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Lameness in dairy cattle commonly results in milk production losses. Previous studies have quantified this effect
in cows milked with conventional milking systems. The effect of lameness on milk production in herds with
automatic milking systems (AMS) might differ because lame cows may visit the AMS less frequently, resulting in
an additional milk production loss. This observational study aimed to quantify the direct and indirect effect,
through milking frequency, of lameness on milk production in AMS herds by means of a multilevel mediation
analysis. Lameness scores, the number of visits to the AMS, and daily milk production records of 1608 dairy cows
from 87 Dutch AMS herds were available for analysis. Of those cows, 27 % were mildly lame and 11 % were
severely lame. Using a multilevel Poisson regression model, both mildly lame and severely lame cows were
identified to visit the AMS less frequently. A separate multilevel linear regression model identified that the direct
effect of severe lameness on milk production was 1.4 kg per day. The subsequent multilevel mediation analysis
showed that the relationship between severe lameness and milk production was mediated through a reduced
milking frequency; 63 % of the total milk production losses (3.9 kg per day) were due to a reduced milking
frequency (2.5 kg per day). The mediating effect of a reduced milking frequency was most prominent in cows
with parity ≥ 4 and in cows that were ≥ 30 days in lactation. This study suggests that milk production losses due
to severe lameness of dairy cows might be higher in AMS herds compared with cows in herds with a conventional
milking system, a likely result of a reduced milking frequency of those cows. Prevention of severe lameness may
be more cost-effective in AMS herds than in herds with a conventional milking system.

1. Introduction
In the dairy industry, foot and leg disorders are a major problem from
an animal welfare and economic perspective (Bruijnis et al., 2012).
Lameness affects cow welfare, not only because it can be painful and
long lasting (Chapinal et al., 2010), but also because it disrupts the cows’
routine and natural behaviour (Galindo and Broom, 2002). Moreover,
lameness affects health as well as fertility, milk production and the
probability of culling (Huxley, 2013). From an economic perspective,
lameness is believed to be the third most important disease in dairy
herds, after mastitis and reproductive disorders (Bruijnis et al., 2012;
Dolecheck and Bewley, 2018). Lameness has several manifestations.
Severe lameness is a notable alteration in the gait of the animal which
can be easily recognized by the farmer or an untrained person while mild
lameness or cows with uneven gaits may not be readily visible for un
trained eyes.

It is well established that lameness negatively affects milk production
of dairy cows, a likely result of the reduced feed intake due to the cows’
impaired locomotion. Lameness is generally associated with a milk yield
loss of 270–574 kg over a whole lactation, as reviewed by Huxley
(2013). Longitudinal studies have confirmed this direct relationship and
some identified that milk production is already reduced for several
months before cows become clinically lame (Onyiro et al., 2008; Archer
et al., 2010; Reader et al., 2011). Most studies investigating the impact
of lameness on milk production have been conducted in herds with a
conventional milking system while cows are allowed to be milked upon
their own needs within AMS herds. This generally results in a higher
milking frequency when compared to cows that are milked twice daily,
especially when they are high producers or in peak production. A higher
milking frequency subsequently results in a higher milk production. The
latter has been determined in herds with a conventional milking system
(Svennersten-Sjaunja and Pettersson, 2008) as well as in herds with an
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AMS (Jacobs and Siegford, 2012). Lame cows visit the AMS less frequent
due to their impaired gait (Bach et al., 2007; Deming et al., 2013;
Miguel-Pacheco et al., 2014; King et al., 2017). Therefore, the rela
tionship between lameness and milk production in AMS herds may be
through two causal pathways. First, there might be a direct effect: lame
cows are diseased and produce less milk due to a reduced ability to
maximize feed intake, which also occurs in herds utilizing a conven
tional milking system. In farms with an AMS, however, there may be an
additional indirect effect through a reduced milking frequency. Lame
cows visit the AMS less frequently, which, subsequently, influences milk
production. The relationship between lameness and milk production is
thus more complex in herds with an AMS due to an altered milking
frequency. Quantifying the indirect effect would provide some insights
in whether preventive lameness management can be expected to be as
cost-effective in AMS herds as in herds with a conventional milking
system.
The aim of this study was to estimate cows’ milk production losses
due to lameness in AMS herds and to disentangle the relationships be
tween lameness, milking frequency and milk production in these types
of dairy herds by quantifying the contribution of a reduced milking
frequency to the total effect of lameness on milk production.

