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Associations of cow and farm characteristics with cow-level
lameness using data from an extensive cross-sectional study
across 3 structurally different dairy regions in Germany
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ABSTRACT

The aim of the present study was to evaluate the
associations between milk recording data, body condi-
tion score (BCS), housing factors, management factors,
and lameness in freestall-housed dairy cows in 3 struc-
turally different regions in Germany. These regions
substantially vary regarding herd size, breeds, access
to pasture, farm management (family run or company
owned), and percentage of organic farms. The data
used was collected in a large cross-sectional study from
2016 to 2019. A total of 58,144 cows from 651 farms in
3 regions of Germany (North, East, and South) was
scored for locomotion and body condition. Addition-
ally, data on milk yield, milk composition, breed, age,
as well as information on housing and management
were retrieved. One mixed-logistic regression model was
fitted per region to evaluate the association of the data
with the target variable “lame” and to allow for a com-
prehensive reflection across different kinds of farming
types. In all regions, undercondition (BCS lower than
recommended for the lactation stage; North: odds ratio
[OR] 2.15, CI 1.96-2.34; East: OR 2.66, CI 2.45-2.88;
South: OR 2.45, CI 2.01-2.98) and mid-lactation stage
(102-204 d in milk; North: OR 1.15, CI 1.05-1.27; East:
OR 1.24, CI 1.17-1.32; South: OR 1.38, CI 1.18-1.62)
were associated with higher odds for lameness, whereas
overcondition (BCS higher than recommended for the
lactation stage; North: OR 0.51, CI 0.44-0.60; East:
OR 0.51, CI 0.48-0.54; South: OR 0.65, CI 0.54-0.77)
and parity of 1 or 2 was associated with lower odds
(parity 1 = North: OR 0.32, CI 0.29-0.35; East: OR
0.19, CI 0.18-0.20; South: OR 0.28, CI 0.24-0.33; parity
2 = North: OR 0.51, CI 0.47-0.46; East: OR 0.41, CI

Received December 23, 2022.
Accepted June 16, 2023.
*Corresponding author: andreas.oehm@outlook.com

0.39-0.44; South: OR 0.49, CI 0.42-0.57), irrespective
of the regional production characteristics. Low energy-
corrected milk yield was associated with higher odds
for lameness in South and North (North: OR 1.16, CI
1.05-1.27; South: OR 1.43, CI 1.22-1.69). Further fac-
tors such as pasture access for cows (North: OR 0.64,
CI 0.50-0.82; and South: OR 0.65, CI 0.47-0.88), milk
protein content (high milk protein content = North:
OR 1.34, CI 1.18-1.52; East: OR 1.17, CI 1.08-1.28; low
milk protein content = North: OR 0.79, CI 0.71-0.88;
East: OR 0.84, CI 0.79-0.90), and breed (lower odds
for “other” [other breeds than German Simmental and
German Holstein| in East [OR 0.47, CI 0.42-0.53] and
lower odds both for German Holstein and “other” in
South [German Holstein: OR 0.62, CI 0.43-0.90; other:
OR 0.46, CI 0.34 - 0.62]) were associated with lameness
in 2 regions, respectively. The risk of ketosis (higher
odds in North: OR 1.11, CI 1.01-1.22) and somatic
cell count (higher odds in East: increased (>39.9 cells
x 1,000/mL): OR 1.10; CI 1.03-1.17; high (>198.5
cells x 1,000/mL): OR 1.08; CI 1.01-1.06) altered the
odds for lameness in 1 region, respectively. Cows from
organic farms had lower odds for lameness in all 3 re-
gions (North: OR 0.18, CI 0.11-0.32; East: OR 0.39, CI
0.28-0.56; South: OR 0.45, CI 0.29-0.68). As the dairy
production systems differed substantially between
the different regions, the results of this study can be
viewed as representative for a wide variety of loose-
housed dairy systems in Europe and North America.
The consistent association between low BCS and lame-
ness in all regions aligns with the previous literature.
Our study also suggests that risk factors for lameness
can differ between geographically regions, potentially
due to differences in which dairy production system
is predominantly used and that region-specific charac-
teristics should be taken into account in comparable
future projects.

