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SUMMARY: This study analysed data from a large-scale commercial Up-
Country dairy farm, to better understand the impact of lameness on fertility.
Over a 12-month period, cattle were locomotion scored five times (every 3
months). Lameness was defined as a locomotion score (LS) of >1 (1-5 scale) and
thus included mildly-lame cows. The initial univariate analysis showed that cows
which had two LS >1 in the first 180 days after calving and cows which had a
LS>1 in the first 90 days after calving had a lower risk of pregnancy and a
longer calving-to-conception interval than non-lame (LS=1) counterparts
(p=0.019 and p=0.023 respectively). The multivariate model (Cox-proportional
hazard model) identified that, although the hazard of pregnancy was still lower
in cows with an LS>1 in the first 90 days after calving, the data were compatible
with a reduction in the hazard and no effect (HR=0.68; 95% CI: 0.44-1.07). In
contrast, cows that had two LS>1 in the first six months after calving (in both
the 0-90- and 90-180-day periods) had a clear negative effect on the hazard of
pregnancy. The hazard ratio for twice-lame cows in comparison with non-lame
counterparts was 0.44 (95%CI 0.23-0.84), and the median calving-to-conception
interval was 133 days longer. Although this data was from only one dairy herd,
there is strong evidence that even mild lameness is associated with reduced
fertility. Further research is needed from more Sri Lankan herds to better

understand the impact of lameness on reproductive performance.
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INTRODUCTION

Managing lameness is a challenge in all dairy
nations across the world regardless of the
management system employed (Fabian et al., 2014;
Green et al., 2014; Kumara et al., 2019). Although
the Sri Lankan dairy industry has, for generations,
played an important role in the agricultural sector,
there is very little published data on dairy cattle
lameness in Sri Lanka. This absence of scientific
evidence results in a lack of knowledge and
awareness regarding dairy cattle lameness among
the Sri Lankan dairy community.

One crucial area where data are lacking is the
impact of lameness on the productivity of Sri
Lankan dairy cows. The report by Kumara et al.,

(2013) is the only one that the authors are aware of
exploring the effect of lameness on reproduction in
Sri Lankan dairy cattle. Using data from one high
producing, large-scale commercial dairy farm, they
reported that the mean calving-to-conception
interval (CCI) was 33 days longer in lame than
non-lame cows. This dataset needs further analysis
as Kumara et al., (2013) did not take into account
of when a cow became lame, and the CCI
calculation they used does not account for cows
that fail to get pregnant or the skewed nature of
CCI data (Hudson et al., 2019). The best statistical
approach to such data is survival analysis which
can simultaneously analyse the combination of
whether pregnancy has occurred (binary outcome)
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and when it has occurred relative to calving
(continuous outcome) (Lean et al., 2016).

The aim of this study was therefore to re-analyse
the dataset collected by Kumara et al., (2013) using
survival analysis in order to better characterise the
relationship between lameness and reproduction in
their study farm.

MATERIALS AND METHODS

This  prospective  observational study was
undertaken on a single, large (600 adult cows) all-
year-round calving dairy farm located in the
Nuwara Eliya district in Sri Lanka from February
2011- February 2012. The milking herd was
approximately  95% Friesian, and 5%
FriesianxAyrshire. During the period of the study
the average milk production of the farm was
approximately 5000 L/day.

Milking cows on the farm were managed as three
groups: high producing (early lactation) cows,
lower producing (mid to late lactation) cows and
first-lactation heifers. High producing cows were
managed intensively, being fed a total mixed ration
(TMR) and milked three times per day, while the
lower producing cows and lactating heifers were
managed semi intensively, being fed a mixture of a
TMR and grazed grass and being milked twice per
day.

The milking herd was locomotion scored on five
occasions, every three months from February 2011
to February 2012. Cows were scored using a 1-5
point locomotion score (LS) scale (Sprecher et al.,
1997) during evening milking as they exited to the
feeding alley from the milking parlour (Table 1).
The herd was observed from a distance of 10-15 m,
so as not to disturb their natural locomotion and
behaviour. In addition, body condition scores
(BCS) were recorded using a 1-5 BCS (Ferguson
et al., 1994).

