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ABSTRACT

Lameness assessments are commonly conducted at a 
single point in time, but such assessments are subject 
to multiple sources of error. We conducted a longitudi-
nal study, assessing the gait of 282 lactating dairy cows 
weekly during the first 12 wk of lactation, with the aim 
of assessing how lameness prevalence changed in rela-
tion to case definition and assessment frequency. Gait 
was scored using a 5-point scale where scores of 1 and 2 
were considered sound, 3 was clinically lame, and 4 and 
5 were severely lame. We created 5 lameness definitions 
using increasingly stringent thresholds based upon the 
number of consecutive events of locomotion score ≥3. In 
LAME1, a cow was considered lame when locomotion 
score was ≥3 at any scoring event, in LAME2, LAME3, 
LAME4, and LAME5, a cow was considered lame when 
locomotion score was 3 or higher during 2, 3, 4, and 
5 consecutive scoring events, respectively. We also as-
sessed the effect of assessment frequency on measures 
of prevalence and incidence using weekly assessment 
(ASSM1), 1 assessment every 2 wk (ASSM2), 1 assess-
ment every 3 wk (ASSM3), and 1 assessment every 4 
wk (ASSM4). Using LAME1, 69.2% of cows were con-
sidered lame at some point during the trial, with an av-
erage point prevalence of 31.8% (SD: 2.8) and average 
incidence rate of 10.9 cases/100 cow weeks (SD: 3.7). 
Lameness prevalence decreased to 28.0% when using 
LAME5. Survival analysis was used to assess the effects 
of parity, using these different case definitions. Parity 
is a known risk for lameness, such that case definitions 
and prevalence estimates should be stratified by parity 
to inform management decisions. Using the LAME3 
criterion, primiparous cows had the highest chance of 
reaching 12 wk without a lameness event, and fourth 
and higher parities had the lowest. Weighted linear and 

quadratic kappa values were used to assess agreement 
between different assessment frequencies and lameness 
definitions; we found substantial to excellent agreement 
between ASSM1 and ASSM2 using LAME1, LAME2, 
and LAME3 definitions. Agreement was fair to sub-
stantial between ASSM1 and ASSM3 and low to fair 
between ASSM1 and ASSM4. Likewise, the agreement 
between LAME1 and LAME2 was fair in primiparous 
cows, substantial in second and third parity cows, and 
poor to fair in fourth and greater parity cows. We con-
clude that lameness prevalence estimates are dependent 
upon case definition and that the use of more stringent 
case definitions results in fewer cows classified as lame. 
These results suggest that routine locomotion assess-
ments be conducted at least every 2 wk, and that cows 
should be defined as lame on the basis of 2 consecutive 
assessments.
Key words: animal welfare, impaired gait, hoof lesion, 
accuracy

INTRODUCTION

Lameness is an important welfare concern in dairy 
cattle (Archer et al., 2010), resulting in pain (Rushen et 
al., 2007) and reduced milk production (Warnick et al., 
2001), longevity (Booth et al., 2004), and reproductive 
performance (Bicalho et al., 2009; Hernandez et al., 
2001). Unfortunately, lameness can be difficult to de-
tect. For example, Espejo et al. (2006) found that farm 
managers only recognized about 30% of the lameness 
cases recorded by a trained observer.

Lameness prevalence (i.e., the percentage of cows 
lame at any one time) is commonly reported in cross-
sectional studies (Barberg et al., 2007; Bicalho et al., 
2009; Solano et al., 2015), based on a single scoring 
event. The accuracy of one-time locomotion scores 
remains unclear; even experienced locomotion scorers 
may show low reliability identifying mildly lame cows 
(i.e., cows with locomotion score = 3; e.g., Schlageter-
Tello et al., 2015). An emerging body of research is 
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now using longitudinal studies to investigate associa-
tions between lameness and individual animal factors 
such as BCS and milk yield (Green et al., 2014), and 
between hoof lesions and previous lameness cases to 
assess the future risk of becoming lame (Randall et al., 
2016, 2018). Recent work by our research group (Daros 
et al., 2019; Eriksson et al., 2020) used longitudinal 
data to investigate the prevalence, incidence (i.e., the 
number of new cases of lameness) and cure rates of 
lameness in dairy cattle during the dry period. To our 
knowledge, only Randall et al. (2018) described lame-
ness prevalence and incidence rates for lactating cows 
based upon regular locomotion scoring.

