-related lesions are of multifactorial origin. Risk
factors are often associated with management changes
experienced by the transition cow [17,30,31]. For in-
stance, intensive feeding and hard floor surfaces are
proven causative factors of laminitis [4,17,18,24], and
abrupt changes to these conditions in connection with
calving further increase the risk of laminitis-related claw
horn lesions [31,32].

Diets with a high proportion of rapidly fermentable
carbohydrates and an insufficient quantity and quality of
fiber increase the risk of laminitis [24,33-35], as well as
for displaced abomasum [36,37] and subacute ruminal
acidosis [38-40]. Furthermore, a negative energy balance
has been identified as a predisposing factor for both
laminitis and for metabolic and digestive problems oc-
curring in the transition period [41]. Evidence thus sug-
gests a common etiology, and so a herd’s incidence rate
of energy-related postpartum diseases might reflect the
likelihood of cows to suffer from laminitis-related claw
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lesions. In addition, energy-related postpartum diseases,
e.g. displaced abomasum and clinical ketosis, per se have
been reported to increase the odds ratio (OR) for feet
and leg disorders [42].

The main aim of the present study was to investigate
the relationship between the long-term herd-level inci-
dence rate of displaced abomasum and clinical ketosis
and the prevalence of claw lesions in individual cows
recorded at maintenance claw trimming. In addition,
also general risk factors for recorded claw lesions were
investigated.

Material and methods

Herd selection

Herds with high or low long-term incidence rate of
energy-related postpartum diseases and with records
from maintenance claw trimmings were included in the
study. Herd status with respect to incidence rate of these
diseases was identified in a larger investigation of risk
factors for energy-related postpartum disorders around
calving in high-producing dairy cows [43]. Only herds
with enrolment in the Swedish official milk-recording
scheme (SOMRS), geographic location in one of four
provinces of Sweden (Skane, Halland, Viastergétland, and
Uppland), and a herd size of at least 50 cows were eli-
gible for inclusion. Demographic information on herds
and cows was retrieved from SOMRS. Herd size was de-
fined as the average number of cow-years during 2004
to 2006.

Identification of high and low incidence herds

For the purpose of the larger investigation, herds were
classified as having a high or low long-term incidence
rate of energy-related postpartum diseases based on
recorded cases of veterinary treated displaced abomasum
and clinical ketosis in the Swedish national animal dis-
ease recording system (NADRS). Cases of displaced
abomasum included cows having displacement of the
abomasum to the left or to the right with or without
suspected torsion. Clinical ketosis was defined as cows
in early lactation with inappetence, depressed general
condition and reduced milk yield and tested positive for
ketone bodies in milk, where the veterinarian found no
other explanation for the symptoms. These diseases were
chosen because they generally require veterinary treat-
ment. In Sweden, it is mandatory to report all veterinary
treatments to NADRS. Thus, this provided access to a
reliable source of data. Other energy-related postpartum
diseases such as hepatic lipidosis and diseases with a
presumed metabolic component (e.g. retained placenta,
udder edema, and subclinical rumen acidosis) would
have been relevant to include in the study to avoid mis-
classification of herds, but these diseases are not always
veterinary treated and therefore not included in NADRS
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in a consistent manner. Thus, displaced abomasum and
clinical ketosis were considered marker diseases for the
complex of energy-related postpartum diseases occur-
ring in the transition period.

The incidence rate of displaced abomasum and clinical
ketosis in the NADRS database during three consecutive
12-month periods (April to March, 2002 to 2005) were
studied retrospectively to identify high or low incidence
herds suitable for visits between January 2005 and June
2006. For each herd and period, the incidence rate was
calculated as the number of cows with either of the two
diagnoses in the NADRS database, divided by the num-
ber of cow-years during the period. Herds were divided
into high-incidence and low-incidence herds by compa-
ring their incidence rates to the 3" and 1*" quartiles for
each of the three 12-month periods. Herds with an in-
cidence rate above the 3™ quartile during the last
12-month period and during at least one of the preced-
ing two 12-month periods (0.04, 0.04, and 0.03 disease
cases per cow-year, respectively) were considered high-
incidence herds, while those with an incidence rate equal
to the 1°* quartile (0 for all three periods) were consid-
ered low-incidence herds. After the herd visits, the retro-
spective herd classification was confirmed or revised
according to up-to-date incidence rates of displaced abo-
masum and clinical ketosis based on observations of dis-
ease incidence in the herds, interviews with the farmers
and on data in the NADRS database (i.e. from July to
June, 2004 to 2005 or 2005 to 2006, in herds visited be-
fore or after October 2005, respectively). An incidence
rate above the 3™ quartile (0.04 disease cases per cow-
year) qualified herds as having a high incidence rate of
energy-related postpartum diseases at the time of the
visit. An incidence rate equal to the 1°* quartile (0 dis-
ease cases per cow-year) and a maximum of 0.01 disease
cases per cow-year qualified herds as having a low inci-
dence rate of energy-related postpartum diseases at the
time of the visit. Herds retained their classification if the
initial classification was consistent with the revised one.
If not, herds were classified as inconsistent-high if they
were initially classified as high incidence herds but the
classification at the herd visit was either low or inter-
mediate. Likewise, herds were classified as inconsistent-
low if they were initially classified as low incidence herds
but the classification at the herd visit was either inter-
mediate or high.