Table 1: Locomotion scoring system for dairy
cattle (Sprecher et al., 1997).

3 Moderately Stands and walks with Arched Arched
lame arched back. Short strides
with one or more legs
4 Lame Arched back, standing and Arched Arched
walking one or more
limbs favoured, but at
least partially  weight
bearing.
5 Severely Arched back, refuses to  Arched Arched
lame bear weight on one limb.

May refuse or have great
difficulty moving from
lying position.

The reproductive data (calving date, insemination
date(s), and conception date), milk production data
(average milk vyield per/day/cow) and parity
number were extracted from the computer software
programme Dairy CHAMP  (University of
Minnesota, USA). These data, along with
locomotion score data and BCS were entered in to
a Microsoft Excel spreadsheet (Microsoft
Corporation, USA).

Lameness groups

Five groups of cows were created to analyse the
association between lameness and reproduction.
The five groups are summarised in Table 2.
Initially, cows were included in a group based on
when, relative to calving, they had been locomotion
scored. Cows were included in both Group 1 and
Group 2 if they had a LS which had been recorded
within 90 days after calving (all cows included in
these two groups had only one LS in this period as
cows were locomotion scored every 90 days).
Cows were included in both Group 3 and Group 4
if they had at least one LS recorded between 0 and
180 days after calving. Groups 3 and 4 thus
included all the cows which were in Groups 1 and 2
with the addition of cows which had had a LS
recorded between 91 and 180 days after calving,
but which had not had a LS recorded between 0 and
90 days after calving. Group 5 cows included all
cows which have had a LS recorded between 0 and
90 days after calving and between 91-180 days
(i.e., two LS within 180 days after calving).

Once these five groups had been established,

lameness definitions were created within each

Score  Clinical Description Back Back A
Description Posture  Posture  group (see Table 2). For example, in Group 1 a
Standing Walking  cow was defined as lame if it had a LS>1 between
1 Normal Stands and walks Flat Flat

normally. All feet placed 0 and 90 days after calving, while in Group 2 a cow

with purpose

2 Mildly lame
arches when walks. Gait
is slightly abnormal.

Stands with flat back, but Flat Arched

was defined as lame if it had a LS>1 at any time
point during that lactation. A similar process was
repeated for cows in Group 3 and 4 (see Table 2).
For cows in Group 5, two lameness definitions



were created — based on whether a cow has had two
or one LS>1 between 0 and 180 days after calving.

Table 2: Summary of the five different lameness
definitions used for the analysis.

Lameness Group description Total cows in

Group Population Lameness criterion  group
inclusion within included  (number
criterion population lame)

Group 1 LS recorded  LS>1 between 0-90 181 (51)
from 0-90 days days after calving
after calving

Group 2 LS recorded LS>1 at any time" 181 (123)
from 0-90 days during study
after calving

Group 3 At least one LS  LS>1 between 0-180 198 (85)
recorded from 0-  days after calving
180 days after
calving

Group 4 At least one LS  LS>1 atany time 198 (136)
recorded from 0-
180 days after

calving

Group 5 Two LS LS >1 once: once- 173 (once: 59;
recorded lame twice 20)
between 0-180 LS always>1: twice-
days after  lame
calving

LS: locomotion score. f, at any time means that the
cow was recorded as having an increased LS at any time
during the study, i.e. not just the LS which determined
whether a cow was eligible for inclusion in a group.

Note: Group 1 has same population of cattle as
Group 2 but used different lameness definitions;
Group 3 included the same population of cattle as
Group 4 but used different lameness definitions.
Groups 3 and 4 include all cows included in
Groups 1 and 2 with the addition of cows that had
their first LS after calving between 91 and 180 days
after calving.

Statistical Analysis

The statistical analysis was performed using SPSS
v26 (IBM, USA). For cows which had at least one
locomotion score within 180 days of calving,
descriptive statistics were created for CCI and the
independent variables (average milk yield per day,
parity number, BCS nearest to calving) that were
thought likely to be associated with CCI.