Parity is a known risk factor for lameness (e.g., 
Randall et al., 2018; Bran et al., 2019). In comparison 
to primiparous cows, second, third, fourth, and higher 
parity cows have 1.6-, 3.3-, and 4-times higher odds of 
being lame, respectively (Solano et al., 2015). Thus, 
effects of case definition and assessment frequency may 
vary with cow parity.

The aims of the current study were 3-fold. First, we 
sought to estimate the prevalence and incidence rate of 
lameness in lactating dairy cows using 5 increasingly 
stringent case definitions. The first definition required 
only that locomotion score (LS) was ≥3 in a single 
gait scoring event (LAME1), with other definitions 
requiring LS ≥3 for at least 2 (LAME2), 3 (LAME3), 
4 (LAME4), or 5 (LAME5) consecutive scoring events. 
Second, we set out to assess the effect of frequency of 
locomotion scoring on prevalence and incidence rate es-
timates based on LAME1, LAME2, and LAME3, with 
assessment frequency ranging from 1/wk (ASSM1) to 
1 assessment every 4 wk (ASSM4; with ASSM2 and 
ASSM3 based assessments every 2 and 3 wk, respec-
tively). Our final aim was to explore the relationships 
between lameness definition (LAME1 to LAME5), as-
sessment frequency (ASSM1 to ASSM4) and parity.

MATERIALS AND METHODS

This study was conducted at the Dairy Education 
and Research Centre of the University of British Co-
lumbia (UBC; Vancouver, BC, Canada), approved un-
der UBC animal-care protocol A19-0299. We enrolled 
all cows that calved and entered the lactating herd 
from December 2019 to September 2020, resulting in 
a final sample of 282 Holstein cows (197 multiparous; 
mean parity = 3.3, SD = 1.3; range of 2–7) with mean 
DIM of 45.1 (SD = 25.9); no a priori power analysis 
was performed. All cows were locomotion scored weekly 
for 12 consecutive wk, resulting in 3,384 scoring events. 
The total duration of the study (and hence also the 
sample of cows followed) was set by the availability of 
the PhD student (WS) leading data collection.

Within 24 h of calving, fresh cows were moved to a 
pen containing early lactation cows (mean DIM = 85, 
SD = 43.8; pen size = 24 to 36 cows). Stocking density 
never exceeded 100% of stall capacity. All cows were 
housed in pens containing 3 rows of freestalls. The stall 
dimensions were 2.6 × 1.2 m with a neck rail 1.2 m 
above the stall surface, separated by Y2K partitions 
(Artex). Sand bedding was approximately 20 cm deep 
and replenished as needed. Stalls were raked twice per 
day. Manure was removed from alleys using an auto-
matic scraper (Houle) 6 times/d.

Cows were fed fresh TMR twice per day at approxi-
mately 0800 and 1600 h. The TMR was balanced based 
on National Research Council (NRC, 2001) recom-
mendations for a hypothetical Holstein cow at 65 DIM, 
producing 45 L of milk/d with 4.25% butter fat and 3% 
protein, and weighing 720 kg with an ADG of 0.1 kg/d. 
Cows were milked twice per day at approximately 0500 
to 0900 and 1500 to 1900 h in a parallel double-12 
milking parlor. Cows were never kept more than 1h in 
the holding area before milking.