milk production recordings of a cow on a single day. To avoid having
incomplete information on the day of the visit, data from the day prior to
the visit was used to evaluate milking frequency and milk production
losses. Recordings at other previous days were not evaluated.
Cows were categorized according to lactation stage: early (0–30
days), mid (31–150 days) and late lactation (over 150 days). Cow parity
was divided into four groups: 1, 2, 3 and 4 and higher. Locomotion
scores were divided into three categories: a cow with a locomotion score
up to and including two was regarded as non-lame, locomotion scores
between 2.25 and three were defined as mildly lame, and scores of 3.25
and higher were considered severely lame.
2.3. Statistical analysis
In AMS herds, the effect of lameness on milk production is assumed
to be both direct (Fig. 1 – path c) and indirect through milking frequency
(Fig. 1 – paths a and b). Milking frequency is therefore hypothesized to
mediate the relationship between lameness and milk production in
farms with an AMS. These relationships can be studied within the
counterfactual framework proposed by Imai et al. (2010). Such a
mediation analysis allows the estimation of the total, direct and indirect
(or mediating) effect of an independent variable (lameness; Fig. 1) on a
dependent variable (milk production) through a mediator (milking fre
quency), based on a model for the dependent variable and a model for
the mediator. Three criteria should be fulfilled to detect mediation: 1)
there should be a significant relationship between the independent
variable and the dependent variable, 2) there should be a significant
relationship between the independent variable and the mediating vari
able, and 3) the mediating variable must be a significant predictor of the
dependent variable in a model including both the mediating variable
and the independent variable (Baron and Kenny, 1986).
A mediator should not be confused with a confounding variable,
commonly used in epidemiology. In a mediation analysis, the indepen
dent variable causes the mediator which, in turn, causes the dependent
variable. It is therefore an intermediate step in the causal pathway be
tween the independent variable and dependent variable (MacKinnon
et al., 2007; VanderWeele, 2016). This in contrast to a confounding
variable, which is not an intermediate factor in the causal pathway
(Greenland and Morgenstern, 2001; Dohoo et al., 2010).
Using the lme4 package in R, two models were constructed to esti
mate the mediating effect of milking frequency on the relationship be
tween lameness and milk production using a complete case analysis.
Farm was included as a random intercept in both models to correct for
clustering of cows within herds. First, a multilevel linear regression
model was fitted to estimate the direct effect of lameness on milk pro
duction. The model included the locomotion score as the main variable
of interest, milking frequency as the mediator, and parity and lactation
stage as covariates, as follows:

2. Material and methods
2.1. Study population and on-farm data collection
Data were obtained from a previously described cross-sectional study
(Dohmen et al., 2010). Four hundred dairy farms were approached by
the Dutch dairy cooperative Royal FrieslandCampina N.V. to be
recruited. In addition to their willingness to participate, farms had to
meet the following inclusion criteria: they had to use an AMS for at least
one year, should not make use of an additional conventional milking
system, and needed to participate in the regular Dutch test day
recording. Farms were visited by one out of two pairs of veterinary
students to obtain information from the AMS and to score cows for
lameness from May until November 2008. The students were trained by
providing them a package with a description of the various locomotion
scores and videos to illustrate and practice the scores. After studying the
package, the students scored cows of the university farm of Utrecht
University (Utrecht, the Netherlands) under the supervision of an expert.
Scores were later compared and discussed focussing on reaching
agreement. Further details on the data collection are described by
Dohmen et al. (2010).
Locomotion was scored on a scale from one to five according to
Sprecher et al. (1997) for at least 10 randomly selected lactating cows.
When scoring, cows were assessed in the barn for posture and gait. A
score of one was given to an animal standing with a level-back posture
and walking with a normal gait. A cow with a score of five was a severely
lame animal with a pronounced arched-back posture, reluctant to move
and bearing weight on one or more of its limbs. Scores of 0.5 could be
registered. The two students evaluated each cow independently and the
average of both scores was taken as the final lameness score.
Milk production records were downloaded from the software of the
AMS during the visit to the farm, including kg of milk produced, date,
and time of each milking. Data on the cows’ characteristics, such as
parity and calving and birth dates, were collected from the herds’ test
day recording data (CRV, 2020).