For each of the five lameness groups, Kaplan-
Meier survival analysis was then used to assess the
association between the calving to conception
interval and lameness. The homogeneity of the
survival curves obtained was assessed using a log
rank test. In addition, the relative risk of pregnancy
before the end of the study period for lame cows

compared to non-lame cows was also calculated.
For cows in Group 5, this meant that both once-
lame and twice-lame cows were compared to
never-lame cows.

The correlations between the potential independent
variables, i.e., BCS nearest to calving, parity (1% vs.
2" or greater), lameness status, and average milk
yield were analysed using Kendall’s rank
correlation to ensure that was t <0.8, in order to
reduce the risk of multicollinearity. For the
lameness groups where the log rank test had
identified an effect of lameness (p<0.05), a
multivariate Cox proportional hazard model was
then created, with time from calving to conception
as the outcome variable and lameness group, BCS
nearest to calving, parity (1% vs. 2" or greater) and
average milk yield as the independent variables.

RESULTS

During the study period 1219 LS were recorded of
which 824 (68%) were LS1, 319 (26%) LS2, 60
(4.9%) LS3 and 16 (1.3%) LS4. No cows were
recorded with LS5. Table 3 summarises the
distribution of locomotion scores in the five
locomotion scoring sessions and proportion of lame
cows (LS>1) and clinically lame cows (LS>2)
during each locomotion scoring session.

Table 3: Results of herd locomotion scoring on
one herd in Nuwara Eliya district Sri Lanka.
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1 (Feb 2011) 265 | 197 | 59 6 3| 25.7% 3.4%
2(May 2011) | 224 | 176 | 40 6 2 | 21.4% 3.6%
3(Aug2011) | 254 | 172 | 65 14 | 3| 32.3% 6.7%
4 (Nov2011) | 241 | 135 | 80 20 | 6 | 44.0% 10.8%
5 (Feb 2012) 235 | 144 | 75 14 | 2 | 39.1% 6.9%

One hundred and ninety-eight cows had at least one
locomotion score within 180 days of calving and
were therefore eligible for inclusion in the analysis.
Of those 198 cows, 164 became pregnant during
the study period. The 34 cows which did not
become pregnant were a median 414 days from
calving (range 280-727 days) at the end of data
collection. Sixty-eight of the eligible cows were in
their first lactation. Median interval between
calving and BCS nearest to that calving was 19
days (range -64 to + 63 days) and median BCS at
that time was 2.5 (range 1.5 to 3). Median milk



yield of the eligible cows was 21.3 L/day (range
2.6 10 40.6 L/day).

The results of the Kaplan-Meier and relative risk
analyses are summarised for the 5 lameness groups
in Table 4.

Table 4: Effect of lameness on calving to
conception interval and relative risk of

Table 5: Results from the multivariable Cox-
proportional hazard regression model for
hazard of getting pregnant for cows in lameness
groups 1 and 5.

Lameness  Predictor variable Hazard Ratio (95%

group* Cl)

1 Average milk yield 1.01 (0.98-1.03)
(L/cow/day)
Parity (1% vs. 2" or greater) 0.83 (0.55-1.25)
Body condition score 1.97 (1.25-3.10)
Lame status (lame cows vs. 0.68 (0.44-1.07)
non- lame)

5 Average milk yield/cow/day 1.00 (0.98-1.03)

Parity (1% vs. 2" or greater)
Body condition score
Once-lame vs. non- lame
Twice-lame vs. non- lame

0.77 (0.51- 1.17)
1.87 (1.17-2.98)
0.84 (0.56-1.26)
0.44 (0.23-0.84)

cows

pregnancy
Lamenes Lameness N pregnant RR*  Median CCI P-
s group status (%) (95% CI)  (95% CI) value®
days
0.81
Lame  36/51(71%) (067- 08 (142-
0.98) 253)
Group 1 ' 0.019
113/130 142 (126-
Non-lame (87%) 158)
0.96
Lame 1&0&2)3 (1018 14_ 151 8%)28_
Group 2 11) 0.333
141 (120-
Non-lame  49/58 (84%) 162)
0.90
Lame 6685 (78%) (0.78- 16(2)0(71)12'
Group 3 1.02) 0.068
Non-lame 98/113 154 (133-
(87%) 175)
0.95
Lme MU g 16905
Group 4 1.09) 0.174
142 (124-
Non-lame  53/62 (85%) 150)
0.95
Lame 4o (83%)  (0.83- 14%;)22'
1.09)
0.68
Group5  LaMe 50600 (048 2329 0023
twice 0.99) 410)
142 (116-
Non-lame  82/94 (87%) 168)