Locomotion Assessment

Locomotion scoring was conducted weekly immedi-
ately after milking as the cows exited the parlor, using 
a 5-point scale (Flower and Weary, 2006). Scores of 1 
and 2 were considered sound, 3 as clinically lame, and 
4 and 5 as severely lame. Locomotion assessment was 
done by 1 observer at a time (a total of 2 observers) 
as cows walked individually down a 12 × 1 m alley. 
Observers were trained to score locomotion using pre-
recorded videos of 37 cows walking in a straight line. 
Following video-based training observers were trained 
with live scoring. Interobserver reliability of live scoring 
(n = 93) indicated good to substantial agreement (lin-
ear weighting κw = 0.55, 95% CI = 0.38–0.72; quadratic 
weighting κw = 0.84, 95% CI = 0.81–0.86). The kappa 
values for video scoring (n = 37) indicated substantial 
to excellent agreement (linear weighting κw = 0.73, 95% 
CI = 0.52–0.94; quadratic weighting κw = 0.88, 95% 
CI = 0.81–0.94; Cohen, 1968). Bias index was 0.05 for 
live scoring and 0 for video scoring, and the prevalence 
index was 0.02 and −0.08 for live and video scoring, 
respectively (Byrt et al., 1993). Intra-observer reliabil-
ity was only assessed using video scoring; kappa values 
indicated substantial to excellent agreement (Cohen, 
1968; linear weighting κw = 0.69, 95% CI = 0.46–0.92; 
quadratic weighting κw = 0.93, 95% CI = 0.90–0.96; 
Supplemental Tables S1–S4; https: / / doi .org/ 10 .5683/ 
SP3/ HNN9HH; Sahar et al., 2022).

Cows were categorized into 4 parity groups: first, 
second, third, and fourth and higher. As per standard 
farm practice, no footbath was used and all cows were 
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hoof trimmed at the end of lactation. In addition, some 
cows were trimmed when identified as lame by farm 
staff; during the 12-wk observational period, only 21 
of the enrolled cows were trimmed. Because of the low 
number of cows we did not include hoof trimming as a 
covariate in our final models. Preliminary models with 
and without these 21 cows did not meaningfully change 
agreement or significance of any result reported below.

Data Preparation and Statistical Analyses

Lameness Definitions. Building upon Eriksson et 
al. (2020), we created 5 lameness definitions (LAME1, 
LAME2, LAME3, LAME4, and LAME5) to assess how 
an increasingly stringent case definition affected the 
identification of lameness cases. There are likely errors 
in locomotion assessments especially when identifying 
mildly lame (LS = 3) cows; increasingly stringent defi-
nitions, requiring that cows score as lame (LS ≥3) on 
multiple consecutive occasions, reduce the risk of false 
positives.

Assessment Frequency. To determine the effect of 
assessment frequency on identification of new lameness 
cases we considered the results of weekly assessments 
(i.e., ASSM1) as the reference. We first calculated the 
percentage of cows classified as lame based on ASSM1, 
and then calculated the percentage of lame cows missed 
when moving from ASSM1 to ASSM2, ASSM3, and 
ASSM4 (i.e., assessments every 2, 3, and 4 wk); using 
the following formula:

 
% of missed lameness cases

 
% of  lameness cases based 

=

−100
oon ASSM , , or    

% of  lameness cases based on ASSM
2 3 4 100

1
, ×

..

This assessment was done separately using the LAME1, 
LAME2, and LAME3 criteria, assessing linear and 
quadratic weighted kappa values following Eriksson et 

al. (2020). To gauge reliability of one-time scoring, we 
used weighted linear and quadratic kappa to assess the 
agreement of LAME1 with LAME2 and LAME3 using 
weekly LS assessment (ASSM1) and 1 assessment every 
2 wk (ASSM2).

We used R version 4.0.3 (https: / / r -project .org) for 
statistical analysis. Data were prepared using the ti-
dyverse package (Wickham et al., 2019). Figures were 
created using the ggplot2 package (Wickham, 2011). 
Using the survival package, we performed Kaplan-Mei-
er survival analysis and log-rank tests to assess lame-
ness survival probability across parities and definitions, 
and used Cox proportional hazard models to compare 
lameness hazard according to each lameness definition. 
Weighted linear and quadratic kappa values, as well 
bias and prevalence indices (see Byrt et al., 1993), were 
used to assess interobserver reliability. We calculated 
the incidence rate as follows:

 
Number newly diagnosed  in the current week
Number of sound ccows  in the previous week

.×100  

The data sets and accompanying R scripts are available 
at https: / / doi .org/ 10 .5683/ SP3/ HNN9HH.