Key words: locomotion, dairy -cattle,
logistic regression, risk factor analysis

modeling,
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INTRODUCTION

The optimization of breeding programs, feeding
strategies, housing conditions, and management pro-
cedures in the dairy sector over the past decades has
yielded a type of dairy cow that is capable of producing
large amounts of milk with an increased output of milk
components such as milk fat and milk protein (Rauw
et al., 1998; Wangler et al., 2009; Sundrum, 2015; Britt
et al., 2018). On the downside of these productive ad-
vancements, modern dairy cows are confronted with
a greater susceptibility to production diseases such as
metabolic disorders, mastitis, poor fertility, and lame-
ness (Shanks et al., 1978; Rauw et al., 1998; Leroy et al.,
2008; Sundrum, 2015). Afflicted animals often undergo
premature culling, which has resulted in a large gap
between the potential lifespan of cows (20-25 yr) and
the current reality in dairy production. In Germany,
cows reach a mean lifespan of around 55 (VIT, 2020)
to 68 mo (Logue and Mayne, 2014). In an international
evaluation, the lifespan of dairy cows averaged 52 mo
in Brazil, 75 mo in the Netherlands, 47 mo in Canada,
and 59 mo in the United States (Logue and Mayne,
2014; De Vries, 2017).

Lameness is one of the main reasons for involuntary
culling in dairy cows (Whitaker et al., 2000; Man-
ske, 2002; Booth et al., 2004; Heise et al., 2016). It
has been associated with tremendous financial losses
due to decreased milk production, poor reproductive
performance, and costs for treatment and prevention
strategies (Huxley, 2013; Charfeddine and Pérez-Cabal,
2017; Dolecheck and Bewley, 2018). It is also an animal
welfare concern compromising the animals’ ability to
express its natural behavior (Whay and Shearer, 2017).
Afflicted cows display marked behavioral aberrations,
such as reduced feeding duration, feeding pace, feeding
frequency, rumination behavior, lying duration, and so-
cial activity, and are subjected to severe, often chronic
pain (Whay et al., 2005; Alawneh et al., 2012; Grimm
et al., 2019).

Most cases of lameness originate either from nonin-
fectious claw horn disruption lesions (i.e., sole ulcers,
white line disease and sole hemorrhages) or from infec-
tious claw disorders such as digital dermatitis and foot
rot. The development of clinical lameness is complex,
and has been linked to a vast abundance of factors re-
lated to housing conditions and management practices
(Sundrum, 2015; Oehm et al., 2019). Additionally, ani-
mal-level factors such as milk yield and body condition
play an important role (Green et al., 2010; Green et al.,
2014; Sundrum, 2015; Randall et al., 2018) and, more-
over, interact. The association between daily milk yield
and lameness cases or lameness treatments has been
subject of several studies and an association of lame-
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ness and milk yield has been demonstrated (Green et
al., 2002, 2010, 2014). Both before and after treatment
of lame cows, the average daily milk yield was found
to be reduced both in comparison with cows not be-
ing diagnosed lame and with their estimated milk yield
based on their previous test-day milk yields, respec-
tively (Warnick et al., 2001; Green et al., 2002). Green
et al. (2002) found higher yielding cows to be more
likely to become lame than their lower-yielding herd
mates. Those lame cows produced a mean increased
milk yield of 1.12 kg/d during lactation on the days
where lameness did not cause reduced milk production.
This has implications for the health of high-yielding
dairy cows. They are at greater risk of ketosis (Grohn
et al., 1999) and other health disorders (Hansen et al.,
1979), and we can now confirm that they are at greater
risk of lameness.

In the light of this background, the aim of the pres-
ent study was to explore the association of animal-level
factors, farm characteristics, and management aspects
with cow-level lameness across 3 structurally different
regions in Germany using multiple mixed-logistic re-
gression. By fitting one model each for the 3 different
regions, we could evaluate for which predictors the
association with lameness was stable between regions,
and for which predictors an association was not consis-
tently found.

MATERIALS AND METHODS
Farm Selection

Data used in the current study were retrieved in
the context of a large cross-sectional study on animal
health and housing conditions on German dairy opera-
tions from 2016 to 2020 (PraeRi, 2020). Whereas previ-
ous work from our group was interested in applying
a novel modeling approach to a subset of the current
data (Oehm et al., 2022), the present work was able to
include the entirety of the available data set and shift
the focus toward region-specific differences among risk
factors.

In the study providing the data, 3 study regions were
defined (Figure 1) as North, covering the federal states
of Schleswig-Holstein and Lower Saxony; East, covering
the federal states of Mecklenburg Western Pomerania,
Brandenburg, Thuringia and Saxony-Anhalt; and
South, representing the federal state of Bavaria.

Sampling is presented in detail in PraeRi (2020), also
described by Oehm et al. (2022). Sample size (num-
ber of farms) was to be calculated to reflect different
potential scenarios (i.e., different prevalences of e.g.,
lameness) given a power of 80% and a significance level
of 5%. For the estimation of an expected value (e.g., a
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