Claw lesions

Data on maintenance claw trimmings, performed by
professional claw trimmers between January 2004 and
December 2006, was retrieved from SOMRS. Claw le-
sions were diagnosed by the trimmers, who had been
trained to recognize the most commonly observed le-
sions [44]. Clinical and subclinical cases of sole ulcer
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(including ulceration and abscess of toe and white line),
sole (white line) hemorrhage, double sole, fissure of the
white line, dermatitis (interdigital and digital dermatitis),
heel-horn erosion, verrucose dermatitis (wart growth),
and interdigital hyperplasia (corns) were recorded ([3];
Additional file 1). That means for example that a severe
dermatitis is equal with digital dermatitis according to
Dopfer [45], and a severe ulceration of the white line is
equal with a white line abscess. The severities of sole
ulcer, sole hemorrhage, dermatitis, and heel-horn ero-
sion were recorded as 1 (affected) or 2 (severely affec-
ted). However, very few cases were scored as 2 in herds
with a low incidence rate of energy-related postpartum
diseases (range 0—5 depending on diagnosis), so severity
of lesion was not considered in the analyses and the le-
sions were classified to be present or absent. However,
even without classifying by severity, some diagnoses oc-
curred in only small numbers among herds with a low
incidence rate of energy-related postpartum diseases.
Therefore, the diagnoses were merged into laminitis-re-
lated lesions including ulceration of sole, toe and white
line, and sole hemorrhage, and hygiene-related lesions
including dermatitis, heel-horn erosion, verrucose der-
matitis, and interdigital hyperplasia.

Dataset

Only one herd was classified as having an inconsistent-
low incidence rate of energy-related postpartum diseases
and was excluded from the study. After editing, the
dataset consisted of 6773 trimming records collected
from 3607 cows in 26 herds. The average herd size was
133 cows (standard deviation (SD)=82). The average
number of recorded trimmings per herd was 261 (SD =
255) and the average number of recorded trimmings per
cow was 1.9 (SD = 1.2).

Cows were of the Swedish Holstein (SH; # = 2900) and
Swedish Red (SR; n=707) breeds and had an average
yearly production of 9766 kg energy-corrected milk (( ECM
(kg/day) = milk (kg/day) x [38.3 x fat (g/kg) + 24.2 x pro-
tein (g/kg) + 16.54 x lactose (g/kg) + 20.7]/3140)). They
were housed in free stalls (n =21) or tie stalls (z =5) and
were on mandatory pasture during the summer months.
In 11 herds, cows were fed roughage and concentrates
separately, while the remaining 15 herds used total mixed
rations. Ten of the latter herds supplemented these diets
with concentrates and the feeding was classified as partial
mixed ration. In the free stalls concentrates were fed in
computer feeding stations and in some herds at milking.

Statistical methods

Clustering of observations

The structure of the dataset was hierarchical with four
levels: region, herd, cow, and trimming. We were not in-
terested in including any predictors at the regional level,
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and so region was omitted from the analyses. Clustering
of cows within herds was accounted for by including
herd as a random effect in the models. About half of
the cows had multiple trimmings, and trimmings were
therefore partially clustered within cows. Unless ac-
counted for, this partial clustering of trimmings could
potentially result in underestimated between-cow vari-
ance, because for cows with only one observation, part
of this variance would be attributed to the error term.
This would, in turn, give rise to biased estimates of
herd-level independent variables and too small standard
errors.

To investigate the importance of within-cow clustering
of trimmings, the intra-class correlation coefficient was
calculated. All observations in the dataset were used to
fit a linear mixed model with absence of any claw lesion
as the dependent variable. Although the dependent vari-
able was a binary trait, the frequency of absence of any
lesion was 52%, and so the approximation implied by
the choice of model was judged as being reasonably
correct. The model corrected for herd classification
(i.e. high-incidence and low-incidence herds), trimming
season, breed, parity, lactation stage, and interactions of
herd classification and trimming season and herd classi-
fication and parity (same effects as in the final model as
explained later), and included herd and cow as random
effects. The intra-class correlation coefficient of cows
within herd was 0.21 and that of trimmings within cow
was 0.34, indicating that clustering of observations might
affect the standard errors of the estimates. In the model for
laminitis-related lesion, the intra-class correlation coeffi-
cient of cows within herd was 0.20 and that of trimmings
within cows was 0.28. In the model for hygiene-related le-
sions, the intra-class correlation coefficient of cows within
herd was 0.16 and that of trimmings within cows was 0.29.

The practical impact of clustering was investigated by
fitting three linear mixed models, including random ef-
fects of herd and cow, random effect of herd, and no
random effect, respectively, with absence of any lesion as
the dependent variable, to a subset of the data including
only observations from cows with multiple trimmings
(4933 records). The least-squares means and standard
errors obtained when herd and cow, as compared with
only herd, were included as random effects in the model
showed only very minor differences. The model without
any random effect did, however, yield substantially lower
standard errors and affected least-squares means. This
suggested that clustering within herds was extremely im-
portant, whereas clustering within cows was less import-
ant. Based on these findings, the final analyses were
performed on the complete dataset, using models ac-
counting only for clustering of observations within
herds. The same procedure was repeated to assess the
practical implications of the intra-class correlations in
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the models for laminitis-related and hygiene-related le-
sions, and the results and conclusions were similar.

Statistical analyses
The effects of herd-level incidence rate of energy-related
postpartum diseases on claw health in individual cows at
maintenance claw trimmings were estimated using gener-
alized linear mixed models, specified as having a binomial
distribution and using a logit link function, in PROC
GLIMMIX in SAS (Version 9.2, SAS Institute Inc., Cary,
NC, USA). Trimming records from 11 inconsistent-high
herds were included in the analyses to improve the accur-
acy of estimates of fixed effects. Dependent variables were
laminitis-related lesions, hygiene-related lesions, and ab-
sence of any lesion (1 = present; 0 = absent). Models were
built using manual backward elimination. Predictor vari-
ables at herd level, i.e. herd classification (high, inconsistent-
high or low); housing system (tie stalls or free stalls); feeding
regimen (total mixed ration, partial mixed ration, or compo-
nent ration); average herd size; and average yearly milk
production per cow, and cow level, ie. breed (SH or SR);
parity (1, 2, or > 3); lactation stage (< 2 months, > 2 to
5 months, > 5 to 10 months, or > 10 months); and trimming
season (January to April, May to August, or September to
December), were offered to the model. Predictor variables,
including first-order interactions, with associations signifi-
cant at the P <0.05 level were included in the final models.
Herd classification was forced into all models, and a ran-
dom herd effect was included. Models were validated by the
Hosmer-Lemeshow goodness-of-fit test, which provided no
evidence of lack of fit of the models for laminitis-related le-
sions (P=0.11) and absence of any lesion (P=0.065), but
suggested that the fit of the model for hygiene-related le-
sions was somewhat compromised (P =0.045). The results
of the latter should thus be interpreted with caution.