RESULTS

The number and percentage of cows classified as lame 
and severely lame, based on the LAME1 to LAME5 
case definitions, are shown in Table 1. To describe 
changes in the prevalence and incidence rate in rela-
tion to parity, we used the LAME1 case definition as 
presented in Table 2.

The hazard of being classified as lame increased with 
time since calving, and decreased with increasing strin-
gency of the case definition (Figure 1). The category 
LAME1 classified more animals as lame than all other 
categories (P < 0.01); LAME2 classified more cows as 
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Table 1. Percent of lactating cows classified as lame at some point of the study based on the 5 case definitions 
of lameness; cows (n = 282) were locomotion scored for 12 consecutive wk

Definition
Total 
lame

Severely 
lame1

% Total 
lame

% Severely 
lame

% Severely lame 
as % of total lame

LAME12 195 49 69.2 17.4 25.1
LAME23 138 45 48.9 16.0 32.6
LAME34 112 45 39.7 16.0 40.2
LAME45 97 44 34.4 15.6 45.4
LAME56 79 43 28.0 15.2 54.4
1Cows that locomotion scored ≥4 at least once. 
2Cows that were locomotion scored ≥3 at least once. 
3Cows that scored ≥3 at least 2 consecutive times. 
4Cows that scored ≥3 at least 3 consecutive times. 
5Cows that scored ≥3 at least 4 consecutive times. 
6Cows that scored ≥3 at least 5 consecutive times.
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https://doi.org/10.5683/SP3/HNN9HH


7731

Journal of Dairy Science Vol. 105 No. 9, 2022

lame than LAME3, LAME4, and LAME5 (P < 0.01); 
LAME3 tended to classify more cows as lame than 
LAME4 (P = 0.06) and classified more cows as lame 
than LAME5 (P < 0.01); and LAME4 classified more 
cows as lame than LAME5 (P = 0.04).

Survival analysis revealed that the number of cows 
reaching the end of 12-wk period without becoming 
lame increased with increasing stringency of lameness 
case definition for all parities. As expected, higher par-
ity cows were more likely to become lame regardless 
of lameness definition applied (Figure 2). However, we 
did note an interaction between lameness definition 

and parity. When using the LAME1 criterion, similar 
proportions of primiparous and second parity cows be-
came lame (P = 0.36), and third, fourth, and higher 
parity cows were also comparable (P = 0.36), but these 
2 parity clusters differed from one another (P < 0.01). 
Conversely, when using LAME2 criterion, primiparous 
cows differed from all older cows (P < 0.02), and sec-
ond parity cows also differed from older cows (P < 
0.02), and cows of parity 3 and higher remained similar 
(P = 0.23). Finally, when using LAME3, LAME4, and 
LAME5 criteria, a smaller proportion of primiparous 
cows became lame relative to older cows (P < 0.01), 
and second and third parity cows were similar (P = 
0.20) and had lower proportions of lameness compared 
with older cows (P = 0.03).

First, second, third, and fourth and greater parity 
cows had a 52, 56, 86, and 90% probability of being 
classified as lame for at least 1 wk (i.e., LAME1), 
respectively. Those that were classified lame in one 
weekly scoring event, had a 48, 74, 76, and 81% prob-
ability of remaining lame the following week. Those 
that remained lame for 2 consecutive weekly scoring 
events continued to be lame for a third week in 67, 86, 
73, and 90% of cases, respectively.

The duration of lameness cases (as defined in this 
study) averaged 1.7 (SD = 2.6) wk lame for primiparous 
cows versus 3.1 (SD = 3.9), 4.6 (SD = 3.4), and 6.5 (SD 
= 3.2) wk lame, for second, third, and fourth or greater 
parity cows. Figure 3 shows the probability of a lame-
ness episode continuing into the next consecutive week 
by parity. The probability of a cow remaining lame for 
2 consecutive wk never exceeded 70% for primiparous 
cows. Second, third and fourth and above parity cows 
met or exceeded this 70% threshold of remaining lame 
during the consecutive week, after they had a lameness 
episode lasting 5 wk (for second and third parity cows) 
or 3 wk (for cows fourth parity and greater).