See Table 1 for definition of lameness group and
lameness status. RR = relative risk; *, compared to
non-lame cows; CCI = calving to conception
interval; *, log-rank test

In cows in Group 1 and Group 5, lameness status
was identified by the log rank test as having an
association with calving to conception interval
(p=0.019 and 0.023, respectively). Data from the
cows in these two groups were therefore used in
two Cox proportional hazard model, the results of
which are summarised in Table 5, with the
covariate adjusted survival curves presented in
Figures 1 and 2.

* See Table 1 for definition of lameness group and
lameness status
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Figure 1: Covariate adjusted survival curve,
estimated from the multivariate Cox-proportional
hazard model showing the cumulative proportion
for CCI for lame and non-lame cows in Group 1
(see Table 1).
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Figure 2: Covariate adjusted survival curve,
estimated from the multivariate Cox-proportional
hazard model showing the cumulative proportion



for CCI for lame and non-lame cows in Group 1
(see Table 1).

For Group 1 cows, lame cows took 50 days longer
to get pregnant than non-lame cows (194 vs. 144
days, respectively). However, there was no clear
effect of lameness on hazard of pregnancy, as
although the study HR for lame cows compared to
non-lame cows was 0.68, the 95% CI went from a
large negative effect to a small positive one (0.44 to
1.07). In contrast, for Group 5 cows, there was a
clear effect of having two scores of LS>1 on hazard
of pregnancy; HR was 0.44 compared to non-lame
cows with the data being compatible with a true
HR being between 0.23 (a large negative effect)
and 0.84 (a moderate negative one). Twice-lame
cows took 133 days longer to get pregnant than
never-lame cows (275 vs. 144 days, respectively),
while once-lame cows took only 1 day longer to
become pregnant than non-lame cows (145 days vs.
144 days)

In both models, the only other predictor variable
shown to have a clear association with hazard of
pregnancy was BCS nearest to calving. In the
model for lameness group 1, an increase in BCS
nearest to calving of one unit increased the hazard
of getting pregnant by 1.97 times (95% CI: 1.25 to
3.10). In the model for lameness group 5, the
equivalent effect of an increase BCS on the hazard
of getting pregnant was 1.87 (95% CI: 1.17 to
2.98).

DISCUSSION

Although the 1-5 locomotion scoring system
introduced by Sprecher et al., (1997) defines all
scores >1 as lame, most studies evaluating the
impact of lameness using this scoring system have
used a score of >2 as indicating lameness (Sprecher
et al., 1997; Espejo et al., 2006; Somers et al.,
2015; Ratanapob et al., 2020; Hut et al., 2021).
However, of the LS recorded for this study, the
proportion that were >2 was only 6.2%, so we used
LS>1 as our lameness definition.

The initial univariate analysis showed that cows
that had a LS>1 in the first 90 days after calving
had a lower risk of pregnancy and a higher median
CCI than cows that had a LS of 0 during that
period. However, in the multivariate model,
although the hazard of pregnancy was still lower in
lame cows, the data were compatible with both a

reduction in the hazard and no meaningful effect.
In contrast, both the univariate and the multivariate
analyses showed a clear negative association
between being lame twice in the first six months
after calving and hazard of pregnancy. For the
multivariate analysis, the HR for twice-lame cows
compared to non-lame cows was 0.44 (95%ClI
0.23-0.84), and median CCI was 133 days longer.