All animal handling and sampling for the study was ap-
proved by the local ethics committee in Uppsala, Sweden.

Results

Descriptive statistics

Table 1 gives the distribution of herds, cows, and trim-
ming records over herd classifications. Four herds were
defined as having a low incidence rate of energy-related
postpartum diseases, and 7% of the trimmings were
performed in these herds. The average number of trim-
mings per cow was higher in herds with a high incidence
rate of energy-related postpartum diseases.

The prevalence of all lesions except sole ulcer was sub-
stantially higher in herds with a high incidence rate of
energy-related postpartum diseases (Table 2). In these
herds, at least one lesion was detected at 57% of the
trimmings. The corresponding figure in herds with a low
incidence rate of energy-related postpartum diseases was
39%. The percentage of trimmings where cows suffered
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Table 1 Number and distribution of herds, cows, and trimming records according to herd classifications of incidence

rates of energy related postpartum diseases

High Inconsistent-high Low
n Mean' s.D.? Range n Mean s.D. Range n Mean s.D. Range
Herds 1 - - 1 - - 4 - -
Cows 1530 139 88 49-283 1713 156 125 61-437 364 91 67 36-175
Trimmings 2845 19 13 1-7 3451 20 1.1 1-6 477 13 0.5 1-2

'Mean n per unit at next-higher level.
2Standard deviation.

from both laminitis-related and hygiene-related lesions
was 24%, 8% and 10%, respectively, in herds with high,
inconsistent-high and low incidence rate of energy-
related postpartum diseases.

Laminitis-related lesions

The final model of risk factors associated with presence
of laminitis-related lesions is presented in Table 3. A
lower OR during the summer months was observed in
herds with low as compared with high incidence rate of
energy-related postpartum diseases (OR =0.15, 95% CI:
0.02 — 0.95). In all parity classes, there were numerically
lower OR estimates in herds with a low incidence rate of
energy-related postpartum diseases (parity 1: OR = 0.85,
95% CI: 0.18 — 3.96; parity 2: OR =0.49, 95% CI: 0.10 —
2.33; parity>3: OR=0.48, 95% CI: 0.10 — 2.25). The
OR was lower in cows trimmed during September to
December as compared with cows trimmed during
January to April (high-incidence herds: OR = 0.47, 95% CI:
0.34 — 0.64; inconsistent-high-incidence herds: OR = 0.62,
95% CI: 0.47 — 0.82). No clear trend was observed for the
impact of parity in different herd classifications, although
cows of third and higher parities in herds with a high inci-
dence rate of energy-related postpartum diseases had an
OR of 1.61 (95% CI: 1.27 — 2.04) as compared with prim-
iparous cows. Primiparous cows were more susceptible
than multiparous cows during the first half of lactation,
whereas the relationship was the opposite after the sixth

lactation month. Swedish Red cows were less likely than
Swedish Holstein cows to be diagnosed with laminitis-
related lesions during the housing season (September to
December: OR=0.34, 95% CI: 0.24 — 0.49; January to
April: OR =0.54, 95% CI: 0.38 — 0.76), while there was no
difference during the pasture season (May to August).
Irrespective of parity, the OR was highest during the
third to fifth month of lactation.

Hygiene-related lesions

The final model of risk factors associated with the pres-
ence of hygiene-related lesions is presented in Table 4.
Herd classification was not significant, although there
was a numerically lower OR (0.39, 95% CI: 0.09 — 1.69)
in herds with low as compared with high incidence rate
of energy-related postpartum diseases. The OR was low-
est during the summer months (May to August: OR =
0.33, 95% CI: 0.27 — 0.41) and highest in cows trimmed
during January to April. Irrespective of when in lactation
cows were trimmed, the OR increased with increasing
parity. In primiparous cows, the OR generally increased
as lactation progressed.

Absence of any lesion

The final model of factors associated with absence of
any claw lesion is presented in Table 5. There were nu-
meric trends towards a higher OR in herds with low as
compared with high incidence rate of energy-related

Table 2 Prevalence of claw lesions at trimmings in herds with different incidence rates of energy-related postpartum

diseases
High Inconsistent-high Low
n Prevalence (%) n Prevalence (%) n Prevalence (%)

Laminitis-associated lesion’ 1141 40 772 22 125 26
Sole ulcer 157 6 146 4 27 6
Sole haemorrhage 1071 38 674 20 110 23
Hygiene-related lesion 1160 41 931 27 108 23
Digital dermatitis 183 6 247 7 6 1
Heel-horn erosion 839 29 521 15 74 16
Other lesions 446 16 283 8 42 9
Absence of any lesion 1229 43 2032 59 291 61

'Observations of individual lesions do not sum to the number of lesions in disease complexes because cows could have multiple lesions per trimming.
2Other lesions include interdigital dermatitis, verrucose dermatitis, and interdigital hyperplasia.
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Table 3 Results from the mixed' logistic regression
model of risk factors associated with presence of
laminitis-associated claw lesions
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Table 4 Results from the mixed’ logistic regression
model of risk factors associated with presence of
hygiene-related claw lesions

Coefficient cr? OR3

Coefficient cr OR?