Table 3 shows the percentage of cows classified as 
lame based on LAME1, LAME2, and LAME3 crite-
ria, using locomotion scoring frequencies of ASSM1, 
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Table 2. Weekly lameness prevalence and incidence per 100 cows, shown separately by parity

Parity n  Type1 Wk 1 Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk 7 Wk 8 Wk 9 Wk 10 Wk 11 Wk 12 Mean

1 85 Prev.. 10.6 17.6 14.1 10.6 14.1 12.9 21.2 14.1 12.9 11.8 14.1 14.1 14.0
  Inc.  13.2 7.1 2.7 9.2 4.1 10.8 1.5 5.5 6.8 8.0 5.5 6.8
2 70 Prev. 24.3 25.7 30.0 35.7 35.7 35.7 21.4 18.6 24.3 24.3 17.1 21.4 26.2
  Inc.  13.2 11.5 10.2 6.7 6.7 4.4 3.6 8.8 5.7 1.9 10.3 7.5
3 57 Prev. 42.1 43.9 31.6 40.4 33.3 33.3 43.9 42.1 49.1 31.6 31.6 38.6 38.5
  Inc.  24.2 6.3 15.4 8.8 13.2 26.3 15.6 30.3 13.8 12.8 15.4 16.6
≥4 70 Prev. 41.4 57.1 61.4 55.7 55.7 55.7 52.9 51.4 60.0 48.6 50.0 54.3 53.7
  Inc.  34.1 20.0 11.1 19.4 29.0 16.1 9.1 23.5 7.1 11.1 28.6 19.0
All 282 Prev. 28.0 34.8 33.3 34.0 33.7 33.3 33.7 30.1 34.8 28.0 27.3 30.9 31.8
  Inc.  19.2 10.3 8.5 10.2 10.7 13.3 5.9 13.7 7.6 7.9 12.7 10.9
1Prev. = prevalence. Inc. = incidence.

Figure 1. Hazard of lactating Holstein cows becoming lame by 
lameness definitions. LAME1 is when a cow is scored ≥3 at least once; 
LAME2, LAME3, LAME4, and LAME5 are when a cow is scored ≥3 
at least 2, 3, 4, and 5 consecutive times, respectively. The red, blue, 
brown, yellow, and black lines represent LAME1, LAME2, LAME3, 
LAME4, and LAME5, respectively.
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Figure 2. Survival analysis of lactating Holstein cows by parity, shown separately for each the 5 different case definitions of lameness 
(where, LAME1 is when a cow scores ≥3 at least once, LAME2, LAME3, LAME4, and LAME5 are when a cows scores ≥3 at least 2, 3, 4, 
and 5 consecutive times, respectively). Panel titles A, B, C, D, and E represent definitions of lameness as LAME1, LAME2, LAME3, LAME4, 
and LAME5, respectively. The red, blue, brown, and black lines represent primiparous cows and cows in second, third, and fourth and greater 
parities, respectively.
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ASSM2, ASSM3, and ASSM4. As expected, ASSM1 
classified the largest number of cows as lame, followed 
by ASSM2, ASSM3, and ASSM4. Less regular assess-
ment meant that some of the cows identified as lame 
based upon more regular assessments were missed, and 
this percentage of missed lameness cases increased with 
decreasing assessment frequency.

Agreement between lameness prevalence estimates 
generated using different assessment frequencies is 
shown in Table 4. Weighted linear kappa values indi-
cate excellent agreement between ASSM1 and ASSM2 
when using LAME1, and substantial agreement when 
using LAME2 and LAME3 criteria. Weighted quadratic 
kappa indicate excellent agreement between ASSM1 

and ASSM2 using LAME1, LAME2, or LAME3 cri-
teria. Agreement was fair to poor when ASSM1 was 
assessed against ASSM3 and ASSM4 using weighted 
linear kappa and the LAME2 or LAME3 criteria.