MY i = β0 + β1 LocScore + β2 MilkFreq + β3 Parity + β4 LacStage + ν + εi
where MYi is the daily milk production (kg) of cow i, LocScore is one of
three locomotion categories, MilkFreq the number of milkings per day,

2.2. Data preparation
All data preparation and statistical analyses were performed in R,
version 4.0.2 (R Core Team, 2020). Days in milk were calculated based
on the date of the visit and the cows’ last calving date. Milking frequency
was determined based on the number of recorded visits of each cow to
the AMS per day. Visits to the AMS without an actual milking were not
considered. The daily milk production was calculated by summing all

Fig. 1. Direct acyclic graph of the relationship between lameness (independent
variable), milking frequency (mediator), and milk production (depen
dent variable).
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Parity is one of four parity categories, and LacStage is one of three
lactation stage categories. The random herd effect is given by ν while εi
represents the residual error term. Second, the mediator (milking fre
quency) was modelled by a multilevel Poisson regression model using a
log link, and included locomotion score, parity and lactation stage as
independent variables, as follows:

0.2–0.9%) had a score of 4.25 and higher.
3.2. Effect of lameness on milk production
The results of the final multilevel linear regression model predicting
milk production loss in AMS herds due to the direct effect of lameness
are presented in Table 2. The model showed that severely lame cows
produced 1.4 (95%-CI: 0.3–2.6) kg/day less than non-lame herd mates,
after correcting for parity and lactation stage. No significant change in
milk production was identified for mildly lame cows when compared
with non-lame cows (0.5 kg/day; 95%-CI: − 0.3 to 1.2). Every unit in
crease in milking frequency was associated with a 4.5 (95%-CI: 4.1–5.0)
kg increase in daily milk production.

ln(MilkFreq) = β0 + β1 LocScore + β2 Parity + β3 LacStage + ν
Estimates were exponentiated to obtain incidence rate ratios.
Both final models were then combined into a multilevel mediation
model to estimate the direct, indirect and total effect using the media
tion package in R (Tingley et al., 2014), following the framework pro
posed by Imai et al. (2010). One-thousand simulations and the default
simulation type, a quasi-Bayesian Monte Carlo method based on normal
approximation, were used to estimate confidence intervals (Imai et al.,
2010). The percentage of mediated association was calculated as the
average causal mediation effect (indirect effect) of milking frequency
divided by the total effect of lameness on milk production.
Moderated mediation analysis additionally quantifies how the re
lationships between the dependent variable, the independent variable
and the mediator differ between varying levels of an additional covar
iate, the moderator. Multilevel moderated mediation models were
therefore created to evaluate the effect of two potential moderators,
lactation stage and parity, on the relationship between locomotion
score, milking frequency and milk production. They were based on the
models described above for each moderator separately but additionally
included an interaction term between locomotion score and the poten
tial moderator in the models for both milking frequency and milk pro
duction. The latter model additionally included an interaction term
between the potential moderator and milking frequency. The magnitude
of the direct, indirect and total effects and the proportion of mediating
effect were estimated for each level of the two moderators, using a
model for each moderator separately. Significance was assumed to occur
when the P-value was below 0.05 in all statistical evaluations.

3.3. Effect of lameness on milking frequency
The results of the final multilevel Poisson regression model to predict
milking frequency are presented in Table 3. After correcting for lactation
stage and parity, it was identified that both mild (IRR=0.93; 95%-CI:
0.87–1.00) and severe (IRR=0.81; 95%-CI:0.73–0.90) lameness were
significantly associated with a lower milking frequency, with the effect
being the strongest for severely lame cows.
3.4. Mediation effects
The results of the multilevel mediation analysis (Table 4) subse
quently suggest that the effect of lameness on milk production is
mediated by milking frequency for cows with severe lameness. Milk
production losses directly attributed to severe lameness were similar to
the previous model (i.e., 1.4 kg; Table 2). However, the mediation
analysis identified that a reduced milking frequency added another
2.5 kg to the total milk production loss of 3.9 kg, which was 63% (95%CI: 41–88%) of the total milk production loss. No mediating effect of
milking frequency on the association between lameness and milk pro
duction was observed for mildly lame cows (Table 4).