p-value p-value
Herd classification” x <0.001 Herd classification® 0.24
trimming season
g High Ref 1.00
High x Jan-April Ref 1.00
Low -0.94 -240-053 039
Low x Jan-April -0.15 -169-139 086
Inconsistent-high -0.77 -183-028 046
Inconsistent-high x Jan-April -091 -201-0.18 040
Trimming season <0.001
High x May-Aug —003 —035-030 097
Jan-April Ref 1.00
Low x May-Aug -191 -372--009 0.15
May-Au -1.10 -131--089 033
Inconsistent-high x May-Aug —-0.55 -1.66-056 058 YU
) Sept-Dec —0.64 078 --050 053
High x Sept-Dec -0.76 -108 ——-045 047
Low X Sept-D 035 185-116 071 Parity X lactation stage <0.001
ow X Sept-Dec —0. -185-1. .
1 X <2 months Ref 1.00
Inconsistent-high x Sept-Dec -1.39 —-249--029 025
> . .03 - 0. .
Herd classification x parity 0018 1 x>21t0 5 months 033 003 - 063 139
High x 1 Ref 100 1 x >5to 10 months 0.72 045 - 1.00 2.06
Low x 1 —017 171-138 085 1 % >10 months 0.65 0.36 - 0.95 1.92
< _
Inconsistent-high x 1 -039  -147-070 068 2x =2 months 097 063-130 263
High x 2 0.09 017-035 109 2 X >2 to 5 months 0.97 066 - 1.28 2.64
Low X 2 _062 217-093 054 2 x >5 to 10 months 097 068-126 263
Inconsistent-high x 2 077 -187-032 046 2> >10 months 098 066131 268
High x 23 048 024-071 161 23 % <2 months 1.35 103-167 386
Low X >3 —0.26 ~180-129 077 >3 x >2 to 5 months 1.25 095 - 154 348
Inconsistent-high x >3 -034  -143-075 071 23 X >5to 10 months 121 092-149 334
Breed X trimming season <0001 23X >10 months 116 084-148 320
Swedish Holstein x Jan-April Ref 1.00 ;;‘;’/d wa?(ijnclude.dtas alrandom effect.
0 confidence Interval.
Swedish Red x Jan-April -0.62 -096 —-027 054 30dds ratio.
4 e . .
Swedish Holstein x May-Aug 076 B-—09 047 dli-lseeradssesclassmed according to incidence rates of energy related postpartum
Swedish Red x May-Aug —-0.80 —134—--7 045
Swedish Holstein x Sept-Dec  —025 8- 0w 078 postpartum diseases, irrespective of trimming season or
Swedish Red x Sept-Dec 13 A 027 parity. The OR was lowest in cows trimmed during
Pty  lactation st 0001 January to April (although non-significant as compared
arity X lactation stage <0.

1 x <2 months Ref 1.00

1 X >2 to 5 months 137 109-165 394
1 X >5 to 10 months -034 -02--0% 071
1 % >10 months -0.78 -110--0d6 046
2 X <2 months -0.68 -110--027 051
2 X >2 to 5 months 0.64 028 -1.00 1.90
2 X >5to 10 months -0.31 -066-003 073
2 X >10 months -0.39 —-0.79-0.001 068
23 X <2 months -0.12 -050-025 088
23 x >2 to 5 months 0.67 0.34-1.01 1.96
23 x >5 to 10 months 031 -002-064 136
23 x >10 months -0.03 -039-034 097

"Herd was included as a random effect.

295% confidence interval.

30dds ratio.

“*Herds classified according to incidence rates of energy related postpartum diseases.

with cows trimmed in September to December in herds
with low incidence rate of energy-related postpartum
diseases). In herds with high incidence rate of energy-
related postpartum diseases, the OR decreased with in-
creasing parity (parity 2: OR = 0.69, 95% CI: 0.54 — 0.87;
parity = 3: OR =0.43, 95% CI: 0.34 — 0.54). Swedish Red
cows were more likely than Swedish Holstein cows to
have good claw health at the time of trimming (OR = 1.57,
95% CIL: 1.30 — 1.89) and the OR was significantly lower
for trimmings during the third to tenth month of lactation
(third to fifth month: OR = 0.46, 95% CI: 0.38 — 0.54; sixth
to tenth month: OR = 0.80, 95% CI: 0.68 — 0.94).

Discussion

Associations between energy-related postpartum diseases
and claw lesions

A significantly lower OR for laminitis-related lesions in
herds with low as compared with high incidence rate of
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Table 5 Results from the mixed’ logistic regression
model of risk factors associated with absence of any claw
lesion

Coefficient cr? OR® p-value

Herd classification® x 0.007
trimming season

High x Jan-April Ref 1.00

Low X Jan-April 0.96 -0.62 - 253 260
Inconsistent-high x Jan-April 1.15 003 -227 316

High x May-Aug 0.80 046 -1.14 223

Low X May-Aug 214 052-377 852
Inconsistent-high x May-Aug 149 037 -261 443

High x Sept-Dec 0.74 0.50-098 210

Low X Sept-Dec 1.21 -032-274 334
Inconsistent-high x Sept-Dec 1.62 051-273 505

Herd classification x parity 0.001
High x 1 Ref 1.00

Low X 1 0.54 -101-209 171
Inconsistent-high x 1 0.59 -052-170 181

Highx 2 -037 -061--0.14 069

Low x 2 0.62 -093-217 186
Inconsistent-high x 2 0.57 -054-168 177

High x =23 —0.85 -1.08 --062 043

Low x 23 037 =118 -193 145
Inconsistent-high x =3 032 -079-143 138

Breed <0.001
Swedish Holstein Ref 1.00
Swedish Red 045 026-064 157
Lactation stage <0.001

<2 months Ref 1.00

>2 to 5 months -0.78 —-096 - -061 046
>5 to 10 months -0.23 -039 --007 080
>10 months 0.01 -0.17-0.19 1.01

"Herd was included as a random effect.

295% confidence interval.

30dds ratio.