Agreement between LAME1 and LAME2 based on 
ASSM1 is shown in Supplemental Table S5 (https: / / doi 
.org/ 10 .5683/ SP3/ HNN9HH; Sahar et al., 2022); agree-
ment was fair in primiparous, third and fourth and 
greater parity cows (linear weighting κw = 46.8, 95% 
CI = 31.1–62.5; quadratic weighting κw = 51.4, 95% 
CI = 48.2–54.6). The agreement between LAME1 and 
LAME2 in second parity cows was substantial to excel-
lent (linear weighting κw = 71.9, 95% CI = 56.5–87.4; 
quadratic weighting κw = 89.5, 95% CI = 87.5–91.5).

Sahar et al.: MEASURING LAMENESS PREVALENCE

Figure 3. Probability of lameness episodes continuing the next consecutive week, stratified by parity for (A) primiparous cows, (B) second 
parity cows, (C) third parity cows, and (D) cows in fourth parity and greater. The probability of remaining lame is plotted on the y-axis, and 
the number of consecutive weeks for which a lameness episode continues is plotted on the x-axis. The probability of lameness episodes continuing 
the next consecutive week was calculated based on the number of episodes that continued to the current week divided by the number of episodes 
in the previous week multiplied by 100. The curves were fitted using the geom_smooth function in R version 4.0.3 (https: / / r -project .org).
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The agreement of ASSM1 with ASSM2, ASSM3, 
and ASSM4 varied with parity (Supplemental Table 
S6; https: / / doi .org/ 10 .5683/ SP3/ HNN9HH; Sahar et 
al., 2022). For primiparous cows, agreement between 
ASSM1 and ASSM2 was substantial to excellent (linear 
weighting κw = 65.0, 95% CI =45.4–84.6; quadratic 
weighting κw = 82.4, 95% CI = 78.3–86.5) and agree-
ment between ASSM1 and ASSM3 was fair to substan-
tial (linear weighting κw = 57.8, 95% CI = 36.7–78.9; 
quadratic weighting κw = 61.1, 95% CI = 54.8–67.4). 
In second and third parity cows, agreement between 
ASSM1 and ASSM2 was substantial to excellent (linear 
weighting κw = 70.3, 95% CI = 58.3–82.3; quadratic 
weighting κw = 90.2, 95% CI = 89.1–91.3), and the 

agreement between ASSM1 and ASSM3 was fair (linear 
weighting κw = 44.3, 95% CI = 30.6–57.9; quadratic 
weighting κw = 54.5, 95% CI = 52.4–56.7). Likewise, in 
fourth and higher parity cows, the agreement between 
ASSM1 and ASSM2 was excellent (linear weighting κw 
= 80.3, 95% CI = 65.5–95.1; quadratic weighting κw = 
94.4, 95% CI = 92.6–96.2), and the agreement between 
ASSM1 and ASSM3 was substantial (linear weighting 
κw = 61.3, 95% CI = 43.9–78.8; quadratic weighting κw 
= 75.8, 95% CI = 72.4–97.1).

DISCUSSION

Previous studies have reported lameness prevalence 
at 37% in England (Barker et al., 2010), 34% in Germa-
ny and Austria (Dippel et al., 2009), 58% in California, 
and 35% in British Columbia (von Keyserlingk et al., 
2012), and 19% in Alberta, 22% in Ontario, and 24% in 
Quebec (Solano et al., 2015). These values correspond 
well with the average point prevalence in the current 
study of 32% (SD = 2.8%) across 12 wk of LS. When 
lameness prevalence was assessed longitudinally, 69% of 
cows experienced lameness on at least one instance over 
12 wk of observation. Similarly, Eriksson et al. (2020) 
reported 82% lameness incidence based upon weekly 
assessment of dry cows over a 9-wk period.