3. Results

3.5. Moderated mediation

3.1. Study population

By performing the moderated mediation analysis, it was identified
that the mediation effects of milking frequency varied across parities
and lactation stages for severely lame cows (Table 5). First, both direct
and indirect milk production losses increased with increasing parity
with the indirect effect becoming significant for severely lame cows of
parity 4 and higher. Similar, whereas no significant mediation effect was
observed for cows in early lactation (0–30 days), milking frequency
significantly affected the relationship between lameness and milk pro
duction for severely lame cows that were in middle or late lactation.
Consistent with the main mediation analysis (Table 4), no significant

Out of the 400 dairy herds approached, 151 AMS herds were visited.
The dataset further reduced to 87 herds because herds were not meeting
the inclusion criteria (n = 7; Dohmen et al., 2010), had less than 5
locomotion records (n = 11), or cow locomotion scores that could not be
matched with AMS milk production records or test day recording data
due to differences in cow identification systems (n = 46; Dohmen et al.,
2010).
The average herd size of the 87 herds was 83.6 (SD = 45.8; min = 30;
max = 420) while the number of cows per AMS ranged from 30 to 80
(mean = 55.4, SD = 10.6). The characteristics of the 1608 cows included
in the final statistical analysis are presented in Table 1. On average, cows
were milked 2.7 times daily (range: 1–7) and produced 28.8 kg (range
2.0–57.5) of milk per day. Regarding the locomotion scores, 18 cows
(1.1%; 95%-CI: 0.7–1.8%) had a score of 1, 977 cows (60.8%; 95%-CI:
58.3–63.2%) had a score between 1.25 and 2, 437 cows (27.2%; 95%-CI:
25.0–29.4%) a score between 2.25 and 3, 169 cows (10.5%; 95%-CI:
9.1–12.1%) a score between 3.25 and 4 and seven cows (0.4%; 95%-CI:

Table 2
Final multilevel linear regression model estimating the direct effect of lameness
on milk production in 1608 Dutch dairy cows being milked with an automatic
milking system.
Parameter
Intercept
Lameness

Table 1
Characteristics of the 1608 studied dairy cows from 87 Dutch herds utilizing an
automatic milking system.
Parameter

Mean

SD

Min

Max

Parity
Days in milk
Milking frequency
Milk production (kg)