“Herds classified according to incidence rates of energy related
postpartum diseases.

energy-related postpartum diseases was found in cows
trimmed during the summer months. As the claw horn
lesions reflects an injury of the claw horn that occurred
at least 2 months earlier and which may remain for
months after, depending on claw horn wear, it is likely
that this difference reflects the situation from the hous-
ing period [46]. Evidence suggests a common etiology
between energy-related postpartum diseases and laminitis-
related lesion. Overfeeding and overconditioning during
the dry period, makes the cow more prone to metabolic
disease such as displaced abomasum and ketosis [47,48].
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Overconditioning together with weakened suspensory
structures around calving [32] may also increase traumatic
influence and risk for sole horn lesions to occur [49]. A
negative energy balance in dairy cows is common in the
transition period, and is partially caused by reduced dry
matter and/or energy intake during this period [50,51].
On the other hand, lameness leads to reduced feeding
times and the feeding behavior [52,53] causing negative
energy balance, which may be a risk factor for displaced
abomasum and clinical ketosis. Feeding factors associated
with displaced abomasum and ketosis includes compo-
nent feeding, feeding maize and a low fiber content
[37,54,55]. These factors have also been associated with
laminitis [24,35].

There is still a substantial lack of knowledge whether
the relationships between the energy-related postpartum
diseases, laminitis-related claw horn lesions, rumen acid-
osis and other parameters are really causative.

Numerically lower OR estimates for laminitis-related
lesions in herds with low as compared with high inci-
dence rate of energy-related postpartum diseases were
also found in cows trimmed during January to April and
in all parities. Likewise, the OR for hygiene-related le-
sions was numerically lower, although not statistically
significant because of large standard errors, and there
were numerically higher OR estimates for absence of
any lesion in low-incidence herds, irrespective of trim-
ming season or parity. The low number of lesions
recorded in herds with a low incidence rate of energy-
related postpartum diseases, and the few herds with low
incidence rate, resulted in low power of the analyses. As-
suming a power of 80% and 95% confidence, 152 lesions
in each herd classification would have been required to
detect a significant difference if the prevalence of lesions
was 0.4 and 0.25, respectively [56]. Given that the dataset
contained 125 laminitis-related lesions and 108 hygiene-
related lesions in herds with a low incidence rate of
energy-related postpartum diseases, the analyses may
have failed to detect biological associations that were in
fact present.

Another explanation of less obvious relationships in
this study is the influence of trauma in the etiology of
laminitis-related claw lesions [31]. In herds with poor
housing facilities, where cows are challenged by
prolonged standing times, for hard and abrasive floors,
and by poor cow comfort [57] the risk for laminitis re-
lated lesions will be high and the metabolic influence
may be less accentuated. Rubber mats will reduce the
traumatic influence on claw horn lesions [58,59]. Most
Swedish tie stalls are equipped with rubber mats while
there is a large variation in free stall herds. Specific
housing conditions, other than tie or free stalls, were not
regarded in the present study and would have required
inclusion of more herds to be able to analyze.
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Associations between claw lesions and other risk factors
Season of claw trimming

Housed cattle are at increased risk of developing infec-
tious, hygiene-related claw lesions, for instance due to
fecal contamination [60] or too hard floors [18,61]. Swedish
legislation states that cows must be on pasture during
the summer months; varying between 2 and 4 months de-
pending on location (latitude, ie. growing season). The
lower OR for hygiene-related lesions in cows trimmed
during the grazing season found in the present study
imply a curative effect due to improved hygiene and in-
creased exercise, as suggested by Manske et al. [3]. Indeed,
studies have reported that hygiene-related lesions do heal
spontaneously, and it is less likely to get new such lesions
at pasture [62,63].

Parity and lactation stage

Primiparous cows has been shown to be more prone to
laminitis-related lesions than multiparous cows [22,61,64],
which was confirmed by the present study. Primiparous
cows had a higher OR for laminitis-related lesions during
the first half of lactation, stressing the importance of the
metabolic and environmental changes taking place around
calving in the etiology of laminitis. Irrespective of parity,
the OR for laminitis-related lesions was highest in the
third to fifth month of lactation, supporting the findings
of others [46,64,65]. Given the growth rate of sole horn, it
can take up to three months before any visible signs of
hemorrhage appear [64,66]. Laminitis-related lesions de-
veloping around calving are, therefore, often not detected
until months later. Again, the results confirm the transi-
tion period as critical for the development of laminitis.

Breed

Swedish Red cows had better claw health than Swedish
Holstein cows, in accordance with the results of Bergsten
[61,67] and Manske et al. [22]. Higher susceptibility of
Holstein cows to claw lesions and lameness as compared
with cows of other breeds has also been reported in other
countries [46,68,69]. The higher yield level of Holstein
cows has been proposed as an explanation. However, even
after adjusting for yield level in the analyses, Barker et al.
[69] reported a significant association between lameness
prevalence and breed, indicating that factors other than
yield level are responsible for the poorer claw health in
Holstein cows. Swedish Holsteins have been associated
with a higher risk of displaced abomasum [55] as well as
lameness.

In Sweden, the breeding goal of Swedish Red cows has
traditionally put more emphasis on functional traits,
such as disease resistance and longevity, than the breed-
ing goal of Holstein cows. This offers an explanation for
their lower OR for laminitis-related lesions; the more ro-
bust Swedish Red cow might be better able to cope with
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management changes and hard floors during the housing
season.

Housing system

Although housing system is commonly reported as an
important factor affecting the prevalence of claw lesions
[70-72], it was not a significant predictor in any of the
models. However, only five of the herds were housed in
tie stalls, with only one of these having a high incidence
rate of energy-related postpartum diseases and two hav-
ing a low incidence rate. The absence of an effect of
housing system might, consequently, be an artifact of
the data structure. An alternative explanation could be
that management routines in individual herds (absorbed
in the random-herd effect) were more important than
the housing system.

Study design

Herd selection

As herds were selected and studied primarily for an in-
vestigation on energy-related postpartum diseases [43],
emphasis was more on details in diagnosing them with
expense on the number of herds. With a higher number
of herds and including more parameters on management
system it would have allowed a more complete analysis
of non-metabolic parameters.