In the current study, increased parity was associated 
with higher lameness prevalence, a result consistent 
with previous literature (e.g., Solano et al., 2015). This 
relationship varied somewhat with lameness definition. 
The effects of parity were less pronounced when apply-
ing the LAME1 case definition, perhaps because this 
definition overestimates prevalence especially in first 
parity cows. Based on the more stringent definitions 
of lameness there was a clear separation of 3 parity 
groups: primiparous, second and third parity cows, and 
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Table 3. The percentage of lactating cows classified as lame and 
the percentage of missed lame cows, using LAME1, LAME2, and 
LAME3 criteria1 based on scoring assessment undertaken once a week 
(ASSM1), once every 2 wk (ASSM2), once every 3 wk (ASSM3), and 
once every 4 wk (ASSM4)

Definition  Assessment
% Lame 

cows
% Missed  
lame cows

LAME11  ASSM1 69.2 —
 ASSM2 62.4 9.8
 ASSM3 57.1 17.5
 ASSM4 50.7 26.7

LAME22  ASSM1 48.9 —
 ASSM2 39.4 19.4
 ASSM3 29.8 39.1
 ASSM4 27.7 43.4

LAME33  ASSM1 39.7 —
 ASSM2 25.5 35.8
 ASSM3 19.1 51.9
 ASSM4 10.3 74.1

1LAME1 = cows that were locomotion scored ≥3 at least once; LAME2 
= cows that were scored ≥3 at least 2 consecutive times; and LAME3 
= cows that were scored ≥3 at least 3 consecutive times. LAME4 and 
LAME5 are not shown, as these definitions required a minimum of 
16 and 20 consecutive wk of locomotion scoring, respectively, and the 
current study followed cows for just 12 wk.

Table 4. Agreement between ASSM1 and ASSM2, ASSM1 and ASSM3, and ASSM1 and ASSM4 using 
LAME1, LAME2, and LAME3 criteria1

Assessment  Criteria
Weighted linear kappa 

(95% CI)
Weighted quadratic kappa 

(95% CI)

ASSM1 vs. ASSM2  LAME1 85.1 (78.7, 91.5) 97.1 (96.8, 97.4)
 LAME2 75.1 (67.5, 82.7) 93.5 (93.1, 93.9)
 LAME3 68.5 (59.9, 77.0) 84.0 (83.2, 84.8)

ASSM1 vs. ASSM3  LAME1 74.5 (66.7, 82.3) 90.7 (90.2, 91.3)
 LAME2 57.1 (48.2, 66.0) 72.9 (72.1, 73.8)
 LAME3 51.3 (41.6, 60.9) 56.9 (55.7, 58.2)

ASSM1 vs. ASSM4  LAME1 62.9 (54.5, 71.4) 78.8 (78.1, 79.6)
 LAME2 55.6 (46.8, 64.4) 68.4 (67.5, 69.3)
 LAME3 27.9 (18.9, 37.0) 14.8 (13.9, 15.8)

1The agreements are calculated using weighted linear kappa and weighted quadratic kappa, both with 95% CI. 
ASSM1 = locomotion scoring once a week; ASSM2 = locomotion scoring once every 2 wk; ASSM3 = locomo-
tion scoring once every 3 wk; ASSM4 = locomotion scoring once every 4 wk. LAME1 = cows that scored ≥3 at 
least once; LAME2 = cows that scored ≥3 at least 2 consecutive times; and LAME3 = cows that scored ≥3 at 
least 3 consecutive times. LAME4 and LAME5 are not shown, as these definitions required a minimum of 16 
and 20 consecutive wk of locomotion scoring, respectively, and the current study followed cows for just 12 wk.
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fourth and greater parity cows. That more stringent 
definitions of lameness were better able to differenti-
ate between parities suggests that these definitions are 
more biologically meaningful.

The effect of parity may be driven in part by in-
creased likelihood of re-occurrence, as previous cases 
put cattle at risk for future cases; for example, Randall 
et al. (2018) found that the odds of cows becoming lame 
was greatest for those that had previously experienced 
2 consecutive weeks of severe lameness (LS = 4 or 5). 
Overall, 79 to 83% of lameness cases were associated 
with a previous episode (Randall et al., 2018).

As expected, fewer cows were classified as lame 
when more stringent case definitions were used (from 
LAME1 to LAME5). This result agrees with Eriksson 
et al. (2020), who assessed multiple lameness defini-
tions for dry cows. The case definitions used in the 
current study were slightly different than those used by 
Eriksson et al. (2020), who included lameness severity 
into their classification; for example, defining LAME2 
as LS = 3 for 2 consecutive scoring events, or LS ≥4 
at least once. The case definition applied in the current 
study considered only the number of weeks in which LS 
≥ 3 so as to specifically track the duration of lameness 
episodes.