2.6
180
2.7
28.8

1.6
101
0.9
9.5

1
1
1
2.0

11
364
7
57.5

Milking frequency
Parity

Lactation stage

Category
Severe
Mild
Non-lame
≥4
3
2
1
≥ 151 days
31–150 days
0–30 days

Estimate

SE

P-value

14.5
-1.4
0.5
Reference
4.5
4.2
4.5
3.6
Reference
-3.7
4.2
Reference

1.0
0.6
0.4

< 0.001
0.01
0.22

0.2
0.5
0.5
0.4

< 0.001
< 0.001
< 0.001
< 0.001

0.6
0.6

< 0.001
< 0.001

Variance of the random herd intercept was 8.7; residual variance was 40.8.
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production loss, 63 % was explained by a reduced milking frequency.
Consequently, milk production losses due to lameness are expected to be
larger in AMS herds compared to herds with a conventional milking
system (Bach et al., 2007). Prevention of severe lameness is therefore
likely to be more cost-effective in AMS herds than in herds with a con
ventional milking system.
Although no conventional herds were included in this study, and
therefore no formal comparison can be made, the results from the cur
rent study suggest that milk production losses might be higher in AMS
herds compared to herds utilizing a conventional milking system.
Whereas we identified an average total decrease of 3.9 kg milk pro
duction per day for severely lame cows, longitudinal studies in herds
with a conventional milking system have observed lower milk produc
tion losses. Archer et al. (2010) identified that milk production of
severely lame cows in seven conventional UK dairy herds was 0.5–1.6 kg
per day lower 4–8 months after the diagnosis compared to non-lame
herd mates. In two other UK dairy herds utilizing milking parlours,
milk production of severely lame cows was 1.6 (Reader et al., 2011) and
0.9 kg (Green et al., 2014) per day lower. Milk production of severely
lame cows in a Scottish conventional dairy herd was 0.8 kg per day
lower compared with non-lame cows (Onyiro et al., 2008). The addi
tional losses due to a reduced milking frequency, as determined in the
current study, likely explain these lower losses. When comparing the
estimates from the current study with other studies conducted in AMS
herds, no differences between lame and non-lame cows were identified
in one Canadian AMS herd (Deming et al., 2013) whereas milk pro
duction of lame cows was 1.6 kg per day lower compared to non-lame
herdmates in a larger study in the same country with 41 AMS herds
(King et al., 2017). The latter study used a different classification system
to define lameness and might be one of the reasons why their production
losses estimates were lower compared to those from the current study.
Finally, in a Spanish study investigating one AMS herd with 120 cows
(Bach et al., 2007), milk production losses were similar to those of our
study but the losses occurred at different stages of lactation. Milk pro
duction losses were 3.2 kg per day at the beginning of lactation (<95
days in milk), 0.4 kg per day in mid lactation (95–240 days in milk), and
3.7 kg per day at the end of the lactation (>240 days in milk) in the
Spanish herd while milk production losses occurred mainly after 30 days
in milk in the current study.
Both mild and severe lameness were significantly associated with a
reduced milking frequency, confirming other studies (Deming et al.,
2013; Miguel-Pacheco et al., 2014; King et al., 2017). For severe lame
ness, this subsequently had an effect on milk production but this rela
tionship was not observed for mildly lame cows. With mild lameness, the
effect on milking frequency was three times as low as for severe lame
ness and might explain why no mediating effect for mild lameness was
observed. The impact of mild lameness on milk production may be
subtler and different for various feet disorders (Huxley, 2013; Charfed
dine, Pérez-Cabal, 2017).
The indirect path may not only go through milking frequency but
also through feed intake, as observed in the study of Bach et al. (2007)
where dry matter intake explained as much of the variation in milk
production as milking frequency. Lame cows are assumed to eat less
because they are less mobile. The reduced feed intake may subsequently
result in a lower milking frequency, milk production, or both, thereby
expanding the causal diagram. It was not possible to disentangle these
interrelationships because feed intake was not assessed in the current
study but it potentially may explain some of the variation that exist
between cows regarding milk production losses due to lameness. While
the cows’ intake of concentrate might be lower in AMS herds compared
to herds with conventional milking systems, due to a reduced milking
frequency if they are fed concentrate in the AMS, the reduced feed intake
at the feed bunk is not assumed to be different. The larger milk pro
duction losses observed in the current study compared to the losses
observed in previous studies conducted in conventional farms are
therefore assumed to be attributable to the reduced utilization of the

Table 3
Final multilevel Poisson regression model estimating the effect of lameness on
milking frequency in 1608 Dutch dairy cows being milked with an automatic
milking system.
Parameter
Intercept
Lameness
Parity

Lactation stage

Category

Estimate (SE)

Severe
Mild
Non-lame
≥4
3
2
1
≥ 151 days
31–150 days
0–30 days

1.13 (0.06)
-0.21 (0.05)
-0.07 (0.04)
Reference
-0.02 (0.04)
0.02 (0.04)
0.02 (0.04)
Reference
-0.18 (0.05)
0.00 (0.06)
Reference

IRR1 (95%-CI)

P-value

0.81 (0.73–0.90)
0.93 (0.87–1.00)

< 0.001
< 0.001
0.04

0.98 (0.90–1.07)
1.02 (0.94–1.12)
1.02 (0.94–1.11)

0.69
0.62
0.59

0.84 (0.76–0.93)
1.00 (0.89–1.11)

< 0.001
0.95

Variance of the random herd intercept was 0.
1
IRR = incidence rate ratio
Table 4
Mediating effect of lameness on milk production through milking frequency in
1608 Dutch cows being milked with an automatic milking system.
95%-confidence interval
Mildly lame
Indirect
Direct
Total
Severely lame
Indirect
Direct
Total

Estimate

Lower

Upper

P-value

-0.88
0.46
-0.42

-1.93
-0.25
-1.67

0.10
1.22
0.88

0.09
0.22
0.50

-2.46
-1.44
-3.90

-3.84
-2.59
-5.57

-1.19
-0.37
-2.15

< 0.001
0.01
< 0.001

Table 5
The indirect, direct and total milk production losses due to severe lameness of
dairy cows with different parities and lactation stages.
Milk production loss
Moderator
Parity
1
2
3
≥4
Lactation stage
0–30 days
31–150 days
≥ 151 days