Frequency of claw trimming

Cows in herds with a high incidence rate of energy-
related postpartum diseases underwent more frequent
trimmings than those in herds with a low incidence rate
of energy-related postpartum diseases (Table 1). This
may indicate poorer claw health in high-incidence herds,
forcing trimmings to occur more often [73]. It is, how-
ever, more likely that the frequent trimming actually re-
duced the prevalence as well as the incidence of new
lesions. For instance, Manske et al. [22] found that an
additional yearly trimming made in the autumn, as com-
pared with only one trimming in the spring, reduced the
prevalence of lame cows and laminitis-related lesions, as
well as the need for acute trimmings in between main-
tenance claw trimmings. Thus, it is conceivable that the
herds with a high incidence rate of energy-related post-
partum diseases showed fewer lesions than what would
have been observed with less frequent trimming. Other-
wise, low incidence herds with fewer trimmings should
have had more claw lesions, which was not the case in
this study [3].

Claw trimmer

Unfortunately, the dataset did not contain information
on the identity of trimmers, and so we could not control
for the skill of the individual recording the diagnosis in
the analyses. However, the inter-rater agreement among
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Swedish trimmers for claw lesions assessed using ordinal
scores was acceptable to good [74], and the propensity of
trimmers to record severe lesions, especially sole ulcer,
was high [44]. Furthermore, the potential bias introduced
by not including the identity of trimmer in the analyses
would most likely be non-differential, because herd clas-
sification and trimmer was probably not systematically
related and results would thus err towards the null hy-
pothesis of no differences between herd classifications.

Confounding

Confounding bias is always a concern, especially in ob-
servational studies where information may not always be
available to control for such bias. In this study it is pos-
sible that housing and management factors, such as
overcrowding and floor surface, could be associated both
with the risk factor under study and the outcome. How-
ever, this information was not collected and could there-
fore not be included in the multivariable model.

Conclusion

Only a few statistically significant associations were found,
but several tendencies pointed towards better claw health
in herds with low as compared with high incidence rate of
energy-related postpartum diseases. More knowledge is
needed to clarify causative mechanisms and the possibly
common metabolic etiology behind energy-related post-
partum diseases and laminitis-related claw horn lesions.

Additional file

[ Additional file 1: Claw lesion color atlas. ]

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

CN carried out the statistical analyses, interpreted the results and drafted the
manuscript. LS participated in the design of the study, collected the data
and helped in the interpretation of the results and to draft the manuscript.
(B participated in the interpretation of the results and helped to draft the
manuscript. UE participated in the design of the study, the statistical analyses
and the coordination, and helped to draft the manuscript. All authors read
and approved the final manuscript.

Author details

'Department of Clinical Sciences, Swedish University of Agricultural Sciences,
P.O. Box 7054, SE-750 07, Uppsala, Sweden. “Department of Biosystems and
Technology, Swedish University of Agricultural Sciences, P.O. Box 86, SE-230
53, Alnarp, Sweden.

Received: 31 August 2012 Accepted: 6 July 2013
Published: 24 July 2013

References

1. 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 2003, 153:197-202.

2. Murray R: Researching risk factors associated with cattle lameness. Vet J
2000, 159:109-110.

22.

23.

24.

25.

26.

27.

28.

29.

Page 9 of 10

Manske T, Hultgren J, Bergsten C: Prevalence and interrelationships of
hoof lesions and lameness in Swedish dairy cows. Prev Vet Med 2002,
54:247-263.

Somers JGCJ, Frankena K, Noordhuizen-Stassen EN, Metz JHM: Prevalence
of claw disorders in Dutch dairy cows exposed to several floor systems.
J Dairy Sci 2003, 86:2082-2093.

Ettema JF, Capion N, Hill AE: The association of hoof lesions at claw
trimming with test-day milk yield in Danish Holsteins. Prev Vet Med 2007,
79:224-243.

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-November 2004. Prev Vet Med 2008,
83:381-391.

Warnick LD, Janssen D, Guard CL, Grohn YT: The effect of lameness on
milk production in dairy cows. J Dairy Sci 2001, 84:1988-1997.

Green LE, Hedges VJ, Schukken YH, Blowey RW, Packington AJ: The impact
of clinical lameness on the milk yield of dairy cows. J Dairy Sci 2002,
85:2250-2256.

Hernandez J, Shearer JK, Webb DW: Effect of lameness on the calving-
to-conception interval in dairy cows. J Am Vet Med Assoc 2001,
218:1611-1614.

Lucey S, Rowlands GJ, Russell AM: The association between lameness and
fertility in dairy cows. Vet Rec 1986, 118:628-631.

Collick D, Ward W, Dobson H: Associations between types of lameness
and fertility. Vet Rec 1989, 125:103-106.

Booth CJ, Warnick LD, Grohn YT, Maizon DO, Guard CL, Janssen D: Effect of
lameness on culling in dairy cows. J Dairy Sci 2004, 87:4115-4122.
Sogstad AM, @sterds O, Fjeldaas T, Nafstad O: Bovine claw and limb
disorders related to culling and carcass characteristics. Livest Sci 2007,
106:87-95.

Ettema JF, @stergaard S: Economic decision making on prevention and control
of clinical lameness in Danish dairy herds. Livest Sci 2006, 102:92-106.

Bruijnis MR, Hogeveen H, Stassen EN: Assessing economic consequences
of foot disorders in dairy cattle using a dynamic stochastic simulation
model. J Dairy Sci 2010, 93:2419-2432.

Guard C: Investigating herds with lameness problems. Vet. Clin. N. Am.-
Food A 2001, 17:175-178.

Webster AJF: Effects of housing and two forage diets on the
development of claw horn lesions in dairy cows at first calving and in
first lactation. Vet J 2001, 162:56-65.

Bergsten C, Frank B: Sole haemorrhages in tied primiparous cows as an
indicator of periparturient laminitis: effects of diet, flooring and season.
Acta Vet Scand 1996, 37:383-394.