Much research on cattle lameness has relied upon a 
single observation of gait (Barker et al., 2010; Solano et 
al., 2015; Costa et al., 2018), with the notable excep-
tion of Randall et al. (2018) who classified cows as lame 
based on 2 consecutive scores. The results of current 
study suggest lameness assessments based upon a single 
observation are error prone and likely to inflate preva-
lence estimates. For example, we found that agreement 
between LAME1 and LAME2 was only fair in primipa-
rous cows, substantial in second and third parity cows, 
and poor to fair in fourth and greater parity cows.

This lack of agreement may be driven by the abil-
ity of some cows to self-cure; for instance, Leach et 
al. (2012) found that 30% of cows in a control group 
self-cured. We calculated the probability of lame cows 
remaining lame the following week. Approximately 52% 
of primiparous cows were classified as lame at some 
point during the study compared with 90% of fourth or 
greater parity cows. Of these lame cows, approximately 
48% of primiparous and 81% of fourth or greater parity 
cows continued to be lame the week following initial 
diagnosis. In other words, 52% of primiparous and 19% 
of fourth or greater parity cows changed from lame to 
sound in the week after an initial diagnosis. However, 
some changes in how cows were classified across as-
sessments were likely due to misclassification of sound 
cows as lame (and vice-versa). Schlageter-Tello et al. 
(2014) reported that identifying clinically lame cows 
(e.g., distinguishing between LS 2 and 3 in the current 

study) is difficult even for experienced observers. Based 
on the current results, we suggest that the estimates of 
prevalence based on the LAME1 definition be treated 
with caution. More stringent case definitions, such as 
LAME2, may result in better estimates of prevalence, 
incidence, cure rate, and lameness bout duration.

Locomotion assessment is time consuming. The re-
sults of the current study can help better identify the 
optimal frequency of locomotion assessments. We found 
that the percentage of cows classified as lame gradually 
reduced as we reduced the frequency of scoring. When 
we assessed the level of agreement between assessment 
frequencies, we found that ASSM1 has excellent agree-
ment with ASSM2 using LAME1 and substantial agree-
ment using LAME2 or LAME3 criteria. These results 
agree with Eriksson et al. (2020) comparing ASSM1 
with ASSM2 using the LAME2 criterion and together 
suggest that ASSM2 can be used to effectively identify 
new lameness cases.

Importantly, we are not recommending against more 
frequent locomotion scoring, or against the detection 
and treatment of lameness cases outside of routine 
assessments and those caused by events such as falls; 
rather, we recommend that routine scoring should be 
done at least every 2 wk to better track new and exist-
ing lameness cases. We also note that reassessments are 
likely less beneficial in cases of more severe lameness 
(i.e., scores of 4 or higher); for those cows we advocate 
for immediate treatment.

A potential limitation of our study is that some cows 
were selected for treatment by the farm staff; we had 
no control of which cows were selected or how they 
were treated, although it is important to note that our 
assessments were not provided to farm staff and we saw 
no evidence that the inclusion of these cows affected our 
results. A controlled experiment would be beneficial to 
assess the effects of different treatment strategies.

Lameness is a multifactorial condition associated 
with a variety of ailments including digital dermatitis, 
foot rot, and injuries. The current study did not col-
lect data on specific causes of lameness, which may be 
considered a limitation of our work. However, our ap-
proach reflects the reality on many commercial farms; 
when farmers assess lameness, they may not be aware 
of underlying causes. That said, future studies could 
seek to disentangle the multifactorial causes of lame-
ness, perhaps aided by the definitions and assessment 
frequencies recommended in the current study.

CONCLUSIONS

Lameness prevalence estimates are reduced when 
using more stringent lameness definitions and less fre-
quent assessments; estimates based upon one-time as-
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sessments of locomotion should be viewed with caution 
and we recommend routine assessments at least every 
2 wk. Regardless of lameness definition, primiparous 
cows are less likely to become lame than older cows.
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