Proportion mediated

Indirect

Direct

Total

Estimate

P-value

-1.20
-2.92
-2.06
-3.35

-0.58
-0.58
-0.41
-2.74

-1.79
-3.51
-2.47
-6.09

0.56
0.82
0.78
0.55

0.29
0.05
0.17
0.01

-1.31
-2.75
-2.51

0.92
-1.32
-1.87

-0.38
-4.07
-4.39

0.62
0.68
0.57

0.55
0.02
0.01

mediating effect of milking frequency was observed in the different
parities or lactation stages of mildly lame cows (results not shown).
4. Discussion
By applying a mediation analysis, the relationships between lame
ness, milking frequency and milk production in Dutch AMS herds were
disentangled in this cross-sectional study. Using this method, it was
determined that severe lameness affects milk production of dairy cows,
not only directly but also indirectly. In AMS herds, the relation between
severe lameness and milk production was mediated by milking fre
quency since the number of daily milkings decreased when cows were
severely lame. No such interrelationships were identified for mildly
lame cows. Similar conclusions were drawn by Bach et al. (2007) where,
using semipartial correlations, milking frequency also explained a sub
stantial part (25%) of the variation in milk production. When incorpo
rating the mediating aspect of milking frequency into our analysis, milk
production losses due to severe lameness were larger. Of the total milk
4
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AMS, and potentially also a reduced concentrate intake. We expect this
to be true for dairy systems in other countries also.
The moderated mediation analysis identified that the mediation ef
fect of milking frequency on milk production was most prominent for
severely lame cows after 30 days in milk. A lower loss in early lactation
might be due to the metabolic changes occurring postpartum or pro
duction losses only becoming apparent after some time (Archer et al.,
2010). Although direct and indirect losses were observed for all parity
categories (Table 5), the mediation effect was only significant for cows
in parity 4 and higher. This is a likely result of the aetiology of various
claw disorders that become apparent at different ages (Holzhauer et al.,
2008; Green et al., 2014) but the underlying diseases causing impaired
locomotion were not assessed in the current study.
The multilevel Poisson regression model for milking frequency
turned out to be singular. The model had a variance of zero for the
random herd intercept, indicating that there was no correlation amongst
cows belonging to the same herd for this outcome parameter. Singular
models are over-fitted and generally have poor power. Removal of the
random intercept for herd indeed resulted in a somewhat better model
fit (results not shown). Despite these considerations, we decided to
maintain the random herd effect in the model because, first, the medi
ation analysis requested both models to have the same hierarchical
structure. And second, its removal did not alter the effect estimates of
the fixed effects, which were used to estimate the size of the mediation
effect. We, therefore, assumed that the singular model provided valid
model outcomes that could be further used in the mediation analysis.
Some milk production records had low values; the minimum was
2.0 kg. However, since the majority of milk production records had
plausible records (i.e., 99% of the records had a value of 8.4 kg and
higher), these low values are believed to be outliers resulting from
interrupted or incomplete milkings (André et al., 2011). The 17 obser
vations below the 1st-percentile were predominantly dominated by
mildly (n = 7) and severely lame (n = 6) cows. Removing those outliers
from the model estimating the direct effect (Table 2), lowered the effect
estimate for severe lameness in the model for milk production (i.e., to
− 1.0 kg) but it resulted in a slightly higher estimate of the total milk
production losses being explained by a reduced milking frequency
(69%). These incomplete milkings are therefore not assumed to impact
the main conclusion that almost two-thirds of the total milk production
losses resulting from lameness are due to a reduced milking frequency.
The causal diagram that served as the basis for our analysis (Fig. 1)
was drawn based on current scientific knowledge describing that
lameness results in a reduced milking frequency (Bach et al., 2007;
Deming et al., 2013; King et al., 2017; Miguel-Pacheco et al., 2014) and
that a lower milking frequency hampers milk production (Jacobs and
Siegford, 2012; Svennersten-Sjaunja and Pettersson, 2008). It may,
however, also be possible that lame cows produce less milk, as a result of
the disease and a reduced feed intake, and therefore have a lower
milking frequency. A combination of both biological mechanisms may
also be possible, to complicate matters. Although the statistical analysis
suggest a confirmation of the causal diagram, the current study has a
cross-sectional design and, thus, its limitations when trying to make
causal inferences. We therefore welcome studies that re-investigate the
relationships between lameness, milking frequency, and milk produc
tion in AMS herds using a longitudinal design. Such studies would
provide further insights on the relationships between lameness, milking
frequency and milk production in AMS herds.

effect estimates from this study suggests that prevention of severe
lameness is likely to be more cost-effective in AMS herds than in herds
with a conventional milking system.
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