Faye B, Lescourret F: Environmental factors associated with lameness in
dairy cattle. Prev Vet Med 1989, 7:267-287.

Groehn JA, Kaneene JB, Foster D: Risk factors associated with lameness in
lactating dairy cattle in Michigan. Prev Vet Med 1992, 14:77-85.

Wells SJ, Trent AM, Marsh WE, Williamson NB, Robinson RA: Some risk
factors associated with clinical lameness in dairy herds in Minnesota and
Wisconsin. Vet Rec 1995, 136:537-540.

Manske T, Hultgren J, Bergsten C: The effect of claw trimming on the hoof
health of Swedish dairy cattle. Prev Vet Med 2002, 54:113-129.

Fjeldaas T, Sogstad AM, @sterds 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 2006, 73:255-271.

Manson FJ, Leaver JD: The effect of concentrate: silage ratio and of hoof
trimming on lameness in dairy cattle. Anim Prod 1989, 49:15-22.

Alban L: Lameness in Danish dairy cows: frequency and possible risk
factors. Prev Vet Med 1995, 22:213-225.

Hultgren J, Manske T, Bergsten C: Associations of sole ulcer at claw
trimming with reproductive performance, udder health, milk yield, and
culling in Swedish dairy cattle. Prev Vet Med 2004, 62:233-251.

Whay HR, Waterman AE, Webster AJF, O'Brien JK: The influence of lesion
type on the duration of hyperalgesia associated with hindlimb lameness
in dairy cattle. Vet J 1998, 156:23-29.

Kossaibati MA, Esslemont RJ: The costs of production diseases in dairy
herds in England. Vet J 1997, 154:41-51.

Oskarsson M: Vad kostar délig klovhélsa? In Svensk mjolks djurhdlso- och
utfodringskonferens. Edited by Swedish dairy association. Norrkoping;
Sweden; 2008:59-62.


http://www.biomedcentral.com/content/supplementary/1751-0147-55-55-S1.pdf

Nielsen et al. Acta Veterinaria Scandinavica 2013, 55:55
http://www.actavetscand.com/content/55/1/55

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Vermunt JJ, Greenough PR: Predisposing factors of laminitis in cattle.

Brit Vet J 1994, 150:151-164.

Bergsten C: Causes, risk factors, and prevention of laminitis and related
claw lesions. Acta Vet Scand 2003(Suppl. 98):157-166.

Tarlton JF, Holah DE, Evans KM, Jones S, Pearson GR, Webster AJ:
Biomechanical and histopathological changes in the support structures of
bovine hooves around the time of first calving. Vet J 2002, 163:196-204.
Manson FJ, Leaver JD: The influence of concentrate amount on locomotion
and clinical lameness in dairy cattle. Anim Prod 1988, 47:185-190.

Manson FJ, Leaver JD: The influence of dietary protein intake and of hoof
trimming on lameness in dairy cattle. Anim Prod 1988, 47:191-199.
Livesey C, Fleming F: Nutritional influences on laminitis, sole ulcer and
bruised sole in Friesian cows. Vet Rec 1984, 114:510-512.

Cameron REB, Dyk PB, Herdt TH, Kaneene JB, Miller R, Bucholtz HF, Liesman JS,
Vandehaar MJ, Emery RS: Dry cow diet, management, and energy balance as
risk factors for displaced abomasum in high producing dairy herds. J Dairy
Sci 1998, 81:132-139.

Shaver RD: Nutritional risk factors in the etiology of left displaced
abomasum in dairy cows: a review. J Dairy Sci 1997, 80:2449-2453.

Krause KM, Oetzel GR: Understanding and preventing subacute ruminal
acidosis in dairy herds: a review. Anim Feed Sci Technol 2006, 126:215-236.
Nordlund K: Herd-based rumenocentesis: A clinical approach to the
diagnosis of subacute rumen acidosis. Comp Cont Educ Pract 1995, 17:48-56.
DeChant GM, Risco CA, Donovan GA, Tran TQ, van Horn HH, Bray DR: Effect
of transition energy and fiber levels on subclinical laminitis and rumen
acidosis in Holstein cows in Florida. In Thirty first conference of American
association of bovine practitioners. Edited by Williams El. Spokane; USA;
1998:186.

Collard BL, Boettcher PJ, Dekkers JCM, Petitclerc D, Schaeffer LR:
Relationships between energy balance and health traits of dairy cattle in
early lactation. J Dairy Sci 2000, 83:2683-2690.

Dohoo IR, Martin SW: Disease, production and culling in Holstein-Friesian
cows. lIl. Disease and production as determinants of disease. Prev Vet
Med 1984, 2:671-690.

Stengérde L, Hultgren J, Trdvén M, Holtenius K, Emanuelson U: Risk factors
for displaced abomasum or ketosis in Swedish dairy herds. Prev Vet Med
2012, 103:280-286.

Manske T: On hoof trimmers' hoof health records. Svensk Veterindrtidning
2003, 55:11-18.

Dapfer D: Epidemiological investigations of digital dermatitis on two dairy
farms, PhD thesis. Utrecht university, Department of herd health and
reproduction; 1994.

Vaarst M, Hindhede J, Enevoldsen C: Sole disorders in conventionally
managed and organic dairy herds using different housing systems. J Dairy
Res 1998, 65:175-186.

Goff JP, Horst RL: Physiological changes at parturition and their
relationship to metabolic disorders. J Dairy Sci 1997, 80:1260-1268.
Rukkwamsuk T, Kruip TA, Wensing T: Relationship between overfeeding
and overconditioning in the dry period and the problems of high
producing dairy cows during the postparturient period. Vet Q 1999,
21:71-77.

Chapinal N, de Passille AM, Rushen J: Weight distribution and gait in dairy
cattle are affected by milking and late pregnancy. J Dairy Sci 2009,
92:581-588.