This finding is consistent with previous data
showing that lameness has a negative impact on
dairy cow reproduction (Huxley, 2013; Ekanayake
et al., 2019). However, most of the studies
reviewed by those authors focused on clinical
lameness or LS equivalent to >2 on a 1-5 scale, so
would have included the majority of cows
categorized as lame in the current study as non-
lame. Only four published studies by Sood and
Nanda, (2013); Olechnowicz, (2015); Orgel et al.,
(2016) and O'Connor et al., (2020) looked at the
impact of mild-lameness on dairy cows fertility.
Of those studies only Orgel et al., (2016) found that
mildly lame cows had reduced reproductive
performance compared to non-lame cows. They
reported that cows observed as mildly lame in their
third month of lactation had 18 days longer CCI
(120 vs. 102 days, P=0.002) than non-lame cows.
This effect is much smaller than the 133 days
increase in CCI seen in this study in cattle that had
an LS>1 on two occasions between days 0 and 180
after calving. This may, at least in part be because
of differences in study design. Orgel et al., (2016)
monitored LS on a monthly basis (as opposed to
the 3-month gap between observations used in this
study), so cows identified as mildly lame in the
present study are likely to have had more persistent
gait changes than those identified as mildly lame by
Orgel et al., (2016), and persistence of increased
LS is likely to increase the impact of that increased
LS (Archer et al., 2010). Persistence of lameness is
likely to lead to a greater impact. This is
particularly applicable to the twice-lame cows who
were recorded as having a LS>2 on two occasions,
3 months apart. There were also differences in the
definition of the non-lame cows; Orgel et al.,
(2016) compared their LS2 cows to cows that had a
LS1 in the same month (irrespective of previous or
subsequent LS) whereas for lameness group 5 cows
in our study, a non-lame cow was a cow that had
LS1 on both occasions. Perhaps the most important
difference was that Orgel et al., (2016) included
only LS2 cows in their analysis, whereas in the



present study our analysis included cows from
score 2 to score 4. Indeed, of the 20 cows included
in the twice-lame group only 10 had LS2 on both
occasions. However the 133-day difference in CCI
reported in the current study was much larger than
any of the differences attributed to LS>2 by Orgel
et al., (2016), and when the data were re-analysed
using only the 10 cows that had LS2 on both
occasions, the log rank test still identified a
difference between twice-lame and non-lame cows
(p=0.002) (No difference in median CCI could be
estimated as only 4/10 cows became pregnant).
Nevertheless, although the data strongly suggest
that the hazard of pregnancy is lower compared to
non-lame cows, with such a small number of cows
in the twice-lame group, the 95% confidence of any
estimate intervals are wide (see Table 3), so further
data are required to better establish the likely effect
of mild persistent lameness on CCI on this and
similar farms in Sri Lanka. Such data should be
collected on a more regular basis to minimise the
number of cows which elevated LS between
scoring events and to better establish the true
duration of apparently persistent mild lameness.

For Group 1 cows (cows with one LS between 0
and 90 days after calving), there was a 50-day
difference between the CCI of cows that had LS >2
and those which had LS 1. This difference was
again much bigger than any difference reported by
Orgel et al., (2016), even though of the total 51
lame cows during 0-90 days after calving, 43 had
an LS = 2 which represented mild lameness in our
study. However, in contrast to the twice-lame cows,
the data were compatible with no effect of mild
lameness; i.e. our study lacked the power to
identify an increase in CCIl of 50 days as different
from 0. This lack of power was also an issue in the
studies by Sood and Nanda (2013) and
Olechnowicz (2015) who found no effect, but
would also not have been able to identify an
increase in CCI of 50 days as different from 0.
Clearly a 50-day increase in CCI is economically
important, so further data are required to better
establish the likely effect of early mild lameness on
CCl on this and similar farms in Sri Lanka.

This research was undertaken on one dairy farm,
which in Sri Lanka is considered to be a large
scale, intensive, commercial dairy farm. This farm
is not representative of most dairy farms in Sri
Lanka. Therefore, our conclusion that mild

lameness affects fertility needs confirming with
further research on more farms (even for other
intensive Sri Lankan dairy farms).

CONCLUSION

This analysis study has shown that on this herd
even mild lameness was associated with poor
fertility. This prospective study found a univariate
association between the hazard of pregnancy and
mild lameness (LS>1) in the first 3 three months
after calving, and between chronic lameness (two
LS>1) during the first six months after calving.
Accounting for differences in age, BCS around
calving and milk production, cows with LS>1 at
both examinations in the first six months after
calving had markedly lower fertility than cows
which had no scores>1. Further research is needed
from more Sri Lankan herds to better establish the
likely impact of lameness on reproductive
performance.
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