Grummer RR, Mashek DG, Hayirli A: Dry matter intake and energy balance
in the transition period. Vet Clin N Am-Food A 2004, 20:447-470.

Bell AW: Regulation of organic nutrient metabolism during transition
from late pregnancy to early lactation. J Anim Sci 1995, 73:2804-2819.
Gomez A, Cook NB: Time budgets of lactating dairy cattle in commercial
freestall herds. J Dairy Sci 2010, 93:5772-5781.

Gonzalez LA, Tolkamp BJ, Coffey MP, Ferret A, Kyriazakis I: Changes in
feeding behavior as possible indicators for the automatic monitoring of
health disorders in dairy cows. J Dairy Sci 2008, 91:1017-1028.

@stergaard S, Grohn YT: Concentrate feeding, dry-matter intake, and
metabolic disorders in Danish dairy cows. Livest Prod Sci 2000, 65:107-118.
Stengérde L, Pehrson B: Effects of management, feeding, and treatment
on clinical and biochemical variables in cattle with displaced abomasum.
Am J Vet Res 2002, 63:137-142.

Dohoo |, Martin W, Stryhn H: Sample-size determination. In Veterinary
epidemiologic research. 1st edition. Charlottetown; Canada: AVC Inc;
2003:39-47.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

73.

74.

Page 10 of 10

Cook NB, Bennett TB, Nordlund KV: Effect of free stall surface on daily
activity patterns in dairy cows with relevance to lameness prevalence.
J Dairy Sci 2004, 87:2912-2922.

Bergsten C: Effects of conformation and management system on hoof
and leg diseases and lameness in dairy cows. Vet Clin N Am-Food A 2001,
17:1-23. v.

Bergsten C, Telezhenko E, Ventorp M: Importance of hard and soft flooring
system for heifers and primiparous cows” growth and wear, locomotion,
claw and leg health. In Proceedings of 16th Symposium and 8th conference
on lameness in ruminants: Lameness a global perspective. Rotaroa, New
Zealand; 2011:37.

Bergsten C, Pettersson B: The cleanliness of cows tied in stalls and the
health of their hooves as influenced by the use of electric trainers. Prev
Vet Med 1992, 13:229-238.

Bergsten C: Haemorrhages of the sole horn of dairy cows as a
retrospective indicator of laminitis: an epidemiological study. Acta Vet
Scand 1994, 35:55-66.

Peterse DJ: Laminitis and interdigital dermatitis and heel horn erosion A
European perspective. Vet Clin N Am-Food A 1985, 1:83-91.
Hernandez-Mendo O, Keyserlingk MAG, Veira DM, Weary DM, von
Keyserlingk MAG: Effects of pasture on lameness in dairy cows. J Dairy Sci
2007, 90:1209-1214.

Sogstad AMm, Fjeldaas T, @steras O: Lameness and claw lesions of the
Norwegian red dairy cattle housed in free stalls in relation to environment,
parity and stage of lactation. Acta Vet Scand 2005, 46:203-217.

Leach KA, Logue DN, Kempson SA, Offer JE, Ternent HE, Randalls JM: Claw
lesions in dairy cattle: development of sole and white line
haemorrhages during the first lactation. Vet J 1997, 154:215-225.
Bergsten C: A photometric method for recording hoof diseases in cattle,
with special reference to haemorrhages of the sole. Acta Vet Scand 1993,
34:281-286.

Bergsten C: Betydelsen av golvkomfort for klév- och benhdilsa hos kvigor och
kor, Forskning Special (Swedish Dairy Association). Forskning Special,
Stockholm; 2009:2.

Holzhauer M, Hardenberg C, Bartels CJM, Frankena K: Herd- and cow-level
prevalence of digital dermatitis in The Netherlands and associated risk
factors. J Dairy Sci 2006, 89:580-588.

Barker ZE, Leach KA, Whay HR, Bell NJ, Main DCJ: Assessment of lameness
prevalence and associated risk factors in dairy herds in England and
Wales. J Dairy Sci 2010, 93:932-941.

Sogstad AM, Fjeldaas T, @steras O, Forshell KP: Prevalence of claw lesions
in Norwegian dairy cattle housed in tie stalls and free stalls. Prev Vet Med
2005, 70:191-209.

Bielfeldt JC, Badertscher R, Tolle KH, Krieter J: Risk factors influencing
lameness and claw disorders in dairy cows. Livest Prod Sci 2005, 95:265-271.
Bergsten C, Herlin AH: Sole haemorrhages and heel horn erosion in dairy
cows: the influence of housing system on their prevalence and severity.
Acta Vet Scand 1996, 37:395-408.

Amory JR, Kloosterman P, Barker ZE, Wright JL, Blowey RW, Green LE: Risk
factors for reduced locomotion in dairy cattle on nineteen farms in The
Netherlands. J Dairy Sci 2006, 89:1509-1515.

Manske T: Hoof lesions and lameness in Swedish dairy cattle, PhD thesis.
Swedish University of Agricultural Sciences, Department of Animal
Environment and Health; 2002.

doi:10.1186/1751-0147-55-55

Cite this article as: Nielsen et al.: Relationship between herd-level
incidence rate of energy-related postpartum diseases, general risk
factors and claw lesions in individual dairy cows recorded at
maintenance claw trimming. Acta Veterinaria Scandinavica 2013 55:55.




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Material and methods
	Herd selection
	Identification of high and low incidence herds
	Claw lesions
	Dataset
	Statistical methods
	Clustering of observations
	Statistical analyses


	Results
	Descriptive statistics
	Laminitis-related lesions
	Hygiene-related lesions
	Absence of any lesion

	Discussion
	Associations between energy-related postpartum diseases and claw lesions
	Associations between claw lesions and other risk factors
	Season of claw trimming
	Parity and lactation stage
	Breed
	Housing system

	Study design
	Herd selection
	Frequency of claw trimming
	Claw trimmer
	Confounding


	Conclusion
	Additional file
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


